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Comparison of weight:height ratio and arm
circumference in assessment of acute malnutrition
E P CARTER

The Department of Haematology, The Hospital for Sick Children, London

SUMMARY Doctors working in famine relief commonly use the weight:height ratio and the
circumference of the mid-upper arm to assess the nutritional state of children under 5. Threshold
values indicating moderate and severe malnutrition are usually taken as 80% and 70%,
respectively, of the expected weight:height ratio and arm circumferences of 13-5 cm and 12-5 cm,
respectively. A study of 1260 children aged 1-5 showed that the thresholds of these two
variables yielded significantly different proportions of children with malnutrition, the proportion
being much larger when arm circumference was used as the criterion. Adjusting the thresholds
would result in closer correspondence between the two variables.

When working to relieve famine doctors have to
screen large numbers of children as quickly as
possible to assess their nutritional state. Two screen-
ing n-..-wthods are commonly used: the weight:height
ratio and measurement of arm circumference.' -6
Both measurements are relatively independent of
age, sex, and race. Arm circumference is a measure
of the lean body mass, whereas the weight:height
ratio indicates the extent of acute malnutrition;
each, therefore, measures a different aspect of
nutritional state. This study assessed the discrepancy
that may arise when both measurements are used.
The weight:height ratio expresses a child's weight

as the percentage of the expected weight for the
child's height. It is usual to accept 80% of the
reference median as the threshold of malnutrition.
A ratio of 70-80% indicates moderate malnutrition
and one of less than 70% indicates severe mal-
nutrition.1 2 Arm circumference increases rapidly in
the first year of life3 but then remains fairly constant
between the ages of 1 and 5 years.4 In well
nourished children aged 1-5 the accepted normal is
16 cm. An arm circumference of 13-5 cm is
commonly accepted as the threshold indicating
malnutrition. If the circumference is between 12 5
and 13-5 cm the child is considered to be moderately
malnourished, and measurements below 12-5 cm
indicate severe malnutrition.5 6 Thus in any child or
population a weight:height ratio of 80% should be
equivalent to an arm circumference of 13-5 cm and a
ratio of 70% should be equivalent to an arm
circumference of 12-5 cm. Feeding centres are
usually established in areas where a fifth of children

under 5 are malnourished, and any difference
between the two indices of malnutrition could lead
to difficulty in deciding whether to start relief.
A study was carried out by Lintj0rn in 1985 of 115

children in southern Ethiopia, which showed a large
difference between the two methods.7 We carried
out a similar study of a much larger group of
children in northern Ethiopia.

Patients and methods

We carried out a nutritional survey of 1260 children
aged 1-5 in the province of Wollo, northern
Ethiopia. Weight:height ratio and arm circum-
ference were recorded for each child with Salter
scales, wooden length boards, and paper tape-
measures. For the ratio the expected weight for a
given height was taken from the median of the
World Health Organisation standards. The threshold
for moderate malnutrition was taken as a weight:
height ratio of less than 80% and an arm circum-
ference of less than 13-5 cm, and for severe
malnutrition the figures were less than 70% and less
than 12-5 cm, respectively.
The x2 test was used to test the significance of

differences between the proportions of children in
each nutritional group as assessed by the two
measurements.

Results

Comparison of the weight:height ratios and arm
circumferences showed good correlation (r=0-53)
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'relation coefficient = 0. 53
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Figure Scattergram showing correlation between weight:height ratio and arm circumference in defining
nutritional impairment. Each dot indicates one child, while figures indicate total numbers of children at each poinit.

between them in defining nutritional impairment
(Figure); analysis of variance showed a significant
linear trend. The accepted thresholds indicating
malnutrition, however, did not correspond. Of the
1260 children, 168 (13%/) were diagnosed as
malnourished from their weight:height ratio
compared with 433 (34%) from their arm circum-
ference. This difference was highly significant
(p<O001).
Table 1 shows the numbers of children classified

by the two methods as having moderate and severe
malnutrition. The differences between the methods
were highly significant (p<0.0001 in both cases).

Table I Number (percentage) of children in each categorY
of malnutrition

Malitnui-iioni Arin ccircn/, (CiiCe Weighvthe'htcrtio

Moderaitc 264 (21) 144 (11)
Scverc 169 (13) 24 (2)

Totatl 433 (34) 168 (13)

Table 2 Diagnostic agreement between weight:height
ratios and arm circumference measurements using currently
accepted limits

Armn circuinference Weight height raltio Total (C.)
((I il)

<70 70-79 >80

<12-5 12 63 94 169 (13)
129-5-13- 4 4(0 220 264 (21)
>13.5 X 41 778 X97 (66)

Totali ('M.,) 24 (2) 144 (11) 1092 (37) 1260 (IX)

Table 2 presents the figures differently and shows
that 830 (66%) of the children were diagnosed as

having the same degree of malnutrition by both
methods.

Discussion

This study shows that there is a highly significant
linear correlation between the weight:height ratio
and arm circumference for all degrees of mal-
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Table 3 Diagnostic agreement between weight:height
ratios and arm circumference measurements using
recommended limits

Arm circumference Weight:height ratio Total (%)
(cm)

< 70 70-79 >80

<12-5 8 22 9 39 (3)
125-135 4 41 85 130 (10)
>13 5 12 81 998 1091 (87)

Total (%) 24 (2) 144 (11) 1092 (87) 126(0 (I(X))

nutrition. We found, however, that the thresholds
taken as indicating moderate and severe mal-
nourishment yielded significantly different numbers
of children, such that there would be disagreement
about whether relief was necessary. The difference
may be explained by the fact that the two screening
methods measure different aspects of nutritional
state, but it is nevertheless important that cut off
values correspond.
We recommend that the cut off values be adjusted

so that they correspond more closely. If an arm
circumference of 12*5 cm was taken to be equivalent
to a weight:height ratio of 80%, and a measurement
of 11-5 cm was taken to be equivalent to 70%, the

correlation would be greatly improved, so that 82%
of the values would correspond (Table 3) instead of
the 66% correspondence with the currently accepted
limits.

I thank Professor D C Morley and Dr Z Ebrahim for
their help in producing this paper.
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