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What we know:

There is building evidence that mid-upper-arm circumference (MUAC) is a
reliable tool and a good predictor of mortality in infants aged under six months
(Hoehn et al, 2021). However, practitioners have faced challenges in accessing
and producing tapes for research and programming.

What this adds:

Operational pilots by GOAL, Save the Children, and MIHR of a prototype
multi-MUAC tape found that healthcare workers (HWs) and caregivers in
Somalia, Kenya, and South Sudan could effectively and feasibly use it to screen
infants under six months of age. Recommendations for design improvements
and contextual influences have informed an updated World Health Organization
(WHO) and UNICEF MUAC tape for women and infants (aged six weeks to six
months), which is now available from UNICEF regional and country offices.

he ‘management of small and nu-

tritionally at-risk infants under

six months and their mothers’

approach (MAMI) refers to the
continuity of respectful quality care for at-
risk mother-infant pairs across systems of
health and nutrition. ‘At-risk’ or vulnerable
pairs include infants and mothers who may
be identified in many ways. They include
infants born too early (preterm) or too
small (low birth weight), infants who are
wasted, underweight, or growing poorly,
and mothers with nutrition, mental/phys-
ical health, and social problems (McGrath
et al, 2024).

Since 2019, MUAC has been used in
infants aged under six months in a lim-
ited number of settings, building valua-
ble evidence of its application in this age
group. These efforts have contributed to a
recommendation on the use of MUAC to
identify infants at risk of poor growth and
development (MUAC <110mm, infants
aged six weeks to six months) in the 2023
guideline on the prevention and manage-
ment of wasting and nutritional oedema
(WHO, 2023).

In 2022, a working group was con-
vened by the MAMI Global Network to ad-
dress challenges in accessing or producing
a quality MUAC tape for use with infants.
This was a time-sensitive challenge given
imminent opportunities to include MUAC
for infants aged under six months in re-
search, and the potential for a WHO rec-
ommendation to emerge. While a MUAC
template for infants aged under six months
was available (Rana et al, 2021a), in-coun-
try replication was proving difficult to the
necessary specifications.

The working group oversaw the design
of a pilot ‘multi-MUAC’ tape, produced for
research purposes by UNICEF in collabora-
tion with WHO. The aim was to produce a
practical, high-specification MUAC tape that
was designed to assess infants aged under six
months, while also incorporating mother’s
assessment alongside. The tape also included
children aged 6-59 months to avoid the need
for multiple different MUAC tapes.

The multi-MUAC tape was piloted by
three agencies (GOAL, Save the Children,
and MIHR) to test its feasibility and effec-
tiveness for screening infants aged under six
months by HWs and caregivers. This arti-
cle shares the collated findings of this col-
lective effort.

Methods

Design and production

The multi-MUAC tape design (figure 1)
was developed by the working group us-
ing the GOAL template as a strong starting
point. One side measures infants and chil-
dren (mm, colour-coded), while the other
measures women (mm only). At the time
of development there were no guidelines
for the use of MUAC in infants. To identify
infants at heightened risk of malnutrition
requiring referral for further assessment
and support, we used <110mm (infants
aged 0-6 weeks) and <115mm (aged seven
weeks and above). Infants above these cut-
offs and <125 mm were still considered to
be at risk of deteriorating nutritional status
and referred to community HWs for addi-
tional counselling and support. The ma-
terial thickness of the multi-MUAC tape
was adjusted to address problems with the
UNICEF MUAC tape for children aged

m ‘Multi-MUAC' tape design
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m Number of participants trained at each study site

6-59 months (Rana et al, 2021b). The tape de-
sign was managed by UNICEF Supplies Divi-
sion and a limited number were rapidly pro-
duced for research purposes only.

Operational pilots

GOAL developed a study protocol that in-
formed the basis for the operational pilots,
adapted to each country’s context and capacity.
In Ethiopia, GOAL tested the tape with HWs
and caregivers in three study sites (figure 2).
Save the Children tested the tape with HWs,
caregivers, and community nutrition volun-
teers (CNVs) — community members who re-
ceive brief training on health and nutrition - in
two study sites in Kenya and three in Soma-
lia. In South Sudan, MIHR tested the tape with
HWs in three study sites. Training on the use
of the multi-MUAC tape varied by setting but
in general was cascaded from nutrition super-
visors (or equivalent) to the different HW cad-
res and caregivers.

Data collection

Data was collected over various time periods
between December 2022 and July 2023. While
all infants included in the pilots were aged un-
der six months, the exact age of the infant at the
time of assessment was not recorded. Informa-
tion on measurement accuracy, which side of
the tape was preferred, and any challenges in
tape usage were collected from study partici-
pants. Information on preferred side of the tape
was not collected in South Sudan, but recom-
mendations for future development of the tape
were gathered.

