MID-UPPER ARM CIRCUMFERENCE CHARTS
FOR LIBYAN PRESCHOOL CHILDREN

Jamal Bordom?, Laurent Billot?

1- Family & community medicine department, Faculty of Medicine, Ajabel Algarbi University, Gharian, Libya
2- Associate professor director of the statics division, The George institute Sydney medical school, Australia

ABSTRACT

Mid-upper arm circumference (MUAC) has been used as alternative indicator of nutritional status, if the collection
of weight and height was difficult, such as during emergency, famine, or refuge crises. The aim of this study is to
construction new arm circumferences charts for Libyan Preschool Children to use as screening tool in nutritional
assessment. Data were taken from two cross-sectional studies carried out in 3 regions of western part of Libya
(Tripoli, Al jafarh and Al-Jabel Al-Gharbi) between the years 2000 and 2010 by the principle author and his team
following World Health Organization (WHO) methodology. A simple random sampling technique was used to ob-
tain participants from MCH centers, kindergartens and the delivery section of obstetric hospitals. A sample of 2014
Libyan preschool children from both sexes were recruited from different places in Libya. Selected percentiles (P3,
P10, P25, P50, P75, P90, and P97) are presented for boys and girls of under five years according to age. New
MUAC charts were made for Libyan preschool children, to provide health workers in Libya with tool that should be
useful in screening or as a clinical and research tool for adequacy of growth during the first five years of life in
Libya.
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INTRODUCTION
For many years, mid-upper arm circumference
(MUAC) has been used as alternative indicator of
nutritional status of children, if the collection of
weight and height was difficult, such as during
emergency, famine, or refuge crises. In such cases,
low MUAC, determined on the basis of a single cut-
off value, has been used as a proxy for low-weight
for height,
Moreover, in community-based studies, MUAC
appears to be a better predictor of childhood mortali-
ty than height and weight based on anthropometrics
indicators®.
Mid-upper arm circumference (MUAC) is an im-
portant tool in screening for under nutrition especial-
ly when weight and stature measurement are too
demanding or are impossible, such as in emergency
situation and when the precise age of the child is
unknown, since it has been suggested that is relative-
ly independent of age for children between 1 and 5
years®.
The relationship between weight change and MUAC
change in children 6-59 months at each follow up
visit during outpatient treatment for sever acute
malnutrition, shows a strong correlation in all con-
texts irrespective of the treatment outcome”.
In Libya the first mid-upper arm circumference
charts (MAUC) for Libyan preschool children was
done in 1979 by Tajouri in Tripoli®.
The objective of this study was to develop update
mid-upper arm circumference charts (MAUC) (local
charts) for Libyan preschool children to use as a
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rapid method for determining levels of nutrition
status and as a screening tool for malnourished chil-
dren. Local growth charts is very important due to
genetic and environment factors that may be affect-
ed the growth of children and every country should
be developed local growth charts.

SUBJECT AND METHODS
Data were taken from two cross-sectional studies
carried out in 3 regions of western part of Libya to
increase the sample size (Tripoli, Al jafarh and Al-
Jabel Al-Gharbi) between 2000 and 2010 by the
principle author and his team following World
Health Organization (WHO) methodology®.
Tripoli is the capital city and the largest and most
densely populated city in Libya. Aljafarh region is
located 44 Km south—west from Tripoli.
Al-Jabel Al-Gharbi region is located 88 km south-
west from Tripoli.
In general about 76% of the Libyan population lives
in urban areas. Regarding basic needs, all regions of
Libya are similar, with education and basic health
care™?,
Recruitment was from several selected areas in all
regions (maternal child health centers, obstetrics
hospitals, kindergartens). The sample comprised
2014 healthy children of both sexes, from different
socioeconomic backgrounds, in all studied regions
from Libya. Raw curves was smoothing according to
Jelicoeur model. 1992®Y,

Sample:

A multi-stage random sample was used to obtain
participants from MCH centers, kindergartens and
the delivery section of obstetric hospitals. A sample
of 2014 healthy Libyan children (51.6 % boys and
48.4% girls) from preschool children from both
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sexes were recruited from different places in the
studied area.

