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Abstract

Objectives

Debate for a greater role of mid-upper arm circumference (MUAC) measures in nutritional

programming continues, but a shift from therapeutic feeding programs admitting children

using MUAC and/or weight-for-height Z (WHZ) to a new model admitting children using

MUAC only remains complicated by limited information regarding the clinical profile and

response to treatment of children selected by MUAC vs. WHZ. To broaden our understand-

ing of how children identified for therapeutic feeding by MUAC and/or WHZ may differ, we

aimed to investigate differences between children identified for therapeutic feeding by

MUAC and/or WHZ in terms of demographic, anthropometric, clinical, and laboratory and

treatment response characteristics.

Methods

Using secondary data from a randomized trial in rural Niger among children with uncompli-

cated severe acute malnutrition, we compared children that would be admitted to a thera-

peutic feeding program that used a single anthropometric criterion of MUAC< 115 mm vs.

children that are admitted under current admission criteria (WHZ< -3 and/or MUAC< 115

mm) but would be excluded from a program that used a single MUAC< 115 mm admission

criterion. We assessed differences between groups using multivariate regression, employ-

ing linear regression for continuous outcomes and log-binomial regression for dichotomous

outcomes.
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Results

We found no difference in terms of clinical and laboratory characteristics and discharge out-

comes evaluated between children that would be included in a MUAC< 115 mm therapeutic

feeding program vs. children that are currently eligible for therapeutic feeding but would be

excluded from a MUAC-only program.

Conclusions

A single anthropometric admission criterion of MUAC < 115 mm did not differentiate well

between children in terms of clinical or laboratory measures or program outcomes in this

context. If nutritional programming is to use a single MUAC-based criterion for admission to

treatment, further research and program experience can help to identify the most appropri-

ate criterion in a broad range of contexts to target children in most urgent need of treatment.

Introduction
It is estimated that 34 million children under the age of 5 each year are affected by severe acute
malnutrition (SAM), a condition associated with significant increased risks of mortality and
morbidity [1, 2]. In 2007, a joint United Nations statement endorsed a new model for the man-
agement of SAM that combines outpatient treatment with ready-to-use therapeutic foods
(RUTF) for uncomplicated cases and inpatient treatment for complicated cases [3]. This model
has been shown to be both effective [4, 5] and cost-effective [6–8], with the potential to bring
life-saving treatment to millions of children.

Since 2009, the World Health Organization (WHO) has recommended using weight-for-
height Z-score (WHZ)< -3 and/or mid-upper arm circumference (MUAC)< 115 mm as
anthropometric criteria for admission to therapeutic feeding programs [9, 10]. In recent years,
however, the use of MUAC alone for admission has been increasingly discussed [11–13]. Many
benefits of using MUAC exist: MUAC is predictive of death, easy to use, acceptable, and linked
to community-based screening methods [14, 15]. However, it is known that MUAC and WHZ
select different children for treatment [16, 17], complicating a shift from programs currently
admitting children using MUAC< 115 mm and/or WHZ< -3 to a new model admitting chil-
dren using MUAC< 115 mm only. Depending on context, up to 63–79% of children currently
recommended for therapeutic feeding with WHZ< -3 and/or MUAC< 115 mm would not be
eligible if using MUAC< 115 mm alone for admission [10, 17, 18].

To inform decision making regarding the use of MUAC as a standalone admission criterion
in nutrition programming, more information on the programmatic implications of using
MUAC alone is urgently needed. Preliminary reports demonstrate demographic and anthropo-
metric differences among children identified by WHZ and MUAC: MUAC is more likely to
identify children that are younger, female and more stunted [19–21]. These data have been
used to suggest a role for MUAC to identify children that are potentially more vulnerable or at
a higher risk of death, supporting the transition to a MUAC-only based admission criterion.
Published evidence is, however, scarce and limited in breadth, due to the narrow scope of rou-
tine program data often available for analysis. Important parameters, including the clinical pro-
file and treatment response, of children who are currently eligible for therapeutic feeding but
would not be recommended for treatment using MUAC< 115 mm as a single anthropometric
criterion for treatment remain poorly documented.
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To broaden our understanding of how children identified for therapeutic feeding by MUAC
and/or WHZ may differ, and to inform future program planning if MUAC-based program-
ming is to occur, we analyzed data from a randomized trial of children aged 6 to 59 months
with uncomplicated SAM in Niger. The objective of this analysis was to compare children that
would be admitted for outpatient SAM treatment in a MUAC-based program vs. children that
are admitted under current admission criteria of lowWHZ and/or low MUAC but would be
excluded if using MUAC-based admission criteria. We aimed to specifically investigate differ-
ences in demographic and anthropometric characteristics between groups previously reported,
as well as extend our understanding on other potential differences in vulnerability in terms of
clinical and laboratory characteristics and treatment response. These characteristics were also
used to explore possible variability within a potential MUAC-only program, comparing chil-
dren admitted by MUAC< 115 mm admission criteria, with vs. without WHZ< -3. These
findings will be useful to describe the potential implications of MUAC-based programming in
terms of the clinical needs of the expected patient population and can inform planning if such
programs are to be implemented.

Materials and Methods

Study Setting
The present study is a secondary analysis of a randomized trial in Niger to assess the impact of
systematic antibiotic use in the outpatient treatment of uncomplicated SAM on nutritional
recovery (ClinicalTrials.gov number, NCT01613547). The trial protocol was approved by the
Comité Consultatif National d’Ethique of the Ministry of Public Health of Niger and the
Comité de Protection des Personnes, Ile-de-France and parental informed consent was
obtained for all trial participants (S1 Trial Protocol). The study was conducted in Madarounfa,
Niger, a rural health district located in the south-central part of the country bordering Nigeria.
Niger is one of the poorest and most vulnerable countries in the world, ranking last in 2014 on
the Human Development Index with high rates of child mortality and malnutrition [22–24].
Located in the Sahel, household food production is linked to rain-fed agriculture, where staple
crops such as millet and sorghum are harvested once per year. Each year, the decrease in food
quantity and quality experienced in the months preceding the harvest and the concurrent
increase in infectious illness, including diarrhea, pneumonia and malaria, are associated with a
seasonal increases in acute malnutrition among children< 5 years of age.

