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Abstract 

Background: Malaria and malnutrition remain major problems in Sahel countries, especially in young children. The 
direct effect of malnutrition on malaria remains poorly understood, and may have important implications for malaria 
control. In this study, nutritional status and the association between malnutrition and subsequent incidence of symp-
tomatic malaria were examined in children in Burkina Faso and Mali who received either azithromycin or placebo, 
alongside seasonal malaria chemoprevention.

Methods: Mid-upper arm circumference (MUAC) was measured in all 20,185 children who attended a screening visit 
prior to the malaria transmission season in 2015. Prior to the 2016 malaria season, weight, height and MUAC were 
measured among 4149 randomly selected children. Height-for-age, weight-for-age, weight-for-height, and MUAC-
for-age were calculated as indicators of nutritional status. Malaria incidence was measured during the following rainy 
seasons. Multivariable random effects Poisson models were created for each nutritional indicator to study the effect of 
malnutrition on clinical malaria incidence for each country.

Results: In both 2015 and 2016, nutritional status prior to the malaria season was poor. The most prevalent form 
of malnutrition in Burkina Faso was being underweight (30.5%; 95% CI 28.6–32.6), whereas in Mali stunting was 
most prevalent (27.5%; 95% CI 25.6–29.5). In 2016, clinical malaria incidence was 675 per 1000 person-years (95% CI 
613–744) in Burkina Faso, and 1245 per 1000 person-years (95% CI 1152–1347) in Mali. There was some evidence that 
severe stunting was associated with lower incidence of malaria in Mali (RR 0.81; 95% CI 0.64–1.02; p = 0.08), but this 
association was not seen in Burkina Faso. Being moderately underweight tended to be associated with higher inci-
dence of clinical malaria in Burkina Faso (RR 1.27; 95% CI 0.98–1.64; p = 0.07), while this was the case in Mali for moder-
ate wasting (RR 1.27; 95% CI 0.98–1.64; p = 0.07). However, these associations were not observed in severely affected 
children, nor consistent between countries. MUAC-for-age was not associated with malaria risk.
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Background
Malaria remains one of the most common infectious dis-
eases worldwide, with an estimated 229 million cases in 
2019 [1]. Improved use of existing control tools and new 
interventions are urgently needed in countries where 
progress in reducing the malaria burden has stalled [2]. 
Several of the countries that report an unchanged or 
increasing malaria burden lie within the Sahel region of 
West Africa [3], where malaria incidence peaks annually 
during the rainy season. These countries include Bur-
kina Faso and Mali, where malaria is the leading cause 
of death in children under 5 years of age [4]. In Burkina 
Faso, malaria was responsible for 66% of deaths in chil-
dren under 5 seen at a health facility in 2018 accord-
ing to a survey from the Ministry of Health [5]. In such 
countries, seasonal malaria chemoprevention (SMC) 
is increasingly being used at scale to tackle the malaria 
burden. Another common health issue in young children 
living in the Sahel is undernutrition, which is responsi-
ble for the death of about 577,000 children in the Sahel 
region each year [6].

Malnutrition and malaria morbidity often co-occur 
and children severely affected by one are often affected 
by both. A pooled analysis from demographic and health 
survey (DHS) data in West Africa, which included some 
of the areas of highest malaria endemicity in all of Africa 
[7], showed that 10.0% of children under 5 years of age are 
wasted, 20.1% are underweight and 31.8% are stunted [8]. 
Malnutrition has long been known to be associated with 
infectious diseases [9], but its effect on malaria remains 
unclear. Interpreting associations is made challenging by 
the multifactorial causes of malnutrition, and the range of 
different metrics used to assess different aspects of nutri-
tional status. A recent systematic literature review found 
no consistent association between malaria risk and mal-
nutrition, although chronic malnutrition was associated 
with severity of malaria [10]. Another systematic review 
which reviewed nutritional status based on anthropom-
etry and malaria infection, concluded that malnutrition 
does not have a large impact on malaria morbidity, but 
might negatively affect malaria mortality and severity 
[11]. Because of the possible bidirectional relationship 
between nutritional status and malaria, longitudinal 
cohort studies are the preferred design to disentangle 
these effects and reduce the impact of reverse causality. 
However, even among longitudinal studies, results are 

heterogeneous [12–15]. Only one study looked at the 
effect of a low mid-upper arm circumference (MUAC)-
for-age, this showed an increased malaria risk in a sub-
group of children who were under the age of 9  months 
[16]. Studies vary greatly in study population, location, 
sample size, presence of uncontrolled confounding and 
malaria epidemiology, making comparison across studies 
difficult.

Given current interest in incorporating nutritional 
screening or other nutritional interventions with SMC 
delivery [17], it is important to understand more about 
the nutritional status of children immediately prior to 
the rainy season, when SMC delivery begins. Clarifying 
the direct effect of malnutrition on malaria risk would 
help in understanding whether nutritional interventions 
might have the potential to assist with malaria control in 
the Sahel region. Finally, nutritional status may impact on 
the effectiveness of malaria control strategies, including 
SMC, affecting the ability of children to absorb medica-
tion, or the dose by weight that they receive, although 
this is poorly understood [10, 18].

Data from a clinical trial of SMC conducted between 
2014 and 2016 in Burkina Faso and Mali was used to 
explore these issues. In addition to the more common 
nutritional indicators (stunting, wasting, underweight) 
this study also measured MUAC. MUAC was first 
thought to be relatively age and gender independent, 
but in 1993 a WHO Expert Committee recommended 
using MUAC-for-age because important age and gen-
der-specific differences became apparent [19]. Little is 
known about the association between MUAC-for-age 
and malaria risk. As most similar studies to date have 
used measures of chronic malnutrition [11], this alterna-
tive measure of acute malnutrition is of specific interest. 
The association between nutritional status and malaria 
has never been studied in a longitudinal cohort of this 
size (n > 20,000). This study aims to establish the relation-
ship between nutritional status shortly before the malaria 
transmission season and incidence of clinical malaria in 
young children aged 3–59  months during the malaria 
transmission season in Burkina Faso and Mali.

Methods
Study population
This study was conducted in Houndé district, Burkina 
Faso, and in Bougouni district, Mali as part of a large trial 

Conclusions: Both malnutrition and malaria were common in the study areas, high despite high coverage of sea-
sonal malaria chemoprevention and long-lasting insecticidal nets. However, no strong or consistent evidence was 
found for an association between any of the nutritional indicators and the subsequent incidence of clinical malaria.

