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WHAT’S KNOWN ON THIS SUBJECT: MUAC measurements are \
used to screen rapidly for malnutrition among children 6 to 59
months of age. With the introduction of a new growth curve for
children by the WHO in 2008, an evaluation of MUAC diagnostic

accuracy is needed.

WHAT THIS STUDY ADDS: This study confirms the need to
change the MUAC cutoff value from <110 mm to <115 mm. This
change is needed to maintain the same diagnostic accuracy and
to identify children at greatest risk of death resulting from
/

severe wasting.

-

OBJECTIVES: The objectives of this study were to estimate the accu-
racy of using mid-upper-arm circumference (MUAC) measurements to
diagnose severe wasting by comparing the new standards from the
World Health Organization (WHO) with those from the US National Cen-
ter for Health Statistics (NCHS) and to analyze the age independence of
the MUACG cutoff values for both curves.

METHODS: We used cross-sectional anthropometric data for 34 937 chil-
dren between the ages of 6 and 59 months, from 39 nutritional surveys
conducted by Doctors Without Borders. Receiver operating characteristic
curves were used to examine the accuracy of MUAG diagnoses. MUAG age
independence was analyzed with logistic regression models.

RESULTS: Withthe new WHO curve, the performance of MUAC measure-
ments, interms of sensitivity and specificity, deteriorated. With different
cutoff values, however, the WHO standards significantly improved the pre-
dictive value of MUAC measurements over the NCHS standards. The sensi-
tivity and specificity of MUAC measurements were the most age indepen-
dent when the WHO curve, rather than the NCHS curve, was used.

CONCLUSIONS: This study confirms the need to change the MUAC cut-
off value from <110 mmto <115 mm. This increase of 5 mm produces
a large change in sensitivity (from 16% to 25%) with little loss in spec-
ificity, improves the probability of diagnosing severe wasting, and re-
duces false-negative results by 12%. This change is needed to maintain
the same diagnostic accuracy as the old curve and to identify the
children at greatest risk of death resulting from severe wasting.
Pediatrics 2010;126:e195—e201
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Human arms contain subcutaneous fat
and muscle mass. Under conditions of
reduced food intake, lower levels of
subcutaneous fat and muscle mass
tend to correspond to a decrease in
the mid-upper-arm circumference
(MUAC). This measurement can be
used to diagnose malnutrition.'3
MUAC is easy to measure and is rela-
tively independent of gender and age.*
Because of the simplicity and low cost
of measuring MUAC, it is used to
screen rapidly for malnutrition among
children 6 to 59 months of age.>6 MUAG
cutoff points of 125 mm (indicating
global malnutrition) and 110 mm (indi-
cating severe wasting) have been pro-
posed for all children <5 years of age.’

Weight for height, expressed as a z
score, is usedto define severe wasting.
A weight-for-height level less than a z
score cutoff value of —3is internation-
ally recognized as severe wasting. In
2006, a new curve growth standard for
assessing the growth of children
throughout the world was introduced
by the World Health Organization
(WHO). A study comparing curves of-
fered by the WHO and the US National
Center for Health Statistics (NCHS) for
diagnosis of severe wasting concluded
that the WHO curve would identify
more children with a high risk of death
and would increase the number of chil-
dren classified as experiencing severe
wasting.8 Therefore, it is also impor-
tant to compare the accuracy of the
current MUAC cutoff point for severe
wasting (110 mm) against the stan-
dard measures, that is, the 1977 child
growth standards of the US NCHS® and
the 2006 WHO reference curve.”® The
objectives of this study were to esti-
mate the accuracy of using MUAC mea-
surements to diagnose severe wast-
ing, defined as a weight-for-height z
score less than —3 without bipedal
edema, by comparing the new WHO
curve with the NGHS curve and to ana-
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lyze the age independence of the MUAC
cutoff values of both curves.

