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Abstract 
Introduction: the purpose of this study was to evaluate the relationship of arm anthropometric indicators with direct indicators of nutritional 
status in hospitalized pediatric patients.

Methods: an analytical cross-sectional study with 760 patients hospitalized in the Pediatric Division of the Nuevo Hospital Civil de Guadalajara 
during 2014 was used. The anthropometric indices were weight/length, weight/height, weight/age, length/age, height/age, head circumference/
age and body mass index (BMI)/age. The arm indicators were mid-upper arm circumference (MUAC), total arm area (TAA), arm muscle area 
(AMA), arm fat area (AFA) and fat percentage (FP). The ANOVA, Kruskall-Wallis, Mann-Whitney U and Pearson’s correlation tests and also odds 
ratios were used to identify the probability of nutritional status impairment.

Results: the prevalence of acute and chronic malnutrition was higher in infants (31% and 30%, respectively). With arm areas (TAA, AMA, AFA), 
the risk of deficit (≤ -2DE) was higher in infants and early preschoolers (p < 0.001). The correlation between the anthropometric indexes and the 
arm areas was direct and significant (p < 0.001). The BMI variability was explained in 68% by the AMA, AFA, and FP (p < 0.001); the variability 
of the height/age index was also explained in 34% by the AMA and AFA (p < 0.001).

Conclusion: it is possible to diagnose both a chronic and acute deficit using the indirect indicators of the arm, while the body mass index 
only reflects an acute deficit. Therefore, arm areas would be more useful indicators in the assessment of nutritional status and the diagnosis of 
chronic-acute malnutrition in hospitalized pediatric patients.
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Resumen 
Introducción: el objetivo de este estudio fue evaluar la relación de los indicadores antropométricos de brazo con los indicadores directos del 
estado de nutrición en pacientes pediátricos hospitalizados.

Métodos: se utilizó un estudio transversal analítico con 760 pacientes ingresados en la División de Pediatría del Nuevo Hospital Civil de Guadala-
jara durante 2014. Los índices antropométricos fueron peso/longitud, peso/altura, peso/edad, longitud/edad, altura/edad, circunferencia cefálica 
e IMC. Los indicadores del brazo fueron circunferencia media del brazo (CMB), área total del brazo (ATB), área muscular del brazo (AMB), área 
grasa del brazo (AGB) y porcentaje de grasa. Se utilizaron las pruebas de ANOVA, Kruskall-Wallis, U de Mann-Whitney, correlación de Pearson y 
razón de momios para identificar la probabilidad de deterioro del estado nutricional.

Resultados: la prevalencia de desnutrición aguda y crónica fue mayor en lactantes (31% y 30%, respectivamente). Con las áreas del brazo 
(ATB, AMB, AFA), el riesgo de déficit (≤ -2 DE) fue mayor en lactantes y preescolares tempranos (p < 0,001). La correlación entre los índices 
antropométricos y las áreas del brazo fue directa y significativa (p < 0,001). La variabilidad del IMC fue explicada en un 68% por AMB, AGB y 
porcentaje de grasa (p < 0,001); la variabilidad del índice de talla/edad también fue explicada en un 34% por AMB y AGB (p < 0,001).

Conclusión: es posible diagnosticar el déficit crónico y agudo utilizando los indicadores indirectos del brazo, mientras que el IMC solo refleja 
un déficit agudo. Las áreas de brazo serían indicadores más útiles en el diagnóstico de desnutrición crónica-aguda en pacientes pediátricos 
hospitalizados.
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INTRODUCTION

Protein energy malnutrition (PEM) continues to be a public health 
problem worldwide, mainly in children under five years of age (1,2). In 
hospitalized pediatric patients, the prevalence of malnutrition ranges 
between 6% and 50%; this wide range of discrepant reported fre-
quencies seems a consequence of the degree of development of the 
country analyzed (1,3-6). Some authors have described that, accord-
ing to its severity, PEM can increase the morbidity and mortality of 
the hospitalized child (7). Several researchers have emphasized the 
importance of carrying out an adequate nutritional assessment of any 
child entering the hospital to identify any pediatric patients who are 
admitted with some degree of malnutrition (4,7-9) and those who are 
at risk of developing malnutrition during hospitalization (6,10). Sev-
eral studies have shown that if an adequate assessment of a child’s 
nutritional status is not carried out, no timely dietary management 
results and, as a consequence, the risk of complications and the 
length of the hospital stay increases (4,11,12).

