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Introduction: Globally, access to treatment for severe and moderate acute
malnutrition is very low, in part because different protocols and products are used
in separate programs. New approaches, defining acute malnutrition (AM) as mid-
upper arm circumference (MUAC) < 125 mm or oedema, are being investigated
to compare effectiveness to current programs. Optimizing Malnutrition treatment
(OptiMA) is one such strategy that treats AM with one product — ready-to-use
therapeutic food, or RUTF — at reduced dosage as the child improves.

Methods: This study aimed to determine whether OptiMA achieved effectiveness
benchmarks established in the Nigerien National Nutrition protocol. A prospective
cohort study of children in the rural Mirriah district evaluated outcomes among
children 6-59 months with uncomplicated AM treated under OptiMA. In a
parallel, unconnected program in one of the two trial sites, all non-malnourished
children 6-23 months of age were provided small quantity lipid-based nutritional
supplements (SQ-LNS). A multivariate logistic regression identified factors
associated with hospitalization.

Results: From July-December 2019, 1,105 children were included for analysis. Prior
to treatment, 39.3% of children received SQ-LNS. Recovery, non-response, and
mortality rates were 82.3%, 12.6%, and 0.7%, respectively, and the hospitalization
rate was 15.1%. Children who received SQ-LNS before an episode of AM were 43%
less likely to be hospitalized (ORa=0.57; 0.39-0.85, p = 0.004).

Discussion: OptiMA had acceptable recovery compared to the Nigerien reference
but non-response was high. Children who received SQ-LNS before treatment
under OptiMA were less likely to be hospitalized, showing potential health benefits
of combining simplified treatment protocols with food-based prevention in an
area with a high burden of malnutrition such as rural Niger.
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1. Introduction

An estimated 45.4 million children under 5 are affected by wasting
worldwide, of which 31.8 million are moderately wasted and 13.6
million are severely wasted (1). Relying on prevalence rather than
incidence, however, likely underestimates the true number of children
affected (2). Disruptions from the Covid-19 pandemic have increased
the global burden of malnutrition, particularly in the Sahel region of
Africa (3).

Even though treatment protocols for moderate acute malnutrition
(MAM) and severe acute malnutrition (SAM) have been scaled-up
since 2007, less than one fourth of children have access to treatment
(4). This is in part due to the cumbersome nature of the current
approach in which MAM and SAM are treated separately, using
different protocols and products in programs overseen by different
UN agencies. To address these shortcomings, current research is
focusing on ways to decentralize treatment, integrate MAM and SAM
management, and reduce the dosage of ready to use therapeutic foods
(RUTF) during treatment (5-8). Because the drivers and epidemiology
of malnutrition are context-specific, it will be important to test such
protocols in multiple countries.

Most children with SAM and MAM can be treated on an outpatient
basis (9). However, an estimated 15% of children with SAM present with
complications that require hospital care (In an email from K. de Polnay,
M.D., Médecins Sans Frontiéres' on December 17, 2020). These children
are at an elevated risk of mortality. According to the World Health
Organization (WHO), less than 10% of children with complicated SAM
will die if inpatient management guidelines are followed (10). But a
recent meta-analysis found the mean inpatient mortality is greater than
15%, with some programs reporting rates higher than 40% (11). There
are no estimates for the percentage of children with MAM requiring
hospitalization, but a recent study has shown that there is a substantial
burden of morbidities among such children, which go unaddressed in
the absence of MAM treatment programs (12).

Both in-hospital and post-discharge, mortality has been shown to
increase dramatically with wasting status, with severely wasted
children at a nearly six-fold increased risk of death and moderately
wasted children a nearly three-fold increased risk of death compared
to not wasted children (13). A high volume of costlier hospitalizations
also puts enormous pressure on fragile health systems with limited
capacity for delivering quality inpatient care due to a lack of
diagnostics, treatments, and human and financial resources.

Niger routinely records some of the worst malnutrition indicators
in the world (14, 15), a trend projected to continue for the foreseeable
future (16). From 2014 to 2019, between 300 and 400,000 children were
treated each year for SAM, of whom 11-15% required hospital care,
with up to two-thirds of this caseload localized in the Maradi and
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Zinder regions (17). The extreme seasonality of admissions is likely
driven by malaria incidence, but also points to a lack of access to diets
of sufficient quality and quantity. Few households, for example, can
afford a nutritious diet based on locally available foods (18), and only
between 5% and 27% of children 6-23 months in Maradi and Zinder
access a minimally acceptable diet that meet their nutritional needs (14,
15), showing the importance of preventive strategies in this context.

Optimizing MAlnutrition treatment (OptiMA) is a strategy for
simplifying treatment protocols that is being tested in several
operational pilots and two individually randomized control trials
(RCTs) (19-21). OptiMA integrates the treatment for severe and
moderate acute malnutrition in one program using only MUAC or
oedema for admission and one treatment product - RUTF - at a
decreasing dose as a child’s nutritional status improves. In 2019, a pilot
study of OptiMA was conducted in two health zones of Mirriah
District, Zinder Region, Niger. From 2015 to 2019 a parallel program
in the same district aimed to reduce the incidence of acute
malnutrition in children 6-23 months via supplementation with small
quantity lipid-based nutritional supplement (SQ-LNS, brand name
Enov’Nutributter™, 20g/day) for up to 18months. SQ-LNS
supplementation in this age group has shown significant, simultaneous
impacts on childhood malnutrition, including reductions in wasting,
stunting, anemia, and mortality as well as improved developmental
outcomes (22-25). This distribution remained in effect until
December 2019 in one of the two health zones selected for the
OptiMA pilot. The other OptiMA health zone did not receive the
SQ-LNS distribution.

The aim of this study was to evaluate the program outcomes of a
simplified protocol for treatment of children with acute malnutrition
in a high burden context in Niger. A second objective was to identify
the factors associated with hospitalization. Finally, this study was also
conducted to inform the preparation of a recently completed OptiMA
individual randomized control trial (RCT) in the same district of
Niger (21).

2. Materials and methods
2.1. Study design, location and period

This prospective observational cohort study was conducted in two
health zones of Mirriah Health District, Zinder Region from July to
December 2019. The Alliance for Medical Action (ALIMA) and its
partner organization in Niger, Bien-etre de la Femme et de 'Enfant
(BEFEN) have supported the Ministry of Health (MoH) in Mirriah
district since 2009 to provide medical services to women and children
under 5years of age. This has included continuous support for an
80-bed unit at the Mirriah District Hospital for treatment of pediatric
emergencies and malnourished children with medical complications.
Mirriah had a total of 19 health zones in 2019 each with a primary
health center (PHC) providing a standard package of care including
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treatment of SAM and MAM with an established, UNICEF-supported
RUTF supply chain. In 2019, ALIMA/BEFEN supported 10 PHCs, 2
of which were selected for this study.

Between 2015-19, ALIMA/BEFEN conducted a malnutrition
prevention program that included support to the Expanded Program
on Immunizations (EPI) and a monthly distribution of SQ-LNS
among children under 2 years old in 3 health zones, including one of
the two health zones selected for this study. Thus, a proportion of
children identified with acute malnutrition in this study had received
preventive nutritional supplementation prior to inclusion.

The population in Mirriah District was estimated at 700,000
inhabitants in 2019 with the population of both health areas in this
pilot at 40,000 each. A SMART survey conducted in September 2019
showed rates of Global Acute Malnutrition (GAM) by MUAC of 8.2%
and SAM of 2.6% (26).

2.2. Eligibility criteria, treatment and
follow-up, and discharge criteria

Figure 1 summarizes the differences between the current national
treatment protocol in Niger and OptiMA. Children were considered
eligible for enrollment if they were aged 6-59 months and presented
spontaneously to either outpatient clinic in the two health zones with
a MUAC <125mm or oedema +/++ without medical complications
and passed an appetite test on the day of inclusion.

