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Figure 7 Framework of the relationships between poverty, food insecurity and other underlying 

causes to maternal and child undernutrition and their short-term and long term consequences [1]
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Figure 10 Mixed method design of the study
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Figure 12 Social fields with implications for nutritional outcome at underlying and basic 
levels
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STUDY PROTOCOL Open Access

Incidence and course of child malnutrition
according to clinical or anthropometrical
assessment: a longitudinal study from rural
DR Congo
Hallgeir Kismul1*, Catherine Schwinger1, Meera Chhagan2, Mala Mapatano3 and Jan Van den Broeck1

Abstract

Background: Longitudinal studies describing incidence and natural course of malnutrition are scarce. Studies
defining malnutrition clinically [moderate clinical malnutrition (McM) marasmus, kwashiorkor] rather than
anthropometrically are rare. Our aim was to address incidence and course of malnutrition among pre-schoolers and
to compare patterns and course of clinically and anthropometrically defined malnutrition.

Methods: Using a historical, longitudinal study from Bwamanda, DR Congo, we studied incidence of clinical versus
anthropometrical malnutrition in 5 657 preschool children followed 3-monthly during 15 months.

Results: Incidence rates were highest in the rainy season for all indices except McM. Incidence rates of McM and
marasmus tended to be higher for boys than for girls in the dry season. Malnutrition rates increased from the 0–5
to the 6 – 11 months age category. McM and marasmus had in general a higher incidence at all ages than their
anthropometrical counterparts, moderate and severe wasting. Shifts back to normal nutritional status within
3 months were more frequent for clinical than for anthropometrical malnutrition (62.2-80.3% compared to
3.4-66.4.5%). Only a minority of moderately stunted (30.9%) and severely stunted children (3.4%) shifted back to
normal status. Alteration from severe to mild malnutrition was more characteristic for anthropometrically than for
clinically defined malnutrition.

Conclusions: Our data on age distribution of incidence and course of malnutrition underline the importance of
early life intervention to ward off malnutrition. In principle, looking at incidence may yield different findings from
those obtained by looking at prevalence, since incidence and prevalence differ approximately differ by a factor
“duration”. Our findings show the occurrence dynamics of general malnutrition, demonstrating that patterns can
differ according to nutritional assessment method. They suggest the importance of applying a mix of clinical and
anthropometric methods for assessing malnutrition instead of just one method. Functional validity of
characterization of aspects of individual nutritional status by single anthropometric scores or by simple clinical
classification remain issues for further investigation.
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Background
While the worldwide prevalence of child malnutrition in
the period from 1990 to 2010 declined significantly, there
has been only minimal change in sub-Saharan Africa [1].
It is therefore important to improve our understanding of
child malnutrition in these settings. Many studies from
sub-Saharan Africa have determined the national, regional
or local occurrence frequencies of child malnutrition.
Typically, these studies provide prevalence rates of low an-
thropometric scores in population cross-sections as the
measure of burden of malnutrition. In contrast, longitu-
dinal studies looking at incidence and natural course of
malnutrition are few. Such studies are useful because they
allow for a better understanding of season- and age-
dependent risks for developing malnutrition. The study of
the natural course of malnutrition is considered to be of
particular value for nutritional programmes in planning
interventions [2]. There are very few such studies and ac-
cording to Isanaka et al. [3] only one population-based
study has been published concerning the duration of un-
treated malnutrition [4]. Studies defining malnutrition
clinically (marasmus, kwashiorkor, moderate clinical mal-
nutrition) rather than anthropometrically are also scarce,
despite the fact that anthropometric assessment alone
lacks specificity in the diagnosis of malnutrition [5].
Given that clinical assessment of malnutrition is a

comparatively inexpensive method suitable for regions
with a significant burden of malnutrition, the lack of at-
tention to this method is remarkable.
The aim of this paper is to address, in a large popula-

tion-based study, longitudinal occurrence patterns and
course of malnutrition among pre-schoolers and to com-
pare these patterns among clinically and anthropome-
trically defined malnutrition. Our specific aim was to
describe age-, season- and gender- dependent incidence of
moderate clinical malnutrition, marasmus and kwashior-
kor, and compare these with rates obtained using anthro-
pometrical definitions of malnutrition. We also sought to
describe and compare patterns of change and duration of
clinically and anthropometrically defined malnutrition.

Methods
The Bwamanda study
This paper presents a secondary analysis of data from
the historical Bwamanda study [6]. The rural area of
Bwamanda is located in northwest DR Congo and has a
tropical climate with the rainy season lasting from April
to November and the dry season from December to
March. The major livelihood adaptation was subsistence
agriculture, mainly cultivation of cassava and maize. The
area was served by a central hospital and 10 peripheral
health centres with a local NGO that up till today holds
the major responsibilities for running the health services
in the area. Several health centres had an associated

nutritional rehabilitation centre, but the uptake was lim-
ited due to time constraints of mothers, the voluntary
nature of the personnel services in these centres, and in-
terruptions of stocks of food supplements. During the
study sick children were referred to the local health centre
or hospital where they received oral rehydration therapy
for diarrhoea, antibiotics for severe respiratory infection
and chloroquine or quinine for malaria. Moreover, se-
verely malnourished children were offered transport to
the Bwamanda hospital. Since the study was undertaken
there have been few political and economic changes. The
socio-economic development in the area has been con-
strained by several factors including restricted public ser-
vice support and only minor private sector growth.
The study included 5 657 children from 16 villages in

the Bwamanda area. A sample of 4 238 pre-school chil-
dren was enrolled at the first contact. During follow-up
newborn and immigrated children were added, while
some children were lost due to emigration or death. In
the last follow up round children who were born in
1984, and had reached six years, were no longer exam-
ined. Children were followed in the period 1989–1991.
Three-monthly contacts were organised making up 15
months of follow-up and 6 contacts. The area was very
homogeneous and there were no significant differences
between the villages in nutritional status of the children
or socioeconomic status (negligible design effect).
Fifteen interviewers holding a secondary school cer-

tificate were trained in simple physical examinations and
in undertaking interviews in the villages according to an
interviewer’s manual. They determined age on the basis
of children’s birth date noted on road to health charts
or/and on parents’ identity papers. This information was
available for about 90% of the children. For the remai-
ning ones, birth dates were determined by a careful inter-
view of the mothers using a local events calendar.
Nutritional status of children was assessed by clinical

assessment as well as by anthropometrical assessment.
The clinical assessment of nutritional status is described
by Van den Broeck et al. [7]. With this method maras-
mus was assessed by inspection of abnormal visibility of
skeletal structures and by absence or near-absence of
palpable gluteus muscle. Kwashiorkor was assessed using
the presence of pitting oedema of the ankles and/or feet
as a criterion. Moderate clinical malnutrition (McM)
was identified as the presence of wasting of the gluteus
muscle, wasting at inspection and/or palpation without
signs of marasmus or kwashiorkor. Length of children
below 12 months was measured with a locally constructed
length measuring board, while older children’s standing
height was measured with a microtoise, in both cases to
the nearest 0.1 cm. A spring scale (CMS weighting equip-
ment) was used to weigh the children to the nearest 100
gram. For the present analysis, anthropometric scoring
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was done using the WHO-MGRS 2006 Child Growth
Standards [8]. Z-scores were calculated for weight for
length/height (WHZ) and for length/height for age (HAZ).
Children with a WHZ <−2 to >−3 were classified as mo-
derately wasted, those with WHZ <−3 as severely wasted.
Similarly, those with a HAZ <−2 to >−3 were categorised
moderately stunted and those with HAZ <−3 as severely
stunted. Clinical and anthropometric assessments partly
take into account different aspects of malnutrition. Both
clinical and anthropometric assessments are able to cap-
ture wasting processes and are therefore directly compa-
rable methods. However, only anthropometric assessment
measures stunting processes.

Incidence rates of malnutrition
Incidence rates of the various forms of clinical and an-
thropometrical malnutrition were calculated for the age
categories 0–5, 6–11, 12–23, 24–35 and 36–71 months.
Incident cases were defined as malnutrition being pre-
sent, but absent at the scheduled previous contact. For
the calculation of incidence rates, the person-time at risk
was defined on the basis of time elapsed from one con-
tact round to the next, normally about 3 months. Inci-
dence rate was expressed as number per 1 000 person
months. Direct age standardization was used to compare
incidence rates across seasons by using the age distri-
bution in the first follow up round (second contact)
as the reference. Season was defined as: dry post-harvest
(January – March); beginning of rainy pre-harvest (April –
June); rainy (July – September); end of rainy season post-
harvest (October –December).

Natural course of incident malnutrition
To document the natural course of incident malnutri-
tion we examined short-term (3-months) shifts in sever-
ity, and short-term (3-months) mortality among children
with incident malnutrition. Duration was categorised

as 0–3, 3–6, 6–9, 9–12 months, or as censored after
end of follow-up. Children with a WHZ and HAZ higher
than <−2 were classified as normal, that is “no wasting”
and “no stunting”.

Ethical aspects
Ethical approval for the Bwamanda study had been
granted by the University of Leuven’s Tropical Childcare
Health Working Group and funding provided by the
Flemish Inter-University Council and the Nutricia Re-
search Foundation.

Results
Seasonal, gender and age distribution of malnutrition
incidence
Figure 1 shows that incidence rates of marasmus and an-
thropometric malnutrition were lowest in the dry season
and became highest in the rainy season. The incidence
rates of McM were highest in the dry season. The rates
declined in the middle of the rainy season but increased
again at the end of the rainy season. The incidence rates
of wasting were particularly high in the rainy season.
The rates for moderate stunting were low in the dry sea-
son and highest in the rainy season. Severe stunting was
low during the dry season and high from the beginning
of rainy season to up to the dry season post- harvest.
The incidence rate for kwashiorkor was highest in the
end of the early rainy season with an incident rate of 1.4
per 1 000 child-months (not shown in figure).
As shown in Table 1, gender differences in incidence

of malnutrition varied according to type and severity of
malnutrition and according to assessment method. In all
seasons there was a tendency for the incidence rate of
McM to be higher in boys than in girls, but only signifi-
cantly higher in the dry season post-harvest [for boys
41.3 4 per 1 000 child-months (95% CI: 35.4, 48.2) vs. for
girls 28.74 per 1 000 child-months (95% CI: 23.8, 34.7)].

Figure 1 Seasonality of malnutrition for incidence rates of moderate clinical malnutrition (McM), marasmus, moderate wasting, severe
wasting moderate stunting and severe stunting). The incidence rates are given per 1 000 child months. n = 3 620. The numbers for
occurrence of kwashiorkor were comparatively too low to be presented. Age is given in months.
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In the dry season the incidence rate of marasmus was
also significantly higher for boys than for girls [12.0 per
1 000 child-months (95% CI: 9.0, 16.1) in boys 3.5 per
1 000 child-months (95% CI: 2.0, 6.0) in girls]. For an-
thropometrically defined malnutrition, there was no sig-
nificant gender inequality in incidence of malnutrition,
except for a higher incidence of moderate stunting in girls
than in boys in the end of the rainy season, post-harvest
[for girls 22.2 per 1 000 child-months (95% CI: 19.0, 26.0)
vs. for boys 15.6 per 1 000 child-months (95% CI:
13.0, 18.7)].
Figure 2 shows that the incidence rates of malnutrition

increased from the 0–5 to the 6 – 11 months age cat-
egories in all seasons. In the 3 older age categories (12 –
23, 24 – 35 and 36–72 months) the rates tended to de-
cline with increasing age, also in all seasons. During the
rainy season (Panel C) the age-dependent decrease in
incidence of MCM, moderate wasting and marasmus ap-
pears ‘delayed’ until after the age of 36 months. In gen-
eral, clinical malnutrition (McM and marasmus) had a
higher incidence at all ages than their anthropometrical
counterpart (moderate and severe wasting). The rates
for moderate stunting were higher than any other forms
of malnutrition up to the age of 12 months. While mod-
erate stunting incidence is very high at younger ages, it
becomes lower at older ages. Severe stunting shows a
similar pattern, namely an increase up to the age of 23
months and a decrease after that.
Kwashiorkor was the least frequent type of malnutri-

tion (not shown in Figure 2), with the highest incident
rate (2.9 per 1 000 person months) in the rainy season
for the age category 24–35 months.

