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ABSTRACT
Background: The cost of current standard ready-to-use therapeutic
food (RUTF) is among the major obstacles to scaling up commu-

nity-based management of acute malnutrition (CMAM), an impor-

tant child survival strategy. Identifying a cheaper alternative is

a global public health priority.
Objective: We sought to compare the efficacy of soya-maize-
sorghum RUTF (SMS-RUTF) with that of standard peanut paste–

based RUTF (P-RUTF).
Design: We used a nonblinded, parallel-group, simple randomized
controlled trial along with a day care approach that enrolled 2

groups of children aged 6–23 and 24–59 mo, respectively, with

severe acute malnutrition (SAM).
Results: Intention-to-treat (ITT) and per-protocol (PP) analyses
showed noninferiority of SMS-RUTF compared with P-RUTF for

the recovery rate [ITT: D =22.0% (95% CI:27.6%, 3.6%); PP:21.9%

(95% CI: 25.3%, 1.4%)], weight gain [D = 20.7 g $ kg21 $ d21

(95% CI: 21.3, 0.0 g $ kg21 $ d21)], and length of stay [D = 2.0 d

(95% CI: 21.7, 5.8 d)] in children $24 mo of age. In children

#23 mo of age, the recovery rate of SMS-RUTF was inferior to

that of P-RUTF [ITT: D = 220.8% (95% CI: 229.9%, 211.7%);

PP:217.2% (95% CI:225.6%,28.7%)]. Treatment with SMS-RUTF

resulted in a greater increase in hemoglobin [0.670 g/dL (95% CI:

0.420, 0.921 g/dL); P , 0.001]. Treatment with both RUTFs resulted

in the replenishment of all of the amino acids tested except for methi-

onine. There were no differences at discharge between RUTF groups in

fat mass [D = 0.3 kg (95% CI: 20.6, 1.6 kg); P = 0.341] or fat mass

index [D = 0.4 kg/m2 (95% CI: 20.3, 1.1 kg/m2); P = 0.262]. By

contrast, comparisons of fat-free mass indicated lower concentrations

than the community controls after treatment with either of the 2

RUTFs [D = 21.3 kg (95% CI: 22.4, 20.1 kg) and P = 0.034 for

comparison between community controls and the SMS-RUTF

group; D = 21.8 kg (95% CI: 22.9, 20.6 kg) and P = 0.003 for

comparison between community controls and the P-RUTF group].
Conclusion: SMS-RUTF can be used to treat SAM in children aged
$24 mo to reduce the costs of CMAM programs. More research is

required to optimize SMS-RUTF for younger children. This trial

was registered in the Pan African Clinical Trial Registry as
PACTR201303000475166. Am J Clin Nutr 2016;103:1145–61.
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INTRODUCTION

Severe acute malnutrition (SAM)9 affects approximately 19
million children aged ,5 y and is associated with over half
a million preventable child deaths each year (1). This figure does
not include the edematous form of SAM. Previous figures that
included all the forms of SAM have suggested a much higher
burden (2). In most developing countries, case fatality rates in
hospitals treating SAM remain at 20–30%, and children who
require care often cannot access treatment (2). Community-
based management of acute malnutrition (CMAM) has been
developed to offer a new approach to delivering care to acutely
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malnourished children in emergency situations and in more
stable settings. The model is rooted in public health principles of
coverage and access and is designed to achieve population-wide
impact (3). It focuses primarily on treating most acutely mal-
nourished people as outpatients in their homes rather than in
therapeutic feeding centers (3). Intensive inpatient care is also
provided for those who have complications (3). Techniques of
community mobilization are used to engage the affected pop-
ulation and to achieve a high proportion of early presentation
while maximizing coverage (3). A study conducted in Malawi
on SAM children treated with the use of ready-to-use thera-
peutic food (RUTF) also demonstrated that most (.85%) of the
children discharged as recovered after being treated with the
CMAM approach maintained a normal weight-for-height z score
for as long as 15 mo after discharge (4).

RUTF, a lipid-based and energy-dense paste, resists bacterial
contamination, requires no cooking (5), and is a central element
of CMAM programs. RUTF production requires grinding all
ingredients into a particle size of ,200 mm and embedding the
protein and carbohydrate components into a lipid matrix (5).
The production process avoids introducing water, and the re-
sultant low water activity in the product is critical to RUTF’s
resistance against bacterial contamination. This in turn allows
RUTF to be safely stored at ambient temperatures and used in
poor communities (5). The most widely used RUTF, peanut
paste–based RUTF (P-RUTF), is a mixture of milk powder,
sugar, vegetable oil, peanut butter, vitamins, and minerals (5, 6).
It is equivalent to the WHO’s F-100 milk (7). This RUTF recipe
has been used widely in CMAM to treat severely malnourished
children in resource-poor settings (8) with demonstrably high
recovery rates and low case fatalities, and a greater weight gain
has been demonstrated with the use of P-RUTF (2, 9, 10). How-
ever, the high milk content of this formulation makes it very ex-
pensive for sustainable use in resource-poor settings and increases
the proportion of ingredients that have to be imported into de-
veloping countries.

To lower the cost and increase the potential for using locally
grown ingredients, Valid Nutrition has developed a newmilk- and
peanut-free recipe based on locally produced crops. This recipe is
made from soya, maize, and sorghum RUTF (SMS-RUTF) and
may provide a cheaper alternative to the P-RUTF currently being
used. However, the efficacy of this formulation compared with P-
RUTF has not been formally demonstrated. An initial study that
assessed the effectiveness of SMS-RUTF in Lusaka, Zambia,
yielded inconclusive results, with the recovery rates in both the
intervention and standard groups below the international Sphere
standard and an unexplained high level of mortality (11). Likely
explanations of the inconclusive results included the cholera and
measles epidemics and floods that occurred during the study
period that caused abnormal increases in mortality and default
rates (11). Despite these inconclusive results, lessons learned
from that trial have been used to improve both the composition of
the SMS-RUTF and the design of studies used to evaluate it.

This study examined the efficacy of SMS-RUTF compared
with P-RUTF by using a design and context that minimized
operational constraints. The SMS-RUTF product that was used
had an enhanced phytic acid (PA) and iron and PA and zinc molar
ratios and improved the v-6:v-3 fatty acid profile ratio (11)
compared with the product tested in Lusaka. This study also
included a comparison of changes in hemoglobin, amino acid

profile, and body composition during recovery in addition to the
standard outcome indicators of recovery rate, weight gain, and
length of stay (LOS). The hypotheses assumed were that SMS-
RUTF would not be inferior to P-RUTF for the recovery rate,
weight gain, and LOS and that treatment with SMS-RUTF
would be associated with a higher increase in hemoglobin than
would treatment with P-RUTF.

METHODS

Study design

Primary objectives

We used a nonblinded, parallel-group, simple randomized
controlled trial (PACTR201303000475166) to compare the ef-
ficacy of SMS-RUTF with that on P-RUTF in the treatment of
SAM in 2 groups of children—those aged 6–23 mo and those
aged 24–59 mo. The noninferiority hypothesis was chosen be-
cause the overall aim of the research was to develop a RUTF as
effective as the highly effective standard RUTF but cheaper and
was assumed based on the result of a previous study into SMS-
RUTF we undertook in Lusaka (11). Differences in the color and
taste between the SMS- and P-RUTF precluded blinding the
study. To ensure that we had full control over all treatment
variables and could collect daily data on morbidity, a day care
approach was used wherein study subjects attended an out-
patient treatment center for 8 h each day to receive standardized
treatment protocols. This approach eliminated the risks that
subjects shared or sold the RUTF and that the energy and mi-
cronutrient densities of the RUTF were altered by inappropriate
mixing with other food. It also helped improve the adherence to
the study protocol and the accuracy of quantifying individual
daily intakes of RUTF.

Secondary objectives

We also compared changes in hemoglobin, the impact on the
plasmatic amino acid profile, and changes in body composition
attributable to the 2 products. Hemoglobin was measured at both
admission and discharge from the study and in a subsample of
participants selected randomly throughout the study period. The
impact on the plasmatic amino acid profile was assessed by
measuring the plasma concentration of the free amino acids (ly-
sine, valine, tryptophan, tyrosine, phenylalanine, methionine, and
cysteine) in overnight-fasted malnourished children before starting
nutritional rehabilitation, upon discharge from the study, and in
age- and sex-matched nonwasted community controls recruited
from the same area as the malnourished participants. Body
composition was assessed with the use of 2 techniques. The deu-
terium dilution technique (DDT) was used to assess total body
water (TBW), fat-free mass (FFM), and body fat mass (FM). This
substudy used the change in the concentration of deuterium in
samples of saliva after an intake of a standardized oral dose of
deuterium oxide to estimate TBW and FM and FFM and derived
indexes. It was conducted in a subsample of study subjects at
discharge and compared with the concentrations found in age-
and sex-matched nonwasted community controls. Bioelectrical
impedance analysis (BIA) was also used to estimate TBW, FM,
FFM, and derived indexes. Other specific BIA parameters of
reactance and resistance [phase angle (PhA), illness marker] were
also measured. These parameters were assessed with the use of

1146 BAHWERE ET AL.

 at U
N

IV
 C

O
LLE

G
E

 LO
N

D
O

N
 on June 27, 2016

ajcn.nutrition.org
D

ow
nloaded from

 

http://ajcn.nutrition.org/
Gregory
Highlight

Gregory
Highlight

Gregory
Highlight



a dual-frequency portable Bodystat 1500 MDD in another ran-
domly selected subsample of children aged 24–59 mo drawn from
each of the treatment groups. These children were assessed at the
beginning of nutrition rehabilitation, when their midupper arm
circumference (MUAC) reached 12.5 cm, and finally at discharge.

