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ABSTRACT 

Anemia is a significant public health problem in many low- and middle-income countries (LMICs), with 

young children being especially vulnerable. Iron deficiency is a leading cause of anemia and prior studies 

have shown associations between low iron status/iron deficiency anemia and poor child development 

outcomes. In LMICs, 43% of children under the age of 5 years are at risk of not meeting their developmental 

potential. However, few studies have examined associations between anemia status and early childhood 

development (ECD) in large population-based surveys. We examined the associations between severe or 

moderate anemia and ECD domains (literacy-numeracy, physical, social-emotional, and learning) and an 

overall ECD index among children age 36–59 months. Demographic and Health Survey (DHS) data from 

the last phase of The DHS Program (DHS-7) that included the ECD module and hemoglobin testing in 

children under age 5 were used. Bivariate and multivariate logistic regressions were run for each of the five 

outcomes. Multivariate models controlled for early learning/interaction variables, child, maternal, and 

paternal characteristics, and socio-economic and household characteristics. Results showed almost no 

significant associations between anemia and ECD domains or the overall ECD index except for social-

emotional development in Benin (AOR = 1.00 p < .05) and physical development in Maldives 

(AORs = 0.97 p < .05). Attendance at an early childhood education program was also significantly 

associated with the outcomes in many of the countries. Our findings reinforce the importance of the 

Nurturing Care Framework which describes a multi-sectoral approach to promote ECD in LMICs. 

Key words: early childhood development, anemia, iron deficiency anemia
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1 INTRODUCTION 

1.1 Background 

Early childhood is a critical time for the development of children, setting the foundation for their futures. 

The process of childhood development is complex. It begins at conception with rapid brain development 

through age three years and is shaped by stimulation and interaction with social and physical environments, 

the availability of good nutrition, and other genetic factors (Britto et al. 2017; Grantham-McGregor et al. 

2007). During this process children build their motor, cognitive, social, emotional, language and self-

regulation skills (Black et al. 2017; Grantham-McGregor et al. 2007). Children who meet their 

developmental potential, achieving key developmental milestones, are more likely to continue to increase 

their learning capacities, achieve academically, and in later life increase their economic productivity. 

Global momentum on early childhood development (ECD) has expanded the need for appropriate metrics. 

The United Nations Children’s Fund (UNICEF) released one of the first sets of global indicators for ECD 

in 2006 to address the lack of population level indicators in low- and middle-income countries (LMICs) 

(Loizillon et al. 2017). The indicators have gone through several rounds of revision and in 2009 the 10-item 

Early Childhood Development Index (ECDI) was released. The ECDI covers four domains of development 

literacy-numeracy, physical, social-emotional, and learning (Loizillon et al. 2017). Since its release, the 

ECDI has been widely used in population-based surveys such the Multiple Indicator Cluster Surveys 

(MICS) and The Demographic and Health Surveys (DHS). Currently, in the Sustainable Development Goal 

(SDG) era, ECD is included as an SDG target and the ECDI was recently updated in 2021 as a primary tool 

for measuring progress towards the SDG target. 

In 2010 43% of children under the age of 5 years in LMICs were estimated to be at risk of not meeting their 

developmental potential (Lu, Black, and Richter 2016). Further analyses show that almost one-third of pre-

school aged children are not achieving key cognitive and or social and emotional developmental milestones 

(McCoy et al. 2016). Children in LMICs are often exposed to multiple risk factors for poor childhood 

development (Wachs and Rahman 2013). These include structural factors such as poverty and poor 

environmental conditions, physiological and social factors such as non-responsive parenting and poor 

parental mental health, and individual level risk factors such as infection and inflammation, stunting, and 

micronutrient deficiencies (Black et al. 2017; Bradley and Putnick 2012; Britto et al. 2017; Singla, 

Kumbakumba, and Aboud 2015; Walker et al. 2007; Walker et al. 2011). 

