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Background: In the treatment of acute malnutrition (AM), non-response
is considered a treatment failure for not meeting recovery criteria within
a therapeutic window of 12-16 weeks, but this category of children is
misunderstood. As current research emphasizes ways to simplify and optimize
treatment protocols, non-response emerges as a new issue to enhance program
efficiency.

Methods: A prospective cohort study was conducted from 2019 to 2020 at
two health centres in Mirriah, Niger among children aged 6-59 months with
uncomplicated AM treated under the Optimising treatment for Acute MAlnutrition
(OptiMA) protocol. Children who did not meet recovery criteria by 12 weeks
(mid-upper arm circumference (MUAC) >125 mm without oedema for two
consecutive weeks) were classified as non-responders. Non-responders received
a home visit six-months post-discharge. Logistic regression was used to analyze
factors associated with non-responders compared with children who recovered.

Results: Of the 1,112 children enrolled, 909 recovered and 139 were non-
responders, of which 127 (80.6%) had significant MUAC gain (mean: +9.6 mm,
sd = 5.1) at discharge. Girls (adjusted hazard ratio (aHR) = 2.07, 95% Cl 1.33—
3.25), children <12 months of age (aHr = 4.23, 95% Cl| 2.02-9.67), those with a
MUAC <115 mm (aHR = 11.1, 95% CI 7.23-174) or severe stunting (aHR = 2.5,
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1.38-4.83) at admission and a negative or flat MUAC trajectory between
admission and week 4 (aHR = 4.66, 95% Cl 2.54-9.13) were more likely to
be non-responders. The nutritional status of non-responders had generally
improved 6 months after discharge, but only 40% had achieved MUAC >125 mm.

Conclusion: Non-responders are not a homogeneous group; while most
children ultimately show significant nutritional improvement, rapid hospital
referral is crucial for those not gaining MUAC early in treatment. As efforts to
expand MUAC-based programming progress, adapting exit criterion and/or
providing additional food supplementation with smaller daily ration for children
with risk factors discussed here may help improve programme efficiency without

adding to the cost of treatment.

KEYWORDS

acute malnutrition, non response, failure to treatment, mid-upper arm circumference,
Africa, Western, children

Introduction

In 2020, acute malnutrition affected 49.5 million children aged
6 to 59 months worldwide, including 16.6% with the severest form,
(1), and contributed nearly to a quarter of all annual childhood
deaths (2). A quarter of this global burden is in Africa, and the
largest number of children on the continent affected by acute
malnutrition, 5.1 million, live in West Africa (1). The World Health
Organization (WHO) defines severe acute malnutrition (SAM) as
mid-upper-arm circumference (MUAC) < 115 mm or weight for
height Z-score (WHZ) < —3 or the presence of nutritional oedema,
and moderate acute malnutrition (MAM) as MUAC between 115
and 124 mm or WHZ between —2 and — 3 Z-score. In an effort to
simplify management of acutely malnourished children, MUAC is
becoming a stand-alone practical tool for all phases of nutrition
programming from screening to admission, monitoring recovery,
and determining discharge. Programmes using only MUAC and
oedema as admission criteria have been expanding as evidence has
accumulated that WHZ alone or in combination with MUAC does
not offer a clear advantage over MUAC alone in identifying children
at near-term risk of death (3), and that weight and MUAC gain track
each other during treatment (4, 5).

Currently, malnutrition treatment protocols consider a child
recovered when MUAC >125 mm and/or WHZ > -2 in the absence
of oedema for 2 consecutive weeks is achieved (6). Projects using
only MUAC and oedema as admission criteria use the same
discharge criteria except for WHZ. MUAC > = 125 mm at discharge
has been shown to prolong treatment duration, lead to a higher
weight gain (7-9), and to reduce the risk of relapse (10, 11). While
younger and smaller children (<65 cm) showed greater proportional
weight gain and longer length of stay, they are the most likely not to
reach the 125 mm threshold within a therapeutic window of
12-16 weeks (8). Children treated for acute malnutrition who fail to
reach MUAC >125 mm are thus classified as « Non-responders » at
programme exit (with the other outcomes being recovery, death,
default or transfer).

When outpatient treatment for acute malnutrition was first
introduced in the early 2000s, programmes typically did not report
data on non-response. As a result, non-response is poorly described
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in the literature, is often wrongly perceived as treatment failure, and
little is known about factors associated with non-response.
Non-response rates vary according to contexts or acute malnutrition
treatment protocols in place and may become more operationally
important as efforts to scale-up MUAC-based programmes progress
(8, 12-16). In a MUAC-based protocol in Malawi, 19% of chidlren
enrolled with a MUAC <115 mm were classified as non-responders
after 16 weeks of supplementation (8). In Niger, 22.7% of children
admitted with MUAC<120 mm and 35.7% admitted with WHZ < -3
or MUAC <115 mm were classified as non-responders after 8 weeks
of supplementation (13). The Combined Protocol for Acute
MAlnutrition Study (ComPAS), a MUAC-based simplified protocol,
found a non-response rate of 14.7% in the intervention arm and
13.7% in the standard arm after 16 weeks in Kenya and South Sudan
(14). Meanwhile, a cohort study including 27,800 children under the
ComPAS protocol in Mali reported a non-response rate of less than
1% (16).