Natural course of incident malnutrition
Table 2 shows that the proportions shifting (3-months
shifts) from one level or severity of malnutrition to ano-
ther differed between clinically malnourished and anth-
ropometrically malnourished children. The percentage of
children shifting back to a normal nutritional status within
3 month was higher for clinical malnutrition than for
anthropometrical malnutrition (62.2-80.3% compared to
3.4-66.4%). The majority of incident cases normalised
after three months, except for stunting where only a
minority normalised from moderate (30.9%) or severe
stunting (3.4%).
Nutritional status more often remained unchanged in

children with moderate forms of wasting (McM and
moderate wasting) than in children with severe (severe
marasmus and severe wasting) forms of wasting (20.4-25%
compared to 9.6-11.5%). As to incident kwashiorkor,
24.3% still presented with kwashiorkor the following
round. For stunting, as many as 57.2% of those with mod-
erate forms and 62.5% of those with severe forms had not
shifted after 3 months. Alteration from severe to mild
forms was more characteristic for anthropometrical than
for clinical malnutrition, with the percentage for severe
wasting and severe stunting being 27% and 32.1%.
Table 3 describes duration of moderate forms of mal-

nutrition according to season of start of the malnutrition
episode. There were no significant differences between
McM and moderate wasting. The percentage of McM
resolving after 3 months was 64.4% to 76.7% depending
on the season, and for moderate wasting 69.2% to 78.3%.
Children with moderate stunting resolving after 3 months
were a minority (18.4% to 35.3%). A large percentage of

Table 1 Incidence rate by gender and seasons of moderate clinical malnutrition (McM), marasmus, moderate wasting,
severe wasting, moderate stunting and severe stunting

Age standardized incidence rate per 1 000 child-month, (95% CI)

Dry season, post-harvest Beginning rain, pre-harvest Rainy season End of rainy season,
post-harvest

Girls Boys Girls Boys Girls Boys Girls Boys

Clinical malnutrition

McM1 28.7 (23.8, 34.7) 41.3 (35.4, 48.2)* 35.5 (30.1, 41.8) 42.3 (36.3, 49.2) 16.1 (13.1, 19.8) 22.2 (18.7, 26.3) 23.0 (19.8, 26.6) 29.5 (25.9, 33.6)

Marasmus2 3.5 (2.0, 6.0) 12.0 (9.0, 16.1)* 3.5 (2.1, 5.9) 7.3 (4.4, 12.3) 9.7 (7.3, 12.8) 8.5 (6.4, 11.4) 6.1 (4.6, 8.1) 7.1 (5.5, 9.2)

Kwashiorkor3 0.5 0.0 0 0.2 0.7 (0.3, 1.9) 1.7 (0.9, 3.2) 1.7 (1.0, 2.9) 0.8 (0.4, 1.7)

Anthropometrical malnutrition

Moderate wasting4 7.9 (5.4, 11.4) 5.6 (3.7, 8.6) 6.5 (4.4, 9.6) 9.3 (6.8, 12.8) 9.9 (7.5, 13.1) 14.8 (11.9, 18.5) 5.7 (4.2, 7.6) 6.9 (5.4, 9.0)

Severe wasting5 0.3 (0.0, 2.0) 1.6 (0.7, 3.6) 0.4 (0.1, 1.9) 0.6 (0.2, 2.2) 1.5 (0.7, 3.0) 3.1 (1.9, 5.1) 1.0 (0.5, 2.0) 1.1 (0.5, 1.9)

Moderate stunting6 32.8 (27.2, 39.7) 27.8 (22.7, 34.0) 16.6 (12.9, 21.4) 13.5 (10.3, 17.7) 22.9 (18.9, 27.7) 21.9 (18.1, 26.5) 22.2 (19.0, 26.0) 15.6 (13.0, 18.7)*

Severe stunting7 2.1 (1.0, 4.5) 3.5 (2.0, 6.2) 2.3 (1.2, 4.5) 2.1 (1.0, 4.2) 1.2 (0.5, 3.0) 2.7 (1.6, 4.7) 1.2 (0.6, 2.4) 2.7 (1.8, 4.2)

The incidence rates are given per 1 000 child months. N = 3 620. *Confidence interval non-overlapping with that of girls.
1Identified as the presence of wasting of the gluteus muscle at inspection and/or palpation without signs of marasmus or kwashiorkor.
2Assessed by inspection of abnormal visibility of skeletal structures and by absence or near-absence of palpable gluteus muscle.
3Assessed using the presence of pitting oedema of the ankles and/or feet as a criterion.
4Weight-for-length/height Z-score <−2 to >−3.
5Weight-for-length/height Z-score <−3.
6Length/height-for-age Z-score <−2 to >−3.
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children with moderate stunting remained stunted even
after 9 to 12 months.

Discussion
Earlier studies on malnutrition among preschool chil-
dren have primarily provided prevalence rates of low

anthropometric scores in population cross-sections. To
our knowledge the current study is among the first to
provide incidence rates according to basic determinants
and season, and to compare incidence rates of clinically
and anthropometrically defined malnutrition. We have
shown that seasonal, gender and age distribution as well

Figure 2 Incidence rates according to age and stratified by season of moderate clinical malnutrition (McM), marasmus, moderate
wasting severe wasting, moderate stunting and severe stunting. The incidence rates are given per 1 000 child months. n = 3 620. The numbers
for occurrence of kwashiorkor were comparatively too low to be presented. Age is given in months. Standards [8]. The incidence rates are given per 1
000 child months. n = 3 620. The numbers for occurrence of kwashiorkor were comparatively too low to be presented. Age is given in months.

Table 2 Shifts in severity of malnutrition after 3 months in children with incident of moderate clinical malnutrition
(McM), marasmus, moderate wasting, severe wasting moderate stunting and severe stunting

Total number of incident cases Nutritional status after three months % (95% CI)

McM Marasmus Kwashiorkor Normal clinical status

McM1 1044 20.4 (18.0, 22.8) 2.5 (1.6, 3.4) 0,3 74.3 (71.3, 76.7)

Marasmus2 198 5.1 (2.0, 8.2) 9.6 (5.5, 13.7) 1.0 80.3 (74.4, 85.6)

Kwashiorkor3 37 0 0 24.3 (10.5, 38.1) 62.2 (44.6, 77.8)

Moderate wasting Severe wasting No wasting

Moderate wasting4 232 25.0 (19.4, 30.6) 4.7 (2.0, 7.4) 66.4 (60.3, 72.5)

Severe wasting5 61 27.9 (16.6, 39.2) 11.5 (3.5, 19.5) 52.5 (40.0, 65.0)

Moderate stunting Severe stunting No stunting

Moderate stunting6 687 57.2 (53.5, 60.9) 7.7 (5.7, 9.7) 30.9 (27.4, 34.4)

Severe stunting7 557 32.1 (28.2, 36.0) 62.5 (58.5, 66.5) 3.4 (1.9, 4.9)
1Identified as the presence of wasting of the gluteus muscle at inspection and/or palpation without signs of marasmus or kwashiorkor.
2Assessed by inspection of abnormal visibility of skeletal structures and by absence or near-absence of palpable gluteus muscle.
3Assessed using the presence of pitting oedema of the ankles and/or feet as a criterion.
4Weight-for-length/height Z-score <−2 to >−3.
5Weight-for-length/height Z-score <−3.
6Length/height-for-age Z-score <−2 to >−3.
7Length/height-for-age Z-score <−3.
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as course of malnutrition are different when defining
malnutrition clinically instead of anthropometrically. For
example, we have shown that clinical forms of malnutri-
tion had in general higher incidence rates than their an-
thropometric counterparts.
The people of Bwamanda are predominantly subsis-

tence farmers and availability of food is strongly influ-
enced by seasonal climatic changes. Our study largely
confirmed the findings of other studies showing that the
risk of developing malnutrition is especially high in the
rainy season [9-11]. We speculate that the high inci-
dence of wasting and stunting in the rainy season could
relate to increased morbidity from diarrhoea and malaria
whereas the high incidence of McM at the end of the
dry season may rather reflect changes in food access de-
pending on the cropping season. Local farmers typically
face food shortage during the dry season with a notable
shortage prior to the first harvesting of maize in mid-
June. However, if we consider age distribution, we found
that for the 24–35 months age range the incidence rate
of McM was also high in the rainy season.
We found significant gender inequality in the inci-

dence of McM and Marasmus, with the incidence rate
being higher for boys than for girls in the dry season.
For other forms, both clinically and anthropometrically
defined, we did not find that incidence of malnutrition
was higher in boys than in girls. However, in one season
we found that the incidence of moderate stunting was
higher in girls than in boys. There are other studies that

have found associations of gender with malnutrition. For
example, in a study using data from 16 DHS (Demo-
graphic and Health Surveys) in 10 sub-Saharan countries,
Wamani et al. found that boys were more frequently
stunted than girls [12]. In comparison, in our study inci-
dence of stunting showed no gender difference. Using
nine WFS (World Fertility Surveys) and 51 DHS surveys
undertaken in Sub-Saharan Africa Garenne et al. exam-
ined prevalence of malnutrition and found prevalence of
underweight (low weight-for-age) to be higher among
boys than girls [13]. We did not examine low weight for
age but found that there was no gender difference in inci-
dence of low weight for length/height.
Our study demonstrates that malnutrition incidence at

different ages varied according to clinically and anthro-
pometrically defined malnutrition. Still the general pat-
tern for all forms of malnutrition was that incidence was
higher at ages 6–36 months than before or after. In a
cross sectional study from Uganda Kikafunda et al. found
that the risk of older children being stunted relative to
younger children were 6 times higher for those in the 12–
18 month age range and 10 times higher in the age group
above 18 months [14]. While Kikafunda et al. studied
prevalence rates, we studied incident rates and found that
the risk of developing stunting is high at ages below 12
months and declines at the 12–23 months age range. Our
study therefore supports recent studies emphasising the
sensitivity of linear growth to environmental factors dur-
ing the child’s early two years of life [15]. In line with this

Table 3 Duration of incident moderate clinical malnutrition (McM), moderate wasting and moderate stunting

Season at start of
malnutrition

Total number
of incident cases
in the season

Return to normal nutritional status:

After 3 months
% (95% CI)

After 6 months
(%, 95% CI)

After 9 months
(%, 95% CI)

After 12 months
(%, 95% CI)

McM1

Dry season, post- harvest 100 76.0 (67.6, 84.4) 19.0 (12.6, 24.2) 2.2 2.0

Dry season, pre-harvest 159 76.7 (70.1, 83.3) 8.2 (3.9, 12.5) 8.8 (4.4, 13.2) Censored

Rainy season, pre-harvest 174 64.4 (57.3, 71.5) 18.4 (12.6, 24.2) Censored

End of rainy season, post-harvest 317 71.0 (66.0, 76.0) Censored

Moderate wasting2

Dry season, post- harvest 26 69.2 (51.5, 86.9) 15.4 (1.5, 29.3) 3.8 0.0

Dry season, pre-harvest 27 70.4 (53.2, 87.6) 22.2 (6.5, 37.9) No cases Censored

Rainy season, pre-harvest 60 78.3 (67.9, 88.7) 15.0 (6.0, 24.0) Censored

End of rainy season, post-harvest 66 75.8 (65.5, 86.1) Censored

Moderate stunting3

Dry season, post- harvest 68 35.3 (23.9, 46.7) 8.8 (2.1, 15.5) 4.4 10.3 (3.1, 17.5)

