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Abstract 

Introduction: Anaemia among children aged 6–59 months remains an important public health 

problem globally, particularly in low- and middle-income countries. The condition is associated 

with impaired cognitive and motor development, increased susceptibility to infection and other 

adverse child health outcomes. In Zambia, nationally representative evidence shows a substantial 

burden of childhood anaemia. However, determinants operate at individual, household and 

community levels, and conventional single-level analyses may not adequately account for the 

hierarchical structure of Demographic and Health Survey data. This study therefore examined the 

prevalence and factors associated with anaemia among children aged 6–59 months in Zambia using 

the 2024 Zambia Demographic and Health Survey (ZDHS). 

Methods: This was a quantitative, analytical cross-sectional study based on secondary analysis of 

the 2024 ZDHS. The study population comprised children aged 6–59 months with available 

haemoglobin measurements and information on selected explanatory variables. Of 8,673 children 

initially identified, 3,393 were eligible for the analytical dataset after exclusion of observations 

with missing or incomplete information; 3,300 children contributed to the final weighted analytical 

estimates. Descriptive and bivariate analyses were used to estimate prevalence and examine crude 

associations. A multilevel mixed-effects binary logistic regression model with a random intercept 

for enumeration areas was fitted to estimate adjusted odds ratios (AORs) and 95% confidence 

intervals (CIs). Statistical significance was assessed at a two-sided alpha level of 0.05. The 

hierarchical modelling strategy progressed from a null model to child-level, maternal-level, 

household/community-level and fully adjusted models. Model fit was assessed using AIC, BIC, 

likelihood-ratio testing, ICC and MOR. 

Results: In the analytical sample, 52% of children aged 6–59 months were classified as anaemic. 

Children aged 24–59 months had lower odds of anaemia than children aged 6–23 months 

(AOR=0.55; 95% CI: 0.43–0.71). Children who had experienced fever in the preceding two weeks 

had higher odds of anaemia (AOR=1.64; 95% CI: 1.25–2.17), as did underweight children 

compared with children of normal weight (AOR=1.69; 95% CI: 1.13–2.54). Children who had 

received deworming medication had lower odds of anaemia (AOR=0.76; 95% CI: 0.58–1.00). 

Compared with children from the poorest households, those from poorer households had lower 

odds of anaemia (AOR=0.66; 95% CI: 0.49–0.90), while the association for the richest households 

was also in the lower-odds direction (AOR=0.53; 95% CI: 0.29–0.97). Rural residence was 

associated with lower odds of anaemia compared with urban residence (AOR=0.71; 95% CI: 0.52–

0.97). The final model retained residual community-level clustering, with an ICC of 6.6% (95% 

CI: 2.7–15.4) and MOR of 1.59. 

Conclusion: Childhood anaemia remains common among children aged 6–59 months in Zambia. 

The findings indicate that age, recent fever, underweight status, deworming, household 

socioeconomic position and residence are associated with anaemia after adjustment for measured 

covariates. The persistence of community-level variation supports the use of multilevel approaches 

and indicates that prevention requires integrated child nutrition, infection prevention and 

socioeconomic interventions. 

Keywords: Anaemia; children aged 6–59 months; Zambia; Zambia Demographic and Health 

Survey; multilevel analysis; odds ratio; child nutrition; epidemiology.  
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1. CHAPTER 1: INTRODUCTION.  

1.1. Background.  

Anaemia is a condition in which the number of red blood cells or the haemoglobin concentration 

is lower than normal. It is a major public health problem affecting young children, pregnant and 

postpartum women, and women of reproductive age. Globally, approximately 40% of children 

aged 6–59 months are affected by anaemia, representing about 269 million children. The burden 

is greatest in low- and middle-income countries and is particularly pronounced in the WHO 

African and South-East Asia Regions (Balarajan et al., 2011; World Health Organization, 2025). 

Anaemia is associated with impaired cognitive and motor development in children and may 

increase morbidity and mortality, while its causes include nutritional deficiencies, infection, 

chronic disease, blood loss and inherited disorders (World Health Organization, 2025). 

At the global level, the burden of childhood anaemia is therefore both a nutrition and a broader 

public health concern. The most common nutritional cause is iron deficiency, but folate, vitamin 

B12 and vitamin A deficiencies, infections such as malaria, inflammation and inherited disorders 

also contribute (World Health Organization, 2025). The concentration of anaemia in young 

children is especially important because children aged 6–23 months experience rapid growth and 

increased nutrient requirements while complementary feeding is being established. 

In sub-Saharan Africa, the burden remains high. A multilevel analysis of DHS data from 32 sub-

Saharan African countries involving 135,619 children aged 6–59 months found substantial 

variation in anaemia prevalence across countries and identified child, maternal, household and 

community-level determinants (Tesema et al., 2021). The same study included Zambia and 

reported an anaemia prevalence of 59% using the survey data available at that time. These findings 

demonstrate why childhood anaemia should not be viewed only as an individual biological 

condition; it is also shaped by the household and community environments in which children live. 

In Zambia, childhood anaemia remains an important health problem. The 2024 ZDHS reports that 

62.2% of children aged 6–59 months who were tested for anaemia were anaemic (Zambia Statistics 

Agency et al., 2024). The survey report also cautions that haemoglobin measurement and 

classification should be interpreted carefully because the 2024 survey used single-drop capillary 
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blood and the application of updated haemoglobin cut-offs and adjustment procedures affects 

comparability with earlier surveys (Zambia Statistics Agency et al., 2024). 

The determinants of childhood anaemia operate across multiple levels. At the child level, age, sex, 

nutritional status and recent illness may influence haemoglobin concentration. At the maternal 

level, maternal anaemia, education and use of health services may influence child nutrition and 

exposure to infection. At household level, wealth, water, sanitation and household resources affect 

food security, dietary quality and access to care. At community level, residence, disease ecology, 

access to services and local socioeconomic conditions may create contextual differences in 

anaemia risk. 

Evidence-based practice refers to the use of the best available research evidence together with 

professional expertise and the characteristics, needs and context of the population when making 

health decisions. The purpose of this study is not to constitute evidence-based practice by itself, 

but to generate population-level evidence that can contribute to evidence-based policy and 

programming. The multilevel analysis is particularly relevant because DHS observations are 

hierarchically structured: children are observed within households and enumeration areas. Treating 

such observations as independent can underestimate uncertainty and obscure contextual variation 

(Elkasabi et al., 2020; Corsi et al., 2012). 

The present study therefore uses a quantitative secondary analysis of the 2024 ZDHS to estimate 

the prevalence of anaemia and identify factors associated with anaemia among children aged 6–

59 months while accounting for clustering at the community level. 

1.2. The problem statements.  

Despite continued implementation of child nutrition, malaria prevention, deworming and maternal 

and child health interventions, anaemia remains common among young children in Zambia. The 

2024 ZDHS reported an anaemia prevalence of 62.2% among tested children aged 6–59 months 

(Zambia Statistics Agency et al., 2024). The continued burden is concerning because anaemia 

occurs through interconnected nutritional, infectious, biological, socioeconomic and 

environmental pathways. 
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Existing evidence identifies multiple determinants, but much of the evidence is based on single-

level or cross-sectional analyses that do not fully account for the clustering of children within 

communities. Without accounting for clustering, the estimated standard errors may be 

inappropriate and contextual differences may remain unexplained. There is therefore a need for an 

updated national analysis that uses the 2024 ZDHS and explicitly accounts for the hierarchical 

structure of the data. 

This study addresses that gap by examining child-, maternal-, household- and community-level 

factors simultaneously using a multilevel mixed-effects logistic regression model. 

1.3. Rationale and Significance 

The study provides updated evidence on the distribution and determinants of childhood anaemia 

using nationally representative data. The findings can support interpretation of which 

characteristics remain associated with anaemia after adjustment for other measured factors and 

whether residual variation exists between communities. This distinction is important for 

programme design: individual-level interventions may be insufficient where contextual 

differences remain. 

The analysis also demonstrates the value of secondary analysis of national survey data. Rather than 

collecting new primary data, the study uses an existing nationally representative dataset to address 

a specific epidemiological question and applies an analytical approach that is appropriate for the 

survey's hierarchical structure. 

1.4. Research Aim & Objectives.  

Overall Objective: To identify the factors associated with anaemia among children aged 6-59 

months in Zambia using the 2024 ZDHS.  

Specific Objectives.  

