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ABSTRACT
Introduction: Mid-upper arm circumference 
(MUAC) is widely recognized as an adequate 
indicator of nutritional status.
Objective: To estimate the reference percentiles 
for MUAC, upper arm muscle area (UAMA), 
and upper arm fat area (UAFA) in the Argentine 
child and adolescent population using the LMS 
method (lambda, mu, sigma)
Materials and methods: The sample was made 
up of schoolchildren aged 4.0-13.9 years living 
in Jujuy, Catamarca, Misiones, Buenos Aires, 
Mendoza, and Chubut. MUAC and tricipital 
skinfold anthropometric measurements were 
obtained between 2003 and 2008 as per 
standardized protocols. UAMA and UAFA 
were calculated, and percentiles by age and sex 
were estimated and compared using an analysis 
of variance.
Results: A total of 22  736 schoolchildren 
(11  397  boys and 11  339 girls) were included. 
The 50th percentile was higher for the MUAC 
and UAFA among girls and for the UAMA 
among boys. The MUAC curves showed sharper 
increases as of 7 years old in all percentiles 
among both boys and girls. A similar pattern 
was observed for the UAMA, with higher values 
among boys. Lastly, the UAFA showed a constant 
increase among girls and a stabilization among 
boys as of 11 years old. Differences for age were 
observed.
Conclusions: The tabulated and plotted 
percentiles and the MUAC, UAMA, and 
UAFA may be used as local references for 
epidemiological and anthropological studies.
Key words: reference values, anthropometry, body 
composition, Argentina, LMS method.
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INTRODUCTION
Anthropometric measurements 

are valuable tools to assess growth 
and nutritional status because they 
are methodologically simple and low 
cost for large scale studies.1 In this 
regard, for comparison purposes, it 
is important to have reference values 
that reflect,  whenever possible, 
population variability.

Previous auxological assessments 
conducted in Argentine population 
groups have demonstrated that their 
growth patterns are heterogeneous. 
Such diversity is mainly attributed 
to the effect of environmental factors, 
such as geographic, meteorological, 
economic ,  soc ia l ,  and cul tura l 
factors that outline the vast national 
territory.2-5

S i n c e  1 9 2 0 ,  m i d - u p p e r  a r m 
circumference (MUAC) has been 
r e c o g n i z e d  a s  a n  i n d i c a t o r  o f 
nutritional status for populations 
in different regions worldwide.6 
This anthropometric measure is 
particularly useful in emergency 
situations that require a rapid field 
assessment,7,8 in isolated settings 
where there are no stadiometers, 
s c a l e s  o r  o t h e r  m e a s u r e m e n t 
instruments,9,10 in famine or refugee 
crisis situations where height and 
weight  are  hard  to  determine , 
especially in malnourished children,11 
or when the measurement of body 
weight is considered inadequate 
because it may induce body image 
issues associated with an ideal body 
model.12 Likewise, the MUAC has 
been used as an additional screening 
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and prevention tool because it is capable of 
predicting infant mortality13 due to its reliability, 
low possibility of error between observers, and 
easy suitability for being recorded by health care 
agents.

Recent studies have demonstrated that, 
in addition to the traditional use of MUAC 
to estimate malnutrition, it is greatly useful 
for clinical assessment and epidemiological 
surveillance of obesity in developing countries.9,10,14 
The combination of MUAC and tricipital skinfold 
(TSF) allows to estimate, in an indirect manner, 
the upper arm fat area (UAFA) and the upper arm 
lean mass.7 Estimating these body composition 
parameters enables to know calorie and protein 
reserves and also to identify risk factors related 
to malnutrition, both by excess and deficiency.15 
The reliability of estimations made using the 
upper arm anthropometry has been validated 
with magnetic resonance imaging approximately 
two decades ago and has demonstrated a high 
correlation, especially, UAFA.16

Since 1976, the National Health Survey has 
published, together with other anthropometric 
measures, the percentiles for MUAC in boys 
and girls in the United States population aged 
2 months to 19 years.17 However, while in the first 
place the World Health Organization (WHO) had 
not recommended or included the MUAC in the 
growth charts for children aged 5-19 years,13,18 it 
was considered among the Multicentre Growth 
Reference Study Group measures for children 
aged 0-5 years.19

For the analysis of mid-upper arm body 
composition using the MUAC and its derivative 
outcome measures, upper arm muscle area 
(UAMA) and UAFA, there are widely used 
references, as the one proposed by Frisancho20 and 
the more recent one published by Addo et al.,21 
based on national surveys on the health of the 
American population. In Argentina, to date, 
the only MUAC reference values available 
correspond to the Córdoba22 and Buenos Aires8 
populations.

