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ABSTRACT
Objective: Malaria and anaemia are significant public health challenges among young children in Burkina Faso, with complex 
interactions between climate variability, food security, and nutrient deficiencies. This study aimed to identify the malariometric 
profile and nutrient patterns among young children and to determine the associations of nutrient patterns with clinical malaria 
and anaemia.
Methods: This cross-sectional study recruited 701 children aged 6–23 months in Nouna, Burkina Faso. Dietary intakes were col-
lected using a semi-quantitative Food Propensity Questionnaire. Principal Component Analysis was used to derive nutrient pat-
terns. We calculated logistic regressions for the associations of nutrient patterns with clinical malaria (Plasmodium species with 
fever (≥ 37.5°C) or a history of fever within the last 2 weeks or prescribed anti-malaria medication) and anaemia (Hb < 11 g/dL).
Results: In this study population (n = 452; median age: 17 months (interquartile range: 12, 21); male sex: 52%), 25.0% of the chil-
dren had clinical malaria, and 88.5% had anaemia. Adherence to a ‘fat and vitamin A’ dietary pattern was inversely associated 
with the chance of clinical malaria (OR quintile 3 vs. quintile 1: 0.50, 95% CI: 0.26, 0.96) but not with anaemia. A ‘fibre and mi-
cronutrient’ pattern was neither associated with malaria nor with anaemia.
Conclusion: Anaemia is common in this malaria-endemic area, and diets characterised by fat and vitamin A may reduce the 
risk of clinical malaria in young children. This highlights the need for comprehensive management strategies addressing both 
malaria and anaemia, including community-based educational interventions to enhance complementary feeding practices in 
malaria-endemic regions.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, 
provided the original work is properly cited.

© 2025 The Author(s). Tropical Medicine & International Health published by John Wiley & Sons Ltd.

Sustainable Development Goal: Zero Hunger; Good Health and Wellbeing; Climate Action  

https://doi.org/10.1111/tmi.70056
https://doi.org/10.1111/tmi.70056
mailto:lukas.kurniawan@uni-bonn.de
https://orcid.org/0000-0002-9809-1953
https://orcid.org/0000-0003-0188-2984
https://orcid.org/0000-0001-9427-6929
https://orcid.org/0009-0008-0227-4562
https://orcid.org/0000-0003-2026-2457
https://orcid.org/0000-0002-3959-2520
https://orcid.org/0000-0003-3222-3498
mailto:lukas.kurniawan@uni-bonn.de
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1111%2Ftmi.70056&domain=pdf&date_stamp=2025-10-16


2 Tropical Medicine & International Health, 2025

1   |   Introduction

Malaria and anaemia constitute significant public health chal-
lenges among children aged < 5 years in sub-Saharan Africa 
[1, 2]. In Burkina Faso, malaria transmission is high and largely 
seasonal, and malaria remains a leading cause of morbidity and 
mortality among children under 5 years of age [3]. The occur-
rence of clinical malaria in rural Burkina Faso is notably high, 
with studies reporting incidence rates of up to 1.03 episodes per 
child in the central-west areas and 1.18 episodes per child in the 
south-west areas during the first year of life [1, 4]. In the Saponé 
health district, the cumulative incidence of malaria was 67.4% 
in a passive detection cohort and 86.2% in an active detection 
cohort among children under 5 years of age [5]. Another prev-
alent condition among children in Burkina Faso is anaemia. It 
is defined as a low haemoglobin concentration (Hb) and results 
from inadequate dietary intake and frequent episodes of infec-
tious diseases. A recent study has revealed staggering statistics, 
with 90.9% of children aged 6 to 59 months in the Eastern region 
of Burkina Faso being anaemic [6]. Furthermore, the interaction 
between malaria and anaemia creates a vicious cycle; children 
with anaemia are more susceptible to severe malaria, which in 
turn exacerbates their Hb status [7, 8].

In Burkina Faso, these health issues are aggravated by complex 
socio-economic and environmental factors, including climate 
variability [9]. Malaria is known to be highly sensitive to climatic 
factors such as temperature, rainfall, and humidity, which directly 
impact the breeding and survival of malaria vectors [10]. The 
interplay between climate variability and food security further 
complicates this situation. Climate change can lead to reduced 
crop yields and plant nutrient concentrations, such as iron, zinc, 
selenium, vitamin A, and protein—termed ‘climate-sensitive nu-
trients’, thereby increasing the risk of infection, undernutrition, 
and subsequent anaemia among children [11, 12]. However, the 
existing studies on the association between clinical malaria and 
climate-sensitive nutrients are inconclusive [13]. For vitamin A, a 
study has shown that vitamin A supplements may have a protec-
tive effect on morbidity and mortality associated with malaria. On 
the other hand, zinc is important for the immune system and child 
growth; however, its effect on malaria remains uncertain [13, 14]. 
Lastly, although iron deficiency partially protects against clinical 
malaria, iron supplementation appears to have deleterious effects 
in malaria-endemic areas [15, 16].