Dry season, pre-harvest 52 23.1 (11.6, 34.6) 5.8 13.5 (4.2, 22.5) Censored

Rainy season, pre-harvest 147 18.4 (12.1, 24.7) 19.0 (12.7, 25.3) Censored

End of rainy season, post-harvest 231 32.0 (26.0, 38.0) Censored
1Identified as the presence of wasting of the gluteus muscle at inspection and/or palpation without signs of marasmus or kwashiorkor.
2Weight-for-length/height Z-score <−2 to >−3.
3Length/height-for-age Z-score <−2 to >−3.
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Victora et al. and Miamady et al., analysing WHO national
anthropometric data from 54 countries and Indian Na-
tional Family Health Survey respectively, found that mean
HAZ declined dramatically until at the age of 24 months
[16,17]. In Bwamanda weaning food is already intro-
duced at the age of 3 months and this early introduction
could explain the high incidence rates of malnutrition in
infancy.
We have described the frequency of severity shifts and

returns to normal nutritional status after three months.
The percentage of children with marasmus or McM who
returned to normal was high. It was also noticeable that
a large proportion of severely stunted children returned
to moderate stunting. Isanaka et al. estimated the du-
ration of untreated acute moderate and severe anthro-
pometrical malnutrition, defined by WHZ and absolute
MUAC (mid-upper arm circumference), by a mathemat-
ical model and data from a community-based cohort in
Niger of children aged 6 to 60 months [3]. Using the
2006 World Health Organization growth standards their
study estimated the duration of moderate acute malnu-
trition to be 2.5-2.7 months (WHZ defined) and 3.4 –
3.9 months (MUAC defined). Isanaka et al. estimated
the duration of severe acute malnutrition at 1.5 months
(WHZ defined). In our study most of the incident cases
of McM and moderate wasting resolved after 0–3 months
which suggests that the duration of episodes were more in
accordance with the study of Isanaka et al. with regards to
moderate malnutrition. The suggested duration of malnu-
trition was thereby shorter than the duration found in an
earlier study by Garrenne et al. [4]. The latter study esti-
mated severe malnutrition (severe wasting) to last 7–8
months on average. We did not have sufficient incident
cases in our study to estimate the duration of severe mal-
nutrition with useful precision. Since caretakers were of-
fered assistance this might have influenced the duration of
episodes of malnutrition in our study.
Our analysis was based on a large sample of pre-

school children, but a weakness is that many children
were lost due to emigration and during follow up. This
weakness in particular constrained our examination of
the duration of malnutrition for severe malnutrition. In
order to understand how emigration and lost to follow
up might have influenced our findings we compared last
nutritional status of children who emigrated or were lost
to follow up with children who also were surveyed in
the subsequent follow up round. This analysis yielded no
evidence that emigration and lost to follow up influenced
our findings. Data on incidence and course of malnutri-
tion were obtained from two sequential follow up rounds
and thereby dependent on two different measurements.
The data on incidence and course of malnutrition were
thereby susceptible to measurement errors. We are also
aware that we might not have captured some of the

shorter episodes of malnutrition which occurred and were
resolved between visits.

Conclusions
Our data on age distribution of incidence of malnutri-
tion underlines the importance of strengthening inter-
ventions before children reaches the age of 2 years to
ward off malnutrition. Our findings, especially with regard
to course of McM, marasmus and severely stunted chil-
dren, emphasise the importance of early life intervention.
There are few population-based studies that have ad-

dressed the occurrence dynamics of clinically and anthro-
pometrically defined malnutrition. Our findings show the
occurrence dynamics of general malnutrition in a rural
African area, demonstrating that patterns can differ ac-
cording to nutritional assessment method. None of the as-
sessment methods can be described as superior as they
partly measure different aspects of malnutrition. Our find-
ings suggest the importance of applying a mix of clinical
and anthropometric methods for assessing malnutrition
instead of just one method. Functional validity of aspects
of characterization of individual nutritional status by sin-
gle anthropometric scores or simple clinical classifications
remain issues for further investigation.
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Diet and kwashiorkor: a prospective
study from rural DR Congo
Hallgeir Kismul, Jan Van den Broeck and Torleif Markussen Lunde
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ABSTRACT
The etiology of kwashiorkor remains enigmatic and longitudinal studies examining
potential causes of kwashiorkor are scarce. Using historical, longitudinal study data
from the rural area of Bwamanda, Democratic Republic of Congo, we investigated
the potential causal association between diet and the development of kwashiorkor
in 5 657 preschool children followed 3-monthly during 15 months. We compared
dietary risk factors for kwashiorkor with those of marasmus. Kwashiorkor was diag-
nosed as pitting oedema of the ankles; marasmus as abnormal visibility of skeletal
structures and palpable wasting of the gluteus muscle. A 24-h recall was administered
3-monthly to record the consumption of the 41 locally most frequent food items.
We specified Hanley–Miettinen smooth-in-time risk models containing potential
causal factors, including food items, special meals prepared for the child, breastfeed-
ing, disease status, nutritional status, birth rank, age, season and number of meals.
Bayesian Information Criteria identified the most plausible causal model of why
some children developed kwashiorkor. In a descriptive analysis of the diet at the last
dietary assessment prior to development of kwashiorkor, the diet of children who
developed kwashiorkor was characterized by low consumption of sweet potatoes,
papaya and “other vegetables” [0.0% , 2.3% (95% CI [0.4, 12.1]) and 2.3% (95% CI
[0.4, 12.1])] in comparison with children who did not develop kwashiorkor [6.8%
(95% CI [6.4, 7.2]), 15.5% (95% CI [15, 16.1]) and 15.1% (95% CI [14.6, 15.7])]
or children who developed marasmus [4.5% (95% CI [2.6, 7.5]) 11.8% (95% CI
[8.5, 16.0]) and 17.6% (95% CI [13.7, 22.5])]. Sweet potatoes and papayas have high
β-carotene content and so may some of “the other vegetables”. We found that a risk
model containing an age function, length/height-for age Z-score, consumption of
sweet potatoes, papaya or other vegetables, duration of this consumption and its
interaction term, was the most plausible model. Among children aged 10–42 months,
the risk of developing kwashiorkor increased with longer non-consumption of these
foods. The analysis was repeated with only children who developed marasmus as the
reference series, yielding similar results. Our study supports that β-carotene may play
an important role in the protection against kwashiorkor development.

Subjects Epidemiology, Global Health, Nutrition
Keywords Malnutrition, Kwashiorkor, Marasmus, Food items, β-carotene, Papaya, Sweet potato,
Wild vegetables, DR Congo
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INTRODUCTION
Malnutrition contributes significantly to the high under-five year mortality in the world

and as an underlying factor it has been estimated that it contributes to over one third of all

child deaths (Lim, 2012). Mortality is very high among children with marasmus, and even

higher among those with kwashiorkor (Briend, Wojtyniak & Rowland, 1987; Prudhon et

al., 1997). Kwashiorkor and marasmus are characterised by different metabolic response to

severe undernutrition (Badaloo et al., 2006; Jahoor et al., 2008).

Kwashiorkor has been linked to diet since its first description. Williams (1935), who

introduced the name kwashiorkor, suggested protein undernutrition as the etiology

of kwashiorkor. The association of kwashiorkor with low protein intake has later been

questioned. So far no research has demonstrated that children with kwashiorkor consume

less protein than children with marasmus. Golden & Ramdath (1987) proposed excess

free radicals as the explanation of clinical findings in kwashiorkor. Relations between

antioxidant depletion and the occurrence of kwashiorkor have been investigated, but the

role of oxidative stress as primary cause of kwashiorkor is still debated (Ciliberto et al.,

2005; Lenhartz et al., 1998; Manary, Leeuwenburgh & Heinecke, 2000). We would like to

remark that there are difficulties with the oxidative hypothesis. As an example oxidative

stress is present in HIV but studies have found oedematous malnutrition to occur in a

minority among HIV seropositive patients who are severely malnourished (Asafo-Agyei,

Antwi & Nguah, 2013).

To our knowledge there are only two observational longitudinal studies that have

examined the relations between diet diversity and kwashiorkor. Investigating protein-

calorie malnutrition, a study following Indian children from birth to 3 years examined

differences in diet between children developing kwashiorkor and children developing

marasmus (Gopalan, 1992). A more recent study examined dietary factors determining

kwashiorkor by assessing diet of one to three years old Malawian children (Lin et al.,

2007). The former study did not find significant differences in diet between children who

developed kwashiorkor and those who developed marasmus, while the latter did not find

differences between those who developed kwashiorkor and those who did not (Gopalan,

1992; Lin et al., 2007).

The overall aim of our study is to investigate, in a large longitudinal population-based

study, the possible association between diet and the development of kwashiorkor. We also

wanted to compare the causal influence of dietary risk factors for kwashiorkor with those

of marasmus. We performed this analysis by applying the causal investigation method

proposed by Miettinen and the statistical approach by Hanley and Miettinen, using a

random sample of person moments from the entire dynamic population as the reference

series (Hanley & Miettinen, 2009; Miettinen, 2010).

METHOD
The Bwamanda study
We did a secondary analysis of the historical data from the Bwamanda study, conducted

from 1989 to 1991 in a rural area of the northwest part of the Democratic Republic
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of Congo, (DRC), located at 19.2 degrees east and 3.2 degrees north. The people of

Bwamanda are, up till today, predominantly subsistence farmers and the basic diet consists

of mainly of maize, cassava supplemented with fish, vegetables and fruits. Health care in

the area is provided by a central hospital and 10 minor health centres with a few of these

providing some limited nutritional rehabilitation services. With virtually unchanged living

conditions in the study area, the secondary analysis was viewed to be contemporary and

relevant.

Study design
The Bwamanda study was a dynamic population study with follow-up including

thrice-monthly survey rounds, making up 15 months of follow-up and 6 contacts. At

the first round 4 235 preschool children were enrolled and at the last round a total of

5 657 were enrolled. A full description of the study population can be found in Van den

Broeck, Eeckels & Vuylsteke (1993). Trained interviewers conducted interviews according

to an interviewer’s manual. They determined the children’s age on the basis of birth date

noted on children’s road to health chart or on parents’ identity paper or on the basis of an

interview using a local events calendar.

Children were examined for kwashiorkor by using the presence of pitting oedema of the

feet or ankles as a criterion. All children were examined for marasmus through inspection

of abnormal visibility of skeletal structures and by absence or near-absence of palpable

gluteus muscle. A locally constructed measuring board was used for measuring the length

of children below 24 months, while a microtoise was used for measuring children older

than 24 months. In both cases length was measured to the nearest 0.1 cm. A spring scale

(CMS weighting equipment) was used to weigh the children to the nearest 100 g. We

applied the WHO Child Growth Standard for anthropometric scoring (World Health

Organization, 2006). Z-scores were calculated for weight for length/height (WHZ) and for

length/height for age (HAZ).

At each contact interviewers undertook face-to-face interviews with the most proximal

caregiver of the child, usually the biological mother. The questionnaire included a single

non-quantitative 24-h recall with the 41 locally most consumed food items listed and

interviewees providing “yes or no” answers to the questions if children had consumed the

listed food items during the previous day. The food items had been identified through

a pilot study. The interviewees were also asked about number of meals prepared for the

families, special meals prepared for the child and breastfeeding.

Statistical method
In an initial descriptive analysis, we tabulated the percentage (95% confidence interval) of

individuals eating the different items, grouped by those who developed kwashiorkor, those

who did not and those who developed marasmus. We used a two-sample test for equality of

proportions to test if the fractions were different.

