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ABSTRACT

Background: Generally, in the aging process, there is degradation of autonomic nervous control mechanisms, compromising the regulation of heart rate, which
contributes to increased frailty and the risk of falls. This process is defined as a geriatric syndrome that leads to impairment of physiological systems and
homeostatic imbalance. Objective: To correlate heart rate variability (HRV), frailty parameters, and the risk of falls in elderly people from a community center.
Methods: This research will involve active seniors and participants from the Centro de Convivéncias de Praia Grande, Sdo Paulo, Brazil. Clinical, demographic, and
anthropometric data, psychological variables, and physical conditions will be collected through the International Physical Activity Questionnaire (IPAQ) and the risk
of falls test. The heart rate R-R intervals will be analyzed using the H10 polar frequency meter and the HRV application, and transferred to the Kubios software for
further analysis.Results: Two hundred and fourteen participants are involved in this study, 181 (84.6%) of whom are female, 137 (64.0%) are white, with a mean
age of 70.27 + 7.07 years, a weight of 68.37 + 11.15 kg, and a body mass index of 27.04 + 4.04 kg/m2. Conclusion: A positive correlation is expected through the
stratified analysis of frailty indices, risk of falls, and HRV, suggesting that the lower the HRV, the greater the risk of falls and the greater frailty in the elderly.
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BACKGROUND

The pace of aging in the world's population has individual's ability to respond adequately to internal
increased significantly compared to the past, and external stressors® 7).

considering that people are living longer. In 2020, it was
observed that the number of people aged 60 years and
over was higher than that of children under 5 years old.
It is estimated that by 2030, one in six people will be 60
years or older, increasing from 1 billion in 2020 to 1.4
billion. By 2050, this number of elderly people will be
2.1 billion, of which 80% will live in low- and middle-
income countries. These global demographic changes
bring with them a series of challenges in the face of
population aging, especially regarding health care!?.

As people age, they are more likely to
experience numerous adverse health conditions at the
same time, a process that is irreversible and inexorable
for the entire human population'* 3. The morphological,
physiological, biochemical, and psychological changes
lead to a reduction in the individual's ability to adapt to
the environment* %),

A healthy functioning of the human body
requires the integration of a complex network of
physiological systems, such as the nervous, endocrine,
respiratory, cardiovascular, metabolic, and immune
systems, which allow the body to maintain homeostasis
in the face of intrinsic and extrinsic stressors. The
impairment of the aging process on homeostatic
regulatory mechanisms implies a reduction in the
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As individuals age, it is important to understand
the adaptation of the autonomic nervous system (ANS)
to meet the changing demands of the human body. The
ANS plays an important role in maintaining homeostasis
in almost all physiological functions”. The impairment
of the ANS due to cardiovascular changes, such as
increased blood pressure, dysfunction in heart rate
regulation, and accelerated frailty, is noteworthy!®7:%-
3 Frailty, described as a geriatric weakness syndrome,
is characterized by reduced muscle strength, low levels
of physical activity, and reduced walking speed, which
consequently compromise functional capacity*®®. As
homeostatic control mechanisms deteriorate, including
the ANS, functional capacity exceeds the "frailty
threshold" resulting in increased vulnerability to
injuries, diseases, and ultimately, death. For this reason,
older adults belonging to higher age groups and with
lower levels of physical activity have a higher risk of
falls%-23),

However, the scientific literature is scarce in
studies that investigated the behavior of autonomic
nervous activity through VFC analysis, associating it
with the frailty index (FI) and the risk of falls
simultaneously in the elderly. In this scenario, this study
aims to correlate VFC, frailty parameters, and the risk of
falls in elderly individuals from a community center.
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METHODS
Study design

The protocol of this study follows the
recommendations of the SPIRIT - Standard Protocol
Items: Recommendations for Interventional Trials?¥.
This is an observational, cross-sectional study that will
correlate HRV with frailty and fall risk, according to the
recommendations of the STROBE - Strengthening the
Reporting of Observational studies in Epidemiology®
as shown in Figure 1.
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Ethical aspects

This research was approved by the Research
Ethics Committee of the Evangelical University of Goids
- UniEVANGELICA, under the opinion number
5.369.136. In order to participate in the study, all
participants will be informed about the procedures and
invited to sign the Informed Consent Form.
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Figure 1. Study flowchart according to the Strengthening the Reporting of Observational studies in Epidemiology -

STROBE.