METHODS

Data were obtained from 39 nutritional
surveys conducted by Doctors Without
Border in 10 countries, that is, Angola,
Burundi, Malawi, Sierra Leona, Ethio-
pia, Niger, Burkina Faso, Chad (Dar-
fur), India, and Afghanistan. Gender,
weight, height, and MUAC were re-
corded for all children. The weight-for-
length ratio was calculated for chil-
dren who were <24 months of age. A
total of 34 937 children between 65 and
110 cm in height without bipedal
edema were included in our analyses.
The device used to measure the MUAC
of children was a plastic, colored, in-
sertion tape (incapable of stretching
and unresponsive to temperatures)
marked in millimeters, with cutoff
points from red to yellow at 110 mm
and from yellow to green at 125 mm
(more information about measurers
and the MUAC device is provided in the
Appendix)."

For the statistical analyses, we first
calculated the nutritional indicators of
severe wasting (more information is
available in the Appendix), weight-for-
height z scores less than —3 for all
children, according to the NCHS and
WHO curves. We then compared the di-
agnostic accuracy of the 2 curves by
using 2 X 2 tables to determine the
sensitivity, specificity, positive predic-
tive value, and Youden index (more in-
formation about Youden index estima-
tion is available in the Appendix)'? of
various MUAC cutoff points (110, 115,
125, 135, 140, and 145 mm). The pro-
portion of children with severe wast-
ing who would be missed with the
MUAC measure also was calculated.
We used receiver operating character-
istic curves to estimate the area under
the curve' for different MUAC cutoff
values, to compare the discriminatory

capacity of the WHO and NCHS curves
for severe wasting.

To analyze the age and gender inde-
pendence of the sensitivity and speci-
ficity of MUAC measurements in the di-
agnosis of severe wasting with the new
curve, 2 logistic regression models
were used to build receiver operating
characteristic curves (more informa-
tion about the models is available in
the Appendix). The areas under both
curves (unadjusted and adjusted for
gender and height, as a proxy of age)
were compared by using the test de-
scribed by Hanley and McNeil."*

Finally, the age independence of the
sensitivity and specificity of MUAGC
measurements in the diagnosis of se-
vere wasting with the WHO and NCHS
curves was assessed. Height was used
as a proxy for age according to the
following categories: 60.0to 73.9 cm, 6
to 11 months; 74.0 to 84.9 ¢cm, 12 to
23 months; 85.0 to 93.9 ¢cm, 24 to 35
months; 94.0 to 101.9 cm, 36 to 47
months; 102.0 to 110.0 cm, 48 to 59
months.1

RESULTS

According to the old NCHS reference
curve, the prevalence of severe wasting
(defined as the proportion of children 6
to 59 months of age with weight-for-
height z scores below —3, without
edema) was 1.5% (548 children). Accord-
ing to the new WHO curve, however, the
prevalence was 3.9% (1419 children).
The prevalence of severe wasting diag-
nosed with the new WHO reference curve
increased by 2.4% (95% confidence in-
terval [Cl]: 2.2%—2.6%).