Children were followed at weekly consultations at primary health
care facilities, where they received a clinical exam that included
anthropometric measurements, and given a weekly RUTF ration
relative to the severity of their malnutrition. In contrast to the weight-
based RUTF ration in the national program, which is fixed at
150-200kcal/kg per d (628-837k]/kg per day) for the course of
treatment, the OptiMA RUTF ration was calibrated to the child’s
degree of wasting based on the combination of MUAC status and
weight. Thus, more nutritional support was given to the most severely
malnourished and gradually reduced as the child’s MUAC and weight
increased. Children with MUAC <115mm or oedema received
170-200kcal/ kg per day of RUTE while children with MUAC
115-119mm, either at admission or during the course of treatment,
received 125-190kcal/kg per day, and children with MUAC>120 mm

10.3389/fpubh.2023.1199036

received 50-166 kcal/kg per day (with a minimum of one sachet per
day) until discharge from the program.

All children underwent malaria rapid testing upon inclusion and
at any point during their follow-up if clinical signs of malaria were
detected. All children with a positive malaria rapid diagnostic test
were prescribed an artemisinin-combination treatment. Amoxicillin
90mg/kg per day for 7 days was prescribed for all children with
MUAC <120mm or oedema at admission. Albendazole was
given to children 9 months of age or older at the fourth follow-up visit
if they had no deworming in the previous 4 months. Community
health workers visited the
multiple consultations.

homes of children who missed

The criteria for ending the intervention was MUAC >125mm and
no oedema for two consecutive weeks (with a minimum stay in the
program for 4weeks). As a safety precaution, children whose
anthropometry was WHZ < -3 and/or MUAC <115 mm after 10 weeks
of treatment with the OptiMA protocol (rather than the normal
12 weeks) were transferred to the national protocol. Children with a
MUAC >125mm and WHZ < -3 at inclusion were managed instead
according to the current national protocol; similarly, children with a
MUAC >125mm and WHZ between —2 and — 3 were managed by the
national protocol for children with MAM.

2.3. Study outcomes

Primary outcomes were standard acute malnutrition program
indicators (27), i.e., proportions of children 1. recovered (defined as
a 4-week minimum duration of treatment, an axillary
temperature <37.5°C, and an absence of bipedal oedema and a
MUAC >125mm for two consecutive weeks), 2. defaulted (defined
as a child absent for three consecutive consultations), 3.
non-responders (defined as failure to reach recovery criteria after
10weeks for children included with SAM and 12 weeks for those
included with MAM), and 4. hospitalized.

Additional outcomes were 1. median number of sachets
distributed to children who recovered, stratified by MUAC category
upon inclusion; 2. adherence of health workers to the OptiMA RUTF
dosage table; 3. MUAC gain (mm/d), weight gain (g/kg/d), and 4.
length of hospitalization.

National Niger protocol

SAM MAM

OptiMA protocol
Acute Malnutrition

MUAC<115mm or WHZ<-3

MUAC (115-124 mm)

MUAC<125 mm or bipedal oedema

Wasting definition or bipedal oedema or -3 <WHZ <-2
and without bipedal oedema MUAC<115mm or MUAC 115- MUAC 120-
bipedal cedema 119 mm 124 mm
RUTF 150-200 kcal/ If aged 6-23 months : Super cereal If aged 24-59 months : no
Treatment product kg/day plus 200 g/day (~787 kcal/day) or supplementation RUTF 170-200 RUTF 125-190 RUTF 50-166
and quantity RUSF, one 92 g sachet/day (kcal/kg/day) (kcal/kg/day) (kcal/kg/day)
(500kcal/day)
Calculation of According to the Fixed amount, regardless of weight
dosage Weight or MUAC status According to MUAC status and weight
Frequency Weekly Weekly No visit Weekly Weekly Weekly
* MUAC 2125 mm AND WHZ 2-2 for 2 consecutive weeks * MUAC 2125 mm for 2 consecutive weeks
Recovery definition e No oedema for 14 days e No cedema for 2 consecutive weeks
e 4 weeks of participation in the program e 4 weeks of participation in the program
e Good clinical health (no fever) e Good clinical health (no fever)

FIGURE 1

Comparison of standard CMAM protocol currently in use in Niger versus the OptiMA protocol, Mirriah, Niger 2019.
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2.4. Data collection procedures and
monitoring

Sociodemographic, clinical, and anthropometric data were
collected by MoH staff supervised by a project manager using the
national program individual outpatient record. A specific form was
used for hospitalization data. The staff involved in data collection
were trained on the study protocol before participant’s enrollment.
The child’s weight, MUAC, temperature, clinical symptoms and
amount of RUTF ration were recorded at each weekly visit.
Children’s length was measured at admission and once a month
thereafter. Weight was measured to the nearest 100 g with a Salter
scale, and length was measured to the nearest 0-5cm on a height
board with the child in a supine position (or standing if taller than
85cm). MUAC was measured to the nearest mm with a MUAC
bracelet demarcated in 1 mm increments. At each visit, supervisors
ensured that scales were correctly calibrated and MUAC bracelets
and height boards were in good condition. All collected data was
then anonymized before being entered into a database created,
managed, and monitored by a binational research team based in
France and Cote d’Ivoire. An external monitoring visit was carried
out by the team at both study sites. Whether a child received SQ-LNS
before inclusion was reported by the caretaker without specifying
the duration of supplementation.

2.5. Data analysis

Children who had no visits beyond initial inclusion were
excluded from analysis. Baseline characteristics of children included
in the analysis were described at baseline by MUAC category at
admission. Continuous variables were described in terms of mean
(standard deviation, sd). Categorical variables were described in
terms of frequency.

Study outcomes (program indicators, as described above) were
described overall and stratified by MUAC category at admission with
their 95%CI, and considered at least as effective as the international

10.3389/fpubh.2023.1199036

SPHERE standards if the lower limit of the 95%CI was greater than or
equal to the reference value (28).

The association between hospitalization and the other variables
was analyzed using logistic regression based on the Hosmer and
Lemeshow test. All variables in univariate analysis with a value of p
<0.25 were included in the multivariate analysis and variables with a
value of p <0.05 were considered as statistically significant in the
final model.

The adherence to the OptiMA RUTF dosage table was evaluated
by the difference between weekly RUTF ration provided to the child
and the theoretical ration as calculated by the OptiMA dosage table.
MUAC gain was calculated in mm/day and weight gain was calculated
in g/kg/day.

All analyses were conducted using SAS version 9.3 (SAS
Institute Inc.).

2.6. Ethics

The study was approved by Niger’s National Ethics Committee for
Health Research (Number 018/2019/CNERS July 11, 2019). Caregivers
gave written consent prior to enrollment for all children included in
the study. All data were anonymized when entered into the database,
and unique identification numbers were coded.

3. Results

Between 22 July and 15 November 2019, a total of 1,112 children
were included in this study under the OptiMA protocol, and 1,105
were included in the analysis (Figure 2). The 7 children omitted from
analysis either only had the inclusion visit (n=6) or were deceased
(n=1) without having any visits after admission.

Table 1 presents the characteristics at baseline. Among the 1,105
children included in the analysis, 12 (1.1%) were admitted with
edema, 278 children (25.2%) with MUAC <115 mm, 332 (30.0%) with
MUAC 115-119mm, and 483 (43.7%) with MUAC 120-124 mm.

