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FRAILTY SYNDROME AND ANTHROPOMETRIC 
MEASUREMENTS IN THE ELDERLY LIVING AT HOME

R.A. Partezani Rodrigues1, J.R. Silva Fhon1, V.M. Rojas Huayta2, W.L. Fuentes Neira3,  
M. de Lourdes de Farias Pontes4, A.O. Silva4, G.P. Cardoso Defina1

Abstract: Disturbance in the nutritional status in the elderly can change anthropometric measurements. These changes on their 
body could associated with frailty syndrome. The aim was to assess the frailty syndrome and its association with demographic 
variables and anthropometric measures. Cross-sectional study with 235 elderly people living at home. Descriptive statistics 
applied were measures of central tendency and dispersion, with frequencies for the qualitative variables. Student’s t test was 
used to compare the means of sex with age, weight, height, waist circumference, waist/height ratio, body mass index and frailty 
and multinomial logistic regression analysis between categories of frailty and demographic and anthropometric variables. It was 
significant p≤0.05. There was a relationship between gender and body weight, waist circumference and the waist/height ratio; the 
data also showed that frailty increases with age. It was found that having a waist/height ratio ≥0.50 and a body mass index ≥27 
increased the risk of frailty. The study shows that the association between frailty and anthropometric measures should be a priority 
in elderly care.   
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Introduction 

The world population is aging rapidly. In Brazil, this 
change has also been observed and according to the 
census conducted in 2010, 23.5 million people are aged 60 
or older, and increased life expectancy in 2013 was 74.8 
years with predictions for 2041 of 80 years old (1).

With the aging process, the person may suffer different 
syndromes, including frailty, which can lead to a state of 
vulnerability impacting the lives of the elderly, the family 
and their social environment.

The concept of frailty has been widely discussed 
among researchers in recent years and involves both 
cognitive and social aspects. However, the research 
considers the physical condition to be the most vulnerable 
in the elderly. In the consensus group on the subject, 
researchers understand frailty to be "a medical syndrome 
with multiple causes, characterized by decreased 
strength, endurance and reduced physiological function 

with increasing individual vulnerability" (2). 
However, along with nurses’ care of elderly patients, 

multidimensional assessment is an important aspect to be 
considered. In evaluating the different concepts of frailty, 
that which most seems to fit the practice of the nurse is 
the proposed methodological framework of the Canadian 
Initiative on Frailty and Aging, which takes a holistic 
approach to frailty (biological, psychological and social) 
and draws on the history or the life history of the elderly 
subject (3), and considers aging to be a multidimensional 
construct.

The prevalence of frailty varies between 4% and 59.1% 
(4)), increases with age (4-7) and is more prevalent in 
females (2, 4).

The frailty syndrome is associated with weight loss, 
being overweight and obesity which increases the risk 
of functional limitations and disability in the individual 
(5). In the aging process, frailty can present related 
malnutrition leading to a loss of muscle mass and 
strength (6). Risks to the health of the elderly who are 
overweight include increased chronic diseases, limitations 
and functional incapacity leading to frailty (5). 

With the aging process, relevant changes in body 
composition affect the nutritional status of the elderly, 
leading to observed changes in anthropometric measures 
such as weight and height due to a decrease in the 
intervertebral space and increased spinal curves in need 
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of comprehensive assessment (7). It is also important to 
assess the body mass index (BMI) and the waist/height 
ratio (WHtR), these measures are useful, inexpensive and 
non-invasive (6).

It is important to maintain an adequate nutritional 
status in the elderly to prevent frailty syndrome. 
This topic is still under discussion in the literature of 
gerontology and geriatrics. Thus, this study is justified by 
the importance of the syndrome, since the use of WHtR 
is little used for research into frailty and deserves deeper 
attention. From this analysis, the results may contribute 
to a more detailed clinical assessment of the elderly in 
health services. The objective was to evaluate the frailty 
syndrome and its association with demographic variables 
(gender, age and marital status) and anthropometric 
measures of the elderly living at home.