Although there is some controversy about the usefulness of anthro-
pometric indicators in the diagnosis of malnutrition (13), in general, 
there is a consensus that anthropometric indicators are adequate and 
accurate to assess nutritional status. In addition, they are noninvasive, 
low-cost, accessible, simple and practical (14,15). Particularly, the 
arm anthropometric indicators at the mid-upper-arm circumference 
(MUAC) and skin folds have been widely used in the hospital setting 
because they inform about body composition through the estimation 
of the total arm area (TAA), arm muscle area (AMA) and arm fat area 
(AFA) (15-19). Therefore, the purpose of this study was to estimate 
the indirect arm anthropometric indicators as an anthropometric 
expression of body composition and to explore its relationship with 
direct anthropometric indicators in hospitalized pediatric patients.

MATERIAL AND METHODS

An analytical cross-sectional study was carried out with 750 
patients hospitalized in the Pediatric Division of the Nuevo Hospital 
Civil de Guadalajara during 2014. All patients admitted in the pre-
vious day in weekdays to any of the services of the Pediatric Divi-
sion were included. Those who remained less than 72 hours in the 
Emergency Room, who were hospitalized in a clinical ward, and 
whose parents or legally responsible person signed the informed 
consent were included. We did not include patients in whom the 
anthropometric measurements could not be made and those 
who were re-hospitalized in a period of less than three months. 
Patients with incomplete records and/or data were excluded. For 
each participant (or relatives), a questionnaire was applied to the 
family member or legally responsible person that included general 
identification and sociodemographic data.

ANTHROPOMETRIC MEASUREMENTS

Previous standardization of two observers was performed using 
the Habitch method (20); the measurements of weight, length, and 

cephalic circumference with the techniques previously described 
were made upon admission (3). With the measurements taken, the 
Z-scores of the weight/length, weight/height, weight/age, length/
age, height/age, head circumference/age, and BMI/age were esti-
mated using the WHO Anthro version 3.2.2 and WHO Anthro Plus 
version 1.0.4 programs.

The World Health Organization (WHO) normal limits (± 2SD) 
were taken as a reference. The left mid-upper-arm circumference 
(MUAC) was obtained with a metallic metric tape (Rosscraft, USA). 
The triceps skinfold (TSF) was taken on the internal posterior 
surface of the previously marked middle part of the arm. The 
subscapular skin fold (SSF) was taken at the lower edge of the 
scapula. Both measurements were made with a Lange skinfold 
caliper (Michigan, USA). With MUAC and TSF arm areas were esti-
mated with the Frisancho equations (21): total arm area (TAA): TAA 
(cm2) = MUAC (cm2)/(4 x π); arm muscle area (AMA): AMA (cm2) = 
[MUAC - (TSF (mm) x π]2 / (4 x π); arm fat area (AFA): AFA = TAA 
– AMA. Z-scores of these areas were estimated with the Sann 
reference values (22) for infants under 12 months and with the 
Frisancho reference (21) for children from one to 18 years. With 
the sum of the TSF and SSF, the percentage of body fat was cal-
culated using the Slaughter equation (23) in a differentiated way 
by gender. For purpose of anthropometrical and statistical analy-
ses, the total population was stratified into age groups according 
to the WHO: infants, toddlers, preschoolers, schoolchildren and 
adolescents (24).

STATISTICAL ANALYSIS

One-way ANOVA with post-hoc tests (Bonferroni, Dunne’s T3) 
were used. The odds ratio was estimated to identify the proba-
bility of alteration of the nutritional status. Correlation matrices 
were made between the anthropometric indexes, arm areas and 
percentage of body fat. Finally, multiple regression models were 
designed with the anthropometric indices as dependent variables 
and the arm areas and fat percentage as independent variables. 
The outlier values that were considered due to measurement error 
or capture were excluded from the analysis. The software SPSS 
version 20 was used.