Sample and participant

Selection Individuals aged 60 years or older
who participate in activities at the Boqueirdo de Praia
Grande Center for Social Interaction, in Sdo Paulo,
Brazil, where data collection will take place, will be
invited to participate in the study. The sample size was
calculated based on the variance observed in a
previous study by Giacomini et al. (2020)?,
considering a power of 90% and an alpha error of 0.05.
Considering a possible loss of follow-up, 20% was
added to the previous number of participants, resulting
in a total of 208 participants.

According to the exclusion criteria, subjects
with skeletal and/or joint limitations that prevent them
from performing the walking test and those who use
medication or drugs that influence autonomic nervous
activity will not be included in the study. The score
obtained in the Mini-Mental State Examination (MMSE)
will also be used as a criterion for participation in the
study, based on self-reported physical and mental
health, functional performance, and subjective well-
being. The following cut-off scores will be observed for
participant exclusion: 17 points for illiterate
participants, 22 points for those with 1-4 years of
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schooling, 24 points for those with 5-8 years of
schooling, and 26 points for those with 9 years of
schooling?® 27,

Outcomes and Measures
Anthropometric measures

After signing the informed consent form,
participant assessment will begin on the same day.
Initially, individuals will undergo an anthropometric
evaluation, which involves obtaining weight and height
measurements for the subsequent calculation of body
mass index (BMI), as well as for normalization of the
measures needed to estimate the frailty phenotype.
Weight and height variables will be verified using a
Ramuza DP 200kg/50g anthropometric scale (RAMUSA
Ltda, Sdo Paulo, Brazil).

Height will be measured during inspiration and
in an upright position, with the participant barefoot,
ankles together, scapulae and head against the wall,
and the head positioned according to the Frankfurt
plane. Weight will be measured with participants
wearing light clothing. BMI will be calculated using
weight (kg) and height (m-2)@8),
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Frailty phenotype

The elderly subjects involved in this study will
be classified according to the frailty phenotype
according to the criteria proposed by Fried et al. in
200, The Measurement Criteria - Phenotype of
Frailty is a screening test for frail individuals, evaluating
the elderly in five items. Involuntary weight loss is
observed - assessed by loss of 4.5 kg or more in the last
year or at least 5% of body weight); Self-report of
exhaustion (fatigue) — measured by the Center for
Epidemiologic Studies-Depression Depression Scale®”
31: Weakness or reduced muscle strength of the upper
limbs — assessed by the pressure generated by the
palmar grip muscles of the dominant upper limb,
measured by a dynamometer adjusted for gender and
BMI®2); Decreased speed when walking — decrease in
walking speed verified by the time taken to walk a
space of 4 measured meters, adjusted for gender and
height; The low level of physical activity — measured by
the International Physical Activity Questionnaire
(IPAQ), an instrument validated in Brazil,
recommended for national studies of prevalence an
possibilities of international comparison. The indices
will be calculated considering the minutes per week,
30' on most days of the week, adding at least 150' per
week of moderate activity, and for vigorous at least 3
sessions of 20' per week seconds?* 33, After evaluating
these five aspects, the elderly will be classified as frail -
if three, four, or five items are present; Pre-frail - if one
or two items were present and non-frail if no criteria
were present(?®),

Risk of falling

The estimate of the risk of falling will be
obtained by a questionnaire with 21 items addressing
stumbling, ability to climb stairs, decrease in walking
speed, ability to cross the road during the green light,
ability to walk 1 km continuously, ability to stand on
just one leg for 5 seconds, use of a cane, ability to
wring a bath towel, presence of dizziness, stooped
back, knee pain, vision and/or hearing changes,
memory lapses, anxiety related to falls, use the diary of
more than five prescribed medications, presence of
obstacles at home, presence of barriers on the floor,
daily use of stairs at home, if there are steep paths
close to the house. Each item will receive a score of 1
(presence of risk) or 0 (absence of risk) and the sum of
all items will range from 0 (low risk of falling) to 21
(high risk of falling). The cutoff points for stratification

The HRV analysis through the time domain will
be performed using the fast Fourier transform (FFT). All
HRV analyzes will be performed using Kubios HRV

Arantes FS et al.

into low-risk (<10 points) and high-risk (= 10 points)
falls will be adopted for comparison purposes, as
previously established®¥.

Heart Rate Variability

The HRV will be measured through the
behavior of the R-R intervals. Volunteers will be seated,
at rest for 15 minutes. After this period, the verification
of the R-R intervals will be carried out with the Polar
H10 sensor (Polar Electro Brasil Comércio, Distribuicao
e Exportagdo Ltda, Embu das Artes, Sdo Paulo, Brazil),
chest strap type and with the Elite HRV application
(Gloucester, MA , USA). The tape will be moistened and
placed in the anterior region of the chest, in the lower
part of the sternum and the cell phone placed in front
of the tape, on a table.