Therefore, this study aimed to identify the associations of climate-
sensitive nutrients with clinical malaria and anaemia among young 
children living in rural Burkina Faso. The specific objectives were 
to determine the children's malariometric profile, identify nutrient 
patterns, and examine the associations of the identified nutrient 
patterns with clinical malaria and anaemia.

2   |   Methods

2.1   |   Study Design and Recruitment

This study used baseline cross-sectional data from a cluster-
randomised control trial on children aged 6–23 months living in 
the Nouna area of Northwestern Burkina Faso [17]. The baseline 

survey was conducted from July to September 2021. In brief, 
we recruited 701 children at the age of complementary feeding 
(6–23 months) within the framework of the Nouna Health and 
Demographic Surveillance System (HDSS). This HDSS was es-
tablished in the early 1990s and includes 59 neighbouring vil-
lages, with 115,000 inhabitants in 14,000 households, covering a 
total area of 1775 km2.

The eligibility criteria for participating households were: 
being a permanent resident within the HDSS area, residing 
within a 10-km radius of one out of five local weather stations, 
having at least one child at the age of 6 to 23 months, having 
access to at least 40 square metres of land and a water source 
for irrigation, and providing informed written consent from 
the caregiver. The procedures for this study were approved by 
the Ethical Committee of Heidelberg University (S-91/2019) 
and the Ethical Committee of Centre de Recherche en Santé 
de Nouna (CERS/2020-6-098).

2.2   |   Data Collection

Anthropometric assessments, including weight and height, 
were conducted twice on children while wearing light clothing, 
to one decimal point using a calibrated weighing scale (SECA 
874, Germany) and an infantometre (SECA 417, Germany). 
Recumbent length was measured for children below 85 cm in 
height who were unable to stand. The weight-for-height z-score 
(WHZ), weight-for-age z-score (WAZ), and height-for-age or 
length-for-age z-score (HAZ) were calculated according to the 
WHO reference values to determine undernutrition status, in-
cluding wasting (WHZ < −2), underweight (WAZ < −2), and 
stunting (HAZ < −2).

Finger-prick blood samples were collected, and Hb was measured 
using the HemoCue Haemoglobin 201+ analyser (HemoCue, 
Radiometer, Denmark). Anaemia was defined as Hb < 11 g/dL. 
The presence of Plasmodium parasites was assessed through mi-
croscopic examination of 3% Giemsa-stained thick (45 min, pH 7.2) 
and thin blood film (Olympus CX22 binocular microscope, 100 
× 100). To determine parasitaemia, we counted the number of 
asexual parasites against 200 leucocytes, and parasite density 
was calculated assuming 8000 leukocytes/μL blood. The body 
temperature (T) was measured using a digital thermometer, with 
current fever defined as T ≥ 37.5°C. Caregivers were asked about 
the participating children's history of fever within the last 2 weeks, 
and any use of anti-malarial medication was documented. Clinical 
malaria was defined as microscopically detected Plasmodium par-
asites plus current fever or history of fever or currently prescribed 
anti-malaria medication. Malarial anaemia was defined as the 
presence of Plasmodium parasites and Hb < 11 g/dL.

The children's habitual dietary intake over 6 months was as-
sessed by a culturally adapted semi-quantitative Food Propensity 
Questionnaire (FPQ) with 134 food items [18]. These food items 
were collapsed into 29 food groups based on their culinary use 
and nutrient profiles. The FPQ estimated the intake frequen-
cies in predefined portion sizes, which were then translated 
into energy and nutrient intakes using the West African Food 
Composition database (FAO, 2012).
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2.3   |   Data Analysis

The data analysis was performed using STATA version 16 
(STATA Corp LLC, Texas, USA). Participants with missing data 
on any of the dietary variables and malaria-related variables 
were excluded from the analysis. Initially, we screened 701 chil-
dren, and 249 were excluded from the analysis due to missing 
Plasmodium test and missing FPQ data, resulting in a final 
sample of 452 children. We did mean imputation on the missing 
value of the mother's age (n = 204).

