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Abstract
Background  The Kasai region in the Democratic Republic of Congo suffered a violent conflict in 2016-17 and has 
been facing high household food insecurity and acute malnutrition (AM) in under 5 children ever since. This study 
aims to describe food security and feeding practices in a rural health district of this region in which the clinical 
randomised control trial OptiMA was implemented, and to assess the associated factors of AM among children aged 6 
to 59 months in the aftermath of the conflict.

Methods  A community-based matched case-control study was nested in the OptiMA trial. Cases (n = 91) were 
children aged 6 to 59 months suffering from AM enrolled in the trial. Two neighbourhood controls (n = 181) were 
randomly selected per case, matched on age. The required sample size, based on the Household Hunger Score (HHS) 
in the area, was 81 pairs of cases and controls. Of the 282 heads of households interviewed, 272 were included in the 
analyses. The heads of household and the children’s caregivers were interviewed on household, caregiver, and child 
acute malnutrition risk factors. A conditional logistic regression was used to fit a model of wasting risk factors.

Results  A total of 91% of households faced severe food insecurity and 33% severe hunger. Dietary diversity of both 
children and mothers was low with no mothers and only 5 children in the controls group reaching minimum dietary 
diversity. The mean diet diversity of mothers and children in both groups was only comprised between 2 and 2.5 out 
of 10 and 8 food groups, respectively in the classification. The HHS (AOR 2.9, 95% CI 1.6 to 5.6) and both moderate and 
severe stunting (AOR 10.2, 95% CI 3.2 to 32.2 and AOR 11.0, 95% CI 3.5 to 34.9, respectively) were strongly associated 
with acute malnutrition in the adjusted model.
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Background
According to the 2023 Joint Malnutrition Estimate (UNI-
CEF/WHO/World Bank), 45 million of the world’s chil-
dren under 5, or 6.8%, are severely or moderately wasted 
[1]. The risk of mortality for severely wasted children has 
been shown to be 11.6 times higher than for non-wasted 
children (95% IC 9.8–13.8). An estimated 27% of all chil-
dren affected by wasting worldwide live in Africa [2].

The Democratic Republic of Congo remains one of 
the 15 countries most affected by acute malnutrition 
[3]. National wasting prevalence among under 5 chil-
dren in 2017 was initially estimated by the World Health 
Organization at 6.4%, or approximately 1  million cases 
[1]. The Kasai region, which is home to many diamond 
extraction activities, has regularly been singled out as one 
of the areas of the country with a high burden of acute 
malnutrition, even though it is far from the decades-long 
conflict in the Eastern regions [4]. In 2016–2017, vio-
lent conflict came to Kasai, leading to a massive internal 
displacement of around 1.4  million people [5] and high 
food insecurity [6]. Additionally, thousands of Congo-
lese workers and their families have been forced out of 
neighbouring Angola since 2018 into Kasai [5]. Despite 
the end of armed conflict, Kasai was classified as being in 
an “emergency” food insecurity phase [7]. The National 
Nutrition Department of the Ministry of Health (PRO-
NANUT) identified 14 out of 18 health districts in Kasai 
as having concerning (n = 13) or alarming (n = 1) levels 
of acute malnutrition from January to March 2020. In 
most of these health districts, more than 20% of under 
5 children and more than 15% of pregnant and lactating 
women had a Mid-Upper Arm Circumference (MUAC) 
below the thresholds used for determining acute malnu-
trition (< 125 mm for under 5 children and < 230 mm for 
pregnant and lactating women) [8].

We conducted a case-control study in the post-con-
flict Kasai region with the first purpose to document the 
context in which the Optimizing Treatment of Acute 
Malnutrition (OptiMA) randomized control trial was 
implemented [9]. This ancillary study is key to the anal-
ysis of the trial’s results due to the lack of literature on 
the topic in the area. We described and compared the 
food security status and feeding practices of households 
of wasted children to households of non-malnourished 
children. The study also aimed to identify the main 

associated factors for episodes of acute malnutrition 
for young children in this rural area. The main hypoth-
esis of our study was that the household living condi-
tions and feeding practices of children suffering from 
acute malnourished children differed from the ones of 
non-malnourished children. Our results will contribute 
to the existing body of evidence on the immediate and 
underlying associated factors of acute malnutrition in a 
rural, post-conflict context of the Democratic Republic 
of Congo affected by emergency levels of food insecurity 
and high prevalence of wasting. We also hope our results 
can serve as a call for action for national and local actors 
in the prioritization of effective actions to improve the 
food security and nutrition situation.

Methods
Study design and setting
This study was an age-matched, case control-study. It 
took place in the Kamwesha health zone, Kasai Prov-
ince in the Democratic Republic of Congo. Kamwesha 
is a rural district of 500,000 people with 26 health areas 
and one district hospital. In 2017 the prevalence rate of 
acute malnutrition was estimated at 19.7% (95% CI 14.4–
26.3%) based on MUAC and at 11.0% (95% CI 7.4–26.3%) 
based on weight-for-height z-score (WHZ) [10]. In May 
2018, The Alliance for International Medical Action 
(ALIMA), a non-governmental organisation (NGO), 
launched a nutritional paediatric emergency project in 
support of the Democratic Republic of Congo Ministry of 
Health (MoH). It consisted of implementing the national 
Democratic Republic of Congo protocol for severe acute 
malnutrition (SAM) treatment for the first time and sup-
porting paediatric care in nine health centres and the 
district hospital in this landlocked rural health zone that 
had experienced two years of armed conflict. Nested in 
this emergency project, ALIMA, the French National 
Institute of Health and Medical Research (Inserm) and 
the PRONANUT in the Democratic Republic of Congo 
conducted a randomised control trial, the OptiMA trial, 
in four out of the nine health areas supported by ALIMA 
from July 2019 to July 2020. The OptiMA strategy aims 
to simplify and improve acute malnutrition manage-
ment by treating children aged 6 to 59 months old with 
a MUAC < 125  mm or oedema with a single product– 
Ready-to-Use Therapeutic Food– at a tapered dose. The 

Conclusions  The dire food security and hunger described in this study calls for multi-sectoral actions to improve 
food access and evidence-based preventive actions for all types of undernutrition in the area.
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number NCT03751475 on November, 23rd 2018.
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trial protocol and the findings have been published [9, 11, 
12].