Definition of Study Population and Procedures
The study population included 2,399 children enrolled in the parent trial from 2012 to 2013.
Inclusion criteria for the trial required participants be eligible for outpatient SAM treatment;
resident within 15 km of a study health center; available for the 12-week study period; not have
been admitted to a nutritional program within the last 3 months; have no clinical complication
requiring antibiotic treatment at admission; have not received any antibiotic within the last 7
days; and have no congenital abnormality that may affect growth. A child was considered eligi-
ble for outpatient SAM treatment in the trial with 6 and 59 months of age; weight-for-height Z
(WHZ) score< -3 according to the 2006 World Health Organization Growth Standards and/
or MUAC< 115 mm; sufficient appetite according to a test feeding of RUTF; and absence of
clinical complications requiring hospitalization, including bipedal edema. All study children
were randomized to amoxicillin (80 mg/kg/day) or placebo for 7 days and received standard
nutritional and medical care according to guidelines of the Government of Niger and Médecins
Sans Frontières (MSF). At inclusion, children received RUTF (170 kcal/kg/day; Plumpy’nut,
Nutriset, France), routine medicines (e.g. folic acid and anti-helminthic treatment, and if
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appropriate measles vaccination and anti-malarial treatment) to treat and prevent complica-
tions and a comprehensive physical exam with systematic assessment of hemoglobin, HIV sta-
tus and malaria infection by rapid test. Stool, urine and blood samples were collected at
admission for bacteriological analysis among a sub-sample of children of approximately 1000
children between October 2012 to October 2013. Weekly follow-up was conducted at the
health facility until nutritional recovery or transfer to inpatient care for a maximum of 8 weeks.
At each weekly visit, weight to the nearest 100 g; length (children<24 months of age) or stand-
ing height (children� 24 months of age) to the nearest 0.1 cm; and MUAC to the nearest
0.1 cm were measured using standard techniques, a physical exam was conducted, and the next
weekly ration of RUTF was provided until discharge. Nutritional recovery was defined at or
after 3 weeks with WHZ� -2 and MUAC� 115 mm on two consecutive visits; no acute com-
plication or edema for at least 7 days; and completion of all antibiotic and anti-malaria treat-
ment at the time of discharge. Transfer to inpatient care was initiated in case of weight
loss> 5% between two consecutive visits or lack of weight gain after 2 weeks and/or clinical
complication requiring inpatient management. Non-response was defined as not meeting the
criteria for nutritional recovery at 8 weeks.

Outcome Measures
Demographic characteristics included child age (months) and sex. Weight-for-height (WHZ)
and height-for-age (HAZ) were calculated using the 2006 WHO Growth Standards [25], with
Z scores< -2 indicative of wasting and stunting, respectively. Clinical characteristics evaluated
at admission included fever (axillary temperature� 38.5° C); tachypnea (average of two mea-
sures; respiratory rate> 50 breaths per minute for children 6–11 months of age and> 40
breaths per minute for children 12–59 months of age); diarrhea, nasal discharge, cough, and
vomiting assessed by clinical examination; anemia (hemoglobin< 11 g/dL; HemoCue Hb 301,
HemoCue, Angelholm, Sweden), positive HRP2 rapid diagnostic test for malaria (SD Bioline
Malaria Antigen P.f, Standard Diagnostics Inc, Republic of Korea), as well as laboratory-con-
firmed bacteremia, bacteriuria, and bacterial gastroenteritis (defined as positive stool culture
with known pathogen and diarrhea).

In addition, we considered 4 types of program outcomes: recovery, transfer to inpatient
care, default, and death. Among all children and those who recovered, we calculated weight
gain (g/kg/day) and MUAC gain (mm/day) from admission to week 1 and week 2. Among chil-
dren who recovered, we calculated length of stay, defined as the number of days between the
date of discharge and admission.

Statistical Analysis
The first comparison presents children that would be included in a MUAC< 115 mm-only
therapeutic feeding program (hereafter “MUAC< 115 mm” children) vs. children that are cur-
rently eligible for therapeutic feeding using WHZ< -3 and/or MUAC< 115 mm criteria but
would be excluded from a MUAC-only program using MUAC< 115 mm for admission (here-
after “MUAC� 115 mm andWHZ< -3” children). The second comparison looks within the
hypothetical program population identified by MUAC< 115 mm and compares children with
and without WHZ< -3 (hereafter “MUAC< 115 mm andWHZ< -3” and “MUAC< 115
mm andWHZ� -3”, respectively).

Differences between groups adjusting for the parent trial regimen (amoxicillin vs. placebo)
were assessed using multivariate regression, employing linear regression for continuous char-
acteristics, ordinal logistic regression for ordinal characteristics, and log-binomial regression
for dichotomous. In secondary analyses, we additionally adjusted for age (± 24 months), sex,
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stunting (HAZ ± -2) at admission. We hypothesized that differences between groups may be
limited to certain subgroups and explored possible effect modification by age (± 24 months),
sex and stunting (HAZ ± -2). Statistical interactions were therefore assessed using linear regres-
sion for continuous outcomes and log-binomial regression for dichotomous outcomes. If a sig-
nificant interaction was found, the appropriate stratified estimates are presented. Stata 12
(StataCorp, College Station, Texas, USA) was used for statistical analysis. A P-value< 0.05 was
considered statistically significant.