Table 1 shows the accuracy of various
MUAC cutoff points according to both
the NCHS and WHO reference curves.
The best cutoff point for the diagnosis
of severe wasting according to the
NCHS curve was 130 mm (Youden in-
dex: 0.63), and that according to the
WHO curve was 135 mm (Youden index:
0.61). The predictive capacity of MUAC
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measurements with these cutoff
points improved remarkably when the
WHO curve was used instead of the
NCHS curve (NCHS curve, positive pre-
dictive value: 7.0% [95% Cl: 6.3%—
7.6%]; WHO curve, positive predictive
value: 13.0% [95% Cl: 12.2%—13.6%]). In
addition, the proportion of false-
negative results with a 135-mm MUAC
cutoff value was 15.5% with the WHO
standards and increased to 20.4%
when the NCHS standards were used.
However, it should be noted that the
highest Youden index value was ob-
tained when cases were defined by us-
ing the NCHS reference and a MUAC
cutoff value of 130 mm, rather than the
WHO curve. On the basis of area-under-
the-curve values, MUAC measure-
ments performed better against the
NCHS reference at cutoff values up to
140 mm; it was only at 140 and 145 mm
that such measurements performed
better against the WHO curve. This dif-
ference was statistically significant
(Hanley-McNeil test, MUAG cutoff value
of 140 mm, NCHS versus WHO curve,
z=25; P = 01; MUAC cutoff value of
145 mm, NCHS versus WHO curve, z =
22; P = 02). Graphically, the best MUAGC
cutoff point with the NCHS curve was
confirmed to be 130 mm (area underthe
curve: 0.82 [95% Cl: 0.79—0.83]), and the
best cutoff point with the WHO curve was
135 mm (area underthe curve: 0.80 [95%
Cl:0.79-0.82]) (Fig 1).

The predicted values of both logistic
regression models (unadjusted and
adjusted for height and gender) were
used to build 2 receiver operating
characteristic curves to analyze the
age and gender independence of the
sensitivity and specificity of MUAGC
measurements for the diagnosis of se-
vere wasting by using the WHO stan-
dards. The areas underthe curve, com-
pared with the Hanley-McNeil test, did
not differ statistically (z = 0.48; P >
.05). The area under the curve for the
unadjusted curve was 0.89 (95% Cl:
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TABLE 1 Comparison of Different MUAC Cutoff Points Among 34 937 Children Between 60 and 110 ¢cm of Height Through Weight-for-Height z Scores Below —3

MUAC

Proportion of

Positive Predictive Value, Estimate

Area Under Curve, Estimate

Youden Index

Specificity, Estimate (95% Cl), %

Sensitivity, Estimate (95% CI), %

Below Cutoff
Value, n (%)

Children With

(95% CI), %

(95% Cl)

Cutoff
Value,

Low Weight-for-

Height Values

mm

Missed With

MUAG
Measurements,

%

WHO

NCHS

WHO

NCHS

WHO

NCHS

WHO

NCHS

WHO

NCHS

WHO

NCHS

6.8
47

The standard for screening for severe wasting was NCHS or WHO values. Compared with NCHS and WHO weight-for-height zscores below —3, the prevalence of severe wasting according to NCHS values was 1.5% and that according to WHO values was

3.9%.

84.0
75.0
57.7
448
25.9
15.5

6
0

76.1
5
492
36.2
12.6

8.4-9.3)
6.7-7.5)

8.9
71

3.1-3.7)
2.5-2.9)

0.62
0.67
0.73
0.78
0.82
0.81
0.76
0.74

0.16
0.24
0.

39
0.49
0.59
0.61
0.53
0.43

47

0.
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FIGURE 1
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Receiver operating characteristic curves for severe wasting, defined as weight-for-height zscores below —3, with NCHS (area under the curve: 0.82 [95%
Cl: 0.79—0.83]) and WHO (area under the curve: 0.80 [95% Cl: 0.79—0.82]) standards and different MUAC cutoff values.

0.88—0.90), and the area under the
curve for the curve adjusted for gen-
der and height was 0.90 (95% Cl: 0.89—
0.92).

The results in Table 2 confirm this rel-
ative height (as a proxy for age) inde-
pendence of the sensitivity and speci-
ficity of MUAC measurements for
children between the ages of 6 and 59
months. For children 24 to 59 months
of age, the sensitivity and specificity of
MUAGC measurements were indepen-
dent of age; for children <24 months
of age, however, the sensitivity and
specificity of MUAC measurements
were relatively independent of age.

