The development of a MUAC-for-height
reference, including a comparison to other
nutritional status screening indicators
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Mid-upper-arm circumference (MUAC) based on a single cut-off value for ail the children less than 5 years
of age has been used for many years as an alternative nutritional status index for children durng famines
or refugee crises, and as an additional screening tool in nonemergencies. However. if has recently been
guestioned whather MUAC /s age- and sex-independent. After reviewing the scientific evidence underly-
mg the use and interpretation of MUAC, a WHQO Expert Committee recommended a new MUAC-for-age
refarence for under-5-year-olds. In some settings, however, it is difficult to assess a child's age and in such
circumstances MUAC-for-height may be a good alternative. The height-based QGUAC stick is a simple means
of adjusting MUAC cut-offs according to height, and the MUAC-for-height reference and the construction and
use of the QUAGC stick are described m this article. Described also is the use of the recefver operafing
characteristic (ROC) curve method to evaluate the performance of MUAC, MUAC-for-age, and MUAC-for-

height in screening malnounshed chifdren

Introduction

Mid-upper-arm circumierence (MUAC) has been
used [or many vears ag an alteinative index of nutri-
tional status of children in situations, such as fanmnes
or refugee cnises, where the collechion of height and
welght measurements is difficult (/-4). Also MUAC
has been uscd as an additional screening tool in non-
emergency situations because of ils power to predict
childhood mortahity (3-7).

A single MUAC cut-ofl value (generally 12.5cm
aor [3.0cm). which 15 based on observations on
normal. well-fed Polish children n the earlv 1960s
(7, 8 9). has been used over the last 3C vears for
children under 5 vears of age. However, the idea
that MUAC is age- and sex-independent in voung
childien has recently been questioned. and it has
been suggested that MUAC Z-scores. which adjust
lor differences by age and sex. are a more useful mdi-
cator of nuiritional status {70, 7{). A WHO Expert
Commillee has recommended a new MUAC-for-age
reference for children aged 6-60 months (/2. 13).

In order to fagilitate field work Lo assess nutri-
tional status rapidly, a method was developed in the
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1960s te 1elalc ihe measured MUAC 1o the child’s
height using a special measuring stick — the QUAC
stick (Quaker Arm Circumference measuring stick)
(74, 13). The QUAC stick method, which measures
the arm circumference at the mid-upper level and
compares this value with the child’s height, is simple.
Inexpensive. easy to use. independent of cotrect age,
and fairly reliable (J6-2/) However, the QUAC
stick reference dala that are currently being used are
derved from separate sets of MUAC data based cn
well-nounshed Polish children (9) and from height
data based on healthy West Nigerian village children
(I4. 18) or an country-specific data (19}, In this
article we provide a MUAC-for-height reference
for international use hased on the same set ot data
recommended by a WHQO Expert Committee tor
use as a MUAC for-age reference (72, /3) We also
propose a “standard” QUAC stick, which facilitates
comparisen of data between countries.

Methods

To develop the MUAC-for-height growth reference,
we used the growth data for children aged 6 months
to <10 vears from the sample collected for the first
and second National Health and Nutnition Examina-
tion Surveys for the USA (NHANES I, NHANES
II) {22, 23). These two surveys were conducted by
the National Center for Health Stalistics (NCHS) 1o
provide data for representative samples of the civil-
ian non-institutionalized population in the USA.
NHANES 1 examined persons aged 1-74 years over
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the period 197174, and NHANES 1T those aged 6
months to 74 years over the period 1976-80. De-
tailed descriptions of the samples selected have been
published elsewhere (22, 23). There were a lotal of
23 808 MUAC measurements from a combined
NHANES T and NHANES II sample of children
aged 6 months to less than 10 vears.

