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Abstract
Objective: to evaluate the relationship between sarcopenia, functional capacity and
nutritional status among elderly women living in the community. Method: an observational,
cross-sectional study was performed with 100 elderly women aged over 60 years. A
questionnaire containing identification and socioeconomic data and information relating to
the practice of physical activity was applied, while anthropometric and body composition
data were measured through bioimpedance and functionality data was assessed using the
six-minute walk test (6MWT). Independent t-tests were performed for the quantitative
variables and analysis of variance (ANOVA) was used to compare the means of the
variables. Multiple linear regression analyzes were performed to estimate the mean
6MWTfor each of the variables studied. Results: The average age of the elderly women
was 67 (± 8.0) years, 41% practiced physical activity, 38% had at least an elementary school
education, 48% received up to two minimum wages and 91% were obese according to
waist circumference (WC). The prevalence rates for the presence of sarcopenia were: 5%
for sarcopenic obesity (SO), 63% for obesity, 14% for sarcopenia and 18% had adequate
weight. Elderly women who practiced physical activity, had at least an elementary education
and who were non-obese according to WC, performed better in the 6MWT. There were
no significant differences in the 6MWTbased on income or Body Mass Index (p>0.05).
Non-obese and non-sarcopenic women walked further in the functional test than the
other women (p = 0.021). Conclusion: SO was present in 5% of the elderly women and
is related to poor physical performance, which was also present in elderly women with
sarcopenia and obesity.
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INTRODUCTION
The Brazilian National Health Policy of the
Elderly (PNSPI) states that the main problem
affecting elderly persons is the loss of functionality.
This is due to the progression of illnesses resulting
from the greater probability of exposure to chronic
noncommunicable diseases (CNCD)1.
Some of the changes to the body characteristic
of aging are the loss of lean mass and skeletal muscle
function, which can be associated with functional
limitation, disability and even mortality. This agerelated muscular atrophy is called sarcopenia2. This
implies a disturbance in the balance between the
synthesis of the muscle proteins and the destruction
of these proteins, which is the main contributor to the
etiology of sarcopenia. Sarcopenia is multifactorial
disease, and includes nutritional, metabolic and
hormonal factors2.
The investigation of conditions that impair
functionality is important, as changes in body
composition can cause limitations in the physical
condition of the individual and lower functional
performance3. However, there is a lack of studies
that evaluate the presence of sarcopenia and the
functional deficit and nutritional status of elderly
women living in the community in municipal regions
in the north east of Brazil.
Based on the foregoing, the assessment of these
conditions in elderly women in the municipality
of Santa Cruz (Rio Grande do Norte), Brazil, is
important, as in keeping with a national trend in
Brazil there is a progressive increase of women over
60 years of age with inadequate nutritional status
due to obesity in this region5. The objective of the
present study was to evaluate the relationship between
sarcopenia and the functional capacity and nutritional
status of the elderly resident in the community.

METHOD
This is an epidemiological, observational crosssectional, analytical study with a quantitative
approach. A total of 100 elderly women over 60
years old registered with the Physiotherapy Clinical
School of the Trairi Faculty of Health Sciences of
the Universidade Federal do Rio Grande do Norte

(FACISA-UFRN) were selected. This is a public
service for physiotherapeutic treatment, frequented
by socioeconomically vulnerable individuals, and
serves residents of the Trairi region and adjacent
towns. The period of data collection occurred
between September and December 2016, in the
municipality of Santa Cruz, Rio Grande do Norte.
Only women were evaluated for this study,
because although changes in muscle mass (MM)
are common in both sexes, the decrease in strengthassociated MM does not occur in the same proportion
for both genders over time. A study has suggested
there is a rapid loss of strength in women aged 50
and over, while in men this reduction does not begin
until at least the age of 606.
Inclusion criteria for the study were: women aged
60 years or over who understood the guidelines
of the procedures performed, who could walk
independently, with or without assistance devices,
and who did not have arthroplasty, amputated lower
limbs, rheumatologic diseases (chikungunya, for
example) or use a pacemaker, because of possible
interference with the bioimpedance (BIA) test. The
inability to perform any of the procedures of the
research protocol was considered to be an exclusion
criterion.
The study complied with Resolution n° 466/2012
of the National Health Council which regulates
research involving human beings, and was submitted
to and approved by the Ethics Research Committee
of FACISA-UFRN, under approval number
1.707.598/2016.
Participants were recruited through telephone
contact from the patient lists of the clinic. Data
collection was performed through the application
of a questionnaire standardized by two nutritionists,
who were previously trained so that there was no
disagreement between the data collected. The
instrument was duly validated in a pilot study. This
questionnaire was applied in a single sitting and
contained information regarding identification,
health aspects, quality of life, socioeconomic data,
family history, anthropometric data and body
composition and functionality. The elderly were
evaluated for demographic and socioeconomic
data such as age, schooling and family income. The
practice of physical activity was self-reported and
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defined as the practice of physical activity at least
three times a week, with at least thirty minutes for
each session.

remove jewelry or items containing metal from the
body and fast from food and water for at least four
hours before the test.