Results
2,399 children aged 6–59 months with MUAC< 115 mm and/or WHZ< -3 were included in
the analysis. Overall, children had a median age of 15 months (IQR: 10–22 months), and there
was a nearly equal proportion of girls and boys. The distribution of children across anthropo-
metric groups was as follows: 929 (39%) children with MUAC< 115 mm only, 530 (22%)
children with WHZ< -3 only, and 940 (39%) children with both MUAC< 115 mm and
WHZ< -3. One (<0.1%) child was confirmed to be HIV-positive.

To describe potential differences among children who would be included in a MUAC<

115 mm program vs. those who are currently eligible but who would be excluded using
MUAC< 115 mm alone for admission, the first comparison presents children with MUAC<

115 mm (n = 1869) vs. children who would be excluded from a MUAC-based program having
MUAC� 115 mm andWHZ< -3(n = 530) (Table 1). Children with MUAC< 115 mm were
more likely to be younger, female (57% vs. 25%) and stunted (81% vs. 73%), compared to
children with MUAC� 115 mm andWHZ< -3. Clinical characteristics on admission and
program outcomes did not significantly differ between groups. The prevalence of bacterial
infection was low in this population and did not differ between groups. Immediate response to
treatment, as evidenced by the rate of weight gain from admission to week 1 and week 2, was
greater among children with MUAC� 115 mm andWHZ< -3, compared to MUAC< 115
mm children though ultimately there was no difference in length of stay between groups.
Results remained largely consistent with adjustment for age, sex and stunting.

To describe potential heterogeneity within children who would be included in a MUAC<

115 mm program, the second analysis compared children with both MUAC< 115 mm and
WHZ< -3 (n = 940) vs. children with MUAC< 115 mm andWHZ� -3 (n = 929) (Table 2).
Children with MUAC< 115 mm andWHZ< -3 were older and male; both groups were simi-
lar in terms of clinical characteristics on admission, except for a greater prevalence of diarrhea
(34% vs. 29%) and bacteremia (5% vs. 2%) among children with MUAC< 115 mm andWHZ
< -3. Compared to children with MUAC< 115 mm andWHZ� -3, children with both
MUAC< 115 mm andWHZ< -3 were less likely to recover, particularly children< 24
months of age (71% vs. 53%), and were more likely to be transferred to inpatient care due to
lack of weight gain or weight loss. Immediate weight gain was greater among children with
both MUAC< 115 mm andWHZ< -3 compared to children with MUAC< 115 mm and
WHZ� -3, though length of stay was greater.

Discussion
Our results show that children identified for therapeutic feeding with MUAC< 115 mm
were clinically similar on admission to children currently eligible for treatment but excluded
using the MUAC-based admission criterion: specifically, we found no difference between
groups in terms of clinical and laboratory characteristics and program outcomes evaluated
in this study population. Among children with MUAC< 115 mm, we found that those with
both MUAC< 115 mm andWHZ< -3 presented with a more severe clinical condition,
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Table 1. Demographic and clinical characteristics on admission and program outcomes of children with SAM, by MUAC- andWHZ-defined admis-
sion criteria.

Child characteristics MUAC < 115 mm MUAC � 115 mm and WHZ < -3 P* P**

N (%) 1869 (78%) 530 (22%)

Demographic characteristics on admission

Age, n (%) < .001 < .001

6–11 months 762 (41%) 91 (17%)

12–23 months 783 (42%) 275 (52%)

24–59 months 324 (17%) 164 (31%)

Females, n (%) 1062 (57%) 134 (25%) < .001 < .001

Anthropometric status on admission

WHZ, mean (SD)

Overall -3.00 (0.69) -3.37 (0.24) < .001 < .001

Age < 24 months -2.95 (0.69) -3.33 (0.24) < .001 < .001

Age � 24 months -3.25 (0.61) -3.46 (0.23) < .001 0.003

Boys -3.25 (0.65) -3.38 (0.24) < .001 0.005

Girls -2.81 (0.66) -3.34 (0.24) < .001 < .001

MUAC (mm), mean (SD)

Overall 111 (37) 118 (24) < .001 < .001

HAZ < -2 111 (38) 118 (24) < .001 < .001

HAZ � -2 112 (27) 118 (24) < .001 < .001

HAZ, mean (SD) -3.04 (1.22) -2.81 (1.21) < .001

HAZ <-2, n (%)

Overall 1509 (81%) 388 (73%) < .001 < .001

Age < 24 months 1206 (78%) 239 (65%) < .001 < .001

Age � 24 months 303 (94%) 149 (91%) < .001 0.12

Clinical characteristics on admission

Diarrhea 589 (32%) 170 (32%) 0.82 0.90

Nasal discharge 426 (23%) 126 (24%) 0.64 0.63

Cough 308 (16%) 79 (15%) 0.38 0.28

Vomiting 112 (6%) 26 (5%) 0.34 0.36

Tachypnea

Overall 27 (1%) 4 (1%) 0.23 0.28

Boys 15 (2%) 1 (0.25%) 0.05 0.08

Girls 12 (1%) 3 (2%) 0.47 0.33

Fever [Temperature � 38.5° C] 101 (5%) 31 (6%) 0.70 0.52

Anemia [Hb < 11 g/dL] 1374 (74%) 372 (70%) 0.14 0.28

Malaria positive 1040 (56%) 287 (54%) 0.56 0.18

Laboratory findings on admission

Bacteremia 29 (3%) 12 (5%) 0.23 0.44

Enterobacteriaceae 26 (3%) 8 (3%) 0.78 0.81

Bacteriuria 22 (4%) 4 (2%) 0.39 0.33

Enterobacteriaceae 21 (3%) 3 (2%) 0.24 0.18

Bacterial gastroenteritis 89 (10%) 25 (11%) 0.93 0.98

Enterobacteriaceae 53 (6%) 13 (6%) 0.68 0.52

Campylobacter spp. 42 (5%) 13 (6%) 0.69 0.58

Treatment Response Among All Children

Weight gain at week 1 [g/kg/day], mean (SD)

Overall 9 (8) 11 (8) < .001 < .001

(Continued)
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demonstrated by increased prevalence of diarrhea and bacteremia, and did not respond as well
to treatment, evidenced by a lower risk of nutritional recovery and an increased risk of transfer
to inpatient care, compared to children admitted with MUAC< 115 mm andWHZ� -3.

