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Introduction: Of the 45.4 million children under five affected by acute malnutrition
inthe world, the majority (31.8 million) are affected by moderate acute malnutrition
(MAM). Its treatment is particularly complex in emergency settings such as the
Diffa region in Niger. This study aims to evaluate the effectiveness and coverage
of a simplified treatment protocol with Community Health Workers (CHWs) as
treatment providers.

Methods: This study is a non-randomized controlled trial. The control group
(n=181) received the standard protocol currently used in country, delivered
by nursing staff only in health centres and health posts, while the intervention
group (n = 483) received the simplified protocol which included nursing at health
centres and CHWs at health post as treatment providers.

Results: The recovery rate was higher in the simplified protocol group (99.6% vs.
79.56%, p<0.001) recording lower time to recover and higher anthropometric
gain. Treatment coverage in the intervention group increased from 28.8% to
84.9% and reduced in the control group (25.3% to 13.6%). No differences were
found in the recovery rate of children treated by CHWSs and nursing staff.

Conclusion: The outcomes using the simplified protocol exceeded humanitarian
requirements and demonstrated improvements compared to the standard
protocol showing that the simplified protocol could be safely provided by CHWs
in an emergency context. Further research in other contexts is needed to scale
up this intervention.

KEYWORDS

wasting, simplified approaches, community health workers (CHWs), mid-upper arm
circumference (MUAC), ready-to-use therapeutic food (RUTF), moderate wasting
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1 Introduction

Globally, it is estimated that acute malnutrition currently affects
45.4 million children under the age of five. The West African region
has one of the highest prevalence of global acute malnutrition (GAM)
6.9% [95% CI: (5.9%)-(8.1%)] on the African continent (1). Niger has
one of the highest national rates of GAM in the region reaching 12.5%
[95% CI: (11.1%)-(13.9%)] (2), which is above the 10% emergency
threshold set by WHO / UNICEF indicating a high prevalence (3).
The Diffa region, located in the southeast of the country, is particularly
affected by the presence of chronic armed conflicts which negatively
impacted food security, and has resulted in thousands of displaced
people in the region who require humanitarian assistance (4).

National-level reports identify factors such as increased infant
morbidity and mortality and its economic burden linked to medical
treatments and loss of productivity as directly related to acute
malnutrition prevalence in Niger (5). The term acute malnutrition
refers to two well-known forms: severe acute malnutrition (SAM),
the most extreme form which requires urgent treatment (6) due to
the 9 times higher risk of death (7), and moderate acute malnutrition
(MAM), precursor of SAM, with a 3 times higher risk of death
compared to a well-nourished child (8), an increased risk of
infectious diseases due to the deterioration of the immune system (7)
but also longer term effects that affect the physical growth, cognitive
development and future work capacity of the child (9). Recurrence
of the condition is also a very important factor to consider as it has
been shown that children who recover from MAM have high relapse
rates in the year after their nutritional recovery (10).

The WHO officially recommends SAM and MAM to be treated
independently following different protocols (11, 12), however there is
a growing consensus that acute malnutrition should be considered as
a continuous spectrum disorder, and not as two independent states
(13). SAM is treated with ready-to-use therapeutic food (RUTF) in
UNICEF-supplied outpatient therapeutic programmes (OTPs).
Whereas MAM treatment programmes use supplementary foods,
usually supported by the World Food Programme (WEP).
Considerable discrepancies exist between the treatment protocols in
different countries (14-18). MAM protocols may implement ready-
to-use supplementary food (RUSF), fortified flours, nutrition
education or counselling to improve child’s nutritional status (19, 20).
Differences also exist in the cut-off points of the anthropometric
indicators mid-upper arm circumference (MUAC) and/or weight-for-
height Z-score (WHZ) that determine admission and cure. In some
countries, guidelines for the treatment of MAM are absent (13).

Despite the implementation of Community-Based Management
of Acute Malnutrition (CMAM) programming which allows children
affected by severe or moderate acute malnutrition to be treated in
outpatient settings, treatment coverage remains very low. In a review
of 34 Supplementary Feeding Programmes, coverage was found to
range from (10%) to 70% in rural settings, with a mean coverage of
just 34.6%, and between 20% to 70% in urban settings with a mean
coverage of 40.9% (21). Furthermore, in emergency situations,
funding for SAM treatment programmes is commonly prioritised,
leaving MAM children untreated (22).

In recent years, several simplified approaches have been developed
to make treatment of acute malnutrition more accessible. Some of the
main adaptations include using (i) Family MUAC for detection of
cases, (ii) involving Community Health Workers (CHWs) as treatment
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providers, (iii) combined protocol (MUAC as the sole criterion for
admission and recovery and using RUTF to treat both SAM and
MAM cases), or (iv) reduced frequency of follow-up in specific
contexts. These simplifications aim to identify cases earlier, increase
coverage, facilitate their management, and reduce costs for
governments (23). Several research studies have demonstrated the
effectiveness of the two first approaches, mainly with SAM children
(24-29). More evidence is needed related to the combined protocol
and the potential impact of using different simplifications in the same
context (30-34).

The aim of this study is to evaluate the effectiveness and coverage
of MAM treatment in emergency settings in Niger using MUAC as the
only criterion for admission and discharge, RUTF as nutritional
product, delivered in both at health facilities and health post level.

