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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% CI 0.12, 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. 
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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). 
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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). 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 
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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 (IQ) 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 
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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).  
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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. 
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CHAPTER II: MANUSCRIPT 

Linear growth and child development during early childhood in Bangladesh 

Kaustubh Wagh1, Aryeh D Stein1 

1 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% CI 0.12, 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. 

. 
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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 
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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 

(IYCF) 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 
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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 <20 y, 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 (>13 y)). 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% 

CI  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% CI 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 



16 
 

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.  
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TABLES 
 

Table 1. Characteristics of Infants and Mothers 

  
Overall Intervention Control 

 
Total Total Wave 1 Wave 2 Wave 3 Total 

Maternal Characteristics 
Height, centimeter1 149.7 

(5.4) 
150 
(5.5) 

149.5 
(5.9) 

150.1 
(5.4) 

150.6 
(5.2) 

149.3 
(5.3) 

Maternal age, years2             
<20 19.3 15.5 11.0 20.3 15.3 23.0 
20-24 33.6 34.9 35.8 34.5 34.5 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 

Education2             
No Education 24.5 25.5 32.3 22.5 21.8 23.5 
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 
Pregnancy2 62.0 61.8 47.0 61.5 76.8 62.3 

Infants' Characteristics 
Sex2   -Female 50.3 50.5 50.0 52.3 49.0 50.1 
Birth Order2             

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 45.5 47.1 49.5 

Length at 1             

3 months  57.9 
(2.5) 

57.8 
(2.4) 

58.1 
(2.2) 

57.5 
(2.4) 

57.9 
(2.6) 

58.0 
(2.4) 

9 months  67.2 
(2.9) 

67.1 
(3.0) 

66.9 
(2.7) 

66.9 
(3.4) 

67.6 
(2.7) 

67.1 
(2.7) 

16 Months  73.8 
(3.1) 

73.8 
(3.0) 

73.7 
(2.8) 

73.6 
(3.0) 

74.1 
(3.1) 

73.8 
(3.1) 

24 Months   80.0 
(3.4) 

80.0 
(3.5) 

79.6 
(3.2) 

80.1 
(3.8) 

80.3 
(3.4) 

79.9 
(3.3) 

BMI at 1       

3 months  
15.9 
(1.7) 

15.9 
(1.6) 

15.9 
(1.7) 

16.0 
(1.7) 

15.9 
(1.5) 

15.8 
(1.7) 

9 months  
16.2 
(3.3) 

16.3 
(4.1) 

16.4 
(1.7) 

16.2 
(6.6) 

16.2 
(1.5) 

16.2 
(2.3) 

16 Months  
15.4 
(1.5) 

15.4 
(1.3) 

15.3 
(1.3) 

15.4 
(1.2) 

15.6 
(1.3) 

15.5 
(1.7) 

24 Months   15.1 
(1.4) 

15.1 
(1.5) 

15.4 
(1.4) 

15.0 
(1.8) 

15.0 
(1.2) 

15.0 
(1.4) 
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Table 1. Characteristics of Infants and Mothers 

  
Overall Intervention Control 

 
Total Total Wave 1 Wave 2 Wave 3 Total 

 
Head Circumference1 

3 months  39.1 
(1.4) 

39.1 
(1.4) 

39.2 
(1.4) 

39.0 
(1.4) 

39.0 
(1.4) 

39.1 
(1.4) 

9 months  42.9 
(1.4) 

42.9 
(1.5) 

42.7 
(1.4) 

42.8 
(1.4) 

43.0 
(1.5) 

42.8 
(1.4) 

16 Months  44.6 
(1.4) 

44.6 
(1.4) 

44.7 
(1.4) 

44.5 
(1.3) 

44.6 
(1.5) 

44.5 
(1.4) 

24 Months   45.7 
(1.7) 

45.6 
(1.4) 

45.7 
(1.4) 

45.6 
(1.4) 

45.7 
(1.5) 

45.7 
(1.9) 

EBF at 3 months2  21.8 33.8 36.0 38.7 26.6 9.9 

CFI > 6 months2 18.1 15.3 14.5 14.8 16.7 21.0 

1 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 1.1 -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 1.1 -0.4 1.1 -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 -1.4 0.9 -1.4 0.9 -1.5 0.9 
24 months -1.5 0.9 -1.5 0.9 -1.5 0.9 

Motor Development Index scoresa  
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 scoresa 
16 months 142.6 32.5 144.2 31.0 141.0 33.9 
24 months 16.2 1.6 16.5 1.7 16.0 1.6 

a WHO 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 
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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 - 
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Table 4A: Results of linear models for motor development z-scores  

Parameter Coeff at  
9 mo 

95% 
CI 

Coeff at  
16 mo 

95% 
CI 

Coeff at  
24 mo 

95% 
CI 

Intercept -0.06 -0.17, 
0.05 0.29 0.06, 

0.43 -0.22 -0.36, -
0.08 

LAZ score 0.10 0.07, 
0.14 0.16 0.12, 

0.20 0.12 0.08, 
0.16 

Intervention 0.13 0.05, 
0.22 -0.03 -0.11, 

0.06 0.95 0.87, 
1.02 

Wave        
Wave 1 ref  ref  ref  

Wave 2 -0.07 -0.18, 
0.03 -0.21 -0.31, 

-0.10 0.06 -0.04, 
0.16 

Wave 3 0.15 0.04, 
0.25 -0.25 -0.35, 

-0.14 -0.20 -0.3, -
0.1 

BMIZ score  0.11 0.08, 
0.15 0.09 0.04, 

0.13 0.07 0.03, 
0.11 

Initiation of CF > 6 
mo 0.12 0.01, 

0.23 0.05 -0.06, 
0.16 0.07 -0.03, 

0.17 
Maternal Education       

No Education ref  ref  ref  

Primary 0.11 0.01, 
0.22 0.16 0.05, 

0.27 0.05 -0.05, 
0.15 

Secondary 0.22 0.11, 
0.33 0.37 0.25, 

0.48 0.17 0.07, 
0.28 

Higher 0.15 -0.38, 
0.68 0.29 -0.23, 

0.82 0.16 -0.34, 
0.67 

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

Parameter 
Coefficient 

at  
16 mo 

95% CI 
Coefficient 

at  
24 mo 

95% CI 

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  
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 Table 5: An adjusted estimated measure of motor and cognitive 
development z-score 