For the distributions of malaria-related variables by gender and 
for the sociodemographic, anthropometric, and dietary vari-
ables by malaria status, the data are displayed as medians and 
interquartile ranges (IQR) for continuous variables and num-
bers (proportions) for categorical variables. Chi-square tests and 
Mann–Whitney tests were performed to assess the significance 
of between-group differences for categorical and continuous 
variables, respectively.

To identify nutrient patterns, we performed Principal Component 
Analysis (PCA) with varimax rotation to ensure that the identified 
pattern scores remained uncorrelated. The patterns were extracted 
based on the eigenvalue (> 1), the scree plot, and the interpretabil-
ity of the patterns (i.e., more than 3 nutrients with factor loading 
≥ 0.3). Each participant was assigned a pattern score, calculated by 
summing up the standardized nutrient intakes multiplied by their 
respective factor loading. The distributions of anthropometric, nu-
trient, and malaria-related characteristics were calculated across 
quartiles of pattern adherence.

In logistic regression models, we calculated odds ratios (ORs), 
95% confidence intervals (CIs), and p-values for the associations 
of nutrient patterns with clinical malaria and anaemia. We cal-
culated the associations across quartiles (with the first quartile 
as reference) and per 1 score-SD increase. We fitted three models: 
the crude model without adjustment; Model 1 with adjustments 

for the strongest risk factors of undernutrition and malaria: age, 
gender, breastfeeding status, and total energy intake; and Model 2 
with additional adjustments for socio-economic covariables: care-
giver's education, marital status, ethnicity, occupation, household 
size, and number of children under five within the household. A 
p-value of < 0.05 was considered statistically significant.

3   |   Results

Among the 452 children examined, 43 (9.5%) had a microscop-
ically visible infection with Plasmodium parasites, all of which 
were P. falciparum. Current fever was observed in 62 children 
(13.7%), while a history of fever was documented for 180 children 
(39.8%). Considering the number of children with P. falciparum 
infection, being on anti-malarial medication, having fever or a his-
tory of fever, 113 (25.0%) children were defined as having clinical 
malaria. The median Hb was 9.4 (IQR: 8.4, 10.2) g/dL. Anaemia 
was identified in 400 children (88.5%) (boys: 210; 88.6%), and 37 
children (8.2%) had malarial anaemia (Table 1). Median Hb was 
significantly different between boys and girls (boys: 9.3 vs. girls: 
9.6 g/dL, p = 0.038). All other characteristics did not show signifi-
cant differences in their distribution between boys and girls.

Table  2 shows the socio-demographic, anthropometric, and 
dietary characteristics of children stratified by their clinical 
malaria status. No statistically significant differences were ob-
served between children with and without clinical malaria for 
the median anthropometric z-scores and for the consumption of 
energy and nutrients. Similarly, there were no differences in the 
socio-demographic characteristics between these groups.

Figure 1 shows two identified nutrient patterns and their ro-
tated factor loadings. A ‘fibre- and micronutrient’ pattern was 
characterised by positive factor loadings of dietary iron, zinc, 
selenium, fibre, and retinol equivalents. It explained 48.9% 
of the variation in nutrient intakes. The ‘fat and vitamin A’ 

TABLE 1    |    Malariometric characteristics of children living in the Nouna HDSS area.

