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Abstract 

Background: Concurrent anaemia and pneumonia in under-fives living in LMICs is a complex 

relationship associated with high morbidity and mortality. Ascertaining whether there is an 

increased prevalence of anaemia among pneumonia infected under-fives can provide valuable 

insights for more effective treatments. Additionally, highlighting individual and maternal risk 

factors of anaemia as well as associated adverse growth outcomes among under-fives can bring 

about findings to prioritise resource allocation for anaemia prevention and treatment. 

Methods: This cross-sectional sub-study analysed data from the Drakenstein Child Health 

Study (DCHS), a South African population-based birth cohort which enrolled pregnant women. 

Mother-child pairs were followed prospectively, and a subgroup of children had additional data 

collected (including haemoglobin (g/dL) measurements) during episodes of LRTI/pneumonia. 

Prevalence ratios were used to assess the impact of LRTI/pneumonia severity on anaemia 

status. Binary logistic regression models were used to analyze the effects of predictors on risk 

of child anaemia and linear regression models were used to analyze the effect of anaemia on 

adverse growth outcomes (WAZ and HAZ).  

Results: 28% of first LRTI/pneumonia episodes co-occurred with anaemia (95% CI, 24.9 - 

31.8), and median child age was 8.4 months during the episode. When all LRTI/pneumonia 

episodes were included, anaemia prevalence was higher among under-fives treated in hospital 

compared to those treated in ambulatory care (38.9% compared to 30.3% respectively, p=0.04). 

Additionally, children who experienced recurrent LRTI/pneumonia (2+ episodes) were 1.28 

times as likely to have anaemia compared to children experiencing a first episode (95% CI, 

1.03 - 1.59, p=0.023). Overall, children aged 6-59 months, with low socioeconomic status, and 

were exclusively breastfed for more than 1 month were strongly associated with anaemia 

(p<0.05). Children with concurrent LRTI/pneumonia and anaemia were found to be at 

increased risk of wasting (WAZ) and decreased risk of stunting (HAZ). 

Conclusions: This study provides evidence of a high prevalence of concurrent 

LRTI/pneumonia and anaemia among under-fives in South Africa. It demonstrates the complex 

interplay between these conditions and various risk factors including older child age, maternal 

anaemia, exclusive breastfeeding, low socioeconomic status, and food insecurity. These 

findings highlight the need for multi-sectoral approaches to address the medical treatment and 

underlying social determinants of health that contribute to the burden of LRTI/pneumonia and 

anaemia in under-fives. 
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Abbreviations 

ANC: Antenatal care 

BMI: Body Mass Index 

CI: Confidence Interval 

DCHS: Drakenstein Child Health Study 

FBC: Full [Complete] Blood Count 

HAZ: Height-for-age z-score 

Hb: Haemoglobin 

HIV: Human Immunodeficiency Virus 

IDA: Iron Deficiency Anaemia 

IQR: Interquartile Range 

LMIC: Low- and Middle-income Countries 

LRTI: Lower Respiratory Tract Infection 

MCV: Mean Corpuscular Volume 

PLT: Platelet Count 

PR: Prevalence ratio 

SES: Socioeconomic Status 

SSA: Sub-Saharan Africa 

Under-fives: Children under 5 years of age 

VIF: Variance inflation factor 

WAZ: Weight-for-age z-score 

WCC: White Cell Count 

WHO: World Health Organization 
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1     INTRODUCTION 

1.1 Background 

Pneumonia (commonly referred to as a lower respiratory tract infection (LRTI)) is the single 

largest infectious cause of death in children worldwide, accounting for 14% of all deaths among 

under-fives and disproportionately affecting low- and middle-income countries (LMICs)1. In 

South Africa, under-five pneumonia mortality is estimated between 8% to 22%2–4. Children 

who die of pneumonia ultimately die of respiratory failure and are unable to deliver sufficient 

oxygen to vital organs. In many cases, these children are at increased risk of respiratory failure 

because of underlying comorbidities or other risk factors4. 

On the other hand, anaemia is a condition in which a deficiency in the number of red blood 

cells or the haemoglobin concentration within them leads to reduced oxygen flow to the body’s 

tissues5. It is a global public health problem that remains a major challenge for the health and 

development of women and children, especially in LMICs6. The World Health Organization 

(WHO) reported that in 2019 the prevalence of anaemia among under-fives was estimated to 

be 39.8% globally and is highest within the African region (60.2%). South Africa’s estimated 

burden (44.4%) is lower than other Sub-Saharan African (SSA) countries, however their 

prevalence of under-five anaemia has increased by 3% since 20006.  

The aetiology of anaemia, especially in LMICs, is multifactorial and includes complex 

interactions between nutritional deficiencies, genetic disorders, and infectious diseases7,8. Most 

commonly, low consumption and absorption of iron-rich foods leads to iron deficiency 

anaemia (IDA) which is responsible for approximately 50% of all global anaemia cases9. Risk 

factors for anaemia among under-fives in SSA countries include age, birth order, sex, 

comorbidities (such as fever, diarrhoea, and respiratory infection), malnutrition or stunting, 

maternal age, mother’s anaemia status, household wealth and place of residence10,30. There are 

many potential health consequences of under-five anaemia, especially in the first two years of 

life, which include but aren’t limited to, reduced cognitive development, low immunity and 

growth weight, fatigue, difficulty with concentration, lethargy, susceptibility to infection, and 

increased mortality11–13. Additionally, children with anaemia are often found to have lower 

anthropometric indices (including height-for-age, weight-for-age, and weight-for-height z-

scores)30. 

Anaemia is defined as a blood haemoglobin (Hb) concentration below a specified cut-off 

point. Per WHO guidelines, children aged ≤ 1.0, > 1.0 to 2.0, > 2.0 to < 6.0, and ≥ 6.0 to 59 

https://www.zotero.org/google-docs/?jJ7mkO
https://www.zotero.org/google-docs/?XXZsA9
https://www.zotero.org/google-docs/?UY3ofZ
https://www.zotero.org/google-docs/?7X1qeU
https://www.zotero.org/google-docs/?Q477cn
https://www.zotero.org/google-docs/?Qtynx8
https://www.zotero.org/google-docs/?6qFSCS
https://www.zotero.org/google-docs/?iMurXl
https://www.zotero.org/google-docs/?J5A0Al
https://www.zotero.org/google-docs/?ZjJ0NA
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months with blood Hb value of ≤ 10.7 g/dL, ≤ 9.4 g/dL, ≤ 9.5 g/dL, and ≤ 11.0 g/dl respectively 

are considered anemic14.  

Moreover, studies have shown that pneumonia affects the severity of anemia in children15,16 

and likewise, anemia has been found to increase the risk17,18 and severity of pneumonia16,19. 

Thus, concurrent anaemia and pneumonia in under-fives living in LMICs is a complex 

relationship associated with high morbidity and mortality rates, increased hospitalisation, and 

a negative effect on socioeconomic development15,19. Data are limited on the prevalence, 

interactions and growth outcomes of concurrent anaemia and pneumonia in under-fives living 

in South Africa.   

1.2 Rationale 

Addressing under-five concurrent pneumonia and anaemia is important as South Africa focuses 

on reducing under-five mortality. Ascertaining whether there is an increased prevalence of 

anaemia among pneumonia infected under-fives can provide valuable insights for more 

effective treatments. Additionally, highlighting individual and maternal risk factors of anaemia 

as well as associated adverse growth outcomes among under-fives can bring about findings to 

prioritise resource allocation for anaemia prevention and treatment. This will ultimately inform 

policies aimed at achieving one of the 2025 Global Nutrition Targets to reduce anaemia in 

under-fives20. 

 

2     AIMS AND OBJECTIVES 

2.1 Aim 

The overall aim is to investigate the prevalence, risk factors, and associated growth outcomes 

of anaemia in a cohort of under-fives at the time of LRTI/pneumonia event from a Drakenstein 

sub-district near Cape Town, South Africa. 