Arm circumference is measured with a tape measure
extending. A plastic tape was used to measure the
MUAC. The mid-point of the left upper arm was
determined by measuring the length from the tip of
the shoulder to the tip of the elbow and the length
was divided by two. The tape was wrapped around
the straightened arm at the midpoint and the tape
inspected to ensure it was neither too tight nor too
loose. The measurement was recorded to the nearest
0.1 cm.

Statistical analysis:

Adjusted mean for arm circumference were calculat-
ed for each sex separately. The t- test was used in
assessment of sex differences.

Arm circumferences at 3",10",25™ 50" 75" 90", and
97" percentiles were determined for each sex and
were graphically smoothed.

Statistical analyses were done with SAS Software.

RESULTS
(Table 1) presents the adjusted mean between boys
and girls for arm circumferences for Libyan pre-
school children. There were no difference regarding
the adjusted mean between both sexes (p > 0.05).

(Table 1) Test of adjusted mean of arm circumferences
according to sexes

Sex Adjusted mean P- value
Boys 14.96
Girls 14.84 0.0631

(Table 2) shows the distribution of arm circumfer-
ences in cm for both sexes. The percent of children
from one to four years with arm circumferences
more than 13.5 cm is 88.7% for both sexes and
11.3% between 12.5 and 13.5 cm.

(Table 2) Distribution of arm circumferences in cm for
both sexes
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(Table 3) shows the comparison between new per-
centiles for Libyan preschool children and the old
percentiles (1979) for both sexes.

(Table 3) Distribution of new percentiles of arm circum-
ferences for Libyan preschool children according to old
percentiles (1979)

Old percentiles
(1979)
3rd |50th | 97th 3I’d |50th| 97Ih
[0<02] | 90 105 116] 82 99 112
[02<2] |95 125 155| 83 103 124
[2-<5] 11.0 135 165| 9.7 121 141
[5-<9] 125 140 16.0| 112 134 154
[9-<15] 125 150 165|113 137 156
[15-<21] 130 150 17.0|126 145 172
[21-<30] 135 155 175|132 148 174
[30-<40] 140 155 18.0| 134 156 17.2
[40-<50] 145 160 180|135 158 187
[50-<60] | 145 16.0 185|140 164 189

Age(months) New percentiles

(Table 4) shows the Libyan percentiles in compari-
son with WHO percentiles for both sexes.

For preschool children regarding mid-upper arm
circumferences.

(Table 4) Comparison between Libyan percentiles and

WHO percentiles for preschool children(MUAC)

Arm circumferences percen- | WHO Arm circumfer-
tiles for Libyan (boys) ences percentiles (boys)

Months| 3@ [Median| 97" [3 rd|Median| 97"
6 12.0| 143 16.5 (12.3| 14.2 16.4
12 (15.0| 15.0 16.5 [12.7| 14.6 16.9
18 (13.0| 15.0 16.5 [12.8| 14/8 17.2
24 |145| 16.3 17.0 (13.1] 15.2 175
30 |14.0{ 15.0 17.0 (13.4| 155 18.0
36 |13.5| 158 185 (13.6| 15.7 18.3
42 |15.0| 16.5 19.0 (13.7| 159 18.6
48 |14.5] 155 175 |139| 16.1 18.9
54 |145| 16.0 185 [14.0| 16.3 19.2
59 |145| 155 175 [14.1] 16.5 19.5

Arm circumferences percen- | WHO Arm circumfer-

tiles for Libyan (girls) ences percentiles (girls)

