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Abstract

Background Acute malnutrition treatment coverage remains low worldwide, causing significant morbidity and
mortality. Decentralisation of treatment to Community Health Worker (CHW) sites has shown to be an effective
strategy to improve access and increase coverage, but evidence on the cost and cost-effectiveness of this approach
as well the use of simplified treatment protocols in conflict settings is lacking. The objective of this study was to
determine cost per child treated as well as the cost-effectiveness of the hybrid model of treatment delivery (where
treatment is provided at both health facilities and CHW sites) using either a standard protocol (Intervention 1) or
simplified protocol (Intervention 2) compared to standard treatment at health facilities only (Control) in the conflict
affected region of Gao in Northern Mali.

Methods This economic evaluation was part of a three-arm cluster randomized controlled trial which enrolled
2038 children with moderate and severe acute malnutrition. Outcomes assessed were cost per child treated as
well as average and incremental cost-effectiveness ratios for cost per child cured and disability adjusted life year
(DALY) averted. A within study trial horizon, from March 2020 to July 2021, was used. Cost data were collected from
accountancy records and through key informant interviews using a societal perspective. Treatment admission and
outcome data were obtained from the main trial.

Results In the base case scenario the cost per child treated was 272 USS, 179 US$ and 210USS in the Control,
Intervention 1 and 2 groups, respectively. Cost per child cured was 356 USS$ in the Control, 219 USS in the Intervention
17 and 226 USS Intervention 2 groups. Ready-to-use therapeutic foods (RUTF) costs among SAM children treated with
a simplified protocol were 5.7 USS less per child. The average cost per DALY averted was 173.1 USS in the Control
compared to 60.3 USS in the Intervention 1 and 53 USS in the Intervention 2.
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running low.

2020.

effectiveness, Economic evaluation

Conclusion This study shows that involving CHWs in acute malnutrition treatment reduces the cost per child
treated and is a cost-effective strategy, due to lower treatment costs and greater coverage in the decentralised
model. Switching to a simplified protocol in a conflict setting can lead to cost savings particularly in terms of RUTF,
and should be considered where weight-based admission, monitoring or dosage is not possible or RUTF stocks are

Trial registration The study protocol was registered under reference ISRCTN-60,973,756 on the 15th of October

Keywords Acute malnutrition, Wasting, Simplified protocol, RUTF, RUSF, Community health workers, Cost-

Background

Acute malnutrition, or wasting and nutritional oedema,
continues to cause significant morbidity and mortality
worldwide [1, 2]. While effective treatment exists, global
coverage remains low, and current financial constraints
and supply shortages further threaten access to treatment
[3], while climate change, conflict, rising food and fuel
prices may increase demand for treatment.

Treatment for severe acute malnutrition (SAM),
defined as a weight-for-height z-score (WHZ) <-3 of
the WHO growth standards and/or a mid-upper arm
circumference (MUAC)<115 mm and/or nutritional
oedema, relies on ready-to-use therapeutic food (RUTF)
along with a course of oral antibiotics. Children with
moderate acute malnutrition (MAM), defined as a WHZ
between -3 and -2 and/or a MUAC between 115 mm
and 125 mm, should, in high risk contexts, also be con-
sidered for specially formulated foods with a preference
for RUTFs or ready-to-use supplementary foods (RUSFs)
over Fortified blended foods [4].

Over the last decade, adaptations to acute malnutrition
treatment service delivery models and protocols have
been developed and tested with the objective to increase
access and treatment coverage for the over 45 million
children suffering from this condition at any point in
time [1]. Adaptations include the simplification of treat-
ment protocols as well as the decentralisation of treat-
ment from outpatient treatment centres to community
health worker (CHWs) sites thereby reducing travel dis-
tances, time and costs for caregivers [5].

Following positive results of the involvement of CHWs
in the treatment of acute malnutrition on treatment out-
comes, coverage and cost-effectiveness [6—13], the new
2023 edition of the World Health Organisation guideline
for the prevention and treatment of wasting and nutri-
tional oedema (acute malnutrition) stated that the iden-
tification and management of wasting can be carried out
by CHWs providing that adequate training and supervi-
sion is provided [4].

In Mali, where an estimated 435,000 children under
the age of five, representing 10.6% of the population in
this age group, are affected by acute malnutrition at any

one time, the treatment of SAM is already recognised
as an important part of the services provided by CHWSs
[1, 14]. Studies in southern Mali have demonstrated the
effectiveness and cost-effectiveness of this approach both
at small [6, 10] and large scale [7, 15]. However, to our
knowledge, there is no evidence on the cost and cost-
effectiveness of CHW-led treatment of acute malnutri-
tion in the conflict affected North of the country.

Yet, bringing treatment closer to the patients is even
more important in conflict settings where there is a
greater risk associated with travel to health facilities. In
addition to difficulties for patients travelling to treatment
sites, security and access issues may also lead to more fre-
quent stock outs of RUTFs as well as shortages of other
equipment and materials needed for treatment. The cur-
rent WHO guidelines recommend a weight-based dosage
of 100-130 kcal/kg/day for children with MAM and 150—
185 kcal/kg/day of RUTF for children SAM either until
recovery or until the child reaches criteria for MAM [4].
The administration of such a weight-based dosage may
present difficulties where equipment, such as weighing
scales or batteries, are missing or where health workers
may not have the literacy skills required to conduct dos-
age calculations. Security issues may also hinder support-
ive supervision of CHWs and other health staff.

The simplified treatment protocol, as first tested in the
ComPAS study [16], addresses some of these challenges.
It uses MUAC only for admission and discharge as well
as a fixed dosage of 2 sachets of RUTF for children with
SAM and 1 sachet for children with moderate acute mal-
nutrition (MAM) [16, 17], thereby making dosage cal-
culations unnecessary. Studies have found that using a
fixed dosage protocol of 2 sachets per day or reducing the
quantity of RUTFs towards the end of treatment results
in non-inferior recovery rates. However, reducing the
dosage may lead to a lower linear growth [18] and a lower
rate of weight gain [19, 20]. But it is unclear whether a
lower rate of weight gain should be considered a worse
outcome [20, 21]. While the fixed dosage is currently not
recommended by the WHO, the discussion on the ideal
dosage of RUTF continues [22, 23] and the WHO guide-
line supports further research on both the CHW-lead
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treatment as well as different dosage protocols, in terms
of effectiveness, cost and cost-effectiveness [4]. Using
alternative dosage protocols has also shown to reduce
the number of RUTF sachets needed for treatment. This
in turn has an impact on cost: the estimated RUTF cost
per SAM child falls between $24 and $67 depending on
length of stay and dosage used [16-19, 24—26]. Where
RUTF stockouts and funding gaps are encountered
adapting dosage protocols may therefore, at least tempo-
rarily, be a useful strategy to consider.