Setting

The study was undertaken in the Miti-Murhesa Health Zone
(MMHZ) located in the Kabare administrative zone of South Kivu
province in the Democratic Republic of Congo (DRC). TheMMHZ
covers an area of 525 km2 adjacent to Lake Kivu and consists of
highland plains and hills at elevations ranging between 900 and
1900 m. It has a tropical highland climate. At the last census in
2011, it had a recorded population of 204,368, with a very high
population density of 392 inhabitants per square kilometer. The
main economic activities are subsistence agriculture and small-
scale trading. In 2011, the MMHZ had 40,000 children aged 6–
59 mo, with a prevalence of SAM in these children of 2.2% (12).
Breastfeeding is universal, but the prevalence of exclusive breast-
feeding until 6 mo is low, with the mean duration being 2.5 mo (13,
14). The diet of infants and young children has remained un-
changed for decades and is poor in dairy and other animal source
foods (15). The MMHZ has 16 health centers (HCs) and 4 hos-
pitals and before the study started was running a limited CMAM
program with 3 outpatient sites for managing SAM without com-
plications and 1 stabilization center for managing SAM with
complications. The geographical coverage of this program and the
number of admissions were quite low, however (between May and
August 2011, only 40 SAM children were admitted into the
CMAM program out of a predicted caseload of .800). This
study was implemented in 10 of 16 HCs and used 1 hospital as
a referral center for stabilizing SAM with complications.

Study populations

The study participants were selected from children admitted
into the government-run CMAM program in the MMHZ. The
program admitted all children aged 6–59 mo diagnosed with
SAM (MUAC ,115 mm or bilateral pitting edema of any de-
gree). Length or height was measured, but the related nutrition
indexes were not used either in deciding to admit or discharge
children or in defining the outcome. Children with an MUAC
,115 mm, a good appetite, and no medical complications and
those with bilateral pitting edema assessed as + or ++ who also
had a good appetite and no medical complications were admitted
directly into the day care component of the study program. Those
with bilateral pitting edema assessed as +++ or with any medical
complications at enrollment were referred to the participating
inpatient facility where they received inpatient care until stabi-
lized, after which they were admitted into the day care study
program. Children with any medical or nutritional complication
during follow-up were also referred to the participating inpatient
facility for appropriate treatment of the complication, after which
they were readmitted into the day care program and remained in
their original study group. Medical complications were defined
with the use of the WHO’s CMAM and Integrated Management
of Childhood Illness standard definitions (2, 16). Inpatient nutri-
tional rehabilitation followed the national guidelines, and thera-
peutic milks F-75 and F-100 were used as appropriate.

Study subjects were admitted into the study at the same time
that they were admitted into the day care phase of the study
program. Great attention was given to avoid admitting any
children into the study who were not suffering from SAM, and
before being included in the study all potential subjects were
reexamined by senior supervisors (all of whom had .10 y ex-
perience in diagnosing and managing SAM) to confirm that the
diagnosis of SAM was correct. The presence of edema, the di-
agnostic criteria for SAM that is the most difficult to assess, was
confirmed by the senior supervisor before enrollment into the
study. Children admitted into the CMAM program for whom
senior supervisors did not confirm the presence of edema were
excluded. Children with congenital or acquired disorders af-
fecting growth, any history of food allergies, a history of being
treated for SAM within the previous 3 mo, and those from
visiting families were also excluded.

The community control groups for the body composition and
amino acid studies were recruited from the same neighborhoods
as the malnourished children included in the main study. These
controls were matched for the age at enrollment (61 mo) and the
sex of the malnourished child. Technical difficulties in con-
ducting the BIA assessments in children aged ,24 mo meant
that only children $24–59 mo of age were eligible for inclusion
in the BIA component.

Randomization

We used simple randomization (ratio 1:1) for this study. After
confirming eligibility for inclusion, children were randomly
assigned by a closed-envelope method to receive either SMS-
RUTF or P-RUTF. A computer-generated sequentially numbered
randomization list (with variable block sizes) that contained both
allocations and codes for 900 children was preprepared by the
trial statistician, who was based outside the DRC. This list was
sent to the national study coordinator, who then prepared 900
opaque, sealed, and consecutively numbered randomization
envelopes. A block of 20 envelopes was distributed to the
enumerator team leaders at each study site and were used to
allocate a study group for each subject at admission. The team
involved in assessing children for eligibility and in their follow-
up had no role in the allocation of the study group.

Monitoring and follow-up

The study was conducted in specially built study day care sites
erected at each of the participating HCs. After enrollment,
caregivers were asked to bring their children to the nearest site
every day between 0800 and 1600 until discharged, and the
mother or another family member had to stay with the child. At
each site, a minimum of 2 HC nurses and 1 field nutritionist
monitored the children’s clinical and nutritional parameters,
including checking the progress of nutritional recovery and
identifying and treating any concurrent infection. At each site, 2
study assistant nurses fed the children with the support of the
caregivers. Children were not allowed to take RUTF home, and
caregivers were advised not to feed children in the morning
before coming to the site—except for children still on breast
milk. No special recommendation was given for evening meals.
Each study nurse assistant had ,10 children to feed. The study
nurse assistants were allocated to 1 study group for half of the
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study period before being allocated to the other study group for
the other half of the study.

Treatment protocol

The nutritional and medical management of children in both
study groups was similar and in general followed DRC national
guidelines with the exception of the following differences: an
admission criteria of MUAC ,115 mm or bilateral pitting edema
in place of the national criteria of MUAC ,110 mm or bilateral
pitting edema; a discharge criteria of MUAC $125 mm and no
edema for 15 consecutive days in place of the national criteria of
MUAC $115 mm and weight gain of 20% and no edema; daily
follow-up of children in the study at day care centers instead of
weekly at HCs in the national guidelines; and the ad libitum
administration of study therapeutic food instead of the fixed
amount of 200 kcal $ kg21 $ d21 in the national protocol (17).

After admission into the study, all children received a 5-d
course of amoxicillin and a single 500-mg dose of mebendazole.
All medications were directly administered to the child by the
nurse at the day care sites to ensure that they were taken by the
child. Vitamin Awas not given because all children had received
a high dose of vitamin A of 200,000 IU within 3 mo of admission
and because both RUTFs contained a substantial amount of
vitamin A (Table 1). For any episodes of infectious disease that
occurred during follow-up, any treatment prescribed was also
directly administered by the nurses at the day care site.

Data collection and follow-up

We used a combination of specially trained study nurses as
supervisors and study assistant nurses and nurses from partici-
pating health facilities as enumerators. Twoweeks before the start
of data collection, all enumerators received training on the di-
agnosis of SAM, its management, and the follow-up of cases.
They were also trained on data collection with the use of an in-
dividual monitoring card that had been developed specifically for
this study. Data collected on this form included administrative
details, nutritional/medical history, physical signs of disease,
laboratory results at admission and during nutritional re-
habilitation, nutrition variables, clinical signs of diseases, and
type of discharge. The nurses collected the data every morning
during the period of study participation. A specially designed
questionnaire book was used by study assistant nurses to collect
additional information, including actual RUTF intake, symptoms,
and physical signs of diseases observed during their surveillance
of children at the feeding site and symptoms such as bloating,
flatulence, abdominal pain, or diarrhea that could have been
related to RUTF intake. Special forms were designed and used for
collecting specific data for BIA parameters and saliva samples for
body composition assessment and blood samples for amino acid
assessment. A trial week of the implementation of all protocols
and routine data collection procedures preceded the start of the
study to ensure the standardization of data collection and to iron
out any initial problems.

Procedures

Weight, height, or length andMUACwere measured following
procedures recommended by the WHO (18). Hemoglobin con-
centrations were measured in capillary blood and obtained from

the fingertip with the use of a portable HemoCue hemoglobin-
ometer. The device was calibrated on a daily basis with the use of
a HemoCue control cuvette. BIA parameters were determined
with the use of the manufacturer-recommended procedures for
the hand-foot Bodystat 1500 MDD system (with accompanying
measurements of weight and height). BIAwas measured with the
child in supine position with arms and legs slightly abducted from
the trunk. The measurement started after 3–4 min in that position
and was performed with the electrodes placed at the dorsal
surfaces on the wrist (between the second and third metacarpals)
and ankle (between the second and third metatarsals); the
proximal and distal electrodes were placed at a minimum of
5 cm apart. The impedance was measured at 50 kHz. The DDT
was undertaken in well-hydrated children with empty bladders.
Children were considered well hydrated if they had no history of
diarrhea during the past week, no history of strenuous activity in
the past 3 h, a wet mouth, no history of recent sunken eyes, and
no clinically noticeable edema. A single dose of 3 g (children
,10 kg) or 6 g (children 10–20 kg) of deuterium was given in
the morning after an overnight fast. The deuterium dose was
weighed before administration on an electronic scale accurate to
0.01 g. Saliva samples were collected before the deuterium dose
(baseline sample), 3 h after ingestion (postdose sample 1), and
4 h after ingestion (postdose sample 2). The children were in-
structed to refrain from consuming any food or fluid for at least
30 min before the postdose saliva samples. Saliva was collected
by getting the children to chew on a ball of cotton wool to fill the
ball with saliva. The saliva was then sucked out of the ball by
a syringe. A sample collection was deemed successful if at least
2 mL saliva was collected. After collection, saliva samples were
stored in a cool box for #6 h before being transferred to
a freezer in which they were stored at2208C until being shipped
to the Nairobi-based Kenya Medical Research Institute Labo-
ratory, where they were kept frozen until analysis. The deute-
rium enrichment in the saliva samples was measured by Fourier
transformation infrared spectroscopy (19). In the DDT, TBW
was calculated with the use of the value of the deuterium en-
richment of the saliva, and the data were analyzed in association
with the weight and height measured on the day of dosing. In the
BIA analysis, TBW was calculated with the use of a predictive
equation developed from anthropometric data and BIA param-
eters collected in Ethiopian infants and children (20). We
deemed this equation to be more appropriate than other
published equations. FFM was derived from TBW derived with
the use of published age- and sex-specific constants for FFM
hydration (21). HIV status was assessed by Determine and Uni-
Gold tests with the use of the serial approach as recommended by
national guidelines. Plasma samples for amino acid analysis were
obtained by venipuncture and collected in tubes with EDTA as an
anticoagulant. The blood samples were stored immediately in
a cube cooler to maintain blood temperature at 48C and thereby
prevent microhemolysis and the degradation of amino acids by
enzymes present in blood cells (22). Samples were transported to
a laboratory for centrifugation and deproteinization within 4 h
after collection. The blood was centrifuged at 30003 g for 15 min
at 48C to separate plasma (supernatant) from blood cells. For
deproteinization, 100 mL plasma was mixed with 200 mL 5%
trichloroacetic acid, and the mixture was centrifuged at 10,000 3
g for 10 min at 48C. The supernatant obtained from this second
centrifugation (deproteinized plasma) was then stored at2208C
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until it was shipped in bulk to the Ajinomoto laboratory in
Japan, where the amino acid was measured by a Hitachi High-
Technologies L-8900 dedicated automated amino acid analyzer
composed of a guard and analytic column following standard
instruction from the device manufacturer (23).