Children includedin OptiMA
N=1112

Excluded from analysis N=7

- Lost to follow-up after inclusion with no

furthervisit: 6

Children includedfor analysis
N=1105

- Deceased sfterinclusionwithno further vist: 1

Did not receive SQ-LNS prior to inclusion
N= 671 (60.7%)

! , )

MUAC<115mm MUAC 115-119 mm MUAC 120-124mm

N= 185 (27.6%) N=191 (28.5%) N=283 (42.2%)
or oedema
N=12 (1.8%)

FIGURE 2

Received SQ-LNS prior to inclusion
N= 434 (39.3%)

l I

MUAC<115mm MUAC 115-119 mm MUAC 120-124mm

N=93 (21.4%) N= 141 (32.5%) N=200 (46.1%)
or oedzma
N=0 (0%)

Flux diagram of children included for treatment under the OptiMA protocol, Mirriah, Niger 2019.
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TABLE 1 Description of children included in optimizing treatment for acute malnutrition (OptiMA) protocol, Mirriah district, Niger, 2019 (Numbers and
percentages; mean values and standard deviations).

Characteristics Oedema MUAC<115 mm MUAC 115- MUAC 120-
+/++ N =278 (25.2%) 119 mm 124 mm
N =12 (1.1%) N =332 (30.0%) N =483 (43.7%)

Sex, n (%)

Girls 6 (50.0) 147 (52.9) 184 (55.4) 271 (56.1) 608 (55.0)

Boys 6 (50.0) 131 (47.1) 148 (44.6) 212 (43.9) 497 (45.0)
Age, mean (ET), months 21.7 (4.8) 13.9 (6.9) 15.1 (6.8) 16.0 (6.5) 15.2 (6.8)
Class age, 1 (%)

6-12months 1(8.3) 158 (56.8) 156 (47.0) 185 (38.3) 500 (45.2)

13-23 months 5(41.7) 85 (30.6) 129 (38.9) 225 (46.6) 444 (40.2)

> 24 months 6 (50.0) 35(12.6) 47 (14.1) 73 (15.1) 161 (14.6)
Weight, mean (ET), kg 7.8(0.5) 5.8 (1.0) 6.4 (0.8) 6.9(0.9) 6.5 (1.0)
Height, mean (ET), cm 75.2 (2.2) 67.1 (5.6) 69.0 (5.2) 71.0 (5.4) 69.4 (5.6)
MUAGC, mean (ET), mm 120.8 (4.8) 109.5 (4.9) 116.9 (1.4) 1214 (1.4) 117.1 (5.5)
Weight/height, n (%), z score

<=3 3(25.0) 154 (55.4) 103 (31.0) 77 (16.0) 337 (30.5)

>—3et<—2 5(41.7) 105 (37.8) 161 (48.5) 272 (56.3) 543 (49.1)

>-2 4(33.3) 19 (6.8) 68 (20.5) 134 (27.7) 225 (20.4)
Weight/age, n (%), z score

<=3 7 (58.4) 260 (93.5) 260 (78.3) 264 (54.7) 791 (71.6)

>—3et<—2 4(33.3) 18 (6.5) 65 (19.6) 185 (38.3) 272 (24.6)

>=2 1(8.3) - 7(2.1) 34 (7.1) 42 (3.8)
Height/age, n (%), z score

<=3 8 (66.7) 175 (62.9) 179 (53.9) 206 (42.6) 568 (51.4)

>-3et<-2 3(25.0) 67 (24.1) 101 (30.4) 135 (28.0) 306 (27.7)

>-2 1(8.3) 36 (13.0) 52 (15.7) 142 (29.4) 231 (20.9)
Children wasted and stunted, n (%)

No 5(41.7) 53 (19.1) 112 (33.7) 238 (49.3) 408 (36.9)

Yes 7 (58.3) 225 (80.9) 220 (66.3) 245 (50.7) 697 (63.1)
Fever (T>38°C), n (%)

No 12 (100) 257 (92.5) 307 (92.5) 450 (93.2) 1,026 (92.8)

Yes - 21(7.5) 25 (7.5) 33(6.8) 79 (7.2)
Malaria rapid diagnostic test (RDT), 1 (%)

Negative 7 (58.3) 241 (86.7) 278 (83.7) 410 (84.9) 36 (84.7)

Positive 5(41.7) 37 (13.3) 54 (16.3) 73 (15.1) 169 (15.3)
Appetite test, n (%)

Good 12 (100) 250 (89.9) 320 (96.4) 464 (96.1) 1,046 (94.7)

Average - 28 (10.1) 12 (3.6) 19 (3.9) 59 (5.3)
Received SQ-LNS prior to inclusion, n (%)

No 12 (100) 185 (66.6) 191 (57.5) 283 (58.6) 671 (60.7)

Yes - 93(33.4) 141 (42.5) 200 (41.4) 434 (39.3)
Breastfeeding, 1 (%)

No 10 (83.3) 70 (25.2) 114 (34.3) 167 (34.6) 361 (32.7)

Yes 2(16.7) 208 (74.8) 218 (65.7) 316 (65.4) 744 (67.3)
Received SMC, n (%)

No 3(25.0) 37 (13.3) 22(6.6) 27 (5.6) 89 (8.1)

(Continued)
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TABLE 1 (Continued)

10.3389/fpubh.2023.1199036

Characteristics Oedema MUAC<115 mm MUAC 115- MUAC 120-
+/++ N =278 (25.2%) 119 mm 124 mm
N =12 (1.1%) N =332 (30.0%) N =483 (43.7%)

Yes 9 (75.0) 241 (86.7) 310 (93.4) 456 (94.4) 1,016 (91.9)
Received systematic amoxicillin treatment, 1 (%)

No - - - 475 (98.3) 475 (43.0)

Yes 12 (100) 278 (100) 332 (100) 8(1.7) 630 (57.0)
Caretaker received MUAC training, # (%)

No 6 (50.0) 109 (39.2) 122 (36.8) 179 (37.1) 416 (37.6)

Yes 6 (50.0) 169 (60.8) 210 (63.2) 304 (62.9) 689 (62.4)
MUAC bracelet in home, 1 (%)

No 7(58.3) 130 (46.8) 162 (48.8) 220 (45.5) 519 (47.0)

Yes 5(41.7) 148 (53.2) 170 (51.2) 263 (54.5) 586 (53.0)

Most of the children were female (55.5%) and under 24 months of age
(85.4%). A total of 434 children (39.3%) received SQ-LNS prior to
their inclusion for treatment, and all 12 children included with edema
came from the group that had not received SQ-LNS. Stunting, or
height-for-age z score (HAZ) of <—2, was observed in 79.1% of
children, including more than half (51.4%) with severe stunting, and
63.1% of children presented with concomitant wasting (WHZ < —2)
and stunting (HAZ <—2). Most of the children’s caretakers (62.4%)
reported having received training for how to use a MUAC bracelet.

Description of program outcomes for children included in the
analysis under OptiMA are presented in Table 2 and stratified by the
WHO definition of SAM (i.e., MUAC<115mm or WHZ< -3 or
oedema) and MAM (MUAC [115-124] or WHZ [<—2 and > —3] and
no oedema) in Table 3. The overall 82.3% recovery rate of children
treated with the OptiMA protocol exceeds SPHERE standards,
however there were significant differences among MUAC categories
at inclusion. The overall mortality, non-response and default rates
were 0.6%, 12.6%, and 4.2%, respectively.

Recovery was lowest (57.6%) and non-response highest (34.1%)
for children with MUAC <115 mm and/or oedema at admission, while
mortality remained low (0.7%). Overall length of stay in the program
was 5.6weeks, and 6.7weeks for children admitted with MUAC
<115mm. Among all recovered children and those admitted with
MUAC <115 mm and/or oedema, MUAC gain was 0.24 and 0.33 mm
per day, weight gain was 4.4 and 5.0 g/kg per day, and the average
amount of RUTF received was 60.4 and 85.8 sachets, respectively.