In this context, and considering the aspects 
mentioned before, the objective of this study 
was to estimate the reference percentiles for 
MUAC, and the UAMA and UAFA values in the 
Argentine child and adolescent population.

POPULATION AND METHODS
Population

The sample was made up by schoolchildren 
attending kindergarten, primary and secondary 

school living in six provinces from the five 
Argentine geographic regions:  Jujuy and 
Catamarca (Northwest region),  Misiones 
(Northeast region), Buenos Aires (Central region), 
Mendoza (Cuyo), and Chubut (Patagonia). The 
sampling was selected by convenience, in a 
non-probabilistic fashion. The following cities 
and towns from each province were included: 
San Salvador de Jujuy, Susques, Fraile Pintado, 
and Humahuaca (Jujuy); San Fernando del 
Valle de Catamarca, and El Peñón (Catamarca); 
Aristóbulo del Valle (Misiones); Brandsen, La 
Plata, Magdalena, and Punta Indio (Buenos 
Aires); General Alvear and San Rafael (Mendoza); 
Puerto Madryn (Chubut). The authorization to 
enter schools was requested to each district’s 
school authorities. The eligible population 
included all schoolchildren from 4.0 to 13.9 years 
of age who attended school on the day of the 
anthropometric assessment and who submitted 
a written authorization from their parents/
guardians. Children with chronic or acute 
conditions or receiving drug treatment at the time 
of the study were excluded, as well as those who 
failed to submit a written authorization from their 
parents/guardians, and those who refused to take 
part in the study, even if they had their parents’/
guardians’ authorization.

METHODS
A descriptive, cross-sectional design was 

used in this study. Measurements were taken 
at public schools during the 2003-2008 period 
as per the standardized protocols proposed by 
the International Society for the Advancement 
of Kinanthropometry (ISAK).23 Using the left 
arm, in a relaxed state, the MUAC was measured 
in centimeters using a non-extensible tape 
measure with a 1 mm precision, while the TSF 
was taken in millimeters using a Lange caliper 
with constant pressure and a 1 mm precision. 
Instruments were calibrated at the beginning of 
each anthropometric session. All anthropometric 
measures were taken by the authors, who are 
specialists trained in anthropometric techniques. 
Before data collection, all anthropometrists got 
together and estimated the intra- and inter-
observer error, which was below 5 %, thus 
ensuring measurement standardization.23

Based on collected anthropometric outcome 
measures, the total area (TA), UAMA, and UAFA 
of the arm were estimated using the formulas 
proposed by Frisancho:20

TA = [(π/4) x (MUAC/π2)] 
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the ethical standards established by the 1947 
Nuremberg Code, and the 1964 Declaration of 
Helsinki, as amended, with special attention 
to the provisions of the Protection of Personal 
Information Act (no. 25326).

The study was approved by the committee 
of Hospital de la Escuela Interzonal “San Juan 
Bautista” of Catamarca, the Bioethics Committee 
of the province of Jujuy, and the Bioethics 
Committee of the Latin American School of 
Bioethics (Escuela Latinoamericana de Bioética, 
CELABE) for the province of Buenos Aires, 
Chubut, Mendoza, and Misiones.

RESULTS
The study included 22 736 children (11 397 boys 

and 11 339 girls) aged 4.0-13.9 years. Participant 
distribution was as follows: Jujuy, 1700 (842 
boys and 858 girls); Catamarca, 941 (456 boys 
and 485 girls); Misiones, 2206 (1088 boys and 
1118 girls); Buenos Aires, 8420 (4177 boys and 
4243 girls); Mendoza, 6652 (3369 boys and 
3283 girls), and Chubut, 2817 (1465 boys and 
1352 girls).

The sample representation by age and sex 
was as follows: 4.0-4.9 years (1238: 637 boys, 
601 girls), 5.0-5.9 years (1940: 1015 boys, 925 
girls), 6.0-6.9 years (2405: 1253 boys, 1152 girls), 
7.0-7.9 years (2510: 1292 boys, 1218 girls), 8.0-
8.9 years (2649: 1284 boys, 1365 girls), 9.0-9.9 
years (2720: 1375 boys, 1345 girls), 10.0-10.9 
years (2631: 1275 boys, 1356 girls), 11.0-11.9 years 
(2593: 1276 boys, 1317 girls), 12.0-12.9 years (2319: 
1117 boys, 1202 girls), and 13.0-13.9 years (1731: 
873 boys, 858 girls).