Debate and interest surrounding the use of MUAC-only in nutritional programming con-
tinues, but a shift from therapeutic feeding programs admitting children using MUAC< 115
mm and/or WHZ< -3 to a new model admitting children using MUAC only remains compli-
cated by limited information regarding the clinical profile and response to treatment of chil-
dren selected by MUAC vs. WHZ. It has been shown that a single MUAC-based cut-off (e.g.
independent of age and sex) is more likely to identify SAM children who are younger, female
and stunted [19–21]. It has been suggested that such a demographic and anthropometric shift
in the patient profile selected with a single MUAC-based admission criterion may appropri-
ately identify children that are more vulnerable or in need of nutritional rehabilitation. We
compared children who would be included in a MUAC-based program (e.g. MUAC< 115
mm as the single anthropometric criterion) with children who are currently eligible for
treatment but would be excluded from a MUAC-based program (MUAC� 115 mm and
WHZ< -3) in terms of a broad range of clinical, and laboratory characteristics, as well as

Table 1. (Continued)

Child characteristics MUAC < 115 mm MUAC � 115 mm and WHZ < -3 P* P**

N (%) 1869 (78%) 530 (22%)

Boys 9 (8) 11 (8) < .001 < .001

Girls 8 (8) 12 (7) < .001 < .001

Weight gain at week 2 [g/kg/day], mean (SD) 6 (4) 8 (10) < .001 < .001

MUAC gain at week 1 [mm/day], mean (SD) 5 (5) 5 (5) 0.68 0.60

MUAC gain at week 2 [mm/day], mean (SD) 7 (6) 7 (6) 0.44 0.01

Treatment Response Among Recovered Children

Weight gain at week 1 [g/kg/day], mean (SD)

Overall 10 (7) 13 (7) < .001 < .001

Boys 10 (7) 13 (7) < .001 < .001

Girls 10 (7) 14 (7) < .001 < .001

Weight gain at week 2 [g/kg/day], mean (SD)

Overall 7 (4) 9 (11) < .001 < .001

Age < 24 months 7 (4) 9 (14) < .001 < .001

Age � 24 months 9 (4) 10 (4) 0.21 0.30

MUAC gain at week 1 [mm/day], mean (SD) 6 (5) 6 (4) 0.38 0.95

MUAC gain at week 2 [mm/day], mean (SD) 9 (6) 9 (6) 0.47 0.02

Length of stay [days], mean (SD) 29 (10) 30 (11) 0.50 0.98

Type of Discharge

Recovered 1194 (64%) 349 (66%) 0.40 0.47

Transferred 650 (35%) 169 (32%) 0.23 0.16

Transferred due to clinical complications 185 (10%) 52 (10%) 0.98 0.90

Transferred due to weight loss or lack of weight gain 481 (26%) 123 (23%) 0.25 0.26

Died 10 (1%) 3 (1%) 0.94 0.90

Defaulted 15 (1%) 9 (2%) 0.08 0.12

*P value from linear, binomial or ordinal regression adjusted for parent trial intervention group.

**P value from linear, binomial or ordinal regression adjusted for parent trial intervention group, age (< or � 24 months), sex, and stunting (HAZ < or

� -2).

doi:10.1371/journal.pone.0137606.t001
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Table 2. Demographic and clinical characteristics on admission and program outcomes of children eligible for nutritional treatment using a
MUAC-only admission criterion, by MUAC- andWHZ-defined admission criteria.

Child characteristics MUAC < 115 mm and WHZ � -3 MUAC < 115 mm and WHZ < -3 P* P**

N (%) 929 (50%) 940 (50%)

Demographic characteristics on admission

Age, n (%) < .001 < .001

6–11 months 446 (48%) 316 (34%)

12–23 months 368 (40%) 415 (44%)

24–59 months 115 (12%) 209 (22%)

Females, n (%) 652 (70%) 410 (44%) < .001 < .001

Anthropometric status on admission

WHZ, mean (SD)

Overall -2.46 (0.44) -3.53 (0.43) < .001 < .001

Age < 24 months -2.43 (0.45) -3.52 (0.42) < .001 < .001

Age � 24 months -2.64 (0.33) -3.59 (0.45) < .001 < .001

MUAC (mm), mean (SD)

Overall 112 (28) 110 (42) < .001 < .001

Boys 112 (26) 111 (39) < .001 < .001

Girls 111 (29) 109 (45) < .001 < .001

HAZ, mean (SD) -3.02 (1.17) -3.06 (1.27) 0.57 0.06

HAZ <-2, n (%) 755 (81%) 754 (80%) 0.54 0.004

Clinical characteristics on admission

Diarrhea in last 24 h 271 (29%) 318 (34%) 0.03 0.08

Nasal discharge 204 (22%) 222 (24%) 0.39 0.25

Cough 151 (16%) 157 (17%) 0.81 0.72

Vomiting 57 (6%) 55 (6%) 0.80 0.80

Tachypnea 17 (2%) 10 (1%) 0.17 0.12

Fever [Temperature � 38.5° C] 49 (5%) 52 (6%) 0.79 0.54

Anemia [Hb < 11 g/dL] 697 (75%) 677 (72%) 0.15 0.02

Malaria positive 531 (57%) 509 (54%) 0.19 0.03

Laboratory Findings

Bacteremia 10 (2%) 19 (5%) 0.04 0.10

Enterobacteriaceae 8 (2%) 18 (5%) 0.02 0.07

Bacteriuria 8 (2%) 14 (5%) 0.13 0.12

Enterobacteriaceae 8 (2%) 13 (4%) 0.18 0.15

Bacterial gastroenteritis 36 (8%) 53 (13%) 0.01 0.01

Enterobacteriaceae 22 (5%) 31 (8%) 0.07 0.09

Campylobacter spp. 16 (4%) 26 (7%) 0.05 0.03

Treatment Response Among All Children

Weight gain at week 1 [g/kg/day], mean (SD)