Anemia, defined as a low concentration of hemoglobin, is a significant public health problem in several 

LMICs, especially among young children and women of reproductive age (Stevens et al. 2013). While 

anemia can be caused by a variety of factors including micronutrient deficiencies, malaria, infections, 

chronic inflammation, and genetic disorders, iron deficiency is a major cause (WHO 2017). Iron deficiency 

is estimated to be responsible for over one billion cases of anemia globally and iron deficiency anemia is a 

top contributor to morbidity in LMICs (GBD 2016 Disease and Injury Incidence and Prevalence 

Collaborators 2017). Young children in LMICs who are most vulnerable to anemia are also at greatest risk 

of developmental delays. 
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For young children, iron is important for tissue oxygen delivery, tissue growth, and brain development 

(John, Black, and Nelson 2017; Lozoff 2007). There are critical time points in the neonatal, infancy, and 

toddler periods during which there are higher iron demands to support brain development (Lozoff 2007; 

Wachs et al. 2014). From 6 months to 3 years of age, iron is needed for myelin, frontal cortex, and basal 

ganglia development and these brain areas play an important role in neurobehavioral development (Lozoff 

2007; Wachs et al. 2014). Studies examining the links between ECD and iron deficiency anemia in infants 

and young children have reported that iron deficiency anemia is associated with poor neurodevelopment 

outcomes including decreased social-emotional, cognitive, and motor development (Britto et al. 2017; 

Grantham-McGregor and Ani 2001; Lozoff 2007). In addition, iron supplementation interventions among 

young children demonstrate mixed results with some reviews reporting benefits in cognitive, mental, and 

motor development among children of varying ages with and without anemia or iron deficiency anemia 

(De-Regil et al. 2011; Larson, Phiri, and Pasricha 2017; Sachdev, Gera, and Nestel 2005). However, most 

of these studies focused on children under age 2 years. 

Studies using nationally representative surveys like the DHS found significant associations between 

suboptimal motor, cognitive, and social-emotional development and poor nutritional status (Kang et al. 

2018; McCoy et al. 2016; Miller et al. 2016) and suboptimal literacy-numeracy development and poor 

dietary intake among children age 3–4 years (Bliznashka et al. 2021). However, few if any studies, have 

examined associations between anemia status and ECD in population-based surveys among children age 

3–4 years. DHS surveys routinely collect hemoglobin data among children under 5 years and since 2011 

have collected the ECDI in several LMICs (Pullum et al. 2017). Leveraging existing DHS surveys that 

include both ECDI and hemoglobin data, our analyses examine the association between anemia status and 

ECDI domains as well as the overall ECDI index. 

1.2 Conceptual Framework 

The conceptual framework for this study is shown in Figure 1. It is informed by two existing frameworks. 

The Larson et al. 2017 framework describes a biological pathway linking anemia, diet, nutritional status, 

illness and interactions with others and the environment to ECD outcomes (Larson, Phiri, and Pasricha 

2017). The Nurturing Care Framework takes a social ecological approach (Black et al. 2017) . It describes 

the role of the social context in ECD, with the family environment at the center, and highlights knowledge, 

attitudes, and behaviors across health, nutrition, security and safety, responsive caregiving, and early 

learning sectors (Black et al. 2017; Britto et al. 2017). 

Our conceptual framework shows potential pathways between anemia and ECD mediated by brain 

development as well as potential confounders. Early learning interventions and interactions with others are 

positively associated with ECD outcomes (Britto et al. 2017). Poor nutritional status and child illness 

directly and indirectly affect ECD and are negatively associated with ECD outcomes (Kang et al. 2018; 

Larson, Martorell, and Bauer 2018; McCoy et al. 2016; Miller et al. 2016; Olney et al. 2009; Prado et al. 

2017; Sudfeld et al. 2015). Other important confounders include characteristics of the child, mother, father, 

household, and environment (Ngure et al. 2014; Prado et al. 2017). 
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Figure 1 Conceptual framework of the relationship between anemia status and early childhood 
development 

Achieve early childhood 

development milestones 

(literacy-numeracy, physical, 

social-emotional, and 

learning) 

Anemia status

(moderate and severe)

Brain function/development
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in 2 weeks)

Nutritional status

(stunted, wasted, 

underweight, 

overweight)

Interactions with others/

early learning 

(early childhood education, 

availability of books, availability 

of playthings, support for 

learning, and adequate care)

Other covariates

(child age, maternal education, 

father's education, maternal 

employment, adults in household, 

children under 5 in household, 

improved sanitation and water source, 

wealth quintile, residence, region) 
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2 DATA AND METHODS 