Food products used in the study

Both study RUTFs were produced in the Valid Nutrition
factory in Malawi, an officially recognized UNICEF RUTF
supplier. The factory has been supplying theMinistry of Health in
Malawi since 2005 and has produced study foods for several
published studies (11, 24–30). Table 1 provides the composition
of the 2 RUTFs obtained from the USDA food composition

database, and Table 2 compares their amino acid profiles ob-
tained from actual laboratory analysis of the 2 products. The 2
types of RUTFs were packed in similar sachets with different-
colored labels. On the basis of our experiences from the Lusaka
trial, we modified the micronutrient profile of the SMS-RUTF
product used in this study. We used specially formulated vitamin
and mineral premixes and dehulled soybean and degerminated
maize. The final product met the WHO 2007 recommendations
for RUTF mineral and vitamin levels. To compensate for the
higher PA content in the SMS-RUTF and improve the PA:iron
and PA:zinc molar ratios, we increased the concentration of iron
and zinc in the SMS-RUTF above the WHO-recommended
concentrations (31, 32). To improve iron bioavailability in the
SMS-RUTF, we increased the vitamin C content above the

TABLE 1

Ingredients and nutrients of the study foods1

SMS-RUTF P-RUTF UN specifications2

Ingredients, g/100 g

Soybean, dehulled 38.6 0.0

Maize, degerminated 4.0 0.0

Sorghum: white, whole grain 10.0 0.0

Dried skim milk 0.0 25.0

Sugar 16.7 27.4

Peanut paste 0.0 26.0

Palm oil 21.6 20.0

Linseed oil 2.1 0.0

Palm stearin 4.0 0.0

Vitamin and minerals premix 3.0 1.6

Nutrients

Energy, kcal/100 g 553 530 520–550

Protein:energy ratio, % 11.9 12 10–12

Fat:energy ratio, % 59.1 56.0 45–60

v-6:Energy ratio, % 12.3 3–10

v-3:Energy ratio, % 3.1 0.3–2.5

v-6:v-3 Ratio, % 4.0 5–9

Vitamin A, mg/100 g 1000 910 810–1100

Vitamin C, mg/100 g 329 53 $50

Vitamin D, mg/100 g 14 16 15–20

Vitamin E, mg/100 g 40.7 20 $20

Thiamin (vitamin B-1), mg/100 g 1.4 0.6 $0.5

Riboflavin (vitamin B-2), mg/100 g 1.9 1.8 $1.6

Niacin (vitamin B-3), mg/100 g 19 5.3 $5

Pantothenic acid (vitamin B-5), mg/100 g 8.3 3.1 $3

Pyridoxine (vitamin B-6), mg/100 g 1.4 0.6 $0.6

Biotin (vitamin B-7), mg/100 g 56 65 $60

Folates (vitamin B-9), mg/100 g 370 210 $200

Cobalamin (vitamin B-12), mg/100 g 4.3 1.8 $1.6

Vitamin K, mg/100 g 14 21 15–30

Calcium, mg/100 g 437.8 315 300–600

Phosphorus, mg/100 g 446.0 370 300–600

Magnesium, mg/100 g 74 86 60–140

Potassium, mg/100 g 1155.8 1140 1100–1400

Copper, mg/100 g 0.9 1.7 1.4–1.8

Iodine, mg/100 g 417 100 70–140

Iron, mg/100 g 43.8 12 10–14

Zinc, mg/100 g 18.5 11.1 11–14

Antinutrients

Phytic acid, mg/100 g 420 255 ,100

Phytic acid:zinc ratio, % 2.0 2.2 ,15

Phytic acid:iron ratio, % 0.8 1.9 ,1

1P-RUTF, peanut paste–based ready-to-use therapeutic food; SMS-RUTF, soya-maize-sorghum ready-to-use therapeutic food.
2Obtained from references 4, 15, and 16.
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WHO recommendations. We also increased the n–3 PUFA
content and decreased the n–6 PUFA content to obtain an n–6
PUFA:n–3 PUFA ratio ,5 (33).

A pretrial panel test demonstrated that the previously discussed
changes did not affect consistency, color, odor, or taste compared
with the product used in the Lusaka trial; therefore, we did not
repeat acceptability trials on the product. However, to ascertain
and compare the acceptability of the 2 trial products in particular
regard to the difference in iron, lactose, and nondigestible oli-
gosaccharide content, we collected data during the efficacy trial
on abdominal pain, the occurrence of diarrhea, flatulence, ab-
dominal distension, and actual daily intake (34, 35).

Outcomes

The primary outcomes of interest for this study were recovery
rate, mean daily weight gain, and mean LOS. Secondary out-
comes included hemoglobin change and differences in FM, body
fat (BF) percentage and fat mass index, FFM, and fat-free mass
index (FFMI), PhA, and illness marker (IM). The plasma con-
centrations of 8 key amino acids at discharge were also studied.

Sample size

We calculated the sample size to demonstrate that SMS-RUTF
was not inferior to P-RUTF for the recovery rate, weight gain, and
LOS among children with SAM discharged as recovered from the
study. The sample sizes were calculated for a power of 80% and
a level of statistical significance of 0.05. The margins of non-
inferiority were 10% for recovery rate, 1.2 g $ kg21 $ d21 for
weight gain, and 14 d for LOS. These margins were defined based
on the findings of our previous study conducted in Lusaka (11).
For the recovery rate, the margin of noninferiority of 10% was
fixed based on the Lusaka SMS-RUTF study that suggested a re-

covery rate of .80% for the standard treatment [per-protocol
(PP) analysis] and the Sphere standard requirement of a mini-
mum recovery of 75%. Based on data from the SMS-RUTF
Lusaka study in which the weight gain rate for the P-RUTF was
3.3 g $ kg21 $ d21 (95% CI: 2.8, 3.7 g $ kg21 $ d21), the margin
of noninferiority was fixed at 1.2 g $ kg21 $ d21. The 14-d non-
inferiority margin for LOS was fixed based on the cost of the
program and the fact that common practice is to follow-up these
children either weekly or once every 2 wk. We estimated that
a difference of 14 d would be associated with a considerable in-
crease in the cost of treatment in a context of a restricted budget.
Because the findings of our previous study in Lusaka indicated
potentially different responses between younger and older children,
sample sizes were calculated separately for children aged 6–23 mo
and for those aged 24–59 mo (11). The sample size was calculated
with the use of the Internet-based software Power (36). A total
of 448 SAM children aged 6–23 mo and 316 SAM children aged
24–59 mo were required to be 80% sure that the lower limit of
a 1-sided 95% CI would be above the set limits of noninferiority
(37, 38). Because of budgetary constraints, the following conve-
nience samples were chosen for the secondary objectives: 200 SAM
children (100/study group) for hemoglobin; 60 SAM children
(30/study group) and 60 age- and sex-matched community con-
trols for body composition with the use of the DDT; 200 SAM
children (100/study group) for body composition with the use of
BIA; and 60 SAM children and 25 age- and sex-matched controls
for determining the distribution of free amino acid concentrations.

Data management, definitions, and analysis

Data management

Throughout the study, the data quality manager and prin-
cipal investigator conducted field supervisions during which
they spot-checked the quality of anthropometric measurements,

TABLE 2

Comparison of the amino acid profile of the study RUTFs obtained by laboratory analysis1

Amino acid SMS-RUTF, g/100 g P-RUTF, g/100 g SMS-RUTF:P-RUTF ratio

Adjusted

SMS-RUTF:P-RUTF ratio2

Cystine 0.31 0.18 1.72 1.54

Methionine 0.22 0.25 0.88 0.78

Aspartic acid 1.95 1.39 1.40 1.24

Threonine 0.70 0.54 1.30 1.16

Serine 0.94 0.82 1.15 1.02

Glutamic acid 3.24 3.01 1.08 0.96

Glycine 0.74 0.53 1.40 1.25

Alanine 0.81 0.52 1.56 1.37

Valine 0.77 0.71 1.08 0.96

Isoleucine 0.77 0.60 1.28 1.14

Leucine 1.41 1.20 1.12 1.03

Tyrosine 0.51 0.56 0.91 0.81

Phenylalanine 0.86 0.72 1.19 1.06

Lysine 1.05 0.93 1.30 1.01

Histidine 0.46 0.37 1.24 1.11

Arginine 1.21 1.01 1.20 1.08

Proline 0.94 1.07 0.88 0.79

Tryptophan 0.24 0.20 1.20 1.07

1P-RUTF, peanut paste–based ready-to-use therapeutic food; RUTF, ready-to-use therapeutic food; SMS-RUTF, soya-

maize-sorghum ready-to-use therapeutic food.
2Adjusted with the use of the true protein digestibility for soybean, sorghum, and corn flour for the SMS-RUTF and

milk and peanut butter for the P-RUTF.
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edema diagnosis, individual data collection forms, and the content
of the study questionnaires. All individual data collection forms
were checked again for accuracy and completeness at discharge.
The verified forms were then collected for data entry. Data were
double-entered by 2 enumerators into a customized EpiData da-
tabase prepared for this study (39). Data entry quality was mon-
itored by the supervisors, who cross-checked a random selection
of 10% of the records. Given that independent teams regularly
verified anthropometric measurements, no value was excluded.
Cleaned data were exported to Stata version 12 (40) for analysis.