This case-control study was nested in the OptiMA trial 
and conducted in the same 4 health areas, at the end of 
March 2020, i.e. right after the harvest of the region’s two 
main staple foods, i.e. corn and cassava. The lean season, 
or when food insecurity is supposedly at its highest, is 
between October and December (Fig.  1). As shown on 
the graph, staple crops in the area have two harvesting 
seasons. There are two rainy seasons: one from February 
to May and one from September to December.

Selection of cases
Cases were selected among children enrolled in the 
OptiMA trial. Inclusion criteria for the OptiMA trial 
were being aged between 6 and 59 months old with a 
MUAC < 125 mm or a WHZ<-3 or oedema without signs 
of complications or another underlying chronic condi-
tion. We kept the inclusion criteria as our definition of 
acute malnutrition as this study is ancillary to the trial 
[9]. Children were followed up for 6 months after their 
inclusion in the trial. To be selected as cases, children 
had to be enrolled in the trial and either receive nutri-
tional treatment at an ambulatory therapeutic feeding 
centre at the time of the interview or be discharged less 
than a month prior to the interview. Children with a live 
twin were excluded.

Selection of controls
Two neighbourhood controls were randomly sampled for 
each case. Interviewers started from a case’s house and 
then randomly selected a direction. They then picked the 
first households on their path that fitted the selection cri-
teria for controls. Controls were children aged between 
6 and 59 months who were MUAC ≥ 125  mm and 
WHZ≥-3 and no oedema (i.e. did not suffer from acute 
malnutrition according to the definition used in the trial). 
Controls were matched to cases based on age with two 
strata: 6–23 months old and 24–59 months old. Controls 
were not selected if any of the children between 6 and 59 
months old in the household was receiving nutritional 
treatment, had been discharged from a nutritional pro-
gram less than a month before, or had participated in the 
OptiMA trial. Children with a live twin were excluded. 

Only one control per household was selected, choosing 
the child with the age closest to the case.

Sample size calculation
The sample size was calculated using the formula for 
matched case-control studies [13, 14]. We selected the 
Household Hunger Score (HHS) as the main risk factor. 
A proportion of 75% of exposed controls was selected as, 
according to the Integrated Food Security Phase Clas-
sification analysis of August 2019, 75% of households in 
the Kasai region suffered from moderate to severe hunger 
[7]. We selected a power of 80% and a significance of 5% 
with a control to case ratio of 2 to 1 and an odds ratio 
to detect of 3. The required sample size was 73 cases and 
146 controls. We considered 10% of missing data with a 
final required sample size of 81 pairs.

Data collection
The enumerators were 4 nurses who also collected data 
for the OptiMA trial with the help of each village’s com-
munity health worker. They were trained for 3 days by 
the deputy project leader and the trial monitor with the 
contribution of Kamwesha health zone management 
team and the regional PRONANUT officer. Data were 
collected on tablets using ODK software [15]. Anthro-
pometric measurements of children included in the 
study were taken by nurses who were assisted by com-
munity health workers following Democratic Repub-
lic of Congo national Integrated Management of Acute 
Malnutrition (IMAM) guidelines [16]. Salter weighting 
scales were used to measure weight to the nearest 100 g, 
height boards to measure height/length to the near-
est 0.1  cm and MUAC tapes to measure MUAC to the 
nearest 1  mm. MUAC was measured on the child’s left 
arm. For children measuring less than 87 cm, height was 
measured with the child lying down on the scale whereas 
children measuring 87  cm or more stood up, according 
to the OptiMA and the national acute malnutrition man-
agement protocols [12]. Nurses and community health 
workers were trained and supervised on anthropometric 
measurements for the OptiMA trial.

Fig. 1  Seasonal agriculture calendar of the Kamwesha area (Kasai, Democratic Republic of Congo). S = Sowing season; H = Harvest season
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Variables included in the study
Household risk factors
The first part of the questionnaire was answered by the 
head of the household and regarded socioeconomic char-
acteristics of the household: household composition, age, 
gender, occupation, education level, marital status of the 
head of household. The different types of occupation of 
the head of household were grouped in 3 categories: agri-
culture as it is the main occupation in the area; educa-
tion sector/health sector/civil service as it could mean a 
higher level of education; and other (trade, craftsman-
ship, employee, diamond extraction, unemployment). 
Further questions detailed agricultural activities. Ques-
tions were asked about the household’s main assets, 
type of housing, household’s hygiene. Several questions 
were asked on whether the household had encountered 
any shock during the past year and what type (finan-
cial, linked to farming activities…), and whether they 
had received any food distribution in the month prior to 
the interview. Indeed, the World Food Program (WFP) 
organised a blanket distribution of flour and beans for all 
households in the area near the end of our data collec-
tion period, and another NGO distributed corn soy blend 
flour to pregnant and lactating women. Households also 
assessed how much time their current food stocks could 
feed their household.