Characteristics Total Boys Girls p

N 452 237 215

Age (months) 17 (12, 21) 18 (13, 21) 16 (11, 20) 0.021

Hb (g/dL) 9.4 (8.4, 10.2) 9.3 (8.2, 10.1) 9.6 (8.5, 10.4) 0.038

Anaemia (< 11 g/dL) 400 (88.5) 210 (88.6) 190 (88.4) 0.938

Fever (≥ 37.5°C) 62 (13.7) 35 (14.8) 27 (12.6) 0.495

History of fever (yes) 180 (39.8) 100 (42.2) 80 (37.2) 0.280

History of malaria (yes) 66 (14.6) 40 (16.9) 26 (12.1) 0.150

Prescribed malaria medication (yes) 101 (45.3) 56 (44.8) 45 (45.9) 0.868

P. falciparum infection (yes) 43 (9.5) 24 (10.1) 19 (8.8) 0.641

Clinical malaria (yes) 113 (25.0) 62 (26.2) 51 (23.7) 0.550

Malarial anaemia (yes) 37 (8.2) 20 (8.4) 17 (7.9) 0.837

Note: Data are presented as medians (interquartile ranges) for continuous variables and as numbers (percentages) for categorical variables. p-values were calculated 
using the Mann–Whitney U-test for continuous variables and the chi-square test for categorical variables. P. falciparum infection: based on expert microscopy. Clinical 
malaria: P. falciparum infection plus current fever or history of fever or prescribed anti-malaria medication. Malarial anaemia: P. falciparum infection plus Hb < 11 g/dL.
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TABLE 2    |    Sociodemographic, anthropometric, and dietary characteristics of children living in the Nouna HDSS area, by clinical malaria status.

Characteristics Total No malaria Malaria p

N 452 339 113

Sociodemographic

Age (months) 17 (12, 21) 17 (12, 21) 17 (13, 21) 0.621

Gender 0.550

Boys 237 (52.4) 175 (51.6) 62 (54.9)

Girls 215 (47.6) 164 (48.4) 51 (45.1)

Age of the mother (years) 32 (30, 32) 32 (31, 32) 32 (26, 32) 0.128

Mother's education 0.812

None 323 (73.6) 241 (72.8) 82 (75.9)

Primary 42 (9.6) 34 (10.3) 6 (7.4)

Secondary 55 (12.5) 41 (12.4) 14 (13.0)

Post-secondary 19 (4.3) 15 (4.5) 4 (3.7)

Mother's primary occupation, 
subsistence farming

403 (91.8) 306 (92.4) 97 (89.8) 0.819

Mother's marital status 0.565

Single/widowed/divorced 150 (33.8) 116 (34.6) 34 (31.2)

Married/cohabiting 292 (65.8) 217 (64.8) 75 (68.8)

Don't know 2 (0.4) 2 (0.6) 0 (0.0)

Major ethnic group, Dafing 228 (51.3) 171 (51.0) 57 (52.3) 0.821

Number of people in the 
household

12 (8, 18) 12 (8, 19) 11 (8, 18) 0.321

Number of children under 5 years 
in the household

2 (2, 4) 2 (2, 4) 2 (2, 3) 0.672

Breastfeeding, yes 395 (87.4) 297 (87.6) 98 (86.7) 0.806

Anthropometric

Weight-for-age z-score (WAZ) −0.99 (−1.96, −0.18) −0.96 (−2.0, −0.06) −1.07 (−1.88, −0.38) 0.411

Weight-for-height z-score (WHZ) −0.66 (−1.67, 0.35) −0.65 (−1.71, 0.41) −0.75 (−1.53, 0.19) 0.918

Height-for-age z-score (HAZ) −1.08 (−2.06, −0.02) −1.01 (−2.04, 0.01) −1.1 (−2.09, −0.31) 0.382

Underweight (WAZ < −2) 104 (24.4) 80 (25.2) 24 (22.2) 0.540

Wasting (WHZ < −2) 77 (18.1) 64 (20.1) 13 (12.0) 0.059

Stunting (HAZ < −2) 117 (27.3) 86 (26.9) 31 (28.7) 0.712

Dietary

Energy intake (kcal/day) 1156.4 (588.8, 1889.1) 1133.4 (563.7, 1877.7) 1235.1 (631.0, 1975.5) 0.501

Carbohydrates (energy %) 57.8 (49.6, 64.6) 57.1 (49.6, 64.3) 58.8 (49.2, 65.4) 0.336

Protein (energy %) 13.0 (11.4, 15.1) 13.1 (11.4, 15.2) 12.9 (11.3, 14.5) 0.449

Total fat (energy %) 27.8 (22.3, 36.2) 28.0 (22.7, 36.1) 26.5 (21.3, 36.3) 0.286

Fibre (g/day) 20.0 (9.5, 32.0) 19.1 (9.3, 31.6) 22.8 (10.1, 35.1) 0.236

Retinol equivalents (μg/day) 545.7 (237.3, 1307.2) 543.7 (237.7, 1131.9) 551.0 (236.1, 1607.8) 0.708

Selenium (μg/day) 54.1 (28.9, 112.8) 53.4 (28.5, 112.5) 58.8 (31.4, 114.9) 0.524

(Continues)
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pattern showed positive factor loadings of total fat and retinol-
equivalents and a negative correlation with carbohydrate in-
take. This pattern explained 29.6% of the variation in nutrient 
intakes. The malariometric, anthropometric, and dietary 
characteristics of children across quartiles of the nutrient pat-
terns are presented in Table S1. There were positive trends in 
nutrient intakes across increasing pattern quartiles(p < 0.001) 
for both patterns, except for carbohydrate in the ‘fibre- and 
micronutrient’ pattern and for selenium in the ‘fat and vita-
min A’ pattern. Notably, in Q3 of the ‘fat and vitamin A’ pat-
tern, which has a median of retinol equivalent 707.7 μg/day, 
we observed the fewest cases of clinical malaria (18.6%) and 
malarial anaemia (2.7%).