Tables 1-3 and Figures 1-3 show values in a 
9-percentile format: 3rd, 5th, 10th, 25th, 50th, 75th, 
90th, 95th, and 97th, corresponding to the MUAC, 
UAMA, and UAFA for boys and girls aged 
4-14 years, classified into 6-month periods. The 
tables also show the L and S parameters.

In general, the 50th percentile was higher for 
the MUAC and UAFA among girls and for the 
UAMA among boys (Tables 1-3).

The MUAC curves showed more marked 
increases as of 7 years old in all percentiles among 
both boys and girls (Figure 1). A similar pattern 
was observed for the UAMA, with higher values 
among boys (Figure 2). Lastly, the UAFA showed 
a constant increase among girls and a stabilization 
among boys as of 11 years old (Figure 3).

Statistically significant differences were 
observed in all age comparisons. For MUAC, 
among boys: F = 2.515, p < 0.0001; among girls: 

UAMA = (MUAC - π x TSF)2/4π
UAFA = TA - UAMA
Each child’s decimal age was estimated based 

on the date of birth obtained from their national 
identity document or school records and the date 
of measurement.

Statistical analysis
Data were grouped by sex and decimal age. 

Each decimal year was divided by two, thus 
resulting in 21 age ranges. Crude data dispersion 
was analyzed and extreme measures were 
removed using ± 4 standard deviations (SDs) as 
cut-off point.2 Based on this criterion, 42 cases 
were removed from the total (0.18 %).

The LMS method was used to calculate 
percentiles. This method summarizes the changes 
in the distribution of anthropometric measures 
based on age using the lambda (L), mu (M), and 
sigma (S) curves, which account for asymmetry, 
median, and variance, respectively. It uses a Box-
Cox transformation (L) to adapt anthropometric 
data distribution to a normal distribution by 
minimizing mainly the effects of asymmetry but 
not kurtosis.24 The L, M, and S parameters were 
estimated according to the maximum penalized 
likelihood procedure.24

Percentiles (P) were estimated based on the 
following formula:25

P = M [1 + LSZ]1/L

Where L, M, and S corresponded to the 
values estimated for each age and the Z-score (Z) 
corresponded to the targeted percentile. The 
Q test was used to estimate the goodness-of-fit. 
Schoolchildren’s decimal age was used and the 
curves were set so that the Y axis showed age 
in whole numbers and the equidistant points 
between whole numbers.

Data were processed using the LMS chart 
Maker Pro software. This version allowed to 
adjust models considering the weight of samples 
and group selection. Likewise, it allowed to 
estimate the goodness-of-fit using the Q test. The 
L, M, and S degrees of freedom used to adjust the 
curve corresponded to 3-5-3, respectively. Curves 
were plotted using the R 3.2.0 software.

The percentiles estimated by age for MUAC, 
UAMA and UAFA, for each sex, were compared 
using plots and studied with an analysis of 
variance (ANOVA).

Ethical considerations
Research was done in accordance with the 

1948 Universal Declaration of Human Rights, 
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Table 1. Percentiles (P), asymmetry (L), and coefficient of variation (S) for mid-upper arm circumference (cm) among boys and girls

