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Abstract
Linear growth and child development during early childhood in Bangladesh
By Kaustubh Wagh

Introduction: We assessed the longitudinal relationships between length and motor,
and cognitive development among children less than 24 mo in rural Bangladesh.

Design: Prospective longitudinal cohort study with structured home interviews
during pregnancy and 3, 9, 16 and 24 mo after delivery.

Setting: Two rural sub-districts (Karimganj; Katiadi) of Kishoreganj district,
Bangladesh.

Subjects: Mother-infant dyads.

Results: We observed decrease in mean length-for-age Z (LAZ) scores from -1.1 at 3
mo to -2.3 at 24 mo. Similar trend was observed in head circumference z-scores (HCZ)
although BMI z-scores (BMIZ) remained constant between 3 to 24 mo. For one unit
increase in LAZ score at 3 mo, the motor z-score at 9 mo increased by 0.10 (95% CI
0.07, 0.14). Similarly, one unit change in LAZ score at 9 mo and 16 mo was associated
with increase in motor z-scores at 16 mo and 24 mo by 0.16 (95% CI0.12, 0.20) and 0.12
(95% CI 0.08, 0.16) respectively. Additionally, for one unit increase in LAZ score at 9
and 16 mo, the cognitive z-score at 16 and 24 mo was increased by 0.12 (95% CI 0.08,
0.16) and 0.11 (95% CI 0.07, 0.16) respectively. Thus, increase mean motor and
cognitive scores was observed with decrease in the severity of stunting at specified
time-point as well as with age of children. These measures were adjusted maternal
education, BMI z-scores of children, initiation of complementary feeding along with
wave of enrollment, and sub-district of origin.

Conclusions: Our analysis showed that lagged LAZ score was significantly associated
with both motor and cognitive development during the first 24 mo of life. This
association was highest when outcome is measured at 16 mo. Thus, reduction in the
prevalence of stunting before 16 mo will have significant effect on motor as well as
cognitive development during the first 24 mo of a child’s life.



Linear growth and child development during early childhood in Bangladesh

By

Kaustubh Wagh

Bachelor of Homeopathic Medicine and Surgery
Maharashtra University of Health Sciences
2009
&

MBA in Hospital and Health Management
IIHMR University
2011

Faculty Thesis Advisor: Dr. Aryeh Stein, MPH, PhD

A thesis submitted to the Faculty of the
Rollins School of Public Health of Emory University

in partial fulfillment of the requirements for the degree of
Master of Public Health
in Global Epidemiology

2019



TABLE OF CONTENTS

Chapter I: LIiterature REVIEW..........cciveiiiie et ee e sne e nne s 1
Chapter H: IManUSCEIPT .......oiiiiee et ae e nns 6
2.1 ADSEIACT. ...t 6

2.2 INEFOTUCTION ..ttt st esbeeae s 7

2.3 IMELNOAS ...t e 8

2.3.1 The original iNterVeNtION.........cccveieiiereere e 8

2.3.2 Recruitment of the cohort and timing of assessments................... 9

2.3.3 Measurement of [ength...........cccoiiiiiiiii 9

2.3.4 Measurement of development.............c.oooviiiiiiiiiie i e, 9

2.3.5 Measurement of other variables...............ccooeiii i 10

2.3.6 Data Manipulation ..........cooiiiii i, 10

2.3.7 Statistical Analysis ........coviiiiii i 11

2.4 ReSUIES....c.ve i e 13
2.5 DISCUSSION. ...t veuit e e ettt ee e eenees 10
2.6 TADIES ..t 20
2.7 FIQUIES ot e nne 20

Chapter 4: IMPLICALIONS .......ccveiiiicc e 29
4.1 SUMMAIY...ceiiiiiiieiiie ettt snbe e ssb e s snneeensneeans 29
4.2 Public Health Implications.......... .o 30
4.2.1 FULUIE DIrECLIONS ....veoviiiiiiieiieeie e 30
RETEIENCES ..t e e 32

N 0 =T o o0 PG 1°

Supplementary TabIes. ..o 39
IRB APPIoVal LEIEN .....oecvieieeeece e 41
Study ProtoCOl APPrOVaAl .........ccveiveiiiic et 42

F NSy ToS) =1 1 S 44



CHAPTER I: LITERATURE REVIEW

Early childhood development is the attainment of gross motor, fine motor, and
cognitive abilities including language or communication, problem-solving, and social
skills (1). The gross motor skills are the use of large muscles to achieve sitting, crawling
and walking in early life. The fine motor skills are the use of small muscles in the hands
and fingers to perform tasks like picking up small objects and feeding. Cognitive
development refers to how a child perceives, thinks, and gains an understanding of his
or her world and includes remembering, problem-solving, and decision-making.
Language or communication skills is the ability to understand others and to express
oneself, both verbal and nonverbal. Social skills are the child's interactions with their
family and other children (2). The human brain develops through neurogenesis, axonal
and dendritic growth, synaptogenesis, cell death, synaptic pruning, myelination, and
gliogenesis (3). The brain grows more rapidly after conception and during the first three
years of life than other times (1,2,3). Advances in brain science have documented that
the origins of adult health and well-being are grounded in early childhood, from
conception through the age of 24 months (mo) (5). Developmental delays are apparent
among children before 12 mo, and these delays worsen during early childhood (6).

An estimated 80.8 million children (36.8%) of three and four-year-olds across
35 low and middle-income countries (LMICs) do not attain basic cognitive and socio-
emotional skills (7). There are an estimated 219 million children (almost 39% less than
five years of age) in low-income and middle-income countries who are at risk of not

reaching their developmental potential (7,15).

Linear growth failure is pronounced in the first 12-18 mo of child age (8). Stunting
before the age of 24 mo is particularly problematic as it is related to poor child

development (5).



Stunting is defined as when a child’s length or height is below negative two standard
deviations (SDs) from World Health Organization (WHQO)’s child growth Standards
median for the same age and sex (9,10). Stunted growth is one of the critical risk factors
that prevent children from reaching their developmental potential (11). Globally, there
are an estimated 150 million under-five children who are stunted (16).

Each unit increase in length-for-age z score (LAZ) was associated with higher
(+0.24-SD) increase in cognitive score among children less than 24 mo compared to
children greater than 24 mo (+0.09 SD) (12). Studies from low-income and middle-
income countries indicate that the first 24 mo after birth (13,14) is the most crucial
period when linear growth is associated with later cognition, executive function, and
school attainment. This association is weakened after 24 mo (12,14). Studies which
examined the effect of macronutrient supplementation indicated the importance of the
first 24 mo for intellectual development (15). Improvements in height-for-age might
occur after 24 mo, but associations with cognitive gains remain uncertain (6,12,13,
15,16). As stunting-attributable developmental deficits among children, less than 24 mo
of age has considerable consequences at the population-level, this has been identified
as an ongoing priority area of global research (under the thematic goal of “Advance
identification of risk factors, and a better understanding of the burden”) (17). Thus, the
initial 24 mo of life is a crucial period to quantify the association between linear growth
and cognitive development to inform the development of evidence-based intervention
programs.

Two meta-analyses and several cross-sectional studies provide initial evidence
on the link between impaired linear growth and child development (11,12,16,17). In
addition, the analysis of longitudinal data from prospective cohorts from Guatemala,

Philippines, Jamaica, Peru, Kenya, Indonesia, Brazil, and South Africa, showed the



association of stunting between 12 and 36 mo of age with lower school grades in middle
childhood (20, 23, 24, 26, 27). Cebu Longitudinal Health and Nutrition Survey from
the Philippines showed that for every increase of one Z-score in linear growth, cognitive
ability increased by approximately 0.08 standard deviation (P < 0.001) among children
of 11 years of age (24). The study by Berkman DS et al. among Peruvian children
between 12 and 24 mo of age reported the association of severe growth retardation
(LAZ < 3 SD) with a ten-point deficit in Intelligence quotient (1Q) at nine years of age
(19). A meta-analysis of studies from 29 low and middle-income countries showed each
unit increase in LAZ for children less than 24 mo of age was associated with a +0.22-
SD (95% CI, 0.17-0.27) increase in cognition at 5 to 11 years (12). In South Asia, the
study found that cognitive development was negatively associated with stunting (OR =
0.72,95% CI [0.60, 0.86]) among children aged 36-59 mo (29). Further, the systematic
review and meta-analysis of more than 20 studies of nutrition interventions in low and
middle-income countries (LMICs) found an association of stunting among children
under two years with cognitive development at follow up within a year (20,21).
Collectively, these prospective cohort studies consistently showed significant
associations between stunting by the age of 24 or 36 mo and later cognitive deficits,
and school achievement (19,22-25). However, only one recent study showed no
significant relationship between stunting and poor school progress (28).