Overall 7 (7) 10 (9) < .001 < .001

Boys 8 (7) 10 (8) < .001 0.002

Girls 7 (7) 11 (10) < .001 < .001

Weight gain at week 2 [g/kg/day], mean (SD)

Overall 5 (4) 7 (5) < .001 < .001

Boys 6 (4) 7 (4) 0.004 0.03

Girls 5 (4) 7 (5) < .001 < .001

MUAC gain at week 1 [mm/day], mean (SD)

Overall 5 (5) 5 (5) 0.85 0.25

(Continued)
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program outcomes, to better understand the operational implications of applying a MUAC-
only anthropometric criterion for admission to therapeutic feeding in rural Niger. Our findings
suggest the single criterion of MUAC< 115 mm for admission to therapeutic feeding

Table 2. (Continued)

Child characteristics MUAC < 115 mm and WHZ � -3 MUAC < 115 mm and WHZ < -3 P* P**

N (%) 929 (50%) 940 (50%)

Boys 5 (5) 5 (5) 0.06 0.03

Girls 4 (5) 5 (5) 0.37 0.72

MUAC gain at week 2 [mm/day], mean (SD)

Overall 7 (6) 7 (6) 0.28 0.005

Boys 8 (6) 7 (6) 0.006 0.001

Girls 7 (6) 7 (6) 0.88 0.37

Treatment Response Among Recovered Children

Weight gain at week 1 [g/kg/day], mean (SD)

Overall 8 (7) 12 (8) < .001 < .001

Boys 9 (6) 11 (7) < .001 0.001

Girls 8 (7) 13 (8) < .001 < .001

Weight gain at week 2 [g/kg/day], mean (SD)

Overall 6 (4) 8 (4) < .001 < .001

Boys 7 (4) 8 (4) < .001 < .001

Girls 6 (4) 9 (4) < .001 < .001

Length of stay [days], mean (SD)

Overall 26 (8) 33 (11) < .001 < .001

Boys 26 (7) 33 (11) < .001 < .001

Girls 27 (9) 32 (11) < .001 < .001

MUAC gain at week 1 [mm/day], mean (SD)

Overall 6 (5) 6 (5) 0.90 0.23

Boys 6 (5) 5 (5) 0.03 0.02

Girls 5 (5) 6 (5) 0.29 0.61

MUAC gain at week 2 [mm/day], mean (SD)

Overall 9 (6) 9 (5) 0.87 0.09

Boys 10 (6) 9 (5) 0.01 0.003

Girls 8 (6) 9 (5) 0.26 0.77

Type of Discharge

Recovered

Overall 664 (71%) 530 (56%) < .001 < .001

Age < 24 months 574 (71%) 385 (53%) < .001 < .001

Age � 24 months 90 (78%) 145 (69%) 0.09 0.05

Transferred 252 (27%) 398 (42%) < .001 < .001

Transferred due to clinical complications 79 (9%) 106 (11%) 0.05 0.06

Transferred due to weight loss or lack of weight gain 201 (22%) 280 (30%) < .001 < .001

Died 4 (0%) 6 (1%) 0.54 0.51

Defaulted 9 (1%) 6 (1%) 0.43 0.37

*P value from linear, binomial or ordinal regression adjusted for parent trial intervention group.

**P value from linear, binomial or ordinal regression adjusted for parent trial intervention group, age (< or � 24 months), sex, and stunting (HAZ < or

� -2).

doi:10.1371/journal.pone.0137606.t002
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identified few important differences between groups in this context. However, among those
children who would be accepted into a MUAC-only program, we found children with both
MUAC< 115 mm andWHZ< -3 were more likely to be clinically unwell at admission, indi-
cated by increased diarrhea and bacteremia, and achieved poor program outcomes. These find-
ings suggest that where MUAC< 115 mm is used as the single anthropometric criterion for
admission to therapeutic feeding, the combination of anthropometric indicators may help to
further target children at increased risk or need of additional follow-up. An upward adjustment
of a single MUAC threshold above 115 mm could also be applied to increase sensitivity to
select more children at high risk, but such adjustments would have important programmatic
implications, including increased workload and costs, and should be context-specific.

We noted significantly greater initial weight gain (e.g. at week 1 and week 2) among children
with MUAC� 115 mm andWHZ<- 3 children compared to children with MUAC< 115
mm and considered several potential mechanisms or explanations of this finding. First, greater
initial weight gain may reflect a greater need for nutritional therapy among children with
MUAC� 115 mm andWHZ<- 3. The rate of weight gains observed in this group is not
inconsistent with mean weight gain observed during recovery of severely malnourished chil-
dren in inpatient settings (7.8 to 10 g/kg/day, [26]) and early community-based therapeutic
programs (3 to 6.8 g/kg/day, [27]). In this study population, MUAC� 115 mm andWHZ<- 3
may characterize a sub-group of children with a pathophysiological condition rapidly corrected
and responsive to rapid weight gain, or conversely, MUAC may characterize a sub-group of
children suffering from more severe metabolic impairments that limit rapid tissue restoration.
Second, it is possible the greater initial weight gain among children with MUAC� 115 mm
andWHZ<- 3 reflects rapid water repletion associated with correction of moderate dehydra-
tion not measured in this study. The greater effect of dehydration on WHZ assessment, com-
pared to MUAC, and the inadequacy of WHZ to assess nutritional status of children with
diarrhea or dehydration was been noted elsewhere [28, 29].