ETHICAL CONSIDERATIONS

The protocol of investigation was evaluated and approved by the 
Bioethics and Research Committees of the Nuevo Hospital Civil 
de Guadalajara with the registration number in the Secretary of 
Health Jalisco: 1342/14.

RESULTS

Of the 760 children included, 27% were infants (one to elev-
en months), 9% toddlers (12 to 23 months), 25% preschoolers 
(24 to 71 months), 21% schoolchildren (72 to 143 months) and  



613

[Nutr Hosp 2019;36(3):611-617]

RELATIONSHIP OF ANTHROPOMETRIC INDEXES AND INDICATORS OF BODY COMPOSITION BY ARM ANTHROPOMETRY  
ON HOSPITALIZED PEDIATRIC PATIENTS

18% adolescents (144 to 216 months). The age average in months 
was 4.6 ± 3 in infants, 17.6 ± 3 in toddlers, 45 ± 14 in preschool-
ers, 104 ± 21 in schoolchildren and 172 ± 16 in adolescents.

Table I shows the raw data and Z-scores of the anthropometric 
indicators; significant differences were observed in the anthro-
pometric indexes (Z) between age groups. Infants had a greater 
deficit compared to toddlers, preschoolers, schoolchildren and 
adolescents in almost all anthropometric indexes.

When analyzing the arm anthropometry, it was observed that 
the infants had a greater deficit in TAA (Z), AMA (Z) and AFA (Z) 
in comparison with the other age groups, and there was also a 
greater deficit in preschoolers versus schoolchildren and adoles-
cents in TAA (Z) and AFA (Z) (Table II).

There was a higher prevalence of acute malnutrition (BMI 
< -2 SD) in infants (31%) and in adolescents (13%); likewise, a 
higher prevalence of chronic malnutrition (height/age < -2 SD) 
was observed in infants (30%) and in toddlers (18%). It should 

be noted that the presence of overweight/obesity increased 
gradually with age, until it was noticeable in schoolchildren 
(11%) and adolescents (8%). With respect to arm areas (TAA, 
AMA, AFA), a higher deficit (≤ -2 SD) was observed in infants 
and toddlers. It should also be noted that there are differences 
between the indicators evaluated; for example, between the 
TAA and AMA against BMI, there were around 10% points of 
difference, with the TAA and AMA being more sensitive in the 
identification of acute malnutrition, especially in infants, tod-
dlers and preschoolers (Table III). There was an increased risk 
of deficit in TAA in infants, toddlers and preschoolers. In relation 
to the AMA and AFA, the risk of deficit was significantly higher 
in infants, and the same happened with the BMI. The risk of 
deficit of height/age index was higher in infants, toddlers and 
late preschoolers (Table IV).

Table V shows the proportional direct correlations between the anthro-
pometric indexes and the arm areas, which are directly proportional.  

Table I. Raw data and Z-scores according to the age groups (n = 750).  
Comparison of values between groups