Tables 3 and 4 present the associations between nutrient patterns 
and clinical malaria and anaemia, respectively. In Model 3, there 
were non-significant associations between quartiles of the ‘fibre-
and micronutrient’ pattern and clinical malaria. Likewise, a 1-SD 
increase in the ‘fibre- and micronutrient’ pattern score was not 
associated with clinical malaria. However, the ‘fat and vitamin 
A’ pattern showed a significant inverse association with clini-
cal malaria (Q3 OR: 0.50, 95% CI: 0.26–0.96, p = 0.036) in Model 
3 (Table 3). Yet, this association was non-linear with the lowest 
number of cases in quartile 3. Table 4 shows that neither the ‘fibre- 
and micronutrient’ pattern nor the ‘fat and vitamin A' pattern was 
associated with anaemia.

4   |   Discussion

In this study, we examined the associations of climate-
sensitive nutrient patterns with clinical malaria and anaemia 
among 452 young children in rural Burkina Faso. This cross-
sectional analysis revealed that 25.0% of the children had clin-
ical malaria, and anaemia was present in 88.5%. Two nutrient 
patterns were identified using PCA: the ‘fibre and micronu-
trient’ pattern (accounting for a 48.9% variation in nutrient 
intakes) and the ‘fat and vitamin A’ pattern (accounting for 
a 29.6% variation in nutrient intakes). Higher adherence to 
the ‘fat and vitamin A’ pattern was associated with a reduced 
chance of clinical malaria (OR Q3 vs. Q1: 0.50, 95% CI: 0.26, 
0.96). This association was non-linear and plateaued in quar-
tile 3. No association was seen with anaemia. Also, for the 
‘fibre and micronutrient’ pattern, no statistically significant 
associations were observed, neither with clinical malaria nor 
with anaemia.

In our study, the proportion of children with anaemia (88.5%) 
accords with previously reported numbers. Anaemia prevalence 
among children aged 6 to 59 months in Burkina Faso is reported 
to be exceptionally high, with figures ranging from 74% to 88%, 
and in specific rural areas, it can reach 97%, with more than 20% 

experiencing severe forms of the condition [19, 20]. This preva-
lence is significantly above the global estimate of 40% for this 
age group, according to the World Health Organization (WHO) 
[21]. In previous studies in Burkina Faso, a higher prevalence of 
anaemia was observed in regions affected by food insecurity and 
poor agricultural conditions, which have been mainly attributed 
to adverse weather conditions [22]. This high prevalence also 
seems attributable to a combination of nutritional deficiencies 
and the impact of infectious diseases such as malaria. The role 
of malaria in exacerbating anaemia is particularly pronounced 
in Burkina Faso, where the disease is endemic. Among children 
under 5 years of age, the prevalence of Plasmodium spp. infection 
is estimated at 38%, with district-specific proportions ranging 
from 11% to 78% [23]. Clinical malaria cases were documented at 
47% among children during their first year of life in the central-
west region of Burkina Faso [1]. Our findings are consistent with 
these figures on the prevalence of Plasmodium spp. infection in 
the Nouna region (10%). Clinical malaria significantly reduces 
Hb in children due to haemolysis of erythrocytes, increased 
elimination of infected erythrocytes, and inflammation-related 
impairment of erythropoiesis [24]. A recent study that pooled 
individual-level nationally representative HDSS data indicates 
that acute malaria can decrease population-level Hb by as much 
as 7.7 g/dL (95% CI: −8.8, −6.6) [19]. The rainy season, which 
typically spans from June to November and coincides with 
our recruitment period, usually exhibits a marked increase in 
malaria cases, leading to higher incidences of anaemia during 
this period [5]. Nevertheless, malarial anaemia was relatively 
uncommon in our study population, as indicated by the low 
prevalence of malarial anaemia cases (8.2%) compared to the 
high overall prevalence of anaemia. Therefore, the observed 
associations between nutrient patterns and haemoglobin levels 
are more likely to reflect dietary causes of anaemia rather than 
the direct effects of Plasmodium spp. infection, thus indicating 
that other factors, such as nutritional deficiencies, play a more 
dominant role in this context. The variation in age range of chil-
dren and implementation of seasonal malaria chemoprevention 
(SMC) may contribute to the low prevalence of Plasmodium spp. 
infection and the number of clinical cases. Notably, the nation-
wide rollout of SMC since 2014 has achieved high coverage, with 
up to 100% of targeted children receiving preventive treatment 
during the high transmission season [3]. This implementation 
of SMC has been a critical strategy aiming at reducing malaria 
incidence among young children, yet the effectiveness of this 
intervention varies, while the burden of malaria shifts towards 
older children as younger cohorts receive preventive treatments 
[3, 25]. Collectively, this underscores the need for comprehen-
sive management strategies that address both clinical malaria 
and anaemia among young children in Burkina Faso.