1. To establish the prevalence of anaemia in children aged 6-59 months in Zambia. 

 2. To measure the association between child-level characteristics and anaemia status.  
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3. To determine the sociodemographic, economic and community-level factors associated with 

anaemia among children. 

2. CHAPTER 2: LITERATURE REVIEW.  

This section will review the current literature on the research topic to understand the state/burden 

of anaemia in Zambia. The empirical review will highlight and show trends, gaps and support for 

the determinants of childhood anaemia at individual, household and community level.  

2.1. Global burden of childhood anaemia 

WHO estimates that 40% of children aged 6–59 months globally were affected by anaemia based 

on 2019 estimates (World Health Organization, 2025). Anaemia is particularly concentrated in 

low- and lower-middle-income settings and among children living in poorer households and rural 

settings. Its consequences extend beyond haemoglobin concentration: severe anaemia may impair 

cognitive and motor development and is associated with increased morbidity and mortality 

(World Health Organization, 2025). 

The global burden is multifactorial. Iron deficiency is an important cause, but infection, 

inflammation, folate and vitamin B12 deficiency, malaria and inherited conditions can also 

contribute. Consequently, interventions based solely on iron supplementation may not address all 

pathways leading to childhood anaemia (Balarajan et al., 2011; World Health Organization, 

2025). 

2.2. Anaemia in sub-Saharan Africa 

Sub-Saharan Africa carries a disproportionate burden of childhood anaemia. Tesema et al. 

analysed DHS data from 32 countries and included 135,619 children aged 6–59 months. The 

analysis found substantial differences between countries and identified age, nutritional status, 

recent illness, maternal characteristics, household wealth and other contextual factors as 

important determinants (Tesema et al., 2021). 

The regional evidence also supports multilevel analysis. Children live within households and 

communities that share food environments, health services, sanitation conditions, disease 
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exposure and socioeconomic resources. Consequently, the same individual characteristic may 

have different implications depending on the context in which a child lives. 

2.3. Anaemia in Zambia 

The 2024 ZDHS provides the most recent nationally representative evidence used in this 

dissertation. The published survey report estimates that 62.2% of children aged 6–59 months 

tested for anaemia were anaemic (Zambia Statistics Agency et al., 2024). Earlier Zambian 

evidence also demonstrates a substantial burden. Nawa et al. reported 53.8% anaemia among 

children aged 6–59 months using secondary analysis of the 2021 Malaria Indicator Survey (Nawa 

et al., 2024). 

The difference between the published 2024 ZDHS estimate and the analytical estimate obtained 

in this dissertation is addressed explicitly in Chapter 4. The current analysis used a defined 

complete-case analytical sample and therefore should not be presented as a direct reproduction of 

the published ZDHS national estimate. Differences in analytical eligibility, missing-data 

exclusions, weighting procedures and haemoglobin classification can affect comparability. 

Zambian studies also indicate geographic variation. Evidence from malaria-endemic areas has 

linked febrile illness and malaria transmission with anaemia, while other studies have reported 

associations with household socioeconomic conditions and dietary patterns (Eisele et al., 2011; 

Kobayashi et al., 2022). 

2.4. Determinants of childhood anaemia 

Child-level determinants 

Age is consistently associated with childhood anaemia. Children in the 6–23-month period have 

high nutrient requirements during rapid growth and are transitioning to complementary foods. 

Regional evidence has identified younger age as an important determinant of anaemia (Tesema 

et al., 2021). Nutritional status is also relevant: underweight, stunting and wasting may reflect 

inadequate dietary intake and increased vulnerability to infection. Recent fever and diarrhoeal 

illness may contribute through inflammation, reduced intake and, in malaria-endemic settings, 

haemolysis (Tesema et al., 2021; Eisele et al., 2011). 
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Maternal determinants 

Maternal education and maternal anaemia may influence child health through dietary practices, 

health service utilisation, household resources and shared nutritional exposures. Moschovis et al. 

found associations between maternal and household characteristics and anaemia among young 

children in sub-Saharan Africa (Moschovis et al., 2018). However, the extent to which these 

associations persist after adjustment for child and household characteristics varies between 

settings. 

Household determinants 

Household wealth can influence access to nutritious foods, health services and preventive 

interventions. WASH conditions may influence anaemia through enteric infection and 

inflammation. A multi-country analysis of DHS data found associations between water and 

sanitation indicators and anaemia, although the pathways are complex and may vary by context 

(Kothari et al., 2019). 

Community determinants 

Community-level factors include rural or urban residence, local poverty, malaria transmission, 

availability of health services, community nutrition environments and other shared exposures. 

Multilevel analyses demonstrate that residual community-level variation may remain even after 

individual and household factors are included (Tesema et al., 2021). 

2.5. Evidence-based practice and the analytical implication 

Evidence-based practice differs from evidence generation. Evidence-based practice is the process 

of integrating the best available evidence with clinical or programme expertise, context and 

population needs. This dissertation contributes evidence that can inform that process. The 

analytical approach is important because a single-level model assumes that observations are 

independent after accounting for measured covariates. DHS data violate this assumption because 

children within the same enumeration area may share unmeasured contextual exposures. A 

multilevel model allows a random intercept to represent residual differences between clusters and 

produces estimates that account for within-cluster dependence (Elkasabi et al., 2020; Corsi et al., 

2012). 
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2.6. Evidence gap 

The available literature establishes that childhood anaemia in Zambia is multifactorial, but there 

is limited updated evidence from the 2024 ZDHS that simultaneously examines child, maternal, 

household and community-level determinants while accounting for cluster-level variation. This 

study addresses the gap by using a nationally representative secondary dataset and a multilevel 

binary logistic regression framework. 

2.7. Theoretical Framework 

The study is guided by the Mosley and Chen analytical framework for child survival (Mosley and 

Chen, 1984). The framework proposes that distal socioeconomic and environmental determinants 

influence child health through proximate determinants that act through biological and behavioural 

mechanisms. In this dissertation, household socioeconomic conditions and community context 

are treated as distal or contextual influences; child nutritional status, recent illness and health 

interventions are proximate determinants; and haemoglobin concentration and anaemia status 

represent the health outcome. 

The framework is suitable for DHS data because the survey captures variables at multiple levels 

and the study outcome is shaped by interacting biological, behavioural, household and contextual 

pathways. 
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2.8. Conceptual Framework 

 

Figure 1: Conceptual framework adapted from the Mosley and Chen framework. The framework 

links distal socioeconomic and contextual factors to proximate determinants, biological pathways 

and childhood anaemia. 

. 

3. CHAPTER 3: METHODOLOGY. 

3.1. Study Approach and Design.  

This study used a quantitative approach and an analytical cross-sectional design. The analysis was 

conducted using secondary data from the 2024 Zambia Demographic and Health Survey. A 

quantitative approach was appropriate because the study objectives required estimation of 

anaemia prevalence and statistical assessment of associations between a binary outcome and 

multiple explanatory variables. 

The cross-sectional design means that exposure and outcome information were observed within 

the same survey period. Consequently, associations identified in this study should not be 

interpreted as proof of causality or temporal sequence. 
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3.2. Data source and secondary analysis.  

The study used the 2024 Zambia Demographic and Health Survey (ZDHS), implemented by the 

Zambia Statistics Agency and the Ministry of Health with partners. The ZDHS used a stratified 

two-stage cluster sampling design. Enumeration areas were selected at the first stage and 

households at the second stage. The survey collected household, maternal and child health 

information and included haemoglobin measurements for children aged 6–59 months (Zambia 

Statistics Agency et al., 2024). 

This dissertation is a secondary analysis. No primary data were collected by the researcher for the 

present study. The analytical process began after the 2024 ZDHS data were made available for 

authorised research use. The original DHS survey was implemented through its own ethical, 

sampling, fieldwork and quality-assurance procedures. The present study subsequently defined an 

analytical population, cleaned and recoded selected variables, applied survey weights, and 

conducted statistical analyses to answer the specified research objectives. 

The use of the term “secondary analysis” is therefore intentional: the researcher did not conduct 

the fieldwork described in the ZDHS; instead, the researcher analysed the existing survey data to 

address a new epidemiological question.  

3.3. Study Population and sample size.  

This study was made with secondary data from the 2024 Zambia Demographic and Health Survey 

(ZDHS). The first datasets were from 8,673 children aged 6-59 months. Since the data of DHS 

was the secondary data of the study, the sample size of the survey was chosen based on the number 

of children that were eligible for the survey rather than a priori sample size. 