2.1 Data 

The study used data from recent DHS surveys in 10 countries: Benin 2017–18, Burundi 2016–17, Cambodia 

2014, Haiti 2016–17, Jordan 2017–18, Maldives 2016–17, Myanmar 2015–17, Rwanda 2019–20, Senegal 

2017, and Uganda 2016. These countries were selected based on the availability of the ECD questions and 

anemia testing for children as well as their recent implementation (in the seventh phase of The DHS 

Program). DHS surveys are population-based household surveys which use a two-stage cluster sampling 

design to draw a sample that is representative of the country as a whole, for the next administrative level 

(for example, regions, states, or provinces), and for urban and rural areas. In the first stage of sampling, 

clusters or enumeration areas are selected from the country’s most recent census sampling frame with 

probability proportional to the population size of clusters. In the second stage, a systematic sample of 

households is interviewed in each of the selected clusters. Within each household, eligible women age 15–

49 answered questions about reproduction, maternal and child health and nutrition, and ECD, among other 

topics. For some surveys, within each or a sub-sample of households, eligible men answer similar questions 

to the women, but without a detailed reproductive history or questions on maternal and child health. Height 

and weight measurements and anemia testing are also collected from eligible men, women, and children. 

Since children age 6–59 months were tested for anemia and youngest children age 36–59 months were 

asked about in the ECD module, the analytical sample is therefore limited to children age 36–59 months. 

Table 1 presents information about the sample sizes of children age 36–59 months included for anemia 

testing and ECD in each dataset. 

Table 1 Unweighted number of cases in the ten DHS surveys with measurement of 
combinations of anemia and ECD data for children age 36–59 months 

Country Year 
Sample of children 

36–59 months 

Sample of children 
36–59 months with 

anemia testing 
data 

Sample of children 
36–59 months with 

ECD index data 

Sample of children 
36–59 months with 
both anemia and 
ECD index data 

Benin 2017–18 4,855 2,337 4,244 2,168 

Burundi 2016–17 4,847 2,329 4,717 2,327 

Cambodia 2014 2,679 1,636 2,610 1,627 

Haiti 2016–17 2,403 2,128 1,433 1,412 

Jordan 2017–18 4,184 3,877 2,137 1,996 

Maldives 2016–17 1,285 907 1,264 906 

Myanmar 2015–17 1,842 1,608 0 0 

Rwanda 2019–20 3,067 1,449 2,926 1,448 

Senegal 2017 4,594 4,079 4,268 4,044 

Uganda 2016 5,781 1,628 5,049 1,610 

 

The first data column of Table 1 shows the unweighted numbers of children age 36–59 months. This number 

ranges from 1,285 in Maldives to 5,781 in Uganda and largely reflects the overall survey sample size. The 

second column gives the number of children age 36–59 months for whom a valid measurement of 

hemoglobin concentration was obtained. This number is often substantially less than the number of children 

because of subsampling. In Benin, Burundi, and Rwanda, half of households were randomly selected for 

hemoglobin testing. In Cambodia and Uganda, a third of the households were selected. In the surveys with 
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subsampling, the hemoglobin testing was confined to the households selected for the men’s survey. The 

third column gives the number of children age 36–59 months for whom valid scores were obtained on the 

ECD index items. In Jordan there was subsampling of households for the ECD questions; for half of the 

women, one child per woman (the youngest child age 3–4 years) was selected for the ECD questions. In 

Haiti, one child age 0–4 years per woman was selected for the ECD questions. In addition, further reductions 

in the sample sizes for anemia data and ECD data are due to subsampling; these sample sizes are reduced 

due to the child not residing in the same household as the mother, which is a requirement for both 

hemoglobin testing and the ECD indicators. 

As shown in Table 1, the Myanmar 2015–16 survey did not include the ten components necessary to 

construct the ECD domains or index and had to be dropped. Therefore, only nine countries were included 

in the analytic sample for this study. 

2.2 Methods 

2.2.1 Measures 

Measures were selected for inclusion based on the conceptual framework above outlining the pathway 

between anemia status and ECD. Definitions and categorization of each measure included in the analysis 

are described below. 