2.2 Objectives 

1. To ascertain the prevalence of anaemia in a cohort of under-fives at the time of 

LRTI/pneumonia event by: 

o LRTI/pneumonia severity (hospitalisation versus ambulatory event)  

o LRTI/pneumonia recurrence (1 versus 2+ episodes) 

https://www.zotero.org/google-docs/?xKfBL3
https://www.zotero.org/google-docs/?PJfj4R
https://www.zotero.org/google-docs/?M86aeG
https://www.zotero.org/google-docs/?lvefeJ
https://www.zotero.org/google-docs/?QLmAWn
https://www.zotero.org/google-docs/?mZvmws
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2. Investigate underlying child and maternal risk factors associated with anaemia in a 

cohort of under-fives at the time of LRTI/pneumonia event. 

o Including, but not limited to prematurity, child age, HIV exposure, 

socioeconomic status (SES), and food security 

3. To identify associations between anaemia and adverse growth outcomes in a cohort of 

under-fives at the time of LRTI/pneumonia event. 

o Including, but not limited to weight-for-age z-scores to determine 

undernutrition 

 

3     METHODS 

3.1 Study design 

This proposed research will be a cross-sectional analysis of data from the Drakenstein Child 

Health Study (DCHS), a large prospective birth cohort study which has been described in detail 

and published previously21. The overall aim of the DCHS is to investigate the epidemiology, 

risk factors, aetiology, and long-term impact of LRTI/pneumonia on child health. The DCHS 

enrolled a cohort of pregnant women over the age of 18 from two primary health clinics over 

a 3-year recruitment period from March 2012 to March 2015 and followed the mother-child 

pairs until children were at least 5 years old. During this time, maternal and child health were 

investigated through longitudinal measurements of risk factors in seven areas (environmental, 

infectious, nutritional, genetic, psychosocial, maternal, and immunological) that may impact 

on child health. In addition, intensive aetiological and risk factor investigations were completed 

during an episode of childhood LRTI/pneumonia. This cross-sectional analysis of data from a 

cohort study is an appropriate design due to the ability to capture anaemia status at the time of 

LRTI/pneumonia diagnosis.  

3.2 Study setting 

The setting for the DCHS is two public health clinics (TC Newman and Mbekweni) in the 

Drakenstein area in Paarl, a peri-urban area, 60km outside Cape Town, South Africa. During 

LRTI/pneumonia episodes, continuous research surveillance is implemented at these clinics as 

well as Paarl Hospital, the centralized hospital that serves the entire sub-district. The 

community is characterized by low socioeconomic status and a high incidence of 

LRTI/pneumonia among infants22. Additionally, anaemia prevalence in a small subgroup of 

https://www.zotero.org/google-docs/?N4b6Ec
https://www.zotero.org/google-docs/?iRFxsc
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children (n=80) enrolled in the DCHS who had presented to hospital with LRTI/pneumonia 

was previously estimated at 52.5%23. 

3.3 Study population and sampling  

Pregnant women were recruited for DCHS while attending routine antenatal care and 

considered eligible if they were at least 18 years old, planned to receive antenatal care at one 

of the two study sites, and intended to remain in the area for over one year. Mothers were 

enrolled in the DCHS at 20-28 weeks’ gestation and a total of 1143 live births were included 

and followed postnatally until at least five years of age. 

Children experiencing an episode of LRTI/pneumonia were followed up in hospital or at 

ambulatory clinics. WHO criteria were used to define LRTI/pneumonia, as previously 

described22. Recurrent LRTI/pneumonia was defined as two or more episodes. Overall, there 

were 851 LRTI/pneumonia events (excluding 51 congenital episodes) in 453 children24. For 

the purposes of this sub-study, only children who had a full blood count (FBC) collected that 

included a haemoglobin measure (g/dL) at the time of illness were included to address the 

objectives of this study. When investigating underlying anaemia risk factors and growth 

outcomes, all relevant child and maternal data collected at routine study visits and during 

LRTI/pneumonia episodes will be included.   

3.3.1 Inclusion Criteria  

The inclusion criteria for this sub-study are: 

• Children 0-5 years of age (under-fives) 

• LRTI/pneumonia hospital admission or ambulatory episode as defined by WHO: 

o WHO criteria to diagnose LRTI or pneumonia: “Cough and/or difficult 

breathing, with or without fever; pneumonia is diagnosed by the presence 

of either fast breathing or lower chest wall indrawing where their chest 

moves in or retracts during inhalation (in a healthy person, the chest expands 

during inhalation)1.” 

• FBC collected at time of LRTI/pneumonia event including haemoglobin measure 

(g/dL) 

3.3.2 Exclusion Criteria 

The exclusion criteria for this sub-study are: 

https://www.zotero.org/google-docs/?kPhjMu
https://www.zotero.org/google-docs/?0wyGrU
https://www.zotero.org/google-docs/?6A6hoF
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• Congenital events: episodes of LRTI/pneumonia occurring immediately 

after birth or before discharge after delivery 

3.4 Data Collection 

Data collected during the DCHS will be used for this proposed sub-study. This includes 

measurements taken during LRTI/pneumonia episodes as well as child and maternal risk factor 

data collected at routine visits.  

3.4.1 Measures taken during LRTI/pneumonia events 

• Child anthropometry measurements were taken and converted to z-scores using 

WHO standards25 

• Laboratory FBCs were collected and included haemoglobin (Hb), white cell count 

(WCC), mean corpuscular volume (MCV), and platelet (PLT) values. 

o Anaemia was defined using WHO haemoglobin guidelines for children 

under-five14 

o For hospitalisations only (not applicable for ambulatory care): oximetry, hospital 

duration and discharge status 

3.4.2 Measures taken during routine visits 

• Birth information was abstracted by study staff at delivery 

• A composite locally validated measure from the South African Stress and Health 

Study (SASH)26 of socioeconomic status was used encompassing current maternal 

employment status, highest level of education completed, household income, and 

asset index. 

• Perceived household food insecurity was assessed through an adapted version of 

the USDA Household Food Security Scale - Short Form27. 

• Maternal smoking in pregnancy was assessed through self-report, and alcohol use 

was measured using the Alcohol, Smoking and Substance Involvement Screening 

Test (ASSIST). This is a retrospective questionnaire on moderate-severe alcohol 

use28. 

 
Table 1: Table of Variables 
 
Variables  Type Categories 

https://www.zotero.org/google-docs/?1ksdOT
https://www.zotero.org/google-docs/?KE12nl
https://www.zotero.org/google-docs/?VuPTrZ
https://www.zotero.org/google-docs/?usTi2q
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Child Characteristics at time of LRTI/pneumonia event 
Age Numeric (months) Mean (SD)/Median (IQR) 
Height  Numeric (cm) Mean (SD)/Median (IQR) 
Weight  Numeric (kg) Mean (SD)/Median (IQR) 
Pneumonia severity Binary categorical Ambulatory 

Hospitalisation 
Number of recurrent 
LRTI/pneumonia events 
experienced per child 

Numeric (# events) Mean (SD)/Median (IQR) 
Binary categorical One episode 

Two or more episodes 
 
 
 
Full Blood 
Count (FBC) 

Haemoglobin 
(Hb) 

Numeric (g/dL) Mean (SD)/Median (IQR) 
Age categories 
with binary output 

≤ 1.0 month: 
Anaemic: ≤ 10.7 g/dL 
Not Anaemic: > 10.7 g/dL 
 
> 1.0 to 2.0 months: 
Anaemic: ≤ 9.4 g/dL 
Not Anaemic: > 9.4 g/dL 
 
> 2.0 to < 6.0 months: 
Anaemic: ≤ 9.5 g/dL 
Not Anaemic: > 9.5 g/dL 
 
≥ 6.0 to 59 months: 
Anaemic: ≤ 11.0 g/dl  
Not Anaemic: > 11.0 g/dl  

White cell 
count (WCC) 

Numeric (x 
10^9/L) 

Mean (SD)/Median (IQR) 

Mean 
Corpuscular 
Volume 
(MCV) 

Numeric (fl.) Mean (SD)/Median (IQR) 

Platelet 
count (PLT) 

Numeric (x 
10^9/L) 

Mean (SD)/Median (IQR) 

 
 
For 
Hospitalisations 
Only  
(not applicable 
to ambulatory 
cases) 

Oximetry  Binary categorical   Below threshold < 95% 
Above threshold ≥ 95% 

Hospital 
duration 

Numeric (days) Mean (SD)/Median (IQR) 

Discharge 
status 

Nominal 
categorical 

Discharged home 
Died 
Transferred 

Birth Characteristics  
Sex Binary categorical Female 

Male 
Mode of delivery Binary categorical Vaginal 

Caesarean 
Gestational age Numeric (weeks) Mean (SD)/Median (IQR) 
Birth weight Numeric (grams) Mean (SD)/Median (IQR) 
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HIV exposure Binary categorical Unexposed 
Exposed Uninfected 

Maternal Characteristics 
Age at enrolment Numeric (years)

  
Mean (SD)/Median (IQR) 

SES quartiles  
(sum of standardized SES 
components (education, 
income, assets and 
employment) 

Ordinal 
categorical  

Lowest SES 
Low-mod SES 
Mod-high SES 
High SES 

Current smoking Binary categorical Yes 
No 

Prenatal alcohol exposure Binary categorical Yes 
No 

Household food insecurity Binary categorical Perceived food secure 
Perceived food insecure 

 

3.5 Exposures 

• For the first objective, looking at prevalence of concurrent anaemia and pneumonia: 

o (a) The exposure of interest will be pneumonia severity. LRTI/pneumonia 

episodes were treated in hospital or in ambulatory care. LRTI/pneumonia 

treatment in hospital is deemed ‘more severe’ than treatment in ambulatory care. 