Here, we were interested in estimation of risks of developing kwashiorkor specific to

age, diet, frequency of food consumption, and infectious diseases. We were also interested

in the duration of a particular diet; did a child eat a food item at each visit occurring
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every three months over the last 15 months, or only at, for example, one of the interview

rounds prior to developing kwashiorkor. Smooth-in-time hazard functions as proposed by

Hanley and Miettinen allow this type of analysis (Hanley & Miettinen, 2009). We specified

Hanley–Miettinen smooth-in-time risk models containing all potential causal factors,

including food items, special meals prepared for the child, breastfeeding, disease status,

nutritional status, birth rank, age, season and number of meals. To select a representative

sample from the study population we used the method proposed by Miettinen, and used

the whole study population as reference series (Miettinen, 2010). In the analysis we include

all new cases of kwashiorkor, but use a representative sample of the non-cases. With a

relatively small number of cases, there is little to be gained by letting the number of

non-cases become arbitrarily large, having in mind the computational cost of running

the model. Results are reported as log-odds ratios (LOR) and risk reductions. In line with

this method we took the dataset to consist of 35 person moments (c) where kwashiorkor

was observed as the case series, and a representative sample (b) of the infinite number of

person moments that constitute the 46 397 person-months in the study base. We use a

(b)/(c)-ratio of 150 assuring variances and covariance have minimal errors (less than 1

percentage) compared to using the entire series.

Age function and age as a risk factor
Given that risk is not changing linearly with age, as seen in Fig. 1, we developed an

age variable that accounted for nonlinear change in risk. Such transformations are

required when risk does not change linearly with age. Accordingly age was included as

an independent variable in the model. Based on visual inspection of how kwashiorkor was

distributed according to age, a transformation of the age variable was done:

f (age) = a exp(−b Age) ∗ exp(−a exp(−b Age)). (1)

To find the parameters a and b, we optimized Eq. (2) with binomial errors using logistic

regression.

y = a + b ∗ f (age). (2)

The AIC (Akaike Information criteria Information criteria) was used to compare models.

To find the parameters which minimized AIC we used an algorithm combining the golden

section search and successive parabolic interpolation, an efficient and automated method

to find the best model. Here we used the optimize function in R to find the parameters

which minimized AIC, resulting in a = 11.55, and b = 0.90 (Brent, 1973).

Other risk factors
The risk factors associated with kwashiorkor were defined in two steps; first we specified

a log-linear hazard model with binomial errors where the independent variables were all

food types, presence or absence of diarrhoea, and stunting and wasting at last visit. We

defined time as the natural logarithm of number of months a person had, or had not,

consumed a specific food item. We assumed that the food items reported at a given point in
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Figure 1 Three months prevalence of kwashiorkor according to age in months in intervals of six
months. Prevalence of kwashiorkor (y-axis) against age in months (x-axis). Prevalence aggregated by
age group. Short vertical blue lines indicate age groups. Black dots indicate age of those children who
developed kwashiorkor. Age at first time a child was observed with kwashiorkor was used.

time were consumed up until the next contact, with the interview during the current visit

providing data on any alterations in the consumption patterns since the previous contact.

Each variable was multiplied with the natural logarithm of time the item had been

consumed or not. Next, we used the BIC (Bayesian Information Criteria) implemented

in R’s MASS package (stepAIC) to find the most plausible model based on our data; the

posteriori most probable candidate model. The fitted candidate model corresponding

to the lowest value of BIC is the candidate model corresponding to the highest Bayesian

posterior probability.

Based on the selected model we address the risk of developing kwashiorkor given a prior

personal profile. We report risk reduction estimates on the basis of profiles.

To test if the model could also explain the difference between subjects who developed

marasmus from those who developed kwashiorkor we applied the final selected model,

with the same 35 person moments (c2) where kwashiorkor was observed as the case series,

but this time with the references constituted by a sample of the infinite number of person

moments including 1 173 person-months observed in 372 new cases of marasmus.

RESULTS
Table 1 reports the distribution of age, the HAZ score and the WHZ score for children

with different nutritional status. It shows that children with kwashiorkor were younger
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Table 1 Age distribution, length/height-for-age Z-scores (HAZ), and weight-for-length/height Z-
score (WHZ) for children with different clinical nutritional status. Z-scores based on the WHO-2006
Child Growth Standards [17].

Age in month HAZ WHZ

Q10 Q50 Q90 Q10 Q50 Q90 Q10 Q50 Q90

Kwashiorkor 15.9 26.5 38.4 −4.3 −2.3 −0.8 −2.5 −1.0 0.1

Reference population 7.4 35.9 66.5 −2.9 −1.4 −0.1 −1.4 −0.1 1.2

Marasmus 10.8 28.8 64.0 −4.5 −2.7 −1.2 −2.8 −1.3 0.1

Table 2 Disease status (% of children), sex and age distribution at survey round prior to first obser-
vation of kwashiorkor or marasmus. The numbers (n) refer to number of observations.

Normal Kwashiorkor Marasmus

n = 20 114 n = 41 n = 451

Coughing (%) 35.5 (34.8, 36.1) 34.1 (20.5, 50.7) 43.0 (39.7, 48.5)

Diarrhoea (%) 5.1 (4.8, 5.4) 14.6 (6.1, 29.9) 12.1 (9.4, 15.4)

Anaemia (%) 17.4 (16.9, 18.0) 39.0 (24.6, 55.5) 23.9 (20.3, 27.9)

Fever (%) 10.8 (10.3, 11.2) 15.4 (6.4, 31.2) 16.9 (13.8, 20.5)

Dehydrated (%) 0.4 (0.3, 0.5) 7.3 (1.9, 21.0) 4.9 (3.2, 7.3)

Sex (% male) 51.2 (49.9, 52.5) 47.7 (32.7, 63.1) 60.7 (55.9, 65.3)

Age in months. First round
(Q10, Q50, Q90)

6.9, 32.5, 61.1 8.8, 18.1, 29.4 5.3, 24.8, 60.1

than children with no kwashiorkor and marasmus. HAZ and WHZ scores were lower in

children with kwashiorkor than in children with no kwashiorkor, but HAZ and WHZ

scores were lower in children with marasmus than in children with kwashiorkor. Table 2

shows that the proportion of children with diarrhoea and anaemia was significantly higher

in children with kwashiorkor and marasmus than in normal children. The percentage

of children that were dehydrated was also highest in children with kwashiorkor and

marasmus. In addition the table shows that there were significantly more boys than girls

with marasmus.

Table 3 reports the consumption of different food items by the children in the survey

round prior to the incidence of kwashiorkor. A high proportion of the children had con-

sumed cassava roots, maize and cassava leaves. The proportion who had consumed cassava

roots and maize was non-significantly higher for those who developed kwashiorkor, but

for cassava leaves the consumption was lowest for the children with kwashiorkor. The

proportion of children who had consumed yam, pineapple, citrus, snails, and eggs was

non-significantly higher for the children who developed kwashiorkor than for the others.

On the other hand the proportion of children with kwashiorkor who had consumed okra,

ground nuts, banana, squash, meat, chili, fish and other vegetables was non-significantly

lower than for the rest. There were no significant differences in proportion of children

who had consumed palm oil between children who developed kwashiorkor and the
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other children. The diet of children who developed kwashiorkor was characterized by low

consumption of sweet potatoes, papaya and “other vegetables” [0.0%, 2.3% (95% CI [0.4,

12.1]) and 2.3% (95% CI [0.4, 12.1])]. In comparison the children who did not develop

kwashiorkor had higher consumption of sweet potatoes, papaya and “other vegetables”

[6.8% (95% CI [6.4, 7.2]), 15.5% (95% CI [15, 16.1]) and 15.1% (95% CI [14.6, 15.7])].

The children who developed marasmus also had higher consumption of these food items

than the children who developed kwashiorkor [4.5% (95% CI [2.6, 7.5]) 11.8% (95% CI

[8.5, 16.0]) and 17.6% (95% CI [13.7, 22.5])].

Given that the β-carotene could be the main acting agent in sweet potatoes, papaya

and “other vegetables” we constructed a variable, PaSV (papaya, sweet potato and “other

vegetables”), which combined all these items, weighted by the β-carotene content of 100 g

of each item. The weighting of sweet potatoes equalled 1 and papaya 1/3. The variable

“other vegetables” includes taro, taro leaves and wild vegetables. Taro leaves are rich in

β-carotene and a study from DRC shows that wild vegetables are also rich in β-carotene

(Termote et al., 2012). The PaSV variable did not encompass cassava leaves and amaranth.

Since we have not been able to determine the more precise content of the other vegetables

in our study, we have weighted the “other vegetables” low, with the weighing equal to 1/10.

For the construction of smooth-in-time risk models we defined time for this combined

variable as for the single food items.

The most probable model based on BIC included age, time, PaSV, and HAZ. The two

variables were correlated (R2 = 0.50). As seen in Fig. 1 the risk of developing kwashiorkor

was highest in the age interval between 16 and 38 months.

Table 4 shows the coefficients for the non-proportional hazard model with person mo-

ments sampled from the entire population. The log-odds for the continuous variable HAZ;

LOR −0.8 (CI 95% [−1.1, −0.5]), length/height for age Z-score, describes an increased

risk of developing kwashiorkor with lower height for age. Chronic malnourished children

on average have a negative HAZ score, hence the negative log-odds. We found the log-odds

for the time variable to be LOR 4.7 (CI 95% [3.4, 6.1]), for the combined variable for food

items containing β-carotene it was LOR −9.2 (CI 95% [−21.0, −3.1]), for PaSV, and their

interaction it was LOR 8.1 (CI 95% [−11.1, −2.1]). These findings must be understood

together. A child not consuming the PaSV food items will have PaSV = 0, and thus the

interaction term is also zero. The risk of developing kwashiorkor therefore increases the

longer the child does not consume the PaSV food items. On the other hand, as illustrated

in Fig. 2 a child consuming PaSV food items, PaSV >0, will reduce the risk over time. The

overall model fit was good with an AIC of 251.3 and a Nagelkerke R2 index of 0.44.

Table 5 shows the findings from sampling control-moments only from children who

developed marasmus. The table shows that the HAZ score for those who developed

marasmus is the same as the HAZ score for the children who developed kwashiorkor

(LOR = 0.0, CI 95% [−0.1, 0.2]). Then again it shows that there is a difference with regards

to consumption of products containing β-carotene with the LOR for PaSV being −6.8 (CI

95% [−17.8, −1.7]) and for PaSV combined with the time variable T the LOR was −6.3

(CI 95% [−9.0, −0.8]). The age of children who developed kwashiorkor was also different
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Table 4 The coefficients for the non-proportional hazard model with person moments sampled from
the entire population. The age variable is a transformation based on the distribution of kwashiorkor
across age. T is a variable that describes the duration of consuming a food item containing β-carotene.
PaSV is a variable that combines papaya, “other vegetables” and sweet potatoes and weighted by the
β-carotene content of 100 g of the item. The height-for-age Z-scores (HAZ) are based on the WHO-2006
Child Growth Standards [17].

Term Log odds—estimate Confidence interval, 95%

Intercept −15.5 −18.1, −13.4

Age function of age (months) 10.1 6.1, 14.8

T months 4.7 3.4 , 6.1

PaSV −9.2 −21.0, −3.1

HAZ −0.8 −1.1, −0.5

T ∗ PaSV −8.1 −11.1, −2.1

Figure 2 Risk reduction for developing kwashiorkor showing reduction of consuming β-carotene rich
products according to age in months. The dotted line is risk reduction after two months, dashed line after
four months, and solid line after six months. (A) shows risk reduction for a child with a height-for-age
Z-score (HAZ) of minus five, (B) for a child with HAZ of minus three, and (C) a child with HAZ of zero.
HAZ-scores are based on the WHO-2006 Child Growth Standards [17].
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Table 5 The coefficients for the non-proportional hazard model with reference person moments
drawn from people developing marasmus. The age variable is based on the distribution of kwashiorkor
across age. T is a variable that describes the duration of consuming a food item containing β-carotene.
PaSV is a variable that includes papaya, “other vegetables” and sweet potatoes weighted by the β-carotene
content of 100 g of the item. Height-for-age Z-scores (HAZ) are based on the WHO-2006 Child Growth
Standards [17].

Term Log odds—estimate Confidence interval, 95%

Intercept −9.7 −12.1, −7.7

Age function of age (months) 7.9 4.3, 12.1

T months 4.2 3.2, 5.4

PaSV −6.8 −17.8, −1.7

HAZ 0.0 −0.3, 0.2

T ∗ PaSV −6.3 −9.0, −0.8

from children who developed marasmus with LOR being 7.9 (CI 95% [4.3, 12.1]). The age

of children with marasmus was distributed within the age of 11–64 months, while the age

of children with kwashiorkor mainly fell between 16 and 38 months, reaching a top around

26 months.