Among children aged less than 24 mo, an association of length-for-age z score
(LAZ) at 6 mo with cognition (language) was 0.13 + 0.02 SD and rate of change of
LAZ from 6 to 18 mo was 0.11 £ 0.03 SD (27). The odds of stunting for low Bayley
cognitive scores at 9 and 24 mo ranged from 2.0-2.9 (p<0.05) (28). Moreover, lower
LAZ at 4 and 12 mo were associated with lower cognitive function scores at 24 mo (p

< 0.03) (33). Furthermore, the study among children in Burkina Faso, Ghana, and



Malawi showed that for the motor score, an estimate of the association of length-for-
age z score (LAZ) at 6 mo was 0.16 + 0.02 SD and the rate of change of LAZ from 6
to 18 mo was 0.22 £ 0.03 SD. The odds of stunting for low Bayley motor scores at 9
and 24 mo ranged from 1.8 to 3.3 (p<0.05) (27). Also, stunting increased the odds of
not standing alone at 11 mo and not walking alone at 18 mo by 9.7 and 6.1, respectively
(29). However, the Kenyan study showed that height is not related to motor
development at 6 mo of age (30). Collectively, these demonstrate there is an association
between LAZ and both cognition and motor scores among children less than 24 mo;
however, this association remains to be uncertain and linearly quantified.

Studies suggest various mechanistic pathways from stunting to poor cognitive
development including neurological (31), infectious disease-related (11,13) and
hormonal (32). A study by Chandy C et al. proposed three mechanisms linking early
stunting to early childhood development. These include: (a) biological insults that
disrupt early brain development, (b) delayed motor skills that may disrupt the
exploration associated with cognitive development, and (c) reduced expectations from
parents and peers, based on short stature (31). Thus, stunted children are continually
under nutritional stress and prone to infections including higher incidence of diarrhea
leading to poor cognitive development (33,34).

The timing of stunting assessment appears to be critical. During the early ages
of undernutrition (nutritional insults), notable recovery of height (known as catch-up
growth) is often possible with interventions. Generally, the earlier the interventions, the
larger the benefit (35,36). The timing of catch-up growth before five years of age is
unknown and can occur within the first two years of life (37). Further, a study from
Guatemala showed that growth and development were related up to age 24 mo but not

from 24 to 36 mo (38).



We found that most of the current literature is focused on cognitive development
among children greater than two years of age. Furthermore, the association between
linear growth and cognitive or motor development among children less than two years
remains to be uncertain and linearly quantified. Due to this gap in the literature, we aim
to evaluate the association between linear growth (retardation) and motor skills as well
as cognitive development among children less than 24 mo of age. To best of our
knowledge, currently, there has been no prospective cohort study of cognitive
development at less than two years of age in Bangladesh, which low-income settings
with a high prevalence of poor nutrition and enteric diseases.

Further, stunting levels in South Asia are very high, particularly Bangladesh
(prevalence is estimated to be 36%) (17). Bangladesh is among the top thirty countries
in terms of the prevalence of stunting in children less than five years of age (17).
Considering the implication on public health policy, it is essential to know the
association between stunting and cognition among children less than 24 mo in
Bangladesh.

The researchers from Emory University and CARE-USA conducted a
prospective cohort study to evaluate the impact of a nutrition intervention in a low
socio-economic setting in Bangladesh. We used the data from this impact evaluation to
study the association between linear growth (and stunting) at the ages of 3, 9 and 16 mo
with motor development at the ages of 9, 16, and 24 mo as well as cognitive

development at 16 and 24 mo.



CHAPTER II: MANUSCRIPT
Linear growth and child development during early childhood in Bangladesh
Kaustubh Wagh?, Aryeh D Stein®

L Emory University, Rollins School of Public Health, Atlanta, Georgia

Abstract:

Introduction: We assessed the longitudinal relationships between length and motor,
and cognitive development among children less than 24 mo in rural Bangladesh.

Design: Prospective longitudinal cohort study with structured home interviews
during pregnancy and 3, 9, 16 and 24 mo after delivery.

Setting: Two rural sub-districts (Karimganj; Katiadi) of Kishoreganj district,
Bangladesh.

Subjects: Mother-infant dyads.

Results: We observed decrease in mean length-for-age Z (LAZ) scores from -1.1 at 3
mo to -2.3 at 24 mo. Similar trend was observed in head circumference z-scores (HCZ)
although BMI z-scores (BMIZ) remained constant between 3 to 24 mo. For one unit
increase in LAZ score at 3 mo, the motor z-score at 9 mo increased by 0.10 (95% CI
0.07, 0.14). Similarly, one unit change in LAZ score at 9 mo and 16 mo was associated
with increase in motor z-scores at 16 mo and 24 mo by 0.16 (95% CI0.12, 0.20) and 0.12
(95% CI 0.08, 0.16) respectively. Additionally, for one unit increase in LAZ score at 9
and 16 mo, the cognitive z-score at 16 and 24 mo was increased by 0.12 (95% CI 0.08,
0.16) and 0.11 (95% CI 0.07, 0.16) respectively. Thus, increase mean motor and
cognitive scores was observed with decrease in the severity of stunting at specified
time-point as well as with age of children. These measures were adjusted maternal
education, BMI z-scores of children, initiation of complementary feeding along with
wave of enrollment, and sub-district of origin.

Conclusions: Our analysis showed that lagged LAZ score was significantly associated
with both motor and cognitive development during the first 24 mo of life. This
association was highest when outcome is measured at 16 mo. Thus, reduction in the
prevalence of stunting before 16 mo will have significant effect on motor as well as
cognitive development during the first 24 mo of a child’s life.



Introduction:

Developmental delays are apparent among children before 12 mo, and these
delays worsen during early childhood (6). There are an estimated 219 million children
(almost 39% less than five years of age) in low-income and middle-income countries
who are at risk of not reaching their developmental potential (7,15). An estimated 80.8
million children (36.8%) of three and four-year-olds across 35 low and middle-income
countries (LMICs) do not attain basic cognitive and socio-emotional skills (7).

Linear growth failure is pronounced in the first 12-18 mo of child age (8).
Stunting before the age of 24 mo is particularly problematic as it is related to poor child
development (5). Stunting is defined as when a child’s length or height is below
negative two standard deviations (SDs) from World Health Organization (WHO)’s
child growth Standards median for the same age and sex (9,10). Globally, there are an
estimated 150 million under-five children who are stunted (16).

Previous studies from low-income and middle-income countries consistently
showed significant associations between stunting by the age of 24 or 36 mo and later
cognitive deficits, and school achievement (19,22-25). As stunting-attributable
developmental deficits among children, less than 24 mo of age has considerable
consequences at the population-level, this has been identified as an ongoing priority
area of global research (under the thematic goal of “Advance identification of risk
factors, and a better understanding of the burden”) (17). Studies among children aged
less than 24 mo demonstrate there is an association between LAZ and both cognition,
and motor scores; however, this association remains to be uncertain and linearly
quantified (27,28,29,30).

Studies suggest various mechanistic pathways from stunting to poor cognitive

development including neurological (31), infectious disease-related (11,13) and



hormonal (32). stunted children are continually under nutritional stress and prone to
infections including higher incidence of diarrhea leading to poor cognitive development
(33,34). To best of our knowledge, currently, there has been no prospective cohort study
of cognitive development at less than two years of age in Bangladesh, which low-
income settings with a high prevalence of poor nutrition (prevalence of stunting is
estimated to be 36%) and enteric diseases.

The researchers from Emory University and CARE-USA conducted a
prospective cohort study to evaluate the impact of a nutrition intervention in a low
socio-economic setting in Bangladesh. We used the data from this impact evaluation to
study the association between linear growth (and stunting) at the ages of 3, 9 and 16 mo
with motor development at the ages of 9, 16, and 24 mo as well as cognitive

development at 16 and 24 mo.

Methods:
The original intervention:

CARE, USA implemented a community-based Infant and Young Child Feeding
(I'YCF) program in Bangladesh. The program was known in Bengali as “Akhoni
Shomay”- Window of Opportunity. The intervention area was Karimganj, a rural sub-
district of Kishoreganj, where pregnant women and mothers with newborns were
eligible to voluntarily participate in behavior change communication activities and
receive multiple micronutrient supplementation. A non-adjacent sub-district (Katiadi)
in the same district (Kishoreganj) served as a control. Previously published articles
described the details of the cohort, program and data collection instruments (39-41).

International Centre for Diarrheal Disease Research, Bangladesh

(ICDDR, B) approved the original study protocol. Researchers received a waiver from



Emory IRB review after determining that researchers are not “engaged” in research

with human subjects.