2 Materials and methods
2.1 Treatment design and assessment

The study consisted of a non-randomized controlled trial conducted
in nine communes in the Diffa region of Niger, between December 2020
and April 2021. The total sample of the study was 664 MAM children aged
6 to 59 months, who attended treatment centres spontaneously, or were
recruited through active screening in the communities.

The experimental design comprised two groups receiving
decentralized treatment in health posts but differing in terms of treatment
provider and treatment protocol. The control group (n=181), located in
the catchment area of Kablewa, included its health centre and two health
posts located in Kawa and Oudi Peulh villages. Children were treated
following the standard CMAM protocol used in country with nursing
staff as the only health care providers. The admission criteria of the
control group consisted of WHZ < —2 and>—3 (35) and/or a MUAC<125
and>115mm and treatment was provided as a fixed dose of RUSF of 1
sachet/day (537kcal/day, 12.1g of protein, 35g of lipids and 0g of
carbohydrates) (36). Discharge criteria were both WHZ >—2 and MUAC
>125mm during two consecutive visits.

The intervention group (n=483) was located in N’Guigmi health
area and comprised of its health centre and three health posts located
in Birzoweya, Bonégrale and N'Gagala villages. Children were treated
under a simplified protocol using a different nutritional product with
both nurses and CHWs as treatment providers. In this group, the only
admission criterion was MUAC <125 and > 115 mm, and treatment
was provided with a fixed dose of RUTF of 1 sachet/day (500 kcal/day,
12.8 g of protein, 30.3 g of lipids and 45 g of carbohydrates) (36). The
discharge criterion was MUAC >125mm only, during two
consecutive visits.

During admission the presence of comorbidities and type of
admission (new, relapse, transfer...) were also recorded. The main
variable considered in the study was treatment outcome which included:
recovery (according to the anthropometric criteria outlined by each
protocol), defaulting (children not showing up for the follow-up visit for
two consecutive weeks), non-response (children that lost weight or with
a stagnant weight gain for two consecutive visits) or discharge errors
(children who appeared as cured on the records, but their
anthropometric measures did not meet the criteria established by the
protocol). Other outcome variables recorded included time to recovery,
number of sachets used, and weight and MUAC gain.

frontiersin.org


https://doi.org/10.3389/fnut.2023.1253545
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Sanchez-Martinez et al.

2.2 Socio-economic assessment

To evaluate the possible socio-economic differences and their
influence on treatment outcomes between the two groups, a socio-
economic survey was carried out with a subsample of participants
from each treatment arm (n =107 treated with standard protocol and
n=296 treated with the simplified protocol). The survey was
administered to the caregivers at the treatment sites and consisted of
four groups of questions examining the dimensions of living
conditions, namely demographics, livelihoods, food security and
diversity assessed through the Food Consumption Score (37) and
health care access.

2.3 Treatment coverage assessment

In addition to the main study, two coverage assessments were
conducted, one prior to study enrolment in November 2020 and
one at the end of the study in April 2021. Both assessments used
the standardized methodology Simplified Lot Quality Assurance
Sampling Evaluation of Access and Coverage (SLEAC) (38) in the
same communes of the study and MAM cases were defined based
on the anthropometric criteria described in the standard national
CMAM protocol. In the first phase of this methodology a spatial
sampling method was used to select the villages according to the
distribution of the health centres. A survey was then conducted
to find the number of current MAM cases registered in the
programme (covered cases), the number of current MAM cases
not registered in the programme (uncovered cases) and the
number of recovering MAM children in the programme (did not
have MAM at the time of the survey but had not yet been
discharged as recovered).

2.4 Statistical analysis

Statistical analyses were performed using the R software (39). To
assess the post-hoc statistical power, the sample size was calculated
using the Fisher’s exact test for comparing two binomial proportions
in two independent groups, under a 5% o error probability and a
two-tail hypothesis of inequality (Hy: p,=p, vs. H;: p; #p,) (40):

2
— 1
n= {,/Pq (ij 212ty P11t p2kq2 Zl_ﬁ’:| / A?

where p,, p,=projected true probabilities in the two groups.

Estimated from previous studies (85% recovery for control group and
95% recovery for simplified group) (30, 41).

Quq2=1-p,1-p2

A= py—pil
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2
n= |:1.96-\/0.9-0.1{1+1] + 0.84~\/0.85~0.15 + [0'95i0'05):| 1012 = 140

During data cleaning negative numbers or values greater than 4
standard deviations were considered as transcription errors resulting
in 12 atypical values in the time to recovery and number of consumed
sachets being eliminated. Normality of the quantitative variables was
assessed through the Shapiro-Wilk test.

Univariate statistical comparisons between the two protocols were
conducted using Pearson’s chi-square with the Yates continuity
correction for the qualitative variables. Depending on the Normality of
the distribution, Student’s t-test or Mann—-Whitney test were used for
the quantitative variables. For the coverage analysis, Mantel-Haenszel
chi-square test (p <0.05) was used to compare the final coverage of the
treatment adjusted for the initial coverage in each of the study areas.