The Optimizing treatment for acute MAlnutrition (OptiMA)
strategy is a MUAC-based approach to simplify and optimize
treatment of acute malnutrition in children aged 6 to 59 months. The
OptiMA strategy trains mothers to use MUAC bracelets to detect
acute malnutrition in their children and targets treatment to those
with MUAC<125 mm or oedema using one product - ready-to-use
therapeutic food (RUTF) - at a gradually reduced dose based on a
child’s weight and MUAC status during treatment (16). This strategy
has been successfully tested in a randomized controlled trial in the
Democratic Republic of Congo (DRC) (16, 17) and in a large-scale
cohort study in Burkina Faso (18). A prospective cohort study
including acutely malnourished children treated under this strategy
was conducted in two health zones in rural Niger in preparation for
a randomised controlled trial comparing the Nigerien national
nutrition protocol to two simplified protocols (ComPAS, OptiMA)
(19, 20). As part of this cohort in Niger, a post-discharge follow-up
visit at home was conducted for children classified as non-responders.
In this article, we report a secondary analysis of children treated
under the OptiMA protocol and aimed at identifying factors
associated with non-response and at describing the nutritional status
of children classified as non-responders 6 months after discharge
from treatment.
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Methods
Study design, setting and period

An observational cohort study of children treated with the
MUAC-based OptiMA nutrition strategy was conducted in two health
facilities in the Mirriah district, in south-eastern Niger. Enrolment
started in July 2019 and continued until November 2019, with weekly
outpatient follow-up ending in January 2020. Between April and June
2020, this cohort was extended for a subset of children classified as
non-responders (defined below) at exit from treatment under
OptiMA, with a home visit conducted at 6 months post-discharge.

The non-governmental organization « The Alliance for
International Medical Action (ALIMA) » has supported the Ministry
of Health since 2009 to provide both outpatient and inpatient medical
and nutritional care to children <5 years of age in the study area. The
Zinder region is particularly affected by AM, with high prevalence of
SAM and MAM in 2020, at 4.9% (95CI: 4.2-5.8) and 13.0% (95 CI:
11.7-14.5), respectively (21). Mirriah is one of the most populated
districts in Niger, with an estimated population of 700,000 in 2019
with 20 health zones and a district hospital located in Mirriah town.

From 2015 to 2020, ALIMA also implemented a programme to
prevent the occurrence of AM in 3 of the 20 health zones, by providing
monthly nutritional supplementation [20 g/day of small quantity
lipid-based nutrition supplements (SQ-LNS)] to all non-malnourished
children aged 6-23 months of age. The OptiMA treatment protocol
was implemented in one health zone where SQ-LNS was provided and
in another where it was not.

Eligibility criteria, treatment and follow-up,
and discharge criteria in OptiMA strategy

Children were considered eligible for inclusion in the OptiMA
protocol if they were aged 6-59 months, had a MUAC<125 mm
or bipedal oedema without medical complications, resided in
either Gaffaty (no SQ-LNS provided) or Guirari (SQ-LNS
provided) health zones, and had written informed consent from
their legal guardian.

Children were followed at weekly consultation in health centre,
where they underwent a clinical assessment including anthropometric
measurements, and received a weekly RUTF ration according to the
severity of their malnutrition. In contrast to the weight-based RUTF
ration in the national programme, which is fixed at 150-200 kcal/kg per
d (628-837 kJ/kg per day) for the course of treatment, the OptiMA
RUTEF ration was calibrated to the child’s degree of wasting based on the
combination of MUAC status and weight. This meant that the most
severely malnourished children received more nutritional support,
which was gradually reduced as the child's MUAC and weight increased.
Children with MUAC <115 mm or oedema received 150 kcal/ kg per d
(732 kJ/kg per day) of RUTE. Children with MUAC 115-119 mm,
either at admission or during the course of treatment, received 110 kcal/
kg per day (523kJ/kg per day) of RUTE and children with
MUAC>120 mm received 75 kcal/kg per day (314 kJ/kg per day) of
RUTF (with a minimum of one sachet per day) until discharge from the
OptiMA strategy. Health promotion such as counseling on
recommended Infant and Young Child Feeding (IYCF) practices,
family MUAGC, as well as support for continued breastfeeding are also
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provided to mothers during the weekly outpatient visit by
health workers.

All other systematic treatments, clinical care and hospitalization
follow the national protocol recommendations (22). Amoxicillin
75 mg/kg/day was prescribed to all children included with MUAC
<120 mm or oedema. All children received vitamin A, deworming
with albendazole if older than 12 months, rapid malaria test (RDT) on
enrolment and at any time during their participation if clinical signs
of malaria were detected, and treated with artesunate-based
combination therapy when positive.

Recovery was defined as a MUAC >125 mm and no oedema for
two consecutive weeks, a good clinical health and a minimum stay in
the programme of 4 weeks. Non-response was defined differently for
children admitted with SAM or MAM, as failure to meet discharge
criteria at 10 and 12 weeks, respectively. Children with MUAC
<115 mm or WHZ < -3 after 10 weeks of treatment were transferred
to the national standard protocol at week 11 and children with MUAC
115-124 and WHZ > -3 were discharged at week 12. Non-responders
were systematically visited at home in order to evaluate their
nutritional status at 6 months after exit from treatment.