Hence, the exposure will be categorised as: 

§ Exposed: Hospitalised 

§ Unexposed: Ambulatory 

o (b) The exposure of interest will be recurrent pneumonia.  

§ Exposed: 2+ episodes 

§ Unexposed: 1 episode 

• For the second objective, looking at risk factors of anaemia, the exposures of interest 

will be child age, prematurity, HIV exposure, SES, pneumonia severity: 

o Child age (in months) 

o Prematurity:  

§ Exposed: premature birth (defined as delivery ≤37 completed weeks of 

gestation) 
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§ Unexposed: non premature birth (delivery >37 completed weeks of 

gestation) 

o HIV exposure: 

§ Exposed: HIV child exposure but uninfected 

§ Unexposed: no HIV child exposure 

o Socioeconomic Status (SES) quartiles: 

§ Exposed: lowest SES 

§ Unexposed: low-mod SES, mod-high SES, high SES 

o Pneumonia severity: 

§ Exposed: Hospitalised 

§ Unexposed: Ambulatory 

• For the third objective, anaemia associated growth outcomes, the exposure of interest 

will be anaemia status, which was determined by FBC haemoglobin concentration 

(g/dL) and WHO haemoglobin guidelines for children under-five14 

o Exposed: laboratory confirmed child anaemia 

o Unexposed: laboratory confirmed no child anaemia 

3.6 Outcomes 

• For the first and second objectives, the outcome of interest will be anaemia status, 

which was determined by laboratory confirmed FBC haemoglobin concentration (g/dL) 

and WHO haemoglobin guidelines for children under-five14 

o Condition: child anaemia 

o No Condition: no child anaemia 

• For the third objective the outcome of interest will be weight-for-age z-score as 

calculated by anthropometry measurements taken at the time of LRTI/pneumonia event 

 

3.7 Data Management and Statistical Analysis 

3.7.1 Data management 

https://www.zotero.org/google-docs/?KE12nl
https://www.zotero.org/google-docs/?KE12nl
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All data from the DCHS was entered into an online database, REDCapTM, which is overseen 

by a Data Manager with strictly enforced limited access, including password protection, and 

restricted access to any sensitive data collected. Further, all paper documents are kept in locked 

filing cabinets and only accessible to study staff. Specific steps to ensure confidentiality 

include the use of participant identifiers (PIDs) for all study data, and these PIDs are de-linked 

from any identifying participant information (e.g., name, address, other unique identifiers). 

Data being used in this sub-study will have no PIDs. The data will be stored on a password 

protected computer and stored as a password protected file, after which it will be deleted. 

3.7.2 Statistical analysis 

All analyses for this sub-study will be conducted using R Studio Version 2022.12.0 Build 353. 

Initially, data will be cleaned where any duplicate data is removed, and missing data identified 

and handled appropriately.  

Summary statistics will be generated and depending on distribution these will include either 

mean and standard deviation or median and interquartile range for numerical variables. 

Proportions will be generated for categorical variables. For numerical variables, Shapiro-Wilks 

tests will be used to see if the data is normally distributed. If normally distributed, a t-test will 

be used and if not, Wilcoxon rank-sum test. Chi-squared tests will be used for categorical 

variables.  

For the first objective, with exposure being pneumonia severity, children will be grouped by 

status into severe (hospitalisation) and non-severe (ambulatory). Children will then be 

classified as anaemic or non-anaemic based on WHO criteria and haemoglobin measurements 

at time of LRTI/pneumonia event. Prevalence of anaemia will then be determined by 

pneumonia severity and prevalence ratios will determine if there is an association between 

pneumonia severity and anaemia status (significance level of p<0.05). The same approach will 

be taken with pneumonia recurrence exposure. Children will be grouped by status into 1 

LRTI/pneumonia episode or 2+ LRTI/pneumonia episodes.  

For the second objective, a linear regression will be used to predict haemoglobin (g/dL) 

(continuous dependent variable) using a set of independent variables, including child age, 

prematurity, HIV exposure, SES, and pneumonia severity. Initially, a univariate linear 

regression will be run and those variables that are statistically significant will be added to a 

multivariate regression to adjust for confounding. These linear regressions will generate risk 

ratios, for which 95% confidence intervals (CI) and p-values will be generated to assess 
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statistical significance. In both univariate and multivariate linear regressions, a significance 

level of p<0.05 will be used to determine statistical significance. 

Additionally, binary logistic regressions will be used to predict anaemia (categorical dependent 

variable) using the same independent variables. Children will be classified as anaemic or non-

anaemic based on WHO criteria14 and haemoglobin measurements at time of LRTI/pneumonia 

event. Again, a univariate binary logistic regression will be run and those variables that are 

statistically significant will be added to a multivariate regression to adjust for confounding. 

These binary logistic regressions will generate odds ratios, for which 95% CI’s and p-values 

will be generated to assess statistical significance. In both univariate and multivariate binary 

logistic regressions, a significance level of p<0.05 will be used to determine statistical 

significance. 

For the third objective, anaemic and non-anaemic groups will be assessed for associations with 

adverse growth outcomes, including but not limited to, weight-for-age z-scores. A significance 

level of p<0.05 will be used to determine statistical significance of these associations. 

 

4     ETHICAL CONSIDERATIONS 

The Drakenstein Child Health Study (DCHS) received ethics approval and renewal (401/2009) 

from the University of Cape Town Faculty of Health Sciences Human Research Ethics 

Committee (UCT-HREC) (Appendix A). Ethical approval for this proposed sub-study will be 

sought from the UCT-HREC. 

4.1 Informed Consent 

For the DCHS, mothers gave written informed consent at enrolment and re-consented on an 

annual basis to help ensure understanding of the study time commitments. Informed consent 

also granted permission for abstraction of data from clinical records. This proposed sub-study 

will only be using data that has already been collected as part of the DCHS so no direct contact 

will be made with participants and therefore no additional consent is necessary. 

4.2 Privacy and Confidentiality 

All study staff involved in DCHS have gone through extensive Good Clinical Practice (GCP) 

training and on-going confidentiality training by management to ensure participant 

confidentiality and privacy. Specific steps to ensure confidentiality includes the use of 

participant identifiers (PIDs) for all study data, and these PIDs are de-linked from any 
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identifying participant information (e.g., name, address, other unique identifiers). Further, all 

documents are kept in locked filing cabinets and only accessible to study staff. Study data is 

collected in an online database, REDCapTM, which is overseen by a Data Manager with strictly 

enforced limited access, including password protection, and restricted access to any sensitive 

data collected. 

4.3 Risk and Benefits 

A description of risks, benefits, and reimbursement details of the DCHS study have been 

provided and previously approved (HREC 401/2009). 

4.3.1 Risks 

There are no foreseen risks in this proposed sub-study, as confidentiality will be maintained 

and there will be no direct contact with patients. 

4.3.2 Benefits 

There are no direct benefits to this proposed sub-study. The impact of early childhood anaemia 

at the time of LRTI/pneumonia event has not been comprehensively studied in the South 

African context. This secondary analysis will contribute novel information to the understanding 

of anaemia among children under five with LRTI/pneumonia and help further understand 

burden and risk.  

4.4 Reporting and Implementation 

This proposed sub-study may be submitted to a peer-reviewed journal in collaboration with 

and upon approval from original DCHS investigators.   

4.5 Logistics 

Table 2: Study timeline 2022 

Actions May June July Aug Sept Oct Nov Dec 
Literature  
Review 

        

Protocol Development 
        

Ethics Review 
Submission 

        

Data  
Analysis 

        

Thesis 
Write-Up 

        

Submission to UCT for MPH 
        

Submission to Journal 
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4.6 Budget 

This proposed sub-study will be conducted as part of a Master of Public Health (MPH) degree 

and as such no budget or payment is required.  
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Abstract 

Background: Concurrent anaemia and pneumonia in under-fives living in LMICs is a complex 

relationship associated with high morbidity and mortality. Ascertaining whether there is an 

increased prevalence of anaemia among pneumonia infected under-fives can provide valuable 

insights for more effective treatments. Additionally, highlighting individual and maternal risk 

factors of anaemia as well as associated adverse growth outcomes among under-fives can bring 

about findings to prioritise resource allocation for anaemia prevention and treatment. 

Methods: This cross-sectional sub-study analysed data from the Drakenstein Child Health 

Study (DCHS), a South African population-based birth cohort which enrolled pregnant women. 

Mother-child pairs were followed prospectively, and a subgroup of children had additional data 

collected (including haemoglobin (g/dL) measurements) during episodes of LRTI/pneumonia. 

