Evaluation of Arm Circumferenc
Public Health Index of Protein E
Malnutrition in Early Childhood

by MARIJKE |. VELZEBOER, Dr. PH, Vice-President of Pueblo to People
BEATRICE J. SELWYN, RN, ScD., dssistant Professor of Epidemiology
FREDERICK SARGENT 11, MD, Professor of Human Ecology

ERNESTO POLLITT, PhD, Professor of Nutrition und Behavioural Sciences und

HERNAN DELGADO, MD, MPH, Scientjfic Medical Officer, Division of Human Deyelopment, INCAP

Arm circumlerence (AC) is an easy and inexpensive
way to detect pre-school mainutriion and is, there-
fore, being used increusingly in lesser-developed
nations lor rapid and extensive nutrition surveillance
and screening programs, as well as for monitoring
nutntion rehabilitation (1-7).

It is the purpose of this paper to evaluate the AC
measurement as a public health index of protein-
encrgy malnutrition (PEM) as compared with more
commonly used anthropometric meusures like weight
for height and weight for age. The literature is
reviewed concerning these relationships, and in the
second part.of the paper, AC will be compared with
weight for height and weight for age by using
measurements made on 144 pre-school Guatamalan
children,

The AC measure can detect a depletion in muscle
tissue (8) und culorie stores, in the form of subcut-
aneous fal (9,10), and progress in growth (11,12). The
AC of pre-school children, excluding infants, has
been shown to increase very little with age (11,13) and
o vary little between ethnic groups (10). Based on a
large sumple of healthy Polish children (14), Wolanski
demonstrated that the AC of children aged 0 to 12
months increased rapidly, whereas it vaned httle
between 12 and 60 months as well as between the
scxes, and that from the second to tifth yeur fal tissue
is replaced by muscle so that overall AC increases
only |.5cm. Therefore, an age constant measurement
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of 16.5cm has been recommended as a standard for
use during this 4-yeur period when age is not known
(15). Percentages of this standard have been applied
to determine degrees of malnutrition and are us
follows (5):

Nutritional Pereent of Arm

Staius Standard Circumference

Severe malnutrition Less than 759,  Less than 12.5cm

Modecrate Between 759, 12.5~13.5¢cm
malnutrition and 85Y%

Normal Qver 85Y% Over 13.5cm

Since most cases of malnutrition occur within this 4-
year age span, AC scems to be a promising public
health index for screening malnutrition.

Review of the Literature

The literature was reviewed concerning the re-
lationship between AC and the more conventional
anthropometric indices of malautrition, e.g., weight
for height and weight for age. Table 1 gives corre-
Jation coefficients in ascending order for various
studies in which AC was compared to weight for
height, weight for age, und weight alone. Since the
author's data concern only AC versus weight for
height and weight for age, these iwo varinbles will be
emphasized in the discussion,

Most of the correlation coefficients between AC
and weight for height are similar. All but four of the
correlation coefficients between AC and weight for
height lie in the 0.66 to 0.79 range. Even though the
coeflicient is low for the Colombian sample, Acciarri
et al. (17) stated that AC was highly associated with
acute malnutriion, as manifested by weight for
height, and considered the relationship between
weight for height and AC to be good. They also
believe the relationship between AC and weight for
age to be good. Likewise both coefficients are low in
the Gualemalan study (17). The 0.55 coefficient for
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weight for height and AC denived by Rutihauser (19)
for the 37 1o 48-month old Nilote population ol
Uganda also lalls out of the range, although these

cocllicients are hugher for the younger age groups ol

ths samie population. The opposue applies 1o the
Indian  population ol Hyderabad  studied by
Visweswerya and Singh (20). These investigators re-
corded a stronger relationship between the AC and
weight for height of older children than for the | to 2-
year age group.