Definitions

Recovery rates were defined as the percentage of children who
were discharged as recovered from the study divided by the total
number of children who exited the study. The total of children
who exited the study included all those who defaulted, died, or
were discharged as nonrecovered either after meeting the non-
recovered criteria (90 d in the program) or at the closure of the
program. A child was considered to have defaulted if he or she
was absent for 5 consecutive daily visits or refused to return after
2 community worker home visits.

Rates of weight gain were calculated by dividing the weight
gain expressed in g (weight at exit2 weight at admission) by the
weight at admission (in kg) and LOS (in d). Mean weight gains
were measured as the mean of the individual weight gains and
expressed as g $ kg21 $ d21. The mean LOS was calculated by
dividing the sum of individual LOSs by the total number of
children included in the numerator calculation. The hemoglobin
change was the difference in blood hemoglobin concentrations
between admission and discharge from the study in all children,
with measurements taken at both points.

FM in both the DDT and BIAwas calculated as the difference
between body weight and FFM. Percentage BF was obtained by
the equation %BF = (FM 3 100)/body weight. The FFMI (FFM
divided by the square of the height) and fat mass index (fat mass
divided by the square of the height) were obtained by dividing
FFM and FM expressed in kg by the square of the height ex-
pressed in m. Resistance and reactance were adjusted for height
by dividing the observed values of these BIA parameters by the
height of the child (41). PhA and IM were calculated directly by
the BIA Bodystat 1500 MDD.

Analysis

Means and SDs, medians, IQRs (proportions), and 95% CIs
were used to describe the admission and exit parameters as ap-
propriate. Means were compared with the use of a t test, medians
with the use of the Mantel-Haenszel test, and proportions with
the use of Student’s chi-square test. Differences in the estimated
marginal mean between the treatment groups along with a boot-
strapped 95% CI were estimated to infer noninferiority.

For the primary outcomes, in accordance with recommenda-
tions for analyzing and reporting equivalence and noninferiority
studies, both intention-to-treat (ITT) and PP analyses were
performed, and the 95% CIs were used to interpret any differ-
ences (42, 43). The ITTanalyses included all children enrolled in
the study. The PP analyses for recovery rates included all children
discharged out of the program as recovered, dead, or non-
recovered but excluded children who defaulted or who transferred
out of the program and were lost to follow-up after inpatient

transfer. The PP analyses for weight gains included only the
children who were discharged as recovered. Logistic regression
was used to test for interactions between the recovery rate and
other variables. For the secondary outcomes, means were com-
pared with the use of Student’s 2-tailed t test, and medians were
compared with the use of the Kruskal-Wallis test. Bonferroni
correction was applied in case of multiple comparisons of means
or medians, and the P value at which statistical significance was
reached was adjusted accordingly. Multiple linear regression was
used to model the effect of SMS-RUTF on hemoglobin increase.

Ethical considerations

Permission to conduct the study was obtained from the Ethics
Committee of the Catholic University of Bukavu. At the time of
admission, each child’s parent or caregiver was informed about the
nature and purpose of the study and was asked for verbal and written
consent for his or her child to be included and for the medical
information to be used for research purposes. When parents or
caregivers withheld consent for participation, children were referred
to 1 of the 4 nonparticipating clinics providing care for SAM in the
MMHZ. These clinics were supported by the DRC and UNICEF.
They used standard P-RUTF procured from France. The other
benefit of participating included free medical care for any episode
of disease during the follow-up and 1 porridge meal/d given to
caregivers when looking after their children at the feeding site.

A data safety monitoring board was assigned to perform an
ongoing review of study outcomes based on the data they extracted
from either the study subject’s files or the study database during
the bimonthly visit. The findings served only to decide whether
the study should be ended because of an indication of serious side
effects. No serious side effects were detected, and no reasons for
interrupting the study were identified.

RESULTS

Enrollment and movement of subjects from preliminary
screening to data analysis for the whole cohort and by age are
shown in Figure 1. Between March 2013 and February 2014,
a total of 924 eligible children were screened; 886 of them were
randomly assigned to either the SMS-RUTF (n = 445) or the
P-RUTF (n = 441) study group. Thirty-eight eligible children
were excluded before being randomly assigned, and another
11 children (6 in the SMS-RUTF group and 5 in the P-RUTF
group) withdrew from the study after only 1 d of attendance
because they could not fulfill the daily attendance requirement.
This was classified as “after first day refusal.”

Baseline characteristics of children included in the ITT anal-
yses for each study group are shown in Table 3. Marasmus was
the dominant form of SAM among children enrolled in the study,
and there was no significant difference between groups at base-
line for the variables considered in either of the 2 age categories.

Program outcomes: recovery, mortality, defaulter, and
nonresponse

In children aged 24–59 mo, the results of the ITT analysis
showed that both products met minimum international stan-
dards. In the SMS-RUTF group, recovery, mortality, defaulter,
and nonresponse rates were 88.3% (204/231), 1.7% (4/231),
7.8% (18/231), and 2.2% (5/231), respectively. In the P-RUTF
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group, the results were 90.3% (214/237), 0.4% (1/237), 7.6%
(18/237), and 1.7% (4/237), respectively.

By contrast, in children aged 6–23 mo, the ITT analysis
demonstrated that minimum international standards were met
for the P-RUTF group but not for the SMS-RUTF group. In this
age category, the SMS-RUTF group’s recovery, mortality, de-
faulter, and nonresponse rates were 54.3% (113/208), 3.4% (7/
208), 24.5% (51/208), and 17.8% (37/208), respectively, com-
pared with 75.1% (148/197), 1.0% (2/197), 15.7% (31/197), and
8.1% (16/197), respectively, in the P-RUTF group.

Primary outcomes

Both ITTand PP analyses showed that in children aged 24–59mo,
the recovery rate (predefined noninferiority margin of D = 10%) of
the SMS-RUTF group was not inferior to the recovery rate of the
P-RUTF group [ITT: D = 22.0% (95% CI: 27.6%, 3.6%); PP:
21.9% (95% CI: 25.3%, 1.4%)]. By contrast, in children aged 6–
23 mo, the recovery rate in the SMS-RUTF group was inferior to
that in the P-RUTF group [ITT: D = 220.8% (95% CI: 229.9%,
211.7%); PP: 217.2% (95% CI: 225.6%, 28.7%)] (Figures 2

and 3). The PP analysis for weight gain in children who were
discharged as recovered showed that the SMS-RUTF group was not
inferior to the P-RUTF group (predefined noninferiority margin of
D = 1.2 g $ kg21 $ d21) either in children aged 24–59 mo [D =
20.7 g $ kg21 $ d21 (95% CI: 21.3, 0.0 g $ kg21 $ d21)] or in
those aged 6–23 mo [D = 20.6 g $ kg21 $ d21 (95% CI: 21.5,
0.3 g $ kg21 $ d21)] (Figure 4). SMS-RUTF was not inferior to
P-RUTF in terms of LOS (predefined noninferiority margin of D =
14 d) both in the ITT analysis [D = +2.0 d (95% CI:21.7, 5.8 d) of
children aged 24–59 mo and +2.4 d (95% CI:23.2, 8.1 d) in those
aged 6–23 mo] and among recovered children [D = +2.4 d (95%
CI: 21.2, 6.0 d) in children aged 24–59 mo and +3.9 d (95% CI:
21.8, 9.6 d) in those aged 6–23 mo] (Figure 5).

Results of the secondary outcomes

Hemoglobin

The unadjusted analysis showed no difference in the mean
hemoglobin changes between the 2 RUTF groups for all children
evaluated [+1.04 g/dL (95% CI: 0.79, 1.30 g/dL) for SMS-RUTF
compared with +1.06 g/dL (95% CI: 0.84, 1.28 g/dL),

FIGURE 1 Study participants flow diagram. ITT, intention to treat; LOS, length of stay; PP, per protocol; P-RUTF, peanut paste–based ready-to-use
therapeutic food; RUTF, ready-to-use therapeutic food; SMS-RUTF, soya-maize-sorghum ready-to-use therapeutic food.
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a difference of 0.02 g/dL (95% CI:20.31, 0.35 g/dL); P = 0.921]
and for those discharged as recovered [+1.23 g/dL (95% CI:
0.95, 1.50 g/dL) for SMS-RUTF compared with +1.19 g/dL
(95% CI: 0.90, 1.47 g/dL), a difference of 0.04 g/dL (95% CI:
20.35, 0.44 g/dL); P = 0.837]. The difference in the proportion
of anemic children (hemoglobin ,11.0 g/dL) in children dis-
charged as recovered was also not statistically significant
[26.39% (19/72) for SMS-RUTF and 30% (24/80) for P-RUTF,
a difference of 23.61% (95% CI: 217.91%, 10.69%); P =
0.622)]. The study was underpowered to reach a level of statis-
tical significance for the differences observed. A linear regression
analysis adjusting for age, sex, hemoglobin at admission, daily
energy intake from RUTF, study LOS, and growth velocity (see
Supplemental Table 1 for full results of the linear regression)
indicated that treatment with SMS-RUTF was associated with
a statistically significant increase in hemoglobin of 0.670 g/dL
(95% CI: 0.420, 0.921 g/dL) compared with children treated with
P-RUTF (P , 0.001). The difference of 0.743 g/dL (95% CI:
0.427, 1.059 g/dL) when only children discharged as recovered
were included in the analysis was also significant (P , 0.001).