To estimate the median MUAC values over a
small range of heights, we used the exploralory data
analysis (EDA) line-fitting method (“three-group
resistant line”) (24). The data were divided into
three subgroups based on height, the median MUAC
calculated for each subgroup, and a lne fitted
through these three summary medians. We used
6-cm wide height windows and subdivided these
into 2-cm wide subgroups; for example, the MUAC
data for 77.0-82.9cm were divided mto the sub-
groups 77.0-78.9cm, 79.0-80.9cm, and 81 -82.9cm
and thc median MUAC was calculated tor each
subgroup. A line was then fitted through the medians
and the predicted MUAC determined at 80.0cm (Lhe
midpoint of the height windows) {see Fig. 1). This
procedure was repeated for every 6-cm window of
height, with midpownts ranging trom 65.0 to (43.0cm
calculated at 1.0-cm intervals (1.e. a total ot 81 times).
A smoothed median curve was then [ited through
the 81 predicted medians using a 5th degree
polynomial.

Using the smoothed median curve, we calcu-
lated the residuals of each data point and the stand-
ard deviaticn (8D} for each 6-cm window about the
smoothed median curve. The standard deviation
was calculated as the square root of the mean
squared error. Because the MUAC distrnbution is

Fig 1. lllustration of the exploratory data analysis
{EDA) procedure. Data points (+). Data summary medi-
ans (=) and a fitted line for the 6-cm window used ta cbtain
the predicted MUAC value at the mid-point of the height
window
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skewed, we calculated the upper SD separately using
only the positive residuals and the lower SD using
only the negative residuals. A curve was then
fittec 1o the 81 upper and lower SDs using a cubic
polynomial.

Three sets of MUAC-for-height curves were
developed, one for boys, one for girls. and one for
both sexes combined. The SD curves were similar for
boys and girls: thus, 1o improve the precision, the SID
curves for both sexes combined were used for all
three sets of reference curves.

In arder to eliminate any discrepancy caused by
recumbent length versus standing height measure-
ments {or each of the references across height. all the
recumbent lengths <<83cm were adjusted to standing
heights by subtracting 0.4cm from them. This ¢.4-cm
adjustment was based on the difference between
length and height measurements in the NHANES 1I
data for children aged 24-35 months who had both
measurements laken. After the smoothing proce-
dure, for the final reference dala, we reconverled
height <83 cm Lo length by adding 0.4cm. As a result.
the measurement protocols used to create the re-
ference are equivalent to standard procedurcs
developed to measure children in climc and field
setlings.

Growth data (rom Sri Lanka (25), Nepal (26),
Togo (27}, and Malawi (28) were used to evaluate
the performance of the indicators of MUAC,
MUACHor-age, and MUAC-for-height, using
weight-for-height <<—2 Z-score as the “gold stand-
ard” for identifying malmourished children. The Sri
Lanka (1975-76), Nepal (1975), and Togo (1976-
1977) data sets were obtained form national cross-
sectional surveys supported by the Centers for
Diseasc Control and Prevention {CDC) and the U.S.
Agency for International Development (USAID);
the sample size for children aged 6-59 months i the
three surveys was 13469, 6579, and 6120, respec-
tively. The Malawi Maternal and Child Nutrition
{(MMCN} Study is a 3-year (1986-89) longitudinal
survey of a total of 3009 records of children aged 6-
39 months (28), for this purpose, we used receiver
operating characteristic (ROC) curves (29), con-
structed by plotting the sensitivity against the value
of I-specificity. In general. the further the ROC
curve deviates from the chance lme (the line con-
nacting the two corners of the plot frame), the better
the indicator’s performance.

Results

Table 1 presents MUAC-for-height relerence data
o1 boys. girls, and both sexes combined tor 6-119-
month-old children in NHANES T and NHANES 11
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Table 1: Mid-upper-arm-circumference (MUAC)-for-length or height reference data

Length/ Bays Combined sexes Girls Length/
heigh!? herght”
{cm) Median -2 8D -3 8D Median -2 5D -3 8D fMedian -2 5D -3 8D fem)