We excluded children who were missing, implausible, or had incomplete information on the key 

variables from the final analysis. Thus, the analytical sample was all eligible children aged 6-59 

months with complete information about haemoglobin concentration and selected explanatory 

variables which included 3,393 children. To adjust for differences in probability of selection and 

interview between cases in a sample due to design or happenstance, sampling weights were 

applied. In DHS surveys, most surveys choose a sample with unequal probability in order to 
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expand the number of cases available (and hence reduce sample variability) for some areas or 

subgroups for which statistics are needed.  

In this case, weights need to be applied when tabulations are made of statistics to provide the 

proper representation. The weights are calculated when the design of samples makes it difficult to 

calculate the rate for different responses (Croft et al., 2023). Survey weights were applied using 

the “svy” command to account for the DHS’s complex sampling design.  

This approach adjusted for clustering and unequal probabilities of selection to guarantee a 

nationally representative and unbiased estimate. The final weighted sample of children with 

haemoglobin results included in the analysis was 3,300 children aged 6-59 months. Figure 1: 

Sampling procedure and sampling technique anemia status and its determinants among children 

aged 6-59 months. 

Figure 1: Sampling procedure and techniques  

 

 

Figure 1: Sampling procedure and techniques 

3.4. Sampling strategy.  

The ZDHS sampling strategy was stratified by province and urban-rural residence first and then 

followed by cluster sampling in two stages. Enumeration areas were selected in the first stage and 
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households were selected in the second stage. Sampling weights were applied to the data to 

account for unequal probability of selection and non-response. In this study, the child-level data 

from the Children’s Recode file (KR) was used to analyze.  

3.5. Variables Identification, definition and measurement. 

Table 1: Key variables of the study and the DHS source variables for their definition and 

operationalisation for analysis. Variable selection and categorisation is based on DHS analytical 

guidance and prior child health studies using nationally representative survey data. Stunting was 

defined as height-for-age Z-score (HAZ) below -2 standard deviations from the median of WHO 

Child Growth Standards reference population. Underweight was defined as weight-for-age Z-

score (WAZ) below -2 standard deviations from the median of WHO Child Growth Standards 

reference population. Wasting was defined as weight-for-height Z-score (WHZ) below -2 

standard deviations from the median of WHO Child Growth Standards reference population 

(Asgedom et al., 2024).  

Table 1: Definition and measurement of study variables. 

Category Variable 

DHS 

Variable(s) Definition / Measurement Coding for Analysis 

Outcome Childhood 

anaemia 

hw57 WHO-classified childhood 

anaemia status based on 

altitude-adjusted 

haemoglobin 

0 = Not anaemic, 1 = 

Anaemic 

Child/Moth

er-level 

Age of child b19 Age in completed months 6–23, 24–59 months 

 Sex of child B4 Biological sex Male, Female 

 Birth order BORD  Sequence number of a child 

among all live births 

1, 2 – 3, 4 – 5, 6+  
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Category Variable 

DHS 

Variable(s) Definition / Measurement Coding for Analysis 

 Vitamin A 

supplementation 

in the last six 

months 

H34 Child received a vitamin A 

supplement during the six 

months preceding the survey 

Yes, No 

 Drugs for 

intestinal 

parasites in the 

last six months 

H43 Child aged 6–59 months 

received medication for 

intestinal parasites 

(deworming drugs) during the 

six months 

Yes, No 

 Cough in the last 

two weeks 

H31 Child aged 6–59 months had 

a cough in the last two weeks 

Yes, No 

 Fever in the last 

two weeks 

H22 Fever in the last two weeks Yes, No 

 Nutritional status HW70/HW7

1 

Height-for-age / weight-for-

age z-scores 

Normal, 

Stunted/Underweight 

 Diarrhoea in the 

last two weeks 

H11 Diarrhoea in last 2 weeks Yes, No 

 Maternal age V012 Age of mother in completed 

years 

<20, 20–29, ≥30 

 Maternal 

education 

V106 Highest education level 

attained 

None, Primary, 

Secondary+ 

 Maternal anaemia V457 Maternal haemoglobin status Anaemic, Not anaemic 
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Category Variable 

DHS 

Variable(s) Definition / Measurement Coding for Analysis 

 Wealth index V190 Household wealth quintile Poor, Middle, Rich 

 Household size V136 Number of household 

members 

<6, ≥6 

 Water source V113 Source of drinking water Improved, 

Unimproved 

 Sanitation V116 Type of toilet facility Improved, 

Unimproved 

Community

-level 

Residence V025 Type of residence Urban, Rural 

 Region V024 Province of residence Provinces 

Table 1: Definition and Measurement of Study Variables 

We categorize variables according to epidemiological importance, DHS reporting standards and 

consistency with the previous literature. We collapse categories when necessary to ensure enough 

cell size and model stability.  

3.6. Data management and quality assessment 

Data management included identification of the relevant child-level observations, restriction to 

children aged 6–59 months, assessment of missingness, recoding of variables, assessment of 

implausible values and construction of the binary anaemia outcome. The analysis retained the 

DHS cluster identifier to account for hierarchical dependence. 

Multicollinearity was assessed using variance inflation factors. The mean VIF was 1.43 and all 

individual VIF values were below 3, indicating no evidence of problematic multicollinearity 

among the variables retained in the final model. 
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3.7. Data analysis 

Analysis was conducted in Stata. Three analytical stages were used. 

1. Descriptive analysis: survey-weighted frequencies and percentages were used to describe 

the study population and estimate the prevalence of anaemia. 

2. Bivariate analysis: the distribution of anaemia was compared across explanatory variables 

using design-appropriate statistical tests. P-values were used to assess evidence of 

association at the 5% significance level. 

3. Multivariable analysis: a multilevel mixed-effects binary logistic regression model with a 

random intercept for enumeration area was fitted. The model was developed sequentially: 

Model 1 was the null model; Model 2 included child-level variables; Model 3 included 

maternal variables; Model 4 included household/community variables; and Model 5 was 

the fully adjusted model. 

The random intercept represents unobserved cluster-level differences in the log-odds of anaemia. 

The intraclass correlation coefficient (ICC) was used to quantify the proportion of unexplained 

variance attributable to between-cluster differences, while the median odds ratio (MOR) 

quantified the residual cluster heterogeneity on the odds-ratio scale. Model fit was assessed using 

AIC and BIC, with lower values indicating better relative fit after accounting for model 

complexity. 

3.8. Statistical significance, confidence intervals and interpretation of odds ratios 

A two-sided significance level of α=0.05 was used. The p-value threshold was therefore not 

chosen separately for each variable; rather, the study adopted 0.05 as the pre-specified threshold 

for statistical evidence of an association. A p-value below 0.05 was interpreted as evidence 

against the null hypothesis for the relevant statistical test. P-values were interpreted together with 

effect estimates and 95% confidence intervals rather than in isolation. 

A 95% confidence interval was applied to odds ratios. The 95% confidence level means that the 

estimation procedure is expected to produce intervals containing the true population parameter in 

approximately 95% of repeated samples under the model assumptions. For the final model, the 

adjusted odds ratio and its 95% CI were the principal measures of association. 
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Odds ratios below 1 indicate lower odds of anaemia relative to the reference category, whereas 

odds ratios above 1 indicate higher odds. For example, an AOR of 0.56 corresponds to 44% lower 

odds of anaemia compared with the reference category, calculated as (1−0.56)×100. An AOR of 

1.64 corresponds to 64% higher odds, calculated as (1.64−1)×100. The term “lower odds” is 

preferred to “lower probability” because an odds ratio directly compares odds rather than 

probabilities. 

Adjusted odds ratios differ from crude or unadjusted odds ratios. A crude OR represents the 

association between one exposure and the outcome without adjustment for other variables. An 

adjusted OR estimates the association while controlling for the other variables included in the 

model, thereby reducing confounding by measured covariates. The source analysis used for this 

dissertation reports bivariate p-values and multilevel model ORs/AORs, but it does not provide a 

separate survey-weighted crude logistic regression output for every exposure. Therefore, crude 

ORs have not been reconstructed from weighted cross-tabulations, because doing so could 

misrepresent the design-based estimate. The final dissertation explicitly reports the available 

adjusted estimates and identifies the bivariate analysis separately. 

3.9. Ethical considerations.  

Before data were collected, the 2024 ZDHS was approved by the national and institutional review 

boards. Data were provided by the DHS Program for use. Since this study is based on secondary 

analysis of anonymised data, there was no direct contact with study participants, and no ethical 

risks were anticipated. Additional approval was obtained from the National Health Research 

Authority (NHRA) by reference number NHRA-3514/21/04/2026.  