Age (years old)	 L	 S	 P3	 P5	 P10	 P25	 P50	 P75	 P90	 P95	 P97
Boys 											         
4.0	 -2.4023	 0.0843	 14.70	 14.92	 15.28	 15.94	 16.81	 17.86	 19.02	 19.85	 20.46
4.5	 -2.5126	 0.0864	 14.83	 15.05	 15.41	 16.09	 16.99	 18.08	 19.31	 20.20	 20.87
5.0	 -2.6094	 0.0886	 14.95	 15.17	 15.54	 16.23	 17.15	 18.29	 19.59	 20.55	 21.27
5.5	 -2.6723	 0.0909	 15.03	 15.26	 15.63	 16.34	 17.29	 18.47	 19.84	 20.87	 21.65
6.0	 -2.6917	 0.0934	 15.07	 15.30	 15.69	 16.41	 17.39	 18.62	 20.06	 21.15	 21.99
6.5	 -2.6721	 0.0963	 15.12	 15.36	 15.75	 16.50	 17.51	 18.79	 20.30	 21.45	 22.35
7.0	 -2.6350	 0.0995	 15.22	 15.47	 15.87	 16.65	 17.70	 19.03	 20.63	 21.86	 22.81
7.5	 -2.5920	 0.1031	 15.38	 15.63	 16.05	 16.86	 17.96	 19.37	 21.07	 22.38	 23.42
8.0	 -2.5368	 0.1067	 15.58	 15.84	 16.29	 17.13	 18.29	 19.78	 21.59	 23.00	 24.12
8.5	 -2.4538	 0.1106	 15.82	 16.10	 16.56	 17.45	 18.67	 20.26	 22.18	 23.69	 24.89
9.0	 -2.3352	 0.1146	 16.07	 16.36	 16.85	 17.80	 19.09	 20.77	 22.81	 24.41	 25.68
9.5	 -2.1857	 0.1187	 16.30	 16.62	 17.13	 18.14	 19.51	 21.28	 23.43	 25.11	 26.44
10.0	 -2.0179	 0.1226	 16.51	 16.85	 17.40	 18.46	 19.91	 21.78	 24.02	 25.76	 27.12
10.5	 -1.8499	 0.1259	 16.72	 17.07	 17.66	 18.78	 20.30	 22.25	 24.57	 26.35	 27.72
11.0	 -1.6813	 0.1286	 16.92	 17.29	 17.90	 19.08	 20.68	 22.70	 25.07	 26.86	 28.23
11.5	 -1.5160	 0.1307	 17.10	 17.49	 18.14	 19.38	 21.04	 23.12	 25.52	 27.31	 28.65
12.0	 -1.3531	 0.1319	 17.33	 17.74	 18.42	 19.71	 21.42	 23.56	 25.97	 27.74	 29.05
12.5	 -1.1754	 0.1325	 17.59	 18.02	 18.73	 20.07	 21.85	 24.02	 26.43	 28.16	 29.42
13.0	 -0.9772	 0.1323	 17.88	 18.34	 19.09	 20.49	 22.31	 24.51	 26.90	 28.57	 29.78
13.5	 -0.7580	 0.1315	 18.21	 18.69	 19.48	 20.94	 22.82	 25.03	 27.37	 28.98	 30.12
14.0	 -0.5243	 0.1305	 18.55	 19.06	 19.89	 21.41	 23.34	 25.55	 27.85	 29.39	 30.46
Girls											         
4.0	 -1.8595	 0.0886	 14.74	 14.98	 15.37	 16.09	 17.02	 18.12	 19.31	 20.14	 20.74
4.5	 -1.8010	 0.0911	 14.77	 15.01	 15.42	 16.16	 17.12	 18.26	 19.50	 20.36	 20.98
5.0	 -1.7504	 0.0937	 14.79	 15.05	 15.46	 16.23	 17.23	 18.41	 19.69	 20.58	 21.22
5.5	 -1.7076	 0.0965	 14.82	 15.08	 15.51	 16.30	 17.33	 18.56	 19.89	 20.82	 21.49
6.0	 -1.6716	 0.0994	 14.85	 15.12	 15.56	 16.39	 17.45	 18.72	 20.11	 21.08	 21.78
6.5	 -1.6682	 0.1022	 14.92	 15.20	 15.66	 16.50	 17.61	 18.93	 20.38	 21.40	 22.14
7.0	 -1.7061	 0.1053	 15.06	 15.35	 15.82	 16.70	 17.84	 19.23	 20.76	 21.85	 22.64
7.5	 -1.7482	 0.1088	 15.25	 15.55	 16.03	 16.94	 18.14	 19.60	 21.24	 22.41	 23.28
8.0	 -1.7681	 0.1125	 15.46	 15.77	 16.27	 17.22	 18.48	 20.02	 21.77	 23.04	 23.99
8.5	 -1.7594	 0.1160	 15.70	 16.02	 16.54	 17.53	 18.85	 20.49	 22.36	 23.72	 24.75
9.0	 -1.7148	 0.1189	 15.95	 16.28	 16.83	 17.86	 19.25	 20.97	 22.93	 24.38	 25.47
9.5	 -1.6414	 0.1212	 16.19	 16.53	 17.10	 18.18	 19.62	 21.41	 23.46	 24.96	 26.08
10.0	 -1.5409	 0.1229	 16.42	 16.78	 17.37	 18.49	 19.99	 21.84	 23.93	 25.47	 26.61
10.5	 -1.4116	 0.1242	 16.67	 17.05	 17.66	 18.83	 20.38	 22.27	 24.41	 25.95	 27.08
11.0	 -1.2589	 0.1247	 16.96	 17.35	 18.00	 19.21	 20.81	 22.74	 24.89	 26.42	 27.53
11.5	 -1.0900	 0.1243	 17.28	 17.69	 18.37	 19.63	 21.27	 23.23	 25.37	 26.86	 27.94
12.0	 -0.9385	 0.1232	 17.65	 18.08	 18.78	 20.08	 21.76	 23.74	 25.85	 27.31	 28.34
12.5	 -0.8052	 0.1214	 18.05	 18.50	 19.23	 20.57	 22.27	 24.25	 26.34	 27.75	 28.75
13.0	 -0.6971	 0.1192	 18.48	 18.94	 19.68	 21.05	 22.77	 24.75	 26.81	 28.18	 29.14
13.5	 -0.6224	 0.1167	 18.91	 19.38	 20.14	 21.52	 23.25	 25.23	 27.25	 28.59	 29.52
14.0	 -0.5705	 0.1140	 19.35	 19.82	 20.59	 21.98	 23.71	 25.67	 27.66	 28.97	 29.88