Prevalence ratios were used to assess the impact of LRTI/pneumonia severity on anaemia 

status. Binary logistic regression models were used to analyze the effects of predictors on risk 

of child anaemia and linear regression models were used to analyze the effect of anaemia on 

adverse growth outcomes (WAZ and HAZ).  

Results: 28% of first LRTI/pneumonia episodes co-occurred with anaemia (95% CI, 24.9 - 

31.8), and median child age was 8.4 months during the episode. When all LRTI/pneumonia 

episodes were included, anaemia prevalence was higher among under-fives treated in hospital 

compared to those treated in ambulatory care (38.9% compared to 30.3% respectively, p=0.04). 

Additionally, children who experienced recurrent LRTI/pneumonia (2+ episodes) were 1.28 

times as likely to have anaemia compared to children experiencing a first episode (95% CI, 

1.03 - 1.59, p=0.023). Overall, children aged 6-59 months, with low socioeconomic status, and 

were exclusively breastfed for more than 1 month were strongly associated with anaemia 

(p<0.05). Children with concurrent LRTI/pneumonia and anaemia were found to be at 

increased risk of wasting (WAZ) and decreased risk of stunting (HAZ). 

Conclusions: This study provides evidence of a high prevalence of concurrent 

LRTI/pneumonia and anaemia among under-fives in South Africa. It demonstrates the complex 

interplay between these conditions and various risk factors including older child age, maternal 

anaemia, exclusive breastfeeding, low socioeconomic status, and food insecurity. These 

findings highlight the need for multi-sectoral approaches to address the medical treatment and 

underlying social determinants of health that contribute to the burden of LRTI/pneumonia and 

anaemia in under-fives. 
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1.0 Introduction 

Pneumonia (commonly referred to as a lower respiratory tract infection (LRTI)) is the single 

largest infectious cause of death in children worldwide, accounting for 14% of all deaths among 

under-fives and disproportionately affecting low- and middle-income countries (LMICs)1. In 

South Africa, under-five pneumonia mortality is estimated between 8% to 22%2–4. Children 

who die of pneumonia ultimately die of respiratory failure and are unable to deliver sufficient 

oxygen to vital organs. In many cases, these children are at increased risk of respiratory failure 

because of underlying comorbidities or other risk factors4. 

On the other hand, anaemia is a condition in which a deficiency in the number of red blood 

cells or the haemoglobin concentration within them leads to reduced oxygen flow to the body’s 

tissues5. It is a global public health problem that remains a major challenge for the health and 

development of women and children, especially in LMICs6. The World Health Organization 

(WHO) reported that in 2019 the prevalence of anaemia among under-fives was estimated to 

be 39.8% globally and is highest within the African region (60.2%). South Africa’s estimated 

burden (44.4%) is lower than other Sub-Saharan African (SSA) countries, however their 

prevalence of under-five anaemia has increased by 3% since 20006.  

The aetiology of anaemia, especially in LMICs, is multifactorial and includes complex 

interactions between nutritional deficiencies, genetic disorders, and infectious diseases7,8. Most 

commonly, low consumption and absorption of iron-rich foods leads to iron deficiency 

anaemia (IDA) which is responsible for approximately 50% of all global anaemia cases9. Risk 

factors for anaemia among under-fives in SSA countries include age, birth order, sex, 

comorbidities (such as fever, diarrhoea, and respiratory infection), malnutrition or stunting, 

maternal age, mother’s anaemia status, and socio-economic status (including food 

security)10,31. There are many potential health consequences of under-five anaemia, especially 

in the first two years of life, which include but aren’t limited to, reduced cognitive 

development, low immunity and growth weight, fatigue, difficulty with concentration, 

lethargy, susceptibility to infection, and increased mortality11–13. Additionally, children with 

anaemia are often found to have lower anthropometric indices (including height-for-age, 

weight-for-age, and weight-for-height z-scores)31. 

Anaemia is defined as a blood haemoglobin (Hb) concentration below a specified cut-off 

point. Children aged ≤ 1.0, > 1.0 to 2.0, > 2.0 to < 6.0, and ≥ 6.0 to 59 months with blood Hb 

https://www.zotero.org/google-docs/?jJ7mkO
https://www.zotero.org/google-docs/?XXZsA9
https://www.zotero.org/google-docs/?UY3ofZ
https://www.zotero.org/google-docs/?7X1qeU
https://www.zotero.org/google-docs/?Q477cn
https://www.zotero.org/google-docs/?Qtynx8
https://www.zotero.org/google-docs/?6qFSCS
https://www.zotero.org/google-docs/?iMurXl
https://www.zotero.org/google-docs/?J5A0Al
https://www.zotero.org/google-docs/?ZjJ0NA
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value of ≤ 10.7 g/dL, ≤ 9.4 g/dL, ≤ 9.5 g/dL, and ≤ 11.0 g/dl respectively are considered 

anemic14,29. 

Moreover, studies have shown that pneumonia affects the severity of anemia in children15,16 

and likewise, anemia has been found to increase the risk17,18 and severity of pneumonia16,19. 

Thus, concurrent anaemia and pneumonia in under-fives living in LMICs is a complex 

relationship associated with high morbidity and mortality rates, increased hospitalisation, and 

a negative effect on socioeconomic development15,19. Data are limited on the prevalence, 

interactions and growth outcomes of concurrent anaemia and pneumonia in under-fives living 

in South Africa.   

Addressing under-five concurrent pneumonia and anaemia is important as South Africa focuses 

on reducing under-five mortality. The Drakenstein Child Health Study (DCHS)21 provides 

robust data to ascertain whether there is an increased prevalence of anaemia among 

LRTI/pneumonia infected under-fives. Additionally, we aimed to examine the associations 

between child anaemia, growth outcomes and a range of risk factors among this high-risk 

group. Ideally our findings can be used to prioritise resource allocation for anaemia prevention 

and treatment as well as inform policies aimed at achieving one of the 2025 Global Nutrition 

Targets to reduce anaemia in under-fives20. 

 

2.0 Methods 

2.1 Study setting and design 

This proposed research will be a cross-sectional analysis of data from the DCHS, a large 

prospective birth cohort study which has been described in detail and published previously21. 

The overall aim of the DCHS is to investigate the epidemiology, risk factors, aetiology, and 

long-term impact of LRTI/pneumonia on child health. A cross-sectional analysis of data from 

the DCHS cohort opportunely captured anaemia status at the time of LRTI/pneumonia 

diagnosis.  

The setting for the DCHS birth cohort is two public health clinics (TC Newman and Mbekweni) 

in the Drakenstein area in Paarl, a peri-urban area, 60km outside Cape Town, South Africa. 

The community is characterized by low socioeconomic status and a high incidence of 

LRTI/pneumonia among infants22. Additionally, anaemia prevalence in a small subgroup of 

children (n=80) enrolled in the DCHS who had presented to hospital with LRTI/pneumonia 

was previously estimated at 52.5%23.  

https://www.zotero.org/google-docs/?xKfBL3
https://www.zotero.org/google-docs/?PJfj4R
https://www.zotero.org/google-docs/?M86aeG
https://www.zotero.org/google-docs/?lvefeJ
https://www.zotero.org/google-docs/?QLmAWn
https://www.zotero.org/google-docs/?mZvmws
https://www.zotero.org/google-docs/?N4b6Ec
https://www.zotero.org/google-docs/?iRFxsc
https://www.zotero.org/google-docs/?kPhjMu
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2.2 Participants 

Pregnant women were recruited for DCHS and considered eligible if they were at least 18 years 

old, planned to receive antenatal care at one of the two study sites, and intended to remain in 

the area for over one year. Mothers were enrolled at 20-28 weeks’ gestation and a total of 1143 

live births were included and followed postnatally until at least five years of age.21 All 

assessments were available in English, isiXhosa, and Afrikaans and participants chose their 

preferred language.  

2.3 Measures 

Comprehensive biomedical, environmental, psychosocial, demographic, and physical data of 

the mother and child were collected at routine antenatal visits. Children experiencing an 

episode of LRTI/pneumonia were followed up in hospital or at ambulatory clinics where 

additional data was collected. 

2.3.1 Routine antenatal visits 

Measures taken during routine visits include: (1) birth information abstracted by study staff at 

delivery; (2) a composite locally validated measure from the South African Stress and Health 

Study (SASH)26 of socioeconomic status to encompass current maternal employment status, 

highest level of education completed, household income, and asset index; (3) maternal smoking 

in pregnancy assessed through self-report, and alcohol use measured using the Alcohol, 

Smoking and Substance Involvement Screening Test (ASSIST) as well as a retrospective 

questionnaire on moderate-severe alcohol use; and (4) perceived household food insecurity 

through an adapted version of the USDA Household Food Security Scale - Short Form27. 