Outcome variables 

The outcome variables were measured using the ECDI, a summary measure based on 10 items responded 

to by the mother or caregiver of children 36–59 months (Loizillon et al. 2017). The questions cover four 

domains of child development: physical, social-emotional, learning, and literacy-numeracy. 

Table 2 ECDI index domains, items, and scoring 

Domain Items On-track score 

Physical 1. child can pick up small objects with two fingers, like a stick or a rock from the ground 
2. child is not sometimes too sick to play. 

2 of 2 items 

Social-emotional 3. child gets along well with other children 
4. child does not kick, bite or hit other children 
5. child does not get distracted easily 

1 of 3 items 

Learning 6. child can follow simple directions on how to do something correctly 
7. when given something to do, the child is able to do it independently 

2 of 2 items 

Literacy-numeracy 8. child can read at least four simple, popular words 
9. can identify/name at least ten letters of the alphabet 
10. knows the name and recognizes the symbols of all numbers 1–10. 

1 of 2 items 

Overall (ECDI)  3 of 4 domains 

 

The ECDI was calculated by domain as a binary (yes/no) variable to indicate that a child is on-track in that 

domain, and overall as a binary (yes/no) variable to indicate that a child is on-track with their overall 

development. 

Independent variables 

The key independent variable of interest for this study was anemia, which was defined using the WHO 

recommended cutoffs for hemoglobin concentrations (WHO 2011). Children were defined as not anemic 
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when their hemoglobin level was at or above 11.0 grams per deciliter (g/dL), adjusted for altitude in 

enumeration areas that are above 1,000 meters. Anemia was then categorized into severe (hemoglobin level 

below 7.0 g/dL), moderate (hemoglobin level between 7.0–9.9 g/dL), and mild (hemoglobin level between 

10.0–10.9 g/dL). Hemoglobin concentrations were measured using capillary blood in the HemoCue® 

machine (Pullum et al. 2017). 

For the purposes of our study, we explored all categorizations of anemia, but for the analyses presented 

here, the classification is reduced to 1: severe or moderate; 0: mild or not anemic. Severe or moderate 

anemia were hypothesized to be more strongly associated with the outcomes based on evidence from studies 

linking severity of iron deficiency anemia and ECD (Lozoff 2007; Stoltzfus et al. 2001). 

Other covariates included in the model are described in Table 3. 

Table 3 Variables used in analysis 

Variable Definition Categories 
Binary variable 
constructed 

Early learning/interaction 

Early childhood 
education 

Youngest children age 3–4 years living 
with interviewed mother who attend any 
organized learning or early childhood 
education program, such as a private or 
government facility, including 
kindergarten or community child care 

Yes/No Yes/No 

Availability of books Number of children’s books or picture 
books available for youngest child age 0–
4 years living with interviewed mother  

- Continuous 0–9 
- 10+ 

Child has 3 or 
more books 
available to them 

Availability of playthings Youngest children age 0–4 years living 
with interviewed mother who have toys 
available 

- homemade toys or other toys made at 
home 

- toys from a shop or manufactured toys 
- household objects or objects found 

outside 

Child has toys 
from at least 2 
categories 
available to them 

Support for learning Youngest children age 0–4 years living 
with interviewed mother who engage in 
activities with household members over 
the age of 15 in the past 3 days 

- read books to or looked at picture books 
with child 

- told stories to child 
- sang songs to or with child 
- took child outside the home, compound, 

yard, or enclosure 
- played with the child 
- named, counted, or drew things with 

child 

Child engaged in 
any (1 or more) 
activities with an 
adult household 
member 

Adequate care Number of times youngest children age 
0–4 years living with interviewed mother 
were left alone for more than an hour or 
left in the care of another child less than 
10 years of age for more than an hour 

Continuous 0–7 Child was not left 
alone or in the 
care of another 
child less than 10 
years of age for 
more than an 
hour at any time 
in the past week 

Continued…  
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Table 3—Continued 

Variable Definition Categories 
Binary variable 
constructed 

Physical growth 

Nutritional status Children under 5 in the household who 
were not any of the following: stunted, 
underweight, overweight, or wasteda 

Yes/No Yes/No 

Wellness 

Wellness Children under 5 in the household whose 
mothers report that the child had not had 
diarrhea, fever, or cough in the past 2 
weeks 