 Stunting 
Status 

Motor 
Score1 Diff 95%

CI 

Cognitive 
Score1 Diff 95%

CI 
Age Mea

n SE Mea
n SE 

9 
mont
hs 

No Stunting 0.06 0.10 ref  - - - - 

 Moderate 
Stunting 

-
0.16 0.10 0.22 0.14, 

0.30 - - - - 

 Severe 
Stunting 

-
0.38 0.12 0.43 0.28, 

0.59 - - - - 

16 
mont
hs 

No Stunting 0.10 0.10 ref  0.26 0.0
7 ref  

 Moderate 
Stunting 

-
0.10 0.10 0.20 0.14, 

0.27 0.09 0.0
8 0.17 0.10, 

0.23 

 Severe 
Stunting 

-
0.31 0.11 0.41 0.28, 

0.54 
-

0.08 
0.0
9 0.34 0.21, 

0.46 
24 
mont
hs 

No Stunting 0.54 0.10 ref  0.27 0.0
8 ref  

 Moderate 
Stunting 0.40 0.09 0.14 0.09, 

0.19 0.15 0.0
8 0.11 0.05, 

0.17 

 Severe 
Stunting 0.26 0.10 0.28 0.18, 

0.38 0.04 0.0
9 0.22 0.11, 

0.34 
Note: Severe Stunting : <-3 LAZ, Moderate Stunting: >= -3 and <-2 LAZ; No Stunting: >= 
-2 LAZ  
Diff: Difference 
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FIGURES 

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

 

 

2400 pregnant 
women enrolled in 

study

2192 mother-child dyads 
interviewed at infant age 

of 3 months

2074 mother-child dyads 
interviewed at infant age of 

9 months

1969 mother-child dyads 
interviewed at infant age of 

16 months

1885 mother-child dyads 
interviewed at infant age 

of 24 months

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

migration or refusal to participate

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

migration or refusal to participate

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

or refusal to participate

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

or refusal to participate
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CHAPTER III: 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 

-1.1 at 3 mo to -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.   
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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 
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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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APPENDICES 

1. Supplementary tables 

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

Parameter 9 
mo 95% CI 16 mo 95% CI 24 mo 95% CI 

Intercept 0.04 -0.15, 
0.22 

0.21 0.01, 
0.41 

-0.11 -0.31, 
0.08 

LAZ score 0.11 0.07, 
0.14 

0.16 0.12, 
0.2 

0.12 0.08, 
0.16 

Intervention 0.15 0.06, 
0.24 

-0.03 -0.12, 
0.06 

0.94 0.86, 
1.02 

Wave        
Wave 1 Ref 

 
Ref  Ref  

Wave 2 -
0.07 

-0.18, 
0.03 

-0.21 -0.31, -
0.1 

0.06 -0.04, 
0.16 

Wave 3 0.14 0.03, 
0.25 

-0.25 -0.35, -
0.14 

-0.2 -0.3, -
0.11 

BMIZ score  0.11 0.08, 
0.15 

0.09 0.05, 
0.13 

0.07 0.03, 
0.11 

Initiation of CF  
> 6 mo 

0.14 0.026, 
0.25 

0.04 -0.069, 
0.16 

0.06 -0.04, 
0.17 

Maternal Education       
No Education Ref 

 
Ref  Ref  

Primary 0.10 -0.004, 
0.21 

0.17 0.06, 
0.28 

0.04 -0.06, 
0.15 

Secondary 0.20 0.09, 
0.32 

0.38 0.26, 
0.5 

0.16 0.05, 
0.27 

Higher 0.14 -0.39, 
0.68 

0.31 -0.21, 
0.84 

0.17 -0.34, 
0.67 

Birth order -
0.03 

-0.08, 
0.03 

0.03 -0.03, 
0.08 

-0.02 -0.06, 
0.03 

Exclusive 
Breastfeeding 

-
0.08 

-0.18, 
0.03 

0.02 -0.09, 
0.13 

0.02 -0.08, 
0.12 

Sex -
0.04 

-0.12, 
0.05 

0.01 -0.07, 
0.1 

-0.12 -0.2, -
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 
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Table 6B: Results of linear models for cognitive development z-scores 

Parameter 9 mo 95% CI 16 mo 95% CI 

Intercept -0.01 -0.21, 0.19 -0.22 -0.44, -
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 of CF  
> 6 mo -0.05 -0.159, 0.07 0.11 -0.004, 0.23 

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 
Breastfeeding 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 
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3. Study Protocol Approval- Bangladesh 
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4. Assessment of Motor and cognitive and motor development at 9, 16 & 24 mo 

a. Motor development at 9 months: 
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b. Motor and Cognitive development at 16 months through Ages and Stages 
Questionnaie- Third edition 
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c. Motor and cognitive development at 24 months through CDC 
questionnaire 
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