The correlation coefficients for AC und weight for
age are similar 1o those {for AC and weight for height
and fall in the 0.59 10 0.78 range. The low correlation
for the Egyptian children at first led El Lozy (23) to
place little trust in AC. However, subsequent studies
(32) convinced hum ol its validity., The data collected
by Jellifte and Jeilifle (24) during a nutrional study,
where 19 per cent of all houscholds in Barbados were
sampled, also revealed a low correlation with weight
for age (0.62). The investigators believed this was due
to the marked layer of subcutaneous lat exhibited by
a substantial number of children. Of children 1210 59

months old, 47.3 per cent had triceps measurements
8O per cent ol the standard, while 18.6 per cent had
fatfolds of 100 per cent or more of standard.

The largest range ol correlation coellicients re-
ported (0.52 to 1.95) 1y for AC and waeght alone
(Chable 1), The study done in the United Stites {31) s
the haghest of the coctficieats, most hikely because ol
the choice of study subjects. Weight alone 1s less
acceptable as a measure of malnutrition in children
and was not used in the present study.

Some concern has been expressed over the sensi-
uvily of AC, or 1its ability 10 detect malnounished
children with respect to weight for height and weight
for age. Shakir (15) found that one of the major
limitations (0 using AC was that it was not a very
sensitive indicator of moderate or mild malnutrinon
as determuned by weight for age. Based on data
collected trom BOO Colombian pre-school children,
Acclarri ef al. (33) observed AC to be more sensitive
in detecting cases of acute, rather than chronic,
malnutnition and in cases of severe, rather than mild,
malnutrition. In their national probability sumples

TasLi: |
Studies correluting arm circumference of individuals (Loewenstein and  Phillips,'®
updaied by authors)

Country and Locution or Mcasure- Correlation
{Investigators) L:thnic Group No. Age menls Cocllicients
Colombia Cali 800 03 AC vs 0.47
(Accurri ef al)"? yIs wi/ht
CGruastematla Patulul 2,792 ) AC vy 0.53
UNCAP, unpublished)'™ yrs wi/hi
Uganda Nilotic 23 37 48 AC vs 0.55
{Rutithiuser)'” mihs wi/ht
india Hyderabad Total P2 AC v 0.58
{ Viswesware and 2,292 yrs wi, ht
Singh)?Y 23 AC vs 0.60
yrs wi/hi
J 4 AC v 0.67
yrs wi/ht
Nepal Natiwanal 05 AC vs 0.67
(Nichaman ef ol 3! probability yrs wi/ht
sample “, of median
Uganda Bantuy 19 25 36 AC vs 0.67
(Rutihauser)'? mths wi/ht
Nilohamatic 34 37 48 AC vs 0.70
niths wl/hi
Nilotic 29 1324 AC vs 0.71
mths wi/ht
Sn Lanka National g5 AC vs 0.72
Nichaman ¢1 al.)?! propability yrs wi/h
sample % ol median
Uganda Nilohiamalic 72 25 36 AC vs 0.73
(Rutihauser)"® miths wi/ht
Bantu J6 1324 AC vs 0.75
niths wi/ht
Nilohamatc 85 131 24 AC vs 0.76
mths wi/hl
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Country and
tinvesugators)

Togo
(Nichaman ¢ af.)*!

Uganda

(Rutihauser)'”

Uganda

(Rabinow and Jellille)??
Guatemala

(INCAP, unpublished)'”

Liypt

(El Lozy)**
Colombia

(Acciarn ef ol.)*’?
Barbados

Uellitle and Jellifle)?®
Ugunda

{Cool)*®

Tanzima
(Kondiuhis)*®
Malaysia
(McKay)??
India
(Visweswera and
Sl

lran
(Froozani)?®
Zambia
(Blank har1)?®
Sierra Leovae
{Blankhart)?®
Mulaysia
(McKuy)?’

l.ebanon
(Kunawal ¢ al.
Uganda
(Robinow and Jellitle)??
Tanzania

(Kondakis)"

Linited States
(Chovivathanavanich and
Kanthavichitra)?'

Y0
)

Locahion vt

Ithme Group No.