In Ethiopia, Kenya, and Somalia, HWs
measured five infants each. In South Sudan, 10
infants were measured by each HW. Across the
study sites, verification measurements were tak-
en by the Nutrition Supervisor (or equivalent)
on the same infants. In Kenya and Somalia,
CNVs measured five infants each, with verifica-
tion measurements taken by HWs on the same
infants. Caregivers measured their own infant’s
MUAC using the colour classification only,
which was compared to measurements taken by
HWs (Ethiopia) or CNVs (Somalia, Kenya).

Data analysis

To assess performance, absolute numeric MUAC
measurements and risk classifications by colour
were compared (HWs vs nutrition supervisors,
CNVs vs HWs, and caregivers vs HWs/CNVs).
For numeric MUAC measurements, a standard
of error of +/- 1Imm was applied across study
sites. We also calculated the sensitivity and spec-
ificity of numeric MUAC measurements and risk
classifications by colour using a MUAC cut-off of
125 mm (Figure 3).

Findings

Accuracy of MUAC measurements
Apart from in Kenya, over 70% of HWs and
CNVs were able to correctly measure the infant’s
numeric MUAC value to within 1mm, compared
to measurements taken by trainers on the same
infant (table 1). There was high specificity of nu-
meric MUAC measurements by HWs and CNVs
across all countries. Apart from CNVs in Ken-
ya, there was high sensitivity of numeric MUAC
measurements by HWs and CNVs.

Nutrition Supervisor (or equivalent)
Healthcare workers (114)
Ethiopia (30) Kenya {39) Somalia (30) South Sudan (15)
G memmapey RN oo Gemssts Badbapio)  Qauneio  POmee Wyskuron(s)  Parisk(s]  Yembio(5)
L JL I\ J
Ct ity Nutrition Vi (99)
Kenya (80) oy ‘Somalia (19}
Waji(90)  Gerissa (40) Badoa(s)  Quunory | Pleme
L '\JL//J |
- . Caregivers (623)
Ethiapia (150) -/mﬂzswp\- Somalia (163)
G"&T" Borens (50) E‘g;"" Waif(160)  Gaeissa (150) m‘m"“‘;}:’w"'wm"'

m Calculating the sensitivity and specificity of measurements

MUAC <125 mm
MUAC >=125mm

MUAC
measurement trainee

MUAC measurement trainer
MUAC <125 mm MUAC >=125 mm

True positive (TP) False positive (FP)

False negative (FN) True negative (TN)

Sensitivity = TP/TP+FN Specificity = TN/TN+FP

Measurements within +/-

Sensitivity of numeric

Multi-MUAC measurement accuracy (>=125mm) by participant

Specificity of numeric

1mm of the reference® measurements measurements

HWs CNVs | Hws CNVs | Hws CNVs
Ethiopia 119 (79%) = 97% = 99% =
Kenya 79 (43%) 105 (29%) 99% 65% 84% 89%
Somalia 142 (95%) 79 (81%) 97% 94% 97% 96%
South Sudan 106 (71%) = 96% = 95% =

4 Reference = Measurement taken by a trainer on the same infant Healthcare workers (HWs); Community nutrition volunteers (CNVs)

Colour classifications that
matched the reference®

Risk classification (by colour) accuracy arranged by pa

Sensitivity of colour
classifications

Specificity of colour
classifications

HWs CNVs Caregivers HWs CNVs Caregivers HWs  CVNs Caregivers
Ethiopia 123 (82%) - 135(90%) 83% - 87.5% 99.5% - 99%
Kenya 163 (89%) 269 (75%) 288(93%) 98% 67% 97% 85% 85%  98%
Somalia 147 (99%) 90(93%)  151(93%) 99% 95% 89% 97% 93% 98%
South Sudan 133 (87%) - = 95% - = 93% = =

¢ Reference = Measurement taken by a trainer on the same infant He

A higher percentage of HWs and CNVs
were able to correctly identify infants' risk clas-
sification using colour coding compared to nu-
meric MUAC measurements. Similarly, a high
percentage of caregivers were able to correctly
identify the risk classification by colour (table
2). Across all countries, there was high sensitivi-
ty and specificity of risk classifications by colour
for HWs, CNVs, and caregivers.

Challenges using the multi-MUAC
tape

HWs reported some challenges in reading the
tape (table 3) due to the small font size of meas-

ealthcare workers (HWs); Community nutrition volunteers (CNVs)

urements, the window of the tape being too
narrow (making the measurements difficult
to read), and the infants wriggling during as-
sessment. CNVs in Kenya reported challeng-
es in reading and interpreting the tapes due to
low literacy rates, coupled with small text size.
Training also greatly varied between study sites.
Response rates were low for questions on chal-
lenges (4-16%), so these results should be inter-
preted carefully.