Keywords: Malaria, Chronic malnutrition, Acute malnutrition, Seasonal malaria chemoprevention, Burkina Faso, Mali
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which studied the effect of adding azithromycin (AZ) to 
SMC (with sulfadoxine/pyrimethamine (SP) and amo-
diaquine (AQ)) on deaths and hospital admissions in 
young African children, as described in detail elsewhere 
[20]. A separate analysis indicated that the addition of 
AZ had no impact on nutritional indicators [21]. In brief, 
an initial household census was conducted prior to the 
rainy season in 2014, to recruit eligible children who 
would be aged between 3 and 59  months on 1 August, 
2014. All children were given a long-lasting insecticide-
treated bed net. Children were randomized by household 
to receive four 3-day courses of AZ or placebo alongside 
SMC with SP + AQ at monthly intervals during the peak 
malaria transmission season (August to November). All 
doses were based on age and administered by trial staff. 
Newly eligible children aged 3–59 months were recruited 
at an additional census conducted in May 2015 and May 
2016. Children with a chronic disease, a known allergy to 
SP, AQ or AZ, or who were taking cotrimoxazole were 
excluded.

Nutritional status of the cohort was assessed in two 
ways: by assessment of MUAC in all study children in 
2015 (Nutritional Cohort 1), intended to maximize 
the sample size available, and by a more detailed nutri-
tional survey in 2016 (Nutritional Cohort 2), intended to 
explore nutritional status in more detail among a smaller 
number of children. No nutritional status measure-
ments were taken prior to the 2014 rainy season. In 2015, 
MUAC was measured prior to the rainy season at the 
time of annual census in all study children within the age 
range 3–59 months, apart from 1253 children who were 
in follow-up, but who did not attend the screening visit. 
In 2016, a random sub-sample of approximately 2000 
study children per country, stratified on randomization 
group and age, were selected for a more detailed anthro-
pometric survey by an independent statistician. These 
children had MUAC, weight and height measured at the 
start and end of the 2016 transmission season.

Intervention
Infants 3–11 months of age received a combined 250 mg 
of sulfadoxine and 12.5 mg of pyrimethamine plus 75 mg 
of AQ on day 1 and received 75 mg of AQ on days 2 and 
3 (Guilin Pharmaceutical, Shanghai, China). In addition, 
they were randomly assigned to receive either 100 mg of 
AZ or matching placebo on days 1, 2, and 3 (Cipla, Mum-
bai, India). Children 1–4  years of age received double 
these doses. All doses were based on age and administra-
tion was directly observed by trial staff.

Anthropometric measurements
Participants were weighed using a mechanical scale 
from SECA (Chino, CA, USA) with or without a tray, 

according to size, and weight was recorded to the nearest 
0.1 kg. Recumbent length measurements were taken for 
children under 2 years of age and standing height meas-
urements for children above 2  years using a stadiom-
eter, recording the measurement to the nearest 0.1  cm. 
Length and height measurements were taken twice and 
the average was recorded. If the difference between the 
two measures was larger than 0.5 cm a third measure was 
taken and the two values with a difference smaller than 
0.5 cm were used. MUAC was measured on the left arm 
to the nearest 0.1 cm with a MUAC tape.

Morbidity surveillance
Morbidity episodes were recorded passively at study 
health centres and at the hospital in each district. In Mali, 
to avoid missing malaria episodes in villages located fur-
ther from the health centres, malaria morbidity was also 
recorded by trained community health workers using 
the same procedures as described below. Children who 
presented to a community health worker or outpatient 
clinic at a health centre when they were feeling unwell, 
had a rapid diagnostic test (RDT) for malaria performed. 
Malaria diagnosis was confirmed when the child had a 
fever (temperature ≥ 37.5  °C, and/or a history of fever 
within the previous 24 h) and a positive RDT for malaria 
or a positive blood smear (as described below). Free first-
line treatment (artemether-lumefantrine) was offered 
on the basis of the RDT result. Blood smears were also 
taken from a systematic sample of study children (1 day 
per week in Burkina Faso and 1 week per month in Mali) 
for quality control of the RDT, and read by two read-
ers. Slides which were discordant for either positivity or 
parasite density were read by a third reader, and the dis-
crepancy resolved following the algorithm developed by 
Swysen et al. [22].

Data collection and management
Data on morbidity episodes were recorded on case report 
forms and entered into an electronic database by two 
separate data entry officers using the DataFax system. 
To avoid double counting of multiple attendances for the 
same clinical episode, malaria episodes within 7 days of 
a previous episode were discounted. Person-time at risk 
and malaria episodes were included up to the date of cen-
soring for children who exited the study or who died dur-
ing the study period.

Statistical analysis
The number of children available for the 2015 MUAC 
survey was determined by the number recruited to the 
main trial, which was powered to detect a 25% differ-
ence with 90% power between the two study groups in 
the incidence of the primary trial end-point, death or 
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hospital admission [20]. The required sample size for 
cross-sectional surveys (pre-season and post-season) in 
2016 was driven by an outcome not analysed in the pre-
sent study: the prevalence of SP and AQ resistance gen-
otypes among study children. However, given the high 
incidence rate of malaria in the study area, a sample size 
of approximately 2000 children in each country from 
whom anthropometric measurements were taken in 2016 
provided a high level of statistical power to detect even 
small differences in incidence rates according to pre-sea-
son nutritional status.

Different forms of malnutrition were evaluated in this 
study. Acute malnutrition was measured using weight-
for-height (wasting), MUAC, and MUAC-for-age. 
Chronic malnutrition was measured using height-for-
age (stunting). Being underweight (low weight-for-age) 
is a mixture of both chronic and acute malnutrition [23]. 
Nutritional indicators were calculated using standard-
ized reference charts according to WHO guidelines [24, 
25]. Weight-for-height was calculated for children above 
65  cm, weight-for-length was calculated for children 
under 65 cm and this was combined into one weight-for-
height/length variable.

A height-for-age Z-score below − 2 indicates stunting, 
a weight-for-age score below − 2 indicates underweight 
and a weight-for-height/length score below − 2 indicates 
wasting. Severity of nutritional indicators (stunting, wast-
ing, underweight, low MUAC-for-age) was categorized 
into three groups: normal (z > − 2), moderately affected 
(− 2 < z < − 3), and severely affected (z < − 3).

Children with incomplete anthropometric data were 
included for the indicators that could be calculated, e.g., 
if weight, MUAC and age were collected, but height was 
missing, then weight-for-age and MUAC-for-age were 
calculated, but height-for-age and weight-for-height/
length were not. Distributions of demographic and nutri-
tional status variables were described as present prior 
to the transmission season. Distributions of z-scores for 
nutritional measures were compared between countries 
using the Wilcoxon rank-sum test. Prevalence of mal-
nutrition according to each nutritional indicator was 
calculated by age and country. Associations between 
nutritional indicators and variables of interest were 
studied by creating logistic regression models with nor-
mally distributed random effects to adjust for clustering 
at the household level. Reliability of the estimates was 
checked by performing the quadrature check. Associa-
tions between nutritional status and malaria incidence 
were estimated using separate random effects Pois-
son models for each nutritional indicator adjusting for 
clustering in households and potential confounders. 
Variables which showed an association with both nutri-
tional status and malaria incidence were considered to 

be potential confounders and were therefore included in 
the models. To be able to adjust for dosage as a covari-
ate, the received dose was calculated by dividing the 
amount of drug administered by the child’s weight. For 
SP, less than 25  mg/kg was defined as below target and 
more than 70 mg/kg was defined as above target [26]. For 
AQ, less than 10 mg/kg was defined as below target and 
more than 15 mg/kg was defined as above target [27]. The 
dose of AZ was not investigated as a confounder because 
this was found to have no effect on malaria incidence in 
the main trial [20]. Intervention arm and SMC dose were 
included a priori because of their hypothesized effect 
on malaria risk. ‘Adjusted’ models included adjustment 
for age, gender, calendar month, intervention arm, and 
distance to health facility. ‘Fully adjusted’ models also 
included adjustment for SMC dose to be able to sepa-
rately study its effect. Gender was a priori considered as 
potential effect modifier. Therefore, interaction between 
gender and nutritional status was examined by adding 
interaction terms to the multivariable model. All analyses 
were done in Stata/IC 16.