Niational

prababulity

sample

Nilonc 25
Busoga 150
Patulul 2,972
Cali §00

1%, House-
hold survey

Ankole n

59

77

76

Kilmanjaro 241
Region

Alu lrangrance 26

Hyderabad Total

22

Estaliahan 40

Afrnican Y75

Alrican 1,351

Alu Trangance 54

41

Arab 1,049

Busoga 156

Dodoma 359

Nepro and o

Pucerto Rican

Age

g5
yrs

25-36
mihs
23}
mihs
I 5
yrs

U6
yrs
12 59
mths
36 47
miths
28 59
mths
12 23
nmiths
24 35
miths

I 48
miths
4.0
yrs
12
15
1
NE
14
yrs
13 24
mihs
O 36
mlhs
6 36
miths
30
yrs
20
yrs
3 43
mths
35 36
miths
| 48
mths
P 72
mihs

Meceasure-
ments

AC vy
wi/ht

AC vs
wl/ht
AC vy
wisht
AC vy
wlfage

AC vs wi
as Y, normal
AC vs
wljage
AC vs
wl/age
AC vs
wljage
AC vs
wlfupe
AC v
wljfage
AC vs
wljage

AC v
wil
AC vs
wil
AC v
wi
AL W
wi
AC vy
wi
AC vs
wil
AC v
wi
AC vs
wi
AC vs
wl
AC vs
wl
AC vs
wi
AC vs
wl
AC vs
wi
AC va
wl

Corrclation
Cocllicients

0.76

0.77
0.79

0.59

0.59
0.62
0.62
0.68
0.70
0.73

.74

0.60
0.6l
th o3
0.65
0.68
0.75
0.75
0.78
0.79

0.79
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for Sri Lanka, Nepal, und Togo covering 18,751 pre-
school children, Nichaman ¢ af. (21) tound the
specificity of AC (ability to detect those who do not
have malnutrition) to be high, but the sensitivity
(ability to detect those who do hiave the disease) to be
low and 1o vary with cach age group. In this study the
median weight for height lor cach population was
used s the coternion tor comparison.

Zenthn (34) desenibed the degree of seonsitivity of
AC versus weight lor age by diagrimmatically de-
monstrating that Filipino cases ol malwutrition by
weight for age and AC did not compleiely overlap.
She discovered, however, that those cluldren shown
to be malnourished by weight for age and not by AC
were above the eritical 16 24 months age period, that
their weight for age did not exceed the Harvard third
percentle for weight for age, and that weght for age
did not diller for the non-overlapping pairs. Thus, her
results indicated that “younger children are selected
by AC at an earlier, more casily reversible stage of
malnutrition, when weight has fillen ofl, but length is
more normal’ (34, p. 303).

Margo (35) is more directly critical of the measure-
ment. He mamtains that, i AC is indeed a vahd
measurement, the difference between cases detected
by the AC or weight Tor age measurement should be
more or less constant for all studies. When reviewing
the hiterature, he found this not to be the case (Table
2). Shakir and Morley (5) identiticd only 3 per cent of
their study population as normaltly AC and below 8O
pur cent ol the Harvard standard (false negative), and
20 per cent as below 85 per cent of the standard tor
AC and normal tor weight (talse pusitive). Cook (25)
and Margo (35), on the other hand, encountered
much agher false negative rates (105 per cent and
70.2 per cent, respectively) in thar Alvican pre-school
study populations. The discrepancies between results

obtained from various studies are summarized in
Table 2, and illustrate Margo's skepticism toward the
reliability off AC as a surveillance tool. The false
negative and positive rates for AC versus weight for
age bused on data collected from 3801 pre-school
Ladino chitddren of nugrant workers e Patulul,
Guatemala, were 489 pear cent and 2430 per cen,
respectively (18)  Fhese ates were 67 per vent aaul
71.2 per cent when weight tor height was used as a
Critciivn.