F = 2.769, p < 0.0001; for UAMA, among boys: 
F = 3.405, p < 0.0001; among girls: F = 3.485, 
p < 0.0001; for UAFA, among boys: F = 1.260, 
p < 0.0001; among girls: F = 1.425, p < 0.0001.

DISCUSSION
This is the first study that provides smoothed 

percentile curves using the LMS method for the 
MUAC and derivative measures in a sample 
of more than 22 000 boys and girls from six 
provinces of Argentina. These anthropometric 
measures are dependent on age and sex, so this 

study provides not only percentiles, but also 
the lambda, mu, and sigma values, which are 
useful to estimate the Z-scores in both males and 
females at any age in the 4-14 year-old range.

The MUAC and the weight for height values 
have been traditionally used to define severe 
malnutrition in children younger than 5 years 
old. However, for the MUAC, the WHO26 has 
proposed a single cut-off point, regardless of age 
and sex, corresponding to a value under 115 mm. 
According to what has been stated by Abdel-
Rahman et al.,27 this may lead to overdiagnosing 
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or underestimating acute malnutrition in the 
age group younger than 5 years, thus effectively 
reducing the sensitivity of this measure. 
However, other authors have proposed that a 
< 134 mm cut-off point is an indicator of risk 
and that a 125 mm and a 115 mm cut-off point 
would set the limit for moderate and severe 
malnutrition, respectively.28 For this reason, a 
diagnosis based on the MUAC using the LMS 
method, as used in this study and in those by 
Addo et al.,21 and Abdel-Rahman et al.,27 would 
be more accurate because it would allow to 
define new cut-off points specific for age and sex.

In addition, the strong correlation between the 
MUAC and several adiposity indicators (weight 
and body mass index, body fat percentage and 
waist circumference) would also help to assess 
overweight and obesity in children between 9 
and 11 years old.10 Based on the receiver operating 
characteristic (ROC) curve analysis, Craig et al.,29 
proposed different cut-off points for the MUAC to 
identify overweight by age and sex. Nevertheless, 
cut-off points may vary depending on the ethnic 
origin of populations;10 for this reason, given that 
there is no standard reference, it is recommended 
to have local references available.

Table 2. Percentiles (P), asymmetry (L), and coefficient of variation (S) for upper arm muscle area (cm2) among boys and girls