Recruitment of the cohort and timing of assessments:

The cohort enrolled 1200 pregnant women between January 2011 to January
2014 from Karimganj. An equal number of pregnant women were enrolled from
Katiadi. Pregnant women were recruited in their seventh month of gestation, with
follow-up of their offspring scheduled at 3, 9, 16, and 24 mo of age. The first wave of
participants was recruited in January and February 2011, the second was recruited in
May, and June 2011, and the third and final wave was enrolled in September and

October 2011.

Measurement of length:
The length of the child was measured at the ages of 3, 9, 16 and 24 mo follow-
up by trained study personnel using methods prescribed by WHO (39). The length

measurements were recorded in duplicate, with the average used in analyses.

Measurement of development:

There were two primary outcome measures in this study: child motor
development and child cognitive development. Child motor development was assessed
at the ages of 9, 16 and 24 mo and cognitive development was assessed at 16 and 24
mo. The motor skills at the age of 9 mo were assessed using the WHO motor
development standards (40). The WHO motor development standards evaluate
acquisition of key gross motor skills (which are fundamental to self-sufficient erect
locomotion) through six milestones: sitting, crawling, standing without help, standing

with help, walking without help, and walking with help.
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Furthermore, motor and cognitive development were assessed at the age of 16
mo using Ages and Stages Questionnaire (ASQ-3) (41), and at the age of 24 mo using
CDC’s developmental milestones screening checklist (42). Ages and Stages
Questionnaire, third edition (ASQ-3, 2009) evaluates communication, gross motor, fine
motor, problem-solving, and personal-social skills (41). Similar to ASQ-3, CDC’s
developmental milestones screening  checklist evaluates communication,
social/emotional skills, problem-solving, and physical development. We calculated

index (composite) scores across all scales.

Measurement of other variables:

Birth order was estimated from the number of total births at the time of
recruitment of pregnant women. Only singleton births were considered. At each eligible
visit weight, length and head circumference of children were measured using standard
procedures. Body mass index (BMI) of children was calculated as kg/m2. BMI and
head circumference (HC) were converted to z scores with the use of the age-appropriate
WHO reference (42). Initiation of complementary feeding (CF) at the infant age of less
than 6 mo (expressed as yes/no) was estimated from variables- ‘time when an infant
was first given- any liquid’, ‘water’ and ‘solid/semi-solid.’ Other covariates considered
for analysis were maternal age, education, and height, counseling during pregnancy, a
wave of the cohort, exclusive breastfeeding till 3 mo, sex and head circumference of

the child.

Data manipulation:
The length was converted to z scores with the use of the age-appropriate WHO
reference (41,42). We used WHO's SAS igrowup package for calculation of Length-

for-age Z-scores (LAZs) (43). We used the LAZ scores as the primary exposure for the
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study. Given the longitudinal nature of the data, a lag in LAZ score (by 6-8 mo) was
built into our analyses in which the outcome measures (cognitive development and
motor skills) were compared to the LAZ scores at previous measurement time-point.
As a result, LAZ at 24 mo was dropped as it was not needed.

Furthermore, the motor and cognitive index scores were standardized using
internal mean and standard deviation (refer to Table 2). The use of standardized scores
permits comparison of a child’s motor and cognitive performance over time within as
well as across children.

Using the WHO guideline of extreme LAZ scores, we decided to exclude the
observations with LAZ scores below -6 or more than 6 (42). These observations could
be due to measurement error and cause potential bias. There were 34 such observations
across all time-points. As mentioned earlier, we also excluded LAZ scores at 24 mo of

age; thus, only LAZ scores at the ages of 3, 9, and 16 mo were considered for analysis.

Statistical analysis:
Descriptive:

Maternal height, child Length, BMI, and head circumference, Motor and
cognitive index scores, were treated as continuous variables. Child sex, birth order,
exclusive breastfeeding at 3 mo, initiation of complementary feeding before 6 mo,
maternal education, and age, sub-district origin, and enrollment wave were treated as
categorical variables. Maternal age was categorized as <20y, 20-24 y, 25-29 y, 30-34
y, and >=35 y. Based on the number of years of education, maternal education was
categorized into four groups (No formal education, Primary (1-5 y), Secondary (6-13
y), and Higher (>13y)). Descriptive data are summarized in Tables 1 and 2. Continuous
variables were summarized as mean and standard deviation. Categorical variables were

summarized as column percentages while showing only relevant categories.
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Model building:

LAZ scores were used as indicator of size and changes in Z-scores over time as
indicator of growth. We assessed associations between LAZ scores at specified times
(3, 9, and 16 mo) and child development at the next measurement times (9, 16, and 24
mo). We examined the following relationships: 1) LAZ score as a predictor of the motor
z-score and 2) LAZ score as a predictor of the cognitive z-score. The pearson
correlation coefficient between outcome measures at different time-points was
calculated. We also randomly sampled 100 individuals and looked at trajectories for
average change in motor as well as cognitive z-scores (at each time-point) over lagged
length-for-age z-scores. Considering the outcome measures were forced to not change
on average over time and weak correlation between them across different time-points
(Tables 3B and 3C), we used linear models for analysis.

All analyses were conducted in SAS (Version 9.4, SAS Institute, Cary, NC)
software. The SAS ‘proc glm’ procedure was used for multivariable linear regression
analysis. The level of significance for statistical tests was set to p <0.05. Based on the
previous studies and logical sequence of events, we considered all potential covariates
in a full model. We arrived at a final model with the use of backward elimination. We
did separate modeling each for our two outcomes of interest: motor and cognition z-
scores. To check the fitness of the model, we conducted likelihood ratio tests comparing
full and reduced (final) models.

Exploratory analyses:

Through plotting of observed data, we tried to explore the relationship between
mean motor Z-scores at the age of 9, 16, and 24 mo and three different levels of LAZ
scores at the ages 3, 9, and 16 mo, respectively (Figure 2). Based on WHO standards,

the LAZ scores were categorized into three levels as <-3 (severe stunting), between >-
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3 and< -2 (moderate stunting) and >-2 LAZ (no stunting) (43). We also plotted mean
cognitive z-score at 16 and 24 mo against different levels of LAZ scores (as mentioned
above) at 9 and 16 mo, respectively (Figure 3). With the use of the final model, we
estimated mean motor and cognitive Z-score at three different LAZs (<-3, >-3 and< -2,
>-2) using the final reduced model. We also estimated the difference in mean motor
and cognitive Z-scores between no stunting and other categories. All analyses were
adjusted for the selected child characteristics (sex, BMIZ, birth order, exclusive
breastfeeding (EBF), and initiation of complementary feeding (CF)) and maternal
characteristics (counseling during pregnancy, age, height, and education). We also
adjusted for sub-district of origin and cohort enrollment wave to control for possible

intervention and enrollment wave-specific fixed effects, respectively.

Results:

Out of the 2400 women recruited, we completed follow-up from 2011 to 2014,
of 2192, 2074, 1969, and 1885 mother-child dyads at 3, 9, 16, and 24 mo of infant age,
respectively (Figure 1). Attrition rates did not differ between the two sub-districts.
Maternal age, height, education, and counseling during pregnancy were similar across
the two sub-districts. The distribution of infant sex, birth order, initiation of
complementary feeding before six months, infant length, Body Mass Index (BMI) and
head circumference at 3, 9, 16 and 24 mo were similar in both the intervention and
control group. However, a higher proportion of infants received exclusive breastfeeding
until three mo in the intervention sub-district (Table 1).

We observed a decrease in mean LAZ scores from -1.1 at 3 mo to -2.3 at 24 mo.
Similarly, the head-circumference-for-age z-score dropped from -0.6 to -1.5 between

same period. However, BMI-for-age z-score remained constant at -0.5 between 3 to 24
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mo except for 16 mo (-0.6) (Table 2). Mean motor development index scores were
similar across the intervention and control groups at each time point. However, the
mean cognitive development index scores were higher in the intervention sub-district.
This difference was lost by age 24 mo.

We computed a Pearson correlation coefficient to assess the relationship
between LAZ scores at different time-points (Table 3A). The LAZ scores at 3 mo had
moderate positive correlation with LAZ scores at 9, 16 and 24 mo [r =0.64 (p<0.01),
0.60 (p<0.01), 0.57 (p<0.01), respectively]. However, LAZ scores at 9 mo had strong
positive correlation with LAZ scores at 16 and 24 mo, respectively [r =0.84 (p<0.01),
0.80 (p<0.01)]. Similarly, strong positive correlation was observed between LAZ at 16
mo and 24 mo [r=0.88 (p<0.01)]. Thus, we observed with an increase in age, there was
an increase in the correlation between LAZ scores measured at subsequent time-points.
Further, we calculated the correlation within 9, 16 and 24 mo of motor z-scores (Table
3B) as well as 16 and 24 mo of cognitive z scores. Within each time-point, we observed
weak positive correlations for both outcomes [where all r<0.30, (p<0.01)].