Ethical approval for the Bwamanda study was granted by the University of Leuven’s

Tropical Childcare Health Working Group. Community consent was obtained verbally

from community leaders, whereas individual verbal consent was obtained from children’s

caretakers.

DISCUSSION
Our study shows that the children who developed kwashiorkor were mainly stunted

children aged 16–38 months. Their diet was characterized by a low or no consumption

of sweet potatoes, papaya and “other vegetables”. The children who developed marasmus

resembled the children who developed kwashiorkor by being stunted. However, the

consumption of papaya, sweet potatoes and “other vegetables” were lower among children

with kwashiorkor than among marasmic children. Sweet potatoes, papaya and “other

vegetables” are characterised by their high β-carotene content. We found that the risk of

developing kwashiorkor increased the longer the child did not consume these food items.

We emphasize the importance of β-carotene because it is a substance with significant

antioxidant activities. Also, sweet potatoes, papaya and what we have termed “other

vegetables” contain several other carotenoids that have antioxidant activities. As a result

the various carotenoids, the mixture of carotenoids or carotenoids in association with

other antioxidants in these food items can have played important roles in the protective

pathway in kwashiorkor.

Children who developed kwashiorkor also consumed palm oil, with the oil being rich

in β-carotene. In Bwamanda palm oil is extracted locally and mostly stored in bottles,

often being exposed to strong sunlight. Palm oil is used for preparing cassava leaves stew.

The oil is mixed with cassava leaves and boiled in a pot for an hour. Studies show that

carotenoids are vulnerable to degradation. It is especially their unsaturated structures
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that make them sensitive to heat, oxygen and light (Leskova et al., 2006). A study from

Nigeria on heating of palm oil demonstrated that the amount of β-carotene declined with

temperature increase and that the destruction of β-carotene was greater when the oil was

heated continuously for 30 min at any given temperature (Mudambi & Rajagopa, 2006).

Another study on heating red palm oil showed that all trans-β-carotene were almost lost

after 20 min (Fillion & Henry, 1998). Thus given that local practices expose palm oil to

sunlight and long duration cooking it is unlikely that palm oil consumption would have

compensated for the lack of provitamin A in the local diet. However we would like to

mention that intervention studies with red palm oil have found improved vitamin A status

(Bhaskaram et al., 2003).

Besides our study there are only two other observational longitudinal studies we know

of that examine the relationship between diet and the development of kwashiorkor: the

Gopalan (1992) study of Indian children up to 10 years and Lin et al. (2007) study on

Malawian children. While our study analyses diet with reference to a variety of food items,

Gopalan’s study concentrated on differences in terms of protein-calorie consumption.

Gopalan did not find evidence that there were any differences in the protein calorie intake

between cases of marasmus and kwashiorkor. The study conducted by Lin et al. (2007)

actually found that the daily intake of vitamin A equivalents was low among children who

developed kwashiorkor, but not significantly lower than in the control group. The diets

of the study population in these studies were monotonous and therefore to some extent

resembled the diet in Bwamanda. The diet of Indian children was based on rice and millet,

while the diet of the Malawian children was corn-based supplemented by small fish. The

diet in Bwamanda consisted to a large extent of maize, cassava roots and cassava leaves.

Golden & Ramdath (1987) suggested that kwashiorkor results from oxidative stress

and a general deficiency in protective mechanism that could reduce the oxidative damage

with most of the protective pathways necessitating micronutrients. Before target specific

antibodies have been produced, immune cells generate and release reactive oxygen species

(Strobel, Tinz & Biesalski, 2007). These oxidative bursts have been shown to be important

in the early phase of for example malaria infections. Oxidative burst can lead to haemolysis

and cellular dysfunction (Isaksson et al., 2013). Since carotenoids can act as important

antioxidants our findings support theories that relate kwashiorkor to oxidative stress and

the importance of micronutrients in the protective pathways (Sergio, 1999; Strobel, Tinz &

Biesalski, 2007).

A case-control study examined the antioxidant hypotheses by comparing the diet in

siblings of children presenting with marasmus and children with kwashiorkor (Sullivan

et al., 2006). It concluded that siblings of children with kwashiorkor consumed egg and

tomatoes less frequently than children with marasmus did. We note that the differences in

consumption between the two were minor.

Studies have questioned the hypothesis that antioxidant depletion causes kwashiorkor.

In a controlled trial from Malawi, Ciliberto et al. (2005) assessed the efficiency of

antioxidant supplementation in preventing kwashiorkor in children aged 1–4 years. The

intervention arm received antioxidant powder containing riboflavin, vitamin E, selenium
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and N-acetylcysteine, while the control arm received a placebo of an identical looking

powder. According to Ciliberto et al. (2005) the study showed that the supplementation of

antioxidant powder did not prevent children from developing kwashiorkor. We noted that

the study did not include supplementation of provitamin A and therefore does not address

the efficiency of provitamin A in preventing kwashiorkor. The study did not provide

baseline data about study participants’ diet. The study design does not, therefore, allow

for examining how dietary variables might have influenced the treatment with antioxidant

powder and the influence of such variables on the development of kwashiorkor.

As far as we know the Bwamanda study is, excepting Gopalan (1992) and Lin et al.

(2007), the only observational longitudinal study that describes the diet of children

who develop kwashiorkor and marasmus. The results from our study support the

hypothesis that kwashiorkor is caused by oxidative stress, supporting the role that food

containing carotenoids plays in the protective pathway. In Bwamanda the dietary sources

of preformed vitamin A are limited and pro-vitamin A carotenoid constitutes a major

source of vitamin A. The pro-vitamin A carotenoids including β-carotene, can through

cleavage be converted into retinaldehyde (a form of vitamin A). Studies have shown

that the bioavailability of provitamin A carotenoids is less than of preformed vitamin A

(de Pee et al., 1995; de Pee et al., 1998). Our study proposes that the consumption of fruits

plays a role in reducing the risk of developing kwashiorkor. In comparison with green leafy

vegetables and carrots, fruits are also more effective in improving vitamin A status among

children (de Pee et al., 1998).

Studies have shown that there is a relationship between diet and infection during

the development of kwashiorkor and that recurrent infections contributes to hypo-

albuminaemia and the development of oedema (Frood, 1971; Whitehead, 1977). We also

know that vitamin A modulates many types of specific and non-specific immune system

and those vitamin deficiencies have a negative impact on different types of immunity

functions (Stephensen, 2001; Villamor & Fawzi, 2005). In this manner provitamin A can

play a role in reducing the severity of a number of types of infections and we speculate that

provitamin A played a role in reducing the risk of developing oedema among chronically

malnourished children in Bwamanda.

The strength of our study is that in a large population-based study we have managed to

examine the dietary diversity over a long period of children who developed kwashiorkor

and marasmus. The study design has also some disadvantages. Given that information on

diet was based on 24 h recall we were not able to determine food consumed in between

the follow up period. Furthermore, we have limited information on the quantity of food

consumed and we are therefore not in a position to determine the amount of pro-vitamin

vitamin A consumed by the children. In our analysis we assumed that the food items

reported at a given point in time were consumed up to the next survey round. Given that

food consumption is characterised by individual variances this assumption represents

a weakness. We also realise that our findings require confirmation, preferably in a large

randomised trial that examines the development of kwashiorkor in a trial of carotenoids

supplementation.
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In conclusion, this is the first observational longitudinal study that demonstrates

a relationship between diet diversity and the development of kwashiorkor. We have

suggested that the consumption of a diet that includes food items containing carotenoids

reduces the risk in children aged 10–71 months of developing kwashiorkor. Our findings

should be considered as a support to ongoing efforts that aim at promoting a diverse

agricultural and horticulture production and in this manner stimulate consumption of a

more varied diet. In rural communities where there is a shortage of vitamin A rich food it

is in particular important to promote increased production of vegetables and fruits rich in

carotenoids including sweet potatoes and papaya.
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The social context of severe child malnutrition:
a qualitative household case study from a rural
area of the Democratic Republic of Congo
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Abstract

Introduction: The magnitude of child malnutrition including severe child malnutrition is especially high in the rural
areas of the Democratic Republic of Congo (the DRC). The aim of this qualitative study is to describe the social
context of malnutrition in a rural part of the DRC and explore how some households succeed in ensuring that their
children are well-nourished while others do not.

Methodology: This study is based on participant observation, key informant interviews, group discussions and
in-depth interviews with four households with malnourished children and four with well-nourished children. We
apply social field theory to link individual child nutritional outcomes to processes at local level and to the wider
socio-economic environment.

Findings: We identified four social fields that have implications for food security and child nutritional outcomes:
1) household size and composition which determined vulnerability to child malnutrition, 2) inter-household cooperation
in the form of ‘gbisa work party’ which buffered scarcity of labour in peak seasons and facilitated capital accumulation,
3) the village associated with usufruct rights to land, and 4) the local NGO providing access to agricultural support, clean
drinking water and health care.

Conclusions: Households that participated in inter-household cooperation were able to improve food and nutrition
security. Children living in households with high pressure on productive members were at danger of food insecurity
and malnutrition. Nutrition interventions need to involve local institutions for inter-household cooperation and address
the problem of social inequalities in service provision. They should have special focus on households with few resources
in the form of land, labour and capital.

Keywords: Malnutrition, Marasmus, Kwashiorkor, Food security, Subsistence agriculture, Social inequality, Social capital,
The Democratic Republic of Congo

Introduction
Malnutrition contributes significantly to mortality in
children under five years and in 2011 it was estimated
that about 45 % of child deaths could be attributed to
malnutrition [1]. Marasmus and kwashiorkor are both
forms of severe malnutrition and have especially high
mortality rates [2, 3]. While Marasmus is characterised
by extreme wasting, Kwashiorkor is characterised by
oedema and the aetiology of this disease is still uncertain.

Child malnutrition in the form of stunting, wasting,
underweight and severe malnutrition has significant impli-
cations for healthy human development in terms of motor
skills, and cognitive and social development [4–7]. There
are several pathways to malnutrition. Poor diet and illness
have been identified as immediate factors that contribute
to the development of malnutrition, food insecurity has
been identified as an intermediate factor, and socio-
economic conditions as underlying causes [8]. Growing
social inequalities and determinants of health attracted
special attention during the last decades [9, 10]. In low
and middle-income countries there is evidence of increas-
ing social inequalities in child nutrition with the highest
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rates of malnutrition being found in the poorest segments
of the population [11–14]. Urban–rural inequalities in
child malnutrition are frequently found with a higher risk
among the rural population [15–20]. The factors that
affect nutrition in rural and urban areas differ and a higher
reliance on agriculture and natural resources, and a lesser
dependency on cash income are characteristic of rural
areas. [15]. The majority of rural people in low-income
countries live on small farms of less than one hectare and
agriculture is the foremost provider of food and the
principle source of income [21–23]. Sub-Saharan Africa is
more dependent on agriculture than any other region in
the world and small-scale agriculture is particularly im-
portant [24]. In areas that strongly depend on agriculture
there is a close linkage between agriculture and nutrition.
Agriculture as a source of food is the most direct pathway
between agriculture and nutrition [25]. The urban–rural
gap in malnutrition has also been attributed to factors
such as education, access to quality food and availability of
health services [15, 17, 18, 20]. Maternal education, espe-
cially education at secondary level, is considered to be
among the most important factors that explain urban rural
differences in malnutrition [17, 18, 20]. Besides investigat-
ing inter-household inequalities, several studies have ex-
amined intra-household inequalities in nutrition. While
studies from South Asia have reported discrimination
against girls in food allocation and malnutrition being
more common among girls than boys [26–29], research
from sub-Saharan Africa on gender inequalities in nutri-
tion is inconclusive [30–33].
The Democratic Republic of Congo (the DRC) is

among the countries in the world with the highest rates
of child malnutrition [1, 34]. Although malnutrition is
widespread in all provinces there are important geo-
graphic variations and the occurrence is significantly
higher in rural than in urban areas [34, 35]. While the
prevalence of stunting in rural areas in 2013 was 47 % it
was 33 % in urban areas. In the rural areas of the DRC
subsistence agriculture is the major livelihood for the
majority of the households [36, 37]. Currently there are
several constraints to subsistence production: farmers
cultivate small land-holdings, they rely on traditional
cultivation technologies, have limited access to agricul-
tural input, infrastructure is poor and pressure on the
productive population is high [35, 36, 38]. In the context
of civil war the subsistence agricultural sector has also
been seriously neglected by the government and devel-
opment agencies [37].
In small-scale agricultural communities the household

is typically the unit responsible for food production and
consumption [39, 40]. Hence, the social organisation of
the household has important implications for food and
nutritional security [39]. In this paper we explore
how household characteristics, access to land and

inter-household cooperation affect food security and
vulnerability to child malnutrition in an environment
where subsistence agriculture is dominant. Using the
Bwamanda area, located in a rural part of western
DRC as a case, we aim to describe the social context
of food production and nutrition, and explore how
some households succeed to ensure that their children
are well-nourished while others do not.

