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ABSTRACT 
Silva EP, Amorim JCM, Dias-Filho CAA, Castro, MR, Mendes TT, 
Costa HA, Ferreira AC, Brito-Monzani JO, Ribeiro RM, Mostarda 
CT, Dias CJ. Cardiac Autonomic Modulation and Physical Exercise 
in Elderly Women with Low Level Cognitive Function. JEPonline 
2019;22(3):1-11. This study evaluated the cardiac autonomic 
modulation after 3 months of exercise in 10 elderly women with low 
level cognitive function. The subjects were evaluated before and 
after the 18 wks of physical exercise. The anthropometric and 
clinical variables showed a significant difference in the body fat 
(P=0.030), heart rate (P=0.032), and double product (P=0.013). 
Regarding the variable cognition can be seen that the elderly 
showed low level cognitive function both pre-exercise and post-
exercise. Physical exercise improved the subjects’ cardiac 
autonomic modulation with an increase in the parasympathetic 
nervous system and a decrease in the sympathetic nervous system. 
Thus, heart rate was decreased along with double product and body 
fat. Also, functional capacity was increased in the elderly women 
with low cognitive function. 
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INTRODUCTION 
The growth of the elderly population is a worldwide phenomenon. In Brazil, the increase in 
the elderly is occurring at an accelerated rate (31). The World Health Organization (WHO) 
states that in 2025 Brazil will move from 10th to the 6th country with the highest number of 
elderly people in the world. According to the data from the Brazilian Institute of Geography 
and Statistics (15), this population of adults will reach 26.7% in 2060, due to low mortality and 
birth rates.   
 
Aging is a complex and natural phenomenon that affects all humans. It is characterized as a 
dynamic, progressive, and irreversible process related to biological, psychic, and social 
factors (19). The biological changes are related to the loss of muscle mass and strength, 
decrease in heart rate, and failure of homeostatic mechanisms. These changes have an 
impact on the onset of chronic degenerative diseases, fragilities, dependence, and autonomy 
in old age, which are often associated with a decrease in cognition. However, in the active 
elderly adults this effect is attenuated (23). 
 
Cognitive functions are negatively affected with aging. The decline begins to occur from the 
third decade of life, where there is a gradual loss of neurons that may affect the development 
of some intellectual functions (2). The decrease in cognitive performance occurs due to 
changes in the neurodegenerative process in the central nervous system (CNS), which 
results in difficulties in memory, language, and behavioral changes that influence the 
autonomic nervous system (ANS). The ANS is an important neuromodulator of the 
cardiovascular and metabolic systems, allowing the central nervous system to maintain 
homeostasis against acute and chronic changes in physiological and pathological states (21). 
 
The measurement of heart rate variability (HRV) is used to evaluate the influence of the ANS. 
It is a noninvasive method used to evaluate the modulation of the ANS components, such as 
the sympathetic nervous system and the parasympathetic nervous system (29). Thus, the 
central nervous system and the ANS are related to structures in the aging process and the 
decrease in cognitive performance. In this regard, da Costa Dias et al. (2013) evaluated the 
autonomic function of individuals with cognitive deficit in the Brazilian population. They 
reported a decrease in the influence of the parasympathetic nervous system and an 
exacerbation relative to sympathetic nervous system in individuals with a cognitive deficit (8). 
Thus, it appears that the regular practice of physical exercises can help to provide a positive 
effect on cerebral function and cognitive performance in the elderly population, which 
appears to contribute also to the cardiac autonomic control (11).  
 
The purpose of the present study was to evaluate the cardiac autonomic modulation after 3 
months of physical exercise in elderly women with a low level of cognitive function. 
 
METHODS 
Population and Sample 
The sample consisted of 10 elderly women with an age of 60 yrs or older, who were also 
participants of the Extension Project "MovimentAção". This aim of the project is to encourage 
the practice of physical exercises for maintenance of an active and healthy lifestyle in the 
elderly population of the city of Pinheiro-MA. 
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Ethical Aspects 
This study was approved by the Research Ethics Committee of the Federal University of 
Maranhão under the code (61856516.5.0000.5087). All subjects signed an Informed Consent 
Term (TCLE). 

 
Inclusion Criteria 
Elderly adults with an age of 60 yrs or older with controlled hypertension and who were 
participants of the extension project, "MovimentAção" in the municipality of Pinheiro-Ma were 
considered as subjects for this study. Also, it was important that the elderly women presented 
a low-level cognitive function according to the Mental State Examination Questionnaire 
(MMSE) and had the ability to perform all the proposed tests. 
 
Exclusion Criteria 
Any potential subjects with acute respiratory disease, rheumatic diseases, acute myocardial 
infarction 3 months prior to the study, and failure to perform all the proposed tests were 
excluded.  
 