3.10. Study Period.  

The table summarizes the activities, tasks, outputs, and period of study for our proposed study. 

The study was completed within 6 (six) months. 

Activity/task Outputs/Deliverables Jan/Feb Mar/Apr May/June Jul 

Proposal finalisation Final approved proposal ✔       
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Ethics & approvals Approval ✔ ✔     

Data acquisition & 

setup 

Datasets ready; data management 

log   ✔     

Data preparation 

(merge) Merged dataset   ✔ ✔   

Data quality & 

recoding Analysis dataset; codebook     ✔   

Descriptive analysis Prevalence + characteristics tables     ✔   

Bivariate analysis Bivariate results table     ✔   

Multilevel modelling 

Multilevel logistic regression 

tables + ICC       ✔ 

Interpretation & writing Full draft dissertation chapters       ✔ 

Final review & 

submission Submission-ready dissertation       ✔ 

Table 2: Study duration 
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4. CHAPTER 4: PRESENTATION OF FINDINGS.  

4.1. Background Characteristics.  

Table 3 shows the percent distribution of background characteristics of study population. The 

majority (63%) were aged 24-59 months and 37% were 6-23 months. Sex distribution was 

relatively balanced with 48.2% male and 51.8% female children in the sample. On birth order, 

25.6% were firstborn, 37.1% were second and third, 22.4% were fourth and fifth and 14.9% were 

sixth and higher. 

 Health interventions had been recently taken by the children of the study, 71% had received 

vitamin A supplements (in the last 6 months) and 61.2% had been given deworming drugs. The 

morbidity was severe in the last two weeks with 25.9% having a cough, 19.4% had a fever and 

15.6% had diarrhoea in the last two weeks. Nutritional status showed that 12.8% of children were 

underweight, 33.3% were stunted and 2.6% were wasted.  

The maternal characteristics indicated that 29.8% of mothers were aged 15-24 years, 46.1% 25-

34 years and 24.1% 35-49 years. Primary school students had the highest educational level 

(45.9%) followed by secondary school students (40.6%). 8.2% had no formal education and 5.3% 

had higher education. Maternal anaemia affected 26.5% of mothers while 73.5% were not 

anaemic.  

Antenatal care (ANC) attendance was fairly high and 84.4% of mothers attended four or more 

visits and 15.6% did not attend any fewer than four visits. Most deliveries (92.2%) were in health 

facilities, while 7.8% were made at home. Households reported diverse wealth distribution with 

25.9% of the families being poorest, 21.7% poorer, 18.8% middle class, 18.4% richer and 15.2% 

richest. The majority (59.8%) of families were in rural areas, while 40.2% lived in urban areas. 

Only 53.4% had 6 or more members, and a relatively large household size. 

 Table 3: Background Characteristics Weighted Frequency and Percentages 

Variable Weighted Frequency Percentage (%) 

Child age in months 
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6-23 1221 37 

24-59 2079 63 

Sex of Child 

Male 1589 48.2 

Female 1711 51.8 

Birth Order 

1 844 25.6 

2-3 1225 37.1 

4-5 739 22.4 

6+ 492 14.9 

Vitamin A supplementation in the last six months 

No 954 29 

Yes 2346 71 

Drugs for intestinal parasites (deworming drugs) in the last six months 

No 1282 38.8 

Yes 2018 61.2 

Cough in the last two weeks 

No 2447 74.1 

Yes 853 25.9 
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Fever in the last two weeks 

No 2659 80.6 

Yes 641 19.4 

Had Diarrhoea recently 

No 2785 84.4 

Yes 515 15.6 

Underweight Status 

Normal 2878 87.2 

Underweight 422 12.8 

Stunting status 

Normal 2200 66.7 

Stunted 1100 33.3 

Wasting status 

Normal 3215 97.4 

Wasted 85 2.6 

Maternal Age 

15 - 24 985 29.8 

25 - 34 1521 46.1 

35 - 49 794 24.1 
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Maternal Educational Status 

No Education 269 8.2 

Primary 1515 45.9 

Secondary 1341 40.6 

Higher 175 5.3 

Maternal Anaemia Status 

Not Anaemic 2419 73.5 

Anaemic 871 26.5 

ANC visits during pregnancy (n=1775) 

<4 277 15.6 

4+ 1498 84.4 

Place of delivery 

Home 151 7.8 

Health Facility 1776 92.2 

Household Wealth Status 

Poorest 855 25.9 

Poorer 716 21.7 

Middle 618 18.8 

Richer 608 18.4 
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Richest 503 15.2 

Household Size 

< 6 1538 46.6 

>= 6 1762 53.4 

Water source 

Unimproved 1164 35.8 

Improved 2089 64.2 

Sanitation Facility 

Improved 1126 34.6 

Unimproved 1715 52.7 

Open defecation 413 12.7 

Residence 

Urban 1326 40.2 

Rural 1974 59.8 

Table 3: Background Characteristics 

4.2. Anaemia Prevalence 

The primary outcome was anaemia status among children aged 6–59 months. Figure/Table 4A 

presents the analytical prevalence. In the final analytical population, 52% of children were 

classified as anaemic and 48% were not anaemic. The published 2024 ZDHS national estimate 

was 62.2% among tested children (Zambia Statistics Agency et al., 2024); the difference is 
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discussed in Section 4.1 and should be interpreted in relation to the analytical sample and survey 

classification.   

 

4.3. Background characteristics and associations with Anaemia.  

Of the 3,300 children aged 6-59 months, 37% were 6-23 months and 63% were 24-59 months old. 

Anaemia was more common among the younger children (6-23 months: 67%) than in the older 

children (24-59 months: 43%; p < 0.001). A more balanced sample was found for females (51.8%) 

and males (48.2%) and anaemia was more common in males (54%) than females (49%; p = 0.008). 

The rate of birth was not significantly related to anaemia (p = 0.15).  

Nutritional interventions had positive associations with anaemia: children who had been vitamin 

A supplemented in the last 6 months had lower prevalence (50%) than children who had not (56%; 

p = 0.0025), and children who received deworming drugs also had lower prevalence (48%) than 

those who did not (59%; p < 0.001). Recent morbidity was related to anaemia: children with fever 

(37%) or diarrhoea (37%) had higher prevalence than children who did not (50% vs 30% for 

diarrhoea; p < 0.001 and p = 0.0059), while cough was not related to anaemia (p = 0.83). 

Nutritional status was associated with anaemia.  

Children who were underweight were more likely to have anaemia (66%) than children who had 

normal weight (50%; p < 0.001), stunted children were more likely to have anaemia (58%) than 

those who were not stunted (47%; p < 0.001), and wasted children were more likely to have 

anaemia (65%) than normal (51%; p = 0.013). Maternal characteristics were also key. 

48% [0.46 - 0.50]

52% [0.49 - 0.52]
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 The children of younger mothers (15-24 years) had higher prevalence of anaemia (58%) 

compared to the children of older mothers (25-34 years: 49%; 35-49 years: 50%; p < 0.001). 

Maternal education was negatively associated with anaemia: children of mothers with no 

education had the highest prevalence (53%), while those with higher education had the lowest 

(36%; p < 0.001).  

Maternal anaemia was found to correlate with child anaemia as well (p = 0.005). Most of the 

children (84.4%) were born to mothers who went to 4+ ANC visits and this was not significantly 

associated with anaemia (p = 0.765). Place of delivery was not strongly associated (home: 59% 

of the population, health facilities: 52% of people; p > 0.05). In fact, household wealth was clearly 

associated with anaemia: children from the poorest households had higher prevalence (58%) 

compared to the richest (43%; p < 0.001).  

The number of people living in their household, water source, sanitation facilities, and residence 

(urban/rural) did not significantly exhibit an association with anaemia (p > 0.05). These results 

indicate that childhood anaemia in Zambia is strongly impacted by child age, sex, nutritional 

status, recent morbidity, maternal profile, and household socio-economic conditions, and 

therefore multi-level interventions must be taken into account. 