Concerning dietary intake, children in our study primarily 
consumed carbohydrate-based food (58% of energy), while the 

Characteristics Total No malaria Malaria p

Zinc (mg/day) 6.7 (4.0, 11.9) 6.5 (4.0, 11.9) 7.5 (4.5, 11.9) 0.687

Iron (mg/day) 9.0 (4.7, 14.7) 8.9 (4.7, 14.4) 9.5 (4.7, 14.9) 0.453

Note: Data are presented as medians (interquartile ranges) for continuous variables and as numbers (percentages) for categorical variables. p-values were analysed 
using Mann–Whitney U-test for continuous variables and chi-square test for categorical variables.

TABLE 2    |    (Continued)
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intakes of total fat (28% of energy) and protein (13% of energy) 
were lower than the respective dietary recommendations [26]. 
Indeed, starchy staples, such as millet-based dishes, consti-
tute the predominant sources of energy in the children's diets 
in rural Burkina Faso. These foods are accompanied by dried 
okra and red sorrel leaf vegetables, providing calories but lack-
ing essential protein, fat, and micronutrients—necessary for 
optimal growth and development [27]. For the climate-sensitive 
micronutrients vitamin A, selenium, zinc, and iron, our findings 
suggest that dietary intakes might have been adequate in this 
population, as evidenced by median values falling within the 
Estimated Average Requirements (EARs) [28]. However, this 
interpretation should be considered with caution, as the dietary 

assessment tool has not been calibrated to the portion sizes of 
the target age group, which may result in overestimation. The 
identified nutrient patterns, derived from the calculated nu-
trient intakes in the FPQ data, reflect the profiles of nutrients 
commonly consumed together. The ‘fibre- and micronutrient’ 
pattern may indicate plant-based feeding practices, while the 
‘fat and vitamin A’ pattern suggests the frequent consumption 
of yellow- and orange-fleshed fruits and vegetables and animal-
based foods, such as red meat and eggs.

Our study found that none of the identified dietary patterns 
showed a significant association with anaemia, suggesting that 
micronutrient intakes are sufficient. A non-linear inverse associ-
ation was observed between higher adherence to the ‘fat and vi-
tamin A' pattern (Q3 vs. Q1) and clinical malaria. Vitamin A has 
a narrow optimal intake range: deficiency and excess can lead 
to health problems. The median retinol-equivalent intake for Q3 
of the ‘fat and vitamin A' pattern was 707.7 μg/day, which falls 
within the recommended daily allowance for children of this 
age group [29]. This suggests that, on average, children in this 
quartile are likely consuming sufficient and beneficial amounts 
of vitamin A, thereby supporting its potential protective role 
against clinical malaria. Such an association was not evident for 
the ‘fibre and micronutrient’ pattern. Previous studies may help 
interpret these findings. With regard to iron, the relationship be-
tween iron status and clinical malaria is complex and multifac-
eted, with evidence indicating that both iron deficiency and iron 
excess can influence the risk of clinical malaria. Studies in East 
Africa have reported that iron-deficient children experience 
fewer malaria episodes, which may confer protection against 
severe manifestations of malaria [16]. Conversely, elevated iron 
levels have been linked to a higher risk of malaria during the 
first year of life [15, 30]. Indeed, iron is an essential nutrient 
for the proliferation and replication of Plasmodium parasites. 

FIGURE 1    |    Rotated factor loadings of two exploratory nutrient pat-
terns among children living in the Nouna HDSS area.
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TABLE 3    |    Associations of nutrient patterns with clinical malaria among 452 children living in the Nouna HDSS area.