Amino acids

The overnight-fasting plasma concentrations of the tested free
amino acids did not differ according to the RUTF group at ad-

mission. A comparison of mean plasma concentrations of
malnourished children and the mean concentrations of
the community control children without acute malnutrition

TABLE 3

Baseline characteristics for children included in the intention-to-treat analysis1

Criteria

6–23 mo 24–59 mo

SMS-RUTF P-RUTF SMS-RUTF P-RUTF

n 208 199 231 237

Sociodemographic characteristics

Male, n (%) 110 (52.9) 93 (46.7) 115 (49.8) 108 (45.6)

Age, mo 15.8 6 5.3 15.3 6 5.5 42.4 6 11.4 44.2 6 12.1

Mother alive, n (%) 203 (97.6) 190 (95.5) 223 (96.5) 229 (96.6)

Father alive, n (%) 200 (96.1) 190 (95.5) 221 (95.7) 227 (95.8)

Mother’s main income from farming own land, n (%) 153 (73.6) 150 (75.4) 159 (68.8) 171 (72.1)

Nutrition characteristics (all)

Midupper arm circumference, cm 10.9 6 0.8 10.9 6 1.0 11.5 6 1.0 11.3 6 0.9

Weight, kg 6.2 6 1.1 6.3 6 1.2 8.8 6 1.6 8.6 6 1.6

Length/height, cm 67.2 6 5.0 67.2 6 5.2 80.2 6 7.8 80.1 6 7.5

Bilateral pitting edema, n (%) 28 (13.5) 27 (13.6) 69 (29.9) 57 (24.0)

Weight-for-age z score 24.0 6 1.0 23.9 6 1.2 24.2 6 1.0 24.4 6 0.9

Height-for-age z score 24.3 6 1.5 24.0 6 1.6 24.8 6 1.4 25.0 6 1.4

Weight-for-height z score 22.4 6 1.1 22.4 6 1.2 22.2 6 1.3 22.4 6 1.3

Nutrition characteristics (children without edema), n 180 172 162 180

Midupper arm circumference, cm 10.8 6 0.6 10.8 6 0.8 11.1 6 0.5 11.1 6 0.4

Weight, kg 6.1 6 1.0 6.1 6 1.1 8.5 6 1.4 8.5 6 1.3

Length/height, cm 66.7 6 4.7 66.6 6 5.0 79.9 6 7.9 79.9 6 7.7

Weight-for-age z score 24.1 6 1.0 24.0 6 1.1 24.4 6 0.8 24.5 6 0.9

Height-for-age z score 24.3 6 1.5 24.1 6 1.7 24.9 6 1.5 25.0 6 1.4

Weight-for-height z score 22.5 6 1.1 22.5 6 1.1 22.5 6 1.1 22.6 6 1.1

Nutrition characteristics (children with edema), n 28 27 69 57

Midupper arm circumference, cm 11.6 6 1.5 11.9 6 1.5 12.3 6 1.2 12.0 6 1.5

Weight, kg 7.2 6 1.4 7.5 6 1.4 9.6 6 1.9 9.2 6 2.0

Length/height, cm 70.5 6 5.9 71.1 6 4.3 81.1 6 7.3 80.9 6 6.7

Weight-for-age z score 23.4 6 1.2 23.2 6 1.3 23.6 6 1.1 24.1 6 1.1

Height-for-age z score 23.9 6 1.7 23.7 6 1.4 24.6 6 1.3 24.9 6 1.2

Weight-for-height z score 21.9 6 1.3 21.7 6 1.6 21.5 6 1.1 21.9 6 1.1

1All values are means 6 SDs unless otherwise indicated. P-RUTF, peanut paste–based ready-to-use therapeutic food;

SMS-RUTF, soya-maize-sorghum ready-to-use therapeutic food.

FIGURE 2 Intention-to-treat analysis: difference in recovery rate between
the SMS-RUTF [n = 439 (208/231)] and P-RUTF [n = 436 (199/237)] for both
age groups. The difference in estimated marginal means and their bootstrapped
95% CIs were compared; n indicates the total n for the RUTF group, the n for
children aged 6–23 mo, and the n for children aged 24–59 mo. P-RUTF, peanut
paste–based ready-to-use therapeutic food; RUTF, ready-to-use therapeutic
food; SMS-RUTF, soya-maize-sorghum ready-to-use therapeutic food.
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showed that malnourished children enrolled in both groups had
a significantly reduced concentration of several of these amino
acids (Table 4). Nutritional rehabilitation with both SMS-RUTF
and P-RUTF resulted in the replenishment of all of the amino
acids tested by the time of discharge except for methionine
(Table 4). Stratified analyses showed that in children aged 6–23
mo, the deficit was corrected at the time of discharge for all of
the tested amino acids, whereas in older children, plasma con-
centrations of both methionine and phenylalanine remained
lower than the community controls at the time of discharge
(Supplemental Tables 2 and 3).

Body composition

For children discharged as recovered, there were no differ-
ences at discharge between RUTF groups or between the RUTF
groups and the community controls in FM or fat mass index in the
DDT substudy (Table 5). By contrast, pairwise comparisons of
FFM indicated that children after treatment with either of the 2
RUTFs had significantly lower concentrations of FFM than the
community controls (Table 5), but this difference disappeared
after adjusting for height.

The comparison of the BIA parameters between the sub-
samples of SAM children tested at admission and again at the
time of reaching an MUAC of 125 mm showed no significant
differences between children in the 2 intervention groups
(Supplemental Table 4). However, at discharge, children in the
SMS-RUTF group had a higher IM and lower FFMI, PhA, and
reactance:height ratio compared with children in the P-RUTF
group (Table 6). The SMS-RUTF BIA subgroup also tended to
have a greater height than the P-RUTF BIA subgroup. Technical
challenges (lack of cooperation from children at the beginning
of the nutritional rehabilitation or the presence of edema) lim-
ited the number of children with a successful BIA measurement
at admission (43 surveyed out of the 200 selected) and at the
time of reaching an MUAC of 12.5 cm (57 children surveyed out
of 200 selected), reducing the statistical power of the BIA

analysis at these time points. At discharge, the number of chil-
dren surveyed was 164 children out of the 200 selected.

Linear growth

Overall, there was no clinically relevant catch up in height for
age during treatment and no significant differences in linear
growth between the RUTF groups. The severity of stunting in
children aged 6–23 mo at enrollment increased very slightly over
the study period, whereas in children aged 24–59 mo there was
a small but clinically insignificant improvement. Within-group
analysis showed that the daily incremental length gains were not
different between children discharged as recovered and children
discharged as nonrecovered (Supplemental Table 5).

RUTF intake, acceptability, and tolerance

RUTF intake

The intake of RUTF was higher for children in the P-RUTF
group. For children aged 6–23 mo, the mean 6 SD daily intake
was 183.2 6 76.3 g/d for SMS-RUTF compared with 207.8 6
76.4 g/d for P-RUTF, a mean difference of 224.6 g/d (95% CI:
239.6, 29.6 g/d; P = 0.001). For children aged 24–59 mo, the
mean 6 SD daily intake was 243.8 6 86.8 g/d for SMS-RUTF
compared with 272.7 6 77.9 g/d for P-RUTF, a mean difference
of 228.9 g/d (95% CI: 243.94, 213.9 g/d; P , 0.001) (Sup-
plemental Table 6).

Energy intake was significantly higher in children aged 24–
59 mo receiving P-RUTF than in the same age group receiving
SMS-RUTF [142.7 6 50.8 kcal $ kg21 $ d21 for SMS-RUTF
compared with 157.2 6 51.9 kcal $ kg21 $ d21 in the P-RUTF
group, a mean difference of 218.63 (95% CI: 227.65, 29.51
kcal $ kg21 $ d21; P, 0.001). The differences in energy intakes
in the younger age group [149.5 6 82.9 kcal $ kg21 $ d21 for
SMS-RUTF compared with 165.7 6 58. 7 for P-RUTF, a mean
difference of 216.2 kcal $ kg21 $ d21 (95% CI: 230. 4, 22.0
kcal $ kg21 $ d21)] were also significant (P = 0.026). Within

FIGURE 3 Per-protocol analysis: difference in recovery rate between
the SMS-RUTF [n = 353 (143/210)] and P-RUTF [n = 378 (161/217)] for
both age groups. The difference in estimated marginal means and their boot-
strapped 95% CIs were compared; n indicates the total n for the RUTF
group, the n for children aged 6–23 mo, and the n for children aged
24–59 mo. P-RUTF, peanut paste–based ready-to-use therapeutic food;
RUTF, ready-to-use therapeutic food; SMS-RUTF, soya-maize-sorghum
ready-to-use therapeutic food.

FIGURE 4 Per-protocol analysis: difference in daily weight gain be-
tween the SMS-RUTF [n = 317 (113/204)] and P-RUTF [n = 362 (148/214)]
for both age groups. The difference in estimated marginal means and their
bootstrapped 95% CIs were compared; n indicates the total n for the RUTF
group, the n for children aged 6–23 mo, and the n for children aged 24–59
mo. P-RUTF, peanut paste–based ready-to-use therapeutic food; RUTF,
ready-to-use therapeutic food; SMS-RUTF, soya-maize-sorghum ready-to-
use therapeutic food.