Unfortunately, studies such as these are imited,
and their varied results have led o the contusion and
skepticism of many nutrition-related workers who
might have been able to profit from the use of the AC
measurement in licld surveillance programs. It is
hoped that the increasing amount ol work done in
this arca, using standard techniques, will illuminate
the trade-ofls of this economically elticient ool lor
malnutrition detection.

Materials and Methods

In an c¢lfort 1o develop methodology tor rural
health systems, the Division of Human Development
of the Institute for Nutrition tor Central America and
Panuma (INCAP) has undertaken a project in lour
Indian villages on the shores of” Lake Atitlan in the
Department of Solola, Guatemala. Since the project
cmploys minimally trained health promoters to work
in the community, AC was proposed by the invesu-
gator as a simple and inexpensive tool with which to
perform continual screening for malnutrivon in pre-
school children. In order to support this choice in this
selting, the investigator collected and analyzed rele-
vanl data lfrom one village, San Pablo La Laguna.
Height, weight, and AC measurements were taken by

TaBLE 2
Studies using arm circumference compared 1o weight for age*®

Counltry and Ethnie
(Investigators) Group
Bupdud, lray Arab
(Morley and Shakir)?

Ugunda Ankole
(Cook)?®

South Alrica Non-while
(Margo)*?

Swerra Leone Alnican
(Blankhar1)®?

Guatemala Guatemalan
(INCAP)'®

Number

Age False False
Months Positive Negative
177 13 72 20 3
282 12--60 2] 13.5
621 13-60 1.3 70.2
544 7 36 6" 5
24"
2,801 12 60 24.3 48.9"

:Figurcs obliuned vsiig 12.0cm cut-olY point for malnutrition.
Figures obtained using 12.5cm cut-oll point lor malautrinon.

*Unpubblished data udded 1o table by authors.

“Figures obtained usig 13.5¢m cut-ofl point for malautrition,
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the investigator for 144 children, aged O through S
years, who attended the health post voluntarily. Age
data were solicited from the mother by the health
promoters - Indian diadect and  the investgator
recorded the data. The children included in the study
were believed to be chromcally malnourished, - as
exemphificd by thew low weght tor age (75 per cent ol
the Harvard standard) and normal weight tor height
(98 per cent ol the standard) (17.36). Although no
cross-secional data exist on the nutrntional status ol
the pre-school population ol San Pablo, it 1s the
investigator’s — opinton,  based  on  the  health
personnel’s experience in the community, that the
attenders were somewhat healthier than those who
did not atiend. ,

Weight for age and weight tor height were chosen
as the enitenia with which to compare AC, since these
are the most commonly used ficld measures of
malnutntion. For the analysis, the Wolanski stan-
dards were used for AC, and the Harvard standards
were scelected because they are the most umversally
apphed and, therelore, lend themselves 1o inter-
national companson.

The cut-ofl pomt for malnutrition used for AC was
13.5¢m. Children were categorized as malnounshed if
thair weight for height and weight for age were 90 per
cent and 80 per cent or less, respectively, ol the
Harvard standards. These cut-oll” pomnts are com-
monly used in ficld surveys (17,19.37) and are recom-
mended by Jelhifte (14). Because it s generally
behieved that environmental rather than genenie fac-
tors miluence the size ol a young child (3%), the
Harvard and Wolanski standards may and have been
apphied w cthmcally diterent populations.
)

\
\\,'.n‘. b\n'(‘ W gy R T TS ot _".

manutactured chuld-meter tor hegho ana o strong
plastic measurmyg tape tor AC All shoes, har orna-
ments, and extrancous objects were removed belore
weighing and measuring. Since it was culturally
unaceeptable to remove clothes, an estimation of the
weight of clothes was used o correct the body weight.

The AC measurement was taken at the mudpoint of

the upper arm between the acromion and olecranon.

Labli
Correlations of anthropometric measures taken in health post children
12 10 60 monthy (N = 144)

This point was visually located, a method which has
been shown to be quicker and as reliable as locating
the midpoint by measurement (24,30,39). All measur-
g cquipment was cahibrated danly.