In light of the low coverage of acute malnutrition ser-
vices, resource and financial constraints, frequent and
expected RUTF stockouts, and the lack of evidence on
the feasibility and benefits of these approaches in conflict
settings, Action Against Hunger coordinated a study in
the conflict affected region of Gao, Mali comparing facil-
ity-based care with the national protocol (Control arm),
to a hybrid model where treatment is provided at health
centres and associated CHW sites according to either the
standard protocol (Intervention 1) or simplified treat-
ment protocol (Intervention 2) [27]. The study showed
that making treatment available at CHW sites in addition
to health centres had a positive impact on treatment cov-
erage and cure rates [27].

This article details the economic evaluation conducted
alongside the aforementioned study. The objective was to
assess the cost and cost-effectiveness of the three differ-
ent models of treatment in the conflict affected region of
Gao. Evidence on the cost of care and cost-effectiveness
of different treatment approaches in addition to treat-
ment outcomes is critical for informing resource alloca-
tion decisions and is relevant and timely in the context
of Mali, where funding shortfalls and RUTF stockouts are
anticipated in 2024 and 2025 [3].

Methods

Study context

This economic evaluation of acute malnutrition treat-
ment was carried out within the framework of an
operational research project entitled “Severe acute mal-
nutrition treatment delivered by community health
workers in emergency settings of Mali (iCCM + Project)’;
from here-on referred to as the parent study, coordinated
by Action Against Hunger from March 2020 to June 2021
in the Gao health district, in the north of Mali. This part
of Mali has been affected by a complex humanitarian
crisis over the past decade involving armed conflict and
extreme climatic conditions [28].

Gao has the highest prevalence of acute malnutrition
in the country, with a rate of 16.1% (95% CI: 13.0;19.7)
for Global Acute Malnutrition (GAM) and 3.3% for
SAM (95% CI: 2.2;4.9) [29]. The research project was
conducted with support from the Nutrition Depart-
ment of the Ministry of Public Health and Hygiene, the
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local non-governmental organisation Association d’Aide
a Gao (AAG) and the Institut National de Santé Pub-
lique (INSP). Treatment supplies including RUTE, RUSF
and medicines were donated by UNICEF and WEFP. The
study was approved by the Ethics Committee of the
INSP of the Government of Mali (decision n° 35/2029/
CE-EX-INRSP) as well as the Ethics Committee of the
Hospital Clinico San Carlos which is linked to the Com-
plutense University of Madrid, Spain (favorable report
C.I. 19/363-R-X-BC). The study protocol was registered
under reference ISRCTN-60,973,756 on the 15th of
October 2020.

Parent study methods and interventions

The parent study was a three-arm cluster randomised
trial, with a control and two intervention arms. In the
control arm, the treatment for acute malnutrition was
provided according to the standard community-based
management of acute malnutrition (CMAM) protocol
at six health centres. In the two intervention arms, treat-
ment was provided at three health centres and 10 CHW
sites. The latter were located at least 30 km away from the
referral health centres. In the Intervention 1 arm, treat-
ment was provided according to the country’s standard
acute malnutrition treatment protocol and in the Inter-
vention 2 arm, treatment was provided according to a
simplified acute malnutrition treatment protocol. The
simplified protocol differs from the standard protocol
in terms of the admission criteria as well as dosage and
type of RUF as described in Table 1. Children aged 6—59
months with moderate or uncomplicated severe acute
malnutrition were eligible to participate in the study.
Patients with medical complications or those who failed
the appetite test were not eligible for inclusion and were
referred to inpatient care. The primary outcome of the
parent study was the recovery rate from acute malnutri-
tion in the three study arms, determined as per the dis-
charge criteria set out in Table 1. Secondary outcomes
inlcuded defaulting, non-response, referral to inpatient
facility and death. The unit of randomisation, were the
health centres and randomisation was done on a 2:1:1
basis, meaning that for each 2 health centres assigned
to the control was assigned to each intervention group.
A full set of data was available for 2038 children with
acute malnutrition (including both MAM and SAM),
549 in the control arm, 800 in Intervention group 1 and
689 in Intervention group 2. Baseline characteristics in
terms of age and anthropometry of the study participants
are shown in Table 2. Participants in the control area
had better quality housing and access to electricity and
food compared to the two intervention arms, but there
was no difference in access to safe water [27]. At endline,
SAM treatment coverage was higher in the interventions
compared to the Control, but there was no significant
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Table 1 Description of the intervention in the three study arms'
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Control Group
(CMAM)

Intervention Group 1
(iCCM with standard protocol)

Intervention Group 2
(iCCM with simplified protocol)

Treatment Nurses at health centres Nurses at health centers+CHWs at villages Nurses at health centers + CHWs
providers at villages
Treatment Standard CMAM protocol Standard CMAM Simplified treatment protocol
Protocol protocol
Follow-up Weekly Weekly Weekly
frequency
Admission SAM: Oedema (+) or SAM: Oedema (+) or SAM: Oedema (+) or
criteria WHZ < -3 or MUAC WHZ < -3 or MUAC MUAC< 115 mm
<115 mm <115 mm MAM: MUAC > 115 to <125 mm
MAM: WHZ >-3 to < -2 or MUAC =115 to MAM: WHZ >-3 to < -2 z-score or MUAC> 115 to
<125mm <125mm
Discharge No cedema and WHZ > 1.5 or MUAC> 125 mm No oedema and WHZ > 1.5 or MUAC>125mm  No oedema and MUAC=> 125 mm
criteria for two consecutive follow-up visits for two consecutive follow-ups visits for two consecutive follow-up