Weight and height were measured using techniques
recommended by the World Health Organization
(WHO)7. Weight was measured with the individual
barefoot and wearing light clothes, using a WELMY®
electronic scale (capacity of 150 kg and accuracy of
100 grams). Height was measured with the WELMY®
stadiometer (accuracy of 0.5 cm) with the individual
barefoot and in the orthostatic position.

The elderly were placed on the scale platform with
electrodes on their feet and instructed to place their
hands on the horizontal rod with other electrodes
attached, and then to hold the device with their
arms extended forwards, forming a 90º angle with
the trunk, with both hands over the electrodes, so
that the electric current could travel through the
upper limbs and upper trunk region. During the
test, which lasts on average 30 seconds, the elderly
women were instructed not to move or talk and to
maintain an upright posture.

These data were obtained for the calculation of
body mass index (BMI), which is an index defined by
the measurement of weight expressed in kg, divided
by height expressed in meters squared (BMI= weight/
height²). The BMI was calculated using the following
classification cut-off points: malnutrition (BMI <22
kg/m²), normal weight (BMI = 22 kg/m² and <27
kg/m²) and obesity (BMI ≥ 27 kg/m²), which were
proposed by Lipchitz8.
Measurements of the body perimeters were
measured with the aid of a 150 cm SANNY®
flexible and non-elastic anthropometric scale.
Waist circumference (WC) was measured at the
midpoint between the last rib and the iliac crest for
classification of the risk of metabolic complications
associated with obesity. The WHO cut-off points
for women7, which consider moderate risk to be
WC between 80 cm and 88 cm and high risk ≥88
cm, were used. BMI is an effective indicator but
does not fully correlate with body fat, as it does not
define its distribution. It also does not distinguish
fat mass from lean mass, and may be less accurate
in older individuals, due to the loss of lean mass and
weight loss, being overestimated in individuals with
high lean mass.
The evaluation of body composition was made
by BIA analysis, performed with a portable HBF514c body mass analyzer. This is an easy-to-use,
reproducible, non-invasive, relatively inexpensive
and confirmed valid method9.
For the application of the BIA the elderly women
were asked to avoid the use of diuretic medication the
day before the exam; not perform physical activity
for at least 12 hours preceding the test; urinate prior
to the test; not drink alcohol or caffeine drinks;

Functionality was evaluated through the
application of the six-minute walk test (6MWT),
which is a field test that consists of instructing the
evaluated individual to walk as far as possible for
six minutes in a space of 30 meters, with marks
on the ground every three meters; at the end of
the course, the patient should walk around a cone
that delimits the space and change direction10.
The distance traveled was calculated through the
Enright and Sherrill equations and then classified
in accordance with the same authors, who consider
that healthy people walk around 400 to 700 meters
in 12 minutes11.
Elderly persons with WC≥88 cm were considered
obese, as proposed by the Brazilian obesity guidelines
defined by the Brazilian Association for the Study of
Obesity and Metabolic Syndrome9. These guidelines
suggest that WC is more sensitive than BMI in
obesity screening.
The elderly were classified as sarcopenic when
the measured MM provided by the BIA was below
the 20th percentile of the study sample (<6.22 kg/
m²)6. Sarcopenic obesity (SO) was classified with
the concomitant presence of obesity and sarcopenia.
The elderly were therefore classified into four
groups: sarcopenic, obese, obese and sarcopenic
and adequate, which was composed of non-obese
and non-sarcopenic elderly women.
A descriptive statistical analysis of the population
data was performed. The normality of the data was
verified by the Kolmogorov-Smirnov test. For the
categorical variables ( practice of physical activity, schooling
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and income) analysis of variance (ANOVA) was used.
In order to compare the means of the variables:
physical activity, schooling, income, BMI, WC and the
four 6 MWT classification groups, the independent
t-tests and ANOVA were used. Finally, multiple
linear regression analyzes were performed by the
backward method to estimate the mean 6MWT for
each of the variables studied, adjusting for potential
confounding factors or covariates, such as practice
of physical activity, age and schooling. Confounding
factors were identified according to the literature
and bivariate analysis.

