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ABSTRACT
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Introduction: The aim of this study was to determine the association between the hip-waist ratio (WHR) and
physical performance (PP) in older adults.

Accepted: 24 Nov. 2021

Materials and Methods: A retrospective analytical design was carried out using the database of the study
“Validation of the measure of grip strength with digital dynamometry in older adults”.
Results: The participants included 84 older adults, with a mean age of 78.06 ± 8.40 years with a predominance of
female sex (60.71%; n=51). PP was evaluated with the Short Physical Performance Battery, with most of the
participants (67.86%; n=57) presenting adequate PP, and 47.62% (n=40) had a body mass index within normal
parameters. The mean WHR was 0.94 cm. ± 0.08. The WHR was altered in 78.95% (n=45) and was normal in 21.05%
(n=12) of patients with adequate PP, while in participants with altered PP, 22.22% (n=6) had a normal WHR and
77.78% (n=21) had an altered WHR.
Discussion: These results suggest that WHR and PP are not associated. However, we found a significant
relationship between WHR and PP in older women and older adults between 60 and 70 years of age.
Keywords: frail older adults, waist-hip ratio, physical functional performance

INTRODUCTION
In recent decades, the accelerated growth rate of the
elderly population (EP) has had a global impact. Currently, it is
estimated that this number will double by 2025 [1], causing a
demographic transition to aging. Nutritional disorder usually
impair the quality of life of the elderly [2] and can affect
physical performance (PP) causing frailty and disability in this
population.
Factors for adequate PP include good nutritional status
(NS), physical activity, and adequate sleep patterns [3]. A way
to assess nutritional status is with the use of anthropometric
measurements, and one of the most widely used is the body
mass index (BMI). However, in the last decades, its usefulness
to describe the distribution of body fat mass in the EP has been
questioned due to variation in its distribution during aging [4].
It was found that older patients with overweight and
obesity presented greater PP [5]. This problem has led to the
search for new alternatives such as the waist-hip ratio (WHR),
which has shown to have a strong predictive value for
metabolic syndrome being even better than BMI in the EP [6-8].
Studying the consequences of excess adipose tissue on PP
is relevant since several studies have reported that excess
weight can provide survival benefits in older adults [4]. In

addition, there is controversy regarding the ideal body weight
in the elderly. Many risk factors have already been identified
that can affect PP in the EP. However, compared to the BMI
there are few studies on the hip-waist ratio (WHR) and its
relationship with PP in this population, despite the WHR having
been identified as a significant risk factor for physical frailty [9].
The main objective of the present study was to determine the
association between the WHR and PP in older adults treated in
out-patient department of a military hospital.

METHODS
Study Population
An observational retrospective analytical study was
performed, analyzing the database of the study “Validation of
the measure of grip strength with digital dynamometry in older
adults which was performed in retired Peruvian military
personnel and relatives≥60 years treated in a military hospital
from January-December 2019. The original data collection
study included 97 subjects and the exclusion criteria were clock
test score less than 7 [10], disability according to the criteria of
[11], and the presence of congenital bone malformations,
musculoskeletal or collagen diseases that may alter the results
of muscle performance tests. The main objective of the original
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study was to correlate the measurement of muscle strength,
using different dynamometers, and the chair-stand test. For
the present study, the whole dataset of the participants in the
original study who had complete information for the main
variables were included, and those with incomplete
information were excluded: WHR and Short Physical
Performance Battery (SPPB). The final sample size consisted of
84 participants.
Measurement of the WHR was obtained by dividing the waist
circumference (measured at the level of the last floating rib), by
the maximum hip circumference in cm considering normal
values as 0.71-0.85 for women and 0.78-0.94 for men [12].
Measurement of PP was evaluated using the SPPB [13],
which consists of three tests: gait speed, measured in four
meters; the chair-stand test, measured in seconds in which the
participant must get up and sit on a chair five times in a row
without leaning, and finally balance, which was evaluated in
three positions like with the feet together, semi-tandem, and
tandem. A score of less than or equal to eight was considered
poor PP according to the European Working Group on
Sarcopenia in Older People (EWGSOP) [14].
Anthropometric measurements included weight expressed
in kg, height measured in cm using a stadiometer with the
participant standing; abdominal circumference determined at
the level of the navel; the BMI calculated by dividing the weight
in kg by the height expressed in m2; calf circumference,
obtained by measuring the perimeter of the thickest part
between the knee and the ankle of the patient in cm
considering low muscle volume as a calf circumference of less
than 31 cm according to the Mini Nutritional Assessment [15];
and lastly, muscle strength expressed in kg and evaluated
using a hydraulic dynamometer (Jamar®). A diagnosis of
sarcopenia was considered when muscle strength was less
than 27 kg in men and less than 16 kg in women as proposed by
the EWGSOP2 [16].
Data of the clinical and sociodemographic characteristics
consisted of age expressed in years; sex, marital status,
categorized as single, married, divorced, or widowed; and the
level of education, categorized according to the last period of
studies completed: primary school, high school, technical
college, university or no studies.
Statistical Analysis
The OpenEpi v3.0 program was used to calculate the
sample size of the original study, in which the difference in
muscle strength means (kg) was evaluated by two
dynamometers, one hydraulic and the other digital, assuming
a difference of 1.5 kg and 2.1 kg in males and females,
respectively. A total of 84 participants were needed for the
study with a 95% confidence interval (95% Cl), assuming a
percentage of patients with altered PP and obesity of 66% [17]
and 17% of altered SPPB in the general population [18], the
statistical power was 85.21%.
For the descriptive analysis of the sample we calculated
frequencies, percentages, means, and standard deviations for
the principal variables for the study. Additionally, we
performed a bivariate analysis using the Student’s t-test or
ANOVA for numerical variables and the Fisher test for
categorical variables. A p-value<0.05 and a 95% CI was
considered as statistically significant. The statistical analyses
were performing using STATA v15.0.