With the hypothesis that differences among children selected by MUAC< 115 mm vs.
MUAC� 115 mm andWHZ<- 3 may further differ by age, sex and stunting, we investigated
potential effect modification by these factors. A recent study fromMcDonald et al. importantly
highlighted an increased risk of mortality with multiple anthropometric deficits (WHZ< -2,
HAZ< -2 and weight-for-age Z<-2), compared to single or no anthropometric deficits [30].
The contribution of anthropometric deficit defined by MUAC< 115 mm, however, was not
considered in this study. In the inpatient study from Kenya, Berkley et al. found no difference
in the risk of death between children identified as SAM by MUAC only vs. those identified as
SAM byWHZ only, but those children identified by both criteria had an increased risk of mor-
tality [19]. We, however, found no evidence for worse treatment outcomes or response among
children with HAZ< -2 and WHZ< -3. Our results do suggest that other clinical differences
in children selected by low MUAC and/or lowWHZ may be more pronounced in particular
subgroups defined by age, sex or stunting. Identification of such subgroups can provide a more
precise understanding of how anthropometric criteria may be selecting different profiles of vul-
nerable children.

Published data on potential variability among children selected by different anthropometric
criteria remains very limited to date. The most detailed study available was done in 1999–2002
among 8,190 children hospitalized in rural Kenya [19]. This study similarly suggested that
MUAC was more likely to identify severely malnourished children that were younger, female,
and stunted. It also showed that mortality risk was similar in children with MUAC< 115 mm
and children with MUAC� 115 mm andWHZ<- 3, yet higher in children presenting both
criteria at admission. Our results similarly suggest a higher vulnerability in children with both
criteria compared with children with MUAC< 115 mm andWHZ� -3. In comparing the
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clinical features of the children identified by MUAC< 115 mm only and by WHZ< -3 only,
this study in Kenya also reported higher prevalence of seizures during current illness and
impaired consciousness in lowWHZ-only children but fewer other clinical signs (including
cough, diarrhea, sub-costal indrawing and anemia). The comparison of these findings with the
findings from our outpatient population in Niger is, however limited, given the specific defini-
tion of anthropometric groups for comparison and differences between the inpatient vs. outpa-
tient study populations.

Routine data collected from two Médecins Sans Frontières (MSF) therapeutic feeding
programs have recently been analyzed to explore this subject. In Burkina Faso, Goossens et al.
analyzed data from 24,792 children admitted to a therapeutic feeding program using
MUAC� 118 mm as the sole anthropometric admission criterion. This study showed greater
weight gain associated with lower MUAC at admission [12]. Program records from 2,205 chil-
dren admitted to a therapeutic feeding program in South Sudan were also analyzed to compare
children who would have been admitted to a MUAC-only program to those who would have
been excluded from a MUAC only program but are included under current WHO guidelines.
Like in our study, MUAC-eligible children were younger and more likely to be female. How-
ever, they were more severely malnourished and at a greater risk of death, but more responsive
to treatment than those in the lowWHZ-only group.(24) Although the tall and thin body
shape of some pastoralist populations, as found in the latter South Sudan program, is known to
influence the performance of different anthropometric indicators, the comparison of demo-
graphic characteristics from Niger are consistent with those reported by Grellety et al. from
South Sudan.

This study is the first to date to compare the clinical and laboratory characteristics associ-
ated with the type of anthropometric diagnosis among a large population of children with
uncomplicated SAM children admitted to an outpatient nutritional program. Characterization
of individual vulnerability was informed by the reliable assessment of clinical and laboratory
characteristics at admission, as well as through a careful follow-up over the course of the treat-
ment. This study offers new information to extend current evidence on the potential implica-
tions of moving towards MUAC as the sole anthropometric admission criterion for therapeutic
feeding.

This study does, however, have some limitations. In particular, laboratory analyses did not
include parasitological or virological exam or confirmation of malaria infection. The preva-
lence of bacteriological infection and mortality were low, limiting the interpretation of these
results. Additionally, this analysis draws from data collected during a randomized trial among
children presenting to a health facility with SAM and receiving treatment. The study popula-
tion does not reflect an untreated or general population, or a nutritional program that draws its
participants from community-based screening and referral. These data therefore do not allow a
clear conclusion regarding the use of using MUAC-only based criterion among untreated chil-
dren in the community.

Therapeutic feeding programs must aim to target and treat malnourished children that are
the most vulnerable and at the highest risk of death, but programs are often challenged to do so
in highly resource-constrained settings. It was believed that a single MUAC-based anthropo-
metric admission criterion, in addition to its operational advantages, would identify the most
vulnerable children in need of treatment. Our study suggests that a single anthropometric
admission criterion of MUAC< 115 mm identified younger and more female children but did
not well differentiate children in terms of other measures of vulnerability. Children with
MUAC< 115 mm and children with MUAC� 115 mm andWHZ< -3 in rural Niger dis-
played similar characteristics in terms of their clinical and laboratory profile on admission. An
upward adjustment of the MUAC threshold could yield a more sensitive criterion for
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admission to select children at high risk but would have important programmatic implications.
For MUAC to be considered as a single anthropometric admission criterion for therapeutic
feeding, experience with various MUAC-based thresholds and supporting evidence on the clin-
ical characteristics and needs of children selected with each should be further evaluated in a
broad range of contexts.

Supporting Information
S1 Trial Protocol.
(PDF)

Author Contributions
Conceived and designed the experiments: SI BG. Analyzed the data: ASL. Wrote the paper: SI
BG ASL KH CL RFG.

References
1. Black RE, Allen LH, Bhutta ZA, Caulfield LE, de Onis M, Ezzati M, et al. Maternal and child undernutri-

tion: global and regional exposures and health consequences. Lancet. 2008; 371(9608):243–60. doi:
10.1016/S0140-6736(07)61690-0 PMID: 18207566.

2. UNICEF/Coverage Monitoring Network/ACF International. The State of Global SAMManagement Cov-
erage 2012. New York & London: UNICEF/Coverage Monitoring Network/ACF International, 2012.