RESULTS
The socioeconomic characteristics, body
composition and physical activity practice of the
sample can be seen in Table 1. Initially, the sample
included 105 elderly women, but five were excluded
due to their inability to carry out the tests. The
final sample consisted of 100 elderly women with
a mean age of 67 (± 8.0) years.
The distribution of the elderly women into the
four classification groups can be seen in Table 2.

Table 1. Characterization of socioeconomic factors, body composition and practice of physical activity of the
elderly (N=100). Santa Cruz, Rio Grande do Norte, 2017.
Variable

Mean (standard-deviation)

Age

67,0 (±8.0)

Physical activity

n (%)

Yes

41 (41)

No

59 (59)

Schooling
Illiterate

20 (20)

Elementary School

38 (38)

High school

32 (32)

Higher education

10 (10)

Income (minimum salary)
Up to 2

48 (48)

2-4

(22)

>4

30 (30)

Body mass index (kg/m²)
<27kg/m2 (non-obese)

26 (26)

≥27 kg/m (obese)

74 (74)

2

Waist circumference (cm)
<88cm (non-obese)

9 (9)

≥88cm (obese)

91 (91)

Table 2. Classification of elderly women in terms of presence of sarcopenia, obesity and sarcopenic obesity
(N=100). Santa Cruz, Rio Grande do Norte, 2017.
Classification

n (%)

Adequate

18 (18)

Sarcopenia

14 (14)

Obesity

63 (63)

Sarcopenic obesity

5 (5)
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It was found that elderly women who practiced
physical activity walked an average of 374.73 m, while
those who did not practice such activities covered
318.75m (p=0.007). In relation to schooling, those
who were illiterate walked between 288.88 m and
337.18 m; 369.20 m and 369.63 m were walked by
those who had an elementary school education, a
from elementary to secondary level education, and
a higher than secondary level education, respectively
( p= 0.045). Elderly women who received up to
two minimum wages walked 322.78 m, those who
received between four and four minimum wages
373.18 m, and those who received more than four
wages 356.73 m ( p=0.101).

Table 3 shows 6MWT performance according to
the variables of body composition and distribution
in the four classification groups.
The multiple linear regression analysis for
the 6MWT in relation to the variables of body
composition adjusted by the covariables age, physical
activity and schooling can be seen in Table 4.
Multiple linear regression analysis for the 6MWT
was also performed in relation to the classification
groups adjusted for the covariables age, physical
activity and schooling (Table 5). Statistically
significant differences in 6MWT were found between
the groups ( p<0.05).

Table 3. Six-minute walk test (6MWT) results according to body composition variables and classification groups.
Santa Cruz, Rio Grande do Norte, 2017.
Mean and standard-deviation

p-value

<27kg/m2 (non-obese)

363.71 (±96.03)

0.081

≥27kg/m (obese)

321.50 (±105.53)

Variable
Body mass index (kg/m²)
2

Waist circumference(cm)
<88cm (non-obese)

399.33 (±63.82)

≥88cm (obese)

336.39 (±104.33)

0.041*

Classification in groups
Adequate

376.28 (±78.73)

Sarcopenia

351.14 (±110.04)

Obesity

333.40 (±107.70)

Sarcopenic obesity

280.00 (±34.64)

0.021*

*Statistical significance ( p<0.05) by analysis of variance test (ANOVA).

Table 4. Multiple linear regression analysis for the six-minute walk test (6MWT) in relation to body composition
measurements. Santa Cruz, Rio Grande do Norte, 2017.
Variable

6MWT (meters)

Model 1*

β

CI 95%

p-value**

<27kg/m2 (non-obese)

28.10

-18.74-74.96

0.236

≥27kg/m2 (obese)

0

-10.25-23.74

0.096

Body mass index

Model 2*
Waist circumference
<88cm (non-obese)

56.74

≥88cm (obese)

0

*Models adjusted by the variables age, schooling and physical activity; **statistical significance ( p<0.05) in linear regression.
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Table 5. Multiple linear regression analysis for the six minute walk test (6MWT) in relation to classification
groups. Santa Cruz, Rio Grande do Norte, 2017.
Variable

6MWT (meters)

Model 1*

Β

CI 95%

p-value**

Adequate

59.64

-62.61-181.89

0.006**

Sarcopenia

37.34

-87.83-162.52

Obesity

24.63

-89.54-138.813

Sarcopenic obesity

0

*Model adjusted by the variables age, schooling and physical activity; **statistically significant ( p<0.05) in linear regression.

