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Introduction 

Given that ageing is frequently accompanied by a loss
of nutritional status and functional capacity, contributing
for the development of malnutrition, the nutritional
status of the elderly has been investigated by different
assessment instruments in an attempt to diagnose
malnutrition and, consequently, establish strategies for
controlling and monitoring this situation (1-4).
Malnutrition has been pointed out as an important
clinical situation among hospitalized elderly. Its
prevalences have been reported by many studies around
the world, for example, 44% in patients from a study
done by Saka et al, 2010 (3); 46.5% by Amaral et al, 2010
(4); 66.2% by Oliveira et al, 2009 (2) when malnourished
individuals are combined with those at risk of
malnutrition, and 33% by Vanderwee et al, 2010 (5) in a
Belgium study that investigated malnutrition and related
factors. 

Anthropometry is a critical tool for the diagnosis of

hospitalized elderly. Anthropometry has been shown to
be a good indicator for making a general assessment of
the elderly, with the advantage of being inexpensive,
easy to use and non-invasive (6, 7). 

The most commonly used anthropometric
measurements such as body weight, height, body mass
index, circumferences and skinfold thicknesses are
important indicators of the nutritional status of the
elderly. But although body mass index is a good
indicator, its specificity for assessing malnutrition in
clinical cases where changes in body composition occur
because of the disease is not well known (8-10). Another
limitation regards the fact that a patient may be
considered normal weight according to BMI while
malnourished or overweight according to another
indicator. 

Finally, considering that many hospitalized elderly are
bedridden, which makes it impossible to weigh them, the
objective of this study was to investigate the relationship
between mid-upper arm circumference (MUAC) and
other assessment indicators used for the nutritional
diagnosis of the elderly. 

Casuistic and method

This was a cross-sectional study done at the Hospital e
Maternidade Celso Pierro, of the Pontifical Catholic
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Abstract: Objective: This study investigated the relationship between mid-upper arm circumference and other nutritional
assessment indicators to be used as a tool for the nutritional diagnosis of the elderly. Methods: Anthropometry was used for the
nutritional assessment of 123 hospitalized elderly patients with subsequent investigation of the relationship between mid-upper
arm circumference (MUAC) and the other indicators. The Mann-Whitney test was used for comparing the data and the Spearman’s
linear correlation coefficient was used for assessing the association between the variables. The receiver operator characteristic
(ROC) curve was constructed for determining the cut-off. Results: A positive and significant correlation was found between MUAC
and other indicators in the whole group and by gender, except between MUAC and waist-to-hip ratio. MUAC differed significantly
from the other indicators, suggesting that MUAC can also be used as an indicator of malnutrition in this casuistic. For the
construction of the ROC curve, the gold standard was risk estimated by body mass index since correlated best with MUAC. The
ROC curve identified a cut-off point of 28.25 cm, with high sensitivity (87.10%) and high specificity (76.09%). Conclusion: The use of
MUAC has practical implications for the nutritional assessment of hospitalized elderly, especially if a greater cut-off point is used
for the population. 

Key words: Nutritional status, arm circumference, anthropometry, hospitalized elderly, ROC curve.

Received November 2, 2012
Accepted for publication December 18, 2012

17 LEANDRO-MERHI_04 LORD_c  06/06/13  16:14  Page231



University of Campinas-SP-Brazil, between 2011 and
2012, after approval by the hospital’s Research Ethics
Committee under protocol number (Protocolo nº 743/09).
A total of 123 hospitalized elderly patients from the
surgery ward were selected. They had been hospitalized
for clinical and/or surgical treatment. Recently
hospitalized patients who had been nutritionally assessed
in the first 48 hours of hospitalization with the following
inclusion criteria were selected: nutritional diagnosis
done at the beginning of the hospitalization period and
no terminal illnesses. Patients with edema or ascites were
excluded, or those undergoing hemodialysis or with
psychiatric illness. 