Study population

This analysis includes children who either achieved recovery or
were discharged as non-responders in the OptiMA protocol.

Non-responders were further divided into 2 two categories:
“Treatment failure” for any child who did not gain or lost MUAC
during the study period; “Slow response” for those who gained MUAC
between enrolment and discharge, considering a measurement
discrepancy of 2 mm (23).

Data collection

During the weekly outpatient follow-up, socio-demographic,
clinical, and anthropometric data were collected by MoH staff
supervised by a project manager using the national programme’s
individual outpatient record. Staff involved in data collection had been
trained on the study protocol prior to enrollment. The child’s weight,
MUAG, temperature, clinical symptoms and amount of RUTF ration
were recorded at each weekly visit to the health centre. Length was
measured at enrolment and once a month thereafter. Weight was
measured to the nearest 100 g using a Salter scale, and length was
measured to the nearest 0-5 cm using a height board with the child in
a supine position (or standing if taller than 85 cm). MUAC was
measured to the nearest mm using a MUAC bracelet demarcated in
1 mm increments. Whether a child had received SQ-LNS prior to
enrolment was reported by the caregiver without specifying the
duration of supplementation. Missed weekly visits were reported on
the form. At each visit, supervisors ensured that the scales were
correctly calibrated and that the MUAC bracelets and height boards
were in good condition. All data collected were anonymised before
being entered into a database created, managed and stored by the
PACCI research programme in Cote d’Ivoire. Requests were sent to
the study team in the field in Niger twice a month to correct any input
errors: missing data, inconsistent data, aberrant data. An external
monitoring visit was carried out by PACCI at both study sites in Niger.
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During the home visit data collection among the non-responders,
a team composed of a Community Health Worker (CHW) and a
nurse supervised by the study project manager visited children at
home to collect data on the nutritional status 6 months after their
discharge from OptiMA protocol. A paper form was used and then
entered in an anonymized database. Data on anthropometric
characteristics, hospitalization and outpatient health centre visits
between OptiMA programme discharge and the home visit were
collected. The same tools as described above were used to collect
anthropometric data at home. Children who could not been seen
after two home visits attempts were considered lost to follow-up.

Data analysis

We compared sociodemographic, nutritional and medical
characteristics at enrolment and discharge between children classified
as non-responders and those who recovered from the OptiMA
programme. Anthropometric characteristics (MUAC, weight-for-
height Z-score (WHZ), weight-for-age Z-score (WAZ) and height-
for-age Z-score (HAZ)) were described at enrolment and discharge
from the OptiMA programme and 6 months after discharge for
children classified as non-responders. Anthropometric Z-scores were
calculated using the WHO 2006 growth standards.

Continuous variables were described in terms of mean (standard
deviation, sd) using independent samples t-test or Mann & Whitney
test, depending on the expected conditions of use. Categorical variables
were described as frequencies and compared between included and
excluded children, using the Chi® test or the Fisher exact test.

Logistic regression analysis to identify factors associated with
non-response was performed using the RStudio “glm” package.
Univariate analysis was performed by fitting a separate model for each
covariate. Variables with a p-value <0.2 were included in the multivariate
analysis. In addition, the association between continuous variables such
as age, MUAC, WHZ, WAZ, and HAZ was examined before building the
statistical model. Variables with a correlation coeflicient < 0.3 were
included in the model. Multivariate analysis was performed using
forward stepwise regression and variables with p-value <0.05 were
considered as statistically significant in the final model.

The “treatment failure” and “slow response” groups were compared
in terms of socio-demographic, anthropometric and medical
characteristics at enrolment and discharge from the OptiMA
programme and 6 months after discharge for children classified as
non-responders. The same tests were used as described above.

We also used mixed effects generalized additive models to fit and
plot the means of the anthropometric parameters. The smooth terms
in the model were represented by using penalized regression splines.
Covariates included the randomization treatment, interaction terms
between randomization treatment and time, adjusted on age and sex
of the child at each visit. We plotted a 95% confidence interval (95%
CI) band around each curve to compare the groups.

All statistical analyses were performed using the RStudio software
(RStudio, Inc.).

Ethical statement

The study was ethically approved by the Ethics Committee of
Health Ministry of Niger (approval #018/2019/CNERS). Written
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informed consents (signature or fingerprint) were obtained from
caregivers prior to enrolment for all children included in the study.

Results

Of the 1,112 children included in the prospective cohort study
from July to November 2019, 909 (82.3%) recovered and 139 (12.6%)
were classified as non-responders (Figure 1). Of the 139 children
discharged as non-responders, 127 (91.4%) were seen at home 6
months after discharge (Figure 1).