1154 BAHWERE ET AL.

 at U
N

IV
 C

O
LLE

G
E

 LO
N

D
O

N
 on June 27, 2016

ajcn.nutrition.org
D

ow
nloaded from

 

http://ajcn.nutrition.org/
Gregory
Highlight

sakkie
Highlight

sakkie
Highlight



each RUTF group and age category, the daily energy intake did
not differ between those who recovered and those who were
discharged as nonrecovered (data not shown).

RUTF acceptability and tolerance

The data on RUTF acceptability suggested that the only dif-
ference between the 2 RUTF products was that fewer children
aged ,24 mo experienced flatulence while on the SMS-RUTF
(Supplemental Table 6). Among those who defaulted, a dislike
of the RUTF was reported in 19.2% (14/73) of the SMS-RUTF
group compared with 13.3% (6.45) in the P-RUTF group (P =
0.411). Side effects related to RUTF intake were 2.74% (2/73) in

the SMS-RUTF group compared with 2.22% (2/45) in the
P-RUTF group (P = 0.862).

DISCUSSION

Children with SAM need safe and palatable foods with energy,
protein, fat, minerals, and vitamins tailored to their needs for
restoring normal body functions and to catch up in growth (32).
Providing P-RUTF tailored to body weight has been shown to
successfully support catch-up growth (2, 44), but it is expensive,
and the high cost affects the coverage and sustainability of
CMAM programs. Almost half the cost of the P-RUTF is because

TABLE 4

Comparison of overnight-fasted concentrations of selected amino acids at baseline and discharge1

Amino acid,

mmol/L

Median (IQR) Comparisons (P values)2

Control3 (A) SMS-RUTF (B) P-RUTF (C) A vs. B A vs. C B vs. C

Admission, n 25 30 30

Lysine 102.81 (87.49–142.21) 70.59 (44.08–102.99) 81.80 (43.92–112.06) 0.004 0.009 0.496

Valine 124.51 (103.47–161.08) 90.89 (57.23–113.46) 103.91 (75.59–125.41) ,0.001 0.008 0.117

Methionine 16.54 (13.27–20.30) 10.99 (7.22–15.27) 12.83 (10.18–15.05) ,0.001 0.004 0.178

Cystine 25.62 (20.73–28.58) 10.48 (6.49–16.98) 16.32 (9.08–21.29) ,0.001 ,0.001 0.158

Tyrosine 45.61 (41.60–52.92) 22.35 (11.45–34.81) 30.36 (22.13–41.68) ,0.001 ,0.001 0.209

Tryptophan 15.41 (7.66–19.20) 4.27 (2.50–9.28) 4.14 (2.23–9.62) ,0.001 0.003 0.685

Phenylalanine 47.22 (41.21–58.15) 37.67 (25.68–52.43) 39.94 (29.34–55.24) 0.030 0.063 0.469

Discharge, n 25 20 26

Lysine 102.81 (87.49–142.21) 109.22 (85.67–144.31) 99.44 (84.81–144.84) 0.819 0.880 0.690

Valine 124.51 (103.47–161.08) 117.50 (98.27–139.60) 127.08 (103.98–159.80) 0.385 0.985 0.506

Methionine 16.54 (13.27–20.30) 13.61 (10.48–15.01) 14.56 (11.97–16.28) 0.005 0.048 0.268

Cystine 25.62 (20.73–28.58) 24.96 (16.70–34.08) 35.60 (29.00–39.04) 0.715 ,0.001 0.004

Tyrosine 45.61 (41.60–52.92) 39.07 (30.36–54.77) 48.00 (41.54–71.04) 0.537 0.258 0.092

Tryptophan 15.41 (7.66–19.20) 13.24 (8.26–20.68) 20.13 (13.15–31.61) 0.784 0.024 0.092

Phenylalanine 47.22 (41.21–58.15) 39.72 (33.29–54.74) 43.57 (38.75–66.60) 0.144 0.638 0.215

1P-RUTF, peanut paste–based ready-to-use therapeutic food; SMS-RUTF, soya-maize-sorghum ready-to-use therapeu-

tic food.
2Mann-Whitney test with Bonferroni correction (difference statistically significant if P , 0.017).
3Community controls were surveyed only once, and the same data were used for comparing admission and discharge

data.

FIGURE 5 Difference in the length of stay between the SMS-RUTF [n = 439 (208/231)] and P-RUTF [n = 436 (199/237)] for both age groups in the
intention-to-treat analysis (A) and between recovered children (B) of the SMS-RUTF [n = 317(113/204)] and P-RUTF [n = 362 (148/214)]. The difference in
estimated marginal means and their bootstrapped 95% CIs were compared; n indicates the total n for the RUTF group, the n for children aged 6–23 mo, and the
n for children aged 24–59 mo. P-RUTF, peanut paste–based ready-to-use therapeutic food; RUTF, ready-to-use therapeutic food; SMS-RUTF, soya-maize-
sorghum ready-to-use therapeutic food.
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of milk powder, which constitutes 25–30% of the content of
P-RUTF, and removing the milk powder from RUTF has the
potential to substantially reduce the cost of such products. Al-
though accurately predicting savings without undertaking actual
commercial-scale trials is difficult, our analysis in Malawi,
where the study foods were produced, suggests 15% savings on
finished product cost. However, the savings are likely to vary
from year to year according to the price of milk powder in local
and global markets and to the country of production.

This study yielded important information regarding the effi-
cacy of the nonmilk SMS-RUTF. We confirmed that SMS-RUTF
is not inferior to P-RUTF in children aged $24 mo with respect
to recovery rate, weight gain, and LOS and therefore can be used
as an alternative to P-RUTF. We also showed that treatment with
both SMS-RUTFs and P-RUTFs corrected amino acid de-
ficiencies to a similar extent and that both RUTFs were not
associated with an excess of fat deposition. The BIA substudy
confirmed substantial increases in the FFMI in both groups,
bringing them back in line with the community controls. In the
SMS-RUTF group, the increase in FFMI was slightly less than
in the P-RUTF group, corresponding to the greater increases in
length seen in this group. This minor difference in FFMI was
associated by a small difference that is unlikely to have any
clinical importance in the markers of FFM quality (PhA, IM)
that were also lower in the SMS-RUTF group; the greater in-
crease in hemoglobin produced by SMS-RUTF than by P-RUTF
also shows that it is possible to improve the efficacy of RUTF
formulations in correcting anemia. We have also provided evi-
dence that children aged ,24 mo do not respond as well to
SMS-RUTF and that P-RUTF should continue to be used for this
age group until a cheaper alternative is developed.

The need of animal source food, especially of cow milk
products, in food for managing acute malnutrition, including
moderate and severe acute malnutrition, is still the subject of an
ongoing debate (45–49). Several properties of milk, including
the high quality of proteins, presence of bioactive factors,
mineral profile, and high lactose content, are given as reasons for
the obligatory inclusion of a certain amount of milk in RUTF
(49). As a result, the current UN guidelines specify that .50%
of the protein in RUTF should be from an animal source.
However, several studies from industrialized countries have
shown that in fast-growing infants, soya can successfully replace
cow milk when there is a medical or sociocultural contraindi-
cation to milk (50). Similarly, a study published in 1996 showed
that the effectiveness of soya and cow milk were similar in the
nutritional rehabilitation of SAM (51), and we have previously
demonstrated that it is possible to achieve the recommended
nutrient profile for RUTF without including milk (52). This
study confirms our previous findings from Zambia that an SMS-
RUTF containing no animal source protein is as effective as
P-RUTF in treating SAM in children aged $24 mo (11). This
finding has important practical implications because it indicates
that the cost of the CMAM programs can safely be reduced by
using SMS-RUTF in all children aged $2 y and restricting the
more expensive P-RUTF for use in children aged ,2 y.

The reasons for the inferior response to the milk-free RUTF
in children aged,2 y are not clear. They could be related to 1 or
more factors, including differences in energy/nutrient intake,
protein quality, the prevalence of lactose intolerance, the bio-
availability of essential nutrients, or physiological responsesT
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between the 2 age groups. We believe that differences in energy
intake are unlikely to be important. In a study of adults treated
with a chickpea sesame RUTF that contained no milk or other
animal source protein, there was an excellent correlation be-
tween RUTF intake, weight gain, and FFM change (53). By
contrast, in this study there was no significant difference of daily
intake between age groups, indicating that the poorer response
was not the result of any reduction in the intake of energy. In
children aged ,2 y who did not recover, the mean RUTF intake
was 133 kcal $ kg21 $ d21. This energy intake, although lower
than the recommended intake of 200 kcal $ kg21 $ d21, should
have been sufficient to cover basal metabolic requirements and
allow for some growth and recovery. In addition, all these
children were still breastfed, and it is likely that breast milk
further contributed to their energy intake. The contribution of
breast milk to their nutritional intake is unknown, however,
because although evidence suggests that RUTF used for the
prevention of malnutrition does not reduce breast milk intake,
there are no data on whether this is true when RUTF is pre-
scribed in much larger amounts for treatment (54).

Differences in protein quality between SMS-RUTF and
P-RUTF combined with a greater requirement for certain amino
acids in young children cannot be ruled out as a cause of the
inferior response to the milk-free RUTF in children aged ,2 y.
SMS-RUTF had a lower content of tyrosine, methionine, and
proline than P-RUTF. The mean daily SMS-RUTF intake in
children discharged as nonrecovered corresponded to a daily
intake of 121 mg $ kg21 $ d21 tyrosine and 52 mg $ kg21 $ d21

methionine. These intakes are greater than the 99 mg $ kg21 $ d21

tyrosine that Badaloo et al. (55) estimated was needed to sup-
port a catch-up growth of 15 g $ kg21 $ d21 and above the

38 mg $ kg21 $ d21 methionine required by formula-fed infants
who grow at more than 10 g $ kg21 $ d21 (56). The increased
plasma concentrations of free amino acids between admission
and discharge and compared with those seen in community
controls indicate that the 2 RUTFs supplied sufficient quantities
of these amino acids. However, we did not measure all the
amino acids, and the sample size did not allow testing a suffi-
cient number of nonrecovered children. Thus, future research
should still assess the possible contribution of some key amino
acids in the poor physical growth in children aged ,24 mo
recovering from SAM.