Table 4A represents the multivariable regression coefficients for the association
between motor z-scores at 9, 16 and 24 mo and lagged LAZ scores at 3, 9 and 16 mo,
respectively, adjusted for intervention, enrollment wave, Body Mass Index (BMI) z-
scores, initiation of complementary feeding before 6 mo, maternal education. For each
unit increase of LAZ score at 3 mo, the motor z-score at 9 mo increased by 0.10 (95%
Cl 0.07, 0.14). Furthermore, one unit change in LAZ score at 9 mo and 16 mo was
associated with the increase in motor z-scores at 16 mo and 24 mo by 0.16 (95% CI
0.12, 0.20) and 0.12 (95% CI 0.08, 0.16) respectively. Similarly, an association was
found between BMI z-scores and motor z-scores at all time-points. However, this

association decreased consistently from 9 to 24 mo (0.11 to 0.07). The motor z-scores
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at 9 and 24 mo among children in intervention group was 0.13 (p<0.01) and 0.95
(p<0.01) higher compared to control group, respectively. The initiation of the
complementary feeding after 6 mo (compared to < 6 mo) was associated with 0.12
(p<0.01) increase in motor z-score at 9 mo. However, this relationship weakened at 16
and 24 mo. Motor z-scores at all timepoints were higher if child’s mother has secondary
level of education compared to no education. The coefficient with adjustment of some
additional variables presented as supplementary tables (Table 6A). While results of
parsimonious model presented here.

Table 4B presents the multivariable regression coefficients for the association
between cognitive z-scores at ages 16 and 24 mo and LAZ scores at ages 9 and 16 mo,
respectively, adjusted for intervention, BMI z-scores, and maternal education. For one
unit increase in LAZ score at 9 and 16 mo, the cognitive z-score at 16 and 24 mo was
increased by 0.12 (95% CI 0.08, 0.16) and 0.11 (95% C1 0.07, 0.16) respectively. Like
motor z-scores, the association between BMI z-scores and cognitive z-scores reduced
from 16 to 24 mo. Thus, BMI z-score is a significant predicator of cognitive z-score at
16 mo but not at 24 mo. The average cognitive z score at 16 and 24 mo among children
in intervention group was 0.12 (p<0.01) and 0.30 (p<0.01), respectively, higher than
control group. Children achieved higher cognitive z scores, as maternal education
changed from primary to higher level. The coefficient with adjustment of some
additional variables presented as supplementary tables (Table 6B). While results of
parsimonious model presented here.

Furthermore, we observed with a decrease in severity of stunting (i.e.
increase in LAZ scores) at the age of 3, 9, and 16 mo, there was a rise in the mean motor
Z-scores at the age of 9, 16, and 24 mo, respectively. (Figure 2). We observed a similar

trend between the LAZ scores at ages 9 and 16 mo and the mean cognition z-scores at
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ages 16 and 24 mo, respectively (Figure 3). Using final models, we estimated average
motor and cognitive z-scores at different levels of stunting (Table 5). An estimated
motor z-score at 9, 16 and 24 mo for non-stunted children was 0.06 (+/- 0.10), 0.10
(+/- 0.10), and 0.54 (+/- 0.10) respectively. As there was a decrease in LAZ score (i.e.
increased in severity of stunting), the significant decline in mean motor z-score was
observed. The difference in mean motor z-score between non-stunted children and
moderately or severely stunted children was highest at 9 mo. This difference gradually
reduced from 9 to 24 mo. An estimated cognitive z-score at 16 and 24 mo for non-
stunted children was 0.26 (+/- 0.07) and 0.27 (+/- 0.08) respectively. With the increase
in the severity of stunting, a significant decline in cognitive z-score was observed. The
difference in mean cognitive z-scores between non-stunted and moderately or severely

stunted children decreased over time.

Discussion:

The objective of this study was to examine the association between LAZ score
and the motor and cognitive z-scores in a cohort of Bangladeshi children. Our analysis
found that LAZ score was significantly associated with both motor and cognitive
development during the first 2 years of life, among children in Bangladesh. With the
increase in LAZ score, the significant increase in a motor as well as cognitive z -scores
was observed. These findings corroborate the findings of other studies conducted in
other regions (27,28). In addition, head circumference z-score was not a significant
predictor of the motor or cognitive z-scores (data not shown). Previous studies showed
a stronger association between LAZ score and motor development compared to an
association between LAZ score and cognitive development (38). However, as per our

analysis, we found the association between LAZ scores and motor development to not
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be meaningfully different from the association between LAZ score and cognitive

development.

Strengths and limitations:

There are several strengths and limitations to this study. The standardized
outcome measures over time are not strongly correlated. Also, these outcome measures
were linearly changing with LAZ scores, so we could use the linear models. This
allowed us to study the association between LAZ scores and cognitive or motor
development at each specified time-point. Further, in our analyses, we lagged the LAZ
scores to the previous measurement time points. Hence, our exposure was able to
precede the outcome and associations were assessed prospectively. Unlike some
previous studies which used WAZ scores, we used the BMIZ score which is also an
indicator of undernutrition (26,38). Along with LAZ score, BMIZ score was also a
significant predictor of both motor and cognitive development even after adjusting for
covariates (Tables 4A and 4B). In addition to the prospective study design, another
strength of this study was that we excluded very few observations based on extreme
values of LAZ (<-6 and > +6). We anticipate our results are minimally impacted by
measurement error. This study benefited from a large sample size of children under the
age of two and the use of a standardized general developmental screening tool, the Age
and Stages Questionnaire (ASQ) scale. The ASQ is cost-effective and could be
completed within 12-18 minutes with a test-retest reliability of 92%, sensitivity of
87.4% and specificity of 95.7% (37). Moreover, validity has been examined across

different cultures and communities across the world (37).

One limitation of this study was that by 24 mo, almost 500 mother-infant dyads

were lost to follow up. The reason for this loss to follow up was either maternal or infant
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death, out-migration, or refusal to participate. While this is high attrition, we expect
that the loss to follow up due to maternal or infant deaths may have had worse outcomes
than those retained in the study, which would, in fact, increase the strength of the
association in our findings. Additionally, loss to follow up due to out-migration was
random and hence will not lead to selection bias. However, the potential for selection
bias from loss to follow-up due to refusal cannot be ruled out.

Multiple mechanistic pathways linking linear growth retardation and motor, or
cognitive development have been proposed. First, it is hypothesized that a smaller body
size affects motor activity, which would limit the child’s ability to access stimulation
(12, 42) and reduce opportunities for cognitive development (21). The second
mechanism is the “Rosenthal Effect”- where a child’s short stature lowers the
caregivers’ expectations about the child’s developmental potential, hence reducing
stimulation and the prospect of cognitive development(45). In contrast a study suggests
linear growth retardation as not part of the mechanistic path leading to delayed
cognitive and motor development (20) Thus, linear growth retardation and child
development are not likely causally related but associated through a set of shared
determinants (undernutrition, inadequate care, and repeated infections) (45).

Furthermore, a child’s motor, psychosocial, and cognitive development occur
interactively and dynamically with significant influence from their social environments
(46). The lack of focus of the present study on mechanistic assessment prohibits a
definitive framework for pathways and mediators of motor and cognitive development
among young children. Expanding upon this current work, future studies should focus
on identifying a definitive pathway linking linear growth (retardation) to the motor or

cognitive development.
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In conclusion, length is a significant predictor of both motor and cognitive
development during the first 24 mo of a child’s life. This association is highest at 16
months. Additionally, difference in motor development among non-stunted and
moderately or severely stunted children gradually reduce with the age of children. More
evidence from developing countries will help explain the underlying mechanisms and
identify appropriate interventions to prevent neurodevelopmental delay in early

childhood.