65.0 148 127 17 143 124 11.5 140 121 112 65.0
65.5 147 12.7 11.8 14 4 125 11.5 4.1 12.2 112 65.5
66.0 147 12.8 11.8 145 125 11.6 j4.2 2.3 113 68.0
66.5 148 12.8 11.8 145 126 11.6 j4.3 i2.3 113 65.5
670 149 12.9 11.¢ 14 6 126 116 14.4 2.4 114 67.0
67 5 1498 1289 11.9 14,7 12.7 11.7 14 4 12.4 114 675
680 160 2.9 119 147 12.7 11.7 14 35 125 115 68.0
68 5 150 13.0 12.0 14.8 128 117 14.6 12.6 115 68.5
690 151 13.0 12.0 14.9 128 118 117 12.6 ilE 600
69.5 151 130 12.0 14.9 28 118 147 12,7 116 69.5
700 151 13.1 12.0 150 i28 1.8 14.8 127 17 70.0
70.5 152 131 12.0 15.0 12.8 1.9 14.8 12.8 1.7 70.8
71.0 152 131 12.1 15.1 13.0 11.9 149 12.8 11.7 710
715 153 131 121 151 13.0 119 150 128 11.8 715
720 153 132 12.1 152 13.0 12.0 150 129 118 720
725 153 132 121 15.2 131 120 151 12.9 118 72,5
73.0 154 132 121 15.2 131 120 151 13.0 1148 730
73.5 15.4 132 22 15.3 13.4 120 152 13.0 118 735
74.0 154 133 122 15.3 131 121 15.2 13.0 1.8 740
74.5 155 133 122 15.4 132 121 15.2 13.7 2.0 745
750 15.5 133 122 154 132 121 153 i3 1 12.0 750
75.5 15.5 133 122 154 13.2 121 153 3.1 2.0 755
760 15.6 13 4 12.2 155 13.3 122 i5¢ 13.2 12.1 760
76.5 156 134 123 15.5 133 122 154 13.2 121 765
77.0 156 13.4 12,3 16.5 133 122 15.4 3.2 121 770
778 15.6 13.4 123 158 13.3 122 15.5 133 121 775
78.0 157 134 123 15.8 134 122 15.8 133 12.2 784
78.5 15.7 134 123 166 134 123 156 13.3 122 78.5
79.0 157 135 128 168 134 123 156 13.3 122 79.0
79.5 187 135 124 57 i34 12.3 156 13.4 12.2 79.5
BO.O 15.8 136 124 167 i3.4 12.3 156 12.4 123 80.0
80.5 158 135 124 18.7 i35 12.5 137 134 12.3 805
B10 158 13.5 124 16.8 138 124 13.7 13 4 123 810
815 158 13.6 124 15.8 13.5 2L 18,7 135 123 81.5
820 i58 13.6 124 15.8 13.5 24 i3 8 13.5 123 820
B2 5 15.8 13.6 125 158 138 2L 128 133 12.4 825
B3.0 15.9 136 125 1= @ 138 2.4 158 13 & i2.4 83.c
B3 5 15.9 136 125 158 13.8 12.5 158 136 i2.4 835
840 16.9 13,7 125 iz @ 13.8 12.8 159 136 12.4 840
845 160 137 125 152 13.6 12.8 15.9 136 12.5 84.5
8590 160 13.7 12.5 152 13.6 12.5 159 13.6 12.5 BE.0
85.5 160 137 12.8 16.0 13.7 125 1549 13.6 12.5 BE 5
86.0 16.0 137 12.6 16 0 187 123 159 137 12.5 86 ¢
a8.5 160 137 12.6 16 0 13.7 126 16.0 137 125 86 5
870 16.1 138 i26 160 137 12.6 18.0 i37 125 87 0
87.5 161 ' 138 128 160 13.7 126 16.0 13.7 12.6 a7 5
88.0 16.1 138 126 16.1 13.8 126 160 13.7 12.6 880
885 18.1 13.8 127 161 138 12.6 16.1 138 12.6 88.5
89.0 161 13.8 12.7 161 138 127 16.1 13.8 126 88.0
89.5 162 139 12.7 18.1 13.8 127 151 13.8 12.7 895
o0 0 16.2 139 127 16 2 139 12.7 6.1 138 12.7 20.0
a0 5 162 139 12.8 162 139 127 16.2 138 127 90.5
ala 162 139 128 162 139 127 18.2 139 127 ¢1.0
915 16 3 14.0 128 162 138 128 8.2 138 127 g1.5
920 16.3 14.0 128 16 3 139 12.8 i6.2 135 12 & 92.0