HRV analyzes will be performed in the time
domain considering the SDNN indices (standard
deviation of all normal RR intervals recorded in a time
interval, expressed in ms), rMSSD (the square root of
the mean square of the differences between normal RR
intervals adjacent RR intervals, in a time interval,
expressed in ms) pNN50 (percentage of adjacent RR
intervals with a duration difference greater than 50ms).

The SDNN index represents sympathetic and
parasympathetic activity, but it does not allow
distinguishing when HRV changes are due to increased
sympathetic tone or withdrawal of vagal tone. The
rMSSD and pNN50 indices represent the
parasympathetic activity, as they are found from the
analysis of adjacent RR intervals®?.

For HRV analysis in the frequency domain, the
high-frequency component indices (HF) will be used,
which is an indicator of the action of the vagus nerve
on the heart, the low-frequency component (LF), which
is due to the joint action of the vagal and sympathetic
components over the heart, with a predominance of
the sympathetic and the LF/HF ratio, which reflects the
absolute and relative alterations between the
sympathetic and parasympathetic components,
characterizing the sympathovagal balance over the
heart. The triangular HRV index (a total number of all
NN intervals divided by the height of the histogram of
all NN intervals measured on a discrete scale with
intervals of 7.8125 ms in a ratio of 1/128 seconds,
which is between the geometric indices recommended
by the task force, both measures reflect the general
HRV and are more influenced by the lower frequencies
than by the higher ones®.

Standard version 3.5.0 software (Kubios
software [free version], HRV analysis, University of
Eastern Finland)®®),
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Confidentiality and privacy

The information obtained in this study will have
exclusive access to the researchers involved and will be
used only for the purposes of scientific research and
publication in scientific journals in the area. The name
of the research participants will be replaced by
numbers, and the data collected in the exams will be
restricted, without any kind of posts and/or
disclosures. All results obtained will remain stored on a
central computer, with access only by authorized
persons. The information obtained will be kept by the
responsible researchers for 5 years and after that
period incinerated.

Statistical analysis

Data normality will be tested by the
Kolmogorov-Smirnov test, asymmetry, kurtosis, and
graphic and histogram analysis. Descriptive analyses,
measures of central tendency (mean and median),
dispersion analyzes (standard deviation [SD] and
interquartile range [llIQ]) and frequency calculations
(absolute and relative) will be used. To compare the
HRV indices, the frailty assessment parameters (weight
loss, handgrip, exhaustion, walking speed, and level of
physical activity), and the risk of falls, the Mann-
Whitney U test will be used. The correlation of the HRV
indices with the variables of the handgrip, gait speed,
physical activity level, and with the risk score for the
risk of falls will be verified using Spearman's
correlation, whose effect size will be evaluated by
Cohen's d, classified as weak (0.20 to 0.30), medium
(0.40 to 0.70) and great (= 0.80)1.

The prevalence of the phenotypes of the frailty
components will be presented in percentages. To
compare the distribution of HRV indices with the frailty
syndrome, the Chi-square test will be used. Therefore,
the HRV indices will be dichotomized into low and high
variability, using the 50th percentile value (median). To
verify the associations of the HRV indices with the
frailty assessment parameters and the risk of falls, the
Generalized Linear Models (GzLM) will be used, with a
confidence interval (Cl) of 95% and an estimate of Odds
Ratio (OR), using the principle of parsimony and the
smallest value of the Akaike information criterion (AIC)
regarding its distribution, using the Gamma distribution
with link log for all tested models.All procedures will be
performed using the Statistical Package for Social
Sciences (SPSS) version 26.0 (IBM) software and the
significance level adopted will be 5%.
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PRELIMINARY RESULTS
The sociodemographic characteristics of the
individuals who were initially invited to participate in
the study are described in table 1.

Table 1. Sociodemographic Characteristics

4

Variables n=214
Gender
Female 181 (84,58%)
Male 33 (15,42)
Ethnicity
White 137 (64,02%)
Brow 55 (25,70%)
Black 17 (7,94%)
Asian 5(2,34%)
Age (years) 70,27 +7,07
Weight (kg) 68,37 + 11,15
BMI (kg/m?) 27,04 + 4,04
Marital status
Single 35 (16,36%)
Married 95 (44,39%)
Divorced 24 (11,21%)
Widower 60 (28,04%)
CONCLUSION

With this study, it is expected that through the
stratified analysis of the frailty, risk of falls and HRV
indices, comparing, correlating and individually
associating each of the autonomic modulation indices,
a positive correlation of these indices will be obtained,
suggesting that the more the lower the HRV, the
greater the risk of falls and the greater frailty in the
elderly.
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