2.3.2 LRTI/pneumonia events 

WHO criteria were used to define LRTI/pneumonia, as previously described22. Recurrent 

LRTI/pneumonia was defined as two or more episodes. Measures taken during child 

LRTI/pneumonia events include: (1) child anthropometry measurements which were converted 

to z-scores using WHO standards25; (2) laboratory FBCs which included haemoglobin (used to 

diagnose anaemia14,29), white cell count, MCV, and platelet values and; (3) for hospitalisations 

only: oximetry, hospital duration and discharge status. 

2.4 Statistical analysis 

https://www.zotero.org/google-docs/?VuPTrZ
https://www.zotero.org/google-docs/?usTi2q
https://www.zotero.org/google-docs/?0wyGrU
https://www.zotero.org/google-docs/?1ksdOT
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All analyses were conducted using R Studio Version 2022.07.1 Build 554. Initially, data was 

cleaned where any duplicate data was removed, and missing data identified and handled 

appropriately. 

Sample characteristics and clinical variables are presented as means (SD) for continuous data 

and frequencies (%) for categorical data. When continuous data were not normally distributed, 

median, and interquartile range (IQR) were presented. Continuous variables with normal 

distribution were compared with unpaired t-tests and when distribution was skewed the 

Wilcoxon rank-sum test was used. Categorical variables were compared with Chi-squared 

tests. 

The primary exposure was pneumonia severity whereby children were classified as severe 

(hospitalisation) or less severe (ambulatory) and the outcome was anaemia status which was 

classified as anaemic or non-anaemic based on haemoglobin measurements and WHO 

criteria14,29 at time of LRTI/pneumonia event. The same approach was taken with pneumonia 

recurrence exposure whereby children were grouped into 1 anemia episode and 2+ episodes. 

Prevalence ratios, 95% CI’s and p-values were used to assess the measure of association 

between pneumonia severity or recurrence and anaemia status. A significance level of p <0.05 

will be used to determine statistical significance. 

To assess the outcome of anaemia status, with risk factor exposures, binary logistic regressions 

were used to predict anaemia (binary dependent variable) using a set of independent variables, 

including child age groups, sex, prematurity (<37 weeks’ gestation), HIV exposure uninfected, 

maternal anaemia status during ANC, exclusive breastfeeding for >1 month, sessum score (a 

sum of standardised SES components including education, income, assets, and employment), 

and food insecurity during ANC. Children were classified as anaemic or non-anaemic based 

on haemoglobin measurements at time of LRTI/pneumonia event and WHO criteria14,29. An 

univariate binary logistic regression was run and those variables that are statistically significant 

(p<0.05) were added to a multivariate binary regression to adjust for confounding. These binary 

logistic regressions generated odds ratios, for which 95% CI’s and P-values were generated to 

assess statistical significance (p<0.05). Collinearity diagnostics (variance inflation factor 

(VIF)) and goodness-of-fit statistics (Hosmer-Lemeshow) were calculated to test the 

robustness of the model. 

To analyze the impact of anaemia exposure on growth outcomes (WAZ and HAZ), we 

performed univariate and multivariate linear regression analysis with anaemia exposure as the 
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independent variable and WAZ and HAZ as the dependent variables. Child weight and height 

measurements at the time of LRTI/pneumonia event were converted to z-scores for weight-for-

age (WAZ) and height-for-age (HAZ). Both univariate and multivariate linear regressions 

generated risk ratios, for which 95% CI’s and P-values were generated to assess statistical 

significance (p<0.05). Collinearity diagnostics (variance inflation factor (VIF)) and goodness-

of-fit statistics (Hosmer-Lemeshow) were calculated to test the robustness of the multivariate 

models. 

 

3.0 Results 

A total of 1143 live births were enrolled in to the DCHS and followed postnatally until at least 

five years of age.21 Overall, there were 851 LRTI/pneumonia events (excluding 51 congenital 

episodes) in 453 children24. For the purposes of this sub-study analysis, only children who had 

a full blood count (FBC) collected that included a haemoglobin measure (g/dL) at the time of 

LRTI/pneumonia event were included to address the objectives of this study. Once missing or 

unplausible haemoglobin data were removed, the final analysis for this cross-sectional sub-

study included 716 LRTI/pneumonia events from 388 children (Figure 1).  

Figure 1. Drakenstein Child Health Study (DCHS) flowchart

 

https://www.zotero.org/google-docs/?6A6hoF


 33 

3.1 Baseline characteristics at first LRTI/pneumonia episode 

Table 1 shows characteristics of children at the time of first LRTI/pneumonia episode with and 

without anaemia. Twenty-eight percent of first LRTI/pneumonia episodes co-occurred with 

anaemia (of which median child age at episode was 8.38 months). Most anemic children 

were ≥ 6.0 to 59 months old (63.06%) and when broken down by age categories ( ≤ 1.0, > 1.0 

to 2.0, > 2.0 to < 6.0, and ≥ 6.0 to 59 months), anaemic children were older than non-anaemic 

children (p<0.001). In terms of overall LRTI/pneumonia severity, 68.47% of first 

LRTI/pneumonia episodes were treated in ambulatory care. Overall, the WAZ and HAZ scores 

were below average when compared to the reference population. 

In terms of birth characteristics, there were no differences between groups for sex, premature 

birth (<37 weeks’ gestation), birth delivery type or HIV exposure (uninfected). Due to a highly 

effective antenatal antiretroviral therapy programme, there was a low prevalence of HIV 

exposure uninfected amongst children. 

Maternal characteristics were similar between groups including age, smoking and alcohol use 

in pregnancy or maternal anaemia during ANC. Interestingly, a higher proportion of anemic 

children were exclusively breastfed for more than 1 month (p=0.047). Childhood anaemia has 

been found to be worse as the duration of breastfeeding increases due to the limited iron content 

in breast milk from anaemic mothers exposed to poor nutrition and low food security30.  

Sociodemographic characteristics were different between groups as calculated by the overall 

sessum score which is the sum of standardised SES components from SASH26 including 

current maternal employment status, highest level of education completed, household income, 

and asset index. Anaemic children had statistically significantly lower sessum scores (p=0.035) 

compared to non-anaemic children. There were no differences between groups for food 

security at ANC or 14 weeks post-delivery.  

Table 1. Characteristics of anaemic versus non-anaemic children at the time of first LRTI/pneumonia 

episode 

Variable Overall 
(n=388) 

Anaemia 
(n=111) 

No Anaemia 
(n=277) 

P-value 

Child characteristics 
Child age, months (median 
(IQR)) 

5.57  
(2.66-15.68) 

8.38 
(2.66-16.14) 

5.03 
(2.66-15.16) 

0.13 

Age categories, months  
   

      ≤ 1.0 10 (2.58%) 2 (1.80%) 8 (2.89%)  
     > 1.0 to 2.0 52 (13.40%) 14 (12.61%) 38 (13.72%)  

<0.001      > 2.0 to < 6.0 141 (36.34%) 25 (22.52%) 116 (41.88%) 
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     ≥ 6.0 to 59 185 (47.68%) 70 (63.06%) 115 (41.52%) 
LRTI Severity     
     Ambulatory 285 (73.45%) 76 (68.47%) 209 (75.45%) 

0.20      Hospitalisation 103 (26.55%) 35 (31.53%) 68 (24.55%) 
WAZ -0.48 (1.62) -0.63 (1.87) -0.42 (1.50) 0.63 
HAZ -1.07 (1.98) -1.43 (2.29) -0.92 (1.82) 0.20 
Birth characteristics 
Sex (male) 218 (56.19%) 60 (54.05%) 158 (57.04%) 0.67 
Premature (<37 weeks’ 
gestation) 

71 (18.30%) 24 (21.62%) 47 (16.97%) 0.35 

Caesarean delivery 69 (17.78%) 23 (20.72%) 46 (16.61%) 0.40 
HIV exposed uninfected 87 (22.42%) 29 (26.13%) 58 (20.94%) 0.33 
Maternal and socio-economic characteristics 
Site (Mbekweni) 218 (56.19%) 67 (60.36%) 151 (54.51%) 0.34 
Maternal age at birth, years 
(median (IQR)) 

26.0 (21.8-31.2) 25.3 (22.0-31.2) 26.4 (21.7-31.2) 0.64 

Maternal anaemia during 
ANC 

137 (35.31%) 40 (36.04%) 97 (35.02%) 0.73 

Exclusive breastfeeding for 
>1mo 

209 (53.87%) 69 (62.16%) 140 (50.54%) 0.047 

Maternal smoking during 
pregnancy 

97 (25.00%) 28 (25.91%) 69 (24.91%) 0.90 

Maternal alcohol use 
during pregnancy 

65 (16.75%) 18 (16.22%) 47 (16.97%) 0.93 

Sessum score  
(median (IQR)) 

-0.12  
(-1.21 - 1.40) 

-0.20  
(-1.58 - 0.86) 

-0.11  
(-1.13 - 1.72) 

0.035 

Food insecurity (ANC) 110 (28.35%) 39 (35.14%) 71 (25.61%) 0.15 
Food insecurity (14 wks) 40 (10.31%) 10 (9.01%) 30 (10.83%) 0.67 

Footnote: Data are n/N(%) or mean (SD) unless otherwise indicated.  Continuous variables with normal 
distribution were compared with unpaired t-tests and when distribution was skewed the Wilcoxon rank-
sum test was used. Categorical variables were compared with Chi-squared tests. Anaemia was classified 
per the WHO recommendations for women and children14,29. Child weight and height measurements 
were converted to z-scores for weight-for-age (WAZ) and height-for-age (HAZ). Sessum score is a sum 
of standardised SES components from SASH26 including current maternal employment status, highest 
level of education completed, household income, and asset index. Other components of the variables 
displayed in 1 x 1 contingency cells were not shown (including sex (female), full-term (≥37 weeks’ 
gestation), vaginal delivery, HIV unexposed, Site TC Newman, maternal no anaemia during ANC, not 
exclusively breastfeeding for >1mo, no maternal smoking during pregnancy, no maternal alcohol use 
during pregnancy, Food secure (ANC), and Food secure (14 wks)). 
 