Baseline characteristics of children included in this analysis, i.e.,
discharged as non-responders and recovered on OptiMA are shown
in Table 1. Compared to recovered kids, non-responders were more
likely to be girls (61.9-53.8%, p = 0.07) and younger (11 months IQR:
8, 15 vs 14 months IQR: 10, 20). While 83.3% of recovered children
had no missed visit, this proportion was 51.1% for non-responders
but, programme attendance was regular with only one missed visit for
the majority of this group which is low in relation to program
duration. Compared to recovered kids, non-responders were more
likely to be hospitalized (51.1% vs. 8.8%, p < 0.001), more likely to
be RDT positive during follow-up (40.3% vs. 27.3%, p < 0.001) and
more likely to have either a loss or no gain in MUAC between
admission and week 4 of treatment (89.9% vs. 73.0%, p < 0.001).
Recovered children received a median of 52 (IQR 43, 73) sachets of
RUTF during a median duration of 6 weeks (IQR 4, 9) while
non-responders received a median of 119 (IQR 104, 138) sachets
during a median duration of 11 weeks (IQR 9, 11). As per the study
protocol, children with SAM and MAM were discharged from the
programme after 10.5 weeks (sd = 1.0) and 11.3 weeks (sd = 0.5) in
median to be thereafter transferred to the national protocol,
respectively.

Anthropometric characteristics at baseline, discharge and 6
months post-discharge are shown in Table 2. MUAC on admission
was significantly lower in non-responders than in recovered children:
110.3 mm (sd = 7.5) and 118.3 mm (sd = 4.2), respectively (p < 0.001).
Approximately 70% of non-responders were admitted with a MUAC
less than 115 mm compared to 17.6% of recovered. The mean MUAC
gain between admission and discharge showed that both recovered
and non-responders had a significant MUAC gain with a greater
improvement for the recovered (9.1 mm, sd=4.2) than
non-responders (6.9 mm, sd = 7.7). At discharge from the OptiMA
protocol, almost 60% of non-responders achieved a WHZ > = — 2.
Multiple anthropometric deficits were more common in the
non-responder category than in the recovered with 61.9 and 49.7% of
severe stunting (p =0.008) and with 88.5 and 69.6% of severe
underweight (p < 0.001), respectively.

Factors associated with non-response are shown in Table 3.
Girls (adjusted hazard ratio (aHR) =2.07, 95% CI 1.33-3.25),
children younger than 12 months (aHR = 4.23, 95% CI 2.02-
9.67), those with a MUAC <115 mm or oedema on admission
(aHR =11.1, 95% CI 7.23-17.4) or a HAZ< -3 Z-score
(aHR = 2.5, 1.38-4. 83), a negative or flat MUAC trajectory
between admission and week 4 (aHR = 4.66, 95% CI 2.54-9.13)
and those with a negative appetite test during follow-up
(aHR = 3.42,95% CI 1.17-9.62) were more likely to be discharged
as non-responders. Children who received SQ-LNS prior to
treatment with RUTF were less likely to be discharged than
non-responders (aHR = 0.49, 95% CI 0.30-0.77).
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Children included in OptiMA
N=1,112

Children eligible for analysis
N= 1048

Excluded from analysis N=64 (5.7%)

- Deceased : 7

- Others (defaulted, transferred) : 49

- Lost to follow-up after inclusion with no
further visit:6

- Deceased after inclusion with no further
visit:1

- Follow-up in progress: 1

'

!

Recovered
N= 909 (86.7%)

Non-responders
N= 139 (13.2 %)

Not seenat home visit N=12
(8.6%)

- Exodus: 2

- Refusal to participate: 1
- Lost to follow-up: 9

v

Non-Responders seen at home
6 months after discharge

N=127 (91.4%)

FIGURE 1

Flowchart of children included in the secondary analysis of non-response, Mirriah District, Niger.

Of the 139 children discharged as non-responders (Table 4),
80.6% were defined as having a slow response, with a mean MUAC
gain of 9.6 mm (sd = 5.1) during the outpatient treatment period. The
remaining children (19.4%) were identified as treatment failures
because they had an average MUAC loss of —4.2 mm (sd = 5.1) during
the treatment period. The mean MUAC at baseline was significantly
lower in the children classified as slow responders than in the
treatment failure group at 108.6 mm (sd =7.0) and 117.6 mm
(sd =5.0), respectively (p <0.001). Children classified as slow
responders also had worse anthropometric co-deficits at enrolment,
while the treatment failure group were more likely to be hospitalized
(74.1-45.5%, p = 0.008). Factors associated with slow response were
those  described
(Supplementary file SI).

similar  to above for non-responders

Growth curves adjusted for age and sex (Figure 2) showed that the
trajectories of anthropometric criteria were different for the three
groups from enrolment. The treatment failure group started with
similar anthropometric criteria compared to the recovered children,
but their weight and MUAC decreased dramatically during outpatient
follow-up, whereas the “slow responders” started with lower MUAC
and weight and then improved more slowly than the recovered children.

Six months after discharge from the OptiMA programme, the
mean MUAC of non-responders increased from 117.2 mm (5.6) to
121.0 mm (sd = 8.5), 20.5% of them still had a MUAC<115 mm and
39.5% reached the MUAC threshold of 125 mm (Table 2). At 6 months
after discharge, 66.4 and 61.6% of non-responders were still severely
stunted and severely underweight, respectively. The mean MUAC gain

6 month after exit for both the slow response and treatment failure
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groups had generally improved, but in both groups around 60% of
children still had a MUAC <125 mm 6 months after discharge from
the OptiMA programme (Table 4). Three (2.4%) deaths were recorded
among the non-responders including two in the treatment
failure group.