[contmued on p 336}
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{Table 1, continued)

Length/ Boys Combined sexes Girls Length/
height* height?
{cm) Median -2 8D -3 8D Median -2 8D -3 58D Median -2 8D -3 8D (cm)

925 16 3 14 ¢ 129 163 140 12.8 16.2 139 12.8 925
930 16.3 140 129 16.3 140 128 16.3 14.0 12.8 930
93 5 16.4 141 129 16.3 140 12.9 16.3 140 12.8 938

94 0 16 4 141 129 16 4 14.0 12.9 16.3 14.0 12.8 94 0
94.5 16 4 14.1 130 16 4 14.1 129 16.3 14.0 12.9 94.5

950 16 4 141 130 164 14,1 12.9 16.4 141 129 950
a55 165 142 130 16 4 14.1 13.0 16 4 141 129 a5 5
96 0 16.56 14.2 13.0 16.5 14.1 13.0 16 4 141 129 95 0
96.5 16.5 14 2 131 16.5 142 13.0 16.4 14.1 13.0 96.5
970 166 14 2 131 165 142 13.0 16.5 141 13.0 97 0
97.5 16.6 14.3 13.1 16.5 142 131 165 142 130 975
98.0 166 143 131 166 14 2 131 165 14.2 13.0 28.0
a8 5 166 143 132 16 6 143 13.1 6.5 142 13.1 985
99 ¢ 167 143 132 166 14.3 131 166 143 131 jeichs]
995 167 14.4 13.2 16.8 14.3 13.2 166 143 131 995
100.0 168.7 14 4 132 18.7 14 4 13.2 16.6 14.3 131 100.0
100.5 168 14.4 133 167 14 4 132 16.7 14.3 13.2 100.5
101.0 16.8 14.5 13.3 16.7 14 4 132 16.7 14.4 13.2 101.0
101.5 168 14 5 133 168 14 4 133 16.7 14.4 13.2 101.5
102.0 16.9 14 5 13.4 168 145 133 167 14.4 13.2 102.0
1025 169 146 134 16 8 145 13.3 16.8 14.4 13.3 102 8§
103.0 169 146 134 169 145 13.4 16.8 14.5 13.3 1030
103.5 16.9 146 134 169 146 134 168 14.5 133 103.5
104.0 170 1486 135 169 146 134 16.9 14.5 13.4 104.0
104 5 170 147 1356 170 146 134 16.9 14.6 13.4 104.5
1050 17 0 147 1356 17 0 14 6 13.5 16.9 14.6 13.4 105.0
1055 171 147 136 17 0 147 13.5 17.0 146 13.4 105.5
106.0 171 148 136 171 147 13.5 17.0 14.6 135 106 0
106 5 171 14.8 136 171 14.7 13.6 17.0 14.7 135 106 &5
1070 17.2 14.8 13.6 17.1 14.8 136 171 147 135 107 0
107.5 172 148 137 172 14 8 136 171 14.7 13.6 107.5
108 0 173 149 13.7 172 148 13.6 171 14.8 13.6 1080
108 5 173 149 13.7 172 14.9 13.7 17.2 14.8 136 108 5
108 ¢ 173 149 13.7 173 14.9 13.7 172 14 8 126 1080
1095 174 150 13.8 173 14.9 13.7 173 149 137 108 5
110.0 17.4 15.0 13.8 17.4 15.0 138 173 149 137 1100
110.5 17.4 150 138 17 4 150 13.8 173 14.9 13.7 110.5
1110 175 151 139 17 4 150 13.8 17.4 15.0 138 1110
1115 175 151 139 17 5 150 13.8 17.4 14.0 13.8 111.5
1120 175 151 139 175 151 13.9 17.5 15.0 13.8 1120
112.5 17.6 15.1 13.9 17.6 151 139 175 151 139 1125
113.0 17.6 15.2 14.0 17.6 151 139 176 151 139 1130
113.5 177 152 140 176 152 140 178 16.2 13.9 113.5
1140 177 15.2 140 177 15.2 14.0 177 162 140 114 0
1145 177 15.3 14.0 17.7 15.2 140 177 152 140 114 5
1150 178 153 140 178 15.3 144 17.8 15.3 14.0 115.0
1155 1748 15.3 14.1 17.8 15.3 14.1 178 153 141 1158 5
116.0 17.9 15.4 14.1 17.8 15.3 141 179 153 141 116 0
116.5 17.9 154 14.1 179 154 141 17 9 15.4 141 196 5
117.0 10.0 154 141 180 15.4 141 18.0 156.4 14.1 117.0
1175 180 154 142 180 15.4 14.2 180 165 14 2 1175
1180 180 155 142 181 15.56 14 2 181 155 142 118 ¢
1185 181 15.5 14.2 1841 15.5 14.2 181 155 142 1185
119.0 18.1 16.5 14.2 18.2 156 14 3 182 156 14 3 119 0
119.5 182 156 142 18.2 156 14 3 18 2 158 14 3 1195