DISCUSSION

Our results showed an increase in the
number of children classified as hav-
ing severe wasting when the new WHO
curve was compared with older stan-
dards. This finding confirms the results
of other studies.'®'” This increased prev-
alence of severe wasting should have an
impact on the planning of nutritional
support programs in sub-Saharan Af-
rica, because of the more-inclusive na-
ture of the WHO standard-based case
definition. During a famine, unstable con-
ditions may make it difficult to determine
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the height and weight of children, and
the use of MUAC measurements for chil-
dren 6to 59 months of age might overes-
timate severe wasting. With a higher cut-
off point, false-positive results increase
and malnutrition is therefore overesti-
mated; however, false-negative results
decrease.

MUAC was found to be the best indica-
tor for screening and detection of mal-
nutrition in a community.” Screening
methods based on comparisons with
growth curves or weight gain are not
likely to be predictive of mortality risk;
arm circumference measurements,
even without corrections for age
or height, are substantially better
than weight-for-age, height-for-age, or
weight-for-height measurements.’® A
MUAC cutoff point of <110 mm was
most related to mortality risk and
therefore is suitable for use in malnu-
trition screening and detection efforts
among children between 6 and 39
months of age.”'%23 However, with the
new WHO reference curve, an increase
of 5 mm (from 110 mm to 115 mm) in
the MUAC cutoff value is necessary to
maintain a level of diagnostic accuracy
equal to that of the old curve.

With the new WHO curve, the overall
performance of MUAC measurements,
in terms of sensitivity and specificity,
has deteriorated; therefore, to main-
tain the same diagnostic accuracy as
the old curve and to identify the chil-
dren at greatest risk of death resulting
from severe wasting, a change in the cut-
off value is needed. Our major findings
are related to the need to change the
MUAG cutoff point used to diagnose se-
vere wasting from <110 mm to <115
mm. This increase of 5 mm produces a
large change in sensitivity (from 16% to
25%), with little loss in specificity. In ad-
dition, this increase improves the proba-
bility of diagnosing severe wasting, com-
pared with the NCHS curve, and reduces
false-negative results by 12% because of
the more-inclusive nature of the WHO
curve-based case definition.

The relative age and gender indepen-
dence of the sensitivity and specificity
of MUAGC measurements and the ease
of use are some of their most impor-
tant characteristics.*" The results of
our study also revealed that the age in-
dependence of the sensitivity and speci-
ficity of MUAC measurements improves
with the switch fromthe NCHS standards
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TABLE 2 Sensitivity, Specificity, and Youden Index for MUAG Indicators in Identifying Severe Wasting (Weight-for-Height zScores Below —3) Among
34 937 Children 6 to 59 Months of Age, According to Height