Product and
dosage

SAM: 170 kcal/kg/day of RUTF
MAM: 1 sachet/day of RUSF (=537 Kcal/day)

SAM: 170 kcal/kg/day of RUTF
MAM: 1 sachet/day of RUSF (=537 Kcal/day)

visits

SAM: 2 sachets/day of RUTF
(1000 kcal/day)

MAM: 1 sachet/day of RUTF
(=500 Kcal/day)

T Abbreviations: CMAM, Community based management of acute malnutrition; iCCM, integrated community case management; CHW, Community Health Worker;
SAM, Severe acute malnutrition; WHZ, Weight-for-height z-score; MUAC, mid-upper-arm circumference; MAM, moderate acute malnutrition

difference between the two intervention areas (Table 2)
[27]. Overall, recovery was significantly higher in the two
intervention groups than in the control (Table 2). Cover-
age surveys were conducted according to the Simplified
Lot Quality Assurance Sampling Evaluation of Access
and Coverage (SLEAC) methodology before the start of
the study in March 2020 and towards the end of the study
in May 2021 [30]. Further details on the methods of the
parent study, socio-economic characteristics of partici-
pants and results have previously been published [27].

Design of the economic evaluation

This economic evaluation was conducted from a soci-
etal perspective, and therefore included the costs of the
patients and their families as well as all project partners
to treat both MAM and SAM. As indicated above, proj-
ect partners included the CHWs, Community health
centres, referral health centre at district level, Regional
Health Directorate, Department of Nutrition of the
Ministry of Public Health and Hygiene, Action Against
Hunger, AAG, UNICEF, WEP and the communities. Out-
comes of the economic evaluation were cost per child
treated, cost per child cured and cost per death and Daly
averted. Both average and incremental cost-effectiveness
ratios are presented. We used a within-trial time horizon,
spanning over a 17 months period from March 2020 to
July 2021. This timeframe began with the training of the
health centre technical directors (DTCs) and community
health workers in March, through to the enrolment of
patients from June 2020 — June 2021, until the discharge
of the last patients in July 2021.

Programme data collection

Data on the number of admissions, quantities of RUTF
or RUSF sachets consumed, length of stay, and treatment
outcome was collected from the parent study database
and disaggregated by MAM and SAM [27]. Study super-
visors collected treatment outcome data directly from
patient record books at treatment sites using the Kobo
Toolbox application, while socio economic data was col-
lected through direct interviews with a sample of 676
randomly selected caregivers at the treatment sites. Due
to security challenges, the teams were not able to visit
the sites with the intended frequency which was once a
month. During the first 5 months, 5 supervision visits
were made to each of the sites. In the following 7 months,
it was only possible to do 3 visits, meaning that a total of
8 of the planned 12 visits were made to each site. In the
outcome database, 116, 102 and 34 children in the Con-
trol, Intervention 1 and Intervention 2 groups were dis-
charged as cured despite anthropometric measurements
still being in the malnourished range (Table 2). These
children were classified as “early discharges” Due to lim-
ited access to the sites and communities for data collec-
tion these errors could not be verified or corrected.

Cost data collection

Cost data was collected using an activities and ingre-
dients approach and inlcuded both financial and eco-
nomic costs. An overview of activities and ingredients
are shown in Table 3. Costs were compiled from Action
Against Hunger’s accountancy records obtained in Feb-
ruary 2022, and interviews with key informants and car-
ers of children admitted for treatment. Information on
quantity of RUTF and RUSF provided to each child was
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Table 2 Programme data in the three study groups
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Control Group
(CMAM, n=549)

Intervention Group 1

(iCCM with standard protocol,

n=800)

Intervention Group 2 (iCCM
with simplified protocol,
n=689)

Population size of the catchment area
Treatment coverage in May 2021, % (95% Cl)

89,855

Treatment sites 6 Health Centres

Baseline characteristics of study participants
Sex, % girls (n)
Age months, Median
(IQR)
Nutritional status at admission
MUAC in mm,
median [IQR]
Weight at admission

56.6 (311)
14.0 (10.0; 20.0)

116.0 [111.0;120.0]

WHZ, mean (SD) -2.9(1.8)

SAM, % (n) 67.6 (371)
Treatment site

CHW site, % (n) 0(0)

Health centre, % (n) 100 (549)
Treatment outcome

Cured, % (n)? 76.3 (419)

Defaulted, % (n) 3.6(20)

Early discharges, % 186 (102)
n?

Died, % (n) 0(0)

Length of stay, median number of days [IQR] 42.0[35.0-50.0]

RUTF sachets, median [IQR]

RUSF sachets, median [IQR] 475 [32.0-56.0]

MAM: 16.1% (11.7- 20.5%)
SAM: 18.9% (11.6 —26.2%)

44,942
MAM: 23.4% (19 —27.9%)
SAM: 38.5% (31.1- 45.8%)

3 Health centres and 10 CHW
sites

53,427

MAM: 25.9% (17.9 —33.8%)
SAM: 48.8% (33.5 —64.1%)

3 Health centres and 10 CHW
sites

120.0 [100.0-140.0]

524 (419) 50.8 (350)

12.0(9.0; 20.0) 12.0 (9.0-18.0)

115.0[111.0;120.0] 114.0110.0;120.0]

-2.8(1.1) -3.5(1.3)

589 (471) 52.8 (364)

724 (579) 81.3 (560)

27.6 (221) 18.7 (129)

81.8 (654) 92.9 (640)

2.9(23) 04(3)

14.5(116) 49 (34)

0.1 (M 0(0)

42.0[32.3-69.0] 43.0[30.0-69.0]

95.0 [75.0-120.0] SAM children: 76.5 [70.0-91.0]
MAM children: 35.0
[28.0-42.0]