Table 4: Background Characteristics and Associations with Anaemia 

Variable Not Anaemic Anaemic 

Percentage 

(%) p - value 

Child age in months 

6-23 406 814 37 

<0.001 24-59 1185  895  63 

Sex of Child 

Male 725 864 48.2 

0.0082 Female 866 845 51.8 
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Birth Order 

1 379 465 25.6 

0.15 

2-3 614 611 37.1 

4-5 365 374 22.4 

6+ 232 260 14.9 

Vitamin A supplementation in the last six months 

No 415 539 29 

0.0025 Yes 1175 1171 71 

Drugs for intestinal parasites (deworming drugs) in the last six months 

No 522 760 38.8 

<0.001 Yes 1069 949 61.2 

Cough in the last two weeks 

No 1176 1270 74.1 

0.83 Yes 414 440 25.9 

Fever in the last two weeks 

No 1330 1328 80.6 

<0.001 Yes 260 382 19.4 

Had Diarrhoea recently 

No 1373 1412 84.4 0.0059 
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Yes 217 298 15.6 

Underweight Status 

Normal 1447 1430 87.2 

<0.001 Underweight 143 280 12.8 

Stunting status 

Normal 1129 1071 66.7 

<0.001 Stunted 462 638 33.3 

Wasting status 

Normal 1560 1655 97.4 

0.013 Wasted 30 55 2.6 

Maternal Age 

15 - 24 408 577 29.8 

<0.001 

25 - 34 781 740 46.1 

35 - 49 401 393 24.1 

Maternal Educational Status 

No Education 125 144 8.2 

<0.001 

Primary 686 830 45.9 

Secondary 668 673 40.6 

Higher 111 63 5.3 
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Maternal Anaemia Status (N = 3290) 

Not Anaemic 1210 1209 73.5 

0.005 Anaemic 377 494 26.5 

Duration of Breastfeeding N = 1,927) 

Ever Breastfed 432 529 50 

<0.001 

Never Breastfed 20 23 2 

Still Breastfedding  298 625 48 

ANC visits during pregnancy (n=1775) 

<4 104 173 15.6 

0.765 4+ 576 922 84.4 

Place of delivery (N = 1927) 

Home 61 90 7.8   

Health Facility 689 1087 92.2   

Household Wealth Status 

Poorest 357 498 25.9 

<0.001 

Poorer 350 366 21.7 

Middle 299 319 18.8 

Richer 299 309 18.4 

Richest 286 217 15.2 
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Household Size 

< 6 737 801 46.6 

0.785 >= 6 853 909 53.4 

Water source (N = 3254) 

Unimproved 536 629 35.8 

0.084 Improved 1035 1054 64.2 

Sanitation Facility (N = 3254) 

Improved 847 868 34.6 

0.439 

Unimproved 528 598 52.7 

Open defecation 195 218 12.7 

Residence 

Urban 670 656 40.2 

0.067 Rural 920 1054 59.8 

Table 4: Background Characteristics and Associations with Anaemia 

4.4. Multilevel modelling of childhood anaemia among children aged 6-59 months 

in Zambia. 

 We carried out multilevel binary logistic regression analysis for individual, maternal, household 

and community-level factors of anaemia among children aged 6-59 months in Zambia. While 

children included in the 2024 Zambia Demographic and Health Survey (ZDHS) were grouped 

within various census areas (clusters), we fitted a random intercept multilevel logistic regression 

model to account for unexplained heterogeneity between clusters.  
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We fitted five different models: the null model (Model 1), individual child-level factors (Model 

2), maternal-level factors (Model 3), household/community-level factors (Model 4), and a final 

fully adjusted model that combines individual, maternal, household and community-level factors 

(Model 5).  

The survey weights were applied to all the analyses. Before fitting the final model, we assessed 

multicollinearity of all explanatory variables with the variance inflation factor (VIF). The mean 

VIF was 1.43 and all the variables were below 3, indicating that there is no problem with 

multicollinearity among the independent variables. The highest VIF values were found for birth 

order (VIF = 2.93), household wealth index (VIF = 2.76), and maternal age category (VIF = 2.60) 

which are lower than the standard 10. All variables were included in the final multivariable model. 

Table 5: Factors associated with anaemia  

Variables 

Null model 

OR (95% 

CI) 

Model II 

Child 

factors OR 

(95% CI) 

Model 

III 

Maternal 

factors 

OR 

(95% 

CI) 

Model IV 

Household 

factors OR 

(95% CI) 

Model V 

Final 

model OR 

(95% CI) 

Child age in months 

6-23 months   1     1 

24–59 months   

0.37*** 

(0.31–0.45)     

0.55*** 

(0.43–0.71) 

Sex of Child 

Male   1     1 
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Female   

0.82* 

(0.70–0.96)     

0.81 (0.65–

1.00) 

Birth Order 

1   1     1 

2–3   

0.87 (0.71–

1.06)     

0.99 (0.72–

1.35) 

4–5   

0.87 (0.68–

1.10)     

1.27 (0.80–

2.01) 

6+   

0.94 (0.73–

1.21)     

1.13 (0.60–

2.13) 

Vitamin A supplementation in the last six months 

No   1     1 

Yes   

1.00 (0.81–

1.24)     

0.92 (0.68–

1.23) 

Drugs for intestinal parasites (deworming drugs) in the last six months 

No           

Yes   

0.77** 

(0.63–0.94)     

0.76 (0.58–

1.00) 

Fever in the last two weeks 

No   1     1 

Yes   

1.56*** 

(1.26–1.94)     

1.64*** 

(1.25–2.17) 
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Underweight Status 

Normal   1     1 

Underweight   

1.64*** 

(1.25–2.17)     

1.69** 

(1.13–2.54) 

Stunting status 

Normal   1     1 

Stunted   

1.34** 

(1.11–1.62)     

1.19 (0.93–

1.52) 

Wasting status 

Normal           

Wasted   

1.11 (0.64–

1.93)     

0.80 (0.37–

1.73) 

Maternal Age 

15 - 24     1   1 

25 - 34     

0.77* 

(0.60–

0.98)   

0.81 (0.56–

1.15) 

35 - 49     

0.72* 

(0.53–

0.97)   

0.75 (0.44–

1.28) 

Maternal Educational Status 

No Education     1   1 
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Primary     

1.10 

(0.72–

1.66)   

1.20 (0.77–

1.86) 

Secondary     

0.82 

(0.55–

1.23)   

0.98 (0.63–

1.52) 

Higher     

0.57 

(0.30–

1.09)   

0.78 (0.37–

1.65) 

Maternal Anaemia Status (N = 3290) 

Not Anaemic     1   1 

Anaemic     

1.27 

(0.97–

1.66)   

1.26 (0.95–

1.67) 

ANC visits during pregnancy (n=1775) 

<4     1   1 

4+     

0.96 

(0.72–

1.27)   

0.92 (0.68–

1.22) 

Place of delivery (N = 1927) 

Home     1   1 

Health Facility     

1.18 

(0.71–

1.97)   

1.25 (0.75–

2.10) 
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Household Wealth Status 

Poorest       1 1 

Poorer       

0.72** 

(0.59–0.88) 

0.66** 

(0.49–0.90) 

Middle       

0.70** 

(0.55–0.90) 

0.72 (0.50–

1.03) 

Richer       

0.60** 

(0.43–0.84) 

0.72 (0.46–

1.13) 

Richest       

0.44*** 

(0.29–0.66) 

0.53* 

(0.29–0.97) 

Household Size 

< 6       1 1 

>= 6       

0.99 (0.85–

1.16) 

1.01 (0.78–

1.29) 

Water source (N = 3254) 

Unimproved       1 1 

Improved       

1.02 (0.84–

1.23) 

1.12 (0.86–

1.46) 

Sanitation Facility  (N = 3254) 

Improved       1 1 

Unimproved       

1.04 (0.87–

1.24) 

0.93 (0.74–

1.19) 
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Residence 

Urban       1 1 

Rural       

0.83 (0.65–

1.06) 

0.71* 

(0.52–0.97) 

Random effect analysis results 

Variance of random 

intercept 

0.25 (0.14–

0.44) 

0.22 (0.11–

0.43) 

0.19 

(0.06–

0.54) 

0.22 (0.12–

0.41) 

0.23 (0.09–

0.6) 

ICC (95% CI) 

7.0 (4.1–

11.9) 

6.2 (3.3–

11.5) 

5.3 (1.9–

14.1) 

6.2 (3.4–

11.0) 

6.6 (2.7–

15.4) 

Median Odds Ratio (MOR) 1.61 1.56 1.51 1.56 1.59 

Log pseudolikelihood -2,270.48 -2138.152 -1,162.31 -2225.502 -1103.314 

AIC 4544.965 4310.303 2344.61 4473.004 2274.629 

BIC 4557.224 4414.499 2399.681 4540.275 2461.383 

Table 5: Multilevel modelling of childhood anaemia among children aged 6–59 months in 

Zambia 

** For level of significant, (eg; *P<0.05; **P<0.01; ***P<0.001; 1 = reference category) 

4.5. Random Effects   

4.5.1. Random intercept model   

In the null model (Model 1) a significant clustering of childhood anaemia within enumeration areas 

was observed. The random intercept had a variance of 0.248 (95% CI: 0.139-0.443) which 

indicates significant unexplained variation in childhood anaemia between clusters. The ICC was 
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7.0% (95% CI: 4.1-11.9), suggesting that approximately 7% of the variation in childhood anaemia 

was due to differences between clusters rather than differences between children. 

