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Abstract
Background: Mid-upper arm circumference (MUAC) is used to diagnose severe acute malnutrition (SAM) and moderate
acute malnutrition. The performance of MUAC measurements in terms of sensitivity and specificity was varied.
Objective: To evaluate the cutoff values of MUAC for screening SAM among tribal children of Melghat.
Materials and Methods: The cross-sectional study was carried out in the villages of Melghat block of Amravati
district, Maharashtra, India. A total of 446 children in the age group 6–60 months from the study area were assessed by
anthropometric measurements using newly developed WHO growth standard. Data were analyzed by using ANTHRO,
EPI_INFO 2007, and R software. Sensitivity and specificity of WHO/UNICEF suggested cutoff of MUAC were calculated.
Receiver-operating curve (ROC) and Youden Index was calculated to find out the best possible cutoff value of MUAC for
diagnosing SAM in these tribal children.
Result: The sensitivity and specificity of MUAC < 11.5 cm was 13.6% and 99.3%, respectively. The best cutoff for screening
SAM was obtained at MUAC < 12.8 cm where the sensitivity and specificity was 50% and 90.8%, respectively.
Conclusion: The present cutoff of MUAC < 11.5 cm captures only a small proportion of all children with SAM cases. There
is an urgent need to revise cutoff value of MUAC to higher value to improve its sensitivity for detecting children with SAM.
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Introduction
A child with severe acute malnutrition (SAM) experience
several folds increased risk of mortality when compared with
normal children.[1] Hence, early, rapid, and accurate diagnosis
of SAM is crucial for preventing SAM deaths in the community.
The SAM is defined as weight for height < –3 SD from median.
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But, measuring height and weight of children in the age group
of 6 months to 5 years is relatively difficult and time consuming.
WHO and UNICEF have suggested mid-upper arm circum
ference (MUAC) < 11.5 cm as diagnostic criteria of SAM.[1]
It is considered as proxy indicator of SAM and best indicator of
mortality risk among malnourished children.[1,2] MUAC is easy
to measure and is relatively independent of gender and age.
Because of its simplicity and low cost of measuring, MUAC
is used for rapid screening of SAM among 6 to 59 months of
age in community.[3] Government of India in line with international recommendations adopted MUAC < 11.5 cm as one of
the diagnostic criteria for operationalizing the community- and
facility-based management of SAM in the country.[4]
Various studies have been conducted on the performance
of MUAC in diagnosing SAM, of which majorities were hospitalbased and very few were community-based studies. The
performance of MUAC measurements in terms of sensitivity
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and specificity was varied. At MUAC cutoff of 11.5 cm, the
sensitivity was ranging from 17% to 43.5% and specificity
ranging from 90% to 98.7%.[5–9] A study on wide geographic
data has reported the sensitivity of 25% and specificity of
98.7%.[9] Another study conducted on Indian children has
shown the sensitivity of MUAC at 11.5 cm as 43.55% and
specificity of 90%.[8]
Some researchers have shown serious concern about utility
of MUAC as screening tool, because of its low sensitivity.[5,10]
Because of this, many researchers suggested changing
MUAC cutoff at higher level for increasing the ability of MUAC
in diagnosing SAM.[8,9] There was scarcity of studies on the
role of MUAC in Indian tribal children.
Therefore, this study was conducted to evaluate the
diagnostic accuracy of MUAC for screening SAM in Melghat
tribal children. This may help for effective implementation of
nutritional rehabilitation programs in India and to identify the
children at greatest risk of death resulting from SAM.
Objective
To study the accuracy of WHO’s cutoff of MUAC in diagnosing SAM and moderate acute malnutrition (MAM) by using
new WHO’s growth standards among 6–60 months Melghat
tribal children.