Discussion

To the best of our knowledge, this is the first description of
African children who fail to meet discharge criteria at the end of
acute malnutrition treatment despite regular programme attendance.
In this cohort, children who failed to achieve a MUAC >125 mm for
two consecutive weeks were divided into two distinct groups: those
whose rate of MUAC gain was similar to those who recovered
(9.6 mm, sd = 5.1 vs. 9.1 mm, sd = 4.2) and those whose MUAC gain
was flat or negative. The vast majority (80.6%) were in first group, the
slow responders. They started with a lower MUAC on admission and
failed to reach the discharge threshold within the allocated treatment
period. The second group, treatment failures, had a higher MUAC on
admission but their anthropometric measurements declined during
follow-up and they were much more likely to be hospitalized,
suggesting that acute malnutrition in these cases was associated with
acute and/or chronic illness. Children younger than 12 months, girls,
children with a low MUAC (<115mm) or severe stunting at
enrolment, and a flat or negative MUAC trajectory between
admission and week 4 of treatment were found to be at higher risk of
non-response, whereas receiving SQ-LNS prior to being treated with
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TABLE 1 Demographic, nutritional and medical characteristics of children discharged as non-responders and recovered under OptiMA protocol,

Mirriah district, Niger (n = 1,048).

Demographic Characteristics at admission

Non-responders

n= 139

% or median

(IQR)

Recovered
n= 909

% or median

(IQR)

Female 575 54.9 86 61.9 489 53.8 0.07
Age in month 14 (10, 20) 11(8,15) 14 (10, 20) <0.001
Age categories, months
6-11 468 44.7 92 66.2 376 41.4 <0.001
12-23 425 40.6 37 26.6 388 42.7
>24 155 14.8 10 7.2 145 16
Nutritional characteristics at admission
Breastfed 707 67.5 115 82.7 592 65.1 < 0.001
Received SQ-LNS prior to the
415 39.6 36 25.9 379 41.7 < 0.001
index malnutrition episode
Follow-up characteristics
Median amount of RUTF
1,048 56 (44,86) 139 119 (104, 138) 909 52 (43,73) < 0.001
received, sachets
Median lenght of RUTF
1,048 6 (4,9) 139 11 (9,11) 909 6(4,9) <0.001
treatment, days
Number of missing visits during the follow-up
no missing visit 828 79.0 71 51.1 757 83.3 < 0.001
one missing visit 149 14.2 40 28.8 109 12.0
at least 2 missing visits 71 6.8 28 20.1 43 4.7
SMC received at least once during
748 71.4 110 79.1 638 70.2 0.03
the follow-up
Clinical characteristics
Positive Malaria RDT at admision 154 14.7 14 10.1 140 15.4 <0.001
Positive Malaria RDT during the
286 27.3 56 40.3 240 27.3 < 0.001
follow-up
Weight loss or stagnation at least
680 64.9 109 78.4 571 62.8 < 0.001
once in the first month
MUAC loss or stagnation at least
789 75.3 125 89.9 664 73 < 0.001
once in the first month
Negative appetite test at least
22 2.1 9 6.5 9 14 < 0.001
once during the follow-up
Fever (T > 38°c) at least once
169 16.1 28 20.1 141 15.5 0.2
during the follow-up
Hospitalization
Children hospitalized at least
151 14.4 71 51.1 80 8.8 < 0.001
once
Main diagnosis: stagnant or loss
60 41.7 29 40.8 31 425 0.8
weight
Malaria 55 36.4 25 352 30 37.5 0.8
Length of hospitalization, days 151 4(3.0,5.0) 71 4(3.0,5.0) 80 4(3.0,5.0) 0.3

MUAC: mid-upper arm circumference. RUTF: ready-to-use therapeutic food. SQ-LNS: small quantity lipid-based nutritional supplement. RDT: rapid diagnostic test. SMC: seasonal malaria

chemoprevention.
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TABLE 2 Anthropometric caracteristics of children at admission and discharge under OptiMA protocol and 6 months post-dicharge for non-
responders, Mirriah district, Niger (n = 1,048).

Overall Non-responders Recovered

1,048 n = 139 n = 909

% or mean % or mean % or mean
(Sd) (Sd) (Sd)

MUAC characteristics at admission, discharge and 6 months post-discharge

MUAC at admission, mean(sd) 117.2 (5.5) 110.3 (7.5) 118.3 (4.2) < 0.001
MUAC <115 mm at admission 256 244 98 70.5 158 17.4 < 0.001
Oedema (+, ++) 10 1.0 1 0.7 9 1.0 <0.001
MUAC at discharged, mean (sd) 126 (4.6) 117.2 (5.6) 127.4 (2.4) < 0.001
MUAC <115 mm at discharge 25 2.4 25 18.0 0 0 < 0.001
Average MUAC gain during OptiMA
8.8 (4.9) 6.9 (7.7) 9.1 (4.2) <0.001

program (mm)
MUAC at 6 months post-discharge,

- 121 (8.6) - _ _
mean(sd)*
MUAC <115 mm at 6 months post-

- - 25 20.5
discharge *
MUAC > = 125 mm at 6 months post-

- - 49 39.5 - - -
discharge *
MUAC gain at 6 months after exit program* 3.6 (8.4) - - -