Results
Study population
A total of 20,185 children were included in the analysis in 
2015 (9,889 in Burkina Faso and 10,296 in Mali). The sub-
sample for which anthropometric measurements were 
obtained in 2016 comprised 4,149 children (2098 in Bur-
kina Faso and 2051 in Mali). The distribution of baseline 
and nutritional variables is presented in Table 1. Partici-
pants were equally distributed by gender and interven-
tion arm. In Mali, 45.7% of children were aged between 
13 and 36  months in both years. This percentage was 
similar in Burkina Faso: 44.3% in 2015 and 44.7% in 2016. 
Distance to nearest health facility was smaller in Mali 
with 43.9–44.6% living within 1 km of the nearest health 
facility compared to 17.8–20.6% in Burkina Faso.

Prevalence of malnutrition
Poor nutritional status was common prior to the rainy 
season in 2016. Figure  1 shows histograms of z-scores 
for stunting, wasting, underweight and low MUAC-for-
age for both countries in 2016. The dashed lines shows 
the cut-off values for the severity categories used for 
malnutrition (normal is z-score above − 2; mild malnu-
trition is a z-score − 2 to − 3; severe malnutrition is a 
z-score > − 3). This shows that nutritional z-scores were 
approximately normally distributed around a negative 
z-score. The median z-scores were below 0 for all nutri-
tional measures in both countries and lowest for height-
for-age (median z-score − 1.2 in both countries). Apart 
from for height-for-age (p = 0.2), there was very strong 
evidence that nutritional status z-scores were lower in 
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Table 1 Distribution of baseline variables

Aug-15 Aug-16

N = 20,185 N = 4149

Burkina Faso Mali Burkina Faso Mali

N = 9889 N = 10,296 N = 2098 N = 2051

Number (%) Number (%)

General characteristics

 Gender

  Boy 5087 (51.4) 5290 (51.4) 1095 (52.2) 1126 (54.9)

  Girl 4802 (48.6) 5006 (48.6) 1003 (47.8) 925 (45.1)

 Age in months

  12-Mar 1540 (16.0) 1387 (14.6) 283 (13.7) 304 (15.4)

  24-Dec 2151 (22.3) 2242 (23.6) 448 (21.7) 415 (21.0)

  24–36 2124 (22.0) 2095 (22.1) 475 (23.0) 487 (24.7)

  36–48 1956 (20.2) 2044 (21.5) 449 (21.7) 395 (20.0)

  48 + 1886 (19.5) 1733 (18.2) 411 (19.9) 371 (18.8)

  Number missing 232 795 32 79

 Intervention arm

  Placebo 4907 (49.6) 5192 (50.4) 1036 (49.4) 1037 (50.6)

  AZ 4982 (50.4) 5104 (49.6) 1062 (50.6) 1014 (49.4)

 Distance to health facility

  < 1 km 1759 (17.8) 4524 (43.9) 433 (20.6) 915 (44.6)

  1–4 km 6,044 (61.1) 1608 (15.6) 1212 (57.8) 307 (15.0)

  5–9 km 1908 (19.3) 1737 (16.9) 426 (20.3) 345 (16.8)

  10 + km 178 (1.8) 2427 (23.6) 27 (1.3) 484 (23.6)

Nutritional status measures

 Height-for-age

  Median z-score [IQR] – – − 1.2 [− 2.0- − 0.4] − 1.2 [− 2.1- − 0.1]

  Mildly stunted (− 2 < z < − 3) 356 (17.2) 335 (17.1)

  Severely stunted (z < − 3) 164 (7.9) 204 (10.4)

  Number missing 32 91

 Weight-for-age

  Median z-score [IQR] – – − 1.2 [− 2.2- − 0.4] − 1.0 [− 1.9- − 0.3]

  Mildly underweight (− 2 < z < − 3) 366 (17.7) 302 (15.4)

  Severely underweight (z < − 3) 265 (12.8) 128 (6.5)

  Number missing 32 91

 Weight-for-height/length

  Median z-score [IQR] – – − 0.9 [− 2.0- 0.0] − 0.6 [− 1.5- 0.1]

  Mildly wasted (− 2 < z < − 3) 260 (12.4) 186 (9.1)

 Severely wasted (z < − 3) 292 (13.9) 131 (6.4)

  Number missing 0 12

 MUAC 

  Median MUAC in mm [IQR] 145 [136–152] 145 [135–155] 145 [136–152] 145 [139–155]

  Moderately low MUAC (125-135 mm) 1762 (17.8) 1781 (17.6) 395 (18.8) 310 (15.2)

  Severely low MUAC (< 125 mm) 578 (5.8) 768 (7.6) 112 (5.3) 105 (5.2)

  Number missing 0 147 0 14

 MUAC-for-age

  Median z-score [IQR] − 0.8 [− 1.4 to − 0.1] − 0.7 [− 1.4 to 0.0] − 0.8 [− 1.4 to − 0.2] − 0.6 [− 1.2 to 0.0]

  Low MUAC-for-age (− 2 < z < − 3) 807 (8.4) 745 (8.0) 145 (7.0) 112 (5.7)

  Very low MUAC-for-age (z < − 3) 126 (1.3) 184 (2.0) 28 (1.4) 21 (1.1)

  Number missing 334 924 42 93

Both cohorts (2015 and 2016) are presented with their nutritional measurements
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Burkina Faso than in Mali in 2016 for all other measures 
(p < 0.001).

The most prevalent form of malnutrition in Burkina 
Faso was being underweight, which affected 30.5% of 
children (95% CI 28.6–32.6). However, stunting was the 
most prevalent form of malnutrition in Mali affecting 
27.5% of children (95%CI 25.6–29.5). Prevalence of mal-
nutrition by age is shown in Fig. 2. The prevalence of low 
MUAC-for-age is lower than the other three nutritional 
measures in most age groups.