A decreased bioavailability of essential nutrients is another
possible cause for the inferior response to the milk-free RUTF in
younger children. Phytic acid is a common plant storage com-
pound not present in animal source foods that binds divalent
metallic ions and prevents their absorption in the small intestine.
It is therefore theoretically possible that the switch from milk to
grains and legumes could have increased the phytic acid content
of the SMS-RUTF, thus decreasing the bioavailability of iron and
zinc. We believe, however, that this explanation is unlikely. A
recent laboratory analysis of different P-RUTFs found huge
variations in the phytic acid concentrations that ranged from 1015
mg/100 g for P-RUTF produced in Europe to 371 mg/100 g for
P-RUTF manufactured in African countries (57). The iron content
of 10–14 mg/100 g in the P-RUTF combined with these amounts
of phytic acid give phytic acid:iron ratios between 7 and 13, far
higher than the recommended upper limit ratio of ,1 (58). By
contrast, the production of SMS-RUTF included specific measures
to reduce phytic acid and to increase iron content. This resulted in
a phytic acid acid:iron ratio of 0.8. Based on evidence that in-
creasing vitamin C improves the absorption of iron (59, 60), the

TABLE 6

Between-group comparison of bioelectrical impedance analysis variables of children at admission and discharge1

Variable SMS-RUTF (n = 73) P-RUTF (n = 90) Difference (95% CI)2 P value

Admission

Age, mo 43.85 6 11.74 42.38 6 13.67 1.47 (22.52, 5.46) 0.468

Weight, kg 9.12 6 1.48 8.69 6 1.50 0.43 (20.04, 0.89) 0.071

Height, cm 81.69 6 7.52 79.76 6 7.33 1.93 (20.37, 4.24) 0.1

MUAC, cm 11.7 6 0.8 11.5 6 0.8 0.2 (20.0, 0.5) 0.057

Discharge

Age, mo 45.94 6 11.91 45.30 6 14.97 0.64 (23.62, 4.90) 0.767

Weight, kg 10.43 6 1.53 10.46 6 1.1.69 20.03 (20.53, 0.47) 0.902

Height, cm 82.41 6 7.40 80.55 6 7.28 1.86 (20.41, 4.13) 0.109

MUAC, cm 13.4 6 0.7 13.6 6 0.8 20.2 (20.4. 0.0) 0.094

Fat-free mass, kg 8.50 6 1.21 8.58 6 1.11 20.08 (20.44, 0.29) 0.661

Fat mass, kg 1.93 6 0.81 1.88 6 0.78 0.05 (20.21, 0.29) 0.69

Fat mass, % 17.6 6 6.0 18.0 6 6.0 20.4 (22.27, 1.47) 0.672

Fat-free mass index,3 kg/m2 12.7 6 1.1 13.2 6 1.1 20.5 (20.85, 20.15) 0.006

Fat mass index,4 kg/m2 2.74 6 1.03 2.96 6 1.17 20.22 (20.56, 0.13) 0.21

Phase angle, 8 3.47 6 0.51 3.74 6 0.53 20.26 (20.43, 20.10) 0.002

Resistance, U 959 6 91 923 6 95 35 (7, 65) 0.016

Reactance, U 57.92 6 10.32 60.33 6 10.23 22.41 (25.60, 0.79) 0.138

Illness marker 0.957 6 0.007 0.95 6 0.013 0.006 (0.003, 0.009) ,0.001

Resistance:height, U/cm 1172 6 151 1156 6 166 15.66 (234.98, 65.31) 0.534

Reactance:height, U/cm 70.47 6 12.25 75.45 6 14.42 24.99 (29.18, 20.79) 0.02

1Values are means 6 SDs unless otherwise indicated. MUAC, midupper arm circumference; P-RUTF, peanut paste–

based ready-to-use therapeutic food; SMS-RUTF, soya-maize-sorghum ready-to-use therapeutic food.
2Difference estimated with the use of t test analysis.
3Fat-free mass relative to height obtained by dividing the fat-free mass (in kg) by the height (in m).
4Body fat mass relative to height obtained by dividing the body fat mass (in kg) by the height (in m).
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vitamin C content of the SMS-RUTF was also increased to en-
hance iron bioavailability. The greater increase in hemoglobin
among children receiving SMS-RUTF suggests that these mea-
sures were effective in increasing iron absorption. The SMS-
RUTF also included more zinc than did the P-RUTF to bring the
phytic acid:zinc ratios toward international recommendations (see
Table 1). Specific iron and zinc absorption studies should be
conducted to confirm that the strategy used to improve the bio-
availability of these minerals was sufficient.

Several studies have reported that lactose tolerance declines
naturally with age, with the prevalence of lactose intolerance
increasing sharply after the cessation of breastfeeding at around
24 mo (61, 62). Indeed, postweaning genetically programmed
and irreversible reduction of lactase activity have been described
worldwide (63). Thus, increasing lactose intolerance in older
children could explain the differences seen with the benefit of the
growth-promoting nutrients present in milk increasingly coun-
terbalanced by the negative effect of lactose intolerance in older
children. However, because the response to treatment in both
study arms was superior among children aged $24 mo, this
explanation is unlikely, a conclusion supported by the fact that
several studies have previously reported a similar growth pattern
in lactose-intolerant children given lactose-free dairy products
compared with lactose-intolerant children given dairy products
containing lactose (61, 62).

Differences in the pathophysiology of SAM between the 2 age
groups is likely to be important in both the inferior response in
the treatment of SAM and the different linear growth response of
the younger and older children that we observed. In this study, the
length for age in children aged ,24 mo continued to decline
during nutritional treatment, whereas in the older children some
linear growth catch-up was observed during treatment. This
suggests that the nutrient requirement for rehabilitation may not
be the same for children of different ages, and it is likely that
similar physiological differences are also important reasons
behind the inferior response to the milk-free RUTF in the
younger children. These findings highlight the need to enhance
our understanding of the differences between younger and older
SAM children, including differences in biochemical parameters,
nutrient requirements, body composition at different stages of
acute malnutrition, and the precise composition of weight gain
at different times of the recovery process. Such information is
likely to facilitate the adjustment of RUTF composition with the
aim of developing a product capable of reversing both wasting
and stunting, especially in children aged ,24 mo.

In this study, there was a considerably greater increase in
hemoglobin, with no evidence of increased morbidity from use of
an RUTF with an iron content w4 times greater than that cur-
rently recommended. This suggests a need to revise the current
recommendation and increase iron density in RUTF. Histori-
cally, fears that iron might induce the formation of free radicals
that could not be detoxified in children with SAM meant that the
iron content of RUTF was kept low (64, 65). Additional con-
cerns related to the promotion of pathogenic bacteria in the gut
that some studies have attributed to iron-fortified food (66, 67)
have served to keep the iron content of RUTF down (68–70).
However, increasing iron concentrations in nutritional supple-
ments has been shown to have positive effects on growth (71)
and hemoglobin (72), and other studies have indicated that iron
can be safely prescribed to children recovering from severe

malaria, a condition that in the past has been associated with
a very high postdischarge mortality (73, 74). An unpublished
study conducted in Senegal also showed that during the treat-
ment of SAM with P-RUTF containing the current recom-
mended iron density, hemoglobin went up by 0.17 g/dL
compared with an increase of 0.83 g/dL in those receiving F-100
therapeutic milk fortified with iron to provide 3 mg $ kg21 $ d21

(HIE Diop, NI Dossou, MM Ndour, A Briend, S Wade, un-
published data). It is important to note that even at the increased
iron dosage used in the SMS-RUTF there was still a high pro-
portion of anemic children at discharge, and it is likely that
any solution to the problems of anemia in SAM will require
a mechanism to increase iron intake for several months post-
discharge.

This is the first study to our knowledge to use the reference 2
compartments modeling technique for determining body com-
position (DDT approach), showing that the use of RUTF for
nutritional rehabilitation of SAM children is not associated with
an excess deposition of fat. All previous studies that evaluated
this issue were done in a program treating SAM children with the
use of a milk-based diet (75–77). These studies showed that
nutritional therapy with an appropriately fortified milk diet is not
associated with excesses in fat mass deposition (75–77). How-
ever, despite these studies, the debate has continued around the
possible association between rapid weight catch-up growth ob-
served during nutritional rehabilitation of SAM and higher
amounts of body fat deposition and insufficient repletion of
muscle and visceral proteins (77–81). We showed no excess fat
deposition either with SMS-RUTF or with P-RUTF compared
with community controls, and at the time of discharge the ab-
solute fat mass in children who had met anthropometric dis-
charge criteria was similar to community controls. These results
confirm the findings of a recently published study conducted in
Kampala, Uganda, that, through the use of serum leptin con-
centration as a proxy biomarker of fat reserves, demonstrated
that fat replenishment is completed first and early during nu-
tritional rehabilitation, before the anthropometric discharge
criteria are met (82).