Table 1. Characteristics of Infants and Mothers
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Overall Intervention Control
Total Total Wavel Wave2 Wave3 Total
Maternal Characteristics
Height, centimeter! 149.7 150 149.5 150.1 150.6 149.3
(5.4) (5.5) (5.9) (5.4) (5.2) (5.3)
Maternal age, years?
<20 19.3 155 11.0 20.3 15.3 23.0
20-24 33.6 34.9 35.8 345 345 32.3
25-29 26.8 27.2 27.0 25.5 29.0 26.3
30-34 14.2 15.6 18.0 15.5 13.3 12.8
>=35 6.1 6.8 8.3 4.3 8.0 5.6
Education®
No Education 24.5 25.5 32.3 22.5 21.8 235
Primary 36.4 40.0 36.8 45.3 38.0 32.8
Secondary 30.0 25.1 22.0 24.0 29.3 34.9
Higher 0.6 0.3 0.0 0.5 0.5 0.9
Missing 8.5 9.1 9.0 7.8 10.5 7.9
Counseling during 62.0 61.8 47.0 615 76.8 62.3
Pregnancy
Infants' Characteristics
Sex? ‘Female 50.3 50.5 50.0 52.3 49.0 50.1
Birth Order?
1 27.0 26.7 23.6 29.4 26.9 27.3
2 24.2 25.2 24.5 25.1 26.1 23.1
>=3 48.9 48.2 51.9 455 47.1 49.5
Length at !
3 months 57.9 57.8 58.1 57.5 57.9 58.0
(2.5) (2.4) (2.2) (2.4) (2.6) (2.4)
9 months 67.2 67.1 66.9 66.9 67.6 67.1
(2.9) (3.0 2.7 (3.4) (2.7 2.7
16 Months 73.8 73.8 73.7 73.6 74.1 73.8
(3.1) (3.0 (2.8) (3.0) (3.1) (3.1)
24 Months 80.0 80.0 79.6 80.1 80.3 79.9
(3.4) (3.5) (3.2) (3.8) (3.4) (3.3)
BMI at !
15.9 15.9 15.9 16.0 15.9 15.8
3 months (1.7) (1.6) (1.7) 1.7) (1.5) (.7
16.2 16.3 16.4 16.2 16.2 16.2
9 months (3-3) (4.1) (1.7) (6.6) (1.5) (2.3)
15.4 15.4 15.3 15.4 15.6 15.5
16 Months (1.5) (1.3) (1.3) (1.2) (1.3) (1.7)
24 Month 15.1 15.1 15.4 15.0 15.0 15.0
onths (1.4) (1.5) (1.4) (1.8) (1.2) (1.4)
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Overall Intervention Control
Total Total Wavel Wave2 Wave3 Total
Head Circumference!
3 months 390.1 390.1 39.2 39.0 39.0 390.1
(1.4) (1.4) (1.4) (1.4) (1.4) (1.4)
9 months 42.9 42.9 42.7 42.8 43.0 42.8
(1.4) (1.5) (1.4) (1.4) (1.5) (1.4)
16 Months 44.6 44.6 447 445 44.6 445
(1.4) (1.4) (1.4) (1.3) (1.5) (1.4)
24 Months 457 45.6 457 45.6 45.7 457
.7 (1.4) (1.4) (1.4) (1.5) (1.9
EBF at 3 months? 21.8 33.8 36.0 38.7 26.6 9.9
CFI > 6 months? 18.1 15.3 145 14.8 16.7 21.0

! Mean (SD) 2 Percentage
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Table 2. Length for age Z scores and measure of physical and cognitive development

Overall Intervention Control
Mean SD Mean SD Mean SD

Length-for-age Z score

3 months -1.1 1.2 -1.0 1.2 -1.1 1.2
9 months -1.7 11 -1.6 1.0 -1.7 1.1
16 months -2.2 1.0 -2.2 1.0 -2.3 1.1
24 months -2.3 1.0 -2.3 1.0 -2.3 1.0
BMI-for-age Z score
3 months -0.5 11 -0.4 11 -0.5 1.2
9 months -0.5 1.1 -0.5 1.0 -0.6 1.1
16 months -0.6 1.0 -0.5 0.9 -0.6 1.0
24 months -0.5 1.0 -0.4 0.9 -0.5 1.0
Head Circumference-for-age Z score
3 months -0.6 1.1 -0.5 1.1 -0.6 1.1
9 months -1.2 1.0 -1.2 1.0 -1.2 0.9
16 months -14 0.9 -14 0.9 -1.5 0.9
24 months -1.5 0.9 -1.5 0.9 -1.5 0.9
Motor Development Index scores?
9 months 3.4 1.0 3.5 0.9 3.4 1.0
16 months 80.0 25.3 79.4 24.4 80.7 26.0
24 months 4.5 0.8 4.8 0.5 4.1 0.8
Cognitive Development Index scores?
16 months 142.6 325 144.2 31.0 141.0 33.9
24 months 16.2 1.6 16.5 1.7 16.0 1.6

aWHO motor development six milestones at 9 months; Ages and Stages Questionnaire
(ASQ-3) at 16 month & Composite score from CDC’s Developmental Milestones for 2-
year old

Note: 9-month motor score on a scale of 6, 16-month motor score on a scale of 120, 24-
month motor score on a scale of 5; 16-month motor score on a scale of 189, 24-month
motor score on a scale of 22



Table 3A: Pearson Correlation among length-for-age z-scores

LAZ scores at 3mo 9 mo 16 mo 24 mo
3 mo -

9 mo 0.64 -

16 mo 0.60 0.84 -

24 mo 0.57 0.80 0.88 -

Table 3B: Pearson Correlation among motor z-scores

Motor z scores at 9 mo 16 mo 24 mo
9 mo }

16 mo 0.29 -

24 mo 0.19 0.19 -

Table 3C: Pearson Correlation among cognitive z-scores

Cognitive z-scores at 16 mo 24 mo

16 mo -
24 mo 0.26 -

23



Table 4A: Results of linear models for motor development z-scores
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Parameter Coeffat 95% Coeff at 95%  Coeffat 95%
9mo Cl 16 mo Cl 24 mo Cl
-0.17, 0.06, -0.36, -
Intercept -0.06 005 0.29 043 -0.22 0.08
0.07, 0.12, 0.08,
LAZ score 0.10 014 0.16 0.20 0.12 016
. 0.05, -0.11, 0.87,
Intervention 0.13 0.22 -0.03 0.06 0.95 102
Wave
Wave 1 ref ref ref
-0.18, -0.31, -0.04,
Wave 2 -0.07 0.03 -0.21 -0.10 0.06 0.16
0.04, -0.35, -0.3, -
Wave 3 0.15 0.95 -0.25 014 -0.20 01
0.08, 0.04, 0.03,
BMIZ score 0.11 0.15 0.09 013 0.07 011
Initiation of CF > 6 0.01, -0.06, -0.03,
mo 012 5p3 005 o4 007 g7
Maternal Education
No Education ref ref ref
) 0.01, 0.05, -0.05,
Primary 0.11 022 0.16 027 0.05 015
0.11, 0.25, 0.07,
Secondary 0.22 033 0.37 0.48 0.17 0.8
Higher -0.38, -0.23, -0.34,
J 015 geg 02 g 016 447

Note: LAZ score: length-for-age z-score; BMIZ score: BMI-for-age z-score; CF: Complementary
Feeding; Coeff: Coefficient

Note: The LAZ scores were lagged at 3, 9 and 16 mo for calculation of coefficient at 9, 16 and 24

mo respectively




Table 4B: Results of linear models for cognitive development z-scores

Coefficient Coefficient
Parameter at 95% ClI at 95% CI
16 mo 24 mo

Intercept -0.05 -0.17, 0.08 0.01 -0.14, 0.16
LAZ score 0.12 0.08, 0.16 0.11 0.07,0.16
Intervention 0.12 0.03, 0.20 0.3 0.21, 0.39
BMIZ score 0.10 0.06, 0.14 0.02 -0.02, 0.07
Maternal Education

No Education ref ref

Primary 0.23 0.12,0.34 0.1 -0.01, 0.22

Secondary 0.43 0.32,0.54 0.17 0.06, 0.29

Higher 0.52 -0.01, 1.04 0.17 -0.41,0.75

Note: LAZ score: length-for-age z-score; BMIZ score: BMI-for-age z-score; CF: Complementary

Feeding

Note: The LAZ scores were lagged at 9 and 16 mo for calculation of coefficient at 16 and 24 mo

respectively




Table 5: An adjusted estimated measure of motor and cognitive
development z-score
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Motor Cognitive
i 1 0 1 0
Stunting Score Diff 95% Score Diff 95%
Status Mea Cl Mea Cl
Age SE SE
n n
9
mont  No Stunting 0.06 0.10 ref - - - -
hs
Moderate - 0.14,
Stunting 016 010 022 55 - - - -
Severe - 0.28,
Stunting 038 012 043 459 j ] i ]
16 0.0
mont  No Stunting 0.10 0.10 ref 0.26 7 ref
hs
Moderate - 0.14, 0.0 0.10,
Stunting 040 010 020 557 009 g 0A7T 509
Severe - 0.28, - 0.0 0.21,
Stunting 031 011 041 450 508 g O3 46
24 0.0
mont  No Stunting 0.54 0.10 ref 0.27 8 ref
hs
Moderate 0.09, 0.0 0.05,
Stunting 040 0.09 0.14 0.19 0.15 3 0.11 0.17
Severe 0.18, 0.0 0.11,
Stunting 0.26 010 0.28 0.38 0.04 9 0.22 0.34