Using MUAC without adjusting for age and gen-
der greatly overestimated the prevalence of malnutri-
tion in younger age groups compared to the adjusted 
MUAC measure (see Additional file 1). MUAC-for-age 
was therefore used for all subsequent analyses. The 
correlation between the two main measure of acute 
malnutrition, MUAC-for-age and weight-for-height/
length showed an r-squared of 0.10. When calculated 
for each year of age, results varied between 0.10 and 
0.14.

Factors associated with poor nutritional status
Univariate analyses (comparing children with poor nutri-
tional status, z-score < − 2, to well-nourished children, 
z-score > − 2)) showed that drug doses were consistently 
associated with all nutritional indicators, see Table 2 and 
Additional file  2. Country-specific results can be found 
in Additional files 3 and 4. Information on dose of anti-
malarials given was not available in 2015 because the 
weight of children was not measured. Children with a 
low weight-for-age prior to the transmission season were 
more likely to subsequently receive a dose of SMC drugs 
above the target of 70  mg/kg for SP and 15  mg/kg for 
AQ, a consequence of the fact that SP + AQ was dosed 
by age and not by body weight in this study. This was also 
observed for other measures of nutritional status. The 
only variable without evidence for an association with any 
nutritional indicator was intervention arm (i.e., receipt of 
AZ compared to placebo alongside the SMC regimen) 
(0.25 < p < 0.84). Age was associated with all nutritional 
indicators, apart from low MUAC-for-age in 2016. There 
is strong evidence that children in Mali have lower odds 
of wasting (OR = 0.43; 95% CI 0.35–0.54; p < 0.0001) and 
underweight (OR = 0.58; 95% CI 0.49–0.70; p < 0.0001) 
compared to children in Burkina Faso. The odds for low 
MUAC-for-age were similar between the two countries 
in 2015, but in 2016 odds were lower for children in Mali 
compared to Burkina Faso (OR = 0.77; 95% CI 0.59–0.99; 
p = 0.05). Children living further away from the health 
facility tended to have worse nutritional status com-
pared to children living within 1 km of the nearest health 
facility.

Relationship between malnutrition and malaria incidence
In Burkina Faso, the rate of malaria episodes in 2015 
(1454 per 1000 person-years; 95% CI 1407–1501) was 
higher than in 2016 (675 per 1000 person-years; 95% 
CI 613–744). In Mali, the rate was lower in 2015 (1042 
per 1000 person-years; 95% CI 1002–1083) compared to 
2016 (1245 per 1000 person-years; 95% CI 1152–1347).

After full adjustment, there is little evidence of an asso-
ciation with any of the nutritional indicators (Table  3). 
Moderately underweight children in Burkina Faso 
seemed to be at a 1.3 times increased odds of clinic 
malaria (OR 1.27; 95% CI 0.98–1.64; p = 0.07). In Mali, 
moderately wasted children seemed to be at a 1.3 times 
increased odds of clinic malaria (OR 1.27; 95% CI 0.98–
1.64; p = 0.07). Both of these effects were however not 
observed in severely affected children nor in the other 
country. The strongest protective association found was 
for severe stunting in Mali (RR = 0.81; 95% CI 0.64–1.01; 
p = 0.08).

The association between MUAC-for-age and malaria 
was similar in 2015 and in 2016 in Mali, suggestive of 
an increased risk in those with very low MUAC-for-age 
(fully adjusted RR = 1.46 (95% CI 0.86–2.47) in 2016 and 
adjusted RR = 1.20 (95% CI 0.96–1.51) in 2015, although 
the confidence intervals overlapped unity in both years. 
No interaction between gender and nutritional status was 
found.

Discussion
In this study, the nutritional status of young children was 
examined prior to the rainy season when SMC is admin-
istered. Nutritional status was generally poor in both 
countries in both years of the study. Prevalence varied for 
different forms of malnutrition, with underweight being 
the most prevalent form in Burkina Faso and stunting 
being the most common in Mali. Median z-scores ranged 
from − 0.6 to − 1.2, indicating that malnutrition is com-
mon among the whole study population instead of there 
being a small group of severely affected children. This can 
also be concluded from the approximate normal distribu-
tion of z-scores for the nutritional indicators. Although 
less frequent, high z-scores (above + 2) also occurred, 
suggesting a potential dual burden of over- and under-
weight in these regions. As it has been reported else-
where [20], malaria incidence among the study children 
remained very high despite high coverage with SMC and 
provision of insecticidal nets.

Malaria incidence differed between the two countries 
in the different years of the study, reflecting seasonal 
variation in malaria transmission, and some differences 
in the timing of SMC administration with respect to the 
seasonal peak in transmission [28]. However, malaria 
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incidence remained high in both study areas throughout 
the study period. Prevalence of malaria among school-
age children not included in these analyses was above 
50% at the end of the 2015 and 2016 rainy season in both 
countries [20]. No strong evidence was found for an asso-
ciation between any of the nutritional indicators and 
malaria. Severe chronic malnutrition tended to decrease 
the risk of a symptomatic malaria episode in Mali but 
not in Burkina Faso. Moderately underweight children 
in Burkina Faso and moderately wasted children in Mali 
seemed to be at an increased risk for clinical malaria, but 
these associations were not observed in severely affected 
children nor in the other country and may have been 
due to chance. Acute malnutrition did not affect malaria 
risk when measured as MUAC-for-age. A priori, it was 
expected that part of any association between nutri-
tional status and malaria incidence might be explained 
by its effect on SMC dose (i.e., adjustment for dose might 
reduce the apparent effects of nutrition). A large num-
ber of children received a dose of AQ above the recom-
mended threshold of 15 mg/kg/day. However, adjustment 
for AQ dose did not alter the associations between mal-
nutrition and malaria risk, suggesting that receipt of a 
dose of AQ above this threshold was not associated with 
increased protection from malaria.

Prevalence estimates of malnutrition found in the cur-
rent study were different to DHS estimates in the same 
regions [29, 30]. The prevalence of stunting was 5–12% 
lower in this study compared to DHS in both countries. 
Estimates of underweight and wasting in Mali differed 
less than 5% from the DHS estimates. However, in Bur-
kina Faso, DHS estimates of underweight and wasting 
were 10–15% lower than in this study. DHS data were 
collected 3–6  years before this study and at a different 
time of year, potentially explaining some of the observed 
differences.

Nutritional status does not appear to have a consist-
ent impact on malaria risk when SMC is provided. This 
study provides some evidence of a protective effect of 
severe stunting on malaria risk in Mali. One other study 
also found a protective effect of stunting [31], some other 
studies showed an increased risk in stunted children [13, 
14] or no association [12, 15, 32]. A systematic review of 
observational studies shows that most studies suggested 
no association with malaria incidence [11]. Results pre-
sented in this study indicated a 27% increase in malaria 
risk for those moderately underweight in Burkina Faso, 

but no effect in severely underweight children and not 
in Mali. The absence of a clear association is supported 
by several other studies finding no consistent association 
[12–14, 32]. This study also showed a 27% increase in 
malaria risk for moderately wasted children in Mali. Also 
here, this effect was not seen in severely affected children 
and not in Burkina Faso. Most other studies showed no 
association between wasting and malaria [14, 15, 32], 
although one reported a protective effect [12].