(continued on p, 337}
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Length/ Boys Combined sexes Girls Length/
height? height?
{cm) Median -2 3D -3 5D Median -2 8D -3 5D Median -2 5D -3 5D (cm)

120.0 18.2 156 14.3 183 156 143 18.3 157 143 120.0
1205 18.3 15.6 143 183 167 143 18 4 15.7 14.4 1205
1210 18.3 15.8 143 184 157 14 4 18 4 157 14.4 1210
1215 18.4 15.7 143 184 15.7 14.4 185 158 14.4 121.5
1220 184 15.7 14,3 185 158 4.4 18.5 158 1456 122.0
122.5 185 157 4.4 18.5 158 14 4 1886 159 145 122.5
123.0 185 158 144 18.6 158 1435 187 15.9 155 123.0
123.5 18.6 158 144 186 15.9 145 187 16.0 14.6 1235
1240 18.6 15.8 144 18.7 159 14.5 188 16.0 14.6 124.0
1245 187 15.8 14.4 18.8 159 145 i8.9 16.1 146 124.5
125.0 18.7 159 14.5 18.8 18.0 146 18.9 16 1 147 1250
1255 18.8 1589 145 1B 9 150 14.6 18.0 161 14.7 1255
1260 18.8 1549 145 190 161 146 191 162 14.7 126 0
126.5 18.9 160 145 150 161 14.6 192 162 148 126.5
127 0 ie 9 160 145 151 i61 14.7 19.2 163 148 127.0
127.5 180 16.0 14.5 iga 16.2 14.7 193 16.3 148 127 5
128.0 1891 16.1 14.6 19.2 16.2 14.7 194 6.4 149 128 €
128.5 181 16.1 14.6 183 16.3 14.7 1856 16.4 14.9 1285
129.0 18.2 16.1 1456 18.4 16 3 14.8 195 16 5 14,9 1290
129.6 19.3 16.2 146 18.4 16 3 14.8 196 165 15.0 1285
1300 163 16,2 146 185 164 148 187 166 150 130.0
1305 194 16,2 14.6 186 16.4 14.9 12.8 166 151 1305
1310 195 16.3 14.7 19.7 16.5 149 19.9 16.7 15.1 131.0
1315 19.5 16.3 147 198 16.5 14.9 200 167 i5.1 131.5
132.0 196 16.3 14,7 198 16.6 14.9 20.1 16 8 15.2 132.0
1325 187 164 147 19.9 16.6 15.0 202 168 15.2 1325
133.0 128 164 147 20.0 16.7 150 202 169 16.2 1330
1335 198 165 148 20.1 16.7 158G 203 17.0 16.3 1335
134.0 199 165 148 202 163 150 20.4 17.0 16.3 1340
134.5 200 165 18 20.3 i6 8 151 205 17.1 16.3 134 5
135.0 201 166 14.8 204 16.9 151 20.6 171 1584 135.0
135.5 202 166 14.8 205 1689 131 20.7 172 16.4 135.5
136.0 203 167 14.9 208 17.0 152 20.8 172 15.5 1360
136.5 204 167 14.9 207 17.0 152 20.9 173 155 138.5
1370 205 16 8 149 208 171 15.2 211 17 4 15.5 137.0
1837 5 205 16.8 1530 209 17 1 153 212 17.4 156 137.5
138.0 20.7 169 150 21.0 17. 153 21.3 175 15.6 1380
138.5 20.8 16.9 150 211 17.2 153 21.4 178 167 1385
139.0 20.9 17.0 120 21.2 17.3 154 21.5 17 8 157 1390
1393 21.0 17.0 151 21.3 17 4 154 21.6 177 157 1395
140.0 211 171 1541 21.4 17.4 15 4 2.7 17.8 158 140 0
1405 212 17 2 15.2 21.5 17.5 155 218 178 158 1405
141.0 213 17 2 152 217 17.8 1548 22.0 178 15.2 141 0
1415 215 17 3 152 218 176 15.6 22.1 18.0 159 141.5
142.0 21.8 i7 4 153 218 177 15.6 222 18.6 159 142.0
1425 217 175 153 22.0 17.8 1587 224 g1 16.0 142.5
143.0 2149 175 184 22.2 17.9 157 225 18.2 16.0 143 0
143.56 220 176 154 22.3 17.9 15.8 227 18.3 16.1 143 5
144.0 221 17.7 155 225 180 158 2za 18 4 151 144.0
144.6 22,3 17.8 155 22.6 181 158 229 184 162 144.5
145.0 22.4 179 156 22.8 82 159 231 18 5 162 145.0

