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Abstract: Objective: Evaluate the phase angle and the factors associated with their values in institutionalized
Brazilians elderly. Design: cross-sectional study. Participants and Settings: Study with 213 subjects aged ≥ 60
years, of both sexes, residents in long-term care facilities for the elderly. Measurements: The phase angle was
determined by examining the bioelectrical impedance. Body mass index was used to evaluate the anthropometric
nutritional status and skeletal muscle mass index to estimate skeletal muscle mass reserve. To examine the
factors related to the phase angle was used Poisson regression with robust variance. Results: More than half of
the elderly (50.7 %) presented phase angle below normal values, with higher prevalence among females (60.9
%). Men showed median values of phase angle and phase angle percentiles superior to women. Low phase angle
values were associated with sex (PR: 2.08; 95% CI: 1.06 to 4.07 ) , longevity (PR: 1.92 ; 95% CI: 1.04 to 3.52 )
and sarcopenia severe (PR: 1.26 ; 95% CI: 1.05 to 1.50). Conclusion: The occurrence of PA below normal values
was high, especially among women and was associated with sex, severe sarcopenia and longevity, demonstrating
the possible role of PA as elderly identification tool with impaired skeletal muscle mass reserve.
Key words: Phase angle, elderly, geriatric long-term care facilities.

Introduction

Methodology

In recent years, the phase angle (PA) has been proposed
as a prognostic tool and survival in several clinical situations
for reflecting changes in the electrical properties of tissues,
as well as changes in the integrity and permeability of cell
membranes. These changes can result in nutritional and
functional impairment, affecting an individual’s health and it is
marked for the natural aging process (1-2).
The age, sex and body mass are determining factors of
the values of PA (1,3), and these values can be positively
influenced by skeletal muscle reservation and regular practice
of physical activity. In the elderly, the skeletal muscle
mass reserve decreases, regular physical activity also tends
to decrease and the disease burden increases, negatively
influencing the phase angle values (4).
In the case of institutionalized elderly and their health
and nutrition, possibly they have greater impairment of
cellular integrity and hence major changes in the values of
PA when compared to the elderly living in the community
(4). On the other hand, it is not well defined in the literature
the cutoff point between PA values considered physiological
and pathological, making it difficult to interpret. However,
studies are scarce on this theme, which makes difficult the
understanding of the role of this biomarker in the health of
older people as well as the monitoring of changes, resulting
from the aging process. Thus, this study evaluated the PA and
the factors associated with their values in institutionalized
elderly Brazilians.

Study design
The Cross-sectional study, included in a larger research
project, called «Multidimensional evaluation of elderly
residents in long term care facilities in the city of Salvador,
Bhia», developed by the Center of study and intervention on
Aging, of the Nutrition school of Federal University of Bahia.
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Sample
The largest study sample occurred in three steps. In the first
stage, we identified 29 long-term care facilities for the elderly,
which were located in 10 districts of the 12 existing ones, in
the urban area. In the second phase, the number of elderly that
would be part of the study was determined by health district.
The number of elderly was proportional to the total population
of elderly residents in each health district, which secured a
sample power of 80% and a significance level of 5%, totalizing
412 elderly of both sexes. In the third stage, long-term care
facilities for the elderly and elderly were selected by simple
random sampling.
Due to the protocol for the examination of bioelectrical
impedance and the selected variables, the final sample
consisted of 213 individuals.
Eligibility criteria
Participated in the study, elderly patients (≥ 60 years),
of both sexes, residents in long term care facilities for the
elderly in the city of Salvador and did not show any inability
to perform the bioelectrical impedance, or use a pacemaker
or cardiac defibrillator, amputation of members, presence of
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ascites, visible swelling and inability to weight measurement.
Data collect
Data were collected between the months of October
2012 and November 2013, by a team trained by standard
techniques. The elderly or those responsible filled a previously
standardized, pre-coded form, containing information relating
to sociodemographic characteristics (gender, age, race/skin
color and time of institutionalization) and clinical (arterial
hypertension, type II diabetes mellitus and dyslipidemia). Other
clinical variables of interest were collected by anthropometric
assessment and examination of bioelectrical impedance. The
protocol for performing bioelectrical impedance consisted:
fasting for at least four hours prior emptying of the bladder at
the time of testing, abstain from strenuous exercise eight hours
before the test and alcohol intake in the last 48 hours. The
examination was performed in fresh air, with the elderly lying
down in nonconductive surface and free of metal, following the
criteria proposed by Kyle et al. in 2004 (5).
The Research Ethics Committee of the Nutrition School
of Federal University of Bahia, assent 11/12, approved the
study. The results of evaluations were returned to institutions
and when necessary the elderly were referred for treatment in
outpatient nutrition and geriatrics of the Federal University of
Bahia.
Variables
Outcome variable: phase angle
The parameters for calculating the PA (resistance and
reactance) were obtained by examining the bioelectrical
impedance, brand Biodynamic model 450. For the calculation
of the PA values, we used the formula proposed by
Baumgartner, Chumlea and Roche (6), where:
PA (in degrees) = arc tangent reactance / resistance x 180 /
π. Values less than five degrees were considered below normal
(3-4).
Covariates
The covariates were age, sex, race/skin color, time of
institutionalization, body mass index and skeletal muscle mass
index.
The elderly were grouped into three age groups: 60-69
years, 70-79 years and above 80 years old. The race/skin
color was self-reported by the elderly when completing the
questionnaire, according to the classification of the Brazilian
Institute of Geography and Statistics, in white, yellow, brown,
black and indigenous (7). For the analysis, the variable was
grouped into two categories: white and non-white. The time of
institutionalization of the elderly were categorized into three
groups: less than or equal to one year, between one to five years
and over five years.
To evaluate the anthropometric nutritional status of the
elderly used the body mass index (BMI), according to the
39