Method

Study design and participants

This is a descriptive, quantitative and cross-sectional 
study conducted in the city of Ribeirão Preto, Sao 
Paulo, Brazil, with 240 elderly subjects. The recruitment 
of participants was performed in two steps. The first 
sampling unit considered was the electoral sectors: at the 
time of data collection, the city had 639 sectors and one 
district with 11 sectors, making a total of 650 sectors. The 
second step considered a person aged 60 or more. We 
selected 20 sectors at random and interviewed 12 elderly 
people per census sector, guaranteeing a maximum error 
of 6.3% with 95% probability. 

Inclusion criteria were being aged 60 years, of both 
gender, living at home and being able to communicate 
verbally.

The Research Ethics Committee of the Ribeirão Preto 
School of Nursing, University of São Paulo approved 
the research project with CAAE process number 
47155115.3.0000.539. 

Data collection and measurements

Data collection was carried out between November 
2011 and February 2012, by means of interviews in 
the subjects’ homes lasting approximately 40 minutes 
and performed by trained investigators to obtain the 
information.

The following instruments were used:
a)	Demographic profile: to obtain information on the 

variables of gender (male and female), age (in years) 
and marital status (with partner and without partner).

b)	Edmonton Frail Scale (EFS): created by the Canadian 
Initiative on Frailty and Aging group (CIF-A) (8) and 
validated for Portuguese in Brazil (9,10). The scale 
evaluates nine domains represented by 11 items: a) 
cognitive area by the test clock (1); b) general health 
status (2); c) functional independence (1). d) social 

support (1); e) medication use (2); f) nutrition (1); g) 
mood (1); h) continence (1); i) functional performance 
with the timed get up and go test to evaluate balance 
and mobility (1). The scoring system runs from 0-17 
points with categories of “not frail”, “seemingly 
vulnerable” and “frail” (mild, moderate and severe) 
and will be used to define the frailty level of the 
subject.

c)	Anthropometric measurements: 
Each subject was weighed without shoes and wearing 

minimal clothing on the Camry model EB903 
electronic digital scale with a maximum capacity of 150 
kilograms. 

Height was measured using a graduated scale in 
centimeters (cm) and millimeters (mm) with a 
maximum height of 200 cm.

Abdominal Circumference (AC) was measured using 
a tape measure of 200 cm in length around the 
middle point between the iliac crest and the last rib; 
the measure for females is ≥ 80.0 cm and for males 
is 94.0 cm (11); an AC above these values for both 
genders means that the person is at risk of suffering 
cardiovascular diseases.  

The Body Mass Index (BMI) was calculated by dividing 
the weight in kilograms by the square of the height in 
centimeters [weight (kg)/height2 (m)]. For all subjects, 
a BMI of ≤ 22 was considered underweight, 22.1 to 26.9 
healthy and ≥ 27 overweight (11).

Waist/height ratio (WHtR) was calculated using the 
AC and the height in centimeters (AC/height) 
with a cut-off point of 0.50 indicating higher risk of 
cardio-metabolic diseases such as diabetes mellitus, 
stroke, Systemic Arterial Hypertension (SAH) and 
dyslipidemia (12).

We analyzed the data in Microsoft Excel® applying 
double entry and internal consistency, and later 
transferred it to the Statistical Package for Social Sciences 
SPSS v. 22.0

During data analysis, it was observed that of the 240 
participants in the sample, five lacked data for height 
and/or weight, and were therefore excluded from the 
final analysis of 235 elderly subjects.

The descriptive statistics used for the quantitative 
variables were a central tendency measure (mean) and 
dispersion (standard deviation) with frequencies for the 
qualitative variables.

For the different analyses, the dependent variable, 
being the frailty syndrome, was subdivided on the 
scale into the categories “not frail”, “vulnerable” and 
“frail” (mild, moderate and severe) and the dichotomous 
independent variables such as gender and marital status 
were categorized as male/female and with/without a 
partner. For the anthropometric measurements, AC was 
divided into adequate (<80 cm in women and <94 in men) 
and inappropriate (≥ 80 in women and ≥ 94 men); WHtR 
was divided into <0.50 and ≥ 0.50; for BMI, ≤ 22 was 
categorized as underweight, 22.1 to 26.9 healthy and ≥ 27 



JOURNAL OF AGING RESEARCH AND CLINICAL PRACTICE©

135

Table 1
Distribution of means and frequencies of elderly living at home by sex, Ribeirão Preto, SP, Brazil, 2012