Indicator Infants Toddlers Preschoolers Schoolchildren Adolescents

Weight (kg)
n

Mean
SD

198
5.78
2.05

70
10.10
1.69

189
15.13
3.19

160
28.99
10.69

133
50.42
12.88

Lenght/height (cm)
n

Mean
SD

198
60.99
7.37

70
79.49
5.30

189
99.20
9.14

160
130.1
11.76

133
158.29

9.19

BMI (kg/m2)
n

Mean
SD

198
14.95
2.38

70
15.91
1.62

189
15.34
1.48

160
16.63
3.54

133
19.96
4.28

Cephalic C (cm)
n

Mean
SD

192
39.8
3.6

68
46.25
1.81

52
48.21
1.63

-
-
-

-
-
-

Weight/age (Z)*
n

Mean
SD

198
-1.68
1.77

70
-0.53
1.35

189
-0.43
1.11

-
-
-

-
-
-

Weight/height (Z)*
n

Mean
SD

197
-0.84
1.46

70
-0.27
1.34

146
-0.20
1.10

-
-
-

-
-
-

Cephalic C (Z)*
n

Mean
SD

192
-1.36
1.60

68
-0.38
1.21

52
-0.15
1.22

-
-
-

-
-
-

BMI/age (Z)*
n

Mean
SD

198
-1.26
1.65

70
-0.15
1.31

189
-0.15
1.11

160
-0.12
1.53

133
-0.20
1.54

Height/age (Z)*
n

Mean
DE

198
-1.45
1.62

70
-0.73
1.33

189
-0.54
1.17

160
-0.12
1.01

133
-0.40
1.08

BMI: body mass index; Cephalic C: cephalic circumference. *ANOVA differences between groups, p < 0.001; post-hoc tests; T3 by Dunnett and Bonferroni. Weight/
age: infants vs toddlers p < 0.001; infants vs preschoolers p < 0.001. Height/age: infants vs toddlers p < 0.001; infants vs preschoolers p < 0.001; infants vs  
schoolchildren p < 0.001; infants vs adolescents p < 0.001; toddlers vs schoolchildren p = 0.001; preschoolers vs schoolchildren p = 0.001. Weight/height: infants 
vs toddlers p = 0.001; infants vs preschoolers p = 0.001. BMI/age: infants vs toddlers p < 0.001; infants vs preschoolers p < 0.001; infants vs schoolchildren 
p < 0.001; infants vs adolescents p < 0.001. Cephalic circumference: infants vs toddlers p < 0.001; infants vs preschoolers p < 0.001.
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Table II. Skinfolds and arm areas according to the age groups (n = 749).  
Comparison of arm areas between groups (Z-score)†

Age group
MUAC 
(cm)

TSF 
(mm)

SSF
(mm)

TAA 
(cm2)

TAA
(Z)

AMA 
(cm2)

AMA
(Z)

AFA 
(cm2)

AFA
(Z)

Body fat 
(%)*

Infants
n

Mean
SD

198
11.47
1.96

195
7.27
2.65

195
5.8
2.1

198
10.77
3.63

198
-1.69
1.54

195
6.86
2.17

195
-1.68
1.24

195
3.90
1.83

195
-0.79
1.93

197
12.71
4.62

Toddlers
n

Mean
SD

69
13.62
1.37

69
7.26
1.76

69
5.6
1.5

69
14.92
2.85

69
-0.94
1.09

69
10.32
2.01

69
-1.05
0.88

69
4.60
1.30

69
-1.24
0.58

69
12.60
3.23

Preschoolers
n

Mean
SD

189
15.10
1.64

189
8.31
2.88

187
5.8
2.1

189
18.36
3.99

189
-0.41
1.18

189
12.53
2.33

189
-0.95
0.79

189
5.84
2.41

189
-0.74
0.94

185
13.56
4.31

Schoolchildren
n

Mean
SD

160
19.00
3.73

160
12.55
6.61

160
8.7
2.1

160
29.81
12.11

160
0.15
1.10

160
18.35
5.10

160
-0.86
0.79

160
11.46
7.84

160
0.05
1.06

159
18.65
8.69

Adolescents
n

Mean
SD

133
23.66
4.27

133
16.00
7.68

131
12.4
6.0

133
45.99
16.27

133
0.05
1.09

133
28.32
8.47

133
-0.97
1.01

133
17.66
10.49

133
0.06
0.95

131
23.87
8.92

MUAC: mid-upper-arm circumference; TSF: tricipital skin fold; SSF: subscapular skin fold; TAA: total arm area; AMA: arm muscle area; AFA: arm fat area. *Percentage 
of fat (Slaugther, 1988). †ANOVA, differences between groups, p < 0.001; post-hoc tests; Dunnett’s T3. TAA (Z): infants vs toddlers, preschoolers, schoolchildren and 
adolescents, p < 0.001; preschoolers vs schoolchildren and adolescents, p < 0.005. AMA (Z): infants vs toddlers, preschoolers, schoolchildren and adolescents, 
p < 0.001. AFA (Z): infants vs schoolchildren and adolescents, p < 0.001; toddlers vs preschoolers, schoolchildren and adolescents, p < 0.001; preschoolers vs 
schoolchildren and adolescents, p < 0.001.