3.2 LRTI/pneumonia severity and child anaemia 

In this cross-sectional sub-study, the overall prevalence of anaemia among under-fives at the 

time of any LRTI/pneumonia episode was 32.3% (95% CI, 28.9-35.9). The prevalence of 

anaemia among under-fives treated in hospital was 38.9% (95% CI, 31.4-46.9) and 30.3% 

(95% CI, 26.6-34.4) among under-fives treated in ambulatory care (Figure 2). The prevalence 

ratio (PR) between hospitalised and ambulatory cases was 1.28 (95% CI, 1.02 - 1.61, p=0.040), 
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indicating that under-fives with hospitalised LRTI/pneumonia were 1.28 times as likely to have 

anaemia compared to under-fives with ambulatory LRTI/pneumonia. 

 

Figure 2. Prevalence of Anaemia by LRTI/Pneumonia Severity 

 

Additionally, we assessed the association between pneumonia recurrence and anaemia status, 

using prevalence ratios and associated 95% CIs. The results showed that 28.6% (95% CI, 24.2 

- 33.4) of under-fives who experienced their first LRTI/pneumonia episode had anaemia, while 

36.6% (95% CI, 31.4 - 42.1) of under-fives who experienced 2 or more LRTI/pneumonia 

episodes had anaemia (Figure 3). Therefore, under-fives who experienced 2 or more 

LRTI/pneumonia episodes were 1.28 times as likely (95% CI, 1.03 - 1.59, p=0.023) to have 

anaemia compared to under-fives who experienced their first LRTI/pneumonia episode.  

 

Figure 3. Prevalence of Anaemia by LRTI/Pneumonia Recurrence 
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3.3 Predictors and child anaemia 

A binary logistic regression model was conducted to predict the outcome of anaemia status in 

children with various risk factor exposures. In the initial univariate binary logistic regression 

models (Table 2), eight variables were included: age category, sex, premature birth (<37 

weeks’ gestation), HIV exposure uninfected, maternal anaemia during ANC, exclusively 

breastfed for >1 month, sessum score, and food insecurity during ANC. Again, sessum score 

is a sum of standardised SES components from SASH26 including current maternal 

employment status, highest level of education completed, household income, and asset index. 

Out of these eight variables, four were found to have a p-value of <0.05 and were included in 

the multivariate analysis: age category, exclusively breastfed for >1 month, sessum score, and 

food insecure during ANC. Maternal anaemia during ANC was also included in the 

multivariate analysis despite not having a statistically significant p-value (p=0.13), but due to 

its known clinical significance as a predictor of child anaemia10,15. 

A multivariate binary logistic regression model (Table 2) was used to predict the binary 

outcome of anaemia status based on five risk factor variables as discussed above. The analysis 

revealed that three variables were significantly associated with the risk of anaemia when 

controlled for other predictors in the model, with p-value less than 0.05. These were child age 

category, exclusive breastfeeding for >1 month, and sessum score. The child age category of 

> 2.0 to < 6.0 months was compared with the reference category of  ≥ 6.0 to 59 months, 

resulting in an odds ratio of 0.33 (95% CI, 0.21-0.52), indicating that children in the > 2.0 

to < 6.0 months age group had a 67% reduced risk of developing anaemia compared to those 

in the  ≥ 6.0 to 59 months age group. Exclusive breastfeeding for more than 1 month was found 

to increase the risk of anaemia, with an odds ratio of 1.45 (95% CI: 1.02-2.07) compared to 

children who were not exclusively breastfed for more than one month. The sessum score, a 

composite measure of socioeconomic status, was also found to be a significant predictor of 

anaemia with an odds ratio of 0.99 (95% CI: 0.99-1.00), indicating a 1% decrease in the odds 

of developing anaemia for each unit increase in the sessum score (Figure 3). 

To check for model robustness, we checked for collinearity between predictors to ensure that 

the estimates for each predictor are not confounded by the presence of other highly correlated 

predictors. We calculated the variance inflation factor (VIF) for each predictor in the regression 

model. All predictors had a VIF close to 1 which indicates no collinearity and thus no predictors 

were removed from the model.  
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Additionally, we calculated Hosmer-Lemeshow goodness-of-fit statistics to evaluate the fit of 

the model. The model had chi-square statistic of 3.24 with a p-value 0.92 which indicates the 

test did not find evidence of a lack of fit in the regression model. Therefore, the model’s 

predicted probabilities match the observed outcomes well. 

Table 2. Binary logistic regression models for risk factors associated with anaemia status during any 

LRTI/pneumonia episode (binary outcome) 

Model Coefficients 95% Confidence Interval 
Estimated 
Odds ratio 

P-value Lower 
Bound 

Upper 
Bound 

Univariate binary logistic regressionsa 
Child age groups (months)b 

 ≤ 1.0 
> 1.0 to 2.0 

> 2.0 to < 6.0 

 
0.38 
0.52 
0.32 

 
0.23 
0.045 

<0.001 

 
0.06 
0.27 
0.21 

 
1.54 
0.96 
0.48 

Sex (female) 0.83 0.24 0.60 1.14 
Premature (<37 weeks’ gestation) 1.41 0.07 0.97 2.05 

HIV exposed uninfected 1.13 0.51 0.78 1.62 
Maternal anaemia during ANC 1.29 0.13 0.93 1.80 

Exclusive breastfeeding for >1mo 1.49 0.015 1.08 2.06 
Sessumc score 0.99 0.0034 0.99 1.00 

Food insecure during ANC 1.47 0.025 1.05 2.05 
Multivariate binary logistic regressionsa 

Child age groups (months)b 

 ≤ 1.0 
> 1.0 to 2.0 

> 2.0 to < 6.0 
Maternal anaemia during ANC 

Exclusive breastfeeding for >1mo 
Sessumc score 

Food insecure during ANC 

 
0.66 
0.68 
0.33 
1.20 
1.45 
0.99 
1.38 

 
0.64 
0.26 

<0.001 
0.30 
0.042 
0.030 
0.093 

 
0.09 
0.34 
0.21 
0.85 
1.02 
0.99 
0.95 

 
3.53 
1.30 
0.52 
1.72 
2.07 
1.00 
2.02 

a. Dependent variable: anaemia status 
b. Reference category:  ≥ 6.0 to 59 months 
c. Sessum score is a sum of standardised SES components from SASH26 including current maternal 
employment status, highest level of education completed, household income, and asset index 
 
 
Figure 4. Forest plot of multivariate binary logistic regression model for anaemia status and predictors 
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*Reference category for age is ≥ 6.0 to 59 months 
 
 

3.4 Growth outcomes 

Two initial univariate linear regression models (Table 3) were conducted to predict weight-for-

age z-scores (WAZ) and height-for-age z-scores (HAZ) in children with anaemia. Both models 

did not find a significant p-value of <0.05 

Two multivariate linear regression models were conducted to predict weight-for-age z-scores 

(WAZ) and height-for-age z-scores (HAZ) in children with anaemia while adjusting for other 

confounding risk factors. The results of the multivariate linear regression models showed that 

child anaemia status was a significant predictor of both growth outcomes when controlling for 

confounding variables (Table 3). Children with anaemia had a 23% higher risk of having a 

lower WAZ (95% CI 1.02-1.47, p=0.026) compared to children without anaemia (Figure 4). 

On the other hand, children with anaemia had a 24% reduced risk of having a lower HAZ (95% 

CI 0.62-0.95, p=0.015) compared to children without anaemia (Figure 5). Confounding 

variables included in the models were: sex, sessum score, and severity of LRTI/pneumonia 

(hospitalisation).  