Study Design 
The subjects were verbally informed about all data collection procedures of the study, as well 
as the purpose in doing so. All the evaluations (i.e., anamnesis, anthropometric evaluation, 
questionnaire application, heart rate variability, and 6-min walk test) were performed at the 
beginning of the interventions through physical exercises and after 18 wks. 
 
Anamnesis and Anthropometric Evaluation 
The anamnesis (i.e., the recollection or remembrance of the past) was performed through the 
collection of personal data, medical history, eating habits, and the practice of physical 
exercises. During the anthropometric evaluation, the subjects’ weight was measured using a 
digital scale with the subject positioned barefoot in the center of the scale that was previously 
zeroed. The subjects’ height and waist circumference (WC) were measured using a Travan-
TR4013 while instructed to remain in the orthostatic position with the face turned forward. 
The upper limbs were positioned alongside the body with the hands and fingers in the supine 
position (facing forward) and pointed downwards, respectively. The WC was obtained 
between the iliac crest and the lateral costal border (midpoint between the hip and the last 
rib). Body mass index (BMI) was determined using the formula: weight (kg) / height (m2) (7). 
In order to verify fat percentage, 7 cutaneous folds (subscapular, mid-axillary, triceps, thigh, 
supra-iliac, abdomen, and pectoral) were collected using the protocol proposed by Pollock et 
al. (1993). For these measurements, a plicometer (Sanny) was used. 

 
Questionnaire  
The cognitive level of the elderly subjects was determined by using the questionnaire Mini- 
Mental State Examination (MMSE) that consists of 30 questions grouped into categories that 
evaluate the following specific cognitive functions: orientation, attention, memory, language, 
and motor activity. The scores vary from 0 to 30 points and some cut-off points are 
established according to the one proposed by Brucki et al. (2003) in which the cut-off points 
varied according to the person's years of study (i.e., 20 points for illiterate, 25 for 1 to 4 yrs of 
schooling, 26 for 5 to 8 yrs, 28 for 9 to 11 yrs, and 29 for individuals with higher education).  
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Heart Rate Variability (HRV) 
A 12-lead electrocardiogram of the Win Cardio 6.1.1 was used to measure heart rate 
variability (HRV). The subjects were placed in the supine position for 10 min at rest, with 
spontaneous and normal respiratory rate (between 9 and 22 cycles∙min-1). The analysis was 
made through the following indices: (a) Time Domain: RR (the mean of RR intervals), SDNN 
(RR interval standard deviation), and RMSSD (square root of the mean to squares of the 
differences between the adjacent RR intervals) were obtained using the Kubios HRV 
software, version 2.0 (Kubios, Finland); and (b) Frequency Domain: The Fast Fourier 
transform (FFT) was used, which measures the low frequency (LF) band, high frequency 
(HF) band (absolute values of power (ms²) and standard units (nu)), very low frequency (VLF) 
representing the sympathetic and vagal modulations, respectively, and the LF/HF ratio (14). 
The analysis of the HRV in the time domain expresses the results in unit time (milliseconds), 
measuring each normal RR interval (sinus beats) during a certain time interval, and thus 
based on statistical methods were calculated the translator indices of fluctuations in the 
duration of cardiac cycles (30). 
 
Six-Minute Walk Test 
The 6-min walk test (6-MWT) was used to analyze functional capacity. The test was 
performed in the following way: two duly trained evaluators instructed the elderly subjects to 
walk the longest possible distance on a flat track, rectangular, and signalized for 6 min (9). In 
the 6-MWT, the instruction is to walk as fast as possible with the participant determining the 
walking speed (5). The elderly subjects were instructed to discontinue the test if they 
experienced lower limb pain, tachycardia, and/or any other symptom of discomfort. 
 
Before starting the test, the elderly subjects remained in the resting position for a period of 10 
min before the measurement of blood pressure was determined by the auscultatory method 
(hand stethoscope and sphygmomanometer Premium brand), heart rate was determined by 
using a heart rate meter (Polar H-10), and perception of effort was determined by the Borg 
scale scores. After performing the 6-MWT, the elderly subjects stopped the test and then 
blood pressure, heart rate, and the effort perception scale were determined. Subsequently, to 
determine the subjects’ distance walked, a tape measure was used. 

 
Protocol of Physical Exercises 
The intervention protocol was initiated with the purpose of promoting health and physical 
exercise in the elderly subjects. The protocol was organized in accordance with the 
recommendations of the World Health Organization (22) and the paper by Kraemer et al. (18) 
with respect to the American College of Sports Medicine (ACSM). The WHO suggests that 
physical exercise should be at least 150 min of moderate-intensity exercise or 75 min of 
vigorous intensity per week. ACSM and WHO recommend that the resisted exercises for the 
elderly population should include large muscle groups, ranging from 8 to 10 exercises. So, 
the intervention program was contemplated as follows. Aerobic and resistance exercises 
were performed with a focus on resistance training and muscular strength, flexibility, agility, 
balance, and motor coordination. Low-cost equipment such as disposable plastic bottles filled 
with water to facilitate load measurement, ropes, cones, broomsticks, rubber bands, rubber 
balls, bows, and mats were also used. 
 