A total of 167 children (15.1%) required at least one hospital stay
during the course of treatment, including 75/290 (25.9%) children
admitted with MUAC <115 mm and/or oedema and 92/815 (11.3%)
of children admitted with MUAC 115 to 124 mm. Children meeting
the current WHO definition of SAM or MAM were hospitalized at
rates of 20.4 and 11.2%, respectively. Three of the 7 total deaths
occurred in hospital, for an inpatient mortality rate of 1.8%. One child
died a week after being discharged from hospital.

Table 4 shows factors associated with hospitalization. In
multivariate analysis, factors significantly associated with
hospitalization were a child having MUAC<115 mm and/or edema
(adjusted odds ratio 3.4; 95% CI 2.01-4.60), being younger than
2years of age (adjusted OR 3.69; 95% CI 1.85-7.33 for children
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6-12m, and adjusted OR 2.28; 95% CI 1.12-4.65 for children
13-23m), or presenting with a fever (adjusted OR 1.88; 95% CI 1.21-
2.93). Adjusted for gender, age, and MUAC status, having received the
SQ-LNS before inclusion was found to be protective, reducing the risk
of hospitalization by 43% (adjusted OR 0.57; CI at 95% 0.39-0.84).

We observed a weekly proportion of errors in RUTF distribution
by health workers ranging from 0% to 4% throughout the 27 weeks of
the study, including 2.1% among the 1,105 children at the inclusion
visit, 1.7% out of 6,629 total visits for the follow-up consultations
(Figure 3).

4. Discussion

This prospective observational cohort study evaluated a
therapeutic nutrition protocol for children affected by acute
malnutrition, defined as MUAC <125mm or oedema, and treated
with one product (RUTF) at a gradually reduced dose based on a
child’s weight and MUAC status. Overall recovery rates were
acceptable, but low rates among children included with MUAC
<115mm or edema are concerning. An average of 68.8 sachets of
RUTF were distributed per child per course of treatment, with very
few (1.7%) ration errors. An unexpected finding was that children
who received SQ-LNS prior to inclusion were 43% less likely to
be hospitalized during treatment for acute malnutrition with RUTE.

Recovery and mortality rates— 82-3% and 0-7%, respectively —
exceed SPHERE standards and are in line with those reported by
similar MUAC-based programs integrating SAM and MAM
management with reduced RUTF dosage (5, 19, 28). Recovery among
children admitted at MUAC <115mm or oedema is concerning
(56-8%), but was largely driven by high non-response (35-3%) and not
mortality (0.7%). The recovery rate for children who met the current
WHO definition of SAM was higher (70.4%) and non-response lower
(22.8%). An analysis of children classified as non-responders will
be reported elsewhere.

While lower recovery and higher non-response in the subgroup
of children admitted with MUAC <115mm requires further
investigation, in a recent individually randomized control trial in the
Democratic Republic of Congo, OptiMA demonstrated non-inferior
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TABLE 2 Description of program outcomes stratified by MUAC or oedema at inclusion, OptiMA-Mirriah, Niger, 2019.

10.3389/fpubh.2023.1199036

Characteristics Oedema MUAC<115 mm MUAC 115- MUAC 120- Global p-value
+/++ N =278 119 mm 124 mm N =1,105
N =12 N =332 N =483
Length of stay, weeks <0.0001
Mean (sd) 5.5(3.2) 6.7 (2.5) 5.7 (2.4) 4.9 (1.8) 5.6 (2.3)
Clys, [3.5-7.5] [6.4-7.1] [5.5-6.0] [4.7-5.1] [5.5-5.8]
At least one hospitalization, n (%) <0.001
No 9 (75.0) 206 (74.1) 285 (85.8) 438 (90.7) 938 (84.9)
Clysg, [50.5-99.5] [69.0-79.3] [82.1-89.6] [88.1-93.3] [82.8-87.0]
Yes 3(25.0) 72 (25.9) 47 (14.2) 45(9.3) 167 (15.1)
Clysg, [0.5-49.5] [20.7-31.1] [10.4-17.9] [6.7-11.9] [13.0-17.2]
Length of hospitalization, days 0.87
Mean (sd) 5.0 (1.7) 4.3(1.9) 4.2 (1.1) 4.2 (1.5) 4.3 (1.6)
Clysy, [0.7-9.3] [3.9-4.8] [3.9-4.6] [3.8-4.7] [4.0-4.5]
Program Outcomes <0.0001
Recovered 9 (75.0) 158 (56.8) 290 (87.3) 452 (93.6) 909 (82.3)
Clys, [50.0-99.5] [51.0-62.7] [83.8-90.9] [91.4-95.8] [80.0-84.5]
Non-response 1(8.3) 98 (35.3) 22 (6.6) 18 (3.7) 139 (12.6)
Clys, [0.0-24.0] [29.6-40.9] [3.9-9.3] [2.0-5.4] [10.6-14.5]
Deceased - 2(0.7) 5(1.5) - 7(0.6)
Clsy [0.0-1.7] [0.2-2.8] [0.2-1.1]
Transfer - 1(0.4) - 1(0.2) 2(0.2)
Closy, [0.0-1.1] [0.0-0.6] [0.0-0.4]
Default 2(16.7) 18 (6.5) 15 (4.5) 12 (2.5) 47 (4.2)
Clysy, [0.0-37.7] [3.6-9.4] [2.3-6.7] [1.1-3.9] [3.1-5.4]
Follow-up in progress - 1(0.3) - - 1(0.1)
Closy, [0.0-1.1] [0.0-0.3]
Weight gain, mean (sd), g/kg/d 0.15
Global 37 (2.1) 43(2.2) 43 (2.4) 4.0 (2.0) 42(22)
Clys, [2.3-5.0] [4.0-4.5] [4.1-4.6] [3.8-4.2] [4.0-4.3]
Among recovered 4.3(2.0) 5.0 (1.8) 4.4(2.1) 4.1 (2.0) 4.4 (2.0)
Clys, [2.7-5.8] [4.7-5.3] [4.2-4.7] [3.9-4.3] [4.2-4.5]
Among non-responders 2.6 3.3(1.9) 2.8(2.2) 2.1(1.5) 3.1(2.0)
ICose [2.9-3.7] [1.8-3.8] [1.4-0.8] [2.8-3.4]
MUAC gain, Mean (sd), mm/d <0.0001
Global 0.14 (0.11) 0.25 (0.16) 0.23 (0.15) 0.19 (0.12) 0.22 (0.14)
Clysg, [0.07-0.22] [0.23-0.27] [0.21-0.24] [0.18-0.20] [0.21-0.22]
Among recovered 0.17 (0.12) 0.33 (0.13) 0.25 (0.11) 0.20 (0.10) 0.24 (0.12)
Clysg, [0.08-0.26] [0.31-035] [0.24-0.27] [0.19-0.21] [0.23-0.25]
Among non-responders 0.07 0.14 (0.10) 0.03 (0.05) —0.02 (0.06) 0.10 (0.11)
Closy, [0.12-0.16] [0.01-0.05] [-0.05-0.01] [0.08-0.12]
RUTF received, Mean (sd), sachets <0.0001
Global 90.5 (29.8) 100.2 (32.6) 67.6 (25.0) 49.2 (18.3) 68.0 (32.1)
Clysg, [71.6-109.4] [96.3-104.0] [64.9-70.3] [47.6-50.8] [66.1-69.9]
Among recovered 87.4 (29.6) 85.8 (23.6) 65.9 (21.0) 47.5(13.7) 60.4 (23.4)
Clysg, [64.7-110.2] [82.1-89.5] [63.5-68.4] [46.2-48.8] [58.9-62.0]
Among non-responders 137 131.2 (19.8) 114.3 (22.7) 105.4 (24.9) 125.3 (23.0)
Clysg, - [127.3-135.2] [104.2-124.4] [93.0-117.8] [121.4-129.1]
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TABLE 3 Description of program outcomes stratified by WHO definition for SAM and MAM at admission, OptiMA-Mirriah, Niger, 2019.