Yes/No Yes/No 

Other covariates 

Age of child Age of child in months Continuous  

Maternal height Maternal height in cm - Short maternal stature (<145 cm) 
- No short maternal stature (>145 cm) 

Short maternal 
stature (Yes/No) 

Maternal work status Mother worked in the last 7 days  Yes/No Yes/No 

Maternal education Highest educational level of the mother - No education 
- Primary (ref) 
- Secondary 
- Higher 

 

Paternal education Highest educational level of the father - No education 
- Primary (ref) 
- Secondary 
- Higher 

 

Wealth index Composite measure of a household’s 
cumulative living standard divided into 
quintiles. 

- Lowest 
- Second 
- Middle 
- Fourth 
- Highest 

 

Place of residence Country census definitions were used to 
characterize rural and urban residence 

Rural/urban Rural/urban 

Region Country’s first administrative level First administrative level designations 
according to country 

 

Number of adults age 15 
or above in the 
household 

Number of adults age 15 or above in the 
household 

- 2 or fewer de jure residents over age 15 
- 3+ de jure residents over age 15 

2 or fewer/3+ de 
jure residents 
over age 15 

Number of children 
under 5 in the household 

Number of children under 5 in the 
household 

- 2 or fewer children under age 5 
- 3+ children under age 5 

2 or fewer/3+ 
children under 
age 5 

Availability of improved 
sanitation and improved 
water source in the 
household 

Improved sanitation includes: Include any 
non-shared toilet of the following types: 
flush/pour flush toilets to piped sewer 
systems and pit latrines, ventilated 
improved pit (VIP) latrines, and pit 
latrines with slabs. 
 
Improved water source includes: piped 
water, protected springs, and rainwater. 
Households that use bottled water for 
drinking are classified as using an 
improved source only if the water they 
use for cooking and hand washing 
comes from an improved source 

- No improved water source, no improved 
toilet 

- No improved water source, improved 
toilet 

- Improved water source, no improved 
toilet 

- Improved water source, improved toilet 

 

Note: Maternal height was not collected in Senegal 2017. Child nutritional status was not included in Jordan 2017–18 due to data 
quality concerns. 
a Stunted, underweight, overweight, or wasted were categorized as follows: children under 5 in the household were categorized as 
underweight, or normal according to the weight-for-age z score, categorized as stunted or normal according to the height-for-age z 
score, and categorized as wasted, normal, or overweight according to the weight-for-height z score in comparison to the mean on 
the WHO Child Growth Standards scale. 
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2.2.2 Statistical analysis 

We examined the association between anemia status, the overall ECDI, and individual ECDI domains 

among children age 36–59 months. The statistical analysis was performed in Stata, using the generalized 

linear models (glm) set of estimation commands. Each survey was analyzed separately and not pooled 

because the relationships appear to differ from one survey to another. The models were adjusted for the 

weights and sample design (with strata and clusters) of each survey. Statistical significance was indicated, 

using p < .05, .01, and .001 criteria. The sample sizes varied considerably across the selected surveys, so 

there was variation in the power of the surveys to detect associations that exist in the reference populations. 

If a test statistic is not statistically significant, we cannot conclude that there is no association. 

Model 1 examines the effect of anemia on ECD outcomes with no other covariates. Model 2 adds to Model 

1 several child, family, and household covariates: child’s age, wellness, and nutritional status; the mother’s 

work status, education, and height; the father’s education; the household wealth quintile; improved water 

and sanitation; place of residence; and region (Table 3). This model is important for identifying the effects 

of anemia on ECD net of the control variables. Finally Model 3 adds to Model 2 covariates on early 

learning/interaction variables (Table 3). Model 2 and Model 3 are important for identifying the effects of 

anemia on ECD net of the control variables and control plus early learning/interaction variables. To make 

the results easier to review, the results for each model were limited to an adjusted odds ratio for the effect 

of anemia on the ECD domains and overall index. 
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3 RESULTS 

3.1 Percentage of Children with Anemia  

More than 40% of children age 36–59 months had any anemia in 7 out of 9 countries and the prevalence of 

any anemia ranged from 26% in Rwanda to 62% in Benin (Figure 2). The percentage of children with mild 

anemia ranged from 17% in Rwanda to 31% in Haiti and Cambodia. The prevalence of moderate anemia 

ranged from 8% in Jordan to 32% in Benin, and the prevalence of severe anemia ranged from less than 1% 

in Cambodia, Jordan, and Rwanda to 3% in Burundi and Senegal (Figure 2). 