The data were collected at the beginning of the
hospitalization period using a previously developed
protocol with personal identification data and nutritional
indicators (anthropometry) for nutritional status
assessment, such as: weight, height, body mass index
(BMI), wrist circumference, calf circumference, mid-
upper arm circumference (MUAC), triceps skinfold
thickness (TST), subscapular skinfold thickness (SSST),
mid-upper arm muscle circumference (MUAMC), mid-
upper arm muscle area (MUAMA), mid-upper arm fat
area (MUAFA), waist circumference (WC), and waist-to-
hip ratio (WHR). BMI was calculated and classified
according to the criteria established by Lipschitz (1994),
for individuals aged > 60 years (11) with the following
cut-off points: BMI<22 as underweight (malnourished),
>22<27 as normal weight and >27 as having excess
weight. For the indicators of body composition, MUAC,
MUAMC, MUAMA, TST and MUAFA were classified
according to the reference values of percentile
distribution established by Frisancho (1990) (12) for
individuals aged less than 65 years. For those aged ≥ 65
years the reference values established by Burr & Phillips
(1984) (13) were used. Calf circumference was classified
according to the World Health Organization (WHO) (14)
standard for the elderly, with a cut-off point of ≥31 cm.

Later, the relationship between MUAC and the other
nutritional status indicators was compared. In this study,
risk of malnutrition was determined by the cut-off points
defined in the literature as follows: risk according to BMI
(BMI<22kg/m2); risk according to calf circumference (calf
circumference <31 cm). MUAC was then compared with
these two indicators. 

Statistical analysis

Firstly, a descriptive analysis was done for
characterization of the study patients. Next, the Mann-
Whitney test was used for comparing the numerical
measurements between the two groups (Female and
Male, Table 2; and No and Yes, Table 4). Then,
Spearman’s linear correlation coefficient  was used for
verifying the linear association between the two variables
(MUAC and the other numerical indicators). This

coefficient varied from -1 to 1. Values close to the
extremes indicated negative or positive correlation,
respectively, and values close to zero indicated no
correlation. Later, the receiver operator characteristic
(ROC) curve was used for determining the cut-off values
and expressing the relationship between the sensitivity
and specificity of a given test. The significance level was
set at 5% for all statistical tests (15-17).

Results

The 123 hospitalized elderly patients consisted of 61
females (49.6%) and 62 males (50.4%). The BMI, CC and
MUAC of the sample were classified according to the cut-
off points given by the literature (Table 1). The genders
differed significantly with respect to length of hospital
stay, weight, height, wrist circumference, triceps skinfold
thickness, subscapular skinfold thickness, waist-to-hip
ratio, MUAMC, MUAMA and MUAFA (Table 2). Table 3
shows correlations of the entire group and by gender.
There was a positive and significant correlation between
MUAC and the other indicators of the entire group and
by gender, except for the waist-to-hip ratio (Table 3).
Hence, the other analyses associating the indicators of
risk of malnutrition were done only for the entire group,
since there was no significant difference between the
genders. 

Table 1
General description of the study variables

Variables N %

Gender Female 61 49.6
Male 62 50.4

Body mass index Excess weight 36 29.3
Normal weight 56 45.5
Underweight 31 25.2

Risk of malnutrition according 
to BMI (<22) No 92 74.8

Yes 31 25.2

Risk of malnutrition according
to CC (<31 cm) No 103 83.7

Yes 20 16.3

Risk of malnutrition according 
to MUAC (≤ 22 cm) No 118 96.0

Yes 5 4.0

BMI: body mass index; CC: calf circumference; MUAC: mid-upper arm
circumference.

Table 4 shows a descriptive analysis and a comparison
between MUAC and the other indicators for the
assessment of malnutrition (risk according to BMI and
CC). There was a significant difference between MUAC
and all other indicators, suggesting that this
measurement may also be used as an indicator of
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malnutrition in this casuistic. 

Table 2
Comparison of the study variables between genders (N=

123 patients)

Study variables N X ± SD Median P-value *

Age (years)         
Female 61 70.0±7.2 69.0 0.8691
Male 62 70.3±7.8 69.0

Length of hospital stay (days)
Female 61 4.0±4.1 3.0 0.0175
Male 62 4.9±5.3 3.0

Current weight (kg)
Female 61 66.0±13.5 63.0 0.0228
Male 62 71.1±12.9 70.0

Height (m)
Female 61 1.6±0.06 1.6 <0.0001
Male 62 1.7±0.07 1.7

Body mass index (kg/m2)
Female 61 26.3±5.2 24.5 0.1466
Male 62 24.3±4.1 24.5

Calf circumference (cm)
Female 61 34.6±4.3 34.0 0.3266
Male 62 33.9±3.5 34.0

Wrist circumference (cm)
Female 61 15.6±1.9 16.0 <0.0001
Male 62 17.2±1.5 17.0

Mid-upper arm circumference (cm)
Female 61 30.2±4.8 30.0 0.1544
Male 62 29.0±3.9 29.0