The Household Food Insecurity Access Scale (HFIAS) 
was assessed through the 9 questions designed by the 
Food and Nutrition Technical Project of the United 
States Agency for International Development over a 
recall period of 4 weeks [17]. To better illustrate the high 
food insecurity in the area, we chose to show the propor-
tion of households in a situation of severe food insecu-
rity as well [17]. The questions were asked to the head 
of the household. The HHS was constructed from the 
HFIAS last three questions to further differentiate house-
holds who suffered from hunger versus others [18]. The 
HHS score was classified in the 3 HHS categories: little 
to no hunger in the household, moderate hunger in the 
household, severe hunger in the household. The house-
hold wealth index was constructed using a principal 
components’ analysis ( [19]. It was based on the house-
hold possessions variables, the type of house, the number 
of rooms, livestock farming. Based on the wealth index, 
households were categorised in terciles.

Child and caregiver risk factors
The second part of the questionnaire was preferen-
tially administered to the child’s mother, when available, 
or to the child’s caregiver. Collected data included the 
mothers’ age, education level, occupation, status (pres-
ent in the household, absent for the day or permanently 
absent). If the caregiver was a woman aged between 15 
and 49 years old, dietary diversity was assessed through 

the Women Dietary Diversity Score (WDDS) computed 
from a qualitative 24 h recall. The WDDS was based on 
10 food groups as recommended: grains, white roots, 
tubers and plantains; pulses; nuts and seeds; dairy; meat, 
poultry and fish; eggs; dark green leafy vegetables; other 
vitamin A-rich fruits and vegetables; other vegetables; 
other fruits. Due to the specifics of the diet in the region, 
we also asked mothers about their consumption of red 
palm oil and insects. The minimum dietary diversity for 
women indicator is a dichotomous indicator derived 
from the WDDS, which equals 1 (minimum dietary 
diversity is reached) when women had consumed 5 food 
groups or more over the previous 24 h, and 0 otherwise 
[20]. Dietary diversity of children was assessed using 
the Individual Dietary Diversity Score (IDDS) recom-
mended by the WHO with a recall period of 24  h. The 
WHO score, based on 8 food groups (breast milk; grain, 
roots and tubers; pulses, legumes and nuts; dairy prod-
ucts; flesh foods; eggs: vitamin-A rich fruits and vege-
tables; other fruits and vegetables), was initially defined 
for children aged from 6 to 23 months, however it was 
extended here to children aged 6 to 59 months [21]. 
Questions on feeding practices were based on WHO 
Indicators for Assessing Infant and Young Child Feed-
ing Practices (IYCFP) [21]. Both the Minimum Meal Fre-
quency and Minimum Dietary Diversity indicators were 
then calculated based on WHO guidelines for children 
aged 6 to 23 months old. The Minimum Dietary Diversity 
(MDD) indicator is calculated as children having con-
sumed 5 food groups out of 8 during the previous day. 
The Minimum Meal Frequency indicator was only cal-
culated for children aged 6 to 23 months old according 
to the WHO guidelines: 2 feedings for breastfed children 
aged 6–8 months, 3 feedings for breastfed children aged 
9–23 months and 4 feedings for non-breastfed children 
aged 6–23 months. Additional questions were asked on 
the child’s morbidity history in the past month.

Anthropometric indicators
Height-for-age z score to define stunting (i.e. height-
for-age z-score<-2) was calculated using the WHO 
anthropometry package for R [22]. Extreme, biologically 
implausible observations (<-6 z-score/>6 z-score) were 
considered as missing following WHO guidelines [23].

Data analysis
Data was analysed using R software [24]. First, we 
compared characteristics between cases and controls. 
Descriptive statistics were expressed as percentages and 
frequencies for categorical variables and as median, inter-
quartile range, minimum and maximum values for con-
tinuous variables. The WDDS and IDDS were expressed 
as means and standard deviation. Several continuous 
variables were transformed to categorical variables using 
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standard cut-off points when available, or the variable’s 
distribution.

The outcome used in the bivariate and multivariate 
analysis was to be a case, i.e. to currently suffer or have 
suffered less than a month ago from an episode of acute 
malnutrition. Conditional logistic regression was used to 
assess independent association with the outcome and to 
obtain crude odds ratios. If significant (p < 0.1), the vari-
ables were selected for the multivariate model. In case 
of collinearity between some variables in the multivari-
ate model, we chose the one we found the most appro-
priate to present regarding the rationale and based on 
literature relevant to this study. A conditional logistic 
regression was used to fit the multivariate model. All 
explicative variables were entered in the model and were 
then removed following a stepwise backwards approach 
until only significant variables remained in the final 
model (p < 0.05). All variables were assessed for multicol-
linearity by using the variance inflation factor in the final 
model thanks to the “performance” package of R. The 
goodness of fit of the model was tested thanks to a gener-
alized linear model using the “glm” package of R.

Ethics
Ethical approval with annual renewal was granted by the 
Democratic Republic of the Congo National Ethics Com-
mittee (approval number 94/CNES/BN/PMMF/2018) 
and the Ethics Evaluation Committee of the French 
National Institute for Health and Medical Research 
(INSERM, approval number 18–545).

The case-control study was nested in the OptiMA 
trial and mentioned as an ancillary study in the protocol 
approved by ethic committees. Before conducting the 
interview, enumerators explained the study to the par-
ticipants in Tshiluba and answered their questions before 
giving them an information sheet. All participants signed 
a consent form. If the participant was unable to read and 
write, he chose a witness that could sign for him/her 
(usually the village community health worker). All col-
lected data were anonymised with an identifying number. 
Before the start of the trial, community leaders were con-
sulted on the study. Community health workers of each 
village were fully implicated in the study implementation.