Table III. Distribution of the frequency (%) of the anthropometric indexes and arm areas  
by age group in Z-score (n = 760)

Age group
TAA
n (%)

AMA
n (%)

AFA
n (%)

BMI/age
n (%)

Height/age
n (%)

Infants

n
< -3 a ≤ -2
> -2 a ≤ 2

> 2

202
95 (47)

102 (50.5)
5 (2.5)

199
86 (43.2)

111 (55.8)
2 (1)

199
62 (31.2)

122 (61.3)
15 (7.5)

202
63 (31.2)

138 (68.3)
1 (0.5)

202
60 (29.7)

141 (69.8)
1 (0.5)

Toddlers

n
< -3 a ≤ -2
> -2 a ≤ 2

> 2

70
13 (18.6)
57 (81.4)

-

70
7 (10)

63 (90)
-

70
6 (8.6)

64 (91.4)
-

71
7 (9.9)

62 (87.3)
2 (2.8)

71
13 (18.3)
58 (81.7)

-

Preschoolers

n
< -3 a ≤ -2
> -2 a ≤ 2

> 2

191
19 (9.9)

166 (86.9)
6 (3.1)

191
13 (6.8)

177 (92.7)
1 (0.5)

191
9 (4.7)

178 (93.2)
4 (2.1)

191
9 (4.7)

176 (92.2)
6 (3.1)

191
20 (10.5)

169 (88.5)
2 (1)

Schoolchildren

n
< -3 a ≤ -2
> -2 a ≤ 2

> 2

161
2 (1.2)

147 (91.3)
12 (7.5)

161
9 (5.6)

151 (93.8)
1 (0.6)

161
-

154 (95.7)
7 (4.3)

161
15 (9.3)

129 (80.1)
17 (10.6)

161
7 (4.3)

150 (93.2)
4 (2.5)

Adolescents

n
< -3 a ≤ -2
> -2 a ≤ 2

> 2

135
2 (1.5)

124 (91.9)
9 (6.7)

135
13 (9.6)

117 (86.7)
5 (3.7)

135
-

130 (96.3)
5 (3.7)

135
17 (12.6)

107 (79.3)
11 (8.1)

135
9 (6.7)

124 (91.9)
2 (1.5)

TAA: total arm area; AMA: arm muscle area; AFA: arm fat area; BMI: body mass index.
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When performing the linear regression, it was observed that the 
variability of the BMI is explained in 50% by the TAA, in 47% by 
the AMA, in 40% by the AFA, and in 46% by the percentage of 
fat. The variability of the weight/age index is explained in 53% by 
the TAA, in 51% by the AMA, and in 40% by the percentage of 
fat. The variability of the weight/height index is explained in 38% 
by the TAA, in 32% by the AMA, and in 42% by the percentage of 
fat. It should be noted that between the height/age index and the 
cephalic circumference, a positive correlation is maintained, where 
the height/age index predicts 46% of its variability.

Table VI shows the multiple linear regression models; it is observed 
that in children under 36 months of age, the variability of the BMI is 
explained in 67% by the AMA, AFA and percentage of fat; 31% of 

the variability of the cephalic circumference is explained by the AMA, 
AFA and percentage of fat. Likewise, the variability of the height/age 
index is explained in 35% by the AMA, AFA and percentage of fat. In 
patients older than 36 months, BMI variability is explained in 73% by 
the AFA and AMA; the variability of the height/age index is explained 
in 27% by the TAA, AMA and percentage of fat.

DISCUSSION

In the studied pediatric sample in hospitalized patients, it was 
observed that the prevalence of acute malnutrition (deficit in BMI) 
and chronic malnutrition (deficit in height/age) was higher in infants 
than in preschoolers, schoolchildren and adolescents. These findings 
do not differ from those observed by other researchers (4-6). The 
probability of deficit in arm areas was significantly higher in children 
under 24 months (infants and toddlers) than in the other age groups.

The frequency of deficit observed with these indirect anthropomet-
ric indicators of the arm coincided with the frequency of malnutrition 
described above with the anthropometric indexes of BMI and height/
age. It is known that when there is an impairment in nutritional status, 
the reserves of fat and muscle (reflected in the areas of the arm) 
are significantly affected, particularly at early ages when growth and 
development are accelerated and there is greater metabolic activity. 
Therefore, any moderate or severe nutritional insult has a significant 
effect on nutritional status and body composition (3,15). These find-
ings corroborate the hypothesis that arm areas are a useful tool in 
the diagnosis of malnutrition, especially acute malnutrition, regardless 
of the age group; it is also important to note that with the TAA and 
AMA, the identification of acute malnutrition increased by 10% points.