Methods
Study setting
The Democratic Republic of Congo (the DRC)
The DRC is located in south-west central Africa and is
the second largest country in Africa. It is divided into
ten provinces and one city province (see Fig. 1 map). In
terms of natural resources it is among the richest coun-
tries in the world and has a diversity of mineral and
forest resources [41]. It also has an environment that is
favourable for agricultural activities and allows for two
harvests per year [42]. Despite the DRCs wealth in nat-
ural resources, its population is among the poorest in
the world and because of its poor scores with regards
to income, health and education it is ranked as second
to last according to the Human Development Index
[43]. There is a rural–urban gap in poverty disfavouring
rural areas where eight out of ten households are living
below the poverty line of 1.25 dollars a day while in
urban areas it is less than seven out of ten [41]. Since
1997 and until now the political situation in the
country has been characterised by civil wars and cor-
ruption. The death toll of the civil war, 1998 – 2004,
has been estimated to 3.9 million [44]. The conflicts
have restricted the country’s ability to promote devel-
opment and it is still strongly dependent on foreign
aid [37, 45].

The Equatorial province
The Equatorial Province where this study was under-
taken is situated in the north-west part of the country.
The province covers an area of 403.292 km2, 17 % of the
DRC, and is composed of five districts. It has a popula-
tion of five million. According to a UNDP report from
2009 as much as 94 % of the population was living below
the poverty line of 1.25 dollars a day, the province was
the poorest in the country [46]. The proportion of chil-
dren suffering from malnutrition in 2013 was high: 57 %
of the children under five years of age were stunted and
7.6 % wasted [34]. With prevalence in 2007 of 10.5 %,
this province had the highest proportion of children with
kwashiorkor [47].

Bwamanda area
The study was carried out in the Bwamanda area in the
north-west of the Equatorial Province. Bwamanda village
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and its surrounding villages form the Bwamanda area,
with a total population of about 209,000. The Ngbaka is
the dominant ethnic group. Their principle livelihood is
subsistence agriculture [48–50]. Bwamanda is a large
village that has grown into a centre with a marketplace,
a hospital and associated health centres. The Bwamanda
hospital operates as a first referral hospital for the
health district/zone of Bwamanda. Currently, the local
NGO, Centre de Développement Intégral Bwamanda
(CDI-Bwamanda) is responsible for providing social
services in the area.

Data collection
This qualitative study is part of a larger project on mal-
nutrition in the Bwamanda area [49, 51–53]. The data
were gathered during three fieldwork visits: October

and November 2012- February- March 2013, and in
November 2013. Data collection and translation was
done with the assistance of a secondary school teacher
teaching English and French. Prior to data collection
the first author provided him with a three days train-
ing in conducting semi-structured interviewing and
organising group discussions. We used purposive sam-
pling of households of two groups based on the cri-
teria of (1) recent history of severe malnutrition and
hospitalisation of a child in the household, and (2) absence
of a recent history of malnutrition among children in the
household.
We met with nurses and physicians working in the

hospital and identified four cases of children under-six-
years who had been hospitalised for, and later recovered
from marasmus and kwashiorkor. With the assistance

Fig. 1 Map The Democratic Republic of Congo, provinces and location of Bwamanda
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from nurses at health centres, four households with chil-
dren under-six-year who had not suffered from malnu-
trition were also selected. During vaccination the health
centres had conducted anthropometric assessment and
the results had been registered on the children’s health
cards. The nurses used this information to identify chil-
dren that had been assessed using normal weight for age
charts and found not to be underweight. We had thereby
identified eight households in five different villages
which were eligible for inclusion in the study. These
eight households comprised 12 girls and 17 boys below
six years, 24 girls and 11 boys above six years and 24
adult women and 21 men.
Triangulation of data collection methods were applied

(see Table 1). Participant observation was used both to
map agricultural activities, and the spatial organisation
of the villages, and within households to understand
household composition, organisation of food production
consumption. Semi-structured interviews were con-
ducted with the fathers and mothers of the children as
well as other adult household members of all selected
households. During the interviews, social factors associ-
ated with food production and the children’s nutritional
status were discussed. To obtain information about
socio-economic conditions and social service provision,
key informant interviews were conducted with local
leaders including the village chief, village secretary, chief
assistants and older respected women.
Finally, two focus group discussions were held with

male and female leaders to gain a better understanding
of the Ngbaka socio-economic organisation including
social differentiation. The observation, interviews and
focus group discussions were all carried out in the
Ngbaka language and translated by the interpreter. All
interviews were tape recorded. After each interview the

interpreter and the first author went carefully through
the tape-recorded interview. The interpreter translated
each point raised in the interview orally into English and
the first author took notes. The meaning and interpret-
ation of the interview data were then extensively dis-
cussed. Field notes from observation and informal
conversations were kept in addition to reflection notes
from each day of the fieldwork. These served as guides
for analysis.

Field theory and data analysis
Field theory
A social field is a domain of social life that has its own
rules of organisation and unique characteristics that gen-
erate the conditions for the individuals who live in a so-
ciety [54]. The social fields can be identified in terms of
extension in social space, time, number of people and its
distinctive characteristics [55, 56]. In the process of
identifying social fields the spatial aspect of social fields
is in particular important [54, 57]. The fields are inter-
connected and the theory enables an analysis of how
events at the local level are connected to processes at
the macro level [56]. The concept of the social field can
be used to study the relationship between social factors
on different levels that shape food production, consump-
tion and nutritional outcomes. Concretely the theory
allowed us to examine how the household as a micro
level domain is linked to other social domains and how
the dynamics between these domains produce social in-
equalities in nutritional outcomes. In our field analysis
we put emphasise on social organisational aspects of
social fields and do not analyse fields as socio-cultural
entities with their own forms of communication. We
therefore do not analyse meaning and our approach dif-
fer from a qualitative content analysis.

Table 1 Number of informants, methods used and dates for interviews and discussions

Informants Number of informants Methods Dates

Informants from households with malnourished children 10 In-depth interviews February/March 2013

Participant observation November 2013

Informants from households with well- nourished children 10 In-depth interviews February/March 2013

Participant observation November 2013

Village leaders 5 Two focus group discussions February/March 2013

In-depth interviews November 2013

Bwamanda hospital and health centre staff 4 In-depth interviews February/March 2013

November 2013

Primary and secondary school teachers 3 In depth-interviews November 2013

CDI Bwamanda representatives 4 In-depth interviews November/February 2012

February/March 2013

November 2013

Total number of informants 36
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Data analysis
During the field work we observed and discussed with
key informants how location related to food production
and consumption. We examined this relation with re-
spect to smaller areas including the compound, the
neighbourhood, the village and larger areas such as agri-
cultural fields, natural areas in the vicinity of the villages
and the Bwamanda area. In this manner with could
identify separate bounded areas that we term social
space. We identified major characteristics of social activ-
ities by describing the context of production and con-
sumption. Making linkages between social space and
activities with their own characteristics we could begin
to delineate separate fields. Through the description of
the household cases we further singled out field charac-
teristics and fields’ implications for nutrition. By having
identified the social fields we were able to present factors
that could be easily compared and analysed. We per-
formed cross case-case comparisons and analysed how
the fields had different implications for food security
and nutritional status. Household cases were used to
show the linkage between social organisation and nutri-
tion and we therefore did not use quotes to highlight
this relation.

Ethical issues
Ethical clearance was provided by the Regional Committee
for Medical and Health Research Ethics, Western Norway
and by the Ethical Committee at the School of Public
Health, University of Kinshasa, the Democratic Republic of
Congo. For ethical reasons we recruited children who pre-
viously had suffered from malnutrition. In regards to the
fieldwork and data collection, an information sheet and in-
formed consent form were prepared in the Ngbaka lan-
guage. We explained the content of the form to each
participant and obtained informed consent before starting
any data collection including consent to record the inter-
views. Finally, although the households are described in de-
tail in the findings section, we strived to keep names and
location confidential.

Findings
The first section gives an account of the Ngbaka socio-
economic organisation and we describe characteristic
activities relating to food production, consumption and
nutrition. The description of socio-economic context is
used as a backdrop for organising the household cases
and links between the social context and nutritional out-
comes. In the second section eight household cases are
presented: the first four are households with a history of
severely malnourished children and the last four are
those with well-nourished children. Table 2 gives an
overview of household cases structured in accordance
with the description of the socio-economic context.

Ngbaka socio-economic organisation
Village leadership and access to land
The Ngbaka live in villages whose names typically begins
with the pre-fix bo which means descendant, followed
by the name of the founder of the village. Each village
has a chief (capita) who is supported by several assis-
tants. Land administration is a major task of the village
leadership with the leaders negotiating in land con-
flicts and being responsible for land redistribution. In
Bwamanda, land is under a traditional community-
based property system and individual farmers are entitled
to usufruct rights. In accordance with the Ngbaka patri-
lineal descent system land rights are transferred from
father to son. In order to uphold usufruct to land the
family is required to continuously cultivate it and reside
in the village.

Food production
The Ngbaka farmers produce their staple foods through
shifting cultivation and a household’s planted land com-
monly covers less than one hectare. Maize and cassava
are staples and groundnuts and palm oil are major cash
crops. Some farmers also grow crops such as taro, sweet
potatoes, pigeon peas, beans and various vegetables and
fruits. Farming techniques are very traditional; all opera-
tions are done by hand, farmers do not have access to
draught animals and fertilisers are unavailable. Agricul-
tural fields are cleared during the first two months of
the year, planted and weeded in April up to the begin-
ning of June. The first harvest of maize takes place in
June and the other in November, while farmers begin to
harvest cassava in October. After three to four years the
soil is exhausted and land is left fallow for several years.
Fallow land is sometimes used for oil palms and tree
crops. To supplement crop production poorer farmers
keep poultry and guinea pigs while better-off farmers
raise pigs, sheep, goats and cattle.
In addition to agriculture the Ngbaka hunt, gather wild

food and fish. Men hunt whereas women gather wild
food, but both men and women fish. While men fish
using rods, nets and traps, women catch fish in tempor-
arily dammed pools as they drain out. Natural resources
in Bwamanda are widely dispersed; agricultural fields
can be located up to 4 h walk from the homesteads and
in the dry season people go on foot for several hours to
fish in the rivers.

Food consumption
The Ngbaka normally eat two meals per day with a main
meal that typically consists of ka, a stiff porridge made
from cassava and maize flour. Porridge is served with a
stew of cassava leaves, sometimes enhanced with fish
and groundnuts. In between meals, adults and children
drink tea with sugar and eat various fruits. Infants are
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predominantly breastfed up to three months old, at
which point solid food is introduced to complement
breast milk. Breastfeeding normally continues for up to
three years. Early complementary food consists of gruel
typically made from ka and cassava-leaf stew. During
meals household members are served the same food, but
split into groups; women and young children in one
group, older children in another and men in the third.