Male Female Total

Variables n / Mean (=SD) n / Mean (=SD) n / Mean (=SD) p-value

Number 90 (38.3%) 145 (61.7%)
Demographic profile
Age (years) 74.51 (7.79) 72.03 (8.27) 72.98 (8.16) 0.023
Marital status
With partner 72 (51.8%) 67 (48.2%) 139 (59.1%)
Without partner 18 (18.8%) 78 (81.3%) 96 (40.9%)
Anthropometric variables
Weight (kg) 73.94 (14.27) 65.23 (13.51) 68.56 (14.41) <0.001
AC (cm) 100.78 (11.82) 95.43 (13.39) 97.47 (13.05) 0.002
BMI 26.19 (4.63) 27.40 (5.17) 26.94 (5.00) 0.072
WHtR 0.59 (0.09) 0.61 (0.08) 0.60 (0.08) 0.032
Frailty 5.69 (3.05) 5.82 (3.05) 5.77 (3.04) 0.748
AC = Abdominal circumference; BMI = Body mass index; WHtR = Waist/height ratio; SD = Standard deviation; Student t test; p ≤ 0.05.

Table 2
Association of the Edmonton Frail Scale categories with gender and anthropometric measures of the elderly living at 

home. Ribeirão Preto, SP, Brazil

Frail Vulnerable Not frail 

Variables n n (%) n (%) n (%) p-value

Socio-demographic profile
Age (mean, SD) 77.40 (7.46) 72.86 (7.81) 68.63 (6.61) <0.001†
Gender
   Male 90 32 (35.6) 25 (27.8) 33 (36.7) 0.604*
   Female 145 57 (39.3) 32 (22.1) 56 (38.6)
Marital status
   With partner 139 48 (34.5) 35 (25.2) 56 (40.3) 0.439*
   Without partner 96 41 (42.7) 22 (22.9) 33 (34.4)
Anthropometric variables
AC 
   Adequate 46 21 (45.7) 10 (21.7) 15 (32.6) 0.477*
   Inadequate 189 68 (36.0) 47 (24.9) 74 (39.2)
WHtR
   < 0.50 115 39 (33.9) 26 (22.6) 50 (43.5) 0.217*
   ≥ 0.50 120 50 (41.7) 31 (25.8) 39 (32.5)
BMI
   ≤ 22.0 37 22 (59.5) 6 (16.2) 9 (24.3) 0.045*
   22.1 – 26.9 87 26 (29.9) 24 (27.6) 37 (42.5)
   ≥ 27.0 111 41 (36.9) 27 (24.3) 43 (38.7)
Note: SD = Standard deviation; AC = Abdominal circumference; WHtR = Waist/height ratio; BMI = Body Mass Index; ANOVA test †; Chi-square test*; p ≤ 0.05.
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overweight; we used the chi-square test. 
To compare the means among gender with age, weight, 

height, AC for men and women, WHtR, BMI and frailty, 
we used the Student t test prior to the normal test.

For the multinomial logistic regression analysis, we 
used as outcomes the EFS categories of “vulnerable” 
and “frail” with reference to “not frail” category. 
Demographic variables included in the analysis were age 
(in years), gender and marital status. Anthropometric 
measurements analyzed were weight (in kilograms), 
WHtR, AC and BMI with a 95% Confidence Interval (CI). 
For all analyses, results were considered significant when 
p ≤ 0.05.

Results

There was a predominance of females and subjects 
with a partner; the mean age was 72.98 (SD=8.16) years, 
weight 68.56 (SD=14.41), AC 97.47 (SD=13.05), BMI 
(26.94 (SD=5.00), WHtR 0.60 (SD=0.08) and frailty 5.77 
(SD=3.04). There was statistical significance between sex 
and weight, AC and WHtR (Table 1).

We identified that 89 (37.9%) of the 235 subjects were 
found to be frail, 57 (24.2%) vulnerable and 89 (37.9%) not 
frail.