DISCUSSION
Sarcopenia and SO are considered to be
challenges to public health as they are significant
causes of frailty among the elderly. Little is known,
however, about their relationship with the functional
capacity of this population 2 . In the present study,
the performance of sarcopenic women in the
6MWT was inferior to that of non-obese and nonsarcopenic elderly women ( p=0.021), in contrast
to the findings of Gadelha et al.12 and Lima et al.13
who verified that the performance of the elderly
women with sarcopenia, although inferior, did not
present a significant association with functional
tests. These results indicate that the reduced MM
of elderly individuals requires attention and should
be maintained at adequate levels, leading to better
functional capacity and helping to promote the
autonomy of this population.
It is therefore necessary for health services to act
in a preventive manner, both to diagnose and reduce
risk factors for the loss of lean mass and functionality,
as well as to provide guidance about the changes
caused by aging or even to rehabilitate those already
affected by these deficits. By adopting an expanded
approach to care, health services can help not only
the elderly, but also their families, to adopt healthy
living habits so that they can reduce these changes
and their consequences, contributing to the access to
and the attainment of a quality of life by overcoming
disabilities and age-related limitations. It is therefore
possible to increase the ways that the elderly deal
with aging, by formulating guidelines for a health
policy that introduces new knowledge and practices
to healthcare teams, and includes professionals in
nutrition and physical therapy14.

A prevalence of sarcopenia of 14% was found in
the present study. It is difficult to compare prevalence
among Brazilian and non-Brazilian populations due
to the lack of well-defined cut-off points. The value
of MM was lower than 6.22 kg/m2 , corroborating
the cut-off points found in literature by Santos et
al.15 and Hofmann et al.16, which were <5.45 kg/m²
and ≤6.75 kg/m2, respectively, in populations similar
to the present study.
The lack of uniformity in the identification of
these conditions makes it difficult to identify their
relationship with functionality. The European
Consensus on the definition and diagnosis of
sarcopenia17 also recognizes the importance of
muscle quality in the diagnosis of sarcopenia and
SO, as the infiltration of fat into the muscle tissue
can cause a reduction in functional performance.
Therefore, while it is important to consider variables
such as body mass, muscle strength and physical
performance in this diagnosis, the methods of
identification require future studies that contemplate
such factors17.
The prevalence of sarcopenia in our study
was similar to that of the study by Santos et al.15
which obtained results of 16.8% with 149 elderly
women, with a mean age 67.17 (±6.12) years. Du
et al.18 evaluated the prevalence of sarcopenia in
2,458 volunteers over 65 years of age from different
racial/ethnic groups and obtained results similar to
the present study in white women, with a prevalence
of sarcopenia of 15.1%, while in black women the
prevalence was only 1.6%.
In the present study, the majority of the
population had an education up to elementary
school (38%) and received up to two minimum
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wages (48%). Such individuals had an inferior
6MWT performance than those with higher levels
of education and better socioeconomic status. The
amount of MM can be influenced by factors such
as age, height, body weight, ethnicity/skin color,
and also by nutrition and the amount of time spent
exposed to socioeconomic adversity18.
348

The study by Machado and Vieira19 found that
socioeconomic adversities such as a lack of schooling
influenced the functionality of the elderly, as those
who were illiterate had a 2.61-times greater chance of
dependency in instrumental activities of daily living
than those who were literate. Schooling allows the
elderly to develop skills that facilitate the resolution
of health problems and contribute to avoiding or
delaying such issues.
It is consistent to assume that the poorer
socioeconomic status, lower level of schooling, and
miscegenation commonly found in the Brazilian
population may in part explain poorer performance
in the 6MWT, which may be explained by the
inappropriate use of equations from other countries
to estimate the distance traveled in the 6MWT in
the population of the present study. In a study with
Norwegians, the distance walked in the 6MWT was
132m greater in those with better schooling and 30m
in those with better socioeconomic status20.
SO was relatively frequent and associated
with poor performance in the 6MWT. While the
prevalence of SO in the present study was 5%,
other studies have found higher prevalences, such
as that of Moreira6, which had a prevalence of 7.1%
in middle-aged women in northeastern Brazil and
that of Monteiro et al. 21 with post-menopausal
women, which had a prevalence of 9.2%. Oliveira
et al.22 found a prevalence of SO of 19.8% in elderly
women with a mean age of 66.8 (± 5.6) years, which
was associated with reduced muscle strength and
functional deficit. The same was reported by Gadelha
et al.12 , with a prevalence of 23.4%.
The practice of physical activity has as a protective
effect on the development of sarcopenia and SO, as it
helps to maintain or even increase MM and strength,
reduce body fat and obesity and, consequently,
improve motor performance23,24. However, 59%
of our sample were elderly women who practiced
physical activity less than three times a week, and