Table 1. Descriptive analysis of the study sample (N=84)
Sex
Female
Male
Age
Marital status
Single
Married
Widower
Divorced
Education
Incomplete secondary
Completed secondary
Advanced technician
University superior
Sedentary lifestyle
Absence
Presence
Comorbidity
Body mass index
Normal
Overweight
Obese
Physical performance
Suitable
Poor
Waist-hip ratio
Waist-hip ratio by sex
Female
Male
SD: Standard deviation

n

%

51
33

60.71
39.29

Mean ± SD

78.06 ± 8.40
1
61
21
1

1.19
72.62
25
1.19

3
35
21
25

3.57
41.67
25
29.76

60
24

71.43
28.57
1.37 ± 1.17

40
28
16

47.62
33.33
19.5

57
27

67.86
32.14
0.94 ± 0.08

18
66

21.43
78.57

Ethical Standards
This work was approved by the Ethics Committee of the
Scientific University of the South (code: 023-2018-PRO99). All
the information collected from the participants was registered
under strict confidentiality.

RESULTS
The present research was carried out with the data of 84
participants from the Geriatric Department of the Central
Hospital FAP. A descriptive analysis of the sociodemographic
characteristics (age, sex, marital status, and education),
comorbidities, sedentary lifestyle, and anthropometric
measures (BMI, WHR, and WHR/sex) of the study sample was
performed (Table 1). The mean age of the participants was
78.06±8.40 years, with a predominance of female sex of 60.71%
(n=51). Most of the elderly were married (72.62%; n=61) and
had a high school education (41.67%; n= 35), and only 28.57%
(n=24) presented sedentarism. In addition, a mean of 1.37±1.17
had comorbidities and the mean WHR was 0.94 cm±0.08.
According to the SPPB, 67.86% (n=57) had adequate PP, and
the BMI was within normal parameters in 47.62% of the
participants (n=40). In the bivariate analysis (Table 2), the WHR
was altered in 78.95% (n=45) and was normal in 21.05% (n=12)
of patients with adequate PP, while in participants with altered
PP, 22.22% (n=6) had a normal WHR and 77.78% (n=21) had an
altered WHR, with no association according to the known cutoff points known for sex and PP. However, when adjusting for
sex and age, the values were statistically significant only in
women and older adults between 60 and 70 years of age.
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Table 2. Bivariate analysis of physical performance, the waist-hip ratio, and covariates (N=84)
Variables
Waist-hip ratio
Normal
Altered
Mean waist-to-hip ratio (standard deviation)
In women
In men
Body mass index
Normal: <25
Overweight: >25
Obese: >30
Age
60-70
71-80
≥ 81
Sedentary lifestyle
Absence
Presence

Adequate physical performance

Altered physical performance

12 (21.05)
45 (78.95)

6 (22.22)
21 (77.78)

0.93 (0.07)
0.96 (0.05)

0.89 (0.06)
0.99 (0.12)

0.05
0.3

0.94 (0.08)
0.96(0.04)
0.94 (0.04)

0.90(0.06)
0.02(0.07)
1.05(0.10)

0.16
0.18
0.25

0.94 (0.05)
0.92(0.06)
0.97(0.06)

0.99(0.16)
0.90(0.04)
0.93(0.71)

0.41
0.23
0.12

0.94(0.71)
0.97(0.04)

0.92(0.063)
0.97(0.15)

0.28
0.81

Likewise, when adjusting for the BMI, it was found that the
higher the BMI, the worse the PP.