formula proposed by the World Health Organization (WHO)
in 1995 (8). The weight and height were obtained according
to the techniques recommended by Jellife (9) and Chumlea,
Roche and Steinbaugh (10), respectively. The body mass index
of the subjects was classified according to the cutoff points
proposed by the Pan American Health Organization (11). For
data analysis, we used two categories: low weight (BMI <23 kg
/ m²) and without low weight (BMI ≥ 23 kg / m²).
The skeletal body mass index (SMI) was obtained through
standardization of skeletal muscle mass by height, according to
the formula proposed by Lauretani et al. (12): SMI (kg / m²) =
skeletal muscle mass (kg) / height² (m²).
For determination of skeletal muscle mass (SMM) was used
the equations proposed by Janssen et al. (13), adjusted for sex
(0 - female, 1 - male) and age (years): SMM (kg) = [(Hight²
(cm) / R (ohm) x 0401) + (Sex x 3.825) + (Age x - 0071)] +
5.102. The values of skeletal muscle mass index were stratified
according to the cutoff points established by Janssen et al. (14):
severe sarcopenia ≤8.5 kg/m², moderate sarcopenia 8.51-10.75
kg/ m², normal muscle ≥ 10.76 kg/ m² for men; and severe
sarcopenia ≤ 5.75 kg/m², moderate sarcopenia 5.76-6.75 kg/m²,
normal muscle ≥ 6.76 kg/m² for women.
The variables arterial hypertension, diabetes mellitus type
II and dyslipidemia were self-reported by the elderly and only
used to characterize the population. In addition, these variables
were not part of the data modeling, since the analyses of these
possible associations was not the aim of this study.
Statistical analysis
We used the Kolmogorov-Sminorv test to analyze the
normality of data and graphical analysis of histograms and
box-plots. Through the description of the median, interquartile
range and values of percentiles of covariates, the sample was
characterized according to sex and age group. The prevalence
of clinical variables arterial hypertension, diabetes mellitus
type II and dyslipidemia have been described. The difference
in medians of continuous variables (age, body mass index,
skeletal muscle mass index, time of institutionalization and
PA) between the sexes was analyzed using the Mann-Whitney
test. The association between race / skin color and the outcome
variable was verified by Pearson Chi Square test.
To investigate the relationship between the PA and the
covariates (gender, age, race/skin color, body mass index,
skeletal muscle mass index and time of institutionalization),
we used the Poisson regression model with robust variance,
estimating the ratio of gross and adjusted prevalence and
their respective confidence intervals at 95%. We opted for the
modeling that considers the possible cluster effect relating
to the aggregation of individuals in long-term care facilities
for the elderly. Regression models were constructed by the
procedure of elimination (backward), which is part of a full
model of equation.
A 5% significance level for all analyzes was adopted. We
used the statistical software STATA, version 12.
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Results

Table 2
Percentile of phase angle in institutionalized elderly,
according to sex and age, Salvador , Bahia , Brazil , 20122013

Most patients were female (73.24%) and non-white race/
skin color (70%). According to the body mass index, 54% (n =
115) of the elderly presented low weight, 63% (n = 36) of men
and 50.6% (n = 79) of women. Regarding the profile of chronic
diseases, 58.3% (n = 119) of subjects had arterial hypertension,
21.7% (n = 43) diabetes mellitus type II and 14.8% (n = 29)
dyslipidemia.
Men showed mean values of PA and skeletal muscle mass
index higher than those found among the women, with a
statistically significant difference (p <0.0001) (Table 1).