In the multivariate analyses the principal component analysis was
applied to visualize the interdependence between the variables. The
two-dimensional representation of treated children, using components
1 and 2, allowed the inclusion of the protocol variable in the graph that
showed if there was a pattern related to the outcomes by using colours.
Building on the dependency analysis results, different multiple linear
regression models were conducted for each outcome to understand
the effect of the included explanatory variables upon admission on
treatment and their significance. To model the probability of cure over
time, a multivariate Cox regression model was used to understand the
associated Hazard Ratio (HR) of the explanatory variables included
and adjusted for the impact of the others. Follow-up time, used in the
analysis, was calculated from enrolment date to date of recovery. A
Cox model describes the relation between the event incidence, as
expressed by the hazard function and a set of covariates considering
censored data (in our case the event is the recovery of treatment and
the covariates considered in the model were: Protocol, sex, age,
MUAC, comorbidities at admission and treatment provider).
Mathematically, the Cox model is written as:

h(t):ho(t)xexp {blxl +b,yx, +...+bpxp}.

where the hazard function h(t) is dependent on a set of p
covariates (X;, X, ..., X,), whose impact is measured by the size of the
respective coefficients (b, b, ..., b,) (42). A forest plot was also used

for the graphic representation of the results.

2.5 Ethical considerations

The study was approved by the National Health Research Ethics
Committee of Niger, reference number 013/2020/CNERS. All parents
or caretakers of the children included in the study signed informed
consent prior participation in the study.
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3 Results

The socioeconomic characteristics of the two study groups are
presented in Table 1. No significant differences were found in relevant
variables in terms of demographics, food security, or access to health.
However, in the intervention group a lower proportion of participants
was less than 30 min away from the health centre (36.0% vs. 51.4%,
p=0.008). The study groups presented more differences in terms of
livelihoods, with the intervention group showing a higher proportion
of families not owning a household nor arable land but, instead, a
higher proportion of households with access to safe water, safe
sanitation and electricity compared to the control group.

The treatment coverage estimates recorded at the beginning and
end of the intervention are presented in Figure 1. During the study
period, the intervention group registered an increase of 56% in
treatment coverage while the control group recorded a 12% decrease.
After adjusting for initial coverage, there was a significant difference
in the final coverage between the intervention group (84.9%) and the
control group (13.6%).

Table 2 summarizes the characteristics of children treated for
malnutrition at the time of admission. In both groups the majority of
cases were new admissions, however, children in the intervention
group had significantly more cases of diarrhea, cough, fever, and pale
conjunctiva than the control group. Significant differences were found
for WAZ and MUAC between the groups, although the average
difference was too small to be of clinical relevance, especially in the
case of MUAC.

Table 3 shows the results for anthropometric severity at admission
by protocol group and treatment provider. Significant differences were
found between treatment providers in simplified protocol in terms of
median values of HAZ and WAZ but not for MUAC or WHZ, which
are the outcome indicators with clinical relevance for
acute malnutrition.

The treatment outcomes of the groups are presented in Table 4.
The proportion of children cured was 20% higher in the simplified
protocol group with a post-hoc calculated power of 1.000 and an alpha
error of 0.010. The same group presented fewer cases of defaulting,
non-response, and discharge errors compared to the standard CMAM
protocol. No deaths were recorded in any of the groups. The average
time to recovery was two weeks shorter for children treated with the
simplified protocol, registering a higher daily gain in both weight and
MUAC, compared to the standard protocol despite using stricter
discharge criteria.

A comparison of outcomes between service providers was made
within the intervention group (Table 5). Children treated by CHWs
recovered on average 7 days earlier, consumed less therapeutic food,
had higher daily weight gain which was almost double compared to
children treated by health staff.

Table 6 shows the variables that influence outcome indicators and
the treatment protocol of children that achieved recovery. After
adjusting for explanatory variables, it was found that treatment
protocol, significantly affects treatment outcomes by reducing the
consumption of food product and time of recovery while increasing
the daily gain of MUAC and weight. Sex did not appear to have an
influence on the outcome variables and age showed an association
only with daily weight gain, which was lower the older was the child.
Daily weight gain was significantly influenced by all explanatory
variables except sex, while the daily MUAC gain was associated only
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to the initial MUAC value, the treatment protocol and its provider. The
study also showed a significant association between lower MUAC
values at admission and increased consumption of food products, and
longer time to recovery. However, no significant association was found
with WHZ, HAZ or WAZ at admission.

The results of the Cox regression analysis are presented in a Forest
plot in Figure 2. A hazard ratio (HR) value of 1 indicates that the
variable in question does not have an impact on the probability of
recovery over time and, are not significant for recovery. The factor
with the greatest significance was the treatment protocol, with the
simplified protocol increasing the probability of child’s recovery by
more than three times compared to the standard CMAM protocol.
Being treated by a CHW compared to a health staff increased the
probability of recovery by 77%. Lastly, every additional millimeter of
MUAC presented at admission, increased the probability of
recovery by 10%.

Figure 3 presents the principal component analysis (PCA) of the
treatment outcomes in relation to the cured children in each study
group and the treatment provider. Each child is represented by a
sphere and its location within the quadrants depends on the combined
effect of all the treatment variables included. Each independent
variable is represented by an arrow showing the effect on the outcome,
hence, the greater the influence, the more pronounced the
displacement of a case will be in that direction. As expected, time to
recovery and the total consumption of food product had a similar
effect and were more influential for those cases treated with the
standard CMAM protocol (in red). The anthropometric gain
outcomes were instead associated with the cases treated with the
simplified protocol (in green). Moreover, cases treated by CHWs (in
dark green) were located more to the left, showing a stronger
association with weight gain than MUAC gain, due to their
diagonal dispersion.