Our results also show that at the time these children meet
anthropometric criteria for recovery they still have deficits of
FFM compared with the community controls, indicating that
current best-practice SAM treatment regimens combined with the
use of the internationally accepted discharge criteria are not
necessarily sufficient for reestablishing FFM. This important
finding provides a rationale for the persistent increased risk of
death in children who are treated and anthropometrically “cured”
in tertiary hospitals after admission at an advanced stage of
wasting and metabolic adaptation (83, 84). It also perhaps helps
to explain the much lower long-term mortality risk after dis-
charge of those admitted to community-based programs at an
earlier stage in the progression of SAM (83).

In this study, the FM and FFMI of children who recovered were
comparable to those of the community controls, suggesting that
the differences in the absolute amounts of FFM could be
explained by differences in height. It is therefore possible that the
residual increased risk of mortality after being treated for SAM
and discharged may be related to the degree of stunting (85). The
close interconnections between acute and chronic malnutrition
combined with the relatively limited impact of a short-duration
treatment with RUTF on stunting support the need of
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investigating integrated approaches toward acute and chronic
malnutrition (86–88). Such approaches that combine intensive
initial nutritional rehabilitation to correct weight/muscle deficit
and prolonged nutritional support to reestablish FFM and sustain
linear deficit recovery should be developed, and their effec-
tiveness in preventing relapse and promoting linear growth and
FFM catch-ups should be assessed.

BIA analysis yielded similar results to DDT regarding changes
in body fat, FFM, and FFMI. In addition, the BIA analysis
identified considerable differences in cellular membrane function
indicators such as phase angle and illness marker between
children treated with SMS-RUTF and those treated with P-RUTF.
The clinical importance of the observed differences is unknown
and needs to be further investigated, but many studies have
demonstrated that phase angle is an independent predictor of
diseases and death in both children and adults (89–93).

This study was conducted in a setting where all the ingredients
were already commonly used in the preparation of porridge for
complementary feeding. Despite that, our findings can be gen-
eralized because soya and maize have been used in food dis-
tributed during humanitarian crises worldwide, and existing
evidence shows that the standard RUTF is effective in children
aged 6–59 mo suffering from SAM of all continents, even where
peanut paste is not commonly used in feeding infant and young
children. In addition, we enrolled children with the use of criteria
universally used for enrollment in CMAM programs. However,
our findings should not be interpreted without taking into account
some limitations. The main limitation is that we could not
measure the total daily nutritional intake and thus measured only
RUTF intake instead. Measuring total daily intake would have
allowed us to better distinguish the effect of product composition
on satiety on the response observed in both age groups. Although
we doubt that the intake from home food or breast milk influ-
enced the recovery, we could not exclude it definitively. The
second limitation is that we could not include a sufficient number
of children who did not recover in the substudies evaluating the
evolution of amino acid profile or assessing body composition to
determine whether differences in food quality such as in amino
acid profile contributed to the differences observed.

In conclusion, we demonstrated that SMS-RUTF can be used to
treat SAM in children aged $24 mo and that the iron content in
RUTF should be increased. The lower cost of manufacturing
SMS-RUTF and its reliance on locally grown ingredients would
reduce the costs of CMAM programs and facilitate the pro-
duction of RUTF in countries with a high burden of SAM, es-
pecially because we have placed this recipe in the public domain
and put in place mechanisms preventing any entity from blocking
access to it. The additional iron would increase the efficacy of the
product in the treatment of anemia associated with SAM.

We have also shown that there is a need for 2 products with
different compositions to treat SAM: one for children aged,2 y
that ideally should also be optimized to promote a reversal of
stunting, and one for children aged .2 y that should be formu-
lated to maintain efficacy but reduce costs. Cost-effectiveness
analyses and the assessment of the impact on program logistics
are needed to guide the final decision. More research is required
to identify the reasons for the lower recovery rate with SMS-
RUTF in younger children. Hypotheses to be explored include
higher satiety with SMS-RUTF, lower breast milk intake, sub-
optimal absorption of some key micronutrients, and differences

in key amino acids. More research is also needed on products
that better address stunting in this younger age group.

We thank Julien Mubalama Katembo Namudukuza and Nicolas Kashama

of the MMHZ management team for their support.

The authors’ responsibilities were as follows—PB, KS, PA, and SC:

conceived the study idea, designed the SMS-RUTF, and provided technical

oversight throughout the trial, including collecting and analyzing data and

preparing the manuscript; BB and CNM: contributed to the study design and

data collection tools development and implemented data collection and en-

try; JCKW and MD-W: participated in the analysis of the data and the in-

terpretation of findings; and all authors: read and approved the final

manuscript. Valid Nutrition designed and produced the SMS-RUTF. PA is

an employee of Valid Nutrition. SC is the unpaid director of Valid Nutrition.

Valid International is the sister company of Valid Nutrition, and BP and KS

are Valid International employees. None of the others authors reported a con-

flict of interest related to this study. The PRANA Foundation and Irish Aid

had no input on the design, implementation, and interpretation of the results.

Valid Nutrition administered the study grant. Valid Nutrition and Valid In-

ternational researchers participated in the study design and implementation

and in the interpretation of results.

REFERENCES
1. Black RE, Victora CG, Walker SP, Bhutta ZA, Christian P, de Onis M,

Ezzati M, Grantham-McGregor S, Katz J, Martorell R, et al. Maternal
and child undernutrition and overweight in low-income and middle-
income countries. Lancet 2013;382:427–51.

2. Collins S, Dent N, Binns P, Bahwere P, Sadler K, Hallam A. Man-
agement of severe acute malnutrition in children. Lancet 2006;368:
1992–2000.

3. Collins, S. Community-based therapeutic care: a new paradigm for
selective feeding in nutritional crises. Network paper. London: Hu-
manitarian Practice Network; 2004.

4. Bahwere P, Piwoz E, Joshua MC, Sadler K, Grobler-Tanner CH,
Guerrero S, Collins S. Uptake of HIV testing and outcomes within
a community-based therapeutic care (CTC) programme to treat severe
acute malnutrition in Malawi: a descriptive study. BMC Infect Dis
2008;8:106.

5. Briend A, Lacsala R, Prudhon C, Mounier B, Grellety Y, Golden MHN.
Ready-to-use therapeutic food for treatment of marasmus. Lancet
1999;353:1767–8.

6. Manary MJ. Local production and provision of ready-to-use thera-
peutic food (RUTF) spread for the treatment of severe childhood
malnutrition. Food Nutr Bull 2006;27:S83–9.

7. WHO. Management of severe malnutrition: a manual for physicians
and other senior health workers. Geneva (Switzerland): WHO; 1999.

8. Rogers E, Myatt M, Woodhead S, Guerrero S, Alvarez JL. Coverage of
community-based management of severe acute malnutrition pro-
grammes in twenty-one countries, 2012–2013. PLoS One 2015;10:
e0128666.

9. Collins S, Sadler K. Outpatient care for severely malnourished children
in emergency relief programmes: a retrospective cohort study. Lancet
2002;360:1824–30.

10. Diop HI, Dossou NI, Ndour MM, Briend A, Wade S. Comparison of
the efficacy of a solid ready to use food and a liquid milk-based diet for
the rehabilitation of severely malnourished children: a randomized
trial. Am J Clin Nutr 2003;78:302–7.

11. Irena AH, Bahwere P, Owino VO, Diop EI, Bachmann MO, Mbwili-
Muleya C, Dibari F, Sadler K, Collins S. Comparison of the effective-
ness of a milk-free soy-maize-sorghum-based ready-to-use therapeutic
food to standard ready-to-use therapeutic food with 25% milk in nu-
trition management of severely acutely malnourished Zambian children:
an equivalence non-blinded cluster randomised controlled trial. Matern
Child Nutr 2015;11(Suppl 4):105–19.

12. Action Against Hunger. Enquête Nutritionnelle Anthropométrique:
zone de santé de Miti-Murhesa. [Nutritional Anthropometric
Study: health zone Miti-Murhesa.] [Internet]. [cited 2012 Jun 12].
New York: Action Against Hunger; 2011. Available from: http://
www.actionagainsthunger.org/sites/default/files/publications/Enquete_
Nutritionnelle_Anthropometrique_Zone_de_Sante_de_Miti-Murhesa_
Province_du_Sud-Kivu_DRC_08.2011.pdf (in French).

EFFICACY OF NO-MILK READY-TO-USE THERAPEUTIC FOOD 1159

 at U
N

IV
 C

O
LLE

G
E

 LO
N

D
O

N
 on June 27, 2016

ajcn.nutrition.org
D

ow
nloaded from

 

http://ajcn.nutrition.org/
Gregory
Highlight

Gregory
Highlight



13. Balaluka GB, Nabugobe PS, Mitangala PN, Cobohwa NB, Schirvel C,
Dramaix MW, Donnen P. Community volunteers can improve breast-
feeding among children under six months of age in the Democratic
Republic of Congo crisis. Int Breastfeed J 2012;7:2.

14. Bisimwa G, Mambo T, Mitangala P, Schirvel C, Porignon D, Dramaix
M, Donnen P. Nutritional monitoring of preschool-age children by
community volunteers during armed conflict in the Democratic Re-
public of the Congo. Food Nutr Bull 2009;30:120–7.

15. Vis HL, Pourbaix P, Thilly C, Van der Borght H. Analyse de la situ-
ation nutritionnelle des traditional sociétés de la région du lac Kivu:
la Shi et l’Havu . Étude de la consommation alimentaire. [Analysis of
the nutritional situation of traditiona lsocieties of the Kivu Lake region:
the Shi and the Havu. Study of food consumption.] Ann Soc Belges
Med Trop Parasitol Mycol 1969;49:353–419 (in French).

16. Nicoll A. Integrated management of childhood illness in resource-poor
countries: an initiative from the World Health Organization. Trans R
Soc Trop Med Hyg 2000;94:9–11.

17. Democratic Republic of Congo, Ministry of Health. Protocole national
de prise en charge intégrée de la malnutrition aiguë. [National Pro-
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