Results

Correlation Analysiy

In order to study the relationships between the
various measures, correlation analyses were  per-
formed for weight for age, weight for height, AC, and
AC lor age measurements, Age was correlated with
all those measures. The results are presented in Table
3 and show that AC was the most haghly correlated
with weight tor height (0.7911). The correlation of
AC with weight Tor age was somewhat lower (0.7127).
There s a very strong correlation between AC and
AC for age (0.9683) and the relationships of cuch of
these variables to weight for age and weight for height
are similar (0.7127 and 0.7911, 0.7573 und 0.7416,
respectively). Age was shown 10 have some relation-
ship with both AC (0.5132) and weight tor height
(0.3234). Although these coelticients are low, they are
sigmificant.

Sensinvity and Specificity Analysis

In order to determine how well AC was able to
idently groups of malnourished children as defined
by a single cut-ofl potnt, cross tabulations were made
between cases detected by AC and those categorized
by weight for height and weight for age as presented
i Tables 4 and S, respectively. Only chuldren 12
through 60 months (n = 109) were used for this
analysis, since AC cut-oll” points based on the con-

)

.
Vg LI

. ] . )

T R TN O L T R
Weight Jor Heght

When compared with weight tor height, AC had a
speciicity ol 65 per cent and a sensiuvity of 90 per
cent, with false positive and negative rates ol 35 per
ceni and 10 per cent, respectively (Table 4). The false
negative group (those categorized as malnourished by
weight tor height but not by AC) was made up of only

3

WaighyAge Weight/Heght

Weght Ape 1.0
Weight Height 06953
AC 07127
AC;Age 07573
Ape 0. 11788*

AC AC/Age  Age
.0
0.7911 1.0
0.7416 0.9683 1.0
0.3234 05132 0.3006 1.0

* Not sigmicant (p > 0.05); all other numbers signilicant (p <0 001).

AC = Arm Cucumierence.
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Tantl 4
Fulse negative, false posdove, semsetvary aend specificity rates for AC compared to
werght for hewht for 109 children 12 10 60 months measured in the health posi

Waight Tor Heghbt

Normal Malnounshed
AC >90Y, Harvard Standard  £90°, Harvard Standard Total
Normal True nepatives = 58 False negatives = 2 60
>13.5¢em Speciticity = 65Y, 10%,
Maulnourished  False positives = 31 True positives = 18 49
S135cem sy, Sensitivity =907,
Total 89 20 109

AC = Arm Circumlerence.

Tasri: 5
Fulse negative, false positive, sensitivity and specificity rates for AC compuared 10
weight for age Jor 109 children 12 10 60 months meusured in the health post

Weight for Height

Normal
AC > 80", Harvard Standard
Normal True negatives = 29
>135¢m Speatheity = g%,
Malncunished False pusitives = 3
S135em 9%
Total 32

Mainounshed
< 80", Harvard Standard Total

False negalives = 31 60
40",
True posilives = 46 49
Sensitivity =607,
77 109

AC = Arm Curcunierence.

two cases, one of which was borderhine for weight for
height (89 per cent of standard), and thus, not
severely malnournished.

The percentage ol false positive cases (those identi-
fied as malnourished by AC und not by weight for
height) was high (35 per cent). Filty-two per cent of
these children had ages in the cnitcal 6-24 month age
peniod.*® and a total of 73 per cent were under three
years old. All children categonized as labse positive
were malnourished by weight for age. All but 1wo
cases were shown 1o be moderately malnourished by
AC.*

* Children younger than two years are especially vul-
nerable o malnutninon i developing countries where food
mtake 15 low and samitabion below optimum During the lirst
two cntical years a child utihizes one-thard of Ius foud lor

growth as opposed (v 1 per cent tor older children (40), he s

more susceplible 10 disease und 15 not yet cating an adult
diel For these reasons mosl sernous cases of malnutntion
occur duning this age

** The two cases were i sel ol twins who showed classic
symptoms of marasmus and were very underweight for their

140

The predictive value of a normal AC was 97 per
cent, which means that of all those cases declared
nornul by AC, 97 per cent really are normal when
weight Tor height was used as a cntenion. The
predictive value of a deficient AC, however, was
considerably lower (37 per cent).