Labour organisation and inter-household cooperation
Agricultural work is carried out by the household mem-
bers and has a gender-based division of labour. Men are
responsible for clearing land and women do most of the
work during weeding and harvesting. Farmers also mo-
bilise labour and capital through the traditional gbisa.
These are reciprocal groups consisting of close kin and
neighbours that are mobilised to solve tasks that the
household unit have difficulties solving alone such as
land clearing and timely weeding. During gbisa the host
serves ka and cassava leaves and farmers who can afford
it serve meat, fish and palm wine. Farmers underline the
importance of gbisa and, by organising such groups, they
are able to achieve a good harvest and provide house-
hold members with sufficient food. Male gbisa is also
organised for capital accumulation with groundnut gbisa
being the most common example. In the first year, the
person who initiated the group receives an agreed upon
number of sacks of groundnuts from group members,
and in the following years others obtain sacks of ground-
nuts on a consecutive basis. Capital from groundnut
gbisa is typically invested in livestock, bicycles and sew-
ing machines. There is also a second form of gbisa for
capital accumulation whereby the group establish a re-
volving fund that provides cash in a sequential manner
to its members.

Household organisation
Our study illustrates how households vary in size and
composition. There are large multi-generation house-
holds and households that are large partly as a result of
influx of children from households that have ceased to
exist. Other households are large due to polygamy. Small
households comprise nuclear families where the sons
have broken away from their family and established their
own households. The Ngbaka are patrilineal and practice
patrilocality, with the wife moving to her husband’s
father’s household after marriage. Local people use
wealth to differentiate between households and distin-
guish three categories—relatively wealthy, average and
poor—using the following terms in Ngbaka. The rela-
tively wealthy cultivate a variety of cash crops including
palm oil and many have become wealthy through gbisa.
The averagely wealthy are able to produce enough food
for their household members during normal years, while

the poor are not. The poor are also characterised by
their limited capacity to participate in gbisa as a result of
not being capable to provide the food required to host a
gbisa and being considered by other farmers as unable.

Service provision
In Bwamanda the NGO, CDI-Bwamanda, has filled the
gap in public service provision. Services provided by the
NGO include health care, access to safe drinking water
and agricultural support. Currently the organisation runs
the Bwamanda hospital and associated health centres. In
order to improve access to drinking water the NGO
has developed a number of deep borehole wells. CDI-
Bwamanda has made several efforts to stimulate agricul-
tural growth and provided farmers with improved
planting material, facilitated transport of maize for sale
in Kinshasa and promoted coffee as a cash crop. A tsetse
control program has permitted cattle raising, which
was difficult earlier due to trypanosomiasis (sleeping
sickness). Due to a decline in financial assistance from
international donors over recent years, the organisation
has had to scale down its operation and now concen-
trates on health services. In spite of this CDI-Bwamanda
health services are inadequate because of a shortage of
qualified staff, basic equipment and essential medicine
including ready-to-use therapeutic food to treat child
malnutrition. A few years back the hospital received
funding for developing local therapeutic food, but fund-
ing for this project has ceased.

Case studies
It is in the context of the Ngbaka socio-economic organ-
isation that the household cases must be understood and
we have structured the case narratives so that the rela-
tionship between the social environment and nutrition
becomes more evident. For each case we have therefore
described food production, household organisation,
inter-household cooperation and household access to so-
cial services.

Households with children with a history of marasmus
Case 1
A three-year-old boy was brought to the health centre
by his parents in December 2012. He was referred to the
hospital, where he was diagnosed with marasmus. Before
the child was hospitalised for marasmus the household
had insufficient food, and all it could provide the child
with was ka and cassava leaves. The household com-
prised five members including the father (29) the
mother (28), the boy (3) and twins, 17 months. Another
son had died from marasmus a few years back, aged three.
The parents of the child first lived with the father’s family,
but as the household grew larger, they decided to move
and find their own place. Following land redistribution
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carried out by the village chief, the couple obtained access
to a homestead and agricultural land, with one plot for
maize and one for cassava. For clearing the land the father
involved a gbisa. With their children being so sick, the
parents had not been able to spend the necessary time
tending to their two plots, and consequently weeds sup-
pressed their fields resulting in poor harvests. Caring for
the sick boy and breastfeeding the twins had made it hard
for the mother to find time for fishing. Buying fishing
hooks was also an unaffordable expense and the father
could therefore not go fishing. They failed to produce a
sufficient amount of food and had no stores of maize and
the family had to subsist on cassava from the fields. Their
opportunity to supplement their cassava- and maize-based
diet with fish was severely curtailed. Facing acute food
scarcity the family had to rely on food provided by rela-
tives living nearby. They also lived on the outskirts of the
village and had no access to safe drinking water provided
by CDI-Bwamanda.

Case 2
A boy aged 16 months was brought to the health centre
in January 2013, where he exhibited signs of severe mal-
nutrition. The health centre referred the boy to the hos-
pital in Bwamanda, where he was diagnosed with
marasmus. The family spent one whole day walking to
the hospital. In order to pay for the hospital expenses,
the boy’s mother pledged the only saucepan in the
household. Although the boy had not completely recov-
ered he was discharged from the hospital. The health
centre in the village continued to provide care for the
child until he gradually recuperated. Before the child
was hospitalised for marasmus the household had insuf-
ficient food, and all it could provide the child with was
ka and cassava leaves. The household comprised three
members; the mother (17), the father (25) and the mal-
nourished boy. In 2011 the family lived in the father’s
village. They had moved to this village in order to seek
patrilineal rights to land. Many years ago the boy’s par-
ental grandfather had left this village in order to marry a
woman from a village outside the Bwamanda area. Mov-
ing back to his village of origin, the father had acquired
an agricultural plot from a relative. After the land had
been cleared, the relative demanded it back. Without
any land, the father started harvesting oil palm fruits on
the fallow land of other farmers. He thus acquired a very
small income from selling palm oil. His wife also re-
ceived cassava root and leaves as payment for working
as a labourer on another farmer’s field. Since the house-
hold had no access to land they did not participate in
gbisa. The household had no stores of grain and they
had no relatives who would help them with food. In
addition they had no access to safe water provided by
CDI-Bwamanda.

Households with children with a history of kwashiorkor
Case 3
A three-year-old boy was brought to the health centre
by his parents and the centre referred the boy to the
hospital, where he was diagnosed with kwashiorkor. In
the period before the boy fell ill from kwashiorkor he
had been eating mostly ka and cassava leaves. The
household was composed of 12 members including the
father of the boy (42), his second wife (32), the father’s
mother, five adolescent girls and four preschool children.
Two of the preschool children, including the boy who
had suffered from kwashiorkor, were children of the first
wife of the father. The first wife had left and given the
father the responsibility of taking care of the two chil-
dren. The household cultivated two plots on which they
grew maize and cassava for subsistence, and groundnuts
as a cash crop. Because the fertility of the land in use
was rapidly declining, the father wanted to clear more
fallow land. With only one adult male member, there
was inadequate labour within the household to clear
additional land. Income from the groundnut sale was
spent mostly on school fees for the older children and
there was no surplus for hiring labour. Involving the
gbisa in clearing the land was also said to be impossible
because it required the household to provide fish for
feeding the group members during the workday. The
father said he did not have enough cash to buy fishhooks
and could not afford to purchase fish. He and his second
wife reported that because they were unable to clear
more land they were incapable of providing a more di-
verse diet for their household members. The household
had no access to safe drinking water provided by CDI-
Bwamanda, and they fetched water from a reservoir that
was also used for washing clothes.

Case 4
An 18-month-old girl was brought to the health centre
by her parents in January 2013. She was referred to the
hospital where she was diagnosed with kwashiorkor.
During the period before she was hospitalised she had
suffered from diarrhoea, vomiting and fever. The girl
was breastfed complemented with gruel that contained
fish. The parents explained that the girl became mal-
nourished because she drank contaminated water from a
hand-dug well. The household comprised 30 members
from three generations, among them the father of the
girl (34), the mother (34), and seven children. They
cultivated several plots of land and in addition to produ-
cing staple crops for subsistence they obtained cash in-
come from selling maize and groundnuts. They were
dependent on household labour, but occasionally hired
labour for clearing fallow land. They had also invested in
12 goats used for meat. In addition to ka and cassava
leaves, they had fish almost every day, as well as chicken
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and other meat a couple of days per week. They had no
access to safe drinking water, from CDI-Bwamanda and
they collected water from a hand-dug well that was
deemed unsafe and several household members had be-
come sick after drinking water from this source.

Households with well-nourished children
Case 5
This was a monogamous household consisting of 15
members in total. The household head lived with his
wife and his sister, two adolescents and ten younger chil-
dren, all relatives. On their land, the household culti-
vated cassava, maize, groundnuts and beans. Farm work
was done by the household members, but labour was
also mobilised through participating in male and female
gbisa. The women prepared ka and cassava leaves for
gbisa and it was not expected for them to provide fish or
meat to the members of the work groups. The head was
an active fisher and hunter. Around the homestead the
household also grew a number of fruit trees. The house-
hold emphasised the value of a diverse diet and argued
that they gave their children fish and fruit every day.
They obtained safe drinking water from a water source
prepared by CDI-Bwamanda.

Case 6
In this household, comprising 19 members, the head
lived with his three wives. Other relatives in the house-
hold included three adult males, one adult female, six
adolescents and five younger children. They had man-
aged to clear several agricultural plots for cassava,
groundnut and palm oil cultivation. In addition to
household labour they relied on mobilising gbisa for
land clearing and weeding. In the male work group fish
and meat was served. The adult males participated in a
“groundnut gbisa” and they had used the income from
the gbisa to purchase a bicycle. They produced enough
crops and cash to ensure that their members obtained a
sufficient diet that usually included fish. In their com-
pound they grew fruits and in between the meals chil-
dren and adults ate bananas and pineapples. The
household lived in the centre of the village and collected
water from a borehole well drilled by CDI-Bwamanda.

Case 7
In this household there were 12 members where the
livestock keeper lived together with his two wives, three
adult males, two adult females, two adolescents and two
younger children. The members of the household were
all relatives. The household cultivated palm oil and co-
conuts in addition to the most common crops. It had
also established a separate fruit orchard. In order to
secure a regular supply of fish, one of the head’s wives
specialised in fishing. The head participated in a gbisa

that established a revolving fund providing cash on a
consecutive basis to its members for capital accumula-
tion and investment in livestock. To cover the gbisa in-
vestment, the household head used funds that his wives
had saved from selling palm wine. With the capital re-
ceived from the gbisa, the household invested in cattle.
The gbisa group had later evolved into a group of live-
stock owners who cooperated on preventing livestock
diseases. The adult members reported that their children
were well-nourished because they could provide them
with a diverse diet that included fish, meat and fruit.
They also stated that good hygiene was important. In
2011 a project promoted good personal hygiene in the
Bwamanda area and advised the household members to
wash their hands before meals. They had attached a
water bottle to a tree and water from this bottle was
used for hand washing. Because the household had no
access to safe drinking water, the head was in regular
contact with the CDI-Bwamanda in the planning of dril-
ling a new borehole well.

Case 8
This business household consisted of 13 members and
the head lived with his three wives. Other relatives in
the household included three adult males, one adult
female, two adolescents and two younger children. They
cultivated the most common staple crops while coconuts
and oil palm were grown as cash crops. Besides employ-
ing household labour, they hired farm labourers and also
engaged school students during harvest. Previously,
CDI-Bwamanda had promoted cash cropping by pur-
chasing crops from local farmers and shipping the pro-
duce to Kinshasa. At the beginning of the 1990s the
household took advantage of this opportunity and with
the profits made on cash crops they invested in a
cigarette business. Income from the sale of cigarettes
was invested in pigs, sheep and goats and, at a later
stage, in cattle. The head believed that his children were
healthy because, aside from ka and cassava leaves, they
ate fish and a variety of fruit. The household had also
followed the advice from the hygiene project and used
water from a bottle attached to a tree for hand washing.
It had access to drinking water from a borehole well
drilled by CDI-Bwamanda.