2 Length below 85 cm, height =85 cm.
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ol height 65-145cm. Because of sample size limita-
tions, the reference data do not include children
of height <635cm or >145cm. Fig. 24 provide the
MUAC-for-height growth charts based on the data
in Table 1. with curves representing the median and
1.0, 2.0, 3.0, and 4.0 S values above and below the
median. These plots exhibit a very small disjunction
{about 0.01cm in MUAC) for the recumbent length
and standing height at 85c¢m. Although the height-
specific curves represent most of the variation re-
lated to the fixed cut-off, there are also significant
differences between boys and girls of height 65.0—
80.0cm and 120.0-145.0cm.

Fig. 2. MUAC-for-height reference curves for hoys of
height 65-145¢cm.
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Fig. 3. MUAC-for-height reference curves for girls of
height 65-145cm,
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Fig. 4. MUACfor-height reference curves for hoth
sexes combined for height 65-145¢cm.
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The SAS (Statstical Analysis System) code
used to calculate the median curve and upper and
lower standard deviation curves is shown in Annex 1.
Using this code with their own data. readers can
easily assign Z-scores to each chuld.

Fig. 5 compares the results obtained using ROC
curves of MUAC, MUAC-for-age, and MUAC-for-

Fig. 5. Comparison of the ability of the receiver oper-
ating characteristic (ROC) curves of MUAC-for-age
and MUAC-for-height to detect malnourished children
(weight-for-height < 2 SD) for Sri Lankan children
aged 6-59 months, 1975-76. (The diagonal is the
chance line for the ROC curve).
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height to detect malnourished Sri Lankan children
aped 659 months. MUAC-for-height and MUAC-
for-age had better sensitivity and speaficity than
MUAC based on a fixed cut-ofl for screening chil-
dren for malnutrition. A similar pattern for the ROC
curves for these thiee indicaters was obtamed using
nutrition survey data from Nepal and Togo as well as
the Malawi longitudinal study data (results available
on request).

Discussion

In this article, we have repoiied a reference sel of
curves for MUAC-lor-height and demonstrated that
the MUAC-tor-height and MUAC-for-age Z-scores
are better predictors of weight-for-height than either
MUAC based on a fixed cut-off. MUAC-for-height
has certain advantages over weight-for-height in
emergency or refugee sttuations: first, it does not
require the use of cumbersome scales: second, it is
less influenced by errors in measutng height. For
example. consider a boy whose true height. weight,
and MUAC are 100.0cm. 12.6kg, and l41cm.
respectively; hus weight-lor-height Z-score 15 =229
based on the current NCHS/WHO international
growth reference (30) and MUAC-for-height Z-
score is —2.29, based on the MUAC-for-height
reference we have developed in this article, Under
emergency conditions it can be difficull 1o fnd a
good, completely flat measuring platform with a
verlical wall behind it. Under such conditions. or if
the height is measured carelessly and is recorded. for
example, 3em below the true value. the weight-for-
height Z-score increases to —L.81; i contrast, the
MUAC-for-height Z-score (—2.15) hardly changes.
In reality. it is more likely that the MUAC measure-
ments will be inaccurale. because of failure Lo 1den-
tify correctly the mnd-peint of the upper arm. that
the arm was flaccid, or that the tape was pulled too
tightly or not tightly enough.