35.0[28.0-42.0] N/A

! As per criteria in the respective study locations, i.e. case definition based on both MUAC and Weight-for-height in the Control and Intervention 1 groups and
MUAC only in Intervention 2. 2Recovery rates were significantly different between groups. The risk differences for the comparison of the intervention 1 compared to
control, Intervention 2 compared to control, and intervention 2 compared to intervention 1 were 0.10 [0.04-0.15], 0.21 [0.16-0.26] and 0.12 [0.09-0.15], respectively.
Risk differences in recovery rates between pairs of protocols were estimated using random effects logistic models, adjusting for clusters as random effects. The
models were also adjsuted for sex, age and anthropometry at admission [24]. 3Early discharges refer to children that were discharged as cured by health workers but

whose anthropometric measurements did not meet the criteria for being cured

extracted from the study database. Only country-level
costs were included. Research costs were excluded where
possible, however we acknowledge that completely dis-
entangling research costs from programming costs in
an operational research project is challenging. A total
of 41 key informant individual or group interviews were
conducted in July 2021. Key informants included all 20
CHWs, two community health volunteers (CHVs), 2-3
staff from all 12 health centres involved in the study, as
well as 5 Action Against Hunger staff, 1 person from
AAG, UNICEF, WFP and the MoH.

UNICEF and WEFP were contacted to determine the
price of RUFs as well as transport costs of these sup-
plies to district level. Interviews at health centre or CHW
site level, enabled data gathering on the number of staff
involved in the treatment of malnutrition, time spent on
malnutrition activities, health worker salaries, supervi-
sion structures and any additional or shadow costs that

are not captured in accountancy data, such as economic
costs of space used for treatment and storage of supplies,
or transport costs for RUF from the district level to the
health centres and from health centres to CHW sites. In
order to remove research related costs, the interview-
ers examined whether costs and time mentioned was
linked to the research component of this study or would
occur as part of a normal programme. As part of a socio-
economic survey, carers of enrolled children were inter-
viewed to determine their costs to access treatment.
Due to security related access constraints, study staff
were not able to visit the sites as frequently as planned
and therefore out of the 2110 children enrolled, only 676
caregivers or 32% responded to the survey. To determine
family costs, expenses related to treatment (accommoda-
tion, food and transport costs) were added to time lost in
wages. Time lost in wages was calculated by multiplying
the median hourly wage reported by the child’s primary
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caregiver by the time spent at the health centre and
commuting.

Cost data management

Costs from all data sources were inputted into an Excel
spreadsheet and organised by costs centres (see Table 3).
All costs are expressed in 2021 US Dollars. Costs
expressed in other currencies were converted to US Dol-
lars using average yearly exchange rates, more specifically
this was 565 CFA Francs to the US Dollar and 1.19 Euro
to the US Dollar [31]. Costs were adjusted for inflation
and capital cost depreciation. The Consumer Price Index
was used to adjust for inflation [32]. Capital costs were
defined as any item that can be used for more than one
year and costs more than 100 USD and were adjusted to
only reflect the cost of the time the item was used. A use-
ful life of 5 years was assumed for computers, printers
and other IT supplies [33]. Discounting was not applied
due to the short timeframe of the study (17 months).
Salary costs for iINGO staff were calculated based on
accountancy data and adjusted with data on time use
collected during key informant interviews. Salary costs
for AAG staff were based on both iINGO accountancy
records, which included supervisor salaries, and from
interviews with the partner staff to include administra-
tive costs. Health centre and CHW space costs, mainte-
nance and salary costs as obtained during key informants
interviews with health centres, CHWs and the MoH at
district level, were adjusted to reflect the percentage of
time spent on malnutrition treatment. Total RUF costs
were calculated by multiplying the median number of
sachets (Table 2) by cost per sachet (0.3 US$ for RUTF
and 0.36 for RUSF). Support, coordination, supervision
and mass screening costs were allocated evenly between
the three study arms, as they represented institutional
costs for the running of the project. Training costs were
separated by the two types of trainings provided, i.e.
trainings for the technical directors of the health centres
and CHWs. Training costs for technical directors of the
health centres were split 50% for the control arm and
25% for each intervention arm according to the number
of health centres in each arm. CHW training costs were
split 50% between the two intervention arms, given the
same number of CHW were trained in each intervention
arm and that CHW were not present in the control area.

Analysis

The cost per child treated and cured was calcu-
lated by dividing the total costs in each study
arm by the number of children fully treated and
cured, respectively. The incremental cost-effec-
tiveness ratios (ICER) for the incremental cost for
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additional child recovered as well as incremental

cost per additional DALY averted were calculated 25

follows: ICER = Costintervenion=C0Stcontrol
Effectsinicrvention = EfeCtscontrot

Here the cost refers to the total cost of the interven-
tion and the effects refer to either the difference in the
number of recovered children or the difference in Daly’s
averted. ICERs were calculated only for the modelled
scenario (see below), as this was believed to be more
meaningful. Uncertainty was incorporated into ICERs as
described below.

The number of Disability Adjusted Life Years (DALYs)
averted was calculated as the sum of Years Lived with
Disability (YLD) averted and Years of Life Lost (YLL)
averted. In order to calculate YLD averted for each study
arm, the difference in duration of a treated and untreated
SAM or MAM episode was multiplied by the disability
weight and the number of children cured. We assumed
that the duration of an untreated SAM episode was six
months, with 3.5 and 7.5 as the minimum and maxi-
mum values [34] and that the duration of an untreated
MAM episode was 101 days (95%CI: 71; 196) [35]. The
duration of treated episodes for both MAM and SAM
was obtained from the program data (Table 2). The dis-
ability weight for severe wasting was taken from the 2019
Global Burden of Disease Study, which is 0.128 (0.082—
0.183) [36]. The disability weight for severe wasting was
used rather than that of severe wasting and kwashiorkor,
because the number of kwashiorkor cases was very low
(n=2). The 2019 Global Burden of Disease Study does
not mention a disability weight for moderate wasting. For
moderate wasting, the low uncertainty limit of the dis-
ability weight for severe wasting was used as previously
suggested [37].

YLL averted was calculated by the number of lives
saved by the intervention multiplied by the average life
expectancy in Mali. The number of lives saved by the
intervention, in turn, was estimated by multiplying the
expected mortality in that population by the number of
cases cured, where the expected mortality was the differ-
ence in case fatality rate in an untreated cohort of SAM
and MAM and the expected under-five mortality rate
[34, 38]. Discounting and age weighting was not used
in the DALY calculations [34, 39]. DALYs averted and
the uncertainty margins were calculated in Excel. The
method used for calculating the uncertainty around the
point estimate is described in the following section.