Another interesting finding refers to the positive correlations that 
occurred between the anthropometric indexes and body composi-
tion indicators. The correlation between BMI and TAA is noteworthy, 
since both indicators include fat and muscle mass; also, the correla-
tion between BMI with the AMA and the AFA was observed previous-
ly (25,26). Hurtado-López et al. (17) mention that the anthropometry 
of the arm has a positive correlation with the indicators of body 
composition and, in turn, with linear growth. Their findings coincide 
with those observed in this study. As it has been observed, when 
the pediatric patient is undergoing a nutritional insult, the fat and 
muscle reserves are affected in the first instance; if the nutritional 
insult continues, linear growth is affected.

In the hospital setting, the prevalence of malnutrition is high, 
mainly in intermediate or intensive therapies (3,5,7). It should be 
noted that in these units of care for critically ill pediatric patients, a 
complete assessment of the nutritional status of the patient is not 
usually undertaken, due to the severity of the condition that prevents 
the patient from moving and/or the lack of adequate equipment to 
perform the proper anthropometric evaluation. Under these condi-
tions, the evaluation of arm anthropometry is a good option, either 
as part of a comprehensive evaluation or as a specific alternative 
way of assessing nutritional status. This suggestion is based on 
the analysis of the multiple linear regression models, where it was 
observed that the anthropometric indexes are largely explained by 
the muscle and fat areas of the arm (16,25). 

Table IV. Probability of deficit (OR)  
in indicators of body composition  
by age group (< -2 Z) (n = 760)
Indicators OR 95% CI p

Total arm area

Infants vs toddlers 4 2.01-7.55 < 0.001

Infants vs preschoolers 8 4.64-13.9 < 0.001

Infants vs schoolchildren 71 17.0-292 < 0.001

Infants vs adolescents 59 14.2-245 < 0.001

Toddlers vs schoolchildren 18 3.97-82.8 < 0.001

Toddlers vs adolescents 15 3.32-69.4 < 0.001

Preschoolers vs schoolchildren 9 2.01-38.3 0.001

Preschoolers vs adolescents 7 1.68-32.1 0.004

Arm muscular area

Infants vs preschoolers 7 2.99-15.70 < 0.001

Infants vs preschoolers 10 5.56-19.55 < 0.001

Infants vs schoolchildren 13 6.20-26.63 < 0.001

Infants vs adolescents 7 3.78-13.50 < 0.001

Arm fat area

Infants vs toddlers 5 1.98-11.74 < 0.001

Infants vs preschoolers 9 4.46-19.34 < 0.001

BMI

Infants vs toddlers 4 1.80-9.55 < 0.001

Infants vs preschoolers 9 4.41-19.10 < 0.001

Infants vs schoolchildren 4 2.40-8-11 < 0.001

Infants vs adolescents 3 1.75-5.67 < 0.001

Adolescents vs preschoolers 3 1.26-6.75 0.017

Height/age

Infants vs preschoolers 4 2.05-6.21 < 0.001

Infants vs schoolchildren 9 4.11-21.01 < 0.001

Infants vs adolescents 6 2.82-12.41 < 0.001

Toddlers vs schoolchildren 5 1.88-12.97 0.001

Toddlers vs adolescents 3 1.27-7.76 0.020

Preschoolers vs school children 3 1.06-6.25 0.051

BMI: body mass index.
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Table V. Correlation and determination coefficients of Z-scores of indirect arm 
anthropometric indicators (independent variable) with Z-scores nutritional status  

and growth indicators (dependent variable) obtained in a sample  
of hospitalized pediatric patients