The South Sudan MAMI team identified de-
sign problems with the women’s tape side that
confused interpretation: specifically, the place-
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m Reported challenges in multi-MUAC tape usage

Reported challenges
physically using the tape

Reported challenges reading Reported challenges
the tape numerically

interpreting results

HWs CNVs CNVs HWs CNVs
Ethiopia 0 - 10 (33%) = 0 =
Kenya 6 (15%) 5 (6%) 3(8%) 12 (15%) 2 (5%) 9 (11%)
Somalia 0 0 0 1(5%) 0 0
South Sudan 0 - 3(20%) - 2 (13%) -

Healthcare workers (HWs); Community nutrition volunteers (CNVs)

ment of the breastfeeding mother image along-
side the 235 mm measurement point implied to
some that this was the cut-off to apply to breast-
feeding mothers (rather than 230mm). While
measurements were recorded in millimetres
they were presented on the tape in centimetres,
which also caused confusion. The length of the
tape was reported as too long and inconvenient
when measuring very young infants.

When asked which side of the tape they pre-
ferred, 79% of HWs and 59% of CNV's who re-
sponded found the coloured side of the tape
(the child side) easier to use. However, the re-
sponse rate was also low for this question (26%
HWs, 31% CNVs).

In Somalia and the Garissa region in Ken-
ya, data on the challenges in using the tapes in
infants were reported per group of caregivers
(not individuals). Caregivers reported difficul-
ties in using the tape in Wajir (Kenya) (32% of
caregivers), Garissa (Kenya) (13% of groups),
and Ethiopia (19% of caregivers). Caregivers re-
ported challenges in reading / interpreting the
results in Wajir (21% / 37% of caregivers), Gar-
issa (20% / 13% of groups), and Somalia (6% /
3% of groups), respectively. A range of challeng-
es in physically using the tape were reported by
caregivers, such as in estimating the midpoint
of the infant’s arm, measuring small infants due
to crying and wriggling, and confusion on how
to lace the tape correctly through the windows.

Suggestions to improve the MUAC
tape

The respondents highlighted several design
changes that could improve the multi-MUAC
tape. These included increasing the font size
of measurements, colour coding both sides,
and reducing the number of windows through
which the tape is laced. The MUAC design team
recognise that three windows through which
to lace the tape is greater than many tradition-

al MUAC tapes, but this was done to reduce the
lateral movement of the tape and reduce meas-
urement inaccuracies more common with a sin-
gle window design. Respondents also suggested
using millimetres on the tape (to improve accu-
racy and precision), reducing tape length, and
improving tape durability (in reference to the
colouring fading quickly). One team suggested
moving the pregnant and breastfeeding wom-
en images to the head of the tape to avoid con-
fusion. To improve legibility, including colour
coding only in the middle of the tape was also
suggested.

Respondents were eager to ensure that cut-
offs are adjusted to align with specific contexts
and national protocols (e.g. cut-offs for wom-
en should align with admission criteria for sup-
plementary food programmes where opera-
tional). Using ‘0-6 weeks’ and ‘seven weeks and
above’ as classification descriptors was noted as
inconsistent with both the MAMI Care Path-
way (which uses ‘infants under six weeks” and
‘infants six weeks to six months’) and the latest
WHO recommendation (‘six weeks and above’).

Discussion and conclusions

As the studies were opportunistically imple-
mented by different agencies at different opera-
tional settings, implementation varied between
study sites. Qualitative data and discussions
with the implementing teams indicated con-
siderable variation in training and delivery mo-
dality. There was also considerable variabili-
ty in the quality of data collection, with a large
amount of missing data for qualitative findings
from Somalia and Kenya. Results should there-
fore be interpreted carefully.

Our findings indicate that the majority of
HWs, CNVs, and caregivers could feasibly and
effectively use the multi-MUAC tape to screen
infants aged under six months, to varying de-
grees. Caregivers found the tape most challeng-

m Mother/infant MUAC tapes available from UNICEF

Version 1 (23cm cut-off):
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Version 2 (21cm cut-off):
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ing to use and interpret, followed by CNVs, and
then HWs. Several factors affected the usabili-
ty of the piloted tape: some of these were specif-
ic to the tape design, and some not. Our experi-
ence emphasises that while the tool itself may be
simple, contextualised training and support will
be important for practice.

The multi-MUAC tape was developed as a
first-step test prototype, anticipating it would
likely need amending and adaptation to con-
texts. Our findings have been shared and they
informed a subsequent version that has been
co-developed and produced by UNICEF and
WHO under the Wasting and Nutritional Oede-
ma (Acute Malnutrition) Technical Advisory
Group (Infants Sub-Working Group) (WHO,
2024). This version only includes infant MUAC
cut-offs for those aged six weeks and over, for
consistency with the 2023 recommendation
(WHO, 2023). There are two versions with
2lcm or 23cm cut-offs for pregnant women/
mothers (figure 4).

For more information, please contact Eilise
Brennan at ebrennan@goal.ie

To order mother/infant MUAC tapes, please
contact UNICEF regional and country offic-
es for supplies, guidance and to provide user
feedback.
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