Characteristics SAM by WHO definition Global
(WHZ<-3Z and/or MUAC<115mm and/ N =1,105
or presence of edema)
[\[o} Yes
N =635 N =470
Length of stay, weeks <0.001
Mean (sd) 5.2(2.0) 6.2 (2.5) 5.6 (2.3)
Closy, (5.1-5.4] (5.9-6.4] [5.5-5.8]
At least one hospitalization, n (%) <0.0001
No 564 (88.8) 374 (79.6) 938 (84.9)
Yes 71 (11.2) 96 (20.4) 167 (15.1)
Length of hospitalization, days 0.44
Mean (sd) 42(1.4) 4.4 (1.8) 4.3 (1.6)
Clysy, (3.8-4.5] (4.0-4.7] [4.0-4.5]
Outcome <0.0001
Recovered 578 (91.0) 331 (70.4) 909 (82.3)
Non-response 32(5.0) 107 (22.8) 139 (2.6)
Deceased 4(0.6) 3(0.6) 7 (0.6)
Transfer 1(0.2) 1(0.2) 2(0.2)
Default 20 (3.1) 27 (5.7) 47 (4.2)
Follow-up in progress - 1(0.2) 1(0.1)
Weight gain, mean (sd), g/kg/d <0.0001
Global 3.9(1.9) 4.5(2.5) 42(2.2)
Clys, [3.8-4.1] [4.3-4.7] [4.0-4.3]
Among recovered 4.0(1.8) 5.0 (2.3) 4.4 (2.0)
Clysy [3.9-4.2] [4.7-5.2] [4.2-4.5]
Among non-responders 2.4(1.7) 3.3(2.0) 3.1(2.0)
(o (1.8-3.1] [2.9-3.7] [2.8-3.4]
MUAC gain, Mean (sd), mm/d <0.0001
Global 0.20 (0.12) 0.24 (016) 0.22 (0.14)
Clysy, [0.19-0.21] [0.22-0.25] [0.21-0.22]
Among recovered 0.21 (0.11) 0.28 (0.13) 0.24 (0.12)
Clysy, [0.21-0.22] [0.27-0.30] [0.23-0.25]
Among non-responders 0.01 (0.06) 0.13 (0.10) 0.10 (0.11)
Closy, [-0.02-0.03] [0.11-0.15] [0.08-0.12]
RUTTF received, Mean (sd), sachets <0.0001
Global 56.3 (23.3) 83.8 (35.5) 68.0 (32.1)
Clysg, [54.5-58.2] [80.5-87.0] [66.1-69.9]
Among recovered 54.1 (19.0) 71.5(26.2) 60.4 (23.4)
Clysy, [52.5-55.6] [68.7-74.4] [58.9-62.0]
Among non-responders 111.5 (22.9) 129.4 (21.5) 125.3 (23.0)
Clysy, [103.3-119.7] [125.2-133.5] [121.4-129.1]

among the subgroup of children included with the WHO definition  standard protocol in terms of recovery, but this study was not powered
of SAM (29). The ComPAS study, a cluster randomized trial in South  to assess recovery in children with MUAC <115mm (6). Furthermore,
Sudan and Kenya using similar admissions and discharge criteriabut  the rates reported here are within the range reported in Niger and
a different reduced RUTF dosage regimen, was non-inferior to the  elsewhere in studies with and without RUTF dose reduction,
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TABLE 4 Logistic regression analysis of factors associated with hospitalization during treatment, OptiMA-Mirriah, Niger, 2019.

Characteristics at inclusion Univariate analysis Multivariate analysis
No hospital Hospital (0] 1Cosy OR 1Cos4 P
(n =938) (n =167)
MUAC at inclusion, 1 (%) <0.001 <0.001
MUAC< 115 and/or edema +/++ 215 (22.9) 75 (44.9) 340 | [2.27-5.09] 304 | [2.01-4.60]
MUAC 115-119 285 (30.4) 47 (28.1) 1.61 [1.04-2.48] 1.53 [0.98-2.38]
MUAC 120-124 438 (46.7) 45 (27.0) 1 - 1 -
Sex, n (%) 0.60
Girl 513 (54.7) 95 (56.9) 1 -
Boy 425 (45.3) 72 (43.1) 0.92 [0.66-1.28]
Age, mean (ET), months 15.7 (6.8) 12.9 (6.0) 0.93 [0.91-0.96] <0.001
Age, n (%) <0.001 0.0002
6-12 months 396 (42.2) 104 (62.3) 4.00 [2.02-7.79] 3.69 [1.85-7.33]
13-23months 391 (41.7) 53 (31.7) 2.05 [1.02-4.13] 2.28 [1.12-4.65]
> 24 months 151 (16.1) 10 (6.0) 1 - 1 -
Weight-for-height, n (%), Z score 0.02
<-3 271 (28.9) 66 (39.5) 142 | [0.90-2.24]
>—3and<-2 475 (50.6) 68 (40.7) 0.83 [0.53-1.30]
>-2 192 (20.5) 33(19.8) 1 -
Weight-for-age, n (%), Z score 0.46
<=3 666 (71.0) 125 (74.8) 1.78 [0.63-5.08]
>—3and<—2 234 (25.0) 38 (22.8) 154 | [0.52-4.57]
>-2 38 (4.0) 4(2.4) 1 -
Height-for-age, n (%), Z score 0.70
<=3 481 (51.3) 87 (52.1) 1.17 [0.75-1.82]
>—3et<—2 257 (27.4) 49 (29.3) 123 | [0.76-2.00]
>-2 200 (1.3) 31(18.6) 1 -
Fever during stay (>38°C), n (%) 0.007 0.005
No 821 (87.5) 133 (79.6) 1 - 1 -
Yes 117 (12.5) 34 (20.4) 179 | [1.17-2.74] 1.88  [1.21-2.93]
Breastfeeding, 1 (%) 0.001
No 325(34.7) 36 (21.6) 1 -
Yes 613 (63.3) 131 (78.4) 193 | [1.30-2.86]
SMC received, n (%) 0.04
No 69 (7.4) 20 (12.0) 1 -
Yes 869 (92.6) 147 (88.0) 0.58 | [0.34-0.99]
Received systematic amoxocillin treatment at inclusion, <0.001
n (%)
No 430 (45.8) 45 (27.0) 1 -
Yes 508 (54.2) 122 (73.0) 229 [1.59-3.31]
SQ-LNS received prior to inclusion, # (%) 0.0002 0.004
No 548 (58.4) 123 (73.6) 1 - 1 -
Yes 390 (41.6) 44 (26.4) 0.50 [0.35-0.73] 0.57 [0.39-0.84]
MUAC training received, n (%) 0.11
No 344 (36.7) 72 (43.1) 1 -
Yes 594 (63.3) 95 (56.9) 0.76 [0.55-1.07]
MUAC bracelet at home, 1 (%) 0.27
No 434 (46.3) 85 (50.9) 1 -
Yes 504 (53.7) 82 (49.1) 0.83 [0.60-1.16]
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FIGURE 3
Weekly concordance and discordance to the theoretical number of RUTF sachets to be distributed by health personnel to children under the OptiMA
protocol, Mirriah, Niger 2019.

suggesting that recovery for this category of children is challenging
across contexts and may not be related to RUTF dosage (5-7, 30-33).
A three-arm individual RCT comparing ComPAS, OptiMA, and
Niger’s national standard was recently completed in the same district
where this cohort occurred (21); like OptiMA-DRC, it was powered
to compare outcomes of children with SAM and, for the first time,
among children admitted with MUAC <115 mm.