Months| 3@ [Median| 97™ [3™ [Median] 97™
6 12.0{ 15.8 16.0 |11.8| 13.8 16.2
12 |125| 135 155 (12.2| 14.2 16.6
18 [13.0| 155 175 (124 145 16.9
24 |135| 155 17.0 (12.8| 14.9 174
30 |14.0{ 16.0 175 |[13.2| 15.3 17.9
36 (14.0f 155 17.0 |13.4| 15.6 18.3
42 |15.0| 16.2 18,5 |13.6| 16.0 18.8
48 |14.5] 16.0 16.5 |13.8| 16.2 19.2
54 |14.0| 16.0 185 |14.0| 16.6 19.7
59 |15.0f 155 175 [14.1] 16.8 20.1

Arm circumferences percentiles presented in (figures
1 and 2) for both sexes for Libyan preschool chil-
dren. (Figure 1) shows the arm circumference per-
centiles for the age for the boys, and (figure 2)
shows arm circumference percentiles for the age for
the girls.

The charts include the following percentiles (3rd,
10th, 25th, 50th, 75th, 90th and 97th). (Tables 4 and
5) present the percentiles tables for both sexes for
Libyan preschool children.
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(Figure2) Arm circumference charts for
Libyan preschool children (girls)
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(Table 6) Arm circumference percentiles table for Libyan
preschool children (girls)

Age (mo's) 3eme 10eme 25eme 50eme 75eme goeme 97eme
0 95|95 (10.0|105|11.0(11512.0
1 9.5|105(11.0|125|13.0(135|145
2 11.0/11.8|12.0|13.0|135| 145|165
3 115(115|12.3|13.0|13.8| 145|155
4 11.0{11.0|125|135|145|15.0 | 155
5 12.0{12.0 | 12.5|13.5|13.8 | 14.0 | 14.0
6 12.0(12.3 125|128 |14.0|15.0|16.0
7 12.0/12.0|13.2|14.0| 145|155 16.0
8 12.5/14.0|14.0|145|155| 165|185
9 12.0/12.0|13.3|13.5|145| 155|155
10 13.0/13.0|14.0| 145|153 | 155|155
11 13.0{ 13.0 | 14.0 | 145|15.0| 155|155
12 125|125|13.0|135|145|155|155
13 125/ 13.0|14.0 | 15.0| 16.0 | 165 | 16.5
14 13.0{ 13.0 | 14.0 | 145|155|16.0 | 16.0
15 125|125|133|145|16.3|17.0|17.0
16 15.0{ 15.0 | 15.3 | 16.0 | 16.5| 16.5 | 16.5
17 14.0| 14.0 | 145|15.0|16.5|17.0 | 17.0
18 13.0{ 14.0 | 145|155|16.0| 165|175
19 14.0| 14.0 | 145|145|15.0| 16.0 | 16.0
20 135|135|14.0|150|155|175|18.0
21 14.0| 14.0 | 145|145|15.0|17.0|17.0
22 13.11131|14.0|14.0|15.0| 185|185
23 145|145|145|150|155|15.7| 158
24 135/ 14.0 | 15.0 | 15.0 | 155|16.0 | 17.0
25 14.0| 14.0 | 155|16.0|17.0|17.0 | 17.0
26 145|145|145|15.0|16.0| 165 | 16.5
27 14.0| 14.0 | 14.0 | 153 | 16.0 | 165 | 16.5
28 145|145|145|145|14.8|15.0 | 15.0
29 14.0| 145|145|150|165|17.0| 175
30 14.0| 14.0 | 145|16.0|16,5|175|175
31 14.0/14.0|14.3|15.0| 158 |17.0|17.0
32 14.0| 14.0 | 145|15.0| 16.0 | 165 | 16.5
33 14.0| 14.0 | 145|15.0| 16.0 | 165 | 16.5
34 135|135|155|16.5|17.0| 185|185
35 145|145|15.0|155|16.0| 165 | 16.5
36 14.0/14.0| 145|155 |16.0 | 17.0| 17.0
37 145|145 155|155 |16.5|18.0|18.0
38 13.5/14.0|14.5|155|17.5|18.0|19.5
39 14.0/145|15.0|16.0 | 17.0 | 19.0 | 19.0
40 15.0{ 15.0 | 15.0 | 15.5|17.0|17.0 | 17.0
41 145|145|15.0|154|16.5|175|175
42 15.0{ 15.0 | 155 | 16.2 | 16.5| 185 | 185
43 145|145|145|155|16.5|17.0|17.0
44 13.0/14.0|15.0| 155|16.5|17.3 | 175
45 14.5/15.0 | 15.0 | 15.5 | 16.0 | 16.0 | 16.5
46 13.5/14.0|15.0| 15.5|17.0 | 18.5| 20.0
47 155(155|155|16.0 | 16.5|17.0|17.0
48 145/ 15.0 | 155 |16.0 | 16.5|16.5 | 16.5
49 145|145|15.0|16.0|16.0|17.0 | 185
50 145|145|15.0|16.5|16.5|17.0 | 175
51 14.0| 145|15.0 | 16.0 | 18.0 | 19.5| 195
52 14.0/15.0|155|16.5|17.0|18.5|18.5
53 145|145 15.0|16.0 | 17.0 | 18.0 | 19.0
54 14.0/ 140|155 16.0 | 16.0 | 18.5| 18.5
55 14.0/15.0|15.0|16.3 |17.0| 175|175
56 145|145|15.0|16.0 | 16.5|17.8| 185
57 145| 145|153 |158|16.3|175|175
58 15.0{ 15.0 | 15.5|16.0 | 16.5| 185 | 185
59 15.0{155]155|155]16,5|17.0] 175