4 Discussion

The present study showed that, in the emergency context of the
Diffa region in Niger, the simplified protocol was able to cure more
children, in less time, with greater anthropometric gain and less ready-
to-use nutritional product use than the standard CMAM protocol.

The two study groups had similar socioeconomic characteristics,
but differed in certain aspects, some having a positive effect on the
intervention group and others on the control group, although neither
group had a clear baseline disadvantage that could considerably
influence treatment outcomes. No significant differences were found
in anthropometric measurements; however, the simplified protocol
group presented a greater number of cases with diarrhea, cough, fever,
and pale conjunctiva, which could complicate recovery (43). Despite
of this, the intervention group recorded better treatment outcomes
with higher recovery rate and lower proportion of non-response.

After adjusting for baseline treatment coverage, the study
showed a significant increase in coverage in the intervention group
(+56.1%), and a decrease in the control group (—11.7%)
demonstrating the influence of programme adaptations. While the
simplified protocol group exceeded the 50% Sphere coverage
standard for rural areas (44), the CMAM protocol group reached
half of that target. As far as we know, this is the first study in west
Africa to evaluate coverage of MAM treatment, if we decentralize
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TABLE 1 Socioeconomic characteristics comparison between community management of acute malnutrition (CMAM) protocol group and the
simplified protocol group.

Indicator Control CMAM protocol Intervention simplified
(n =107) protocol (n =296)
N° Results N° Results
responses responses
Demographics Number of cohabiting people, mean (sd) 107 5.57 (2.59) 296 5.48 (2.24) 0.740
Number of children under 5years of age living
101 1.87 (1.95) 284 1.68 (1.75) 0.375
with the treated child, mean (sd)
Years of education of mother or primary
69 0.77 (2.55) 173 0.60 (4.00) 0.748
caregiver, mean (sd)
Livelihoods Type of housing 107 285
In propiety, % (n) 91.60 (98) 74.03 (211) <0.001
For rent, % (n) 0.00 (0) 7.02 (20) 0.011
On loan, % (1) 8.40 (9) 18.95 (54) 0.017
Households with access to safe water, % (1) 107 51.40 (55) 296 64.86 (192) 0.019
Households with access to safe sanitation, % (1) 107 0.00 (0) 296 7.43 (22) 0.008
Households with electricity, % (1) 107 4.67 (5) 296 13.51 (40) 0.021
Households with arable land, % (1) 107 28.97 (31) 292 3.42 (10) <0.001
Households with livestock, % (1) 107 56.07 (60) 296 59.46 (176) 0.621
N° cows, mean (sd) 60 6.28 (8.36) 176 6.94 (13.50) 0.657
N° sheep, mean (sd) 60 3.88 (4.97) 176 1.42 (3.20) <0.001
N° goats, mean (sd) 60 8.13 (14.55) 176 7.73 (12.75) 0.848
Households with construction land (concrete,
107 0.93 (1) 287 0.70 (2) 0.999
cement, wood, tiles...), % (n)
Households with construction roof (concrete,
107 1.87 (2) 295 0.68 (5) 0.999
cement, wood, tiles...), % (n)
Food security Number of meals per day, mean (sd) 102 2.93(0.47) 268 2.77 (0.44) 0.003
Lack of food in the last 4 weeks 107 291
No, % (1) 77.60 (83) 83.50 (243) 0.224
Rarely, % (1) 22.40 (24) 15.45 (45) 0.139
3-10 times, % (1) 0.00 (0) 0.70 (2) 0.952
More than 10 times, % (1) 0.00 (0) 0.35(1) 0.999
Food Diversity (Food Consumption Score), mean
107 56.30 (21.16) 296 53.52 (19.60) 0.237
(sd)
Poor diet, % (n) 6.54 (7) 3.04 (9) 0.193
Limited diet, % (1) 14.95 (16) 11.82 (35) 0.506
Acceptable diet, % (n) 78.50 (84) 85.14 (252) 0.153
Heath care access Behavior if the child is sick 106 296
Health centre or health post, % (1) 100.00 (106) 94.94 (281) 0.039
Traditional medicine, % (1) 0.00 (0) 4.39 (13) 0.061
Self medication, % (n) 0.00 (0) 0.67 (2) 0.965
Households with difficulty to access treatment, %
107 4.70 (5) 296 4.39 (13) 0.999
(1)
Time it takes to get to treatment 105 294
30 min or less, % (1) 51.42 (54) 36.05 (106) 0.008
Up to 1h 30 min, % (1) 34.29 (36) 40.82 (120) 0.288
More than 2h, % (n) 14.29 (15) 23.13 (68) 0.076

CMAM: community management of acute malnutrition; sd: standard deviation; n: number of individuals.
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FIGURE 1
Coverage of moderate acute malnutrition treatment in the study groups before and after the intervention. CMAM: community management of acute
malnutrition.