Current SAM programs typically plan RUTF consumption
between 120 and 150 sachets per child treated, while MAM programs
plan between 60 and 90 sachets of ready-to-use supplementary food
per child (34, 35). The average RUTF distribution of 68.8 sachets per
child per course of treatment is slightly higher than the 60.8 sachets
per child per course of treatment reported in the OptiMA pilot in
Burkina Faso or the 64.0 sachets in the OptiMA-DRC trial, which
perhaps reflects rural Niger’s heavier burden of malnutrition (19, 20).
This could be because of the lower average MUAC at admission
(117mm) in this study compared to studies from Burkina Faso
(119mm) and DRC (120 mm).

In total, we found 1.7% of ration errors on 7,699 visits (inclusion
and follow-up). This level of adherence is higher than that documented
in Burkina Faso where a similar dosage table was used and a ration error
was found for 24.1% of visits (19). This level of adherence was the result
of one day of theoretical training for the health center staff followed by
direct supervision by the doctor in charge of the two study sites.

The 15.1% rate of hospitalization is in line with Niger’s historical
trend (17). More than 40% of hospitalized children were admitted
with MAM, which is not surprising given a previous study showing
substantial morbidities in such children (12). Inpatient mortality was
1.8%, well below the threshold of 10% used by the WHO (10). While
interpretation of this low inpatient mortality rate should be done with
caution, it may be related to the fact that OptiMA provides for early
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initiation of treatment in the MAM population, allowing clinicians to
detect children who may need hospital care at an earlier stage of the
wasting process. A recent study in Sierra Leone showed how treating
children with MAM substantially lowered the risk of deteriorating to
SAM and death when compared to nutrition counseling alone (36).

This operational study was unique in that nearly 40% of the
children enrolled in OptiMA had been supplemented with SQ-LNS
before being treated for acute malnutrition with RUTE Routine
supplementation with SQ-LNS to at-risk children from 6-23 months
has a strong evidence base, including significant relative risk
reductions in stunting, wasting, anemia, and mortality, as well as
improved cognitive development (22-25). While the duration of
SQ-LNS prior to inclusion under OptiMA was not recorded, this is
the first investigation of how supplementation with SQ-LNS may
articulate with simplified treatment protocols in a zone with an
extremely high burden of acute malnutrition.

An important finding was that children who received SQ-LNS
prior to being treated for malnutrition were 43% less likely to
be hospitalized. This protection against hospitalization could result
from the sustained access to high-quality complementary food helping
these children to better weather an episode of acute malnutrition. Any
combination of interventions that reduces hospitalizations needs
serious consideration, especially in areas like southern Niger where
inpatient care is costly to both individuals and the fragile public
health system.

That none of the 12 children admitted under OptiMA with edema
came from the SQ-LNS group is interesting. It is impossible to say if
SQ-LNS had any preventive effect because the numbers are too small,
and the health zone without SQ-LNS distributions is a known foyer
for edema. There is, however, biological plausibility. Even though the
etiology of kwashiorkor is unclear, evidence points to the lack of a
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balanced diet including animal source proteins is a likely contributing
factor, and SQ-LNS can help fill in these nutrient gaps (37, 38). Testing
this hypothesis in a context with a high burden of kwashiorkor would
be a valuable future study.

There were two main limitations to this study. First, even though
the percent positive for a rapid diagnostic test for malaria at inclusion
is known, no data was collected on clinical diagnoses of malaria,
diarrhea, pneumonia, or other co-morbidities such as HIV or
tuberculosis during treatment. Adjusting the model with such
variables could impact the association of SQ-LNS with reduced
hospitalizations. Second, stratification of SAM and MAM according
to the WHO definition does not reflect the burden of SAM and MAM
according this definition but only among children included with
MUAC <125mm or edema.

One strength of this study is the robust data collection and
monitoring conducted in a program setting that led to a high-quality
individualized database. While this is not common in programs,
we show here that it is possible. Another strength is the adherence to
the protocol as reflected in the low rates of discordance in following the
OptiMA RUTF distribution table and low rate of systematic antibiotic
treatment for children admitted with a MUAC of 120-124 mm.

5. Conclusion

A simplified protocol in rural Niger resulted in acceptable
recovery rates overall, but substantially lower recovery rates among
children admitted <115 mm, in whom non-response was high. This
requires further investigation. Supplementation with SQ-LNS before
treatment was associated with fewer hospitalizations, showing how
combining food-based prevention and simplified treatment protocols
may yield benefits above and beyond what each intervention confers
alone in areas with a persistently high burden of malnutrition.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

The studies involving human participants were reviewed and
approved by National Ethics Committee for Health Research in Niger
(Number 018/2019/CNERS July 11, 2019). Written informed consent
to participate in this study was provided by the participants’ legal
guardian/next of kin.

Author contributions

SS, KP, and RA designed the study methodology and wrote the
protocol. RA, AA, OM, AS, and AM coordinated the study teams and
Ministry of Health of Niger staff working in the trial. BS, RA, RM, AA,
OM, and CY organized and supervised data collection. CY developed
the database. BS, KP, MD, SS, and RM developed the statistical analysis
strategy. BS performed the statistical analysis and all other authors

Frontiers in Public Health

11

10.3389/fpubh.2023.1199036

interpreted the results. KP wrote the first draft of the manuscript with
substantial inputs from SS, MD, and CC. KP, SS, and RB were
primarily responsible for the final content of the manuscript. KP, BS,
MD, CY, RA, AA, OM, AS, AM, CC, RM, RB, and SS critically
reviewed the first draft and made substantial writing contributions to
the development of the final manuscript and had full access to all the
data in the study. BS, MD, CC, CY, and RM verified the underlying
data of the study. KP, SS, and RB had final responsibility for the
decision to submit the manuscript for publication. All authors
contributed to the article and approved the submitted version.

Funding

This study was primarily funded by the European Commission
through the European Civil Protection and Humanitarian Aid
Operations (ECHO, Brussels, Belgium). This Article covers
humanitarian aid activities implemented with the financial assistance
of the EU. The views expressed herein should not be taken, in any way,
to reflect the official opinion of the EU, and the European Commission
is not responsible for any use that might be made of the information
it contains. UNICEF provided the ready-to-use therapeutic food
(RUTFE) for the study.

Acknowledgments

We thank the caregivers and children who participated in the study.
We also thank the ALIMA operational team in Niger who managed the
trial and the nutrition program on a day-to-day basis. We thank the
Ministry of Health of Niger. This study was developed as part of the
Clinical and Operational Research Alliance (CORAL). The aim of this
research platform is to develop high-quality innovative and transformative
research programs through a partnership between scientists from the
research institute INSERM (Institut National de la Santé et la Recherche
Meédicale, Bordeaux, France, and Abidjan, Cdte d’Ivoire) and the
humanitarian organization ALIMA (Paris, France, and Dakar, Senegal),
primarily on improving maternal and child health outcomes. The
CORAL research platform meets annually with an external scientific
advisory board to review projects and strategic orientation.

Conflict of interest

KP serves on the Social Purposes Advisory Commission of
Nutriset, a main producer of lipid-based nutrient supplement products.

The remaining authors declare that the research was conducted in
the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

frontiersin.org


https://doi.org/10.3389/fpubh.2023.1199036
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Phelan et al.

References

1. United Nations Children’s Fund (UNICEF). World health organization, International
Bank for Reconstruction and Development/the World Bank. Levels and trends in child
malnutrition: Key findings of the 2021 edition of the joint child malnutrition estimates.
Geneva: World Health Organization (2021).