Both models showed good fit with adjusted R-squared values of 0.50 for the WAZ model and 

0.49 for the HAZ model and p-values <0.001. Collinearity was checked by calculating the 
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variance inflation factor (VIF) for each predictor, and all VIF values were around 1.00 to 1.10, 

indicating no multicollinearity and no need to remove predictors. 

Table 3. Linear regression models for growth outcomes 

Model Coefficients 95% Confidence Interval 
Estimated Odds 

ratio 
P-value Lower Bound Upper Bound 

Univariate linear regression 
WAZ 0.99 0.84 0.90 1.09 

Univariate linear regression 
HAZ 0.93 0.097 0.85 1.01 

Multivariate linear regression – WAZ  
Child anaemia 1.23 0.026 1.02 1.47 

Sex (female) 1.17 0.08 0.98 1.39 
Sessuma score 1.00 0.42 1.00 1.00 

HAZ 1.78 <0.001 1.70 1.86 
Hospitalised 0.61 <0.001 0.50 0.75 

Multivariate linear regression - HAZ 
Child anaemia 0.76 0.015 0.62 0.95 

Sex (female) 1.09 0.42 0.88 1.34 
Sessuma score 1.00 0.014 1.00 1.01 

WAZ 2.26 <0.001 2.11 2.41 
Hospitalised 1.03 0.86 0.80 1.31 

a. Sessum score is a sum of standardised SES components from SASH26 including current maternal 
employment status, highest level of education completed, household income, and asset index 
 
 
Figure 5. Forest plot of linear regression model for WAZ and predictors 

 
 

Figure 6. Forest plot of linear regression model for HAZ and predictors 
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4.0 Discussion 

In this South African birth cohort sub-study, the overall prevalence of anaemia among under-

fives at the time of any LRTI/pneumonia episode was 32.3% (95% CI, 28.9 - 35.9), with higher 

prevalence among children treated in hospital compared to those treated in ambulatory care 

(38.9% compared to 30.3% respectively, p=0.04). This indicates that the severity of 

pneumonia, as indicated by hospitalisation, is positively associated with a higher prevalence of 

anaemia in early childhood. It is important to note that these estimations are lower than South 

Africa’s overall estimated anaemia burden for children aged 6-59 months (44.4%)6 and lower 

than the previous estimations among hospitalised children (no ambulatory care) aged 24-48 

months from this cohort (52.5%)23. However, results are consistent with previous studies that 

have found pneumonia can affect the severity of anaemia in children, and conversely, anaemia 

can increase the risk and severity of pneumonia15-19. Additionally, under-fives who experienced 

2 or more LRTI/pneumonia episodes were 1.28 times as likely to have anaemia compared to 

under-fives who experienced their first LRTI/pneumonia episode (95% CI, 1.03 - 1.59, 

p=0.023). This suggests that repeated episodes of LRTI/pneumonia may be a risk factor for 

anaemia in under-fives and thus children admitted for a recurrent episode of LRTI/pneumonia 

should be assessed for anaemia. 

One of the key findings of this study was the strong risk factor associations between anaemia 

and child age (6-59 months), exclusively breastfed for more than 1-month, low sessum score 

(a measure of socioeconomic status), and food insecurity during ANC (p<0.05). These findings 

https://www.zotero.org/google-docs/?kPhjMu
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suggest that older children from socioeconomically disadvantaged families and those with 

inadequate nutrition are at higher risk of developing anaemia in the context of 

LRTI/pneumonia.  

In terms of breastfeeding, our results are in line with previous studies30 that found childhood 

anaemia worsens as the duration of breastfeeding increases due to the limited iron content in 

breast milk from anaemic mothers exposed to poor nutrition and food insecurity. Although not 

statistically significant, children of mothers with anaemia in our sample were more likely to be 

anaemic themselves (OR 1.30, p=0.30), which highlights the importance of maternal health 

and alternative feeding interventions to combat child anaemia risk. An important limitation to 

note is that this data lacked consistent maternal haemoglobin measures (g/dL) which may have 

affected our ability to see a strong association. 

Another key finding was the differing growth outcomes among anaemic children. Children 

with anaemia had a 23% increased risk of low WAZ (95% CI 1.02-1.47, p=0.026) and a 24% 

reduced risk of low HAZ (95% CI 0.62-0.95, p=0.015). A WAZ score less than -2 indicates 

wasting which is a form of acute malnutrition. Whereas a HAZ score less than -2 indicates 

stunting, which is a form of chronic malnutrition that can have long term effects on a child 

health and development. Thus, the anaemic children in our sample were at higher risk of 

wasting and lower risk of stunting compared to non-anaemic children. These results may be 

due to our sample not being chronically malnourished, which would lead to stunting and 

instead having decreased energy levels leading to weight loss and higher risks of wasting. 

The cross-sectional study design is a limitation to address. Due to this design, the direction of 

causality between LRTI/pneumonia, anaemia, and risk factors cannot be determined. The study 

was conducted in a peri-urban area 60km outside Cape Town, South Africa and thus results 

may not be generalizable to other populations.  

Due to low levels of literacy among respondents, fieldworkers provide help in administering 

questionnaires that are ordinarily self-administered. This may have led to respondents feeling 

reluctant to disclose personal or embarrassing information. However, the benefits of proper 

completion of questionnaires outweighs the potential costs of bias, especially given that the 

longitudinal study design allows for increased rapport between participants and members of 

the research team. 



 42 

Further studies should examine the causal relationships between LRTI/pneumonia and anaemia 

to better understand temporality and determine effective interventions to prevent co-

occurrence.  

 

5.0 Conclusions 

In conclusion, this cross-sectional sub-study that used data from the DCHS provides evidence 

of high prevalence of concurrent pneumonia and anaemia among under-fives in South Africa. 

The results of this study demonstrate the complex interplay between these conditions and 

various risk factors including, child age (ages 6-59 months), maternal anaemia, exclusive 

breastfeeding for more than 1-month, low socioeconomic status, and food insecurity. These 

findings highlight the need for multi-sectoral approaches to address not only medical treatment 

and interventions among children hospitalised for LRTI/pneumonia with anaemia, but also the 

underlying social determinants of health (including poverty and food insecurity) that contribute 

to the burden of these conditions in SSA countries. The results of this study can inform policies 

and programs aimed at reducing the burden of LRTI/pneumonia and anaemia among under-

fives in South Africa and contribute to global efforts to achieve the 2025 Global Nutrition 

Targets to reduce anaemia in this population20. 
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TABLES/FIGURES 
 

PART A: RESEARCH PROTOCOL 

Table 1: Table of Variables 
 
Variables  Type Categories 
Child Characteristics at time of LRTI/pneumonia episode 
Age Numeric (months) Mean (SD)/Median (IQR) 
Height  Numeric (cm) Mean (SD)/Median (IQR) 
Weight  Numeric (kg) Mean (SD)/Median (IQR) 
Pneumonia severity Binary categorical Ambulatory 

Hospitalisation 
Number of recurrent 
LRTI/pneumonia episodes 
experienced per child 

Numeric (# 
episodes) 

Mean (SD)/Median (IQR) 

Binary categorical One episode 
Two or more episodes 

 
 
 
Full Blood 
Count (FBC) 

Haemoglobin 
(Hb) 

Numeric (g/dL) Mean (SD)/Median (IQR) 
Age categories 
with binary output 

≤ 1.0 month: 
Anaemic: ≤ 10.7 g/dL 
Not Anaemic: > 10.7 g/dL 
 
> 1.0 to 2.0 months: 
Anaemic: ≤ 9.4 g/dL 
Not Anaemic: > 9.4 g/dL 
 
> 2.0 to < 6.0 months: 
Anaemic: ≤ 9.5 g/dL 
Not Anaemic: > 9.5 g/dL 
 
≥ 6.0 to 59 months: 
Anaemic: ≤ 11.0 g/dl  
Not Anaemic: > 11.0 g/dl  

White cell 
count (WCC) 

Numeric (x 
10^9/L) 

Mean (SD)/Median (IQR) 

Mean 
Corpuscular 
Volume 
(MCV) 

Numeric (fl.) Mean (SD)/Median (IQR) 

Platelet 
count (PLT) 

Numeric (x 
10^9/L) 

Mean (SD)/Median (IQR) 

 
 
For 
Hospitalisations 
Only  

Oximetry  Binary categorical   Below threshold < 95% 
Above threshold ≥ 95% 

Hospital 
duration 

Numeric (days) Mean (SD)/Median (IQR) 

Discharge 
status 

Nominal 
categorical 

Discharged home 
Died 
Transferred 
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(not applicable 
to ambulatory 
cases) 
Birth Characteristics  
Sex Binary categorical Female 