Weight for Age

As seen o Table 5 the sensitivity and speciticity
rates of AC, when weight lor age is the criterion, are
60 per cent and 97 per cent, and the lalse negauve and
postive rates are 40 per cent and 9 per cent,
respectively,

I4-month ape (44 per cent and 49 per cent, respectively).
Ther AC was also very low (10.1 cm) although they had
normal wenght for heights (93 per cent), which was duc 1o the
excessive degree of stunting which had  already aflected
them. The only child in the measured population whom the
investigator classitied as having symptoms of kwashiorkor
also had a normal weight lfor height (93 per cent). This
chuld’s AC, on the other hand, was 12,9 cm and her weight
for wge only 6Y per cent of the standard.

Journal of Tropical Pediatrics Vol. 29 June 983
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The lalse negative percentage is very high and cause
for concern, sinee these childrien would not be
detected by AC und hence not referred 1o the health
pust tor conlirmation Therelore, these Cases were
reviewed to gain insight mto thew charactenstws. Hhe
mean age of these chuldren was 44 months: only four
(13 per centy were younger than 30 months. In other
words, most ol them were past the enical age penod.
Marcover, ol the four under 30 months, #ll but one
had a weight for age adequacy between 75 per cent
and 80 per cent of the standard (degree 1. Gomez).
‘The one exception was a child of 28 months. All ol the
43 false negauve children had a normal weight for

hetght percentage (above Y0 per centy wath a mean of

103 per cemt. This group was generally very stunted
with a mean height ol 82 per cent ol the standard,
which caused them to be categorized as malnourished
by weight for age and normal by weight for height
and AC. '

With respect 1o weight for height, the predictive
value of a normal AC was only 48 per cent, whereas
that of a dehcient AC was Y4 per cent. This trend is
the opposite of that shown by AC when it was
compared to weight lor height.

AC vs. Weight for Height vs, Weght Jor Age

The ability ol cach of these micasures to dentily
cases of matnutrion with respect to one another s
tHustrated i the Venn diagram (Figure 1). Of all the
109 cases measured, none was categorized as being
midnournished by weight tor height alone, Only 3 (2.8
per cent) were so categortzed by AC, as compared to
29 (26.6 per cent) tor weight for age. All cases
wentitied as being malnourished by weight lor heghi
(20 = I8 per cent) were malnournished by weight for
ape and 18 (90 per cent) of those had a low AC. Of the
17 categonized as malnourished by weight for age, less
than one-lilth (16 per cent) had weight Tor height
measures below Y0 per cent ol the standard, whereas
60 per cent (46) had an AC measure of 13.5cm or
below. Most of the 49 cases with low AC had a low
weight tor age (94 per cent), whereas lor weight for
heght this was true Tor only 37 per cent (1K) of the
cases. Weight for age classified 71 per cent ol the
chuldren as maltnourished, which s 37 per cent more
thun AC (45 per cent) and 75 per cent more than
weight for height (18 per cent).

Discussion

I he anadysis demonstrited that there was a strong
cottekibon between AC and weight tor hiesght, as well
as waight tor age. Fheococtficient between AU and
weight tor height (0793 was Ingher than any en-
countered in the hiterature reviewed, although most ol
the carrelation coctlicients derved by Rutibiaser (1Y)
lor hikr Ugandan population and all ol those de-
seribed by Nochaman eraf (21) he within the 0.67 o

Journal ot Tropical Pediatries Val. 29 June 1983

AC = 49 (45%) WEIGHT/HEIGHT =20 (18%)