Material and Methods
A cross-sectional study was carried out in the villages
of Melghat block of Amravati district, Maharashtra, India.
Study area has dominantly (75.5%) tribal population with 65%
literacy.[11]
Study Subjects, Sampling Technique, and Sample Size
The original study was designed to study the prevalence
of malnutrition among children in the age group of 0–6 years.[12]
The sample size was calculated by considering 15.6% of
wasting reported by NFHS-3 for Maharashtra[13] at 95%
confidence level, 5% permissible error with design effect
of 2.5. The sample size estimated was 526. The 30 cluster
sampling method was used to select study subjects. Thus, it
was decided to survey 18 children from each cluster to cover
the desired sample size from 30 clusters, thus giving a total
number of 540. Eighteen subjects from each cluster were
selected by systematic random sampling method. For the
analysis of performance of MUAC, the children in age group
of 6–60 months were included, and children with bilateral pedal
edema were also excluded from the study. After necessary
exclusion, the final sample size of this study was 446.
Data Collection
The data were collected by interview method through
house-to-house visit using a predesigned and pretested questionnaire from November 2009 to January 2010. The information was collected from mothers with children after obtaining
informed written consent from mothers. A prior clearance from
institutional ethics committee was obtained.
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The information on age of child was obtained from a
written birth record maintained at Anganwadi center/Gram
Panchaayat. The age of children was calculated in completed
months. Anthropometric measurements such as MUAC,
weight, and height of children were taken. The standard
guidelines were followed while taking anthropometric measurements.[14,15] The weights of children were measured in
kilograms to the nearest 100 g by using Salter’s weighing
machine. For the children younger than 2 years, recumbent
length was measured, and for children aged 2 years or older,
standing height was measured.[14] MUAC was measured by
using nonstretchable measuring tape.
Data Analysis
The data were entered and analyzed by using EPI_INFO
2007 and R software. Anthropometric analysis was done
by using WHO’s ANTHRO software.[16] The nutritional indicator of acute malnutrition, i.e., wasting (weight for height
< -2 SD) was calculated and classified as no wasting (weight
for height ≥ 2 SD), severe wasting or SAM (weight for height
< -3 SD), and moderate wasting or moderate acute wasting
(MAM; weight for height < -2 to -≥3 SD) for all children by
using new WHO growth standards.[17] The diagnostic accuracy was calculated by determining sensitivity and speciﬁcity
for various MUAC cutoff points including cutoff suggested by
WHO.[1,17] The receiver-operating characteristic (ROC) curves
and Youden Index (sensitivity + specificity - 100) was constructed to estimate optimal cutoff values of MUAC for SAM
and MAM.[18]

Result
The selected background characteristics of study population are presented in Table 1. The mean age of study subjects
was 28.8 months. Most of the children were belonging to the
6–12-month and 13–24-month age groups. There were 52%
girls and 24.4% children were belonging to the lowest quartile
of per capita income. The overall prevalence of wasting or
acute malnutrition (<-2 SD) was 20.9% (93/446) by weight for
height criteria. Among them, 4.9% (22/446) were experiencing
SAM and 16.9% MAM.
The performance of different cutoffs of MUAC for diagnosing
SAM is shown in Table 2. The sensitivity of WHO’s recommended cutoff of MUAC < 11.5 cm was 13.6% and specificity
was 99.3%. Figure 1 is showing the ROC curve plotted for
sensitivity and 1 – specificity of various cutoffs of MUAC. The
optimal cutoff of MUAC was 12.8 cm where the Youden Index
was highest. The sensitivity at this cutoff of MUAC was found
to be 50% and specificity of 90.8%.
The sensitivity for diagnosing MAM for WHO’s MUAC cutoff
of < 12.5 cm was 23.7% and specificity was 97.5%. The
optimal level of MUAC cutoff for diagnosing MAM was 13.6 cm
with sensitivity of 60.2% and specificity of 80.7% [Table 3 and
Figure 2].
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Table 1: Background characteristics
Characteristics
Age of children (in months)
• 6–12

• 13–24

Number of
children

Percentages

102
100

• 25–36

85

• 37–48

92

• 49–60

67

Sex

• Male

214

• Female

232

Type of family

• Nuclear family

191

• Joint family

Per capita income

255

MUAC

Sensitivity

Specificity

22.9

<12.5

23.7

97.5

19.1

<12.8

34.4

94.9

22.4
20.6
15.0
48.0

22

• MAM (<-2 to ≥3 SD)

71

<14.0

57.2

<14.8

27.2

• SAM (<-3 SD)

<13.6

<14.4

121

Weight for height

<13.4

<14.2

• Third quartile

117

<13.2

42.8

24.4

• Highest quartile

<13.0

52.0

109

99

<12.6

<13.8

• Lowest quartile

• Second quartile

Table 3: Sensitivity and specificity of various values of MUAC and
Youden Index for MAM

22.2

<14.6
<15.0

29.1
36.6
46.2
50.5
60.2
64.5
68.8
81.7
86.1
94.6
95.7
96.8

96.3
92.9
89.5
87.5
80.7
75.9
71.4
58.4
52.4
42.8
38.2
34.0

Youden Index
(SEN + SPE – 100)
21.2
25.4
29.3
29.5
35.7
38.0
40.9
40.4
40.2
40.1
38.5
37.4
33.9
30.8

26.2
4.9

16.0

Table 2: Sensitivity, specificity, and Youden Index at various cutoff
values of MUAC for diagnosing SAM
MUAC

Sensitivity

Specificity

<11.5

13.6

99.3

<12.2

27.3

97.2

<12.0
<12.4
<12.6
<12.8
<13.0
<13.2
<13.4
<13.6
<13.8
<14.0
<14.2
<14.4

22.7
36.4

98.6
96

45.5

92.9

50.0

88.7

50.0
50.0
54.5
59.1
63.6
72.7
86.4
90.9

90.8
83.7
81.4
73.8
69.1
64.8
51.9
46.2

Youden Index
(SEN + SPE – 100)
12.9
21.3
24.5
32.4
38.4
40.8
38.7

Figure 1: Receiver’s operating characteristic curve of MUAC for SAM
against weight for age.