Variables

Female
(n=156)

Male
(n=57)

82 (76-87)

70 (65-70)

<0,0001

3 (1,08-8,25)

2 (0,75-3,08)

0,0232

BMI (kg/m²)

22,97 (20,37-27,54)

22,34 (19,17-25,50)

0,1552

SMI (kg/m²)

6,24 (5,59-7,04)

8,64 (8,09-9,73)

<0,0001

PA (degrees)

4,76 (4,25-5,32)

5,40 (5,03-5,99)

<0,0001

95/60,90

13/23,21

<0,0001

White skin color

52/33,33

12/21,05

0,083b

Non white skin color

104/66,67

45/78,95

Variables
Age
Time of institutionalization

PA < 5 degrees (n/%)
Race/ skin color (n/%)

Note: BMI - Body Mass Index; SMI - Skeletal Muscle Mass Index, PA – Phase Angle;
Age, time of institutionalization, BMI and SMI are expressed as median (interquartile
range). a - Mann -Whitney test; b - Test Chi square Pearson.

The overall prevalence of PA below normal values in the
evaluated elderly was 50.70% (n = 108). Analyzing the values
of PA according to race/skin color, it was observed that 57.81%
(n = 37) of individuals of white race/skin color had PA values
below normal, while 47.65 % (n = 71) of subjects of nonwhite
race/skin color had PA values below the normal range, but the
difference was not significant.
In the analysis of percentiles, Table 2 shows that the PA
values tended to superiority for males compared to females in
all quintiles. The PA percentile values tended to decrease as
age increased in both sexes. It is observed that around 50 %
of the women aged ≥ 80 years had PA values below normal
ranges (5.0 degrees).
Gross associations between PA below normal values and the
covariates of the study are shown in Table 3. PA values below
normal significantly associated with female gender and age ≥
80 years. Older females showed occurrence 2.67 (PR: 2.67;
95% CI: 1.20 to 5.90) times higher PA values below normal
compared to men. Analyzing age, seniors over 80 years had
occurred 161% (PR: 2.61; 95% CI: 1.43 to 4.74) higher PA
below the normal range when compared to older people aged
60- 69 years. The other variables were not associated with PA
outcome.
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Female sex
60-69 years old

18

4,22

4,86

5,05

5,41

6,33

70-79 years old

34

4,05

4,58

5,07

5,44

5,91

≥ 80 years old

104

3,61

4,18

4,55

5,20

5,97

Male sex

Table 1
Characteristics of institutionalized elderly, according to sex,
Salvador, Bahia, Brazil, 2012-2013
Value of pa

Percentile phase angle (degrees)
n

60-69 years old

26

4,79

5,26

5,67

6,46

6,90

70-79 years old

17

4,55

5,27

5,50

5,99

6,62

≥ 80 years old

14

3,89

4,71

5,16

5,40

6,13

In model one, which included all variables, sex and age
group maintained the association with PA values below normal
values, adjusted for other variables in the model. In the model
two covariates sex and age still remained in statistically
significant association with the outcome, PA below normal
values, adjusted for covariates in the model, with a small
increase in the magnitude of the effect for the variable of sex
and a decrease in prevalence ratio for the variable of age. Due
to the theoretical importance, was decided to include in the
final modeling the variable of skeletal muscle mass index,
observing a statistically significant association with PA, as well
as an increase in the magnitude of the effect when adjusted by
gender and age. Thus, elderly patients with severe sarcopenia,
according to the skeletal muscle mass index, showed 1.26
occurrence (PR: 1.26; 95% CI: 1.05 to 1.50) times higher PA
below normal values when compared to older people who had
adequate muscle reserves (Table 3).
Discussion
This study evaluated the PA and the factors associated with
their values in institutionalized elderly. It was found that men
had higher PA values. This can be explained by skeletal muscle
mass reserve to be higher in this group.
More than half of the elderly evaluated (50.7 %) had PA
values below normal, however, it should be noted that the
most frail elderly and probably with low PA were not included
in the study, given the impossibility for the examination of
bioelectrical impedance. Consequently, this percentage may be
underestimated.
Among subjects with PA below normal values, female
elderly, over 80 years stand out. Similar results were found by
Dittamar (15), Barbosa -Silva et al. (1) and Bosy - Westphal et
al. (3) in their population studies with healthy older Americans
and Germans, respectively. The fact that women have higher
longevity (16, 17), one of the hypotheses is that over the years,
the elderly individual tends to have a higher burden of chronic
40
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Table 3
Prevalence, ratio of gross and adjusted prevalence for an association between phase angle below normal values and covariates in
institutionalized elderly of Salvador- BA, Brazil, 2012-2013
Covariates
Sex

Male

Female
Age (years)
60-69
70-79

n/N

%

13/57

22,80
60,89

2,67 (1,20 - 5,90)*

2,08 (1,06 - 4,07)

2,15 (1,04 - 4,45)