Nutrient pattern
Clinical 

malaria (n)

Odds ratio (95% confidence intervals) for clinical malaria

Crude p Model 1 p Model 2 p

Fibre- and micronutrient pattern

Quartile 1 28/113 Reference

Quartile 2 26/113 0.91 (0.49, 1.67) 0.755 0.83 (0.43, 1.63) 0.595 0.96 (0.48, 1.91) 0.907

Quartile 3 29/113 1.05 (0.57, 1.91) 0.878 0.90 (0.41, 1.98) 0.798 1.10 (0.48, 2.51) 0.825

Quartile 4 30/113 1.10 (0.60, 1.99) 0.761 0.84 (0.26, 2.75) 0.779 1.03 (0.30, 3.53) 0.968

Per 1 score-SD 
increase

1.02 (0.97, 1.08) 0.441 1.17 (0.83, 1.64) 0.370 1.23 (0.86, 1.75) 0.248

Fat and vitamin A pattern

Quartile 1 33/113 Reference

Quartile 2 27/113 0.76 (0.42, 1.38) 0.367 0.71 (0.39, 1.30) 0.266 0.70 (0.37, 1.31) 0.259

Quartile 3 21/113 0.55 (0.30, 1.03) 0.063 0.52 (0.27, 0.98) 0.043 0.50 (0.26, 0.96) 0.036

Quartile 4 32/113 0.96 (0.54, 1.70) 0.883 0.90 (0.50, 1.63) 0.736 1.05 (0.55, 1.98) 0.889

Per 1 score-SD 
increase

0.98 (0.89, 1.08) 0.731 0.98 (0.89, 1.08) 0.614 0.99 (0.89, 1.10) 0.872

Note: Model 1: adjusted for children's age, gender, breastfeeding status, and total energy. Model 2: additionally adjusted for mother's age, ethnicity, mother's education, 
marital status, occupation, household size, and number of children under five. Bold values indicate statistical significance (p < 0.05).
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Consequently, iron supplementation must be implemented with 
caution, especially in highly malaria-endemic regions. However, 
if appropriate antimalarial treatment and insecticide-treated 
bed nets were provided, such as in Ghana, daily use of iron sup-
plementation did not increase the incidence of clinical malaria 
among children aged 6 to 35 months [31]. Concerning vitamin A, 
numerous studies have reported the potential protective effects 
of vitamin A supplementation against clinical malaria [32, 33]. 
Additionally, randomised controlled trials in Burkina Faso and 
Ghana have demonstrated that combined vitamin A and zinc 
supplementation may exert a synergistic effect, significantly re-
ducing malaria morbidity and resulting in 30% fewer malaria 
cases [34, 35]. Conversely, studies on vitamin A deficiency and 
with individuals who have not been supplemented with vitamin 
A have demonstrated increased susceptibility to P. falciparum 
infection and malaria episodes [36–38]. These findings indicate 
that vitamin A plays a crucial role in enhancing immune func-
tion, which may contribute to the mitigation of Plasmodium in-
fections. Regarding zinc alone, this essential trace element plays 
a critical role in immune function, erythropoiesis, and the for-
mation of globin chains in the haemoglobin molecule. However, 
as reported in several systematic reviews, its role in Plasmodium 
spp. infection and malaria morbidity remains mixed [39, 40]. 
Notably, these results suggest that while zinc plays a role in im-
mune functioning, its direct effect on malaria morbidity is not 
straightforward [41].

The strength of this study was the inclusion of a relatively large 
sample size of young children living in rural Burkina Faso, 
which enhanced the generalizability of the findings in this re-
gion. However, the following limitations must be acknowledged. 
Firstly, the cross-sectional nature of the study is susceptible to 
recall bias of feeding practices by caregivers, potentially lead-
ing to over- or underreporting of dietary intakes. Secondly, 