Note: Severe Stunting :
-2 LAZ

Diff: Difference

<-3 LAZ, Moderate Stunting: >= -3 and <-2 LAZ; No Stunting: >=




FIGURES

Figure 1: Participant flow chart from January 2011 to January 2014

2400 pregnant
women enrolled in
study

208 women not interviewed due to
maternal or infant death, out migration
or refusal to participate

2192 mother-child dyads
interviewed at infant age
of 3 months

118 women not interviewed due to
maternal or infant death, out migration
or refusal to participate

2074 mother-child dyads
interviewed at infant age of
9 months

105 women not interviewed due to
maternal or infant death, out
migration or refusal to participate

1969 mother-child dyads
interviewed at infant age of|
16 months

84 women not interviewed due to
maternal or infant death, out
migration or refusal to participate

1885 mother-child dyads
—interviewed at infant age
of 24 months
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Figure 2: Mean motor z-score at 9, 16 and 24 months at different LAZ levels measured at previous timepoint (3, 9 & 16 months)
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Figure 3: Mean cognitive zscore at 16 and 24 months at different LAY levels measured at previous timepoint (9 & 16 months)

0.2

Mean Cognitive z-score
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MNote: Cat-1is <-3 LAZ{Severe Stunting); Cat-2 is >=-3 & <- 2 LAZ(Moderate Stunting); Cat-3 is >=-2 LAZ(No Stunting)
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CHAPTER I11: IMPLICATIONS

Summary

Chronic malnutrition among under-five children has been identified as a critical
factor preventing these children from reaching developmental potential. This pathway
could be linked through improper cognitive development. Considering WHO
guidelines and national governmental policies to address chronic malnutrition, the
consequences of linear growth failures in terms of cognitive development during early
childhood remains unclear. This study considers linear growth as a potential
determinant of early motor and cognitive development.

Among our study population, we observed a decrease in mean LAZ scores from
-1.1at 3moto-2.3 at 16 mo (Table 2). This decline in LAZ scores suggests worsening
of growth with age. This finding aligned with the general trend of stunting in
Bangladesh. The prevalence of stunting in Bangladesh increases with age, from 14
percent of children under age 6 months to 46 percent of children 18-23 months (47).

Our analysis showed that LAZ score was significantly associated with both
motor and cognitive development during the first 24 mo of life. With each unit increase
in LAZ score, there was a significant increase in motor z-scores (Range: 0.10 - 0.16)
and cognitive z-scores (Range:0.11- 0.12). However, the association between Length
and motor development as well as cognitive development was highest at 16 mo. Along
with LAZ scores, BMI z-score was a significant predictor of the motor as well as
cognitive z scores. Additionally, maternal education and intervention were also

significantly associated with motor and cognitive development.



30

Public Health Implications

Cognitive development cannot be undermined as it has an inter-generational effect (48).
The early years of a child’s life provide the best opportunity for physical nourishment
and brain development. Stunting signals that the child has been deprived of nutrients
for linear growth. Our findings suggest that the motor and cognitive development,
could be affected by stunting as early as 3 mo. This evidence supports the need for
nutritional interventions during pregnancy, which is likely to have a greater impact on
a child’s growth (49). However, the intervention should be delivered in the form of a
package, including prevention and control of prenatal infections, care of the woman and
child and stimulation of early development to address the multicausal problem of
stunting. Although exclusive breastfeeding and adequate complementary food, catch-
up-growth can be achieved, benefits to cognitive development are uncertain. The CARE
intervention involved behavior change communication (BCC) activities and multiple
micronutrient supplementation. The study found the intervention to be significantly
associated with an increase in the motor and cognitive scores. Thus, instead of focusing
on a single approach, a multipronged approach including; nutritional supplement,
fortification, deworming pills, and BCC activities should be taken to address stunting
and poor child development. Considering the higher prevalence of stunting in
Bangladesh, public health intervention at scale focusing on pregnant women and infants

should be implemented to avoid consequences of stunting on poor child development.

Possible Future Directions
Although multiple mechanistic pathways linking linear growth retardation and motor
or cognitive development have been proposed, the precise mechanism is not well

understood. Furthermore, a child's motor, psychosocial, and cognitive development



31

occurs interactively and dynamically with significant influence from their social
environments (47). The lack of focus of the present study on mechanistic assessment
prohibits a definitive layout of a framework for pathways and mediators. Thus, taking
present evidence further, future studies should be focused on identifying a definitive
pathway linking linear growth (retardation) to the motor or cognitive development.
Also, the linkage between CARE intervention and LAZ score was not explored. Thus,
the association between various components of interventions and LAZ scores could be
studied to develop the most effective strategy to prevent and control the problem of

stunting as well as child development.
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1. Supplementary tables

APPENDICES

Table 6A: Results of linear models for motor development z-scores

39

Parameter 9 95%Cl 16mo 95%CI 24mo  95%Cl
Intercept 0.04  -0.15, 0.21 0.01, -0.11 -0.31,
0.22 0.41 0.08
0.11 0.07, 0.16 0.12, 0.12 0.08,
LAZ score 0.14 0.2 0.16
Intervention 0.15 0.06, -0.03 -0.12, 0.94 0.86,
0.24 0.06 1.02
Wave
Wave 1 Ref Ref Ref
Wave 2 - -0.18, -0.21  -0.31, - 0.06 -0.04,
0.07 0.03 0.1 0.16
Wave 3 0.14 0.03, -0.25  -0.35, - -0.2 -0.3, -
0.25 0.14 0.11
0.11 0.08, 0.09 0.05, 0.07 0.03,
BMIZ score 0.15 0.13 0.11
Initiation of CF 0.14  0.026, 0.04 -0.069, 0.06 -0.04,
>6mo 0.25 0.16 0.17
Maternal Education
No Education Ref Ref Ref
Primary 0.10 -0.004, 0.17 0.06, 0.04 -0.06,
0.21 0.28 0.15
Secondary 0.20 0.09, 0.38 0.26, 0.16 0.05,
0.32 0.5 0.27
Higher 0.14  -0.39, 0.31 -0.21, 0.17 -0.34,
0.68 0.84 0.67
Birth order - -0.08, 0.03 -0.03, -0.02 -0.06,
0.03 0.03 0.08 0.03
Exclusive - -0.18, 0.02 -0.09, 0.02 -0.08,
Breastfeeding 0.08 0.03 0.13 0.12
Sex - -0.12, 0.01 -0.07, -0.12 -0.2, -
0.04 0.05 0.1 0.04

Note: LAZ score: length-for-age z-score; BMIZ score: BMI-for-age z-score; CF: Complementary

Feeding

Note: The LAZ scores were lagged at 3, 9 and 16 mo for calculation of coefficient at 9, 16 and 24

mo respectively




Table 6B: Results of linear models for cognitive development z-scores

Parameter 9 mo 95% CI 16 mo 95% CI
Intercept -0.44, -
-0.01 -0.21, 0.19 -0.22 0.004
LAZ score 0.11 0.07,0.15 0.10 0.05,0.14
Intervention 0.11 0.02, 0.20 0.31 0.22,0.40
Wave
Wave 1 Ref Ref
Wave 2 0.03 -0.07,0.13 0.31 0.20, 0.42
Wave 3 0.07 -0.03, 0.18 0.19 0.07, 0.30
BMIZ score 0.10 0.06, 0.14 0.02 -0.03, 0.06
Initiation OFCF 05 0159,007 041  -0.004,0.23
>6mo
Maternal
Education
No Education Ref Ref
Primary 0.21 0.1,0.32 0.08 -0.04, 0.19
Secondary 0.40 0.28, 0.52 0.14 0.02,0.27
Higher 0.49 -0.04, 1.01 0.13 -0.45,0.70
Birth order -0.03  -0.08,0.02 0.02 -0.04, 0.07
Exclusive
Breastfeedlng 0.01 '0.09, 0.12 '0.04 '0.15, 0.07
Sex 0.04 -0.04, 0.13 0.003 -0.08, 0.09

Note: LAZ score: length-for-age z-score; BMIZ score: BMI-for-age z-score; CF:

Complementary Feeding

Note: The LAZ scores were lagged at 3, 9 and 16 mo for calculation of coefficient at 9,

16 and 24 mo respectively
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2. IRB approval letter- Emory

E MO R‘f Institational Heview Board

UNIVERSITY

Date: February 23, 2011

RE: Determination: Not Engaged in Human Subjects Research: IRB Review Not Fequired
[eIRB#00045992]; Monitoring growth and nutritional status of children and their mothers in
Bangladesh
PI: Aryeh Stein

Dear Dr. Stein:

Thank you for requesting a determination from our office about the above-referenced project. Based on our
review of the matenals you provided, we have determined that it does not requre IRB review because yvou and
Emory will not be “engaged” in research with human subjects. To reach this conclusion we consulted the
current guidance on engagement issued by the U.S. Office for Human Research Protections.