33.7
35.9
32.9
32.7
37.5
38.3
37.1

Discussion
The early, rapid, and accurate diagnosis of SAM is crucial
in prevention of deaths of SAM cases in the community. The
MAUC has been considered a valid and simple and rapid
screening measure for wasting in children between 6 months
and 5 years of age. The advantage of MUAC over weight for

Figure 2: Receiver’s operating characteristic curve of MUAC for
MAM against weight for age.
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height criteria in diagnosing SAM is its simple, rapid tool and
has great advantage on operational problem of taking height
and weight in resource-poor settings.
This study has reported very low sensitivity of the WHO
suggested MUAC cutoff of <11.5 cm. The various studies
have reported very wide range of sensitivity of MUAC, ranging
from 17.5% to 43.5% and consistently higher specificity.[5–9]
Similar to our study, a study on Indian children including tribal
children from Madhya Pradesh has reported the sensitivity of
17.5%.[5] Such low sensitivity may lead to inefficient screening
and diagnosis of SAM in community and leaving major SAM
cases unattended for facility-based management of SAM. The
Government of India is using this cutoff for active screening
and diagnosing SAM in the community for nutritional rehabilitation in the country.[4] Considering the problem of low sensitivity, it is expected that a lot of children with SAM will be
missed by using the current cutoff of MUAC.
This study adds the new cutoff for diagnosing SAM and
MAM in Indian tribal children. The new MUAC cutoff for diagnosing SAM suggested in our study was 12.8 cm and for MAM
13.6 cm. Similar recommendations of rising MUAC cutoff for
diagnosing SAM were also given by other researchers.[6,8,9]
A multicentric study conducted in 10 countries including
India reported the best cutoff of MUAC at 13.5 cm.[9] Another
study conducted on urban western Nigeria children suggested
15.5 cm as the best MUAC cutoff for diagnosis of SAM.[6]
A hospital-based study done on Indian children also suggested
to increase MUAC cutoff to 12 cm for diagnosing SAM.[8] This
increase in cutoff is increasing the efficiency of MUAC to its
reasonably high sensitivity when compared with the present
WHO’s recommendation with little compromise in the specificity. This 13-mm increase in WHO’s cutoff in our study
produces a large improvement in sensitivity (from 13.6% to
50%), with little loss in specificity. This cutoff MUAC enables
to have reasonably highest cases of SAM from community. The
ﬁndings of our study is stressing the urgent need to change
the MUAC cutoff for diagnosing severe wasting from <11.5 to
12.8 cm.
The increase in the level of cutoff may have impact on
the planning and implementation of nutritional rehabilitation
programs in India, especially for tribal children. It may help in
early and effective diagnosis of SAM so as to have effective
implementation of nutritional rehabilitation program in India.
Few researchers suggested increasing the cutoff of MUAC
for increasing its capability of diagnosing SAM. A study on
sample from wide geographic data has recommended MUAC
cutoff around 13.5cm where sensitivity increases to 84.5%
and with specificity 76.2%,[9] and another study has suggested
to increase cutoff to 12 cm to have best cutoff for increasing
the ability of MUAC in Indian children (sensitivity, 74.4%;
specificity, 77.8%).[8]
The limitations of this study were that we could not compare the findings of this study with the findings of other studies. First, because, similar studies conducted in Indian tribal
setup were not reported. Second, there was inconsistency in
standards they used. We worked with smaller sample size.

1320

International Journal of Medical Science and Public Health | 2016 | Vol 5 | Issue 07

We recommend further studies with larger sample size to
accumulate more evidence on the performance of MUAC with
larger geographic representation.

Conclusion
The sensitivity of MUAC at cutoff < 11.5 cm is very low.
The poor performance in terms of sensitivity and specificity
confirms the need to change the MUAC cutoff value from
<11.5 cm to 12.8 cm for early, rapid, and accurate diagnosis
of SAM in the community. The performance of MUAC at new
suggested cutoff improves the screening ability of MUAC.
This change is important for early diagnosis of SAM in order
to reduce the risk of death of SAM cases in community and for
effective management of nutritional rehabilitation programs in
India.
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