Age (years old)	 L	 S	 P3	 P5	 P10	 P25	 P50	 P75	 P90	 P95	 P97
Boys	 										        
4.0	 -0.0922	 0.1611	 10.64	 11.04	 11.68	 12.85	 14.31	 15.94	 17.60	 18.67	 19.41
4.5	 -0.0655	 0.1649	 10.94	 11.36	 12.05	 13.29	 14.83	 16.57	 18.33	 19.47	 20.25
5.0	 -0.0371	 0.1687	 11.22	 11.67	 12.39	 13.71	 15.34	 17.18	 19.04	 20.25	 21.07
5.5	 -0.0084	 0.1726	 11.45	 11.92	 12.68	 14.07	 15.79	 17.73	 19.68	 20.95	 21.82
6.0	 0.0189	 0.1767	 11.63	 12.12	 12.92	 14.37	 16.18	 18.20	 20.25	 21.57	 22.48
6.5	 0.0419	 0.1811	 11.78	 12.29	 13.13	 14.65	 16.54	 18.67	 20.80	 22.19	 23.14
7.0	 0.0509	 0.1861	 11.96	 12.50	 13.38	 14.98	 16.97	 19.21	 21.46	 22.93	 23.93
7.5	 0.0362	 0.1913	 12.20	 12.76	 13.68	 15.37	 17.47	 19.85	 22.25	 23.81	 24.88
8.0	 -0.0072	 0.1958	 12.48	 13.07	 14.03	 15.79	 18.01	 20.53	 23.09	 24.78	 25.94
8.5	 -0.0807	 0.1995	 12.85	 13.46	 14.44	 16.27	 18.59	 21.26	 24.02	 25.84	 27.10
9.0	 -0.1530	 0.2028	 13.28	 13.90	 14.91	 16.80	 19.23	 22.06	 25.01	 26.99	 28.38
9.5	 -0.2030	 0.2063	 13.72	 14.35	 15.40	 17.36	 19.90	 22.89	 26.06	 28.20	 29.70
10.0	 -0.2218	 0.2109	 14.10	 14.76	 15.85	 17.90	 20.58	 23.75	 27.13	 29.43	 31.05
10.5	 -0.2122	 0.2163	 14.45	 15.14	 16.29	 18.45	 21.27	 24.64	 28.24	 30.71	 32.45
11.0	 -0.1777	 0.2225	 14.78	 15.51	 16.73	 19.02	 22.02	 25.60	 29.44	 32.06	 33.91
11.5	 -0.1251	 0.2292	 15.13	 15.92	 17.22	 19.67	 22.89	 26.72	 30.81	 33.59	 35.56
12.0	 -0.0377	 0.2364	 15.56	 16.41	 17.83	 20.51	 23.99	 28.12	 32.49	 35.45	 37.52
12.5	 0.0779	 0.2438	 16.04	 17.00	 18.58	 21.54	 25.36	 29.83	 34.49	 37.61	 39.78
13.0	 0.1988	 0.2506	 16.60	 17.67	 19.45	 22.75	 26.96	 31.81	 36.78	 40.05	 42.31
13.5	 0.3280	 0.2574	 17.14	 18.37	 20.37	 24.07	 28.71	 33.96	 39.24	 42.67	 45.01
14.0	 0.4646	 0.2645	 17.57	 18.97	 21.25	 25.40	 30.52	 36.20	 41.80	 45.37	 47.78
Girls											         
4.0	 0.2445	 0.1692	 10.02	 10.46	 11.16	 12.42	 13.93	 15.58	 17.19	 18.21	 18.89
4.5	 0.2361	 0.1721	 10.19	 10.64	 11.37	 12.67	 14.25	 15.96	 17.64	 18.71	 19.43
5.0	 0.2166	 0.1751	 10.37	 10.84	 11.59	 12.94	 14.57	 16.36	 18.11	 19.23	 19.98
5.5	 0.1742	 0.1781	 10.57	 11.05	 11.82	 13.21	 14.91	 16.77	 18.61	 19.79	 20.59
6.0	 0.1013	 0.1810	 10.80	 11.29	 12.08	 13.50	 15.26	 17.22	 19.16	 20.41	 21.26
6.5	 0.0064	 0.1838	 11.06	 11.56	 12.36	 13.82	 15.64	 17.69	 19.75	 21.09	 22.01
7.0	 -0.0828	 0.1869	 11.36	 11.86	 12.68	 14.18	 16.06	 18.21	 20.41	 21.86	 22.86
7.5	 -0.1445	 0.1909	 11.63	 12.14	 12.98	 14.52	 16.48	 18.75	 21.09	 22.65	 23.73
8.0	 -0.1835	 0.1960	 11.88	 12.40	 13.26	 14.87	 16.92	 19.32	 21.83	 23.51	 24.68
8.5	 -0.2097	 0.2015	 12.14	 12.69	 13.59	 15.27	 17.44	 19.99	 22.68	 24.49	 25.77
9.0	 -0.2210	 0.2067	 12.43	 13.00	 13.95	 15.71	 18.01	 20.72	 23.60	 25.56	 26.94
9.5	 -0.2343	 0.2111	 12.77	 13.37	 14.35	 16.21	 18.63	 21.52	 24.59	 26.69	 28.17
10.0	 -0.2715	 0.2145	 13.20	 13.82	 14.85	 16.79	 19.34	 22.40	 25.69	 27.95	 29.55
10.5	 -0.3019	 0.2168	 13.73	 14.38	 15.45	 17.48	 20.16	 23.40	 26.91	 29.35	 31.08
11.0	 -0.2964	 0.2185	 14.34	 15.02	 16.15	 18.28	 21.11	 24.54	 28.27	 30.86	 32.71
11.5	 -0.2399	 0.2196	 14.98	 15.70	 16.90	 19.16	 22.16	 25.76	 29.67	 32.36	 34.28
12.0	 -0.1599	 0.2202	 15.62	 16.40	 17.68	 20.11	 23.28	 27.06	 31.10	 33.86	 35.81
12.5	 -0.0752	 0.2204	 16.29	 17.12	 18.50	 21.09	 24.44	 28.39	 32.55	 35.37	 37.33
13.0	 -0.0031	 0.2203	 16.97	 17.87	 19.35	 22.10	 25.63	 29.75	 34.03	 36.89	 38.88
13.5	 0.0514	 0.2201	 17.69	 18.65	 20.22	 23.13	 26.85	 31.13	 35.55	 38.48	 40.50
14.0	 0.0972	 0.2198	 18.43	 19.44	 21.10	 24.18	 28.07	 32.52	 37.08	 40.08	 42.15
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In relation to what has been explained above, 
the MUAC of children analyzed in this study 
was, in general, higher than that reported by 
Lejarraga et al.,8 for the 50th and 97th percentiles. 
Such difference may be related to what has been 
described by Guimarey et al.,30 who reported, after 
30 years, significant increases in the MUAC, TSF, 
and mid-upper arm fat area values in cohorts of 
children living in the city of La Plata, Buenos Aires.