Specifically, in this project you will be serving as a consultant assisting in the design and analysis of an
evaluation taking place in Bangladesh. All Emory mvestigators will only be interacting with de identified data.
Given the not engaged status of Emory, no Emery investigator should be listed on the consent decument and the
consent used should be the one from the main study. It was also noted that the local IRB granted an approval
peried of 24 months; however we would suggest you recommend for them to conduct an annual review.

This determination could be affected by substantive changes in your rele or Emory’s role in the project. If such
changes occur, please contact our office for clanfication.

Thank you for consulting the IRB.
Sincerely,
Andrea Goosen MPH

Research Protocol Analyst
This letter has been digitally signed

Emeey Univemity
1399 Cliton Read, fth Floor - Atlanta, Georgia 30322

An equen] opportemity, affrmative action unfversiy



3. Study Protocol Approval- Bangladesh

icddr,b

KHOWLEDIGE FOR
GLOBAL LIFESAVING SOLUTHONS

Memorandum
28 December 2010
Te:  Dr ASG Farugue

Principal Investigator of research protocol # PR-10093
Clinical Sciences Division (CSD)

Chairman
Ethical Review Committee {ERC)

i
#\(/
From: Professor AKM Nurul Anwar @xjﬁ

Sub: -

Thank you for your memeo dated 28 December 2010 attaching the modified
versian of your research protocol # PR-100%3 entitled “Monitoring Growth and
Nutritional Status of Children in Rural Bangladesh” addressing the issues
rasied by the reviewer to the satisfaction of the Coammittee. Accordingly, the
Committee approved the research protocel. 1 have pleasure to inform you that
your above protocol is approved through expedited review mechanism. You will
be required to cbserve the following terms and conditions In Implementing the
research protocal:

1. As Principal Investigator, the ultimate responsibility for scientific and ethical
conduct including the protection of the rights and welfare of study
participants vest upon you. You shall also be responsible for ensuring
competence, integrity and ethical conduct of other Investigators and staff
directly involved in this research protocal.

2. You shall conduct the study in accordance with the ERC-approved protocol
and shall fully camply with any subsequent determinations by the ERC.

3. You shall obtain prior approval from the Research Review Committee and
the ERC for any meoedification In the approved research protocol andfor
approved consent  form{s), except in case of emergency o
safeguard/eliminate apparent immeadiate hazards to study participants. Such
changes must immeadiately be reported to the ERC Chairman.

4. You shall recruit/enroll participants for this study strictly adhering to the
criteria mentioned in the research protocol,

5. You shall obtain legally effective Informed consent (l.e. consent should be
free frem coerclon or undue influence} from the selected study participants
or their legally responsible representative, as approved in the protecol,
using the approved consent form prior to their enrollment in this study.
Before obtaining consent, all prospective study participants must be
adequately informed about the purpese(s) of the study, its methods and

15662016 Celebrating 50 Years of Service to Bangladesh and the World |, L - for Diart Disease Research, Bangladesh

68, Shabwsid Tajuddin Ahmad Sarani, Mohakhali, Dhaka 1212. Bangladesh
Mail : ICDDR B, GPO Bex 128, Dhaka1000, Bangladesh

Fex: B80-2-8623116,8812530,9865657 8811686, 8812520, 8426050,8011568
Phone : 880-2-8860523-32, Web : hitp:www.icddrb_org



procedures, and also what would be done if they agree and also If they do
not agree to participate in the study., They must be informed that their
participation in the study is voluntary and that they can withdraw their
participation any time without any prejudice. Signed consent forms should
be preserved for a period of at least five years following official termination
of the study.

&,  You shall promptly report the occurrence of any Adverse Event or Serious
Adverse Event or unanticipated problems of potential risk to study
participants or others to the ERC in writing within 24 hours of such
OCCUFTences.

7. Any significant new findings, developing during the course of this study that
might affect the risks and benefits and thus Influence either participation in
the study or continuation of participation should be reported In writing to the
participants and the ERC.

8, Data andfor samples should be collected and interviews should be
conducted, as specified in the ERC-approved protocol, and confidentiality
must be maintained. Data/samples must be protected by reascnable
security, safeguarding against risks such as their loss or unauthorized
access, destructions, used by others, and modification or disclosure of data.
Data/samples should not be disclosed, made available to or use for purposes
other than those specified In the protocol, and shall be preserved for a
pericd, as specified under Centre's policies/practices.

8. You shall promptly and fully comply with the decision of the ERC to suspend
or withdraw its approval for the research protocol.

10. You shall report progress of research to the ERC for continuing review of the
implementation of the research protocol as stipulated in the ERC Guidelines.
Relevant excerpt of ERC Guidelines and ‘Annual/Completion Report for
Research Protocol involving Human Subjects’ are attached for your
infermation and guidance.

I wish you success In running the above-mentioned study.

Copy: Director, CSD
Coordination Manager, RA
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4. Assessment of Motor and cognitive and motor development at 9, 16 & 24 mo

a. Motor development at 9 months:

5, Infant Motor Development Milestones®

vosersusym || [ [ ]

Read: Now I would hike to ask vou about (NFANT NAME).

51

How old is INFANT NAME?

Months

88 =Don't Enow

(1]

C T

Read: Now | would hike to specifically begin with a few questions about how (INFANT NAME) 1= developing, and has/her
abulity to move.

532 Can (INFANT NAME) z1t without any help, 0l =Yes
assistance, or support? 012=No
88 =Don't Know ]:]:I
53 Can (INFANT NAME) stand with assistance 0l =Yes
or suppart? 012=No ]:I:l
77 =Yes, stands without assistance or suppert
88 =Don't Know
34 Can (INFANT NAME) crawl on his’her hands | 01 =Yes
and knees? 012=No
38 =Don’t Know I:]:l
53 Can (INFANT NAME) walk with assistance 0l =Yes
or support? 02=No ]:|:|
77 = Yes, walks without assistance or support
88 =Don't Know
58 Can (INFANT NAME) stand alone wath no 0l =Yes
assistance or support? 02 =No
88 =Don't Know I:I:I
57 Can (INFANT NAME) walk alene, withne 01 =TVes
assIstance o AIpport? 12=No
88 =Don't Enow I:I:l

* WHOD Muldcentre Growth Beference Stady Group. WHO Motor Development Stady: Windows of achisvement for six gross motor development
milestones, Actq Paediatrica Supplement J005:450-86-95.
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b. Motor and Cognitive development at 16 months through Ages and Stages

Questionnaie- Third edition

AASQ3

This is a translation of Ages & Stages Questionnaires®, Third Edition (ASQ-3TM): A Parent Completed
Child Moenitoring System. by Jane Squires, Ph D.. and Diane Bricker, Ph D). Onginally published in the
United States of Amenica by Paul H. Brookes Publishing Co., Inc. Copyright © 2009 by Paul H. Brookes
Publishing Co., Inc. Ages & Stages Questionnaires 15 a registered trademark and ASQ-3 and the ASQ-3 logo
are trademarks of Paul H. Brookes Publishing Co., Inc.

(a5 Ages & Stages Questionnaires®, T8 ewaa (ASQ-3TM) <7 Tm | 4 wEsEs 9 “Fige 93b fie
T e, ci5t T B3, (P1La36.%.) W s 3o, (F @26.06.) tedt v | 4B el B v a3 Fe

T (9., Inc. FEF THTRGT GI5 W WA T ATTES 7 FAMLIC 200 AT T <6 T SFTA ., Inc.