In developing the MUAC-for-height reference.
we adjusted the recambent length Lo standing height
However, the difference in MUAC between recum-
bent length and standing height at 85cm is very small
(ca. 0.01cm) and has no clinical significance. In prac-
tical terms, this means that it is of no consequence
whether the measurement is recumbent length or
standing height However. we recommmend that chil-
dren up 1o 85cm be measured while they are lying
down and those above 85cm, standing 1o maintain
consistency with the current international recom-
mendations  (/2) and current length-for-age or
weight-for-length protocols.

The QUAC suck technique can be used as a
rapid method for determining levels of nuimtion in

WHO Bulletin OMS Vol 75 1997
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large populaticns and as a screening tool for mal-
nourished children (74, 73). Tt has many practical
advantages, especially under difficult ficld condi-
tions. A WHO-modified QUAC stick in described in
Annex 2, wcluding details of its construction and
use. The reference data described in this article are
meant to be used with 1he modified QUAC stick.
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Résume

Etablissement d'une valeur de référence
pour le rapport MUAC/aille et
comparaison avec d’autres indicateurs
de I'état nutritionnel

Pour évaluer I'état nutritionnel des enfants en situa-
tion de crise, par exemple en cas de famine ou dans
les camps de réfugiés. on utise depuis longiemps
le pérmétre brachial & mi-hauteur (MUAC), en
appliquant un seuil unigue pour tous les enfants de
mecins de cing ans. Cet indicateur est également
utilsé comme moyen de dépistage complémentaire
en dehors des situations d'urgence. Toutefois, la
guestion se pose depuis quelgue temps de savoir si
le MUAC est bien indépendant de I'age et du sexe.
Aprés avoir passé en revue les bases scientifiques
de [lutilsation et de ['interprétation du MUAC.
un comité d'experts de 'OMS a recommandé une
nouvelle référence pour le rapport MUAC/age.
Cependant, il est parfois difficile d'évaluer I'age
de l'enfant, et dans ces circonstances, le rapport
MUAC/allle peut étre une bonne selution. La régle
QUAC offre un moyen simple d'ajuster le seuil du
périmétra brachial en fonction de la tallle; le présent
article expligue comment établir une référence
MUACtallle et fabriquer une regle QUAC. Il indique
aussi comment utiliser la courbe ROC (receiver
cperating characteristic pour évaluer la qualité du
dépistage des enfants malnutris a4 laide des
indicateurs MUAC, MUAC/age et MUAC/Haille
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Annex 1

A MUACAfor-heighl reference

Annex 2

SAS code for MUAC-for-height{length)
reference

HEIGHT is child’s height/length {0 cnt), MUAC 15
child’s mid-upper-arm circumference (in em). and
MUACHTZ is child’s MUAC-for-height(length)
Z-scoie,

IF HEIGHT GE 65 AND HEIGHT LE 145
THEN DO;

IF SEX = “M"” THEN

MEDIAN = —127.85285 — 7 01912=
(HEIGHT) - 0.13765.
(HEIGHT)'2 + 1 34691E-03+
(HEIGHT)'3 — 6.55082E-06+
(HETGHTY 4 + 1 27334E-08+
(HEIGHT) 5.
ELSE IF SEX = “F" THEN

MEDIAN = —100 76669 + 511495+
(HEIGHT} — 0 09007=
(HEIGHTY'2 + 7.94219E-04+
{HEIGHTY 3 — 3.51033E-06+
(HEIGHT}4 + 6.33942E-09+
{HEIGHT}'S;
ELSE IF SEX = . THEN