WHZ characteristics at admission. Discharge and 6 months post-discharge

WHZ at admission, mean (sd) —2.6 (0.8) —3.0 (1.0) —2.5(0.8) < 0.001
WHZ < -3 at admission 316 30.2 71 51.1 245 27.0 <0.001
WHZ at discharge, mean (sd) - —1.1(0.9) —1.7 (1.2) —0.9 (0.8) < 0.001
WHZ < -3 at discharge 23 22 18 12.9 5 0.6 <0.001
WHZ > = — 2 at discharge 904 86.3 83 59.5 821 90.3 <0.001
WHZ at 6 months post-discharge, - - - _ _
mean(sd)* —20D

WHZ < -3 at 6 months post-discharge * - - 21 16.8 - - -
HAZ characteristics at admission. Discharge and 6 months post-discharge

HAZ at admission, mean(sd) -3(1.3) —3.4(1.4) —3.0(1.3) <0.001
HAZ < -3 at admission 538 51.3 86 61.9 452 49.7 < 0.008
HAZ at discharge, mean (sd) —3.6 (1.4) —4.6 (1.2) —3.5(1.4) < 0.001
HAZ < -3 at discharge 699 66.7 126 90.0 573 63.0 <0.001
HAZ at 6 months post-discharge, mean(sd)* - - —3.5(1.3) - -

HAZ < -3 at 6 months post-discharge * - - 83 66.4 - -

‘WAZ characteristics at admission. Discharge and 6 months post-discharge

WAZ at admission, mean(sd) —3.5(0.8) —4.1(1.0) —3.4(0.8) < 0.001
WAZ < -3 at admission 747 71.3 123 88.5 624 68.6 <0.001
WAZ at discharge, mean (sd) —2.8(1.0) —3.9(0.8) —2.6 (0.9) < 0.001
WAZ < -3 at discharge 450 42.9 125 89.9 14 10.1 <0.001
WAZ at 6 months post-discharge,

mean(sd)* i i —33 0 i i

WAZ < -3 at 6 months post-discharge * - - 77 61.6 - -

*#3 children died 6 months after discharge. HAZ: height for age Z-score. MUAC: mid-uppe arm circumference. WAZ: weight for age Z-score/ WHZ: weight for height Z-score.
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TABLE 3 Factors associated with non-response of acute malnutrition treatment under OptiMA protocol, Mirriah district, Niger (N = 1,048).

Univariate analysis Multivariate analysis
Factors 95%Cl p-value 95%Cl p-value
Demographic characrteristics
Sex
Male 1 1
Female 1.39 0.97-2.02 0.076 2.07 1.33-3.25 0.001
Age categories (months) <0.001 <0.001
>24 1 1
6-11 3.55 1.88-7.44 <0.001 4.23 2.02-9.67 0.001
12-23 1.38 0.70-3.00 0.4 1.7 0.79-3.94 0.2
Anthropometric characteristics
MUAC categories
>115mm 1 1
< 115 mm or
oedema 12 7oa1es <0001 1.1 7.23-17.4 <0.001
HAZ, categories <0.001
> —2 Zscore 1 1
< — 3 Zscore 1.83 1.12-3.10 <0.001 25 1.38-4.83 0.003
>-3and< -2
Zscore b 0.08.218 02 13 0.69-2.64 0.4
WHZ, categories <0.001
> —2 Zscore 1
< — 3 Zscore 3.14 1.85,5.59 <0.001 - - -
>—-3and< -2 -
Jecore 1.15 0.67,2.08 0.6 ~ -
WAZ, categories
> —2 Zscore 1
< — 3 Zscore 7.88 1.69,141.0 0.042 - - -
>—3and< -2 -
Jscore 2.45 0.48,44.9 0.4 _ -
Nutritional characteristics
Breastfed
No 1
Yes 2.57 1.65-4.15 <0.001 - - -
Received SQ-LNS
No 1 1
Yes 0.49 0.32-0.72 <0.001 0.49 0.30-0.77 0.003
Medical characteristics
SMC received at least once during follow-up
No 1
Yes 1.61 1.06-2.52 0.031 - - -
Weight loss or stagnation weight at least once in the first month
No 1
Yes 2.15 1.42-3.34 <0.001 - - -

(Continued)
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TABLE 3 (Continued)

Univariate analysis

Factors 95%Cl

10.3389/fpubh.2024.1357891

Multivariate analysis

p-value 95%Cl p-value

MUAC loss or stagnation at least once in the first month

No 1 1

Yes 3.29 1.92-6.09 <0.001 4.66 2.54-9.13 <0.001
Negative appetite test at least once during the follow-up

No 1

Yes 4.77 1.93-11.3 <0.001 3.42 1.17-9.62 0.021
Fever (T > 38°¢) at least once during the
follow-up

No 1

Yes 1.37 0.86-2.13 0.2

Number in dataframe = 1,048, Number in model = 1,048, Missing = 0, AIC = 608, C-statistic = 0.856, H&L = Chi-sq(8) 4.98 (p = 0.759).