Results from this study showed no effect of low MUAC-
for-age on malaria risk, despite measurement of MUAC 
in a large number of children in 2015. However, another 
study looking at MUAC-for-age showed a 2.3-fold 
increase in odds of malaria for malnourished children 
under 9  months old [16]. MUAC-for-age was originally 
created as a more practical alternative for weight-for-
height/length and is less prone to measurement error. It 
has been shown before that both measures partly iden-
tify different children as being malnourished (i.e., have 
different sensitivity and specificity) [33]. Studies indicate 
that MUAC has a better predictive ability for increased 
mortality risk than weight-for-height [34]. It is important 
to explore this relationship further and confirm these 
findings in other studies, since this is one of the very first 
studies to look at MUAC-for-age.

For none of the nutritional measures has any consistent 
association been found in the literature between malaria 
incidence and malnutrition, as in this study. This likely 
reflects the complexity of causes of malnutrition and the 
fact that it can be defined and measured in several ways 
[11]. Moreover, prevalence of malnutrition and incidence 
of malaria vary greatly by region possibly contributing to 
the contradictory results individual studies have found. 
People in different regions have different diets that espe-
cially affects micronutrient intake. The role of micronu-
trients in malaria is still controversial [35]. Additionally, 
the timing of the peak malaria season and of food short-
age before harvest varies by geographical region. In this 
study, there is also a possibility that differences in malaria 
incidence between malnourished and healthy children 
were, partially, masked due to very high SMC and long-
lasting insecticidal net coverage.

Several strengths of this study can be identified. Mul-
tiple, more established as well as more novel, nutritional 
measures were used and compared. Moreover, this study 
had a much larger sample size than most previous obser-
vational studies and malaria incidence was very high. 

Fig. 1 Histograms of the z-score distributions for weight-for-height/length (wasting), weight-for-age (underweight), MUAC-for-age and 
height-for-age (stunting) in 2016. Vertical lines show z-scores of 0, − 2 and − 3 as these indicate the severity categorization and null value. The left 
panel represents data from Burkina Faso, the right panel for Mali. Only values within a plausible range (− 10 to 5) are included

(See figure on next page.)
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Fig. 2 Variation in prevalence of malnutrition (z-score below − 2) in 2016 for different measures of nutritional status by age
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There was also little loss to follow-up and few individu-
als had missing data. In this study malaria incidence was 
measured prospectively, allowing multiple events per 
person and the calculation of rates instead of risks.

Key limitations of this study are the potential pres-
ence of unmeasured confounding, variation in type of 
anthropometric measurements collected between years 
and variation in study size between years. Some unmeas-
ured confounding might be present in this study, given 
that limited data on potential confounders was col-
lected. Socio-economic status is likely to have a con-
founding effect on the relationship between malnutrition 
and malaria, because an association with both has been 

shown [36, 37], but this was not recorded. The variation 
in measurements recorded between years resulted in a 
larger sample size available for analyses regarding MUAC 
compared to stunting, wasting and underweight. There-
fore, the findings related to MUAC are more robust than 
those for the other nutritional measures. However, also 
for stunting, wasting and underweight, the sample size 
was fairly large.

To reduce the risk of reverse causality, a prospective 
design was used determining the nutritional status of 
children at the start of the peak transmission season. It 
is however still possible that children have been exposed 
to malaria in previous transmission seasons or outside of 

Table 2 Association of baseline variables with stunting, wasting and underweight in 2016

Number and proportion with z < − 2 are shown together with odds ratios and p-values. Likelihood ratio test p-values are presented to indicate a global measure of 
association
a OR cannot be calculated as prevalence is 0% and 100% in the non-reference groups

Stunted Wasted Underweight

Number (%) Odds ratio P-value Number (%) Odds ratio P-value Number (%) Odds ratio P-value

Gender  < 0.0001 0.11 0.01

 Boy 629 (29.2) 1 488 (22.0) 1 606 (28.1) 1

 Girl 430 (23.0) 0.71 (0.61–0.83) 381 (19.8) 0.86 (0.70–1.04) 455 (24.3) 0.89 (0.68–0.94)

Age in months  < 0.0001  < 0.0001  < 0.0001

 3–12 79 (13.5) 1 162 (27.7) 1 132 (22.5) 1

 13–24 262 (30.4) 3.07 (2.26–4.18) 248 (28.8) 1.04 (0.76–1.42) 272 (31.6) 1.72 (1.29–2.28)

 25–36 308 (32.2) 3.38 (2.48–4.54) 174 (18.2) 0.48 (0.35–0.67) 277 (28.9) 1.50 (1.13–1.98)

 37–48 226 (26.9) 2.58 (1.88–3.48) 140 (16.7) 0.41 (0.29–0.58) 195 (23.2) 1.05 (0.79–1.40)

 48 + 184 (23.6) 2.09 (1.53–2.85) 132 (16.9) 0.44 (0.31–0.63) 185 (23.7) 1.10 (0.82–1.47)

Country 0.11  < 0.0001  < 0.0001

 Burkina Faso 520 (25.2) 1 552 (26.3) 1 631 (30.5) 1

 Mali 539 (27.5) 1.13 (0.97–1.32) 317 (15.6) 0.43 (0.35–0.54) 430 (21.9) 0.58 (0.49–0.70)

Intervention arm 0.25 447 (21.6) 0.28 0.34

 Placebo 547 (27.1) 1 422 (20.4) 1 545 (27.0) 1

 AZ 512 (25.5) 0.91 (0.79–1.07) 0.89 (0.73–1.10) 516 (25.7) 0.92 (0.78–1.09)

Distance to 
health facility

0.004  < 0.0001  < 0.0001

 < 1 km 341 (26.2) 1 194 (14.4) 1 253 (19.5) 1

 1–4 km 348 (23.5) 0.86 (0.71–1.04) 371 (24.5) 2.24 (1.73–2.90) 426 (28.7) 1.78 (1.44–2.20)

 5–9 km 220 (29.4) 1.18 (0.95–1.47) 191 (24.8) 2.35 (1.72–3.20) 244 (32.6) 2.22 (1.72–2.86)

 10 + km 150 (30.4) 1.25 (0.97–1.61) 113 (22.3) 1.86 (1.31–2.64) 138 (27.9) 1.66 (1.25–2.21)

SP dose (mg/kg)  < 0.0001  < 0.0001

 < 25 2 (6.9) 0.20 (0.04–0.87) 1 (3.2)753 (18.9) 0.12 (0.01–1.01) 0 (0.0) Not relevanta

 25–70 986 (25.5) 1 115 (89.8) 1 934 (24.1)

 > 70 71 (55.9) 4.26 (2.82–6.43) 89.5 (39.7–202) 127 (100.0)

AQ dose (mg/
kg)