To visualise the incremental costs and effectiveness of
the study arms and uncertainty intervals, cost-effective-
ness planes are presented in Supplementary Fig. 1. These
were generated using the ggplot2 package in R [40]. Costs
per DALY averted were compared to two cost-effective-
ness thresholds: First, the midpoint of the purchasing
power parity adjusted country specific cost-effectiveness
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threshold range for Mali of 38 US$ to 844 US$ [41],
which is 441 US$, and second, a fixed cost-effectiveness
threshold of 100 US$ per DALY averted, which is com-
monly used to designate interventions as highly cost-
effective [34].

Accounting for uncertainty

To account for uncertainty around the cost estimate and
to calculate confidence intervals around cost and cost-
effectiveness estimates, an approach based on triangular
fuzzy numbers and fuzzy arithmetic was used [34]. This
is similar to using a sampling-based approach to uncer-
tainty but relies on triangular distributions rather than
probability distributions, such as binomial or gamma dis-
tributions frequently used in Markov models. It requires
specifying a minimum, maximum and most likely value.
In the case of cost data, the most likely value is the base
case cost estimate, and the minimum and maximum val-
ues are the base case +/- an uncertainty margin defined
by the researchers based on a best guess. The uncertainty
margins for different cost categories are shown in Sup-
plementary Table 1. For the cure rates, the cured propor-
tion +/- 2 standard errors was used. For other variables
such as the disability weights or LOS either the mean and
95%CI, or 2.5th, 50th and 97.5th percentiles were used
[34]. Upper and lower values for each cost category were
generated in excel and a fuzzy arithmetic calculator was
used for operations between fuzzy triangular number
[42].

Modelled scenario sensitivity analysis

In the base case analysis, due to the nature of the RCT
and the need to reach the required sample size, the catch-
ment area in the control and the number of health centres
were double compared to the intervention arms. Further-
more, the number of children treated do not necessar-
ily reflect coverage. In order to meaningfully determine
the incremental costs of decentralising the treatment by
adding affiliated CHW sites to health centres and captur-
ing the impact of decentralisation on coverage, we mod-
elled a scenario with an equal number of health centres
and adjusted the number of children treated to reflect
differences in coverage according to the coverage sur-
veys. In this scenario we used the number of children
enrolled in the intervention 1 and adjusted the number
of children proportionally to this number according to
the coverage in the control. Given that the coverage sur-
veys did not indicate a significant difference in coverage
between the two interventions arms, we used the same
number of children treated in both intervention arms.
This is different from the base case where the number
of children in intervention 2 is lower than intervention
1. Recovery rates from the parent study were applied to
the modelled number of enrolled children to determine
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the number of children cured. Number of RUTF sachets,
transport costs, and treatment time by health centre
staff in the control and intervention 2 were adjusted to
reflect the different numbers of children. In addition, in
control arm, training and space costs were reduced due
to the lower number of health centres. No changes were
made in the intervention 1. This study was conducted
according to the declaration of Helsinki and reported
in accordance with the Consolidated Health Economic
Evaluation Reporting Standards (CHEERS) guideline (see
Supplementary Table 2) [43].

Results

Total programme costs

In the base case scenario, the estimated total cost of the
intervention across the three study arms, encompass-
ing both treatment of moderate and severe acute mal-
nutrition, was 437,267.2 US$ (95%CIL: 288,138.2 US$;
484,420 US$). The costs in the three study areas were
similar, ranging from 142,944 US$ in the Intervention 1
to 149,285 US$ in the Control area (Table 4). The costs
per cost centre are shown in Table 4 and the proportion
of costs attributed to each cost centre in the three study
arms are shown in Fig. 1. A more detailed breakdown of
costs is shown in Supplementary Table 1.

Across all study arms, coordination costs (encompass-
ing support, supervision and office costs) constitute the
predominant proportion of costs, ranging from 42 to
44% (Fig. 1). Health centre and CHW site costs (includ-
ing staff costs, rental, upkeep and materials) account for
the second largest share of expenditures ranging from
28%, to 33% and 36% in the Intervention 1, Intervention
2 and Control arms, respectively. RUF and associated
transport costs range from 11 to 15% (Fig. 1). Overall,
direct treatment costs, including health centre and CHW
site costs, RUF costs and medicine costs accounted for
approximately 43% in the two intervention arms and 50%
in the control arm. Family costs accounted for less than
1% of costs in all three study arms. This was due to a low
overall time investment for participation in treatment
programme, which ranged from seven hours in the Inter-
vention 1 and eight hours in the control to 14 h in the
Intervention 2 group, as well as a low estimated hourly
wage of 58 Franc CFA. The total time used for treatment
was low because of the proximity to the sites, whereby
82%, 88% and 90% lived within 45 min of the treatment
location in the Intervention 2, Control and Intervention
1 areas, respectively. The median number of visits was 7
visits across all groups.

Cost per child treated, cost per child cured and DALY
averted

While the overall costs in the three study areas was simi-
lar, the cost per child treated, in the observed base case
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H Control (Health
centre based
treatment only)

Intervention 1
(iCCM with
standard
protocol)

O Intervention 2
(iCCM with

& simplified

protocol)

Fig. 1 Cost centres as a percentage of total costs in the three study arms, Gao, Mali

Table 5 Cost and cost-effectiveness outcomes in the three study arms (observed base case scenario)

Control Group

Intervention Group 1 Intervention Group 2

(Standard CMAM, (iCCM with standard protocol, (iCCM with simplified
n=>549) n=800) protocol, n=689)

Total intervention cost, US $ (95%Cl) 149,285.1 142,944.6 145,037.6 (129,083.9;
(132,032.8; 166,537.4) (127,781.4,158107.8) 160,991.4)

Cost per child treated, 271.9(240.5,303.3) 178.7 (159.7; 197.6) 210.5(187.3;233.7)

US $ (95%Cl)