Social field analysis
We have identified four social fields that extend in social
space each with their own characteristics. On the basis
of our description of the Ngbaka socio-economic con-
text it is possible to make linkages between activities and
specific locations. Food production and consumption is
associated with the household compound and household
agricultural plots, access to external labour and capital
with the neighbourhood, acquiring land with the village
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and social service provision with local NGO activities
which again are linked to activities at the national and
international level. Several characteristics are unique to
these to these four fields. The household is the major
unit for food production and consumption, division of
labour is gender based and household composition influ-
ences its ability to produce sufficient and adequate food.
Neighbourhood cooperation in the form of gbisa is char-
acterised by being a reciprocal group for exchange of
labour and provision of food and drinks to participants
influence people’s willingness to participate in work
groups. The gbisa plays and important role in capital ac-
cumulation. The village is associated with access to land
and land is transferred from father to sons, living in a
village and continuously cultivating the land is a pre-
condition for access to land. The local NGO, CDI
Bwamanda; in the absence of a strong state has become
the main provider of social services. The NGO’s provision
of social services establishes linkages between local activ-
ities and processes at higher levels. The identification of
the fours social fields enabled us to conduct a cross-case
analysis and compare households with malnourished chil-
dren with those with well-nourished children.

The household
In our cases there are links between household size,
composition and children’s nutritional status. Large
households comprising many adults with relatively little
pressure on productive members were able to broaden
their economic activities and supply members with an
adequacy of food, both in terms of quantity and variety.
For example, household 7 included six adults and had
managed to diversify its food production. The members
specialised in growing fruit, making wine, herding cattle
and fishing. In contrast, as indicated by case 1, nuclear
families were particularly vulnerable and, when members
became sick, the effect of ill health was food insecurity
and malnutrition. It was not only size and dependency
ratio that mattered, but also gender composition. The
farmers practice shifting cultivation and clearing land
relies heavily on male labour. As illustrated in case 3,
shortage of male labour can result in failure to clear
land, food insecurity and malnutrition. Among the
Ngbaka it is women who are mainly responsible for
weeding. Household 1 comprised only one woman and
the poor harvest was primarily due to failing to properly
weed the agricultural fields.

Inter-household cooperation – the Gbisa
Efficient food production does not only rely on house-
hold size and composition, but also on inter-household
cooperation in the form of participation in gbisa. The
cases show how households with well-nourished children
managed to solve seasonal bottlenecks by mobilising

agricultural labour through gbisa participation. In case 5,
the household was in a positon to supply food desired by
the group and by mobilising a work group it could solve
the problem of shortage of male labour. In contrast, the
household in case 3 was unable to provide the food
needed to join a gbisa. The failure to take part in work
groups was linked to an incapability to provide an
adequate diet and malnutrition. Gbisa was also used
for capital accumulation and revenues were used to
strengthen household economic activities and thereby
enhance food security. As illustrated in case 6, in-
come from groundnut gbisa was spent on improving
household transportation, while in case 7 profits were
invested in cattle.

The village
In Bwamanda rights to land are closely linked to the vil-
lage as a unit and access to land is maintained by staying
in the village and continuously cultivating the land. In
our cases, households with well-nourished children had
access to labour and land, with wealthier households
cultivating relatively large areas of land. In an area such
as Bwamanda where there are few alternative income
generating activities landlessness may result in food inse-
curity and child malnutrition. Household 3 illustrates
this link between landlessness and malnutrition. The
household which moved to the village of the malnour-
ished child’s father failed to obtain agricultural land and
had to rely on food as payment for work and a meagre
income from selling palm oil.

The local NGO
Our study indicates that access to the limited services
that exist is disproportionately associated with wealth.
For example, in case 7, the household took advantage of
efforts made by CDI-Bwamanda to promote the sale of
maize. Profits made on cash cropping were used to ex-
pand economic activities with earnings being invested in
petty-trade and livestock. The two better-off households
(cases 7 and 8), also benefited from efforts to combat
sleeping sickness, and as a result of the decline in this
disease they could keep cattle. These two households
also followed advice given by a hygiene project. More-
over households with well-nourished children gained
from CDI-Bwamanda’s endeavours to improve access to
safe drinking water while those with malnourished chil-
dren had not. In case 4 the parents of the girl with
kwashiorkor stated that malnutrition was a result of
drinking contaminated water. Several factors constrain a
household’s access to health services that could treat
malnutrition. Local people have no means of transporta-
tion and parents must walk long distances to reach
Bwamanda hospital. As indicated in case 2 it is difficult
for poor households to pay fees for healthcare and the
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poor family had to sell their assets to cover hospital fees
for treating the boy with marasmus. Bwamanda hospital
also lacked food to properly treat malnutrition and the boy
did not recover after he had been treated at the hospital.

Discussion
In our study, access to vital resources for adequate food
production was related to four social fields that gener-
ated conditions for social inequalities in nutrition.
Households with sufficient land, enough labour and ac-
cess to social services could ensure that their children
stayed well-nourished. Households with well-nourished
children also benefited from taking part in inter-
household cooperation. In this study we identified four
social fields that had consequences for food security and
children’s nutritional status. First, household size and
composition determined the household’s access to labour
and hence ability to diversify food production. Second,
through neighbour cooperation, in the form of gbisa, kin
and neighbours could be mobilised for overcoming sea-
sonal bottlenecks and for capital accumulation. Third, the
village, which controlled access to land for food production
and fourth, the local NGO providing different access to
social services including agricultural support and health.

The household
This study has shown how household organisation may
relate to food and nutritional security. The Ngbaka live
and work in an environment where resources are widely
dispersed. In Bwamanda there are hardly any local
means of transportation and farmers walk for several
hours to reach their farms and fishing grounds. They
also practice an intensive form of shifting cultivation. In
accordance with the literature, our study demonstrates
how in such environments larger households might be
more efficient than small [58, 59]. Our findings also sup-
port the suggestion that in societies where the household
is the production unit, households with a high pressure
on the productive members are at risk of not being able
to support themselves [60, 61]. Studies have investigated
the relationship between family size and malnutrition
and found that the odds for being malnourished are
higher in large crowded families than in small families
[62–65]. Whereas these studies relate family size to
household crowding, our study has investigated how
household size and composition influences productive
activities. Our findings align with the notion that gender
division of labour in agriculture has important implica-
tions for food production and nutrition [39, 66].

Inter-household cooperation - the Gbisa
In accordance with reports from other areas our cases
show that reciprocal work groups can play an important
role in mobilising agricultural labour and solving seasonal

bottlenecks [67–70]. Our findings show how the working
groups could be mobilised in order to solve such tasks as
land clearing and timely weeding. In order to mobilise re-
ciprocal work groups, some reward is required - often food
or alcoholic drinks [69]. This study shows how being un-
able to serve food required by the group members limit
farmers ability to participate in gbisa and how this nega-
tively affects access to labour, food production and hence
food security. Reciprocal groups can also be organised for
other purposes [71]. Among the Ngbaka such groups can
play a role in capital accumulation and enhancement of
food security.
Research has dealt with the relationship between ac-

cess to social networks and children’s nutritional status
and has found that participation, especially in large
networks, is positively associated with child nutrition
[72, 73]. Whereas these studies deal with how social net-
works can enhance mothers’ access to health advice, our
study shows how networks in the form of inter-
household cooperation may facilitate households’ access
to agricultural labour and capital.

The village
Our findings are in line with the literature that consider
access to productive land to be one of the most import-
ant factors determining household food security and the
landless to be vulnerable to food insecurity [74–76].
Land availability is considered to be a problem in the
DRC and although there is a great potential to cultivate
land in the DRC, farmers report difficulties in accessing
land [36]. Quantitative studies have also found that ac-
cess to agriculture land plays a role in determining chil-
dren’s nutritional status and that children of agricultural
workers are more likely to be malnourished than those
of land owners [77, 78].

The local NGO
As in many other areas in the DRC where public social
services are minimal, an NGO delivers services in
Bwamanda [37, 79, 80]. Our study indicates that the
well-off had better access than the poor to the limited
services that existed. Food insecurity and malnutrition
is, as in other rural areas in the DRC, to a large extent
related to distal factors including the government being
unable to deliver basic services to rural areas such as
agricultural support, infrastructure development, health,
access to clean drinking water and education [35]. Other
scholars have also demonstrated how macro-relations
determine the development of severe child malnutrition.
For example, an ethnographic account from rural Tanzania
examined how fluctuations in the world economy, land
shortage, population growth, social stratification and mar-
ginalisation were among the driving forces behind severe
malnutrition [81].
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Social inequality in malnutrition
The literature has linked social determinants of malnu-
trition to income-related inequalities and documents
pro-rich disparities in nutrition [12, 14, 82]. Household
income and food prices are also closely related to food
security. It has been shown that an inability to access
food was largely determined by a low ability to purchase
food rather than by local food production [83, 84]. How-
ever, since subsistence agriculture is the major livelihood
in rural DRC, food security and inequalities in child
nutrition is closely related to people’s capacity to pro-
duce enough nutritious food [36]. Research has identi-
fied maternal education, emphasising the importance of
education higher than primary school, as one of the
main factors that benefit child nutrition [14, 17, 18, 20].
Since many women in the study area were illiterate and
few had education above primary level [85] we anticipate
that maternal education had limited implications for inter-
household differences in nutrition. Several studies from
sub-Saharan Africa have investigated intra-household in-
equalities in the form of gender differences, but conclu-
sions from these studies are contradictory [30–33]. Our
field observations and discussions did not point towards
any gender-based discrimination in food allocation and a
study from Bwamanda did not find significant differences
in nutritional status between girls and boys [51].

Strengths and limitations
Studies on social inequality in malnutrition analyse
Demographic and Health Survey (DHS) and Living
Standards Measurement Study (LSM) data. Using data
from a large number of low and middle-income coun-
tries research has been able to investigate the presence
of and compared national and regional differences in
socio-economic inequalities in malnutrition [15, 82, 86].
DHS and LSM apply a standard questionnaire approach
on a set of predetermined variables and proxies for
socio-economic status may not be representative for
rural areas where people predominantly depend on agri-
culture [15, 87, 88]. This study has used different quali-
tative methods to gather open-ended information about
a specific rural setting and our analysis has uncovered
links between local social organisation and inequalities
in nutrition. Our study uses few cases but the findings
might be transferable to other population in a similar
context in the DRC. The variables that we have identi-
fied may be applied in quantitative studies that can cre-
ate quantitative evidence of the relation between the
variables and nutritional outcomes in rural areas similar
to Bwamanda. The combination of several methods
including participant observation, semi-structured inter-
views and key informant interviews strengthens our
study. By combining these methods we have managed
to reveal how household organisation, inter-household

cooperation, access to land, capital and social services
relate to food security and nutrition. Data collection was
carried out during three relatively short field work pe-
riods and continuing data collection with longer periods
we could probably have gained new insights in social as-
pects of nutrition. We are well aware that our findings
are based on a small sample and the results should be
carefully interpreted when applied to other settings in
the DRC. We therefore realise that social factors with
implications for the development of kwashiorkor are
somewhat ambiguous, and if we had included more
kwashiorkor cases, the social etiology of this disease may
have become clearer. The use of an interpreter and not
transcribing the interviews also represent weaknesses of
the study.

Conclusions
Resources vital for food productions were associated
with four social fields and access to these resources was
unequally distributed creating social inequality in nutri-
tional outcomes. Households could, by mobilising local
institutions for inter-household cooperation, improve
their food security. Children living in households where
there was a great pressure on productive members were
at risk of food insecurity and at danger of developing
malnutrition. It is important that nutritional programmes
involve institutions for inter-household cooperation to fur-
ther improve food security and nutritional outcomes.
These initiatives should address the problem of inequalities
in service provision and making accessible social services
that can improve food security and child nutrition in
households with few resources in the form of labour, land
and capital.
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