The differences observed in the UAFA at all 
ages were in favor of girls, whereas the opposite 
was observed in relation to the UAMA, possibly 
due to the variation in the body composition 
typical of each sex. On this basis, the aggregate 

effects tended to compensate, and few differences 
were observed in the MUAC in terms of sex.8

One of the limitations of this study was that 
there were not data available on every stage 
of development. However, one of the main 
strengths of this study was that anthropometric 
data included an average of 2000 schoolchildren 
for each of the ten studied age ranges and that 
they represented different provinces with eco-
geographic and socioeconomic variations. Future 
studies are required to define cut-off points 
for the assessment of malnutrition, both by 
excess and deficiency, and to validate these 
indicators based on their association with other 

Age (years old)	 L	 S	 P3	 P5	 P10	 P25	 P50	 P75	 P90	 P95	 P97
Boys											         
4.0	 -0.3827	 0.3057	 4.91	 5.21	 5.72	 6.74	 8.20	 10.11	 12.41	 14.15	 15.45
4.5	 -0.3970	 0.3239	 4.77	 5.07	 5.59	 6.64	 8.16	 10.20	 12.71	 14.64	 16.12
5.0	 -0.4107	 0.3429	 4.62	 4.92	 5.45	 6.53	 8.11	 10.29	 13.03	 15.19	 16.86
5.5	 -0.4210	 0.3629	 4.45	 4.75	 5.29	 6.38	 8.03	 10.34	 13.32	 15.72	 17.61
6.0	 -0.4234	 0.3835	 4.24	 4.54	 5.08	 6.19	 7.87	 10.30	 13.51	 16.15	 18.28
6.5	 -0.4166	 0.4044	 4.06	 4.36	 4.90	 6.03	 7.77	 10.33	 13.78	 16.68	 19.06
7.0	 -0.4023	 0.4250	 3.96	 4.27	 4.82	 5.99	 7.83	 10.56	 14.33	 17.55	 20.21
7.5	 -0.3830	 0.4442	 3.95	 4.28	 4.86	 6.10	 8.07	 11.05	 15.22	 18.81	 21.81
8.0	 -0.3576	 0.4614	 4.02	 4.37	 4.99	 6.33	 8.47	 11.74	 16.35	 20.36	 23.72
8.5	 -0.3266	 0.4762	 4.14	 4.51	 5.18	 6.64	 8.98	 12.58	 17.66	 22.08	 25.77
9.0	 -0.2937	 0.4888	 4.28	 4.69	 5.42	 7.01	 9.58	 13.52	 19.07	 23.88	 27.87
9.5	 -0.2607	 0.4997	 4.43	 4.87	 5.67	 7.39	 10.19	 14.47	 20.48	 25.64	 29.89
10.0	 -0.2268	 0.5086	 4.57	 5.04	 5.90	 7.76	 10.77	 15.38	 21.78	 27.23	 31.69
10.5	 -0.1964	 0.5156	 4.68	 5.18	 6.09	 8.08	 11.30	 16.18	 22.91	 28.56	 33.15
11.0	 -0.1759	 0.5208	 4.76	 5.29	 6.25	 8.34	 11.71	 16.81	 23.79	 29.62	 34.30
11.5	 -0.1652	 0.5247	 4.81	 5.35	 6.34	 8.49	 11.97	 17.22	 24.39	 30.34	 35.11
12.0	 -0.1641	 0.5276	 4.83	 5.38	 6.38	 8.56	 12.09	 17.44	 24.73	 30.79	 35.65
12.5	 -0.1698	 0.5297	 4.82	 5.37	 6.36	 8.55	 12.09	 17.47	 24.83	 30.97	 35.90
13.0	 -0.1799	 0.5308	 4.78	 5.33	 6.31	 8.48	 11.99	 17.35	 24.74	 30.93	 35.94
13.5	 -0.1919	 0.5303	 4.75	 5.28	 6.25	 8.38	 11.85	 17.16	 24.52	 30.73	 35.77