Figure 2 Percentage of children age 36–59 months with anemia by severity 
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3.2 Early Childhood Development Index and Domain Scores 

The percentage of children who were developmentally on-track for at least three of the four ECDI domains 

ranged from 41% in Burundi to 93% in Maldives (Figure 3). 

Figure 3 Percentage of children age 36–59 months developmentally on-track by country 

 

Most children were developmentally on-track for the physical domain, ranging from 91% in Uganda to 

99% in Maldives (Figure 4). For the social-emotional domain the percentage of children on-track ranged 

from 60% in Burundi to 95% in Rwanda, and for the learning domain the percentage of children on-track 

ranged from 63% in Burundi to 96% in Maldives. The literacy-numeracy domain had the lowest percentages 

of children developmentally on-track overall, with 8 out of 9 countries showing less than 36% of children 

on track. Percentages ranged from 4% in Senegal to 85% in Maldives (Figure 4). 
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3.3 Regression Results 

In Model 1, having moderate or severe anemia was significantly associated with lower odds of being 

developmentally on-track for several domains and the overall index in many countries, but the magnitude 

of the associations were very small ranging from an odds ratio (OR) of 0.99 to 1.0, and thus may not be 

clinically meaningful (Table 4). In Benin, Burundi, Haiti, Senegal, and Uganda having moderate or severe 

anemia was associated with lower odds of on-track literacy-numeracy development (all ORs = 0.99 

p < .05). In Benin, Burundi, Jordan, Rwanda, and Senegal, having moderate or severe anemia was 

associated with lower odds of on-track learning development (ORs = 0.99 p < .05 in Jordan and Rwanda 

and ORs = 1.00 p < .05 in Benin, Burundi, and Senegal). Having moderate or severe anemia was associated 

with lower odds of on-track physical development in Haiti and Uganda (ORs = 0.99 p < .05); and lower 

odds of on-track social-emotional development in Benin and Senegal (ORs = 1.00 p < .05). For the overall 

index, negative associations among children with moderate or severe anemia were found in Benin, Burundi, 

Rwanda and Senegal (OR = 0.99 p < .05 in Rwanda and OR = 1.00 p < .05 in Benin, Burundi and Senegal) 

(Table 4). 

When adjusted with child, family, and household characteristics (Model 2) and early learning/interaction 

variables (Model 3), most of the significant findings disappeared (Table 4). In Model 2, there were 

significant associations between having moderate or severe anemia and lower odds of on-track physical 

development in Haiti (AOR = 0.99 p < .05), learning development in Jordan (AOR = 0.99 p <0.05), and 

social-emotional development and overall index in Benin (AORs = 1.00 p < .05). With the addition of the 

early learning/interaction variables to the model (Model 3), having moderate or severe anemia was only 

associated with lower odds of on-track social-emotional development in Benin (AOR = 1.00 p < .05) and 

physical development in Maldives (AORs = 0.97 p < .05). 

In the fully adjusted models (Model 3), several covariates were significantly associated with ECD domains 

and the overall index, but results varied by country (Appendix Tables A1–A5). Attendance at an early 

childhood education program was consistently associated with on-track development for the overall ECDI 

in six out of nine countries, literacy-numeracy in all nine countries, learning in six countries, and social-

emotional and physical development in one country each. Small and mostly positive associations were 

observed between child’s age and being on-track for the overall ECDI in five out of nine countries, literacy-

numeracy development in eight countries, learning development in four countries, and physical 

development in two countries. Wealth was associated with being on-track for the overall ECDI, literacy-

numeracy, social-emotional, and physical developments in four countries each, and learning development 

in two countries, but the direction of association varied across countries. For availability of books, 

playthings, support for learning, adequate care, mother’s education, employment, father’s education, child 

nutritional status, wellness, WASH, and residence, significant results were found with some ECD outcomes 

in fewer countries, but the direction of the associations were not consistent (Appendix Tables A1–A5). 
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4 DISCUSSION 

This study examined associations between child anemia and ECD outcomes in population-based surveys 

in nine low- and middle-income countries. In most of the countries, anemia was a serious public health 

problem, and more than half of children were developmentally on-track, but there was variation across 

countries. Significant associations with several developmental outcomes were observed in bivariate 

analyses, but ORs were very close to 1. In adjusted analyses, most associations were attenuated. There were 

only two statistically significant findings with social-emotional and physical development in Benin and 

Maldives, respectively. Both associations were small. 