According to analysis, the mean weight for subjects 
found not frail was 70.57 (SD = 14.50), vulnerable 70.23 
(SD = 12.82) and frail 65.48 (SD = 14.90) with p = 0.03. It 
was found that the mean AC for not frail was 97.94 (SD 
= 12.81), vulnerable 97.42 (SD = 12.64) and frail 97.04 (SD 
= 13.66). For WHtR it was estimated that the mean for 
the not frail was 0.60 (SD = 0.09), vulnerable 0.60 (SD = 

0.07), frail 0.61 (SD-0.08). The mean BMI for the not frail 
is 27.27 (SD = 4.67), vulnerable 27.00 (SD = 4.70) and frail 
26.57 (SD = 5.50). For the three measurements, we did not 
observe any statistically significant difference.

It was found that age was related to the EFS categories 
(p <0.001) and it increases with age being more evident 
in the vulnerable and frail categories. However, the most 
prevalent BMI was in the categories of ≤ 22 and ≥ 27 kg/
m2 and association between the frail elderly (p = 0.045) 
(Table 2)

Using the model of multinomial logistic regression, 
we identified a strong association between age and the 
likelihood of the subject being frail and/or vulnerable: 
the greater the age, the greater the risk of being frail (OR 
1.177, 95% CI 1.117 - 1.240, p <0.001) and vulnerable (OR 
1.090, 95% CI 1.035 to 1.148; p = 0.001).

It was found that subjects with a WHtR ≥ 0.50 had 
2.752 (95% CI 1.490 to 7.452; p = 0.045) greater risk of 
being frail when compared to subjects with a WHtR 
<0.50. In addition, those with a BMI ≥ 27 had 3.184 (95% 
CI 1.860 to 11.794, p = 0.033) greater risk of being frail 
compared to those with a BMI between 22.1 and 26.9 kg/
m2. (Table 3).

Discussion

The study shows that a third of the elderly participants 
were considered frail and there was an association 
between age and the categories of EFS called vulnerable 
and frail. In addition, there was an association between 
WHtR ≥ 0.50 and BMI ≥ 27 km/m2 with the frailty 
category.

Table 3
Multinomial logistic regression model of the Edmonton Frail Scale categories adjusted for age, gender, marital status, 

and anthropometric measures. Ribeirão Preto, SP, 2012 

Frail Vulnerable

Variables Β OR (95% CI) p-value Β OR (95% CI) p-value

Demographic profile
   Age 0.163 1.177 (1.117 – 1.240) <0.001 0.086 1.090 (1.035 – 1.148) 0.001
   Male (vs female) 0.298 1.347 (0.520 – 3.489) 0.540 -0.104 0.901 (0.351 – 2.310) 0.901
   Marital status (vs with partner)
      Without partner 0.131 1.140 (0.539 – 2.412) 0.731 0.055 1.057 (0.488 – 2.290) 0.888
Anthropometric measures
   Weight -0.012 0.988 (0.947 – 1.030) 0.571 0.002 1.002 (0.960 – 1.047) 0.910
   WHtR ≥ 0.50 (vs <0.50) 1.012 2.752 (1.490 – 7.452) 0.045 -0.911 0.402 (0.063 – 2.563) 0.402
   AC inadequate (vs adequate) -0.185 0.831 (0.254 – 2.715) 0.759 0.427 1.532 (0.424 – 5.541) 0.515
   BMI (vs 22.1 – 26.9 - Healthy 
weight)
      BMI ≤ 22 – low weight 0.667 1.948 (0.700 – 5.419) 0.201 -0.023 0.977 (0.345 – 2.764) 0.965
      BMI ≥ 27 – overweight 1.158 3.184 (1.860 – 11.794) 0.033 -0.288 0.750 (0.158 – 3.555) 0.717
Note: WHtR = Waist/height ratio; BMI = Body Mass Index; OR = Odds Ratio; IC = Interval Confidence; p ≤ 0.0 
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The EFS evaluation found that a portion of participants 
were considered frail, consisting predominantly of female 
participants. A study conducted in Australia with 82 
elderly participants found that 48.9% were considered 
frail (13). In Ecuador, a study conducted on 311 elderly 
participants living in the community showed that 31.2% 
were frail (14), in Brazil a study of 128 elderly participants 
evaluated in a unit of the Family Health Strategy found 
that 30.1% were frail (15) and in all the studies presented, 
frailty was measured by the EFS and a predominance in 
females was observed.