TABLE 2 Admission characteristics of children treated for moderate acute malnutrition by study group.

Characteristics Control CMAM protocol Intervention simplified Comparison
protocol -
Sex and age n=181 n =483
Female, n (%) 92 (50.83) 258 (53.42) 0.611N
Age in months, mean (sd) 12.33 (4.47) 14.05 (6.09) 0.001
Presence of comorbidities n=181 n =483
Diarrheal, n (%) 2(1.10) 48 (9.94) <0.001
Vomiting, 1 (%) 2(1.10) 6(1.24) 0.999%
Acute respiratory infection, 1 (%) 0 (0.00) 9 (1.86) 0.141%
Cough, 1 (%) 4(2.21) 59 (12.21) <0.001
Fever, n (%) 2(1.10) 25 (5.18) 0.032
Pale Conjunctiva, 7 (%) 0 (0.00) 27 (5.59) 0.002
Malaria positive test result, n (%) 0(0.00) 0 (0.00) 0.999%¢
Type of admission n=179 n=476
New admission, # (%) 179 (100) 472 (99.16) 0.504%%
Readmission, 1 (%) 0 (0.00) 0 (0.00) 0.999%¢
Relapse, n (%) 0 (0.00) 3(0.63) 0.678%°
Transfer, n (%) 0 (0.00) 1(0.21) 0.999%¢
Anthropometry at admission n=181 n =481
WHZ, mean (sd) —2.18 (0.75) —2.13 (1.17) 0.326™°
HAZ, mean (sd) —1.45 (1.69) —1.19 (1.56) 0.119™
WAZ, mean (sd) —2.37(0.88) —2.18 (0.91) 0.009
MUAC, mean (sd) 119.52 (1.88) 119.08 (2.03) 0.016

CMAM: community management of acute malnutrition; HAZ: height-for-age z-score; MUAC: middle-upper arm circumference; NS: Not significant p-value; sd: standard deviation; WAZ:
weight-for-age z-score; WHZ: weight-for-height z-score; #n: number of individuals.
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TABLE 3 Anthropometry at admission between study groups and treatment providers.

Protocol CMAM protocol Simplified protocol

n =181 n =481

Health staff (in health centre

Provider and health post) CHWs (in health posts) Health staff (in health centre)

n=181 n =208 n=273 p-value
WHZ, mean (sd) —2.180 (0.748) —2.185 (1.121) —2.090 (1.208) 0.112
HAZ, mean (sd) —1.451 (1.690) —1.423 (1.390) —1.015 (1.664) 0.002
WAZ, mean (sd) —2.366 (0.882) —2.327 (0.943) —2.070 (0.863) <0.001
MUAC, mean (sd) 119.508 (1.529) 119.177 (1.868) 119.014 (2.037) 0.184

CMAM: community management of acute malnutrition; CHWSs: community health workers; WHZ: weight-for-height z-score; HAZ: height-for-age z-score; WAZ: weight-for-age z-score;

MUAC: middle-upper arm circumference; sd: standard deviation; 7: number of individuals.

TABLE 4 Treatment outcomes comparison among children treated for moderate acute malnutrition by study group.

Treatment outcomes

Control CMAM protocol

Intervention simplified

protocol
n=181 n =483 p-value
Recovery, n (%) 144 (79.56) 481 (99.60) <0.001
Death, n (%) 0(0.00) 0 (0.00) -
Defaulting, n (%) 8 (4.42) 0 (0.00) <0.001
Non-response, 1 (%) 18 (9.94) 1 (0.20) <0.001
Discharge error, 1 (%)* 11 (6.08) 1 (0.20) <0.001
Time to recovery (days)** median n=141 n=472
<0.001
(IQR) 42.00 (34.00; 56.00) 28.00 (21.00; 35.00)
Food consumption** median (IQR) n=139 n=474
RUSEF sachets 60.00 (45.00; 60.00) -
RUTF sachets 28.00 (28.00; 35.00)
Weight gain** median (IQR) n=139 n=471
Total (Kg) 1.00 (0.60; 1.30) 0.80 (0.50; 1.20) 0.010
Daily (g/Kg/day) 3.08 (2.18; 4.52) 4.46 (2.86; 6.85) <0.001
MUAC gain** median (IQR) n =141 n=472
Total (mm) 8.00 (6.00; 10.00) 10.00 (8.00; 11.00) <0.001
Daily (mm/day) 0.19 (0.14; 0.25) 0.34 (0.27; 0.48) <0.001

CMAM: community management of acute malnutrition; IQR: interquartile range; MUAC: middle-upper arm circumference; RUSF: ready-to-use supplementary food; RUTF: ready-to-use
therapeutic food; n: number of individuals. *Cases discharged as cured but whose anthropometry does not meet the cure criteria according to each protocol. **Variables recorded only among

recovered children.

the treatment at health post. An increase of coverage has been
documented by other studies (27, 28, 45-47, among others) that
analysed the inclusion of CHWs as SAM treatment providers outside
the health centres by making treatment more accessible to
communities thus eliminating possible economic barriers. Although
we expect a similar effect for MAM treatment in both groups, there
are currently no available studies on MAM treatment coverage that
include health posts that can be used as comparison. The difference
that we have found, may be attributed to the number and spatial
distribution of the health posts in each health area. A geospatial
study in Niger found that the geographic distribution of community
health posts was ineflicient, and only 22.1% of the population had
access to a treatment site within a 60-min walk (48). In addition, the
same study showed that the integration of CHWs in the 7,741 health
posts in the country could increase coverage from 41.5% to 82.9%.