2. Isanaka S, Andersen CT, Cousens S, Myatt M, Briend A, Krasevec J, et al. Improving
estimates of the burden of severe wasting: analysis of secondary prevalence and
incidence data from 352 sites. BMJ Glob Health. (2021) 6:¢004342. doi: 10.1136/
bmijgh-2020-004342

3. Headey D, Heidkamp R, Osendarp S, Ruel M, Scott N, Black R, et al. Impacts of
COVID-19 on childhood malnutrition and nutrition-related mortality. Lancet. (2020)
396:519-21. doi: 10.1016/S0140-6736(20)31647-0

4. No wasted lives. Accelerating action for children with acute malnutrition. (2018).
Available at: https://staticl.squarespace.com/static/58da81cdd1758e39ca705526/t/
5a7adf8171c10b8aa3b4462f/1518002053092/No+Wasted+Lives+Brochure+2018.pdf
(Accessed March 17, 2023).

5. Maust A, Koroma AS, Abla C, Molokwu N, Ryan KN, Singh L, et al. Severe and
moderate acute malnutrition can be successfully managed with an integrated protocol
in Sierra Leone. J Nutr. (2015) 145:2604-9. doi: 10.3945/jn.115.214957

6. Bailey J, Opondo C, Lelijveld N, Marron B, Onyo P, Musyoki EN, et al. A simplified,
combined protocol versus standard treatment for acute malnutrition in children 6-59
months (ComPAS trial): a cluster-randomized controlled non-inferiority trial in Kenya
and South Sudan. PLoS Med. (2020) 17:¢1003192. doi: 10.1371/journal.pmed.1003192

7. Kangas ST, Salpéteur C, Nikiéma V; Talley L, Ritz C, Friis H, et al. Impact of reduced
dose of ready-to-use therapeutic foods in children with uncomplicated severe acute
malnutrition: a randomised non-inferiority trial in Burkina Faso. PLoS Med. (2019)
16:€1002887. doi: 10.1371/journal.pmed.1002887

8. Lopez-Ejeda N, Charle-Cuellar P, GB Al¢ F, Alvarez JL, Vargas A, Guerrero S.
Bringing severe acute malnutrition treatment close to households through community
health workers can lead to early admissions and improved discharge outcomes. PLoS
One. (2020) 15:€0227939. doi: 10.1371/journal.pone.022793910

9. Isanaka S, Barnhart DA, McDonald CM, Ackatia-Armah RS, Kupka R, Doumbia
S, et al. Cost-effectiveness of community-based screening and treatment of moderate
acute malnutrition in Mali. BMJ Glob Health. (2019) 4:e001227. doi: 10.1136/
bmjgh72018—001227

10. Ashworth A, Khanum S, Jackson A, Schofield C. Guidelines for the inpatient
treatment of severely malnourished children. Geneva: World Health Organization (2003).
Available from: https://apps.who.int/iris/handle/10665/42724 (Accessed March 17, 2023).

11. Karunaratne R, Sturgeon JP, Patel R, Prendergast AJ. Predictors of inpatient
mortality among children hospitalized for severe acute malnutrition: a systematic review
and meta-analysis. Am J Clin Nutr. (2020) 112:1069-79. doi: 10.1093/ajcn/nqaal82

12. Cichon B, Fabiansen C, Yaméogo CW, Rytter MJH, Ritz C, Briend A, et al.
Children with moderate acute malnutrition have inflammation not explained by
maternal reports of illness and clinical symptoms: a crosssectional study in Burkina Faso.
BMC Nutr. (2016) 2:57. doi: 10.1186/s40795-016-0096-0

13. Childhood Acute Illness and Nutrition (CHAIN) Network. Childhood mortality
during and after acute illness in Africa and South Asia: a prospective cohort study.
Lancet glob. Health. (2022) 10:e673-84. doi: 10.1016/52214-109X(22)00118-8

14. Niger Ministry of Public Health, Department of Nutrition. National Nutrition and
Retrospective Mortality Survey, SMART Report. December 2018. (in French).

15. Niger Ministry of Public Health, Department of Nutrition. National Nutrition and
Retrospective Mortality Survey, SMART Report. December 2021. (in French).

16. Osgood-Zimmerman A, Millear A, Stubbs RW, Shields C, Pickering BV, Earl L,
et al. Mapping child growth failure in Africa between 2000 and 2015. Nature. (2018)
555:41-7. doi: 10.1038/nature25760

17. UNICEF Niger. Integrated management of acute malnutrition: monitoring weekly
admissions for 2018. (2019). (internal document, in French).

18. Save the Children UK. A cost of the diet analysis of two livelihood zones in Niger.
In: Save the Children. UK. & Rome: World Food Program (2017).

19. Daures M, Phelan K, Issoufou M, Kouanda S, Sawadogo O, Issaley K, et al. New
approach to simplifying and optimising acute malnutrition treatment in children aged
6-59 months: the OptiMA single-arm proof-of-concept trial in Burkina Faso. Br ] Nutr.
(2020) 123:756-67. doi: 10.1017/S0007114519003258

20. Cazes C, Phelan K, Hubert V, Boubacar H, Bozama LI, Sakubu GT, et al.
Simplifying and optimising the management of uncomplicated acute malnutrition in
children aged 6-59 months in the Democratic Republic of the Congo (OptiMA-DRC):
a non-inferiority, randomised controlled trial (2022) 10:¢510-20. doi: 10.1016/
$2214-109X(22)00041-9. Erratum in: Lancet Glob Health (2022) 10(5):e626

Frontiers in Public Health

12

10.3389/fpubh.2023.1199036

21. Daures M, Hien J, Phelan K, Boubacar H, Atté S, Aboubacar M, et al. Simplifying
and optimising management of acute malnutrition in children aged 6 to 59 months:
study protocol for a 3 arms community-based individually randomised controlled trial
in decentralised Niger. Trials. (2022) 23:89. doi: 10.1186/513063-021-05955-6

22.Keats EC, Das JK, Salam RA, Lassi ZS, Imdad A, Black RE, et al. Effective
interventions to address maternal and child malnutrition: an update of the
evidence. Lancet Child Adolesc Health. (2021) 5:367-84. doi: 10.1016/
§2352-4642(20)30274-1

23. Dewey KG, Stewart CP, Wessells KR, Prado EL, Arnold CD. Small-quantity lipid-
based nutrient supplements for the prevention of child malnutrition and promotion of
healthy development: overview of individual participant data meta-analysis and
programmatic implications. Am J Clin Nutr. (2021) 114:35-14S. doi: 10.1093/ajcn/
nqab279

24. Stewart CP, Wessells KR, Arnold CD, Huybregts L, Ashorn P, Becquey E, et al.
Lipid-based nutrient supplements and all-cause mortality in children 6-24 months of
age: a meta-analysis of randomized controlled trials. Am J Clin Nutr. (2020) 111:207-18.
doi: 10.1093/ajcn/nqz262

25. Prado EL, Arnold CD, Wessells KR, Stewart CP, Abbeddou S, Adu-Afarwuah S,
et al. Small-quantity lipid-based nutrient supplements for children age 6-24 months: a
systematic review and individual participant data meta-analysis of effects on
developmental outcomes and effect modifiers. Am J Clin Nutr. (2021) 114:43S-67S. doi:
10.1093/ajcn/nqab277

26. Niger Ministry of Public Health, Department of Nutrition. National Nutrition and
Retrospective Mortality Survey, SMART Report. 2019. (in French).

27. Save the Children, Humanitarian Innovation Fund. Standardised indicators and
categories for better CMAM reporting. (2015). Available at: https://www.cmamreport.
com/sites/all/themes/stc/cmam-assets/STANDARDISED%20CATEGORIES%20
AND%20INDICATORS%20FOR%20BETTER%20CMAM%20REPORTING%20%20
FINAL%20Apr%202015.pdf (Accessed March 17, 2023).