Results
Between March, 4th and April, 23rd 2020, 282 house-
holds were interviewed, and of these, 272 were included 
in the analysis (91 cases; 181 controls) (Fig. 2).

Table  2 shows the household characteristics of cases 
and controls. The heads of household were mainly males 
(85.7%). Case households were more likely to have 3 or 
4 children under 5 years (24.2%) than controls (12.1%). 
Agriculture was the main occupation of the heads of 
households in both cases (86.8%) and controls (76.2%), 

regardless of gender. Although almost all case and con-
trol households grew crops (93.4%), controls were 
more likely to farm livestock (52.5%) compared to cases 
(36.3%). Control households were more frequently in 
the highest wealth tercile than case ones (37.6% versus 
20.9%). Nearly all case households (98.9%) and most con-
trol households (86.7%) were in a situation of severe food 
insecurity, according to the HFIAS. As many as 38.5% of 
case households suffered from severe hunger, compared 
to 29.8% of control ones. We found more declaration of 
pregnant or lactating women treated for malnutrition 
during the past year among the case households (12.4% 
versus 5.6%).

Table 3 shows the characteristics of mothers and chil-
dren. Mothers had almost the same median age in both 
groups (27–28 years). Mothers of cases were more fre-
quently illiterate (84.9% against 77.9%) and more likely to 
have more than 6 children (23.1% against 11.6%). In both 
groups, 62% of children were between 6 and 23 months 
old and around 70% of children were breastfed at the time 
of the interview. Food and beverages were integrated 
in most children’s diet before 6 months of age, for both 
cases and controls (84.2% and 82.9%, respectively). We 
found a higher proportion of both moderate and severe 
stunting among the cases (33.7% and 44.2% respectively) 
versus controls (18.9% and 25.0%).

Regarding meal and diet diversity, we found 3 female 
caregivers who had not eaten the day before the inter-
view. Among those who had eaten, no caregiver in 
the sample reached the minimum dietary diversity for 
women (at least 5 food groups out of 10) with scores 
ranging from 1 to 4 food groups. However, having eaten 3 
or 4 meals the day before the interview was less frequent 
among the cases (3.6%) versus the controls (14.8%); they 
were also fewer to have consumed nutrient-rich foods. 
In total 22 children had not eaten a single meal the day 
before the interview. For those who ate, the median IDDS 
was 3 out of 8 food groups. Similar to their female care-
givers, fewer children in the cases had 3 to 4 meals the 
day before the interview (13.4%) compared to controls 
(30.4%), however no difference was observed in nutri-
ent-rich foods intakes. Finally, we found more caregivers 
reporting that their child was sick during the past month 
in the control group (47.5% versus 37.4%).

In the crude analysis, HFIAS and HHS scores were 
both associated with the AM episode (OR 1.3, 95% CI 
1.2 to 1.5 and OR 2.5, 95% CI 1.7 to 3.7, respectively) 
(Table 1). In the multivariate analysis, only HHS was kept 
as a variable. Only one variable could be kept as HHS is 
calculated from HFIAS. We selected HHS as it was more 
strongly associated to the occurrence of an episode of 
acute malnutrition and discriminated better between the 
two groups. Having experienced an unexpected hardship 
during the past year such as the loss of crops or livestock 
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or the death of an adult member of the household, was 
associated with a 2.6 times increased risk of the child 
developing an AM episode (OR 2.6, 95% CI 1.02 to 6.6). 
Low household wealth was a risk factor for the outcome 
as well (p = 0.02). On the contrary, a higher dietary diver-
sity in women (OR 0.5, 95% CI 0.3 to 0.8) and in chil-
dren (OR 0.5, 95% CI 0.3 to 0.8) lowered the risk of AM 
(Table 1).

In the multivariate analysis (Table  1), more than two 
children under 5 at home, an illiterate head of household, 
a high HHS, the presence of a woman of the household 
having been treated for AM in the past year, a low child 
IDDS and stunting were risk factors for an AM episode. 
One additional point of the HHS increased the risk of an 
AM episode by 2.9 (AOR 2.9, 95% CI 1.6 to 5.3). Adjust-
ing for hunger score in the household, children with a 
higher dietary diversity score had a 60% lower chance of 
developing an AM episode (AOR 0.5, 95% CI 0.3 to 0.8) 
(Table 1). All other variables of the final model had a vari-
ance inflation factor < 2. Using a generalized linear model 
shows a good predictability of the model (p < 0.005).

Discussion
This study was conducted one year after the end of an 
armed conflict that has caused large population dis-
placements and high food insecurity in the Kasai region 
of the Democratic Republic of Congo. Globally, 91% of 
all households interviewed faced severe food insecurity 
and 33% were affected by severe hunger. We found sig-
nificant differences between cases and controls regarding 
household food security, mean diet diversity scores and 
number of meals eaten at the child and mother/caregiver 
levels. However, both cases and controls households 
faced dire levels of food security and hunger. Dietary 
diversity of both children and mothers remained low 
with a diet mainly based on cereals, tubers, and dark 
green leaves vegetables. Most mothers and children had 
only eaten 1 or 2 meals the day before the interview, and 
none or only a few individuals reached the minimum 
dietary diversity. These results provide additional context 
for the interpretation of OptiMA-trial results.