Triceps skinfold thickness  (cm)
Female 61 25.4±9.5 24.0 <0.0001
Male 62 15.8±7.2 15.5

Mid-upper arm muscle circumference (cm)
Female 61 222.9±34.1 218.4 0.0027
Male 62 240.6±32.9 240.4

Subscapular skinfold thickness
Female 61 21.8±8.4 20.0 0.0019
Male 62 17.3±7.0 17.8

Mid-upper arm muscle area         
Female 61 4047.2±1289.7 3796.2 0.0027
Male 62 4694.8±1308.3 4601.3

Mid-upper arm fat area
Female 61 3414.2±1578.0 3013.8 <0.0001
Male 62 2127.0±1046.2 2177.6

Waist circumference
Female 61 90.8±13.5 90.0 0.5864
Male 62 91.9±11.8

Waist-to-hip ratio
Female 60 0.90±0.08 0.91 0.0034
Male 61 0.95±0.09 0.95

* Mann-Whitney test. 

Since MUAC was correlated with the other study
indicators, the possibility of obtaining a cut-off point for
MUAC that discriminates those at risk of malnutrition
was also investigated. For this purpose a ROC curve was
constructed (Figure 1), using as gold standard the risk
according to BMI, since it presented the greatest
correlation coefficient with MUAC, as shown in Table 4.
The ROC curve identified a cut-off point of 28.25 cm,
with high sensitivity (87.10%) and high specificity
(76.09%) (Figure 1).

Figure 1
ROC curve for mid-upper arm circumference for

discriminating malnutrition according to body mass
index (<22). Accuracy of the cut-off value: MUAC ≤ 28.25;

sensitivity 87.10%; specificity 76.09%

Table 3
Spearman’s correlation coefficient between mid-upper

arm circumference and the other indicators

Correlation Total population Females Males 
(N=123) (N=61) (N=62)

MUAC vs BMI r 0.81375 0.84818 0.77347
p-value <.0001 <.0001 <.0001

MUAC vs WrC r 0.34106 0.52473 0.41904
p-value 0.0001 <.0001 0.0007

MUAC vs CC r 0.58547 0.55523 0.60081
p-value <.0001 <.0001 <.0001

MUAC vs TST r 0.56954 0.66743 0.57998
p-value <.0001 <.0001 <.0001

MUAC vs SEST r 0.73815 0.78077 0.72057
p-value <.0001 <.0001 <.0001

MUAC vs MUAMC r 0.72274 0.83272 0.77736
p-value <.0001 <.0001 <.0001

MUAC vs MUAMA r 0.72274 0.83272 0.77736
p-value <.0001 <.0001 <.0001

MUAC vs MUAFA r 0.73165 0.81063 0.72928
p-value <.0001 <.0001 <.0001

MUAC vs WC r 0.68569 0.76878 0.62607
p-value <.0001 <.0001 <.0001

MUAC vs WHR r 0.26054 0.39925 0.18043
p-value 0.0039 0.0016 0.1641

BMI: body mass index; WrC: wrist circumference; CC: calf circumference; TST:
triceps skinfold thickness; SEST: subscapular skinfold thickness; MUAMC: mid-
upper arm muscle circumference; MUAMA: mid-upper arm muscle area;
MUAFA: mid-upper arm fat area; WC: waist circumference; WHR: waist-to-hip
ratio.
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Table 4
Descriptive analysis and comparison of arm

circumference between the risk indicators for
malnutrition assessment 

Mid-upper arm circumference
Study variables N X ± SD Median P-value *

Risk according to BMI (BMI < 22kg/m2)
No            92 31.0±3.9 30.5 <0.0001
Yes 31 25.3±2.8 25.0

Risk according to CC (CC <31 cm)
No            103 30.3±3.9 30.0 0.0001
Yes 20 26.1±5.0 25.5

* Mann-Whitney test; BMI: body mass index; CC: calf circumference.