DISCUSSION
The first mid upper circumferences charts for Libyan
preschool children were done In Tripoli since 1979

from cross sectional study of growth in urban pre-
school children in Libya®.

The present mid upper arm circumferences (MUAC)
charts developed in our study differ from previous
study in 2 ways. Firstly, the data were drawn from 3
regions rather than 1 region as reported in 1979,
Our study also represents groups from various soci-
oeconomic categories, whereas the 1979 study was
in urban preschool children from Tripoli. Secondly,
our charts were fitted with the most recent mathe-
matical models, whereas those produced in 1979
were hand-smoothed™”. This smoothing has the
advantage of making the curves more accurate and
also allows for comparisons.

Comparisons with national and international refer-
ences are necessary, although local references are
preferable because of potential variations in the
genetic or environmental factors that may affect the
growth patterns of infants and children®?.

A simple measurement, like mid-arm circumfer-
ences can be used as an alternative to the weight
recording in certain situation for identifying new-
borns with low birth weight or very low birth
weight.

A water proof, flexible tape with appropriate cut-off
points marking in separate colors, is easy to use,
quick, reliable ,practical and cost effective alterna-
tive to weighing newborn babies®.

Another study recommended to use arm circumfer-
ences for age as an alternative indicator of nutrition-
al status when the collection of length/height and
weight measurement is difficult as happens in emer-
gency humanitarian situation due to famine or refu-
gee crises™.

Many other studies confirm that MUAC measure-
ment allow differentiation between normal and un-
der weight and normal and wasted children®>®),
This study shows improvement in nutritional status
for Libyan preschool children as indicated by the
percent of children from one year to less than five
years with arm circumferences more than 13.5 cm
(88.7%).

In comparison, the old and new tables of percentiles
for Libyan preschool children, we see certain im-
provement in nutritional status Libyan preschool
children in most percentiles. Others published stud-
ies confirmed the same finding regarding the im-
provement of nutritional status of Libyan preschool
children during the last decades**2Y,

In comparison the Libyan percentiles with WHO
percentiles, the Libyan percentiles run very close
from WHO percentiles(MUAC) mainly for the me-
dian.

CONCLUSION
This study provides medical and paramedical staff
with update local MUAC charts, use as a reference
for clinical, epidemiological , research purposes and
as a screening tool to detect children at risk of health
or nutritional disorders.
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The references provided from this study have the
advantage of operational simplicity and mothers can
use them with minimal training to monitor their
babies using a very simple graduated inexpensive
strip.

Local growth charts are of particular value due to
variations in environment or genetic factors that may
affect the physical growth of children.
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