Dependent 
variable

Independent 
variable

n r R2 β p

BMI
Total arm area
Arm fat area
Arm muscle area

748
753
753

0.669
0.657
0.567

0.489
0.432
0.432

0.477
0.453
0.453

< 0.001
< 0.001
< 0.001

Weight for height
Total arm area
Arm fat area
Arm muscle area

408
409
409

0.594
0.521
0.522

0.353
0.271
0.305

0.528
0.469
0.670

< 0.001
< 0.001
< 0.001

Weight for age
Total arm area
Arm fat area
Arm muscle area

568
567
569

0.698
0.566
0.683

0.473
0.320
0.466

0.721
0.625
1.042

< 0.001
< 0.001
< 0.001

Height for age
Total arm area
Arm fat area
Arm muscle area

733
734
735

0.507
0.410
0.518

0.257
0.168
0.269

0.441
0.377
0.639

< 0.001
< 0.001
< 0.001

Cephalic 
circumference for 
age

Total arm area
Arm fat area
Arm muscle area

308
312
312

0.469
0.348
0.515

0.220
0.121
0.265

0.467
0.345
0.690

< 0.001
< 0.001
< 0.001

BMI: body mass index.

Table VI. Multiple Linear Regression Models*. Relationship between indirect 
anthropometric indicators (Z-score) and percentage of body fat†  

with direct indicators (Z score) (n = 749)
Dependent 

variable
Independent

variable
n Mean SD r R2 p

< 36 months

BMI
AMA
AFA
% body fat

330
-1.40
-0.98
12.6

1.18
1.60
4.27

0.821 0.674 < 0.001

Cephalic C
AMA
AFA
% body fat

311
-1.41
-0.99
12.6

1.20
1.63
2.28

0.556 0.309 0.001

Height/age
AMA
AFA
% body fat

330
-1.40
-0.98
12.6

1.18
1.60
4.27

0.591 0.349 0.010

≥ 36 months

BMI
AFA
AMA

425
-0.09
-0.91

1.24
0.97 0.852 0.726 < 0.001

Height/age
TAA
AMA
% body fat

425
0.02
-0.90
19.2

1.35
0.96
9.1

0.521 0.271 < 0.001

Total population

BMI
AMA
AFA
% body fat

748
-1.13
-0.47
16.3

1.09
1.48
8.04

0.822 0.676 < 0.001

Height/age
AMA
AFA

748
-1.13
-0.47

1.09
1.48 0.582 0.339 < 0.001

TAA: total arm area; AMA: arm muscle area; AFA: arm fat area; Cephalic C: cephalic circumference; BMI: body mass index. *Stepwise method. †Estimated fat 
percentage with Slaughter’s equation (1988).
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RELATIONSHIP OF ANTHROPOMETRIC INDEXES AND INDICATORS OF BODY COMPOSITION BY ARM ANTHROPOMETRY  
ON HOSPITALIZED PEDIATRIC PATIENTS

The arm anthropometry has been commonly used in the eval-
uation of patients with chronic kidney disease, chronic liver dis-
ease, and cystic fibrosis because the clinical conditions presented 
by these patients (visceromegaly, generalized edema, etc.) make 
it difficult to interpret weight/age, weight/height and BMI indexes 
(16,17,19).

There are several methods to evaluate body composition, such as 
dual energy X-ray absorptiometry (DXA) and bioelectrical impedance 
(IBE), among others (1). Among its advantages, the accuracy of the 
evaluation stands out; however, they are costly methods and are 
not always accessible in the hospital units that care for children, 
especially in less industrialized countries. In addition, the usefulness 
of these options in the hospitalized patient can be limited by the 
patient’s clinical conditions, as is the case with IBE, which is affected 
by the patient’s hydration conditions. Therefore, anthropometry of 
the arm would be an optimal, adequate, accessible and simple 
method for evaluating the body composition of the hospitalized 
patient, an opinion shared by other researchers (17,19,27-29).

One strength of the study is that the size of the sample was 
large and that different age groups with different pathologies were 
included. In addition, the length of the study period was a full year. 
One possible limitation was the outliers that had to be discarded 
in the statistical analysis.

In conclusion, the evaluation of arm anthropometry is a good 
option, either as part of a comprehensive evaluation or as a spe-
cific alternative way of assessing nutritional status. The meas-
urement of the arm areas is a useful tool in the diagnosis of 
chronic-acute malnutrition, while the BMI only reflects an acute 
deficit in hospitalized pediatric patients.
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