Overlaps Qverlaps:
weight/age = 94% weight/age = 100%
weighUheight = 3T% AC = 90%
wuighlisye and waighliage

waight/heighl . 4% and AC - 80%

CASES NOT

CATEGORIZED
AS MAL-
NOURISHED =
28 {27%)

WEIGHT/AGE = 77 {T1%)
Overlaps:

waight/height = 16%
AC = 60%

waighl/heighl and AC = 23%
we:ghl/age only = 38%

AGC = Arm Cucumteraence

Fig. 1. Venn diagram allustrating relutionship of
ability of wrm crcumterence, weight/height, and
weight/age Lo detect cases of malnutrition (n = 109).
Children 12 10 60 months measured in health post.

0.76 range. 1t s interesting, however, that the corre-
lation  between  the measures  taken for  Latin
Amcrican populations s consistently lower (17,25)
compared 1o all studies reviewed. Unforlunately,
more publications on Latin American populations
were not available for review, so that no conclusions
can be made concerning correlations within these
populations. s, however, very unlikely that they are
so cthoically dilferent Irom those populations re-
viewed that the relatonships between their anthro-
pometric measurement could vary to such a degree
(38). This discrepancy s also tound when AC was
correlated with weight for age. The 0.71 correlation
derived lor the Guatemalan study population of San
Pablo, however, is within the range of those found by
Cook (25) tor & pre-school Ugandan populition. The
San Pabio coetlicient also agrees with those listed for
AC versus werght i all but one (26) of the studies
reviewed.

The high correlation coclticient for AC and AC (or
age and similar correlations with weight for age and
weieht for heght indicate thiast either measure may be
uscd an the detection ol malnatriion among young
chiddren. The 0.5132 corpelation coclticient tor AC
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and age demonstrates, however, that there is a
relationship between these two variables and that AC,
therelore, is not entirely age mdependent Jor the San
Pablo population. Muntorell ¢f al (41) also dis-
covered arelationship between age and AC lor 1,240
Ladino Guatemalan  pre-school chddren. Wherceas
these children showed anmncrease of 38 per cent i the
AC during the first 12 months ol hie, which s
keeping with the 31 per cent icrease found in the
stundard population of Wolanski, the increase for the
next 48 months was nearly twice as high for the
Guatemalan population (15 per cent) as that en-
countered for the Polish children ol the standard (8
per cent).® It must be kept in mind, however, thal
both Guatemalun populitions have been subjected 1o
some degree of malnutrition which may n iselt vary
with age (35,40). Various studies (42 44) concerning
the AC of healthy standard populations have shown
results similar 1o those of Wolanski. I, however, AC
were dependent on ape, the measure would detect
more younger children, which is to their advaniage,
for they are at a higher nsk ol malnutnton (4,30).

AC way also shown ta wdently 90 per cent ol the
cases categorized as malnowrnshed by waight for
haght. The measure did not perform as wedl when
weight tor age was used as the cniternon tor malnutn-
vwon. The Venn diagram, however, demonstrates that
werght for height and weight for age do not measure
the saume thing, the former being an imdicator ol acute
malnutrition and the Later of cumulative episodes of
malnutriion (33.45). While all children with low
weight for height were also shown 1o be malnounshed
by waight for age, the reverse did not apply. This s
not surprising constdering that the study population
was chronwcally malnournished as demonstrated by
therr low mean weight tor age (75 per cent) and heygeht
for age (85 per cent) und normal weight for height (98
per cent). In fact, 71 per cent ol all the children had
weights below 85 per cent of the standard lor their
ages, and of all the children classified as malnourished
by any of the three measures, over one-third had only
weight Tor age deliciencies, as compared to zero for
weight for height, and 3 per cent for AC. Only one-
Wth of the total populition had low weights com-
pared 1o thewr stundard heghts. Even though oaly 37
per cent of the children with low AC had a low weight
lor height, 94 per cent of them had a low weight for
age. Thus, whereas AC with respect 10 weight tor
hetght has a high lalse positive rate (35 per cent) and
low false negative rate (10 per cent), these values are
reversed (9 per cent and 40 per cent, respectively)
when weight for age 18 the cniterion.