Direct treatment cost per child only, US $ (95%Cl) 138 (119.3; 156.6) 79.5 (69.3; 89.6) 946 (82.2;107.4)

Cost per child cured, US $ (95%Cl) 356.3(315.1;397.5) 218.6 (1954, 241.8) 226,01 (201.7;251.5)

Cost per Daly averted, US $ (95% Cl) 173.1 (104.56; 528.66) 60.32 (41.82;127.13) 52.8(37.8;95.3)

Cost per Death averted,
US $ (95% Cl)

10,835.8 (6,492.8; 30,537.4)

3,759.3 (2606; 7285.6) 3,273.7 (2355.8; 5570.3)

scenario, was significantly higher in the control arm at
272 US$ (95% CI: 240.5 USS$; 303.3 US$) compared to
179 US$ Intervention 1 (95%CI: 244.7 US$; 306.1 US$)
and 210US$ (95%CI: 187.3 US$; 233.7 US$) in the Inter-
vention 2 areas (Table 5). Although we did not estimate
any differences in training, coordination, support and
supervision costs between MAM and SAM treatment,
the direct treatment costs (including staff time, site and
RUF costs) for SAM were generally higher than MAM
(Table 6).

Comparison of control with intervention 1

In the comparison of Control with Intervention 1 (same
treatment protocols but different treatment locations),
the average cost of treatment was 93 US$ (95% CL
43US$, 144US$) higher in the Control than the Interven-
tion 1 group, or 129US$ (95%CI: 78; 181) higher among
MAM children and 88US$ (95%CI: 35; 140) for treatment
of SAM. This difference increased to 138US$ (73; 202) in
cost per child cured (Table 5and Table 6). Costs per child

treated and cured were similar in the modelled and base
case scenario (Table 7). The ICER for recovering an addi-
tional child from acute malnutrition was 81 US$, ranging
from a negative ICER (indicating dominance of the inter-
vention) to 100 US$ in the modelled scenario. The inter-
vention was also determined to be cost-effective when
DALY averted were compared to our chosen cost-effec-
tiveness thresholds of 441 US$ and 100 US$ (Tables 7 and
8and Supplemental Fig. 1).

Comparison of control with intervention 2

In the comparison of Control with Intervention 2 (dif-
ferent treatment protocols and different treatment loca-
tions), the average cost of treatment was 65.7 US$ (95%
CIL: 11.5 US$, 120.0 US$) higher in the Control than the
Intervention 2 group, or 88.8 US$ (95%CIL: 42.4 US$;
135.2 US$) higher among MAM children and 37.8 US$
(95%CI: -29.9 US$; 91.3 US$) for treatment of SAM.
This difference increased to 134.3 US$ (95%CI: 68.5 US$;
200.0 US$) in cured children (Table 5). In the modelled
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Table 6 Average cost and cost-effectiveness ratios in the three study arms (observed base case scenario) disaggregated into moderate and severe acute malnutrition

iCCM simplified

MAM
(n

iCCM standard

MAM
(n

Control
MAM
(n

SAM
(n

SAM
(n

SAM
(n

=364)

=325)

=471)

=329)

=371)

178)

91,282.3 (83,271.7;

53,755.34 (48,364.4;

90,849.69 (81,132.59;
59,146.3)

100,566.79)

52,0949 (46,648.8; 57,541.1)

104,039.07 (92,091.22;

115,986.92)

45,246.0 (39,941.6; 50,550.5)

Total cost, US $ (95%Cl)

104,432.2)
250.8 (228.8;

286.9)

1654 (148.8; 182.0)

158.3(141.8;174.9) 192.9(172.3;213.5)

28043 (248.2,312.6)

2542 (2244;

284.0)

Direct treatment cost per child treated, US 1184 (101.4; 135.4)

Total cost per child treated, US $ (95%Cl)
$ (95%Cl)

133.5(110.7;

146.5)
286.2 (261.0;

327.4)

48.1 (41.8;54.4)

924 (80.6;104.2)

57.9(50.1; 65.6)

144.6 (125.2; 164.0)

(2025) 25:233

167.5(149.3; 186.1)

269.6(231.0;313.8)

164.3 (144.8;184.9)

3926

293.8 (249.1;345.0)

Total cost per child cured, US $ (95%Cl)

(3324;462.3)

152.3
(1264;167.2)

48.7 (42, 55.0)

129.1 (112.6;145.7)

60.0 (52.0;68.1)

2025 (175.3;229.7)

136.8 (117.2;156.5)

Direct treatment cost per child cured, US

$ (95%Cl)

44.1 (25.3;100.5) 160.5 (99.6; 391.0) 37.8(28.6;68.1)

168.7 (105.2; 452.4)

464.4 (3054, 2177.2) 136.0 (81.6;397.7)

Cost per DALY averted, US $ (95%Cl)

2,3455(1781.3;

3988.1)

9,980.6 (6230.7; 22393.0)

2,738.7 (1941.4;

5183.1)

8,515.9(5067.7;122982)  10,498.8 (6552.5; 25192.6)

29,000.1 (19059.0; 124195.4)

Cost per death averted, US $ (95%Cl)
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scenario the point estimate for the cost per child treated
and cured in the intervention 2 are lower than in the
base case (Table 7). The ICER shows that recovering an
additional child from acute malnutrition cost 49.2 US$,
ranging from a negative ICER to 131 US$. The average
cost per DALY averted was lower in the Intervention 2
compared to Control. Cost per additional DALY averted
was below the chosen cost-effectiveness thresholds
(Table 8and Supplemental Fig. 1b).

Comparison of intervention 2 vs. intervention 1

In the comparison of Intervention 1 to Intervention 2
(same treatment providers but different protocols) there
was little difference in cost per child treated, cost per
child cured, cost per DALY averted or cost per death
averted in the observed base case scenario. However,
RUTF costs among SAM children were 5.7 US$ (1.7
US$; 9.7 US$) less per child, which reflects a difference
in 19 sachets at 0.3US$ per sachet. The difference in the
average cost of RUFs for MAM treatment between the 2
groups was small: The median number of sachets in both
groups was 35 and the price per sachet was similar at
0.3US$ for RUTF compared to 0.36 US$ for RUSF, which
equates to a difference of 2USS$.