 < 0.0001  < 0.0001  < 0.0001

 < 10 42 (5.5) 0.15 (0.10–0.21) 33 (4.2) 0.18 (0.12–0.26) 1 (0.1) 0.004 (0.001–
003)

 10–15 605 (25.7) 1 423 (17.4) 1 506 (21.5) 1

  > 15 412 (45.4) 2.68 (2.20–3.37) 413 (45.3) 5.16 (4.00–6.67) 554 (61.1) 7.05 (5.38–9.25)
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Table 3 Association between nutritional status and malaria incidence

No of episodes Rate per 1000 person-
years

Unadjusted Adjusteda Fully  adjustedb Adjusted 
P-valueRate ratio (95% CI) Rate ratio (95% CI) Rate ratio (95% CI)

Burkina Faso

 Height-for-age

  Normal 274 685 (608–771) 1 1 1

 Moderately stunted 126 729 (612–868) 1.05 (0.84–1.31) 1.11 (0.89–1.39) 1.08 (0.86–1.36) 0.49

  Severely stunted 62 550 (429–706) 0.78 (0.58–1.04) 0.88 (0.65–1.18) 0.86 (0.63–1.17) 0.34

Mali

 Height-for-age

  Normal 491 1318 (1207–1440) 1 1 1

  Moderately stunted 196 1252 (1089–1440) 0.95 (0.80–1.13) 0.94 (0.79–1.12) 0.94 (0.78–1.13) 0.53

  Severely stunted 119 1033 (863–1236) 0.78 (0.63–0.96) 0.80 (0.64–0.99) 0.81 (0.64–1.02) 0.08

Burkina Faso

 Weight-for-age

  Normal 281 654 (581–735) 1 1 1

  Moderately underweight 114 859 (715–1032) 1.29 (1.02–1.62) 1.29 (1.02–1.63) 1.27 (0.98–1.64) 0.07

  Severely underweight 67 545 (429–692) 0.83 (0.63–1.10) 0.94 (0.71–1.25) 0.94 (0.66–1.34) 0.75

Mali

 Weight-for-age

  Normal 578 1277 (1177–1286) 1 1 1

  Moderately underweight 165 1314 (1128–1531) 1.02 (0.85–1.23) 1.05 (0.87–1.26) 1.07 (0.88–1.32) 0.48

  Severely underweight 63 951 (743–1218) 0.74 (0.56–0.97) 0.77 (0.58–1.01) 0.82 (0.60–1.13) 0.23

Burkina Faso

 Weight-for-height/length

  Normal 353 688 (619–763) 1 1 1

  Moderately wasted 58 674 (521–872) 0.98 (0.72–1.32) 1.04 (0.77–1.40) 1.00 (0.73–1.36) 1

  Severely wasted 58 599 (463–774) 0.88 (0.65–1.18) 0.94 (0.69–1.26) 0.91 (0.66–1.27) 0.59

Mali

 Weight-for-height/length

  Normal 714 1260 (1171–1356) 1 1 1

  Moderately wasted 84 1376 (1111–1704) 1.02 (0.85–1.23) 1.21 (0.94–1.56) 1.27 (0.98–1.64) 0.07

  Severely wasted 49 1142 (864–1512) 0.74 (0.56–0.97) 0.96 (0.70–1.31) 1.03 (0.74–1.43) 0.85

Burkina Faso

MUAC-for-age (2016)

  Normal 417 690 (627–760) 1 1 1

   Low MUAC-for-age 34 643 (459–899) 0.95 (0.65–1.38) 0.96 (0.66–1.40) 0.95 (0.65–1.38) 0.78

  Very low MUAC-for-age 7 636 (303–1333) 0.95 (0.43–2.11) 0.92 (0.42–2.05) 0.92 (0.41–2.04) 0.84

Mali

 MUAC-for-age (2016)

  Normal 726 1253 (1165–1348) 1 1 1

  Low MUAC-for-age 42 1070 (791–1448) 0.86 (0.62–1.20) 0.85 (0.61–1.18) 0.88 (0.63–1.23) 0.47

  Very low MUAC-for-age 18 1929 (1216–3,062) 1.37 (0.82–2.31) 1.36 (0.81–2.29) 1.46 (0.86–2.47) 0.16

Burkina Faso

 MUAC-for-age (2015)

  Normal 4042 1490 (1445–1537) 1 1

  Low MUAC-for-age 421 1424 (1294–1567) 0.96 (0.86–1.07) 0.95 (0.86–1.06) 0.39

  Very low MUAC-for-age 68 1437 (1133–1823) 0.97 (0.75–1.25) 1.02 (0.79–1.31) 0.88

Mali

 MUAC-for-age (2015)

  Normal 2791 1029 (992–1068) 1 1

  Low MUAC-for-age 297 1065 (950–1193) 1.03 (0.91–1.17) 1.02 (0.90–1.16) 0.77

  Very low MUAC-for-age 91 1306 (1063–1604) 1.24 (0.99–1.55) 1.20 (0.96–1.51) 0.12
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the peak transmission season. This could mean that for 
some children their nutritional status is affected by previ-
ous malaria episodes.

Even though this study does not provide clear evidence 
about an association between malnutrition and malaria 
risk, it shows clearly that both conditions are causing a 
high disease burden. The use of SMC as a platform for 
nutritional interventions requires further investigation, 
and could have important impacts on nutritional status 
and malaria burden [17].

Conclusion
Malnutrition was common in the two study areas in 
Burkina Faso and Mali and malaria incidence was high 
despite high SMC and long-lasting insecticidal net cover-
age. A high joint burden of malaria and malnutrition is 
likely to be found in a wide range of settings across the 
Sahel region. Despite the high burden of both malnutri-
tion and malaria, the large study size, and the prospec-
tive study design, no strong evidence was found for an 
association between measures of nutritional status and 
clinical malaria incidence. However, an in-depth explo-
ration of the potential effect of nutritional interventions 
on malaria control would still be valuable and could 
give important insights for reducing malaria burden in 
children.

Abbreviations
MUAC : Mid-upper arm circumference; SMC: Seasonal malaria chemopreven-
tion; DHS: Demographic and health survey; AZ: Azithromycin; SP: Sulfadoxine/
pyrimethamine; AQ: Amodiaquine; RDT: Rapid diagnostic test.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12936- 021- 03802-2.

 Additional file 1: Figure S1. Variation in prevalence of malnutrition 
(z-score below − 2) for MUAC and MUAC-for-age. 

Additional file 2: Table S1. Association of baseline variables with low 
MUAC-for-age in two cohorts. 

Additional file 3: Table S1. Association of baseline variables with low 
MUAC-for-age in two cohorts in Burkina Faso. Table S2. Association of 
baseline variables with stunting, wasting and underweight in 2016 in 
Burkina Faso.  

Additional file 4: Table S1. Association of baseline variables with low 
MUAC-for-age in two cohorts in Mali. Table S2. Association of baseline 
variables with stunting, wasting and underweight in 2016 in Mali. 