Frontiers in Nutrition

As our study was not a randomized controlled trial, we cannot
ensure that the distribution of the health post was the same in both
arms, and this can contribute to the increase in coverage in just the
intervention group. This finding could be also due to the protocol
used. The control group under the standard protocol used RUSF for
MAM, during the study an irregular supply of RUSF for MAM
treatment programmes was noted. Management of acute
malnutrition with the simplified protocol is easier to apply, could
reduce the workload for health service providers, could decrease the
waiting time for families, and therefore increase the number of
children that can be treated.

In terms of treatment effectiveness, both protocols presented
outcomes that exceeded the minimum recommendations for a
humanitarian response (>75% recovery, <10% death and<15%
default) (44). The group treated with simplified protocol showed
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TABLE 5 Outcomes among recovered children treated of moderate acute malnutrition with the simplified protocol compared by treatment provider

within the intervention group.

Treatment outcomes Community health workers Health staff
n =208 n=275 p-value
Recovery, n (%) 207 (99.52) 274 (99.64) 0.999
n=203 n=271
Time to recovery (days) <0.001
21.00 (21.00; 28.00) 28.00 (21.00; 36.00)
Food consumption median (IQR) n=203 n=273
RUTTF sachets 28.00 (28.00; 28.00) 35.00 (28.00; 42.00) <0.001
Weight gain median (IQR) n=201 n=270
Total (Kg) 1.10 (0.67: 1.20) 0.70 (0.50; 1.00) <0.001
Daily (g/Kg/day) 6.57 (3.69; 7.94) 3.57 (2.44; 5.02) <0.001
MUAC gain** median (IQR) n =202 n=270
Total (mm) 10.00 (8.00; 12.00) 9.00 (8.00; 11.00) <0.001
Daily (mm/day) 0.46 (0.33;0.52) 0.30 (0.23; 0.37) <0.001

MUAC: middle-upper arm circumference; IQR: interquartile range; RUSF: ready-to-use supplementary food; RUTF: ready-to-use therapeutic food; n: number of individuals.

TABLE 6 Association of sex, age, admission characteristics and protocol in treatment variables of children cured from moderate acute malnutrition.

Dependent Model 1: sachets Model 2: time to Model 3: daily MUAC Model 4: daily weight

variable consumption recovery (days) gain gain

Independent | f coefficient p-value f coefficient p-value B p-value B p-value

variables (95% Cl) (95% Cl) coefficient coefficient

(95% ClI) (95% Cl)

270.27 301.11 —20.45

(Intercept) (210.05; 330.49) <0.001 (238.85; 363.38) <0.001 1.86 (1.14; 2.58) <0.001 (~26.29; 13.04) 0.011
—0.44 ~1.50 0.02 —0.38

Sex: male (~2.43;1.54) 0.660 (~3.56;0.56) 0.154 (~0.0150.04) 0.172 (—1.66; —0.28) 0.153
-0.12 -0.15 0.01 —0.08

Age (~0.32;0.08) 0.242 (—0.37;0.06) 0.152 (=0.01;0.01) 0.230 (—0.18; —0.04) 0.004

1.76 1.05 —0.02 -1.08

Comorbidities: yes (—1.12; 4.65) 0.230 (—1.89; 3.99) 0.483 (—0.05; 0.01) 0.193 (—2.22; -0.20) 0.004
-1.77 —2.11 -0.01 0.19

MUAC (=227, -1.27) <0.001 (—2.63; —1.59) <0.001 (~0.02; —0.01) <0.001 (~0.09; 0.24) 0.005
~1.11 —6.57 0.02 218

WHZ (~7.32;5.10) 0.725 (~13.13; -0.02) 0.049 (~0.05; 0.10) 0.587 (~0.49; 3.89) 0.010
~0.36 —4.14 0.01

HAZ (—4.85;4.12) 0.874 (~8.88;0.64) 0.087 (~0.05; 0.06) 0.852 1.72 (0.04;3.22) 0.005

1.21 8.70 -0.01 —4.28

WAZ (~7.51;9.93) 0.786 (~0.48; 17.89) 0.063 (~0.11;0.10) 0.857 (=7.11;-0.97) <0.001
-6.20 —6.83

Provider: CHWs (~8.36; —4.04) <0.001 (=9.06; —4.59) <0.001 0.12 (0.09; 0.15) <0.001 2.09 (1.61; 3.10) <0.001
—22.03 -15.59 0.81

Protocol: simplified | (—24.52; —19.54) <0.001 (-18.17; —13.01) <0.001 0.10 (0.07; 0.13) <0.001 (~0.44; 1.26) 0.016

Adjusted R* 0.47 0.36 0.29 0.19

CHWs: community health workers; CI: confidence interval; HAZ: height-for-age z-score at admission; MUAC: middle-upper arm circumference at admission; WAZ: weight-for-age z-score at
admission; WHZ: weight-for-height z-score at admission.

very high recovery rates (99.6%), while the group treated with the  increase the probability of committing errors and (2) a therapeutic