the cross-sectional design is also prone to reverse causation. 
Therefore, it remains unclear whether high adherence to the ‘fat 
and vitamin A’ pattern has been influenced by malaria status or 
vice versa. Future studies—ideally prospective designs—should 
employ objective measurements, such as biomarkers from both 
invasive and non-invasive methods, including zinc concentra-
tion, body iron storage (as measured by ferritin), and iron trans-
port (as facilitated by transferrin). The cross-sectional design, 
which captures data at a single point in time, also precludes the 
ability to account for seasonal variation in dietary intake and 
malaria incidence, which are known to fluctuate over different 
seasons in this setting. Thirdly, the use of the semi-quantitative 
FPQ precludes the estimation of absolute food and nutrient in-
takes. Nevertheless, as all participants are subject to the same 
measurement error, this tool enabled us to rank the study partic-
ipants according to their intakes. Fourthly, the transferability of 
our findings may be limited to regions of Burkina Faso with ma-
laria endemicity patterns similar to the Nouna HDSS area, char-
acterised by seasonal, high-intensity transmission. Therefore, 
caution is warranted when applying these results to regions with 
markedly different malaria transmission dynamics. Lastly, al-
though our study has adjusted for important demographic, clini-
cal, and socioeconomic confounding variables, the possibility of 
unmeasured or residual confounding cannot be excluded.

While acknowledging the limitations, our study highlights the 
importance of education and community engagement in pro-
moting nutrition knowledge and practices among caregivers 
of young children in malaria-endemic areas of SSA. Raising 
awareness about the relationships between nutrient intakes and 
clinical malaria can empower communities to adopt preventive 
measures. Moreover, community-based educational interven-
tions by community health workers (CHWs), tailored to improve 
complementary feeding practices and introduce local foods that 

TABLE 4    |    Associations of nutrient patterns with anaemia (Hb < 11 g/dL) among 452 children living in the Nouna HDSS area.

Nutrient pattern anaemia (n)

Odds ratio (95% confidence intervals) for anaemia

Crude p Model 1 p Model 2 p

Fibre- and micronutrient pattern

Quartile 1 106/113 Reference

Quartile 2 97/113 0.40 (0.16, 1.01) 0.054 0.39 (0.14, 1.05) 0.063 0.40 (0.14, 1.10) 0.077

Quartile 3 102/113 0.61 (0.23, 1.64) 0.330 0.60 (0.18, 2.01) 0.410 0.73 (0.21, 2.49) 0.613

Quartile 4 95/113 0.35 (0.14, 0.87) 0.024 0.31 (0.06, 1.57) 0.157 0.38 (0.07, 1.96) 0.248

Per 1 score-SD 
increase

0.94 (0.88, 1.01) 0.089 0.72 (0.46, 1.13) 0.149 0.71 (0.45, 1.13) 0.152

Fat and vitamin A pattern

Quartile 1 101/113 Reference

Quartile 2 102/113 1.10 (0.46, 2.61) 0.826 1.30 (0.54, 3.14) 0.556 1.80 (0.71, 4.54) 0.213

Quartile 3 95/113 0.63 (0.29, 1.37) 0.242 0.73 (0.33, 1.63) 0.442 0.97 (0.41, 2.25) 0.935

Quartile 4 102/113 1.10 (0.46, 2.61) 0.826 1.30 (0.53, 3.15) 0.567 1.33 (0.51, 3.46) 0.559

Per 1 score-SD 
increase

0.97 (0.86, 1.10) 0.641 0.99 (0.87, 1.13) 0.885 0.98 (0.84, 1.13) 0.757

Note: Model 1: adjusted for children's age, gender, breastfeeding status, and total energy. Model 2: additionally adjusted for mother's age, ethnicity, mother's education, 
marital status, occupation, household size, and number of children under five. Bold values indicate statistical significance (p < 0.05).
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do not inhibit the absorption of climate-sensitive nutrients, are 
beneficial [42]. Importantly, effective public health strategies for 
promoting healthy nutrition and controlling malaria in young 
children should be multifaceted, incorporating integrated in-
terventions, community education, and targeted nutritional 
support. By addressing the interconnectedness of these health 
issues, public health initiatives can significantly enhance health 
outcomes in malaria-endemic regions.

5   |   Conclusion

In conclusion, this study underlines the high prevalence of 
clinical malaria and anaemia among young children in rural 
Burkina Faso, highlighting them as persistent public health 
challenges in this region. While the identified dietary patterns 
were not associated with the chance of anaemia, higher adher-
ence to the ‘fat and vitamin A’ pattern was inversely associated 
with clinical malaria, suggesting potential protective effects 
within the optimal ranges of fat and vitamin A intakes. These 
findings emphasise the necessity for integrated public health 
interventions that address both malaria and anaemia concur-
rently. Future research should adopt longitudinal designs and 
incorporate biomarker-based assessments to elucidate further 
the role of nutrient patterns in mitigating malaria and anae-
mia risks.
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