3. WHO,WFP, UNSCN, UNICEF. Joint Statement on Community-Based Management of Severe Acute
Malnutrition. Available: http://www.who.int/maternal_child_adolescent/documents/a91065/en/
(accessed December 2014). 2007.

4. Ciliberto MA, Sandige H, Ndekha MJ, Ashorn P, Briend A, Ciliberto HM, et al. Comparison of home-
based therapy with ready-to-use therapeutic food with standard therapy in the treatment of malnour-
ished Malawian children: a controlled, clinical effectiveness trial. The American journal of clinical nutri-
tion. 2005; 81(4):864–70. PMID: 15817865.

5. Manary MJ, Ndkeha MJ, Ashorn P, Maleta K, Briend A. Home based therapy for severe malnutrition
with ready-to-use food. Archives of disease in childhood. 2004; 89(6):557–61. PMID: 15155403;
PubMed Central PMCID: PMC1719944.

6. BachmannMO. Cost-effectiveness of community-based treatment of severe acute malnutrition in chil-
dren. Expert review of pharmacoeconomics & outcomes research. 2010; 10(5):605–12. doi: 10.1586/
erp.10.54 PMID: 20950075.

7. Puett C, Sadler K, Alderman H, Coates J, Fiedler JL, Myatt M. Cost-effectiveness of the community-
based management of severe acute malnutrition by community health workers in southern Bangladesh.
Health policy and planning. 2013; 28(4):386–99. doi: 10.1093/heapol/czs070 PMID: 22879522.

8. Wilford R, Golden K, Walker DG. Cost-effectiveness of community-based management of acute malnu-
trition in Malawi. Health policy and planning. 2012; 27(2):127–37. doi: 10.1093/heapol/czr017 PMID:
21378101.

9. World Health Organization. Guideline updates on the management of severe acute malnutrition in
infants and children. Available: http://www.who.int/nutrition/publications/guidelines/updates_
management_SAM_infantandchildren/en/ (accessed December 2014). 2013.

10. World Health Organization, UNICEF. WHO child growth standards and the identification of severe
acute malnutrition in infants and children. Geneva: World Health Organization, 2009.

11. Ali E, Zachariah R, Shams Z, Vernaeve L, Alders P, Salio F, et al. Is mid-upper arm circumference
alone sufficient for deciding admission to a nutritional programme for childhood severe acute malnutri-
tion in Bangladesh? Transactions of the Royal Society of Tropical Medicine and Hygiene. 2013; 107
(5):319–23. doi: 10.1093/trstmh/trt018 PMID: 23471920.

12. Goossens S, Bekele Y, Yun O, Harczi G, Ouannes M, Shepherd S. Mid-upper arm circumference
based nutrition programming: evidence for a new approach in regions with high burden of acute malnu-
trition. PloS one. 2012; 7(11):e49320. doi: 10.1371/journal.pone.0049320 PMID: 23189140; PubMed
Central PMCID: PMC3506602.

13. Roberfroid D, Hammami N, Lachat C, Prinzo Z, Sibson V, Guesdon B, et al. Utilization of a mid-upper
arm circumference versus weight-for-height in nutritional rehabilitation programmes: a systematic
review of evidence. Geneva: World Health Organization, 2013.

Clinical Factors and MUAC-Based Admission Criteria

PLOS ONE | DOI:10.1371/journal.pone.0137606 September 16, 2015 12 / 13

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0137606.s001
http://dx.doi.org/10.1016/S0140-6736(07)61690-0
http://www.ncbi.nlm.nih.gov/pubmed/18207566
http://www.who.int/maternal_child_adolescent/documents/a91065/en/
http://www.ncbi.nlm.nih.gov/pubmed/15817865
http://www.ncbi.nlm.nih.gov/pubmed/15155403
http://dx.doi.org/10.1586/erp.10.54
http://dx.doi.org/10.1586/erp.10.54
http://www.ncbi.nlm.nih.gov/pubmed/20950075
http://dx.doi.org/10.1093/heapol/czs070
http://www.ncbi.nlm.nih.gov/pubmed/22879522
http://dx.doi.org/10.1093/heapol/czr017
http://www.ncbi.nlm.nih.gov/pubmed/21378101
http://www.who.int/nutrition/publications/guidelines/updates_management_SAM_infantandchildren/en/
http://www.who.int/nutrition/publications/guidelines/updates_management_SAM_infantandchildren/en/
http://dx.doi.org/10.1093/trstmh/trt018
http://www.ncbi.nlm.nih.gov/pubmed/23471920
http://dx.doi.org/10.1371/journal.pone.0049320
http://www.ncbi.nlm.nih.gov/pubmed/23189140


14. Briend A, Maire B, Fontaine O, Garenne M. Mid-upper arm circumference and weight-for-height to iden-
tify high-risk malnourished under-five children. Maternal & child nutrition. 2012; 8(1):130–3. doi: 10.
1111/j.1740-8709.2011.00340.x PMID: 21951349.

15. Myatt M, Khara T, Collins S. A review of methods to detect cases of severely malnourished children in
the community for their admission into community-based therapeutic care programs. Food and nutrition
bulletin. 2006; 27(3 Suppl):S7–23. PMID: 17076211.

16. Bern C, Nathanail L. Is mid-upper-arm circumference a useful tool for screening in emergency settings?
Lancet. 1995; 345(8950):631–3. PMID: 7898183.

17. Laillou A, Prak S, de Groot R, Whitney S, Conkle J, Horton L, et al. Optimal screening of children with
acute malnutrition requires a change in current WHO guidelines as MUAC andWHZ identify different
patient groups. PloS one. 2014; 9(7):e101159. doi: 10.1371/journal.pone.0101159 PMID: 24983995;
PubMed Central PMCID: PMC4077752.

18. Fernandez MA, Delchevalerie P, Van Herp M. Accuracy of MUAC in the detection of severe wasting
with the newWHO growth standards. Pediatrics. 2010; 126(1):e195–201. doi: 10.1542/peds.2009-
2175 PMID: 20587675.