11/44

25,0

1

1

1

95/156

RPb (IC95%)

Model 1
aj
RP (IC95%)

Model 2
aj
RP (IC95%)

1

1

1

20/51

39,21
65,25

2,61 (1,43-4,74)*

1,56 (0,96-2,56)

1,37 (0,82 – 2,28)

1,35 (0,81 – 2,25)

71/149

47,65
57,81

1

1,21 (0,91-1,60)

1

1,09 (0,89 – 1,32)

-

43/98

43,87
56,52

1

1,28 (0,96-1,71)

1

1,35 (0,95 – 1,91)

-

Normal muscle

30/58

51,72

1

1

1

Severe sarcopenia

42/68

61,76

≥80

Race/ skin color

Non white skin color
White skin color
BMI

Without low weight
With low weight
SMI

Moderate sarcopenia
Time of institutionalization

77/118

37/64

65/115

36/87

41,37

≤ 1 year

25/56

44,64

≥ 5 years

38/63

60,31

1 a 5 years

45/94

0,80 (0,59-1,07)
1,19 (0,94-1,51)
1

47,87

1,07 (0,74-1,53)
1,35 (0,93-1,94)

1,92 (1,04 – 3,52)

1,87 (1,03 – 3,40)

-

-

0,76 (0,58 – 1,01)

0,86 (0,65 – 1,13)

1

-

1,13 (0,78 – 1,64)

-

1,03 (0,78 – 1,36)

1,03 (0,75 – 1,40)

1,26 (1,05 – 1,50)

-

Note: n number of individuals with phase angle ranked below normal values; N - total number of individuals ; % - Prevalence ; PR - Prevalence ratio ; PRaj - adjusted prevalence ratio ; CI- confidence interval ; BMIbody mass index ; SMI- skeletal muscle index. Poisson regression model with adjusted Prevalence ratio and adjusted association between phase angle below the normal range and other variables. * P value ≤ 0.05

diseases, as well as process influences aging in their health (18)
reflecting, possibly in smaller PA values.
Another important finding relates to the reduction of PA
with increasing age. It is known that, as the age increases there
is a reduction of cellular and muscle mass, causing a decrease
of reactance. It is also a decrease in the percentage of body
water and fat tissue increased , increasing the resistance to
the passage of electric current, in both sexes , justifying the
results described above (1, 3, 15). Similar results were found
in other studies with healthy elderly living in communities in
Germany (3), Italy (19) and United States of America (1, 15)
and institutionalized Italian elderly (20).
Another variable associated with PA below normal
values was the severe sarcopenia, measured in this study by
skeletal muscle mass index. We chose to use in the final
model the variable skeletal muscle mass index due to the
strong connection described in the literature between these
variables, especially among the elderly, given that the PA
values relates linearly with skeletal muscle mass independently

and associated with several factors, including age (4, 20).
These results suggest that PA values may be interpreted as
a skeletal muscle mass marker in the elderly, according to the
findings in the literature that has proposed the PA as a predictor
of muscle mass reserves and possibly nutritional and health
status marker in this age population (2, 4, 19, 22).
In studies with non-institutionalized elderly was observed
that the values of PA were determined, among other variables,
by sex and age (1, 3, 15, 19). However, it is observed that the
mean values of the PA of institutionalized elderly tend to be
lower than those of non-institutionalized elderly (1, 3, 15,19),
possibly due to the expected differences in terms of health and
existing morbidities load between these two groups (23-24).
According Dittamar (15), PA values are higher in the
presence of health preserved, proper nutrition and consistent
physical exercise, conditions not always observed not always
among the institutionalized elderly because they have a
different health status in relation to the elderly living in the
community.
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This study is another contribution to knowledge about the
PA behavior, recent field of study, particularly among the
institutionalized Brazilian elderly population. The limitation of
this study refers to the likely underestimation of the
prevalence of PA below normal values due to the inability of
the elderly meet the criteria for performing the bioelectrical
impedance and therefore not participate in this study. Thus,
the high prevalence of PA below normal values observed
between elderly may be arising both from a pathologic process,
resulting from the above factors, but can also be a reflection of
a physiological condition, mediated by the changes caused by
the natural aging process, demonstrating the need for further
studies in the area, for the enlightenment of those aspects
related to low PA values.

4.

Conclusion

11.

The occurrence of PA below normal values was high
and was associated with female sex, severe sarcopenia and
longevity among the elderly, demonstrating the possible role
of PA as a toll to identify elderly patients with compromised
skeletal muscle mass reserve. However, it should be noted
that the reduction of PA values in the evaluated elderly might
reflect a physiological reduction of cell and muscle mass,
inherent to the natural aging process, as well as the health
commitment of these individuals, because of chronic diseases,
common in this age group population.
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