Male 
Mode of delivery Binary categorical Vaginal 

Caesarean 
Gestational age Numeric (weeks) Mean (SD)/Median (IQR) 
Birth weight Numeric (grams) Mean (SD)/Median (IQR) 
HIV exposure Binary categorical Unexposed 

Exposed Uninfected 
Maternal Characteristics 
Age at enrolment Numeric (years)

  
Mean (SD)/Median (IQR) 

SES quartiles  
(sum of standardized SES 
components (education, 
income, assets and 
employment) 

Ordinal 
categorical  

Lowest SES 
Low-mod SES 
Mod-high SES 
High SES 

Current smoking Binary categorical Yes 
No 

Prenatal alcohol exposure Binary categorical Yes 
No 

Household food insecurity Binary categorical Perceived food secure 
Perceived food insecure 
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Table 2: Study timeline 2022 

Actions May June July Aug Sept Oct Nov Dec 
Literature  
Review 

        

Protocol Development 
        

Ethics Review 
Submission 

        

Data  
Analysis 

        

Thesis 
Write-Up 

        

Submission to UCT for MPH 
        

Submission to Journal 
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PART B: JOURNAL MANUSCRIPT 
Figure 1. Drakenstein Child Health Study (DCHS) flowchart
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Table 1. Characteristics of anaemic versus non-anaemic children at the time of first LRTI/pneumonia 
episode 

Variable Overall 
(n=388) 

Anaemia 
(n=111) 

No Anaemia 
(n=277) 

P-value 

Child characteristics 
Child age, months (median 
(IQR)) 

5.57  
(2.66-15.68) 

8.38 
(2.66-16.14) 

5.03 
(2.66-15.16) 

0.13 

Age categories, months  
   

      ≤ 1.0 10 (2.58%) 2 (1.80%) 8 (2.89%)  
     > 1.0 to 2.0 52 (13.40%) 14 (12.61%) 38 (13.72%)  

<0.001      > 2.0 to < 6.0 141 (36.34%) 25 (22.52%) 116 (41.88%) 
     ≥ 6.0 to 59 185 (47.68%) 70 (63.06%) 115 (41.52%) 
LRTI Severity     
     Ambulatory 285 (73.45%) 76 (68.47%) 209 (75.45%) 

0.20      Hospitalisation 103 (26.55%) 35 (31.53%) 68 (24.55%) 
WAZ -0.48 (1.62) -0.63 (1.87) -0.42 (1.50) 0.63 
HAZ -1.07 (1.98) -1.43 (2.29) -0.92 (1.82) 0.20 
Birth characteristics 
Sex (male) 218 (56.19%) 60 (54.05%) 158 (57.04%) 0.67 
Premature (<37 weeks’ 
gestation) 

71 (18.30%) 24 (21.62%) 47 (16.97%) 0.35 

Caesarean delivery 69 (17.78%) 23 (20.72%) 46 (16.61%) 0.40 
HIV exposed uninfected 87 (22.42%) 29 (26.13%) 58 (20.94%) 0.33 
Maternal and socio-economic characteristics 
Site (Mbekweni) 218 (56.19%) 67 (60.36%) 151 (54.51%) 0.34 
Maternal age at birth, years 
(median (IQR)) 

26.0 (21.8-31.2) 25.3 (22.0-31.2) 26.4 (21.7-31.2) 0.64 

Maternal anaemia during 
ANC 

137 (35.31%) 40 (36.04%) 97 (35.02%) 0.73 

Exclusive breastfeeding for 
>1mo 

209 (53.87%) 69 (62.16%) 140 (50.54%) 0.047 

Maternal smoking during 
pregnancy 

97 (25.00%) 28 (25.91%) 69 (24.91%) 0.90 

Maternal alcohol use 
during pregnancy 

65 (16.75%) 18 (16.22%) 47 (16.97%) 0.93 

Sessum score  
(median (IQR)) 

-0.12  
(-1.21 - 1.40) 

-0.20  
(-1.58 - 0.86) 

-0.11  
(-1.13 - 1.72) 

0.035 

Food insecurity (ANC) 110 (28.35%) 39 (35.14%) 71 (25.61%) 0.15 
Food insecurity (14 wks) 40 (10.31%) 10 (9.01%) 30 (10.83%) 0.67 

Footnote: Data are n/N(%) or mean (SD) unless otherwise indicated.  Continuous variables with 
normal distribution were compared with unpaired t-tests and when distribution was skewed the 
Wilcoxon rank-sum test was used. Categorical variables were compared with Chi-squared tests. 
Anaemia was classified per the WHO recommendations for women and children14,29. Child weight 
and height measurements were converted to z-scores for weight-for-age (WAZ) and height-for-age 
(HAZ). Sessum score is a sum of standardised SES components from SASH26 including current 
maternal employment status, highest level of education completed, household income, and asset 
index. Other components of the variables displayed in 1 x 1 contingency cells were not shown 
(including sex (female), full-term (≥37 weeks’ gestation), vaginal delivery, HIV unexposed, Site TC 
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Newman, maternal no anaemia during ANC, not exclusively breastfeeding for >1mo, no maternal 
smoking during pregnancy, no maternal alcohol use during pregnancy, Food secure (ANC), and Food 
secure (14 wks)). 
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Figure 2. Prevalence of Anaemia by LRTI/Pneumonia Severity 
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Figure 3. Prevalence of Anaemia by LRTI/Pneumonia Recurrence 
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Table 2. Binary logistic regression models for risk factors associated with anaemia status during any 

LRTI/pneumonia episode (binary outcome) 

Model Coefficients 95% Confidence Interval 
Estimated 
Odds ratio 

P-value Lower 
Bound 

Upper 
Bound 

Univariate binary logistic regressionsa 
Child age groups (months)b 

 ≤ 1.0 
> 1.0 to 2.0 

> 2.0 to < 6.0 

 
0.38 
0.52 
0.32 

 
0.23 
0.045 

<0.001 

 
0.06 
0.27 
0.21 

 
1.54 
0.96 
0.48 

Sex (female) 0.83 0.24 0.60 1.14 
Premature (<37 weeks’ gestation) 1.41 0.07 0.97 2.05 

HIV exposed uninfected 1.13 0.51 0.78 1.62 
Maternal anaemia during ANC 1.29 0.13 0.93 1.80 

Exclusive breastfeeding for >1mo 1.49 0.015 1.08 2.06 
Sessumc score 0.99 0.0034 0.99 1.00 

Food insecure during ANC 1.47 0.025 1.05 2.05 
Multivariate binary logistic regressionsa 

Child age groups (months)b 

 ≤ 1.0 
> 1.0 to 2.0 

> 2.0 to < 6.0 
Maternal anaemia during ANC 

Exclusive breastfeeding for >1mo 
Sessumc score 

Food insecure during ANC 

 
0.66 
0.68 
0.33 
1.20 
1.45 
0.99 
1.38 

 
0.64 
0.26 

<0.001 
0.30 
0.042 
0.030 
0.093 

 
0.09 
0.34 
0.21 
0.85 
1.02 
0.99 
0.95 

 
3.53 
1.30 
0.52 
1.72 
2.07 
1.00 
2.02 

a. Dependent variable: anaemia status 
b. Reference category:  ≥ 6.0 to 59 months 
c. Sessum score is a sum of standardised SES components from SASH26 including current maternal 
employment status, highest level of education completed, household income, and asset index 
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Figure 4. Forest plot of multivariate binary logistic regression model for anaemia status and predictors 

 
*Reference category for age is ≥ 6.0 to 59 months 
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Table 3. Linear regression models for growth outcomes 

Model Coefficients 95% Confidence Interval 
Estimated Odds 

ratio 
P-value Lower Bound Upper Bound 

Univariate linear regression 
WAZ 0.99 0.84 0.90 1.09 

Univariate linear regression 
HAZ 0.93 0.097 0.85 1.01 

Multivariate linear regression – WAZ  
Child anaemia 1.23 0.026 1.02 1.47 

Sex (female) 1.17 0.08 0.98 1.39 
Sessuma score 1.00 0.42 1.00 1.00 

HAZ 1.78 <0.001 1.70 1.86 
Hospitalised 0.61 <0.001 0.50 0.75 

Multivariate linear regression - HAZ 
Child anaemia 0.76 0.015 0.62 0.95 

Sex (female) 1.09 0.42 0.88 1.34 
Sessuma score 1.00 0.014 1.00 1.01 

WAZ 2.26 <0.001 2.11 2.41 
Hospitalised 1.03 0.86 0.80 1.31 

a. Sessum score is a sum of standardised SES components from SASH26 including current maternal 
employment status, highest level of education completed, household income, and asset index 
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Figure 5. Forest plot of linear regression model for WAZ and predictors 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 71 

 

Figure 6. Forest plot of linear regression model for HAZ and predictors 

 
 
 

 