DISCUSSION
The main objective of the study was to determine the
association between the WHR and PP in military elderly
participants, with no statistically significant association being
found between the two variables. However, adjustment for
gender and age showed statistically significant associations.
These findings agree with the study [19] in which the WHR and
waist circumference were not associated with PP compared to
other anthropometric variables in a sample including 68.1% of
women (n=420).
Changes in NS are directly related to physical body
changes, the monitoring of which is done through the use of
anthropometric measurements [19]. The BMI is one of the
measurements most used and at the same time it is one of the
most questioned in the elderly due to the variation in the
distribution of adipose tissue which occurs with aging. An
alternative to anthropometric measurements in this
population is the WHR. In the bivariate analysis by gender, only
women who had a higher or altered WHR presented an
adequate PP, contrary to what would be expected. However,
according to the literature, subjects with high-fat masses tend
to have a greater lean mass, and this is associated with a lower
risk of incident disability [20]; nonetheless, these results are
only significant in older adult women [20, 21].
Similarly, in the bivariate analysis, women with a lower or
normal WHR had an altered PP. In a study [22] including more
than 2,000 older adult participants, it was found that only in
women, with or without comorbidities, lower anthropometric
indices were associated with higher mortality and disability.
These results could therefore be extrapolated to the present
study in which the sample was mostly female and with a mean
number of comorbidities of 1.37±1.17, which could explain the
association between a low WHR, poor PP, and female sex.
Likewise, it is known that at older ages there is a correlation
with the increase in adipose tissue; however, this only occurs
from 55 to 65 years old, especially in women [22]. Thus, the
relationship between PP and the WHR could behave as an
inverted U-curve, with both high and low WHR values being
associated with poorer PP.

p-value
0.6

The most relevant results in most studies in older adults
that report these paradoxical or controversial results are that
they tend to be found in a predominantly female population
since they tend to have different results in terms of BMI and
WHR. The reason for these different results may be correlated
with sociodemographic characteristics; for example, in
European women, abdominal obesity (measured as the WHR)
is strongly related to the BMI [23]. On the other hand, in Asian
women, both the WHR and the conicity index are independent
of the BMI [23]. These findings are complemented in a study
performed in Finland [20] in which four anthropometric
variables (BMI, waist circumference, fat mass, and percentage
of body fat) with above normal ranges were directly related to
a worse PP in both sexes.
Along the same lines, when anthropometric measures such
as calf, hip, waist circumference, or BMI are used, the amount
of muscle mass could explain the variability of the results in
participants of the same age and sex with similar
anthropometric characteristics [24]. In the National Health and
Nutrition Examination Survey database [20] a lower lean mass
was associated with a higher risk of physical disability in older
adults, which is logical since it is related to the definition of
sarcopenia. However, an inverse relationship in which a heightadjusted low lean mass showed adequate PP in adult
participants over 70 years of age [25]. These contrasting results
show the challenge of using these isolated anthropometric
measurements without assessing muscle mass.
Regarding the variable of age, a longitudinal study reported
that older adult patients with a higher percentage of body fat
showed a reduction in resistance in a 400-meter walk [26].
However, no significant associations were found among
participants aged 70 to 79 years, these results are consistent
with those of our study, in which on adjustment for age, it was
found that the higher the WHR, the worse the PP.
The present study has certain limitations. The results were
obtained from a database of a Peruvian military outpatient
hospital population, and therefore, conclusions could not be
extrapolated to other populations of older adults. However,
this sample is representative of a population of older adults
belonging to the armed forces and the findings are relevant in
the field of comprehensive geriatric evaluation concerning
functional and nutritional domains.
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In conclusion, the results of this study suggest that the WHR
and PP are not associated in this military outpatient hospital
population. However, only women who had a higher or altered
WHR and older adults between 60 and 70 years old presented
an adequate PP, contrary to what would be expected. More
longitudinal studies are needed to compare PP according to
different anthropometric measures such as sex and age, due to
the contradictory results described in the medical literature to
date.
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