* Martorell e aul. (41) also tound AC 10 be sex dependent.
However, the dilference between the AC measurement Tor
the Wolanskr males and females (0.5 em tor 0 11 mounths,
0 3l cm for 12- 60 moaths) is consistently larger thun those
between the  Guatemalan  sexes (0125 and 0.23¢m,
respectivety),
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The cross-ltabulation analysis points oul, however,
that these chifdeen identitied as being malnourished
by AC, but nut by weight for height (Ladse positives),
may hive been at rish o malnutiion. Fhey were
wostly younger and had Jow weehits for age. o a
sytem where AC s used to sereen and reler cases 1o a
health post Tor confirmation by weight for height, the
False positives would have been attended. Given the
critical age of these children, attendance is prelerred,
espectally since the assessment by weight for age
classificd the 31 false positives as malnourished.
Shakir (5) agrees that this “misclassification is in favor
of the child, and could be useful in crisis situations,
for children in this critcal age interval® (p. 665).

The lalse negatives, on the other hand, would have
been lost 1o uny kind of tollow up. AC would have
fatled 10 screen 40 per cent of the children for
conhrmation by weight tor age. LEven though the
number s farge, these children were probubly not at a
high risk of being severely malnourished, for most of
them were beyond the ceritical age range and all of
them had normal weight Tor heights. The gencrally
stunted mature ol s group was most hikely ie-
sponsible for this misclassitication.,

Sular results concernimg classification of children
according 1o AC with respect to wetght for height and
weight for age were found in the Patulul population
of Gualemala (18). The resulting false negative rates
(6.7 per cemt and 48.9 per cent, respectively) cor-
responded closely to those counted in San Pablo.
Both ladse positive rates (71.2 per cent and 4.3 per
cent), however, were substantially higher. As in the
San Pablo study, the Patulul data showed a low false
negative rate and high false positive rate when AC
wits compared to weight for height, while the reverse
was true when weight lor age was used as the
criterion. With the exception of his own investgation
ol 621 non-whute Atrican children, all other studies
Margo (35) reviewed (Table 5) had much higher
sensitivities (85 per cent to 97 per cent) for AC with
respect to weight for age than were encountered in
either Guatemalan population.

‘The San Pablo data sugpest that AC may have been
a4 more sensitive andicator of malnutrnition among
younger age groups when compared o either weight
lor height or weight for age. Zeithin's (34) findings for
Filipino cases of malnutrition support this view. She
tound that AC and thigh circumierence selected
younger children who had experienced weight loss,
but who were not yet atlected by nutritional stunting,.
Cook (30) also lound the correlation between weighlt
for age and AC for age 1o be higher for children less
thun 36 months old, although the highest coetheient
was lound with the 24 to 36-month age group.

Conclusion

These findings have definite implications for nutri-
uonal screening and prevention programs. Even
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though it would be ideal to identity and intervene in
all cases of malnutnition, 1n poor arcas with high rates
of malnutrition resources simply would not allow .
When compared to weight for ape, AC sclected a

younger and more severely malnounshed group ol

caws that was smaller m number and henee more
feamble 1o treat. AC successlully detected children
with acute malnutrinon as defined by weight for

height, who are the cluldeen with the greatest sk of

deteriorating nutritional status and even death (46).
Moreover, AC also performed well in identilying
severely malnourished children whose stunted con-
diton made their weight appear normal for their
hetght.

The results of the study presented heretn sugpest
that in arcas where malnutrition aflects young child-
ren and where nuteiional stunting s conuon, AC s
a uselul indicator of mahtnton. AC has been
shown 1o be a good surrogate for the more commonly
used weight for height and weight for age. Therefore,
it is recommended that AC be adopted by nutrition

screening and surveitlance programs in poor arcas ol

the developing world where severe malnutnition s
prevadent and resources hunded.
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