19. Berkley J, Mwangi I, Griffiths K, Ahmed I, Mithwani S, English M, et al. Assessment of severe malnutri-
tion among hospitalized children in rural Kenya: comparison of weight for height and mid upper arm cir-
cumference. Jama. 2005; 294(5):591–7. doi: 10.1001/jama.294.5.591 PMID: 16077053.

20. Dasgupta R, Sinha D, Jain SK, Prasad V. Screening for SAM in the community: is MUAC a simple tool?
Indian pediatrics. 2013; 50(1):154–5. PMID: 23396790.

21. Grellety E, Krause LK, Shams Eldin M, Porten K, Isanaka S. Comparison of weight-for-height and mid-
upper arm circumference (MUAC) in a therapeutic feeding programme in South Sudan: is MUAC alone
a sufficient criterion for admission of children at high risk of mortality? Public health nutrition. 2015:1–7.
doi: 10.1017/S1368980015000737 PMID: 25805273.

22. International Federation of Red Cross and Red Crescent Societies. Tackling malnutrition in Niger
Geneva: International Federation of Red Cross and Red Crescent Societies. Available: http://www.ifrc.
org/PageFiles/113731/TacklingmalnutritioninNiger-EN.pdf., 2010.

23. UNICEF. Statistics: Niger New York: UNICEF. Available: http://www.unicef.org/infobycountry/niger_
statistics.html., 2013.

24. United Nations Development Programme. Sustaining Human Progress: Reducing Vulnerabilities and
Building Resilience (Niger) New York: United Nations Development Programme. Available: http://hdr.
undp.org/sites/default/files/hdr14-summary-en.pdf., 2014.

25. World Health Organization. TheWHOChild Growth Standards Geneva: World Health Organization.
Available: http://www.who.int/childgrowth/standards/en.; [April 19, 2008]. Available: http://www.who.
int/childgrowth/standards/en.

26. Ashworth A. Growth rates in children recovering from protein-calorie malnutrition. The British journal of
nutrition. 1969; 23(4):835–45. PMID: 5357048.

27. Collins S. Treating severe acute malnutrition seriously. Archives of disease in childhood. 2007; 92
(5):453–61. doi: 10.1136/adc.2006.098327 PMID: 17449529; PubMed Central PMCID: PMC2083726.

28. Modi P, Nasrin S, Hawes M, Glavis-Bloom J, Alam NH, Hossain MI, et al. Midupper Arm Circumference
OutperformsWeight-Based Measures of Nutritional Status in Children with Diarrhea. The Journal of
nutrition. 2015; 145(7):1582–7. doi: 10.3945/jn.114.209718 PMID: 25972523; PubMed Central PMCID:
PMC4478950.

29. Mwangome MK, Fegan G, Prentice AM, Berkley JA. Are diagnostic criteria for acute malnutrition
affected by hydration status in hospitalized children? A repeated measures study. Nutrition journal.
2011; 10:92. doi: 10.1186/1475-2891-10-92 PMID: 21910909; PubMed Central PMCID: PMC3180351.

30. McDonald CM, Olofin I, Flaxman S, Fawzi WW, Spiegelman D, Caulfield LE, et al. The effect of multiple
anthropometric deficits on child mortality: meta-analysis of individual data in 10 prospective studies
from developing countries. The American journal of clinical nutrition. 2013; 97(4):896–901. doi: 10.
3945/ajcn.112.047639 PMID: 23426036.

Clinical Factors and MUAC-Based Admission Criteria

PLOS ONE | DOI:10.1371/journal.pone.0137606 September 16, 2015 13 / 13

http://dx.doi.org/10.1111/j.1740-8709.2011.00340.x
http://dx.doi.org/10.1111/j.1740-8709.2011.00340.x
http://www.ncbi.nlm.nih.gov/pubmed/21951349
http://www.ncbi.nlm.nih.gov/pubmed/17076211
http://www.ncbi.nlm.nih.gov/pubmed/7898183
http://dx.doi.org/10.1371/journal.pone.0101159
http://www.ncbi.nlm.nih.gov/pubmed/24983995
http://dx.doi.org/10.1542/peds.2009-2175
http://dx.doi.org/10.1542/peds.2009-2175
http://www.ncbi.nlm.nih.gov/pubmed/20587675
http://dx.doi.org/10.1001/jama.294.5.591
http://www.ncbi.nlm.nih.gov/pubmed/16077053
http://www.ncbi.nlm.nih.gov/pubmed/23396790
http://dx.doi.org/10.1017/S1368980015000737
http://www.ncbi.nlm.nih.gov/pubmed/25805273
http://www.ifrc.org/PageFiles/113731/TacklingmalnutritioninNiger-EN.pdf
http://www.ifrc.org/PageFiles/113731/TacklingmalnutritioninNiger-EN.pdf
http://www.unicef.org/infobycountry/niger_statistics.html
http://www.unicef.org/infobycountry/niger_statistics.html
http://hdr.undp.org/sites/default/files/hdr14-summary-en.pdf
http://hdr.undp.org/sites/default/files/hdr14-summary-en.pdf
http://www.who.int/childgrowth/standards/en.
http://www.who.int/childgrowth/standards/en
http://www.who.int/childgrowth/standards/en
http://www.ncbi.nlm.nih.gov/pubmed/5357048
http://dx.doi.org/10.1136/adc.2006.098327
http://www.ncbi.nlm.nih.gov/pubmed/17449529
http://dx.doi.org/10.3945/jn.114.209718
http://www.ncbi.nlm.nih.gov/pubmed/25972523
http://dx.doi.org/10.1186/1475-2891-10-92
http://www.ncbi.nlm.nih.gov/pubmed/21910909
http://dx.doi.org/10.3945/ajcn.112.047639
http://dx.doi.org/10.3945/ajcn.112.047639
http://www.ncbi.nlm.nih.gov/pubmed/23426036