Our results bring additional evidence to the existing lit-
erature on the factors associated with acute malnutrition 
in Sub-Saharan Africa, especially as very few studies have 
been conducted in the Democratic Republic of Congo. 
A systematic review [25] on the determinants of acute 

Fig. 2  Flow chart of children included in the case-control study. ATFC = Ambulatory Therapeutic Feeding Center; MUAC = Mid-Upper Arm Circumference
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malnutrition episodes in sub-Saharan Africa found only 
one cross-sectional study of medium quality, conducted 
in the Democratic Republic of Congo, and it was carried 
out in a health area with low under 5 children wasting 
prevalence (3.8%). It identified low appetite, diarrhoea, 
and age as the 3 predictive factors of wasting [26]. An 
additional case-control study aiming to develop a predic-
tive score for severe acute malnutrition (SAM) was con-
ducted in the same area among hospitalised children. The 

model identified 9 individual and household-level predic-
tive factors of malnutrition (such as the mother’s age), 
then translated to a system of points that can be used to 
identify children at a high risk of SAM [27].

A literature review examining the associations between 
food insecurity and malnutrition found mixed results 
regarding wasting, with only 3 out of 15 studies finding 
such an association. The mixed results can be explained 
by the fact that studies used different methodologies 

Table 1  Risk factors associated with an episode of acute malnutrition
Characteristics Cases Bivariate model Multivariate model (N = 244)

n (%) OR (95% CI) P-value AOR (95% CI) P-value
Number of children under 5 (N = 272) 0.005 0.02
1–2 69 (75.8) 1 Ref 4.9 Ref
3–4 22 (24.2) 3.6 (1.5–8.9) 0.005 (1.3–18.2) 0.02
Fishing/Hunting households (N = 272) 0.02
yes 8 (8.8) 0.4 (0.2–0.9) 0.02
Households having experienced at least 1 hardship in the past year 
(N = 272)

0.04

yes 82 (90.1) 2.6 (1.0-6.6) 0.04
Household wealth index (N = 272) 0.007
Median [IQR] -0.1 [-0.4-0.2] 0.3 (0.2–0.7) 0.007
Min-Max -0.5-1.1
Access to a well/borehole (N = 272) 0.08
Yes 72 (79.1) 0.2 (0.1–1.2) 0.08
Head of household literacy (N = 272) 0.02 0.005
Illiterate 22 (24.2) 2.4 (1.2–4.9) 0.02 6.4 (1.7–23.4) 0.005
HHS (N = 272) < 0.001 < 0.001
Median [IQR] 3.0 [2.5–3.5] 2.5 (1.7–3.7) 2.9 (1.6–5.3) < 0.001
HFIAS (N = 272) < 0.001
Median [IQR] 14.0 [11.0–25.00] 1.3 (1.2 -1. 5)
Mother literacy (N = 258) 0.09
Illiterate 73 (84.9) 2.1 (0.9–5.2) 0.09
WDDS (N = 254) 0.003
Median [IQR] 2 [2–3] 0.5 (0.3–0.8) 0.003
min - max 1–4
Number of meals of the caregiver* (N = 252) 0.008
[1,2] 80 (96.4) 1 [1,2]
[3,4] 3 (3.6) 0.2 (0.1–0.6) [3,4]
Animal-source food eaten by the caregiver* (N = 254) 0.03
yes 5 (5.9) 0.4 (0.1–0.9) 0.03
Fruits and vegetables eaten by the caregiver* (N = 254) 0.06
yes 71 (83.5) 0.2 (0.1–0.6) 0.06
Number of children of the child’s mother (N = 272) 0.006
[1,6] 70 (83.5) (reference)
]6,11] 21 (16.5) 3.1 (1.4–7.1) 0.006
Stunting (N = 266) < 0.001 < 0.001
HAZ [-3;-2] 29 (33.7) 5.7 (2.5–13.4) < 0.001 10.2 (3.2–32.2) < 0.001
HAZ <-3 38 (44.2) 7.5 (3.2–17.5) < 0.001 11.0 (3.5–34.9) < 0.001
IDDS score (N = 250) 0.002 0.01
Median [IQR] 3 [2–3] 0.5 (0.3–0.8) 0.002 0.4 (0.2–0.8) 0.01
Min - max 1–4
Data are n (%) or mean (standard deviation); odd ratio (OR) or adjusted odd ratio (AOR) with 95% confidence interval; HHS = Household Hunger Score, PLW = Pregnant 
and Lactating Women; IDDS = Individual Dietary Diversity Score, WDDS = Women Dietary Diversity Score; * The day before the interview; § Stunting is defined by a 
height-for-age z-score <-2. Underlined variables are the ones selected in the final multivariate model
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Characteristics Cases
N = 91