Discussion

The present study assessed the nutritional status of
elderly patients staying in a university hospital and
found that 25.2% of the sample was at risk of
malnutrition according to their BMI; 16.3% was at risk of
malnutrition according to their calf circumference and 4%
was at risk of malnutrition according to their MUAC.
Malnutrition and its prevalence is very hard to estimate
since it may vary greatly depending on the instrument
used and the type of population assessed. In this study,
many anthropometric indicators of the institution’s
routine were necessary. This study chose to explore a
little more the use of MUAC for two reasons: first,
because it could be used for bedridden patients who
cannot be weighed and, second, because calf
circumference had already been studied in another study
(18) ( which showed a positive correlation between calf
circumference and the nutritional status of the elderly,
indicating its use as a complementary tool for this
purpose. 

Among the study elderly, men had longer hospital
stays than women (4.9 versus 4.0 days, p=0.0175). Other
studies have shown lengths of hospital stay of 10.3 days
19), 21.7 days 5 and 5.3 days (20) for the elderly.

A recent study by Tsai et al, 2012 (10) compared the
ability of BMI, MUAC and CC to predict nutritional
status, functional capacity and death risk among the
elderly. The authors showed that CC was the best index
for predicting nutritional status, functional capacity and
general health status; MUAC was best for predicting
death risk and BMI was the worst for predicting all items
(10). In another study, the prevalence of malnutrition
according to BMI was the same as that given by MUAC
and TST (9) in a group of elderly and cancer patients,
evidencing that BMI was more strongly correlated with
MUAMC and TST in a group of elderly and cancer
patients, and more weakly correlated in a group of
patients with cirrhosis. It is important to point out that
fluid retention is the main factor limiting the use of BMI
as it may indicate a false increase of body weight (9).

Meanwhile, the functional status of the elderly seems to
be associated with higher BMI (above 30 kg/m2) (8).

Nutritional depletion in hospitalized elderly is very
common and the use of various indicators and
instruments for the investigation of this nutritional status
has been widely explored by the mini nutritional
assessment (5, 8, 21) and by anthropometry (4, 7, 8, 10, 21-
23) in many studies that investigated this population.
Meanwhile, the indicators investigated in the present
study are not the same ones investigated by other studies,
which reinforces the importance of this study. It is
pertinent to use different diagnostic criteria for
malnutrition in the elderly because it allows a more
sensitive detection of malnutrition and, consequently,
treatment efficacy, since the elderly are a vulnerable
group. In this line of investigation, López-Contreras et al
2012 (24) studied 10 diagnostic criteria for malnutrition in
the elderly and the proportion of malnutrition varied
from 2% to 57%. The study by Tsai et al, 2012, (10) also
assessed many anthropometric indicators, as cited earlier,
indicating the relevance of the use of MUAC and CC.
MUAC may also be a more useful nutritional indicator
than BMI in individuals with unilateral amputation (25).

The risk of malnutrition according to the MUAC cut-
off point given by the literature (13) (Table 1) was low for
the present sample when compared with the risk given
by BMI and CC. However, when a comparison was done
between MUAC and BMI and CC (Table 4), mean MUAC
values of 25.3±2.8 cm for those at risk according to BMI
and 26.1±5.0 cm for those at risk according to CC were
found, both with a significant difference (p<0.0001 and
p=0.0001). 

Thus, our data show that MUAC is a good indicator of
risk of malnutrition in this population. For all indicators,
there was a significant difference in relation to MUAC,
which always returned lower numbers for risk of
malnutrition when compared with other indicators.
Based on this, the ROC curve was constructed to establish
a cut-off point for MUAC, which resulted in a value of ≤
28.25 for discriminating the risk of malnutrition in the
elderly, with high sensitivity and high specificity. That is,
with a cut-off point of 28.25 cm, the number of
malnourished elderly would be greater. A cut-off point of
≤ 26.2 for MUAC has already been determined by the
ROC curve in a work that assessed the agreement
between anthropometry and the mini nutritional
assessment in hospitalized elderly (26) and another (27)
pointed MUAC as a predictive factor of the MNA. Yet
another study( 28) found that low MUAC had high
specificity and low sensitivity when compared with
malnutrition indicators and percentiles based on a
healthy population. Others pointed out that MUAC and
CC are significantly correlated with general health
indicators, such as the number of chronic diseases, length
of hospital stay, and number of emergency visits (10).
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Conclusion

The results show that the use of MUAC must have
practical implications in the nutritional assessment of
hospitalized elderly, especially if a greater cut-off point is
used for the population. 
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