Acknowledgements
The authors thank the trial steering committee (Feiko ter Kuile [chair], Kalifa 
Bojang, Kojo Koram, David Mabey, Morven Roberts, and Mahamadou Thera) 
and the data and safety monitoring board (Blaise Genton [chair], Cheick 
Oumar Coulibaly, Umberto D’Alessandro, and Francesca Little) for their assis-
tance with the trial, the Ministry of Health staff in the Bougouni and Houndé 
districts for their assistance; the lab technicians, data clerks, field workers and 
supervisors for data collection, and all the caretakers and children for their 
participation.

Authors’ contributions
Designed the analyses presented in this study: MdW, MC, AD, DC, BG, JBO. 
Implementation of the Original Trial Protocol: YDC, IS, IK, IZ, AB, MD, AT, SC, IT, 
FK, RSY, RMG, HT, AD, JBO. Data Collection: YDC, IS, IK, IZ, AB, MD, AT, SC, IT, FK, 
RSY, RMG, HT, AD, JBO. Statistical Analysis: MdW, MC, YDC. Interpretation of the 
Data: MdW, MC, YDC, AD, DC, BG, JBO. Wrote the First Draft of the Manuscript: 
MdW, MC, AD, DC, BG, JBO. All authors contributed to the final interpretation 
of the findings. All authors read and approved the final manuscript.

Funding
The original trial was supported by a grant (MR/K007319/1) from the Joint 
Global Health Trials scheme, which includes the U.K. Medical Research Council, 
Department for International Development, National Institute for Health 
Research, and the Wellcome Trust. MC received support from an award (MR/
R010161/1) jointly funded by the UK Medical Research Council (MRC) and the 
UK Department for International Development (DFID) under the MRC/DFID 
Concordat agreement, which is also part of the EDCTP2 programme sup-
ported by the European Union.

 Availability of data and materials
The datasets generated and/or analysed during the current study will be 
archived on the LSHTM Data Compass repository and are available on reason-
able request. Data will be archived on the LSHTM Data Compass institutional 
repository (http:// datac ompass. lshtm. ac. uk) for the purpose of ensuring long-
term curation, preservation, and access. Given the nature of these data, we 
will ask users to sign a data sharing agreement. This is not intended to restrict 
access, but to ensure that requests are for ethical research purposes and that 
any analyses undertaken will not compromise the confidentiality of individual 
participants, and are not for commercial purposes.

Declarations

Ethics approval and consent to participate
The trial obtained approval from the ethics committees of the London School 
of Hygiene and Tropical Medicine, London, UK; the Malaria Research and Train-
ing Centre, University of Bamako, Bamako, Mali and the Ministry of Health, 
Ouagadougou, Burkina Faso. It also obtained approval from the national 
regulatory authorities of Burkina Faso and Mali.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 London School of Hygiene and Tropical Medicine, London, UK. 2 Institut de 
Recherche en Sciences de La Santé, Bobo-Dioulasso, Burkina Faso. 3 Malaria 
Research and Training Centre, University of Science, Techniques, and Technolo-
gies of Bamako, Bamako, Mali. 

Table 3 (continued)
a Adjustment was made for age, gender, intervention arm, calendar month, and distance to health facility
b Additional adjustment was made for AQ dose for the 2016 variables (in addition to the variables listed above). No adjustment was made for SP dose to avoid 
collinearity

https://doi.org/10.1186/s12936-021-03802-2
https://doi.org/10.1186/s12936-021-03802-2
http://datacompass.lshtm.ac.uk


Page 13 of 13de Wit et al. Malar J          (2021) 20:274  

Received: 16 October 2020   Accepted: 7 June 2021

References
 1. WHO. Malaria factsheet. Geneva: World Health Organization; 2020. 

https:// www. who. int/ news- room/ fact- sheets/ detail/ malar ia.
 2. WHO. World Malaria Report 2019. Geneva: World Health Organization; 

2019.
 3. WHO. High Burden to High Impact: A targeted malaria response. Geneva: 

World Health Organization; 2019.
 4. President’s Malaria Initiative. Mali Country Profile. 2018. https:// www. 

pmi. gov/ docs/ defau lt- source/ defau lt- docum ent- libra ry/ count ry- profi 
les/ mali_ profi le. pdf? sfvrsn= 24#: ~: text= Malar ia is the primary cause,the 
main cause of infection.

 5. Ministère de la Santé Burkina Faso. Annuaire statistique. 2018. http:// 
www. cns. bf/ IMG/ pdf/ annua ire_ ms_ 2018. pdf.

 6. United Nations Office for the Coordination of Humanitarian Affairs. 2014 
Humanitarian Needs Overview - Sahel region. 2013. https:// www. human 
itari anres ponse. info/ sites/ www. human itari anres ponse. info/ files/ docum 
ents/ files/ HNO_ Sahel_ final. pdf.

 7. Weiss DJ, Lucas TCD, Nguyen M, Nandi AK, Bisanzio D, Battle KE, et al. 
Mapping the global prevalence, incidence, and mortality of Plasmodium 
falciparum, 2000–17: a spatial and temporal modelling study. Lancet. 
2019;394:322–31.

 8. Akombi BJ, Agho KE, Merom D, Renzaho AM, Hall JJ. Child malnutrition in 
sub-Saharan Africa: a meta-analysis of demographic and health surveys 
(2006–2016). PLoS One. 2017;12:e0177338.

 9. Scrimshaw NS, Taylor CE, Gordon JE, WHO Group. Interactions of nutrition 
and infection. Geneva: World Health Organization; 1968.

 10. Das D, Grais RF, Okiro EA, Stepniewska K, Mansoor R, van der Kam S, et al. 
Complex interactions between malaria and malnutrition: a systematic 
literature review. BMC Med. 2018;16:186.

 11. d’Avila FE, Alexandre MA, Salinas JL, de Siqueira AM, Benzecry SG, de Lac-
erda MVG, et al. Association between anthropometry-based nutritional 
status and malaria: a systematic review of observational studies. Malar J. 
2015;14:346.

 12. Fillol F, Cournil A, Boulanger D, Cisse B, Sokhna C, Targett G, et al. Influ-
ence of wasting and stunting at the onset of the rainy season on subse-
quent malaria morbidity among rural preschool children in Senegal. Am J 
Trop Med Hyg. 2009;80:202–8.

 13. Arinaitwe E, Gasasira A, Verret W, Homsy J, Wanzira H, Kakuru A, et al. The 
association between malnutrition and the incidence of malaria among 
young HIV-infected and -uninfected Ugandan children: a prospective 
study. Malar J. 2012;11:90.

 14. Deen JL, Walraven GE, von Seidlein L. Increased risk for malaria in chroni-
cally malnourished children under 5 years of age in rural Gambia. J Trop 
Pediatr. 2002;48:78–83.