Height (Age Proxy) MUAC WHO NCHS
Va?L;J(;[Orfrfm Sensitivity, Specificity, Youden Sensitivity, Specificity, Youden
! % % Index % % Index
60.0-73.9 cm (6—11 mo) 110 32.0 99.0 0.31 48.1 976 0.46
115 47.8 97.4 0.45 68.8 95.3 0.64
120 718 90.4 0.62 89.6 87.4 0.77
125 84.6 816 0.66 92.2 78.2 0.70
130 93.2 62.9 0.56 97.4 59.9 0.57
135 95.3 50.4 0.46 98.7 48.0 0.47
140 98.5 29.7 0.28 100 28.2 0.28
145 99.4 19.3 0.19 100 18.3 0.18
74.0-84.9 cm (12-23 mo) 110 18.9 99.6 0.19 28.1 99.4 0.28
115 322 98.8 0.31 448 98.5 0.43
120 54.4 95.8 0.50 65.1 95.1 0.60
125 67.2 91.2 0.58 79.2 90.4 0.70
130 82.5 78.8 0.61 89.6 77.8 0.67
135 87.8 67.2 0.55 922 66.3 0.59
140 92.8 47.7 0.41 94.3 47.0 0.41
145 95.8 34.8 0.31 96.4 34.3 0.31
85.0-93.9 cm (24-35 mo) 110 12.7 99.9 0.13 25.0 99.8 0.25
115 17.8 99.7 0.18 28.3 99.6 0.28
120 34.7 98.6 0.33 435 98.2 0.42
125 51.2 96.7 048 63.0 96.1 0.59
130 73.7 90.7 0.64 79.3 89.7 0.69
135 83.1 83.8 0.67 88.0 82.8 0.71
140 92.0 68.6 0.61 924 67.7 0.60
145 94.4 56.2 0.51 93.5 55.4 0.49
94.0-101.9 cm (36—47 mo) 110 5.8 99.9 0.06 10.0 99.9 0.10
115 9.0 99.7 0.09 13.3 99.6 0.13
120 24.7 98.8 0.24 27.8 98.4 0.26
125 38.1 97.2 0.35 40.0 96.5 0.37
130 619 92.3 0.54 65.6 91.3 0.57
135 76.7 86.0 0.63 789 84.7 0.64
140 89.7 728 0.63 88.9 716 0.61
145 91.0 61.3 0.52 90.0 60.2 0.50
102.0-110.0 cm (48-59 mo) 110 2.7 100 0.03 7.0 100.0 0.07
115 49 99.9 0.05 11.6 99.9 0.12
120 9.1 99.7 0.09 17.4 99.5 0.17
125 19.4 989 0.18 314 98.5 0.30
130 49.0 95.7 0.45 57.0 94.5 0.52
135 741 90.2 0.64 75.6 88.3 0.64
140 91.3 78.2 0.63 86.0 76.1 0.62
145 93.9 66.3 0.60 88.4 64.5 0.53

to the new WHO curve. When the NCHS
reference curve is used, the sensitivity
and specificity of MUAC measurements
are at their most age dependent and the
MUAC cutoff value increases by 1.5 ¢cm
between the ages of 6 and 59 months.
With the new curve, an increase of only 1
cm is targeted among children between
the ages of 6 and 59 months.

Other researchers also found that the
MUAC cutoff points increase by 1.5 cm
between the ages of 6 and 59 months
according to the NCHS curve.2+-%6 This
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reinforces the validity of our finding that
the relative age independence of the sen-
sitivity and specificity of MUAG measure-
ments improves with the new curve. The
improved predictive capacity and the rel-
ative age independence of the sensitivity
and specificity of MUAC measurements
indicate that the standards of the new
WHO curve are better able to screen for
severe wasting.?

Our study may contain a classification
bias, because the surveys were con-
ducted in 10 different countries at dif-

ferent times and by different staff
members. Similarly, we think that
there might have been a selection bias
related to the ethnicity of the children.
Anthropometric nutritional surveys
from Ethiopia and Somalia found that z
scores and MUAC case definitions re-
turned different estimates of the prev-
alence of acute malnutrition in pasto-
ralist livelihood zones but similar
estimates of the prevalence of severe
wasting in agrarian livelihood zones.2
Nevertheless, the new WHO curve uses
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a pooled sample from the 6 participat-
ing countries and provides a tool that
is timely and appropriate for contem-
porary ethnic diversity and the devel-
opment of increasingly multiracial
societies. The WHO curve also demon-
strates that healthy children from
around the world who are raised in
healthy environments, according to
recommended feeding practices, have
strikingly similar patterns of growth.2

CONCLUSIONS

With the new WHO curve, the perfor-
mance of MUAC measurements has de-
teriorated. This poorer performance,
in terms of sensitivity and specificity,
confirms the need to change the MUAC
cutoff value from <110 mm to <115
mm. This increase of 5 mm produces a
large change in sensitivity (16% to
25%) with little loss in specificity, im-
proves the probability of diagnosing
severe wasting, and reduces false-
negative results by 12%. This change is
needed to maintain the same diagnos-
tic accuracy as the old curve and to
identify the children at greatest risk of
death resulting from severe wasting.

APPENDIX
MUAC Measurers

The measurers were people already
working in nutritional programs. The
measurers were supervised by a per-
son who was responsible for proper
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