CMAM protocol experienced a significant drop to 79.6% recovery  food stock break event, which may have had an effect on increasing
due to: (1) a greater number of discharge errors (6.1%), probably ~ non-response (9.9%) and defaulting (4.4%) cases. All this together

due to the fact that a more complex discharge criterion could can be associated with the lower recovery values observed in the
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FIGURE 2
Forest plot displaying multivariate cox regression model of the probability of cure over time. CMAM: community management of acute malnutrition;
MUAC: middle-upper arm circumference at admission; CHW: community health workers; N: number of individuals.
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FIGURE 3

Principal component analysis showing the relationship between
different quantitative results of interest and the protocol with which
the patient has been treated. CMAM: community management of
acute malnutrition; CHW: community health workers; MUAC:
middle-upper arm circumference at admission; PC: principal
component.

CMAM protocol group. Conversely, the ComPAS study by Bailey
et al. (30) conducted in South Sudan and Kenya, showed
non-significant differences in MAM cure rates between the standard
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and the same simplified protocol, presenting 85.1% (773/908) and
86.4% (860/995) recovery rates, respectively. Another study by
Daures et al. (31) tested a different simplified protocol called
OptiMA which consisted of the provision of a reduced RUTF dose
based on three MUAC ranges (175kcal/kg/day with
MUAC<115mm, 125kcal/kg/day with MUAC 115-120mm and
75 kcal/kg/day with MUAC 120-124 mm). Comparing like for like
MUAC ranges, the OptiMA study presented similar recovery rates
to our study (MUAC 115-124 mm: 89.48%, n=3699/4134).

The same simplified protocol as the one used in the present
study was tested in a large cohort in Mali which included CHWs as
treatment providers in the health posts and recorded a global cure
rate for MAM cases of 95.2% (17,220/18,090) (41). In the present
study, time to recovery in children treated with the simplified
protocol was significantly shorter (28 vs. 42 days with the CMAM
protocol). This finding is very consistent with the large Malian
cohort reported by Kangas et al. (41), which also recorded a time to
recovery of 28 days for MAM cases treated under the same simplified
protocol. Some differences have also been found between protocols
in terms of consumption of ready-to-use food sachets (60 RUSF
sachets with the CMAM protocol vs. 28 RUTF sachets with the
simplified protocol) but these values are not directly comparable due
to the differences in product composition and costs. The RUTF
sachets consumed in the simplified protocol was lower than the 42
sachets recorded in the study by Kangas et al. (41). These differences
could be explained by the fact that an extra ration of 7 sachets of
RUTF was given to each child at discharge.
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Despite a recent meta-analysis on MAM treatment (49)
concluding that RUTF and RUSF showed little or no difference in
recovery rate (risk ratio: 1.02 [0.98-1.05]), the influence on
recovery could be indirect since RUTF may lead to an increase in
daily weight gain when compared to RUSF (mean difference of
0.2 g/kg/day; 95% CI: 0.08 to 0.32). If we look at anthropometric
gain presented in this study, the group with the simplified protocol
far exceeded the CMAM protocol group in both anthropometric
indicators (weight: 4.46 vs. 3.08g/Kg/day; MUAC: 0.34 vs.
0.19 mm/day). These results are also consistent with those found
in the Malian cohort (41) which showed a weight gain of 4.8 g/Kg/
day and MUAC gain of 0.3 mm/day. In our study, the simplified
protocol has been implemented by nurses and CHWs in formal
health centres and decentralized health posts. Looking at the
effectiveness of the simplified protocol in relation to the treatment
provider within the intervention group, we found no differences
between CHWs and nurses in terms of cure rate (99.5% vs. 99.6%).
In the Malian cohort, the CHWs reached a slightly lower cure ratio
of 95.6% (41).

The present study highlights the relevance of decentralizing
treatment by involving less skilled CHWSs alongside a simplified
protocol to optimise effectiveness. Our results showed that children
treated by CHWSs had lower time to recovery than those treated by
health staff (21 vs. 28 days), lower RUTF consumption (28 vs. 35
sachets), higher daily weight gain (6.57 vs. 3.57g/Kg/day) and
MUAC gain (0.46 vs. 0.30 mm/day). This improvement appeared to
be gradual as presented in the first dimension of the principal
components analysis showing how the simplified protocol resulted
in improved outcomes, with the cloud point shifting to the left,
which improved even further when including CHWSs with a further
shift to the left. However, although the observed pattern appears very
clear, the complexity surrounding acute malnutrition must not
be forgotten, which is also evident in the graph through the
dispersed positions of some children.

Some studies on SAM treatment have reported improved
outcomes achieved by CHW s could be related to their ability to treat
malnutrition and concurrent infections in an integrated manner,
thereby reducing the burden of comorbidities that hinder proper
recovery. This could be explained by the increased workload of the
health staff which limits the time spent diagnosing these pathologies
during treatment of acute malnutrition (26, 27). A review on relapse
and mortality after discharge (50) highlighted the importance of
continuity of care for moderately malnourished cases through
integrated and decentralized programmes implemented at the health
posts closest to the high-risk populations like those included in the
present study.