RUTF was found as to be protective against non-response. The
nutritional status of both categories of non-responders had generally
improved 6 months after leaving the programme, but about 60% of
these children still had a MUAC <125 mm.

This analysis provides two important findings. First, close
monitoring of the response to treatment during the first few weeks of
treatment is crucial. Children with a flat or negative MUAC trajectory
during this period require careful evaluation for comorbidities or
undiagnosed underlying illnesses (i.e., sickle cell disease,
tuberculosis) (24). Second, a significant proportion of children who
are monitored may not reach recovery criteria but nevertheless
respond to treatment albeit with slower growth trajectories. These
children likely require more sustained nutritional support to achieve
and maintain healthy growth. In this light, the term ‘non-response’
in a MUAC-based programme might more usefully be redefined as
acute malnutrition secondary to acute or chronic illness for the
former group and ‘slow responders’ for the latter.

The ‘slow responders’ had an average WHZ at discharge of —1.5
(sd = 1.2), meaning that although they were still acutely malnourished
by MUAGC, they had reached the WHZ criterion for recovery. This is
explained by the high prevalence of severe stunting in this group, thus
these children are still considered at high risk of mortality with low
weight for age (25-27) and should benefit from sustained nutritional
support until MUAC is >125 mm and/or WAZ is > — 2. Routine
supplementation with SQ-LNS between 6 to 23 months has a strong
evidence base, including significant relative risk reductions in
stunting, wasting, anaemia, and mortality, as well as improved motor
skills and cognitive development (28-30). Supplementation with a
smaller daily ration such as SQ-LNS (120 kcal/day) for 6 to 12 months
after a minimum of 4-6 weeks of intensive treatment with RUTE, may
be appropriate for these children, particularly as it was shown to
protect against non-response if received prior to treatment (20).

Children at higher risk of slow response can be easily identified on
admission. Multivariate analysis showed that girls under 12 months with
severe stunting and a MUAC <115 mm were at highest risk. This analysis
is conducted within a MUAC-based program, which has been
demonstrated in several studies to be age and gender-dependent (31),
resulting screening in or selection of a higher proportion for girls and
younger children. When examining the WHO growth trajectory of
MUAC for age, these limitations are not surprising. The threshold for
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girls under 18 months to be considered well-nourished (MUAC for
age > —2) is below 125 mm, while for boys, the threshold exceeds
125 mm after 9 months old. Consequently, younger girls are less likely to
reach the MUAC threshold at 125 mm. These findings are also consistent
with previous studies describing younger and smaller children with a low
MUAC at admission who have not achieved a MUAC of 125 mm within
a specified timeframe (8). Children who meet these criteria and who have
gained 10 mm MUAC in the acute malnutrition treatment programme,
regardless of their absolute MUAC value, would be candidates for
transition to a longer-term programme to provide a smaller daily ration
such as SQ-LNS (120 kcal/day) over a longer period of time. This would
be relatively easy to implement and would avoid the need for children to
be supplemented with more expensive RUTF for long periods of time.
MUAC for age could also be considered, but several studies have shown
that the power of MUAC to predict mortality is independent of age, even
in the youngest children (<1 year) (32, 33).

The smaller treatment failure group (19.4%) could be considered
as true treatment failures, as they did not show any MUAC
improvement during treatment. Those children even lost an average of
4.2 mm over the 10-12 weeks of supplementation. This was despite the
fact that these children had a better nutritional status upon admission
than those classified here as slow responders, with a MUAC at
admission of 117 mm versus 108 mm. This group of children had more
hospitalisations (74.1%) than slow responders (45.5%), suggesting that
the treatment failure group may have been affected by more illness
episodes during their treatment. Comorbidities were not recorded in
this study but our hypothesis is consistent with a recent study showing
that episodes of acute respiratory infection, diarrhoea and malaria
were associated with non-response (34). Further clinical investigations
such as tuberculosis or sickle cell disease should also be considered.

Six months after programme exit, the nutritional status of
non-responders, both “slow responders” and “treatment failures,” had
generally improved, but only 40% achieved a MUAC >125 mm
6 months after exit from treatment under the OptiMA protocol. Niger
routinely records some of the worst demographic, economic and
health indicators in the world, with high levels of food insecurity (35),
which may partly explain the weak improvement in nutritional status
6 months after stopping treatment. Consequently, this finding
supports the transition of the ‘slow responders’ to a longer-term
nutrition programme.
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TABLE 4 Socio-demographic, anthropometric and medical characteristics of Non-responders according to their MUAC evolution under the OptiMA

protocol, Mirriah district, Niger (n = 139).