The likelihood ratio test, which compared the random intercept model to the standard logistic 

regression model, was significant in the null model and confirmed that the multilevel model was 

better than the single-level logistic regression model.  

4.5.2. Effect of adding explanatory variables on cluster-level variation.  

When child-level factors were added (Model 2), the cluster-level variance was relatively reduced 

from 0.248 to 0.218, with the ICC falling from 7.0% to 6.2%. This suggests that some variability 

between clusters was due to differences in child characteristics (age, morbidity status, nutritional 

status etc.). When maternal characteristics were included (Model 3), the variance was reduced 

further to 0.186 and the ICC reduced to 5.3%, suggesting that maternal characteristics were 

responsible for some additional contextual variation in childhood anaemia risk.  

The household/community model (Model 4) showed a cluster-level variance of 0.218 (95% CI: 

0.117-0.406) and ICC of 6.2%, indicating persistent geographic variation, once we include socio-

economic and environmental variables. The final model was very well fitted compared to the null 

and the intermediate model, as was observed by the decrease in the Akaike Information Criterion 

(AIC) and Bayesian Information Criterion (BIC).  

The null model with only the random intercept and no explanatory variables had an AIC of 4544.97 

and a BIC of 4557.22 at the start of the study, which shows the extent of unexplained variation of 

childhood anaemia from enumeration to enumeration. Once the background of child-level 

characteristics, maternal and household/community variables were included, the information 

criteria values significantly decreased, with the fully adjusted model having an AIC of 2271.30 

and a BIC of 2447.07. 

In this model, the BIC was much more accurate and the AIC was lower than the null model by 

approximately 2274 points, indicating that we could explain the variation of childhood anaemia 

from one enumeration to the next. Since AIC balances model fit with model complexity by 

penalizing unnecessary parameters, the significantly lower AIC suggests that the added predictors 

in the final model provided valuable information and improved prediction of childhood anaemia 

beyond what could be explained by cluster-level differences alone.  
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The fact that BIC was reduced from 4557.22 to 2447.07 also indicates that the model was more 

parsimonious including the additional predictors. Since BIC has a higher penalty for model 

complexity than AIC, a lower BIC in the final model points to better explanatory power when 

more variables are added without the model complexity becoming too high. The improved model 

fit indicates that childhood anaemia is determined by multiple factors that all contribute to the 

process of development. The null model showed that there was significant variation in prevalence 

of anaemia in enumeration areas, indicating how different situations play a role in childhood 

anaemia risk.  

However, the significant improvement obtained when child characteristics, maternal 

characteristics and household/community characteristics were included indicates that most of the 

variation in children could be explained by the measurable factors that are associated with child 

health status, parenting, socioeconomic status and the environment of the household.  

While incorporating covariates improved the model performance, clustering is still present in the 

final model as shown by the remaining random intercept variance and ICC. This means that there 

are other unmeasured community-level factors, such as access to health services, local nutrition 

environments, community practices, and the availability of preventive health care, that still affect 

childhood anaemia risk. Therefore, the final multilevel model was a more appropriate analytical 

framework than a conventional logistic regression model that included individual-level 

determinants and child clustering within the community.  

4.6. Model 2: Child-level factors associated with childhood anaemia. 

Child age, recent fever, deworming status, underweight status, household wealth status, and 

residence were highly correlated with childhood anaemia in the fully adjusted multilevel logistic 

regression model. Children aged 24-59 months had significantly lower odds of anaemia compared 

with children aged 6-23 months (adjusted odds ratio [AOR]=0.56; 95% CI: 0.43-0.71; p<0.001). 

It is clear that younger children aged 6-23 months had higher odds of anaemia compared to older 

children when controlling for other variables in the model. Female kids had lower odds of anaemia 

than male children but it is not statistically significant (AOR=0.81; 95% CI: 0.65-1.01; p=0.057). 

The birth order was not significantly associated with childhood anaemia. Children with birth order 

2-3 (AOR=0.98, 95% CI: 0.72-1.35), 4-5 (AOR=1.26, 95% CI: 0.80-2.00) and 6 or more 
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(AOR=1.13, 95% CI: 0.60-2.12) did not significantly have significantly different odds of anaemia 

from first-born children. 

Children who had received deworming medication in the last six months were significantly less 

likely to be anaemic than children with no deworming treatment (AOR=0.75, 95% CI: 0.57-0.99, 

p=0.043). These findings suggest that deworming intervention may reduce the risk of childhood 

anaemia by deworming. Recent fever was significantly associated with increased incidence of 

childhood anaemia. Children who had fever two weeks before the survey had more chances of 

getting anaemia compared to children who did not have fever (AOR=1.64; 95% CI: 1.24-2.16; 

p<0.001).  

Cough and recent diarrhoea were not significantly related to anaemia after adjustment for other 

factors. Nutritional status was also linked to childhood anaemia. The children who were 

underweight had much greater odds of getting anaemia than children of normal weight for age 

(AOR=1.69; 95% CI: 1.13-2.54; p=0.011). Although stunting was associated with increased risk 

of anaemia in the child-level model, this association was reduced after adjusting for maternal and 

household factors and was not significant in the final model (AOR=1.19; 95% CI: 0.93-1.52; 

p=0.164).  

Wasting status and vitamin A supplementation were not significantly associated with the anaemia 

in the final model.  

4.7. Model 3 Maternal factors related to childhood anaemia.  

Maternal characteristics were measured such as maternal age, education, maternal anaemia status, 

antenatal care attendance and the time of birth and where the mother gave birth. Maternal age was 

not significantly associated with childhood anaemia in the fully adjusted model. For children born 

when their mother was between 15 and 24 years old, children born to a mother aged 25-34 years 

had lower odds of anaemia (AOR=0.81; 95% CI: 0.57-1.15), and children born to a mother 

between 35 and 49 years old had lower odds (AOR=0.75; 95% CI: 0.44-1.28), but neither 

association was statistically significant. A maternal educational attainment was not significantly 

associated with childhood anaemia. Children of mothers with no education did not have higher 

odds of anaemia than children whose mothers had primary education (AOR=1.19; 95% CI: 0.77-

1.85), secondary education (AOR=0.97; 95% CI: 0.63-1.51) or higher education (AOR=0.77; 95% 

CI: 0.36-1.64).  
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Children whose mothers had anaemia had higher odds of childhood anaemia compared to children 

who did not have anaemia but not so much that it was statistically significant (AOR=1.26; 95% 

CI: 0.95-1.67; p=0.106). Antenatal care attended and locations of delivery were not significantly 

related to childhood anaemia. Children whose mothers had attended four or more antenatal visits 

had similar probability of anaemia to those who were not attended more than four (AOR=0.92; 

95% CI: 0.69-1.23). Delivery at a health centre was not significantly related to childhood anaemia 

compared to home delivery (AOR=1.25; 95% CI: 0.75–2.10).  

4.8. Model 4 Household and community-level factors associated with childhood 

anaemia.  

The wealth status in a household was related to childhood anaemia significantly more strongly 

than in the poorest household (AOR=0.66; 95% CI: 0.49–0.91; p=0.010). Children from the richest 

households also had significantly lower odds of anaemia (AOR=0.53; 95% CI: 0.29-0.97; 

p=0.040). The associations between middle-income and richer households were in the protective 

direction but not statistically significant.  

Childhood anaemia was not associated with household size. Children who were in six or more 

families had similar odds of anaemia compared to children in smaller and medium-sized 

households (AOR=1.01; 95% CI: 0.78-1.29). Water source and sanitation were not significantly 

associated with childhood anaemia. The children from the better and cleaner water sources had 

similar likelihood of anaemia to children from the poor water sources (AOR = 1.11; 95% CI: 0.85-

1.45).  