Discussion

In this economic evaluation we investigated the cost and
cost-effectiveness of three different models of acute mal-
nutrition treatment, namely health facility-based treat-
ment with the national treatment protocol and treatment
at both health facilities and CHW sites with either the
national or simplified treatment protocol.

While overall costs across study arms were similar, the
costs per child treated and cured were significantly lower
in the intervention arms than in the control: In the base
case analysis treatment cost of acute malnutrition ranged
from 272 US$ in the Control to 210 US$ in the Interven-
tion 2 and 179 USS$ in the Intervention 1, while cost per
child cured ranged from 356 US$ in the Control to 226
US$ in the Intervention 2 and 219 US$ in the Interven-
tion 1. The results of our study fall within the cost per
child treated and cured estimates previously reported
in the literature, ranging from US$ 56 to US$ 805 and
US$114 to US$1041, respectively [10, 16, 44-55]. In
terms of DALYs averted, the treatment cost 172 US$, 60
US$ and 52 US$ in the Control, Intervention 1 and Inter-
vention 2, respectively. Costs per DALY averted were
significantly higher in MAM than SAM children, with
costs per DALY averted ranging from 161 US$ to 464US$
in MAM Children and 38US$ to 136 US$ in SAM chil-
dren. Similar results in costs per DALY averted have been
found previous studies in Mali and Kenya which found a
cost per DALY averted of 347 US$ [56] and 397 US$ [13]
for MAM treatment. A study in Bangladesh estimated
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Table 7 Results in modelled scenario sensitivity analysis
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Control Group
(CMAM)

Intervention Group 1
(iCCM Standard)

Intervention Group 2
(iCCM Simplified)

Treatment coverage in May 2021, % (95% Cl)  MAM: 16.1% (11.7- 20.5%)
SAM: 18.9% (11.6 —26.2%)
Treatment sites 3 Health Centres
Total intervention cost, US $ (95%Cl)
Number of children treated 463
Number of children cured 353

Cost per child treated, 255.5(227.4; 283.6)

US $ (95%Cl)
Cost per child cured,
US $ (95%Cl)

Cost per Daly averted, US $ (95% Cl)

Cost per Death averted,
US $(95% CI)

335.1(287.2;388.2)

2166 (1324;7054)
13,482.5(8,165.9;40,715.9)

118,301.0 (105308.5; 131293.4)

MAM: 23.4% (19 —27.9%)
SAM: 38.5% (31.1- 45.8%)
3 Health centres and 10 CHW sites 3 Health centres and 10 CHW sites
1429446 (127,781.4,158,107.8) 137,565.3 (123,074.8;152,294.7)
800 800

654 743

178.7 (159.7,197.6) 172 (153.8;190.4)

MAM: 23.4% (19 —27.9%)
SAM: 38.5% (31.1- 45.8%)

2186 (195.4;241.8) 185.1 (165.6;,204.9)

60.6 (42.1;126.7)
3,759.3 (2,606; 7,285.6)

39.8(28.2;82.7)
2/471.0(1,756.9;4,810.7)

Table 8 Incremental cost-effectiveness ratios in the modelled scenario

Intervention 1 vs. Control Intervention 2 vs. Control Intervention 2 vs. Intervention 1

Cost per child cured
Incremental costs (95% Cl), USD

Incremental effects (95% Cl), number of children cured 301 (270; 332)

Incremental cost-effectiveness ratio (ICER) (95%Cl) 81(-15.8';199.7)

Cost per DALY averted

Incremental effects, DALYs (95%Cl) 1,812.7 (337.8; 3,125.5)
ICER (95%Cl) 134 (-678.8'; 100.6)

24,3679 (-3,744.9; 52,480.8)

19,2145 (-8,361.6; 46,790.6) -5,259.8
(-35,033.0; 24,513.4)
390 (364; 416) 89 (61;17)

492 (-23.9";130.6) -59.1" (-656.6'; 467.0)

2,911 (1,002.6; 4,550.6)
6.6 (-21.9';95.0)

1098.3 (-1,303.6; 3,393.5)
-48'(-13.3';16.9)

"The ICER is negative due to lower costs in intervention at greater effects, indicating dominance of the intervention

the cost of community treatment of SAM treatment to
be 26 US$ per DALY averted [51], while a 2009 study
in Zambia found that CMAM cost 53 US$ per DALY
averted [48].

A total of 42-44% of costs were coordination, super-
vision and support costs, 9-15% were RUF costs and
28-36% were other direct treatment costs. Previous stud-
ies using comparable costing approaches found similar
proportions around the main cost categories [10, 16, 24,
51, 52, 57]. More specifically, a study in southern Mali
found that RUTF costs accounted for 7% in the interven-
tion arm where treatment was also provided by CHWs
compared to 13% in the control arm while supervision,
monitoring and support costs made up about two thirds
of total costs [10]. Costing studies have consistently
shown a high proportion of costs being coordination
and support costs, this is largely due to supervision costs
(staff, transport and fuel costs) which is crucial to ensur-
ing good outcomes for malnourished children. Neverthe-
less, it could be explored whether efficiencies could be
made by integrating coordination and supervision bet-
ter into existing systems, less involvement of iNGOs or
reducing intensity of supervision as staff become more
experienced.

Our findings revealed several important insights
into the cost-effectiveness of the different treatment

approaches. First, treating children at health centres and
CHW sites was cheaper and more cost-effective than
treating children at health facilities alone. The expan-
sion of treatment to CHW sites was considered a cost-
effective strategy in comparison to the Control as well
as the selected cost-effectiveness thresholds of 441 US$
and 100USD$. This was the case whether children were
treated with a standard or simplified protocol. It should
be noted however that the comparison of Intervention
2 with the Control is more challenging than the com-
parison of Intervention 1 with the Control, because the
admission and discharge criteria in the simplified proto-
col differ. While in the Control and Intervention 1 arm,
children could be admitted either on WHZ or MUAC
and discharged once they reach either a MUAC or WHZ
above the cut-off, in the Intervention 2 arm children were
admitted and discharged by MUAC only. However, both
a higher WHZ at admission in the two standard proto-
col groups and the fact that in these groups children
could be discharged as cured by whichever criteria they
reached first, did not translate into higher recovery rates
or shorter lengths of stay.