The unadjusted association between having anemia and early childhood development showed that children 

with moderate or severe anemia were less likely to be on-track developmentally for literacy-numeracy, 

physical, social emotional, learning, and the overall index in several countries. However, these associations 

were very small and have limited clinical significance, and it is also plausible that some could be spurious. 

Nevertheless, the direction of the associations were consistent for all developmental domains and the index 

across all countries. Our finding agrees with our hypothesized pathway between anemia and early childhood 

development and is supported by studies showing poorer cognitive, motor, and social-emotional 

development associated with iron deficiency anemia in young children under age 2 years in LMICs (Lozoff 

2007). Further, other studies have reported significant associations with modest effect sizes between higher 

hemoglobin concentrations and better language, motor, and cognitive development in children under two 

years in LMICs (Larson, Martorell, and Bauer 2018; Prado et al. 2017). Given that we used moderate or 

severe anemia status as a proxy for iron deficiency anemia in our study, the limited significant associations 

and ORs very close to 1 are not surprising. Furthermore, it is possible for children to be iron deficient 

without anemia and this may also account for the small associations observed. 

In adjusted regressions, we found a lack of association between anemia and ECD outcomes except for small 

associations with social-emotional and physical development in two countries. Our finding is contrary to 

other literature from baseline or endline assessments of micronutrient and lipid supplement interventions 

that show a complex relationship between anemia and ECD (Larson, Martorell, and Bauer 2018; Olney et 

al. 2009; Prado et al. 2017). In Ghana and Malawi, authors reported weak but direct associations between 

hemoglobin/iron status and language development among children 6–18 months, and stronger (direct) 

associations between hemoglobin/iron status and motor development among children 9–18 months in 

Burkina Faso (Prado et al. 2017). Among Zanzibari children age 15–19 months, direct associations were 

reported between hemoglobin concentration and motor development, and in India, weak direct and indirect 

associations between hemoglobin concentration, language, social and cognitive development were reported 

among children 12–18 months (Larson, Martorell, and Bauer 2018; Olney et al. 2009). There are a few 

explanations for our findings. Compared to our study, researchers in previous studies used different and 

more direct and specific measures of childhood development such as the Developmental Milestones 

Checklist-II, vocabulary checklists, and task tests which may partly explain our null results (Larson, 

Martorell, and Bauer 2018; Olney et al. 2009; Prado et al. 2017). Such assessments involve interviews and 

direct observations for a variety of domains based on age-specific milestones (Abubakar et al. 2008; 

Diamond 1985; Fenson et al. 2007; Prado et al. 2014). In addition, the prior studies used data from 

supplement trials and children who received the interventions may be more likely to show associations with 

ECD outcomes. Another reason is that anemia generally peaks around 12–24 months of age, a critical time 



 

18 

for brain development, and most studies examining the effects of iron deficiency anemia have focused on 

children under 2 years (Larson, Martorell, and Bauer 2018; Lozoff 2007; Olney et al. 2009; Prado et al. 

2017). Most brain development also takes place before age three years and therefore, assessing children 

36–59 months may not represent the most sensitive period to find associations (Grantham-McGregor et al. 

2007) . By exploring relationships among older children, we may have potentially missed the biologically 

relevant window and thus our analyses find no associations. Another potential explanation is that we 

assessed current anemia status which may not reflect chronicity. The duration of anemia/iron deficiency 

anemia has been associated with worse cognitive and motor development in young children in Chile and 

Guatemala (Lozoff 2007). The effects of anemia on ECD may not be immediate and these cross-sectional 

analyses do not allow for understanding whether anemia was experienced before developmental delays. 