Demographic characteristics

Treatment failure

% or mean

(Sd) or

median (IQR)

Slow response

n=112

% or mean

(Sd) or

median (IQR)

Female 19 70.4 67 59.8 0.3

Age in month, median (IQR) 9(8,13) 11 (8, 16) <0.001

Age categories (months)

6-11 18 66.7 74 66.1 0.8

12-23 8 29.6 29 259

>24 1 3.7 9 8.0

Anthropometric characteristics at admission, discharge and 6 months post-discharge

MUAC characteristics

MUAC at admission, mean(sd) 117.6 (5) 108.6 (7) <0.001

MUAC <115 mm at admission 7 25.9 91 <0.001

Oedema (+, ++) 0 0 1 0.9 1

MUAC at discharge, mean(sd) 113.4 (7.3) 118.1 (4.7) <0.001

MUAC <115 mm at discharge (mm) 10 37.0 15 13.4 0.004

Average MUAC gain during OptiMA program (mm) -4.2(5.1) 9.6 (5.1) <0.001

MUAC at 6 months post-discharge * 123.1 (8.4) 120.6 (8.6) 0.3

MUAC <115 mm at 6 months post-discharge * 4 17.4 21 21.6 0.7

MUAC > = 125 mm at 6 months post-discharge * 10 435 39 382 0.6

MUAC gain at 6 months post-discharge * 8.8(9.2) 2.5(7.9) 0.001

Other anthropometric caracteristics

WHZ at admission, mean(sd) —2.48 (0.7) -3.2(1) <0.01

WHZ at discharge, mean(sd) —-2.6 (1.2) —1.5(1.2) 0.0012

WHZ at 6 months post-discharge, mean(sd) —2.1(0.8) —2.0(1.1) 0.8

HAZ, mean(sd) at admission —-2.7(1.2) —3.6 (1.5) <0.01

HAZ at discharge, mean(sd) —4.3(1.3) —4.7 (1.2) 0.2

HAZ at 6 months post-discharge, mean(sd) —3.5(1.4) —3.5(1.2) 0.8

WAZ, mean(sd) at admission —3.4(0.7) —4.2 (0.8) <0.001

WAZ at discharge, mean(sd) —4.2(0.7) -3.8(0.7) 0.018

WAZ at 6 months post-discharge, mean(sd) -3.2(0.9) -33(1) 1

Nutritional characteristics

Breastfed 23 85.2 92 82.1 0.9

Received SQ-LNS 7 259 29 259 1

Follow-up characteristics

Median amount of RUTF received, sachets 27 103 (93,130) 112 122 (109,139) <0.001

Median length of RUTF treatment, weeks 27 11 (11,12) 112 10 (9,11) <0.001

Number of missing visit during the follow-up

No missing visit 13 48.1 58 51.8 0.4

one missing visit 6 22.2 34 30.4

at least 2 missing visits 8 29.6 20 17.9

SMC received at least once during the follow-up 25 92.6 85 75.9 0.06

Clinical characteristics

(Continued)
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TABLE 4 (Continued)

Treatment failure

10.3389/fpubh.2024.1357891

Slow response

n= 27 n=112
% or mean % or mean
(Sd) or (Sd) or
median (IQR) median (IQR)

Children hopsitalized during the follow-up 20 74.1 51 45.5 0.008
RDT + at admission 0 0 14 12.5 <0.001
RDT + during follow-up 7 259 49 43.8 0.09
Weight loss or stagnation weight at least once in the

24 88.9 85 759 0.1
first month
MUAC loss or stagnation at least once in the first

25 92.6 100 89.3 0.9
month
Negative appetite test at least once during the follow-up 2 7.4 7 6.2 0.7
Fever (T > 38°¢) at least once during the follow-up 8 29.6 20 17.9 0.2

*#3 children died during the 6 months after discharge. HAZ: height for age Z-score. MUAC: mid-uppe arm circumference. RUTF: ready-to-use therapeutic food. SQ-LNS: small quantity lipid-
based nutritional supplement. RDT: rapid diagnostic test. SMC: seasonal malaria chemoprevention. WAZ: weight for age Z-score/ WHZ: Weight for height Z-score.
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This study is limited by the lack of documentation of case
management after discharge from the OptiMA programme, so it is
uncertain whether non-responders received additional RUTF
between discharge and community follow-up 6 months later.
Children who are admitted to the standard protocol after being
discharged from the OptiMA protocol may have better nutritional
status than those who are not. Whether a child had received
SQ-LNS prior to the index acute malnutrition episode was simply
reported by the caregiver without specifying how much was

Frontiers in Public Health

received or for how long, so we were unable to explore any
association between the amount of SQ-LNS received prior to
treatment and the protection against non-response. Further studies
should investigate this association. There is a need for more
powerful analysis using growth trajectories to confirm the group of
children defined as ‘slow responders’ and ‘treatment failures’ in this
study, and to evaluate a MUAC gain threshold that could be used to
transfer children into a long-term supplementation programme as
proposed here.
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Conclusion

Refining the definition of the ‘non-responder’ category is likely to
become more operationally important as efforts to scale up MUAC-based
programmes continue. Our analysis re-emphasises the importance of
rapid hospital referral for children who do not gain MUAC in the first
few weeks of treatment and who require intensive medical care. However,
the vast majority of children who do not meet recovery criteria despite
programme attendance do improve their nutritional status significantly,
but with a growth trajectory that precludes them from achieving recovery
within a reasonable timeframe of therapeutic feeding. A MUAC recovery
threshold of 125 mm is unlikely to be realistic for stunted young girls with
low MUAC. An alternative criterion, such as raw MUAC gain, could be a
relevant and operational criterion for transitioning these children at
highest risk of mortality to a longer-term feeding programme. The poor
nutritional status 6 months after discharge also reinforces the need to
provide nutritional support at lower levels and for longer periods of time
in such a context as Niger.
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