The predominance of frailty in females occurs because 
of the longer life expectancy of this population (16) - 
the aging process causes reduced muscle mass due to 
decreased hormone levels (17) - as well as the long-
lasting implications of life-long situations, such as 
the performance of domestic activities and restricted 
economic and social independence (6,15), which have an 
impact on quality of life.

It was found that the oldest band (> 80 years) were 
considered frail, a trend that was also observed in 
different national and international studies (6,15,18). 
A systematic review has shown that with increasing 
age there is a greater proportion of the number of older 
people with pre-frail and frail conditions, the authors 
suggesting that this is a progressive condition at this stage 
of life becoming significant after 80 years of age (19). This 
condition may be related to cumulative oxidative cellular 
stress and modulated by endogenous and exogenous 
agents leading to damaged deoxyribonucleic acid (DNA) 
during the aging process (20). 

Among the sociodemographic variables of the study, 
there was a higher proportion of frail participants without 
a partner, a trend supported by different authors (18). 
This may be due to the lack of a companion with whom 
to share day-to-day life, making the most vulnerable more 
likely to develop this syndrome.

Regarding the anthropometric measurements, it 
was observed that the mean BMI was lower in those 
considered frail; similar results were found in a study of 
3,075 elderly Brazilians, for which the mean BMI of frail 
participants was 26.80 kg/m2 (6). On the other hand, a 
study showed that elderly patients with a BMI of > 30 
kg/m2 are more likely to be frail compared to not frail 
participants (21).

During the aging process, physiological changes occur 
that contribute to an increase in body weight, in females 
due to the onset of menopause and in males due to a 
lack of physical activity leading to inactivity (22). Beyond 
these factors, changes may be related to the activation 
of inflammatory processes triggering systemic changes, 
which influence the onset of frailty syndrome in the 
elderly (17).

The mean AC was similar for those considered frail, 
vulnerable and not frail. Different data were identified in 
the Brazilian study of 77 elderly wherein the frail showed 
greater AC compared to pre-frail and not frail (23).

Abdominal fat accumulation is associated with 

increased risk of cardiovascular disease (24) as well as 
the inflammatory process that releases proinflammatory 
oxytocin with less insulin resistance, which is linked 
to frailty syndrome, which reduces muscle fiber and 
muscular strength (6).

The mean WHtR was slightly higher in frail 
individuals, but it was found that individuals considered 
not frail had a WHtR higher than 0.50. A study of 867 
elderly people found that 81.4% had inadequate WHtR, 
and an association with diseases such as diabetes mellitus 
and hypertension (24).

As regards BMI,  a  lower mean and higher 
predominance of frail elderly was observed. Similar 
results were found in a Brazilian study in which 
researchers found a lower mean (26.80 km/m2) and 
a higher percentage (24.91%) in elderly participants 
categorized as frail compared to not frail (6).

In an Iranian study of participants between 15 and 74 
years, the authors found that WHtR was higher than 0.50 
in both genders, especially in people aged over 50 years, 
0.56 for males and 0.60 for females. In addition, the WHtR 
score increased according to the different categories 
of BMI, and was higher among those categorized as 
overweight and obese (25).

WHtR is a parameter that serves as cardiovascular and 
metabolic risk indicator, which can be used in different 
age groups, whilst BMI has the capability of identifying 
the association of metabolic risk with regard to designing 
effective strategies for the prevention and treatment of 
weight gain and obesity (12).

We point out as a limitation of the study that, due to 
its cross-sectional design, it is not possible to identify a 
causal relationship between the frailty variable and the 
demographic variables and anthropometric measures. 
On the other hand, the cut-off point used in the analysis 
of WHtR is not specific to the elderly and relates to the 
general population.

Conclusion

From the results and associations observed in the 
study, one can point out that frailty is a feature of old age 
and that it is dependent on internal factors and lifestyle 
that can have an impact on quality of life.

This association is reinforced in the data of this study, 
in which age was associated with the EFS category of 
vulnerable and frail. In addition, it was observed that a 
WHtR ≥ 0.50 and a BMI ≥ 27 km/m2 was associated with 
the frailty category.

Other studies on the elderly have suggested adjusting 
the WHtR cut-off point as an indicator to help health 
professionals prevent cardio-metabolic diseases in this 
age group.
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