Controls
N = 181

p-value

n (%) n (%)
HOUSEHOLD CHARACTERISTICS
Head of household gender 0.2
Male 75 (82.4) 158 (87.3) -
Female 16 (17.6) 23 (12.7) 0.2
Number of household members 0.03
[0–3] 7 (7.7) 29 (16.0) -
]3–14] 84 (92.3) 152 (84.0) 0.03
Number of children under 5 0.005
1–2 69 (75.8) 159 (87.9) -
3–4 22 (24.2) 22 (12.1) 0.005
Head of household age (years) 0.5
Median [IQR] 36 [31–41] 36 [30–40] 0.5
Min-max 18–62 18–62
Head of household literacy 0.02
Illiterate 22 (24.2) 24 (13.3) 0.02
Head of household main occupation 0.1
Agriculture 79 (86.8) 138 (76.2) -
Health, education, civil service 6 (6.6) 23 (12.7) 0.1
Other 6 (6.6) 20 (11.1) 0.2
FARMING
Type of farming activity
Crops 85 (93.4) 169 (93.4) -
Livestock 33 (36.3) 95 (52.5) 0.01
Fishing/hunting 8 (8.8) 34 (18.8) 0.02
Gathering leaves, fruits… 35 (38.5) 72 (39.8) 0.7
No farming activity 3 (3.3) 8 (4.4) 0.7
STOCKS
Households who have food stocks at the time of the survey 0.3
Yes 73 (80.2) 154 (85.1) 0.3
Duration of stocks 0.6
[1,3] months 38 (52.1) 69 (44.8) -
]3,6] months 29 (39.7) 75 (48.7) 0.5
]6,12] months 6 (8.2) 10 (6.5) 0.6
Households benefitting from food distribution (WFP/NGO) during the previous month 0.4
yes 10 (11.0) 16 (8.8) 0.4
HARDSHIPS
Households having experienced at least 1 hardship during the past year 0.04
yes 82 (90.1) 149 (82.3) 0.04
HOUSEHOLD WEALTH INDEX 0.003
1st tercile - Poorest 34 (37.4) 64 (35.4) -
2nd tercile - Medium 38 (41.8) 49 (27.1) 0.6
3rd tercile - Wealthiest 19 (20.9) 68 (37.6) 0.02
HOUSEHOLD FOOD INSECURITY
HFIAS < 0.001
Median [IQR] 14 [11–25] 12 [7–24] < 0.001
Min - max 1–27 0–27
Severely food insecure 0.006
yes 90 (98.9) 157 (86.7) 0.006
Household Hunger Score < 0.001
Median [IQR] 3.0 [2.5–3.5] 3.0 [1.0–4.0] < 0.001
Min - max 0–6 0–6

Table 2  Household characteristics of cases and controls
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(cross-sectional versus longitudinal) and studied various 
age groups [28].

Our findings are in line with those from the United 
Nations’ Office for the Coordination of Humanitarian 
Affairs from 2020 which found that communities in the 
Kasai were still affected by the aftermath of the 2017 
conflict [5]. An earlier food security assessment by WFP 
in 2017 highlighted several structural and social factors 
that caused high food insecurity: lack of access to agri-
cultural land and seeds, especially for displaced popula-
tions, poor road access to most areas, lack of investment 
in farming activities, limited farming workforce as people 
favour diamond extraction activities, and pests causing 
crop damage [6]. We found that an unexpected hard-
ship (e.g. the death of an adult in the household or the 
loss of crops or animals) in this context of structural food 
insecurity increased the risk of developing an episode of 
acute malnutrition among under 5 children. Kismul and 
al. documented in the Equateur region of the Democratic 
Republic of Congo how children who live in households 
with a high pressure on productive adults are at higher 
risk of malnutrition [29].

In this study, we used both the HFIAS and the HHS 
to measure food insecurity and hunger and both were 
significantly associated with a child’s wasting episode 
(p < 0.001). Research from other countries reported 

mixed results on such an association [28]. Disha Ali et 
al. investigated the association between food insecurity 
measured through HFIAS and stunting, wasting and 
underweight in 3 countries [30]. In this study, HHS was 
more strongly associated with a child’s wasting episode, 
showing the relevance of this indicator for severe food 
insecurity context, as recommended by the guidelines 
[18].

Household food insecurity, however, is not enough to 
explain child wasting. The percentage of stunted children 
was the largest difference between cases and controls 
groups. This study showed a strong link between stunting 
and wasting in accordance with several longitudinal stud-
ies showing the association between stunting and wasting 
and vice versa. Wasting episodes were found to be pre-
dicted by prior episodes of both wasting and stunting as 
well as concurrent wasting and stunting [31].

Disha Ali et al. found that diet diversity of the child 
did mediate the association with food insecurity but 
not entirely [30], which is in line with our results. In our 
final model, a higher child diet diversity was significantly 
protective against wasting, once adjusted for the level of 
household hunger (HHS).

Apart from diet diversity, feeding practices were 
not significantly associated with the outcome in the 
final model. Even when looking at crude associations, 

Characteristics Cases
N = 91

Controls
N = 181

p-value

n (%) n (%)
Household Hunger Score Categorical Indicator < 0.001
Little to no hunger in the household 12 (13.2) 52 (28.7) -
Moderate hunger in the household 44 (48.3) 75 (41.5) < 0.001
Severe hunger in the household 35 (38.5) 54 (29.8) < 0.001
WATER AND HYGIENE
Access to a well/borehole 0.08
yes 72 (79.1) 151 (83.4) 0.08
Soap use for hand washing 0.6
yes 61 (67.0) 124 (68.5) 0.6
Type of latrine 0.5
Open defecation 12 (13.2) 17 (9.4) -
Household latrine 19 (21.0) 35 (19.3) 0.6
Village latrine 60 (65.9) 129 (71.3) 0.6
Waste management 0.4
Thrown away 36 (34.0) 86 (29.3) -
Buried 22 (24.2) 39 (21.5) 0.5
Open pit 31 (39.6) 53 (47.5) 0.2
Burnt 2 (2.2) 3 (1.7) 1
HISTORY OF MALNUTRITION IN THE HOUSEHOLD
A PLW in the household has been treated for acute malnutrition during the past year 0.04
Yes 11 (12.4) 10 (5.6) 0.04
Missing data 2 - 2 -
Data are n (%) or mean (standard deviation); P values are based on Wald tests; HFIAS = Household Food Insecurity Access Scale; WFP = World Food Programme; 
NGO = Non-Governmental Organisation; PLW = Pregnant or Lactating Women

Table 2  (continued) 
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Characteristics Cases
N = 91