 15. Gari T, Loha E, Deressa W, Solomon T, Lindtjorn B. Malaria increased the 
risk of stunting and wasting among young children in Ethiopia: results of 
a cohort study. PLoS One. 2018;13:e0190983.

 16. Tonglet R, Mahangaiko Lembo E, Zihindula PM, Wodon A, Dramaix M, 
Hennart P. How useful are anthropometric, clinical and dietary measure-
ments of nutritional status as predictors of morbidity of young children in 
central Africa? Trop Med Int Health. 1999;4:120–30.

 17. Ward A, Guillot A, Nepomnyashchiy LE, Graves JC, Maloney K, Omoniwa 
OF, et al. Seasonal malaria chemoprevention packaged with malnutrition 
prevention in northern Nigeria: a pragmatic trial (SMAMP study) with 
nested case-control. PLoS One. 2019;14:e0210692.

 18. Jones KDJ, Berkley JA. Severe acute malnutrition and infection. Paediatr 
Int Child Health. 2014;34:S1-29.

 19. de Onis M, Yip R, Mei Z. The development of MUAC-for-age reference 
data recommended by a WHO Expert Committee. Bull World Health 
Organ. 1997;75:11–8.

 20. Chandramohan D, Dicko A, Zongo I, Sagara I, Cairns M, Kuepfer I, et al. 
Effect of adding azithromycin to seasonal malaria chemoprevention. N 
Engl J Med. 2019;380:2197–206.

 21. Gore-Langton GR, Cairns M, Compaore YD, Sagara I, Kuepfer I, Zongo I, 
et al. Effect of adding azithromycin to the antimalarials used for seasonal 
malaria chemoprevention on the nutritional status of African children. 
Trop Med Int Health. 2020;25:740–50.

 22. Swysen C, Vekemans J, Bruls M, Oyakhirome S, Drakeley C, Kremsner P, 
et al. Development of standardized laboratory methods and quality pro-
cesses for a phase III study of the RTS, S/AS01 candidate malaria vaccine. 
Malar J. 2011;10:223.

 23. WHO. Malnutrition Fact sheets. Geneva: World Health Organization; 2018. 
http:// www. who. int/ news- room/ fact- sheets/ detail/ malnu triti on.

 24. WHO. Child growth standards: length/height-for-age, weight-for-age, 
weight-for-length, weight-for-height and body mass index-for-age: 
methods and develoment. Geneva: World Health Organization; 2006.

 25. WHO. Child growth standards: Head circumference-for-age, arm circum-
ference-for-age, triceps skinfold-for-age and subscapular skinfold-for-age: 
methods and development. Geneva: World Health Organization; 2007.

 26. Terlouw DJ, Courval JM, Kolczak MS, Rosenberg OS, Oloo AJ, Kager PA, 
et al. Treatment history and treatment dose are important determinants 
of sulfadoxine-pyrimethamine efficacy in children with uncomplicated 
malaria in Western Kenya. J Infect Dis. 2003;187:467–76.

 27. WHO. Guidelines for malaria. Geneva: World Health Organization; 2021.
 28. Cairns ME, Sagara I, Zongo I, Kuepfer I, Thera I, Nikiema F, et al. Evaluation 

of seasonal malaria chemoprevention in two areas of intense seasonal 
malaria transmission: secondary analysis of a household-randomised, 
placebo-controlled trial in Houndé District, Burkina Faso and Bougouni 
District. Mali PLoS Med. 2020;17:e1003214.

 29. Institut National de la Statistique et de la Démographie (INSD) et ICF 
International. Enquête Démographique et de Santé et à Indicateurs 
Multiples du Burkina Faso 2010. Calverton, Maryland, USA; 2012.

 30. Cellule de Planification et de Statistiques (CPS/SSDSPF), Insititut National 
de Statistique (INSTAT, MPATP), INFO-STAT et ICF International. Enquête 
Démographique et de Santé au Mali 2012–2013. Rockville, Maryland, 
USA; 2014.

 31. Genton B, Al-Yaman F, Ginny M, Taraika J, Alpers MP. Relation of anthro-
pometry to malaria morbidity and immunity in Papua New Guinean 
children. Am J Clin Nutr. 1998;68:734–41.

 32. Muller O, Garenne M, Kouyate B, Becher H. The association between 
protein-energy malnutrition, malaria morbidity and all-cause mortality in 
West African children. Trop Med Int Health. 2003;8:507–11.

 33. Berkley J, Mwangi I, Griffiths K, Ahmed I, Mithwani S, English M, et al. 
Assessment of severe malnutrition among hospitalized children in rural 
Kenya: comparison of weight for height and mid upper arm circumfer-
ence. JAMA. 2005;294:591–7.

 34. Briend A, Maire B, Fontaine O, Garenne M. Mid-upper arm circumference 
and weight-for-height to identify high-risk malnourished under-five 
children. Matern Child Nutr. 2012;8:130–3.

 35. Shankar AH. Nutritional modulation of malaria morbidity and mortality. J 
Infect Dis. 2000;182(Suppl):S37-53.

 36. Owoaje E, Onifade O, Desmennu A. Family and socioeconomic risk fac-
tors for undernutrition among children aged 6 to 23 Months in Ibadan 
Nigeria. Pan Afr Med J. 2014;17:161.

 37. Worrall E, Basu S, Hanson K. Is malaria a disease of poverty? A review of 
the literature. Trop Med Int Health. 2005;10:1047–59.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://www.who.int/news-room/fact-sheets/detail/malaria
https://www.pmi.gov/docs/default-source/default-document-library/country-profiles/mali_profile.pdf?sfvrsn=24#:~:text=Malaria
https://www.pmi.gov/docs/default-source/default-document-library/country-profiles/mali_profile.pdf?sfvrsn=24#:~:text=Malaria
https://www.pmi.gov/docs/default-source/default-document-library/country-profiles/mali_profile.pdf?sfvrsn=24#:~:text=Malaria
http://www.cns.bf/IMG/pdf/annuaire_ms_2018.pdf
http://www.cns.bf/IMG/pdf/annuaire_ms_2018.pdf
https://www.humanitarianresponse.info/sites/www.humanitarianresponse.info/files/documents/files/HNO_Sahel_final.pdf
https://www.humanitarianresponse.info/sites/www.humanitarianresponse.info/files/documents/files/HNO_Sahel_final.pdf
https://www.humanitarianresponse.info/sites/www.humanitarianresponse.info/files/documents/files/HNO_Sahel_final.pdf
http://www.who.int/news-room/fact-sheets/detail/malnutrition

	Nutritional status in young children prior to the malaria transmission season in Burkina Faso and Mali, and its impact on the incidence of clinical malaria
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Study population
	Intervention
	Anthropometric measurements
	Morbidity surveillance
	Data collection and management
	Statistical analysis

	Results
	Study population
	Prevalence of malnutrition
	Factors associated with poor nutritional status
	Relationship between malnutrition and malaria incidence

	Discussion
	Conclusion
	Acknowledgements
	References