The multivariate Cox regression model identified treatment
protocol, provider and MUAC at admission as factors significantly
affecting the probability of recovery over time. The study by
Gebremichael (51) also found that MUAC at admission was a
significant determinant of recovery. This is because a higher
anthropometric status at admission increases the probability of a
successful recovery (26, 50). However, our multivariate model found
that treatment protocol and provider are more influential that
anthropometric status, in this case MUAGC, in determining recovery
due to the higher adjusted HRs (3.3 and 1.8 respectively). Therefore,
treating MAM cases with a simplified protocol that uses RUTF and
CHWs improves treatment outcomes. A recent study also concluded
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that treating high-risk MAM cases with RUTF increased their short-
term recovery in terms of greater MUAC and weight gain (20).

The results of our linear regression models reveal that the
recovery of acute malnutrition is a complex multifactorial process
showed by the R* values obtained in our models (around 0.2-0.5)
which are relatively low, similar to the results obtained by Maust
et al. (34), which had R’ falling around 0.15-0.5. This suggests that
the explanatory variables considered in our four models are not
capable of providing a very accurate prediction of the treatment
outcomes in terms of time to recovery, consumption of sachets, daily
weight and MUAC gain. One of the key results of this study, which
aligns with the findings provided by other authors, is that children
who receive an integrated treatment, meaning MUAC for diagnosis
and RUTF for SAM and MAM treatment, recover faster and with
greater gains in MUAC and WHZ. Furthermore, based on our study,
we can say that CHWs as treatment providers contribute further
improve these outcomes. Identifying other factors influencing
recovery and taking them into account in programmatic designs
could help improve effectiveness of treatment programmes. A recent
study by Rashid et al. (52) identified higher age of the child, higher
MUAC at admission, receiving deworming treatment, time taken to
access services from the nearby health post (60 min or less) and use
of ready-to-use supplementary food as positive predictors of time to
recovery from MAM.

The results obtained in the intervention group provide evidence
in favour of using a simplified protocol for the treatment of
MAM. Moreover, including CHWs as treatment providers, as
opposed to relying solely on specialised healthcare personnel, could
significantly improve effectiveness of the treatment protocol. In
addition, early treatment of malnutrition is more effective, poses less
risk to the child, and is less expensive. The cost-effectiveness study
of the present research concluded that the cost of treating a MAM
child with the CMAM protocol was USD 165.2 (95% CI: 151.7;
179.3), whereas when using the simplified protocol treatment cost
was USD 96.5 (95% CI: 87.3; 100.3) (53). Since the mid-nineties’
authors have been highlighting the importance of adequately
treating MAM: “there is no question the most severely malnourished
children suffer the most, but they may not be contributing to most
of the suffering” (54).

4.1 Limitations

There are some caveats that should be taken into account. This
study is not a randomized controlled trial, so the results cannot
be extrapolated to other contexts and the probability of residual
confounding is increased. Another possible limitation is the
difference in sample sizes between groups, whereby there was a
higher incidence of cases in the intervention area. However, this fact
actually reflects the field situation, where the worst socioeconomic
conditions are recorded, with a higher population of 47,198 habitants
vs. a population of 26,176 habitants in the intervention and control
groups, respectively. Nevertheless, the statistical tests used are robust
about this type of sample imbalance and the results show that the
simplification of the protocol is effective even with worse baseline
conditions. In this sense, due to logistical reasons, the socioeconomic
assessment could not be carried out on all the treated participants,
which was corrected by taking a random sample of them. The
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coverage surveys were carried out in different time periods, just
8months later after the start of the project. The SQUEAC
methodology suggests that this kind of survey can be implemented
in periods of a minimum of 4 months after the new intervention is
launched for monitoring the effect. One of the factors that may have
a negative effect on treatment coverage is the overburdening of health
facilities and worsening of access to treatment sites due to flooding,
which means not all children in need can reach them. In our case, the
period of the highest prevalence of the disease was when the final
survey was conducted, and, even with this situation, an increase in
treatment coverage was shown in the intervention group when
we decentralized treatment to the community level.

5 Conclusion

Implementing a simplified protocol for the treatment of MAM
based on MUAC as the sole criterion for admission and discharge, a
fixed daily dose of one RUTF and involving CHWs as treatment
providers could significantly improve the effectiveness and coverage
of treatment programmes compared to standard protocols. The
simplification of the protocol would facilitate training of personnel
and reduce errors due to its easier implementation. In addition,
eliminating the requirement to use two different products to treat
MAM and SAM cases would simplify the logistics of interventions
and align with the intention of treating acute malnutrition
continuously and as a whole condition, which is expected to have a
positive impact on reducing the therapeutic food stock break events
and consequently in increasing treatment coverage since more
children will be able to follow the treatment adequately. Furthermore,
decentralizing treatment outside of the health centres could
be particularly important in emergency settings where access is
hindered by multiple barriers. The challenge would be to ensure chain
supply closer to the families at the health post level.

Children affected by MAM, not only are very vulnerable due to
their condition but also risk deteriorating into SAM if they do not
receive timely and adequate treatment. Providing appropriate care to
MAM children should be recognised as an important public health
issue and prioritised in the future. More research is needed to test this
simplified protocol on a larger scale in different contexts to understand
its effectiveness in terms of recovery over time and avoid relapses
linked to this approach.
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