had a worse performance in the 6MWT (p<0.05). A
similar result was found by Santos et al.25 who found
that insufficient physical activity was associated with
sarcopenia or SO in 770 individuals aged 50 years
or older in the southeastern part of Brazil.
Other authors did not find significant correlations
between 6MWT and the scores of a questionnaire on
daily activity26 and self-reported physical activities,
including habitual walking and regular physical
activity20. Although physical activity is positively
associated with the maintenance of functionality,
reducing the deleterious effects of aging27, specific
studies on the influence of physical activities on
6MWT are still needed.
Calculations of obesity detecting possible health
risks are often based on BMI, which depicts only
one change in the individual's energy balance. It does
not, however, allow other factors, such as metabolic
and inflammatory disorders and MM/ body mass,
to be considered28.
In the present study, a prevalence of obesity
of 91% was found, based on WC. In the National
Survey on Health and Nutrition (PNSN) of 1989,
approximately half (50.2%) of the elderly women
evaluated were overweight, based on BMI29. The
Telephone Surveillance System for Risks and
Preventive Factors for Chronic Diseases (VIGITEL)
identified prevalence rates of 53.4% in 2006 and
58.5% in 201230.
The results of linear regression analysis shown
in Table 5 reveal that elderly women who were only
obese had a worse 6MWT performance than elderly
women with sarcopenia or who were non-obese
and non-sarcopenic (β = 24.63; CI= 89.54-138.81,
p=0.006). It is believed that a high BMI limits
6MWT performance, as obesity can influence gait
and increase workload31. In our study, there was
no significant difference between obese and nonobese individuals according to BMI in the 6MWT
( p=0.081). Camarri et al.26 corroborated these results
when evaluating the 6MWT in 70 Caucasian adults
suggesting that, optionally, other anthropometric
variables, such as WC, can be used.
As an alternative to the classification of obesity,
WC was assessed in the present study, and the elderly
women who presented central obesity (WC≥88cm)
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also had worse functional performance, walking
significantly less than those without central obesity.
One of the explanatory hypotheses proposed by
the study of Campanha-Versiani et al.32 , which
evaluated the performance of 48 elderly women
with WC>88cm and found a similar result to the
study under discussion, is that the deposition of
visceral fat could influence energy expenditure in
the exercise, considering that there are also greater
obstacles in walking for obese individuals.
The results obtained show the importance of
using different forms of obesity diagnosis (BMI
and WC) in the diagnosis of sarcopenia and SO,
as highlighted in the study by Souza et al.32 , to
identify elderly obesity in individual and collective
evaluations, aimed at a more accurate prognosis
of health problems through these parameters of
adiposity. Health professionals should therefore
look beyond BMI, which alone is not sufficient
to assess premature risk, as it fails to classify a
considerable portion of the population at imminent
cardiometabolic risk 33.
One limitation of this study is its transversal
design, which did not allow a temporal relationship
of cause and effect to be established among the
variables. Another is the sample projection which,
in addition to working with a small sample to

determine prevalence, only allowed the investigation
of the inadequacy of functional capacity of elderly
women who attended FACISA/ UFRN. The lack
of a heterogeneous sample meant the present data
could not be extrapolated.

CONCLUSION
Obesity was a highly prevalent condition among
the elderly women in the study, with sarcopenia and
sarcopenic obesity less frequent conditions in this
sample. However, although obesity and sarcopenia
were significantly associated with a significantly
worse performance on the six-minute walk test,
the combination of the two conditions (obesity and
sarcopenia) resulted in even worse outcomes than
the two conditions separately.
Based on the increase in the disability rates which
accompany growing population aging, the results of
the present study demonstrate the need to investigate
the presence of both conditions among elderly
populations, in order to identify those with a higher
probability of experiencing changes in functional
performance. With this, it will be possible to guide
appropriate prevention and rehabilitation strategies,
aimed at reducing the functional dependency levels
in this population.
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