Second, the impact of the decentralised treatment
model on cost and cost-effectiveness is closely linked to
its impact on coverage. In the comparison of Interven-
tion 1 to the Control for example, the lower cost per child
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treated, was due to both the cheaper treatment costs at
CHW site, and the greater number of children treated
in the Intervention 1 arm. When the number of children
in the control arm was increased to match the number
of children in the Intervention 1 the difference in costs
between the two groups was reduced (results not shown).
Our results are in line with a similar study conducted in
the south of Mali in 2018 which found that cost per child
treated and cost per child cured were 198 US$ and 242
US$ lower, respectively, in the decentralised treatment
model compared to treatment at health facilities only
[10].

Third, cost-savings can be made by switching to a
reduced dosage protocol. Our study went one step fur-
ther than the previous study in southern Mali, explor-
ing not only the impact of moving from a facility-based
to a hybrid approach of health facility and CHW-based
treatment, but also what the impact of switching to a
simplified protocol would be in areas where the standard
protocol cannot be implemented due to missing equip-
ment, RUTF stockouts or where health workers did not
have the literacy skills required for dosage calculations.
While there was little to no difference in the cost per
child treated in the modelled scenario and cured over-
all between Intervention 1 and 2, the cost of RUF was 5
US$ per child lower. In line with these findings, a costing
study in Niger comparing treatment with a simplified and
standard protocol revealed cost-savings linked to RUF
costs of about 5.4US$ overall, and about 10US$ in SAM
children [24]. Studies in Burkina Faso, Kenya and South
Sudan have also demonstrated reductions in RUTF costs
while not negatively impacting effectiveness [16, 25].

Apart from the difference in RUTF costs between
Intervention 1 and 2, there was little difference between
these two groups. Given that the number of children
treated in the Intervention 1 was significantly higher than
the Intervention 2 arm, but coverage surveys revealed no
difference in coverage between the two approaches, we
conducted a modelled sensitivity analysis where the num-
ber of children between these two arms was equal. In this
analysis the point estimate of the cost per child treated
and cured was slightly reduced due the higher number of
children. It is worth noting that the lower recovery rates
in the two standard protocol arms compared to the Inter-
vention 2, were partly because of a significantly higher
number of discharge errors which accounted for 19%,
15% and 5% of discharges in the Control, Intervention 1
and Intervention 2, respectively (Table 2). It is possible
that this indicates a greater difficulty in implementing
a protocol with two criteria as well as a need for better
training and supervision where the more complex stan-
dard protocol is used. The importance of adequate train-
ing and supervision for CHWs was also highlighted in the
recently published guideline [4].
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Limitations

This study had a number of limitations. First, due to
security issues, the study staff encountered challenges
accessing the study sites and did not reach the intended
sample size for SAM children, furthermore only 32%
of study participants responded to the socio-economic
survey from which the data for family costs was drawn.
These therefore have to be considered with caution. It is
also unclear whether the data collected reflects all chil-
dren enrolled at the sites or if some cases were missed.
This means that the cost per child treated and cured may
be slightly overestimated. Secondly, the cost of RUF was
based on the number of sachets provided to the patients
and does not include losses or wastage. Third, we had
to rely on various assumptions and apply shadow prices
where accountancy data was unavailable which may lead
to imprecision in the cost estimates. Finally, the compari-
son between the Intervention 1 and Intervention 2 arms
is challenging because, while the treatment locations are
the same, the admission and discharge criteria in the
protocol differ in addition to the different dosage. When
interpreting these results, it is important to consider that
this is a programmatic analysis meaning that differences
in cure rates are due to a combination of factors, such as
dosage, discharge criteria and difficulties in application
of the standard protocol arms as evidenced by the higher
amount of discharge errors. However, this study adds to
the limited evidence base on cost and cost-effectiveness
of CMAM programming and to our knowledge it is one
of very few studies that have costed the decentralised
approach to treatment provided at CHW or health post
level in combination with a simplified protocol dosage
protocol in a conflict setting. While the new treatment
guideline does not support a MUAC only or a fixed dos-
age approach, WHO and UNICEF acknowledge that in
exceptional circumstances as part of acute emergencies
deviations or simplifications from the standard may be
needed on a temporary basis and UNICEF recognises
that more research on some of the simplifications is
needed [58]. Finally, it is difficult to disentangle research
and programming costs, so costs in these analyses may be
higher than they would be in routine programming.

Further research

Since the study was conceived, the new WHO guidelines
for the treatment of acute malnutrition have been pub-
lished. Further research should investigate the implica-
tions of the new guideline on treatment cost. This new
guideline for the first time acknowledges the importance
that adequately trained and supervised CHWs play in
the treatment of acute malnutrition but differs from the
national protocol in Mali in terms of admission criteria,
discharge criteria and RUF dosage. While the current
Mali national protocol indicates that children must only
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reach one criterion, the new WHO guidelines state that
children should recover based on both criteria, which
may increase length of stay but could also reduce relapse.
Future research could explore other approaches to
reduce treatment costs without sacrificing effectiveness
for example by targeting some of the biggest cost contrib-
utors including coordination and support costs, as well as
how training and supervision can be improved to reduce
the amount of discharge errors where the standard pro-
tocol is being used. The implications of discharge errors
on relapse and related cost are also worth investigating.

Conclusion

This study shows that involving CHWs in acute mal-
nutrition treatment reduces cost and is a cost-effective
strategy, due in part to its impact on treatment cover-
age, but that training and supervision are needed par-
ticularly where the more complex standard protocol is
used. Switching to a simplified protocol in an emergency
context can lead to cost savings particularly in terms of
RUTF costs for children with severe wasting, less dis-
charge errors and should be considered where weight-
based admission, monitoring or dosage is not possible or
RUTF stocks are running low. More research is needed
on the implications of the recently published 2023 WHO
guidelines on cost and cost-effectiveness of treatment
and the adequate level of training and supervision for
CHWs.
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