Our analyses also controlled for several covariates highlighting the importance of early childhood 

education, age in months, and wealth status on early childhood development. Our finding that in most 

countries, attendance of an early childhood education program was strongly associated with on-track early 

childhood development outcomes is consistent with other reports among young children in LMICs 

(Appendix A1–5). Two reviews found positive effects of early childhood education programs on literacy, 

psychosocial and other cognitive development measures among preschool aged children and children under 

age 2 in LMICs (Engle et al. 2011; Rao et al. 2014) and recent studies found similar results for language, 

psychosocial, and motor development among young children ranging from age 12 to 59 months in LMICs 

(Bliznashka et al. 2021; Larson, Martorell, and Bauer 2018; Prado et al. 2017). We also observed small 

positive associations with age and in general children from wealthier households were more likely to be 

on-track developmentally (Appendix A1–5). Both variables likely have some interaction with early 

childhood education, but findings for wealth are consistent with others showing disparities in early 

childhood development by socioeconomic status (Engle et al. 2011; Prado et al. 2017). Overall, as 

evidenced by the Nurturing Care Framework, many factors contribute to a child’s development and anemia 

is only one potential adverse exposure a child could have. 

4.1 Strengths and Limitations 

To our knowledge this was the first study to examine the association between anemia and ECD using 

population-based survey data in LMICs. Although our results did not show strong or consistent results 

across countries, they are representative of entire populations. Further, the adjusted models reinforce the 

importance of the multi-sectoral Nurturing Care Framework for policy and programmatic approaches that 

address country-specific social and environmental contexts.  

Our study is not without limitations. The cross-sectional nature of the data means we cannot infer causality 

and thus the direction of associations is not certain. However, given the consistency of our few results with 

other studies on the direction of association, provides some reassurance. We already discussed several 

challenges related to the key variable of interest—that is, anemia as a proxy representing current status, and 

temporality and how this may have contributed to the null findings and weak associations. In addition, 

anemia was calculated as a binary variable. We could have used hemoglobin concentration as a continuous 

variable, but the effect is unlikely linear. Additionally, we considered using only severe anemia, but that 

would have limited our sample size. Inclusion of markers of iron deficiency could have strengthened the 

analysis, but these are not collected in DHS surveys. We controlled for several confounders based on 

conceptual relevance because we wanted to examine the effect of anemia in context, but these variables 
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likely attenuated our already weak associations. Path or mediation analyses could be conducted to better 

understand the pathways and examine direct and indirect contributions of anemia. Another limitation is our 

outcome. Although we analyzed each development domain and the overall index separately, the literacy-

numeracy and physical domains have been criticized (Bliznashka et al. 2021; Grantham-McGregor et al. 

2007; McCoy et al. 2016) . The literacy-numeracy domain includes items that are too advanced for children 

age 36–59 months, and the physical domain includes items that are basic functionalities for most children 

age 36–59 months (McCoy et al. 2016). Another criticism is that the ECDI is missing domains or items that 

capture other relevant cognitive functions which develop between 36–59 months such as increased attention 

span and processing speed (Bliznashka et al. 2021; Grantham-McGregor et al. 2007). The ECDI was also 

not intended to be used for domain-specific analyses. The new ECDI 2030 overcomes many of the 

challenges with the ECDI, but at the time of these surveys was not available. The ECDI is also based on 

caregiver recall and therefore is subject to recall bias and not as rigorous as direct child observations. 

4.2 Conclusions 

Our study found virtually no associations between severe or moderate anemia and ECD domains and the 

overall ECD index among children age 36–59 months. Positive associations were observed for early 

learning/interaction variables and a few demographic variables. Multi-sectoral interventions that target 

children early and address disparities are important to promote ECD in LMICs. Future research could 

replicate these analyses with the new ECDI 2030 or direct developmental assessments which address some 

of the limitations of the ECDI, and longitudinal studies with younger children could also address 

temporality issues. Additionally, studies unpacking the complex pathways between nutrition indicators and 

all domains of nurturing care, and early childhood development outcomes in different contexts could inform 

targeted ECD policies and programs. Alone, effects of nutrition and health interventions on early childhood 

development can be modest, but in tandem with interventions from other sectors, they can contribute to 

promoting ECD. 
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