MEDIAN = —114.30975 + 6.06703+
(HEIGHT) — 0.11386+
(HEIGHT) 2 + 1.07056E-03
(HEIGHT)3 — 5.03058E-06+
(HEIGHT) 4 + 9.53642E-09
(HEIGHT) ;

1IF MUAC < MEDIAN THEN

SD = —5.64795 + 0.21639- (HEIGHT) —
2.30396E-03- (HEIGHT)2 +
3.18966E-06- (HEIGHT) 3;

ELSE TF MUAC > MEDIAN THEN

SD = 2.05049 — ¢ OI880+<(HEIGHT) —
[.38497E-05: (HETGHT) 2 +
1.51434E-06=-(HEIGHT)"3;

IF MUAC = THEN MUACHTZ = 9.99: -for
MUAC missing values;
ELSE MUACHTZ = {MUAC — MEDIAN)/
STy
END:;
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Construction and use of the modified
QUAC stick

1. Construct a QUAC stick as shown in Fig | from
a piece of wood about [30cm long and 3 % 3cm in
cross-section. On one face mark each 0.5cm, from 0
at the botiom up 1o [43cm near the tep: write on it
the height/length for each full cm. This equipment
is convenicnt 1o measure height for children =83cm
(for those <85cm the length should be measured on
a measuring board). On one adjacent face, mairk the
corresponding reterence values for median —2 SD
of MUAC-for-height (see Table L. main lext): two
sticks are preferable. one ton boys and one for girls;
otherwise enter the values for sexes combined (see
Table 1. main text). On the cther facc adjacent to the
height measurement. enter the values for median —3
SD of the MUAC-for-height (see Table 1. man text).
2. Place the stick firmly and uprightly cn a platform
against a sertical wall. Have the clild siand straight
with lns‘her back flat against the height measure.
Measure the height using a flat measuring board.

3. Measure the MUAC in mm. Note whether this
value is below that gmiven on the “median —3 SD”
face. f below i, record as severe deficit’ if above it,
look on the "median —2 SD™ face. If the measure-
ment 1s below this. record as moderate deficit; if
above il record as no deficit. Thus. all children are
identificd as aving severe. modcerate or no delicil. n
the same way as with weight-for-height.

Fig 1 The WHO-modified QUAC stick.

Height rl‘ﬁg%p

tcm) '/(Gri"g

145.0 19'9
1440 15'9
1430 17'7
- 142.0 — 11'6
1410 11';. 2
~140.0 17'3 &
—139.0 1?g S
I 138.0 —;fﬂ‘/
R Tt Ve Py
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This joint statement by the World Health Organiza-
tion, the United Nations Children’s Fund, and the
United Nations Population Fund confirms the umni-
versally unacceptable harm caused by female geni-
tal mutilation, or female circumcision, and issues an
unqualified call for the elimination of this practice in
all its forms. While noting that female genital muti-
lation continues as a deeply rooted traditional prac-
tice, the statement maintains that culture is in con-
stant flux, capable of adapting and reforming. The
clear position of the three agencies is thus presented
in the hope that this harmful practice will end when
people understand the severe health consequences
and indignity it inevitably causes.

The statement has six sections. The first cites argu-
ments, based onuniversally recognized human rights,
supporting the conclusion that female genital muti-
lation is an infringement on the physical and psycho-
sexual integrity of women and girls, is a form of
violence against them, and is therefore universally
unacceptable. The second section defines four types
of mutilation according to the procedure followed,
noting that all procedures are irreversible, with ef-
fects lasting a lifetime. Reasons cited for continua-
tion of this practice range from psychosexual and

sociological assumptions, through myths, to beliefs
conceming hygiene, aesthetics, and religion, A brief
presentation of statistics on prevalence and distribu-
tion includes the estimate that at least 2 million girls
are at risk of genital mutilation every year.

Section three documents the many associated health
risks, including immediate severe pain, haemor-
thage, shock, and infection, and later cysts and
abscesses, damage to the urethra, urinary inconti-
nence, sexual dysfunction, and complications dur-
ing childbirth. The remaining sections cite a number
of international agreements that support the elimina-
tion of this practice, and identify eighteen precise
areas for immediate national, community, and inter-
national action to end this form of violence against
girls and women.
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