Controls
N = 181

p-value

n (%) n (%)
MOTHER/CAREGIVER CHARACTERISTICS
Mother’s status on the day of the interview 0.2
Interviewee 84 (93.3) 170 (93.9)
Temporarily absent (travel…) 2 (2.2) 9 (5.0) 0.3
Permanently absent (dead or moved out) 4 (4.4) 2 (1.1) 0.1
Missing data 1 - - -
Mother’s age 0.6
Median [IQR] 27 [22–33] 28 [24–32] 0.6
Min– max 18–48 16–43
Missing data 21 42
Mother literacy 0.09
Illiterate 73 (84.9) 134 (77.9)
Missing data 5 9
Mother occupation 0.3
Housewife 8 (9.2) 11 (6.4)
Agriculture 77 (88.5) 149 (86.6) 0.5
Other sectors 2 (2.3) 12 (7.0) 0.1
Missing data 4 9 -
Number of children 0.02
[1–3] 42 (46.2) 86 (47.5)
]3–6] 28 (30.8) 74 (40.9) 0.5
]6–11] 21 (23.1) 21 (11.6) 0.01
Mother/caregiver aged 15–49 years old 0.8
Yes 86 (94.5) 172 (95.10) 0.8
Mother/caregiver had eaten the day before 0.6
Yes 85/86 (98.84) 169/172 (98.26) 0.6
Dietary diversity (WDDS) among mother/caregiver who had eaten the day before 0.003
Mean (sd) 2.2 (0.7) 2.5 (0.7) 0.003
min– max 1–4 1–4
MDD-W among mother/caregiver who had eaten the day before
Yes 0/85 - 0/169 - -
Types of nutrient-rich foods eaten the day before
Animal-source food 5/85 (5.9) 26/169 (15.4) 0.03
Pulses, nuts and seeds 13/85 (15.3) 28/169 (16.6) 0.8
Fruits and vegetables 71/85 (83.5) 162/169 (95.9) 0.006
Women who had eaten red palm oil the day before 0.6
Yes 35/85 (41.2) 77/169 (45.6) 0.6
Women who had eaten insects the day before 0.8
Yes 26/85 (30.6) 53/169 (31.4) 0.8
Number of meals in the previous 24 h 0.008
[1,2] 80/85 (94.1) 144/169 (85.2)
[3,4] 3/85 (3.5) 25/169 (14.8) 0.008
Missing data 2/85 (2.4) 0/169
Pregnant women among mothers/caregivers aged 15–49 years old 0.4
Yes 16/86 (18.6) 25/172 (14.5) 0.4
Missing data 3/86 (3.5) 9/172 (5.2)
Lactating women among mothers/caregivers aged 15–49 years old 0.3
Yes 72/86 (83.7) 152/172 (88.4) 0.3
Pregnant and lactating women among mothers/caregivers aged 15–49 years old 0.3
Yes 9/86 (10.5) 13/172 (7.6) 0.3
CHILD CHARACTERISTICS N = 91 N = 181

Table 3  Mother and child characteristics
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Characteristics Cases
N = 91

Controls
N = 181

p-value

n (%) n (%)
Child’s age 0.8
[6–23] months 56 (61.5) 112 (62.0)
[24–61] months 35 (38.5) 69 (38.0) 0.8
Child’s sex 0.8
Male 46 (50.5) 94 (51.9)
Female 45 (49.5) 87 (48.1) 0.8
Child’s height-for-age z score < 0.001
[-2, 6[
[-3, -2[

19
29

(20.1)
(31.9)

101
34

(55.8)
(18.8)

< 0.001

]-6, -3[ 38 (41.8) 45 (24.9) < 0.001
Missing data 5 (5.5) 1 (0.05) -
Birth order 0.6
First born 16 (17.6) 34 (18.7)
2nd and more 66 (72.5) 129 (71.3) 0.6
Missing data 9 (9.9) 18 (10.0) -
HEALTH
Children sleeping under a bed net 0.7
yes 20 (21.9) 44 (24.3) 0.7
Children sick during the past month 0.05
yes 34 (37.4) 86 (47.5) 0.05
Type of disease
Febrile 21/34 (61.8) 61/86 (70.9) 0.7
Diarrhoeal 14/34 (41.2) 34/86 (39.5) 0.9
BREASTFEEDING
Children who were ever breastfed 0.5
yes 89 (97.8) 181 (100) 0.5
Breastfeeding initiation 0.3
1 h or less 47/89 (52.8) 110/181 (60.8) -
After 1 h 23/89 (25.8) 39/181 (21.5) 0.3
Missing data 19/89 (21.3) 32/181 (17.7) -
Breastfed at the time of the interview 0.5
yes 61/89 (68.5) 126/181 (70.2) 0.5
Age of cessation of breastfeeding among children no breastfed at the time of the 
interview, months

0.3

Median [IQR] 16 [13.5–24] 20 [14.3–24] 0.3
Min - max 5–26 3–36
Age of introduction of other food & beverage among children who were ever breastfed, months 0.8
[0,6[ 75/89 (84.2) 150/181 (82.9) -
[6,26] 14/89 (15.7) 31/181 (17.1) 0.8
MEAL CONSUMPTION (semi solid or solid food)
Children who ate a meal the day before 0.5
yes 85 (93.4) 165 (91.2) 0.5
Number of meals among children who ate a meal the day before 0.02
[1–2] 71/85 (83.5) 110/165 (66.7) -
[3–4] 11/85 (12.9) 48/165 (29.1) 0.02
Missing data 3/85 (3.5) 7/165 (4.2) -
IDDS (number of food groups) among children who ate a meal the day before 0.002
Mean (sd) 2.7 (0.7) 3.0 (0.8)
Min-max 1–4 1–5
Types of nutrient-rich foods eaten the day before
Animal-source food 7/85 (8.2) 25/165 (15.2) 0.1
Pulses, nuts and seeds 8/85 (9.4) 18/165 (10.9) 0.7