Improved sanitation facilities and open defecation were not significantly associated with anaemia 

as opposed to poor sanitation facilities. Residence type was significantly associated with childhood 

anaemia. Children living in rural areas were less likely to have anaemia than children living in 

urban areas (AOR=0.71; 95% CI: 0.52-0.97; p=0.030).  

4.9. Full Model 

After controlling for child, maternal, household and community-level factors, the most significant 

predictors of child anaemia were child age, recent fever, receipt of deworming medication, 

underweight status, household wealth and residence type.  

Younger children aged 6 to 23 months, children with recent fever and children who were 

underweight had higher chances of anaemia. On the other hand, receiving deworming medication, 
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higher household wealth and more rural residence were associated with lower odds of childhood 

anaemia. Such large cluster-level variation after adjustment indicates that interventions that are 

focused on childhood anaemia need to consider context as well as individual characteristics when 

they are implemented in Zambia. This indicates that prevention of childhood anaemia needs to be 

made up of child health and nutrition management, infection prevention and control and social 

welfare strategies to help vulnerable families. 

4.10. Interpretation of adjusted associations 

Age: Children aged 24–59 months had 45% lower odds of anaemia than children aged 6–23 

months (AOR=0.55). This is calculated as 1−0.55=0.45. The 95% CI did not include 1, providing 

statistical evidence of an association. 

Fever: Children with fever in the two weeks preceding the survey had 64% higher odds of anaemia 

than children without recent fever (AOR=1.64). The 95% CI excluded 1. 

Underweight: Underweight children had 69% higher odds of anaemia than children with normal 

weight-for-age (AOR=1.69). The 95% CI excluded 1. 

Deworming: Children who received deworming medication had lower odds of anaemia 

(AOR=0.76), equivalent to approximately 24% lower odds. The upper CI was approximately 1.00, 

so the evidence is borderline and should be interpreted cautiously. 

Household wealth: Compared with the poorest households, children in poorer households had 

34% lower odds of anaemia and children in the richest households had 47% lower odds. The 

middle and richer categories were also below 1 but their confidence intervals included 1, so 

evidence of an independent association was insufficient at the 5% level. 

Residence: Rural residence was associated with 29% lower odds of anaemia compared with urban 

residence (AOR=0.71; 95% CI: 0.52–0.97). This association should not be interpreted as evidence 

that rural residence itself is protective; residence is a proxy for a combination of contextual 

characteristics that were not fully measured in this dataset. 

5. CHAPTER 5: DISCUSSION 

In this study the prevalence and determinants of anaemia among children aged 6–59 months in 

Zambia were investigated using data from 2024 Zambia Demographic and Health Survey (ZDHS). 
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Using a multilevel mixed-effects logistic regression model, it examined factors at the child level, 

maternal level, household level and community level associated with childhood anaemia.  

5.1. Prevalence of childhood Anaemia 

This study demonstrates that childhood anaemia remains a significant public health issue in 

Zambia and that important determinants at different levels of influence are played out. Childhood 

anaemia prevalence among children 6 to 59 months of age in Zambia. 52% of children aged 6 to 

59 months were anaemic in the study, which shows that Zambia has a high level of anaemia in 

young children. This finding suggests that childhood anaemia is still a significant public health 

concern despite the need for nutrition and child health interventions, such as vitamin A 

supplementation, deworming programs, malaria prevention and maternal and child health care 

services. The prevalence of childhood anaemia is in good agreement with previous research in 

Zambia. Nawa et al. (2024) reported 53.8% childhood anaemia prevalence among 6-59 months 

children in a nationally representative analysis, with a high prevalence (Zambia Statistics Agency 

et al., 2024).  

The comparison between the current study and previous evidence indicates that despite the 

increase in access to preventive health services, Zambia's children continue to have significant 

incidence of childhood anaemia. The high prevalence, due to multifactorial reasons (i.e., 

nutritional deficit, infectious disease and poor diet and background of health and poverty), may 

be associated with childhood anaemia.  

In Zambia, current food insecurity, lack of variety in diets, malaria transmission and insufficient 

access to health services may have led to continued anaemia burden (Zambia Statistics Agency et 

al., 2024). From a policy perspective, the findings indicate that reducing childhood anaemia is not 

about supplements but rather integrated intervention. We would need to strengthen coordination 

between nutrition programs, malaria prevention programs, infection control and poverty reduction 

interventions in national anaemia management. 

5.2. Child-level factors of childhood anaemia. 

 Child age was significantly associated with anaemia. Children aged 24-59 months had lower 

likelihood of anaemia compared to those aged 6-23 months (AOR=0.56; 95% CI: 0.43–0.71) and 
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younger children were at higher risk of the disease. This finding is in line with earlier research 

that suggests that younger children are more vulnerable to anaemia. Moschovis et al. (2018) also 

found that younger age is a significant determinant of anaemia in children in sub-Saharan Africa, 

and UNICEF (2020) noted that the complementary feeding period is a particularly important stage 

due to increased nutritional requirements and low iron intake. In fact, Nawa et al. (2024) found 

higher risk of anaemia in younger children in Zambia, and Chakulya et al. (2025) identified 

younger age as a strong predictor of childhood anaemia. The reason for this higher risk among 

younger children is that during the first 2 years of the child’s life they are developing and growing 

rapidly, increasing their requirements for iron. At the same time, many children are transitioned 

from breast milk exclusively to additional food sources which may lack iron content or dietary 

diversity. Young children are also more susceptible to infections that can lead to anaemia because 

of inflammation and lack of iron (White, 2018). Prevention of anaemia at the first 24 months of 

life should be made to include children. Strengthening infant and young child feeding 

programmes, promoting iron-rich complementary foods, and ensuring timely micronutrient 

supplementation should be part of child nutrition policies.  

Child sex 

In this study, female children had slightly lower prevalence of anaemia than male children, but 

the difference was not statistically significant in the final model (AOR=0.81; 95% CI: 0.65-1.01). 

This is in contrast to Tesema et al. (2021), who reported that male children had an increased risk 

of anaemia in a large multi-country analysis in sub-Saharan Africa. However, Chakulya et al. 

(2025) also noted that sex differences may vary with context and the distribution of other risk 

factors. The differences between studies may be caused by differences in biological factors, 

dietary habits, infection exposure and cultural practices that affect boys and girls. Sex was not an 

independent predictor after adjustment, so the other factors like nutrition, infection, and household 

socioeconomic conditions may play a larger role in determining childhood anaemia. The policy 

implication is that such interventions for anaemia should not be limited to sex-based targeting and 

should focus on children based on nutritional vulnerability, age, illness exposure and 

socioeconomic status.  

Recent fever illness 
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Children who had fever in the two weeks before the survey had significantly higher odds of anemia 

compared to children without fever (AOR=1.64; 95% CI: 1.24-2.16). This result is in line with 

previous evidence that infectious diseases, particularly malaria, are associated with childhood 

anaemia. Tesema et al. (2021) reported that children with recent fever had increased anaemia risk, 

while Eisele et al. (2011) found a very strong association between malaria infection and anaemia 

in the Luangwa District in Zambia. Konkola et al. (2023) also found that anaemia was more 

common in areas with malaria transmission and febrile illnesses.  

The association of the disease and illness could be explained by the biological effects of infection. 

Malaria and other febrile diseases lead to anaemia, with red blood cells destroyed in the body, 

haemoglobin production reduced, inflammation, and iron metabolism impaired. Many illness 

episodes may also reduce appetite and diet so nutritional deficiencies are further worsened by 

frequent illness episodes. The findings also underscore the need for better integration between 

malaria control and anaemia prevention measures. Screening children with febrile illnesses for 

anaemia, improving malaria prevention coverage and strengthening early diagnosis and treatment 

should be the priority.  

Nutritional status.  

Underweight children had dramatically higher risk of anaemia than children with normal 

nutritional status (AOR=1.69; 95% CI: 1.13–2.54). This conclusion is in line with the Tesema et 

al. (2021) study, who found increased risks of anaemia for children with undernutrition, including 

underweight, wasting, and stunting. Moschovis et al. (2018) also identified nutritional status as a 

determinant of childhood anaemia in sub-Saharan Africa. Because a lack of these nutrients in 

children are essential for haemoglobin production (iron, folate, etc.). Undernourished children 

may also have weakened immunity and be more susceptible to infections that contribute to 

anaemia. The policy implication is that prevention of anaemia should now be integrated into 

existing child nutrition programmes. Prevention of growth, nutrition screening and management 

of undernutrition should be part of routine child health services.  