FéF erile 78 | Ages & Stages Questionnaires <% famgs Gea | qugl ASQ-3 49 ASQ-3 @sil-e ™ 425
FFA &0 @, Inc. 47 936 G ()

Ages & Stages Questionnaire E

Child & Family Information

Child’s Name: Dateofbirth/ / / [ / /[ / SexM=LF=2/ /
Mother's name: Age:/ /| [/ Father's name:

Address: Bari name: Will:

Post: Dist: Mobile no:

Name of inferviewer: Date of interview /

16 Month (15 month 0 days through 16 month 30 days) Scoring: 10=Yes, 5=Sometimes, 0=No

Communication Tt | W | W | Score

s, ofF TR0 wRTe T FAe o, RS B o WA BR e 8t sy

3, & AN, AT WG A GrAle A1 S Al 2 T A (A 491 28 S e
T FA0T TA g9 w0 T 39 B T | Wit THiEEE o 9 1) (Probe-
=ieR A 7 & = s snarn)

0, '@ g BiETA T (701 =ngm Py (e

8, O0F OF () TAEEA (T (S T T AEE (A 0 WS m
s =t foiw W eitEy (|, T, f T 9 9% e e )




AASQ3

Ages & Stages Questionnaires®, Third Edition (ASQ-3TM), Squires and Bricker. © 2009 Paul H. Brookes

Publishing Co. Translated by permission.

FIT O TR 49 (Ages & Stages Questionnaires®, T8 7ewwm (ASQ-3TM). © 200b, 7 JI6 F59 Tl 3,

FEF S | A6 ST T LS 01 ()

Communication

gt

e
Rl

Score

&, el TP (3T = i) T el o OO (R ST A0y (GTE-ATe Ate, W1 A,

A o4T) ('F T TS DT =l Tree TF 1) (Probe- =ieif 7 Tt o w0
T ¢ (% = Wt IEy) IHE T A GF 0 B .

T, G A, AT TG S b6 A S (I 1 0 A (ﬁmwww

TeCei F0s B9 9 w0% 0 O5 W6 o | Wie TwiEse ol W A1 1) (Probe-
e 96! & 3 =% 9 «iar)

TAIG 7eE:

Gross Motor

i1

Score

Y, TACATS 90CH AT G T 11 4T 61 0 [0S G WGl
FOF i AWTE FeF s Ay

2. € N AFRETD A T O TEeTE B O B "
=ity Te: 4%, cruE g | al

=

o, o o 39 11 4T &F =% T 907 T 4T G ode
o A (e ) Wi ame

B, ZIGTG 1 (C8 61 5H W 00 AT Q

&, I3 WHE Y (e €T TATSEE TS AEr

b, (3 g FA0S TN 40T BIE €FF I3 O3] (R T B
A (T (R G I BT (T (e &0 1)

Fine Motor

11

Score

5, & ST AR 30 TS TNy (WA GF6] AT 6 T 40T AES i 1)

2, T FAAEE i Tt 99 50 9aes Anay (4 T4 (F0E org oHI A ()

o, €fF I ot N cmAE B TSt & 31 cEE AHTE ey
(= o, WTeT/ crib s a1 3 3 WTeE oat e ()
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Ages & Stages Questionnaires®, Third Edition (ASQ-3TM), Squires and Bricker. © 2009 Paul H. Brookes

Publishing Co. Translated by permission.

T2 9% T9E 47 (Ages & Stages Questionnaires®, 7818 wewam (ASQ-3TM). © 3cob, =7 436 397 &I .

FES IS | o WA T WAre &t ()

Fine Motor

‘ot

e
e

=

Score

8, o Tore e ofF off 31 (4o =51 Toita 51 TS ANcE? p.
(7o fo, TS E A > B T s Tee) o

@, €% W A S WA CAeE A e 7
T for isivera B Wit oy "3

&, €1 T0E T 930 #TS! GROICE AN (I JCEIC AS] Soiee I 1)

THIG

Problem Solving

Score

3, &3 A FE T oot e cotfm i oot fag, il = o T werre
TR St FE (A 6 s ot Sies A o0 oEE A )

3. @ T 0] VO (ATST (I TS (b o] TS| gFICE AT - et e
f Fre

0, @ T FEGTH TH6 AT SIBE F19 IF61 T TS 71 90H FETE AEy

8, ST T 241 TP TSR oG BIA A1 WS THCH HSiTa e e
=Y = (AiETE e efF wiemE T e TiE W R FEr

@. G TS GG LA AL CAT 0N @ 19 TS (LS, SIS Srar (90 A
e 1)

b, TSR e 3 o GEm e & @ T BT T G O R
HECE AR (W TEE T FE OTHITS &= 1)

(** ¢ 7= Item "2 R0 AR AR CHR A 5 IR Ttem "1 G #IIGT 1)

Personal Social

14

Score

5, AT AT (ITe (CFTR (ELE) @ T o TRoe Fre s o4te e

3, It oA, B oo T e wieiee A A e Rt 3y

o, '@ T WiE/ 2 TrarE W I Wo0d 4T o4

8, ST ST (74T o T Y S ordt e wee T fHrs v (v R
WA A EE I CHE )

o, e 1S o A i <t a1 W B e s s e as
T 4TS BT

s, (T FICE AEICAIE Fad(E 09 ‘1% HoiI1a P10 W0 C- (TS0 T 490 o] 5ig
e T warer

THIG #reE:
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Ages & Stages Questionnaires®, Third Edition (ASQ-3TM), Squires and Bricker. © 2009 Paul H. Brookes
Publishing Co. Translated by permission

F29 a2 979 3 (Ages & Stages Questionnaires®, w8ty siewan (ASQ-3TM), © 200, 1 425 F95 Pt .

FEF oS | A TAET T WS e ()
OVERALL

5. ofF T fws weTr =y, A=o /.

2, @ THRAE! S ABITE S I S AEr =y, M=o [

w, @ T W I T Q@fEE Fwme e e g, =e [

8, T = AT TS ¢ 5 T6TS, (RTPIS a7 (S 5 A Fi=y, T=o /.
@, W e FEl i I R o e ey gi=e, W=y

. 8 (5T Fs ey e M @ AMSE W o A WIE e afl=o, M=y [

9, @ O (F A e e e jf=e, A=) [

Y. € SIEETE G A SR &l=o, A=y [

. 6% 5 W (FH 4ETE T WieEr  Ft=o, A=y [




c. Motor and cognitive development at 24 months through CDC
questionnaire

Mother Smdy 1D | | | 1 |

12. Child Cognitive Development’
Instruction: Fou {ricnacwer) will be stayang on the howsehold for @ fong nme. Try to chserwe the ofwld s acovty and match
thase while dabang the responses

Record O for “Yex ™ or 02 for “No™ jor each question

Lapspare Commumicstion

T He
o {1
12.1 Dvogs oo child poine to things or pictumes when they are named?
12 Dvoss o child kenear sarmes of fapsity memshar™
123 Dioes yoer child sy santercss with 1 o 4 words
124 Dioes yoer child follosr wimplo mstmctions 7 (Yoo may sy, “Bong mo
B your shoss.” or =0, get yoer hlanket )
125 | Dvogs o child repeat womds cvesheam: in commrations?
SocialEmecomal
Tan Ho
=1 (o)
12,5 Dhoes yoer child copry others, especialby adults and oldar chdldren?
13.7 Dhoges oo child pets sscied whes with other childran
128 Lsyor clold showing mem maspencance” [Thams io saf meak o7 p
- o clothes by himharsslf)
128 Dhoes o child shemr dafint baharvior? {Diogs zot Estan whan yora tall
B bimn'ber MOT o do somatiing)
Problem solvimg
T Ho
=1 (o)
12.19 Can your child find g hidden wnder ton or thres coven/sheet”
12.11 Dvoss o child recognizs shapes and colon T
1212 | Does yoor child nss o bond mom than the othar?
1213 Dioes o follow wimple metmction T (Whan yora sk himvhar “Pick up
=t vour thoes axnd et tham wndar the bed. ™)
MovementFPhysical development
Tan Ho
[on {0
12.14 | Does yor child stond on tiptoa?
12.13 Droes your child kick a ball?
12.16 | Does yor child pen
1207 | Doss yor child cii onin and dowm from frmiters withoet halp?

' Adugpiie] from O s Deeckoproenital Milesons: for 3-yeur okl (waw ale gowisdert)

Page 33 of 38



Mother Smdy ID

12.18 Droes, your child maks or copies straight Enos and cincles?
Overall

e 1%
ey | @y

12.19 | Do you think your child heom wall?

1220 | Do you think your child @lks B ofber toddlars of bds agps

1221 | Can yon enderstand mest of what your cheld says?

1237 Do you think your ckild walks, nins and climbe bk ofsar toddlar of har

2|

13313 DCiogs either parent honse a famsily history of childhood defies or

28 | paring i n

1234 | Do vou ko concams ahoms your child's visios?

1225 | Has yoor child had amy madical problem m tha hist seveml months?

1226 | Do you boave amy conceens aboat your child's hehervios?

12237 | Doss anything about your chil d woomy you?

50