Table 3  (continued) 
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perinatal feeding practices, such as breastfeeding or the 
age of introduction of a complementary diet, were not 
different between cases and controls. However, con-
trol children and their mothers were more likely to have 
eaten 3 to 4 meals the day before. In another region of the 
Democratic Republic of Congo, Mukuku et al. [27] found 
a strong association between perinatal feeding and wast-
ing whereas in Chad Dodos et al. did not [32]. Other fac-
tors that were significantly associated with wasting in our 
final model included: the number of children under 5 in 
the household, which is in line with Mukuku et al. [27], 
and the illiteracy of the head of household, which could 
have an impact on the household’s wealth and access to 
a more diverse diet [33]. The household wealth index was 
associated to wasting in the bivariate but not the multi-
variate model. It may be mediated entirely by the HHS. 
A relationship between household wealth and wasting is 
well documented in the literature in Sub-Saharan coun-
tries [25] and globally [34].

There are several limitations to this study. First, it was 
carried out only once and did not capture wasting epi-
sode risk factors at repeated intervals. Second, it did not 
allow us to identify recent child morbidity episodes as 
wasting risk factors. Questions were asked on health in 
the month leading up to the interview to reduce recall 
bias, but cases ranged from children very recently admit-
ted to an ambulatory therapeutic feeding centre to chil-
dren who had already been discharged for a month. 
Although this was not an obstacle for food security, 
which changes slowly, we could not identify if diarrhoea 
or febrile episodes had led to the wasting episode or were 
posterior to it. One must note that studies mentioned 
here all considered WHZ<-2 as the definition of wasting 
while our study considered both a MUAC < 125 mm and/
or WHZ <-3 and/or the presence of oedema, which could 
have an impact on the association [28]. Not all variables 

impacting wasting could be properly captured. The ques-
tionnaire was entirely based on the head of household 
and caregiver’s answers, with a risk of recall bias. WFP 
was distributing food concurrently in some areas, so we 
cannot exclude the possibility ALIMA interviewers were 
mistaken for WFP ones, leading respondents to appear 
more vulnerable than they actually were. However, hav-
ing anticipated this risk and to mitigate it, we emphasised 
to the participants that ALIMA was completely separate 
from the WFP and did not take part in the decision of 
food distributions in the area.

This study’s strongest point is to have been conducted 
in a post-conflict area with little literature available on 
food security and malnutrition causes in this context. The 
use of established indicators such as HFIAS, HHS, diet 
diversity indicators allow for comparability with other 
studies and adds to the literature on the link between 
these indicators and acute malnutrition. It was conducted 
as an ancillary study of a randomized controlled trial 
with already the infrastructure in place for a good qual-
ity of data collection such as trained investigators with a 
relation of trust with the community, the involvement of 
local authorities, an onsite data monitoring system. This 
study also confirms the results of the OptiMA-Demo-
cratic Republic of Congo clinical trial, contributing to 
the revision of the WHO guideline on acute malnutri-
tion in 2023 [35], were shown in a severely food insecure 
context.

These findings show how most families in this area of 
the Democratic Republic of Congo face a daunting food 
insecurity situation, with the southern part of the Kasai 
province (Kamonia territory) still in phase 3 (Crisis) 
according to the acute food insecurity Integrated Phase 
Classification established by the Famine Early Warn-
ing System Network (FEWS-NET) as of May 2024 [36]. 
As food insecurity and lack of diet diversity were both 

Characteristics Cases
N = 91

Controls
N = 181

p-value

n (%) n (%)
Fruits and vegetables 71/85 (83.5) 154/165 (93.3) 0.1
Children who had eaten red palm oil the day before 0.9
yes 37/85 (43.6) 78/165 (47.0) 0.9
Children who had eaten insects the day before 0.6
yes 26/85 (30.6) 55/165 (33.3) 0.6
WHO IYCFP indicators among children aged 6–23 months old and who ate a meal the day before
Minimum meal frequency 0.01
Yes 7/50 (14.0) 31/96 (32.3) 0.01
Minimum diet diversity *
yes 0/50 (0.0) 4/96 (3.9) *
Data are n (%) or n/N (%) or mean (standard deviation); P values are based on Wald tests; WDDS = Women Dietary Diversity Score, MDD-W = Minimum Dietary Diversity 
for Women, PLW = Pregnant and Lactating Women, IDDS = Individual Dietary Diversity Score, IYCFP = Infant and Young Child Feeding Practices, WHO = World Health 
Organization. * The p-value couldn’t be calculated as one of the values is 0

Table 3  (continued) 
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associated with wasting in under 5 children, multi-sec-
toral actions are needed for a better availability of and 
access to foods and nutrients with appropriate child-
adapted practices. Proven preventive cost-efficient inter-
ventions against stunting and wasting such as a blanket 
distribution of Small Quantity-Lipid Nutrient Supple-
mentation should be considered in such areas of high 
prevalence of stunting, wasting and a combination of 
both [37]. As confirmed in this study, stunting remains 
one of the strongest associated factors of wasting. A 1000 
Days program which would encompass both mothers 
and children’s health and nutritional needs would be very 
relevant since mothers also showed poor nutrition indi-
cators, such as diet diversity.

Conclusions
In this post-conflict context in the Kasai region of the 
Democratic Republic of Congo, the food security and 
nutritional situation remains dire for most of the popu-
lation, calling for multi-sectoral actions to foster avail-
ability and access to foods in good quantity and sufficient 
quality with child-adapted practices. Evidence-based and 
integrated nutrition-specific actions are needed to cut 
both stunting and wasting rates.
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