28. Sphere Association. The sphere handbook: humanitarian charter and minimum
standards in humanitarian response, fourth edition, Geneva, Switzerland, (2018).
Available at: www.spherestandards.org/handbook (Accessed March 17, 2023).

29. Cazes C, Phelan K, Hubert V, Boubacar H, Bozama LI, Sakubu GT, et al.
Optimising the dosage of ready-to-use therapeutic food in children with uncomplicated
severe acute malnutrition in the Democratic Republic of the Congo: a non-inferiority,
randomised controlled trial. eClinicalMedicine. (2023) 58:101878. doi: 10.1016/j.
eclinm.2023.101878

30.Burza S, Mahajan R, Marino E, Sunyoto T, Shandilya C, Tabrez M, et al.
Community-based management of severe acute malnutrition in India: new evidence
from Bihar. Am J Clin Nutr. (2015) 101:847-59. doi: 10.3945/ajcn.114.093294

31. Binns PJ, Dale NM, Banda T, Banda C, Shaba B, Myatt M. Safety and practicability
of using mid-upper arm circumference as a discharge criterion in community based
management of severe acute malnutrition in children aged 6 to 59 months programmes.
Arch Public Health. (2016) 74:24. doi: 10.1186/513690-016-0136-x

32. Garba S, Salou H, Nackers F, Ayouba A, Escruela M, Guindo O, et al. A feasibility
study using mid-upper arm circumference as the sole anthropometric criterion for
admission and discharge in the outpatient treatment for severe acute malnutrition. BMC
Nutr. (2021) 7:47. doi: 10.1186/s40795-021-00448-w

33.Isanaka S, Langendorf C, Berthé F, Gnegne S, Li N, Ousmane N, et al. Routine
amoxicillin for uncomplicated severe acute malnutrition in Children. N Engl | Med.
(2016) 374:444-53. doi: 10.1056/NEJMoal507024

34. United Nations international Children’s emergency fund (UNICEF). Ready-to-use
therapeutic food for children with severe acute malnutrition. Position Paper No. 1.
(2013). Available at: https://www.unicef-irc.org/files/documents/d-3838-Position-
Paper--Ready-to-.pdf (Accessed March 17, 2023).

35. Global Nutrition Cluster MAM Task Force. Moderate acute malnutrition: A
decision tool for emergencies. (2017). Available at: https://www.nutritioncluster.net/
resources/decision-tool-mam-emergencies-2014-updated-2017 (Accessed March 17,
2023).

36.Rajabi T, Schell SK, Agapova SE, Hassan A, Zalta M, Wegner DR, et al.
Supplementary feeding of moderately wasted Children in Sierra Leone reduces severe
acute malnutrition and death when compared with Nutrition counseling: a retrospective
cohort study. J Nutr. (2022) 152:1149-58. doi: 10.1093/jn/nxab451

37. Fitzpatrick MC, Kurpad AV, Duggan CP, Ghosh S, Maxwell DG. Dietary intake of
sulfur amino acids and risk of kwashiorkor malnutrition in eastern Democratic Republic
of the Congo. Am J Clin Nutr. (2021) 114:925-33. doi: 10.1093/ajcn/nqab136

38.Briend A. Kwashiorkor — new evidence in the puzzle of oedema formation.
EBioMedicine. (2022) 80:104070. doi: 10.1016/j.ebiom.2022.104070

frontiersin.org


https://doi.org/10.3389/fpubh.2023.1199036
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1136/bmjgh-2020-004342
https://doi.org/10.1136/bmjgh-2020-004342
https://doi.org/10.1016/S0140-6736(20)31647-0
https://static1.squarespace.com/static/58da81cdd1758e39ca705526/t/5a7adf8171c10b8aa3b4462f/1518002053092/No+Wasted+Lives+Brochure+2018.pdf
https://static1.squarespace.com/static/58da81cdd1758e39ca705526/t/5a7adf8171c10b8aa3b4462f/1518002053092/No+Wasted+Lives+Brochure+2018.pdf
https://doi.org/10.3945/jn.115.214957
https://doi.org/10.1371/journal.pmed.1003192
https://doi.org/10.1371/journal.pmed.1002887
https://doi.org/10.1371/journal.pone.022793910
https://doi.org/10.1136/bmjgh-2018-001227
https://doi.org/10.1136/bmjgh-2018-001227
https://apps.who.int/iris/handle/10665/42724
https://doi.org/10.1093/ajcn/nqaa182
https://doi.org/10.1186/s40795-016-0096-0
https://doi.org/10.1016/S2214-109X(22)00118-8
https://doi.org/10.1038/nature25760
https://doi.org/10.1017/S0007114519003258
https://doi.org/10.1016/S2214-109X(22)00041-9
https://doi.org/10.1016/S2214-109X(22)00041-9
https://doi.org/10.1186/s13063-021-05955-6
https://doi.org/10.1016/S2352-4642(20)30274-1
https://doi.org/10.1016/S2352-4642(20)30274-1
https://doi.org/10.1093/ajcn/nqab279
https://doi.org/10.1093/ajcn/nqab279
https://doi.org/10.1093/ajcn/nqz262
https://doi.org/10.1093/ajcn/nqab277
https://www.cmamreport.com/sites/all/themes/stc/cmam-assets/STANDARDISED%20CATEGORIES%20AND%20INDICATORS%20FOR%20BETTER%20CMAM%20REPORTING%20%20FINAL%20Apr%202015.pdf
https://www.cmamreport.com/sites/all/themes/stc/cmam-assets/STANDARDISED%20CATEGORIES%20AND%20INDICATORS%20FOR%20BETTER%20CMAM%20REPORTING%20%20FINAL%20Apr%202015.pdf
https://www.cmamreport.com/sites/all/themes/stc/cmam-assets/STANDARDISED%20CATEGORIES%20AND%20INDICATORS%20FOR%20BETTER%20CMAM%20REPORTING%20%20FINAL%20Apr%202015.pdf
https://www.cmamreport.com/sites/all/themes/stc/cmam-assets/STANDARDISED%20CATEGORIES%20AND%20INDICATORS%20FOR%20BETTER%20CMAM%20REPORTING%20%20FINAL%20Apr%202015.pdf
http://www.spherestandards.org/handbook
https://doi.org/10.1016/j.eclinm.2023.101878
https://doi.org/10.1016/j.eclinm.2023.101878
https://doi.org/10.3945/ajcn.114.093294
https://doi.org/10.1186/s13690-016-0136-x
https://doi.org/10.1186/s40795-021-00448-w
https://doi.org/10.1056/NEJMoa1507024
https://www.unicef-irc.org/files/documents/d-3838-Position-Paper--Ready-to-.pdf
https://www.unicef-irc.org/files/documents/d-3838-Position-Paper--Ready-to-.pdf
https://www.nutritioncluster.net/resources/decision-tool-mam-emergencies-2014-updated-2017
https://www.nutritioncluster.net/resources/decision-tool-mam-emergencies-2014-updated-2017
https://doi.org/10.1093/jn/nxab451
https://doi.org/10.1093/ajcn/nqab136
https://doi.org/10.1016/j.ebiom.2022.104070

	Treatment outcomes and associated factors for hospitalization of children treated for acute malnutrition under the OptiMA simplified protocol: a prospective observational cohort in rural Niger
	1. Introduction
	2. Materials and methods
	2.1. Study design, location and period
	2.2. Eligibility criteria, treatment and follow-up, and discharge criteria
	2.3. Study outcomes
	2.4. Data collection procedures and monitoring
	2.5. Data analysis
	2.6. Ethics

	3. Results
	4. Discussion
	5. Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note

	References