14.0	 -0.2043	 0.5287	 4.72	 5.24	 6.19	 8.29	 11.70	 16.94	 24.25	 30.44	 35.49
Girls											         
4.0	 -0.2514	 0.3061	 5.44	 5.79	 6.39	 7.57	 9.23	 11.37	 13.85	 15.67	 17.01
4.5	 -0.2332	 0.3223	 5.24	 5.60	 6.21	 7.42	 9.14	 11.39	 14.01	 15.95	 17.39
5.0	 -0.2161	 0.3397	 5.04	 5.40	 6.02	 7.28	 9.06	 11.42	 14.21	 16.28	 17.82
5.5	 -0.1979	 0.3581	 4.83	 5.20	 5.84	 7.13	 8.99	 11.47	 14.43	 16.65	 18.31
6.0	 -0.1762	 0.3770	 4.64	 5.01	 5.67	 7.00	 8.93	 11.54	 14.69	 17.05	 18.84
6.5	 -0.1560	 0.3962	 4.47	 4.86	 5.53	 6.91	 8.94	 11.70	 15.05	 17.59	 19.51
7.0	 -0.1420	 0.4157	 4.41	 4.81	 5.51	 6.97	 9.14	 12.11	 15.77	 18.56	 20.67
7.5	 -0.1303	 0.4347	 4.43	 4.86	 5.61	 7.18	 9.53	 12.80	 16.86	 19.98	 22.36
8.0	 -0.1223	 0.4506	 4.52	 4.98	 5.78	 7.47	 10.04	 13.64	 18.16	 21.65	 24.33
8.5	 -0.1240	 0.4608	 4.69	 5.18	 6.04	 7.86	 10.65	 14.59	 19.58	 23.47	 26.46
9.0	 -0.1306	 0.4652	 4.93	 5.44	 6.35	 8.29	 11.27	 15.52	 20.93	 25.18	 28.46
9.5	 -0.1313	 0.4663	 5.14	 5.68	 6.64	 8.67	 11.79	 16.26	 21.97	 26.46	 29.94
10.0	 -0.1209	 0.4666	 5.31	 5.87	 6.86	 8.97	 12.21	 16.83	 22.72	 27.35	 30.92
10.5	 -0.1020	 0.4675	 5.45	 6.02	 7.06	 9.24	 12.60	 17.36	 23.40	 28.11	 31.73
11.0	 -0.0774	 0.4682	 5.57	 6.17	 7.25	 9.53	 13.01	 17.92	 24.09	 28.87	 32.51
11.5	 -0.0480	 0.4677	 5.70	 6.34	 7.46	 9.84	 13.46	 18.51	 24.79	 29.59	 33.23
12.0	 -0.0168	 0.4654	 5.87	 6.53	 7.72	 10.21	 13.96	 19.15	 25.50	 30.31	 33.92
12.5	 0.0131	 0.4612	 6.07	 6.77	 8.02	 10.62	 14.52	 19.83	 26.26	 31.05	 34.62
13.0	 0.0388	 0.4541	 6.31	 7.05	 8.35	 11.07	 15.08	 20.49	 26.94	 31.70	 35.22
13.5	 0.0598	 0.4444	 6.59	 7.36	 8.71	 11.51	 15.60	 21.06	 27.46	 32.14	 35.57
14.0	 0.0757	 0.4336	 6.89	 7.69	 9.08	 11.93	 16.08	 21.52	 27.85	 32.42	 35.75

Table 3. Percentiles (P), asymmetry (L), and coefficient of variation (S) for upper arm fat area (cm2) in boys and girls
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Figure 1. Percentiles for mid-upper arm circumference among boys and girls
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Figure 2. Percentiles for upper arm muscle area among boys and girls
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Figure 3. Percentiles for upper arm fat area among boys and girls
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adiposity indicators. To conclude, tabulated 
and plotted percentiles and the MUAC, UAMA, 
and UAFA may be taken into consideration 
as local references for epidemiological and 
anthropological studies. n
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