5.3. Maternal factors associated with childhood anaemia. 

Maternal age and education. In our study, maternal age and education were not independently 

associated with childhood anaemia after controlling for other factors. Although maternal age and 
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education were associated in the descriptive and intermediate analyses, these were attenuated in 

the final model. This is unlike Moschovis et al. (2018) who reported that maternal education and 

maternal traits were important predictors of childhood anaemia in sub-Saharan Africa. Nawa et 

al. (2024) also identified household educational characteristics as an important factor in anaemia 

in Zambia.  

The lack of association in this study may be that maternal education has a direct influence on 

childhood anaemia through household wealth, dietary practices, and healthcare use. If these had 

been controlled for, then education would have been less relevant. As such, we believe that 

maternal education is still important, but it should be combined with household poverty, food 

security and access to quality health care.  

Maternal anaemia. 

 Maternal anaemia was associated with increased odds of childhood anaemia, but the association 

was not statistically significant (AOR=1.26; 95% CI: 0.95-1.67). Moschovis et al. (2018) 

identified maternal anaemia as a significant risk factor for childhood anaemia, which is related to 

different nutritional and socioeconomic challenges of mothers and children. This association 

might be explained by common household dietary habits, nutritional deficiencies of maternal 

children, and biological pathways of maternal and child health. The lack of statistical significance 

could be an indication that maternal anaemia is distributed across household and nutritional 

pathways that are not impacted by other variables. We should continue to strengthen maternal 

nutrition programmes to prevent maternal health and to screen for anaemia and to treat it during 

pregnancy, as better maternal health can be related to better child health outcomes. 

5.4. Household and community-level determinants. 

 Household wealth. Higher household wealth was strongly associated with childhood anaemia. 

Children of poorer and richest households had lower incidence of anaemia compared to children 

from the poorest families. This is in line with Moschovis et al. (2018), whose findings showed 

strong socioeconomic gradients in childhood anaemia across sub-Saharan Africa. Nawa et al. 

(2024) also found household socioeconomic conditions to be important determinants of childhood 

anaemia in Zambia.  
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The association could be attributable to food security, dietary diversity, access to healthcare as 

well as ability to obtain preventive care. Poor households may be unable to access iron-rich foods 

and health care services and that in turn makes them more vulnerable to anaemia. The policy 

implications are that reducing childhood anaemia requires tackling structural drivers such as 

poverty and food insecurity. Social protection programs, livelihood enhancement and nutrition-

sensitive interventions must complement health-sector interventions.  

Water, sanitation and residence.  

Water source and sanitation were not significantly associated with childhood anaemia in the final 

model. This is in contrast to findings suggesting that better WASH conditions lower anaemia risk 

because of reduced exposure to enteric infections (Kothari et al., 2019). The lack of association 

may be because of the complicated pathways between WASH and anaemia. Water and sanitation 

may indirectly affect infection reduction, household hygiene practices and nutritional pathways. 

Household wealth and other socioeconomic factors may also play an important role in these 

relationships.  

Rural residence was associated with lower risk of anaemia in this study, but this finding was not 

consistent with the rest of the world. Konkola et al. (2023) have shown that there is geographic 

clustering of anaemia in Zambia and thus local disease ecology, malaria transmission, and service 

availability may affect the risk for anaemia at the community level. This suggests that 

interventions to manage anaemia should take local context into account rather than just urban-

rural. 

Community surveillance and targeted interventions in high-risk areas may improve programme 

performance. Community-level variation in childhood anaemia. The multilevel analysis showed 

that the clustering of anaemia is significant among children living in the same enumeration areas. 

The ICC found that differences of childhood anaemia are still seen even when individual and 

household characteristics are adjusted for. This result is consistent with previous evidence that 

childhood anaemia is influenced by context outside of individual quality. Konkola et al. (2023) 

found geographical variations in anaemia prevalence in Zambia, and Eisele et al. (2011) also 

showed that transmission intensity of malaria is a community-level driver. 
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 The remaining community-level variation could be a function of non-measured factors including 

local food environment, health services and malaria exposure as well as nutrition of communities. 

The policy implication is that national anaemia strategies should incorporate community-based 

approaches, including strengthening community health workers, improving local nutrition 

programmes, and tailoring interventions according to community-specific risks 

Random effects and clustering of childhood anaemia 

The multilevel analysis demonstrated significant clustering of childhood anaemia within 

enumeration areas. The null model showed an intraclass correlation coefficient (ICC) of 

approximately 7.0%, indicating that variation between communities accounted for a measurable 

proportion of differences in childhood anaemia prevalence. 

After inclusion of child, maternal, household, and community-level variables, the ICC reduced 

slightly to approximately 6.6% in the final model. This indicates that although individual and 

household characteristics explained part of the variation, residual differences between 

communities remained. The persistence of cluster-level variation suggests that contextual factors 

not captured in the dataset, such as local food environments, malaria transmission intensity, 

availability of health services, and community-level nutrition practices, may influence childhood 

anaemia risk. The use of multilevel modelling was therefore appropriate because a conventional 

logistic regression model would have ignored the hierarchical structure of the data and potentially 

underestimated uncertainty in the estimates. 

5.5. Strengths and limits of the Study.  

Strengths: This study had several strengths: Firstly, it used data from the 2024 Zambia 

Demographic and Health Survey (ZDHS), which is a nationally representative sample and 

therefore, the findings can be applied to children aged 6-59 months in Zambia. Additionally, the 

multilevel logistic regression analysis of the DHS data was used to examine the hierarchical 

structure of the data, which allowed for the assessment of the factors at the child, household and 

community level. 



53 
 

Limitations: This study did show different determinants of childhood anaemia from single-level 

assessment. We also have limitations for this study. The cross-sectional design of the ZDHS 

makes it difficult to establish causal links between identified factors and childhood anaemia. 

Additionally, some of the variables are based on caregiver self-report, which may be affected by 

recall bias. We also did not include the data from the ZDHS, so some of the most important 

variables are not known (diet, iron status, genetic causes). While there are limitations of using 

national data and methods it can be seen that, as long as they are used and data is used, the findings 

are valid. 

6. CHAPTER 6: CONCLUSION  

In this study we discovered that childhood anaemia is still a public health concern for children 

aged 6-59 months in Zambia and more than half of children are treated as anaemic. The study 

revealed that childhood anaemia is associated with a range of interconnected factors in the child, 

household, maternal and community level and that there are several factors involved in the child-

child relationship and the children are affected as well. Children aged 6-23 months, fever and 

children who were underweight significantly increased the risk of anaemia. 

 Socioeconomic status is also significant but not the only important factor in children with poor 

parents being more prone to anaemia than children from richer parents. Childhood anaemia was 

also associated with motherhood and maternal characteristics although we found that there were 

several associations that were not significant after controlling for child and household factors.  

This indicates that maternal influences may be mediated through more socioeconomic and 

nutritional factors as well. Community clustering and large community clustering suggest that 

childhood anaemia is not an individual problem but a social and economic issue relating to the 

context in which children grow up. Prevention of anaemia requires integrated interventions in 

nutrition, infection control and poverty and community, health and poverty.  

7. CHAPTER 7: RECOMMENDATIONS.  

1. Enhance nutrition interventions for children aged 6-23 months: The Ministry of Health and 

partners should enhance interventions for children in the first two years of life: Providing 

appropriate complementary feeding strategies, more iron-rich food and micronutrient 
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supplementation and growth monitoring and early identification of nutritional deficiencies 

should be emphasized.  

2. Integrate anaemia prevention into child illness management: Given the high correlation 

between fever and anaemia, childhood illness programmes should be designed to identify and 

treat malaria and other infections early and raise awareness among the children in terms of 

early healthcare seeking behaviour.  

3. Enhance interventions for child undernutrition: Prevention programs and nutrition 

interventions to treat childhood anaemia need to be integrated with the interventions for 

underweight and growth-deteriorating children, including increased screening for 

malnutrition in the community and facility level and nutrition counselling for the parents and 

caregivers.  

4. Address socioeconomic disparities in childhood nutrition: The association between household 

wealth and anaemia highlights a need for wider multisectoral approaches to the problem. 

5. Expand studies to longitudinal study for the temporal relationship between determinants and 

childhood anaemia. There should be more research into community-level factors not included 

in the DHS datasets, such as the malaria transmission intensity, dietary diversity, household 

food security and access to iron supplementation. 
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