The exercise sessions included: (a) the Initial Moment: consisted of monitoring blood 
pressure with joint preheating and dynamics in group (15 min); (b) the Conditioning 
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Moment: consisted of aerobic exercises (dance and guided walking), cognitive exercises 
(perceptive games), and resistance exercise (resistance and muscular strength, flexibility, 
agility, balance, coordination, and postural reorganization) (40 min); and (c) the Cooling 
Moment: consisted of relaxation and stretching exercises (5 min). Evaluations were made at 
the beginning of the physical exercise interventions and after 18 wks of training. Three 
weekly sessions with duration of 60 min each were performed by the subjects. 
 
Statistical Analysis 

BioEstat 5.0 software was used to analyze the data. To compare the initial and final values, 
normality test of Shapiro-Wilk followed by Student's paired t-test was performed. The data are 
presented as mean ± standard deviation. An alpha level of P<0.05 was considered 
statistically significant. 
 
RESULTS 

Table 1 presents the values of the anthropometric and clinical variables in the 10 elderly 
subjects with a mean age of 70.2 ± 7.33 yrs, where 5 subjects were diagnosed with arterial 
hypertension. However, their blood pressure was controlled by use of medication. With 
regards to the subjects’ cognitive level, it can be observed that the elderly women presented 
a low level of cognitive function in both the pre-exercise and the post-exercise conditions. 
 
Table 1.  Anthropometric and Clinical Variables of Elder Women Subjects. 
    

    Pre–Exercise 
   (n = 10) 

  Post–Exercise 
  (n = 10) 

P 

 

Weight (Kg)   61.02 ± 12.18  60.47 ± 11.40                   0.378 
BMI (kg∙m-²) 26.50 ± 4.91 27.35 ± 4.97 0.125 
Height (cm)  151.7 ± 4.67 151.7 ± 4.67 1.000 

Body Fat (%)           19.146 ± 8.20            16.697 ± 6.61   0.030* 
WC (cm)    84.85 ± 11.01          83 ± 11.47  0.178 
SBP (mmHg)             127.5 ± 7.07  116.25 ± 11.88  0.051 
DBP (mmHg)         76 ± 13.50       79 ± 5.68  0.217 

HR (beats∙min-1)    77.25 ± 10.10            72.429 ± 5.41   0.032* 
DP (mmHg∙ beats∙min-1)           9.7438 ± 1.39 8.6486 ± 0.88   0.013* 
Scholarly Level         7 ± 4.55          7 ± 4.55  1.000 

Cognition             22.62 ± 2.39   22.25 ± 2.82  0.399 

BMI = Body Mass Index; SBP = Systolic Blood Pressure; DBP = Diastolic Blood Pressure; HR = Heart Rate;  
DP = Double Product; WC = Waist Circumference; * = P<0.05 
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There were no statistical differences (P>0.05) in the subjects’ weight, body mass index (BMI), 
height, waist circumference (WC), diastolic blood pressure (DBP), and systolic blood 
pressure (SBP). However, there were statistical differences (P<0.05) in body fat, heart rate 
(HR), and double after the training protocol. 
 
Given the distance covered from pre- and post-physical exercises, the data shows an 
improvement in functional capacity of the elderly subjects. Table 2 shows the results of the 6-
min walk test. 
 
Table 2.  Six-Minute Walk Test of the Elderly Subjects. 
    Pre – Exercise 

    (n = 10) 
   Post – Exercise 

  (n = 10) 
P 

 
Distance Covered (m) 

 
354.67 ± 44.88 

 
 

 
408.28 ± 50.84 

 

 
0.003* 

* = P<0.05 
 
The indices of heart rate variability are presented in Table 3 through the time domain and 
frequency domain variables. In the time domain, the variable RMSSD showed statistical 
difference. Variables in the frequency domain showed significant reductions in low-frequency 
component (LFnu) and a significant increase in the high-frequency component (HFnu). 
 
Table 3. Heart Rate Variability (HRV) of the Elderly Subjects. 
  Pre – Exercise 

 (n = 10) 
Post – Exercise 

  (n = 10) 
P 

Time Domain    
RR (ms) 
SDNN (ms) 
RMSSD (ms) 

 

  898.94 ± 116.23 
  28.93 ± 16.13 

17.23 ± 6.18 

 

 889.68 ± 140.30 
24.83 ± 9.40 
22.56 ± 2.70 

 

0.435 
0.205 

  0.049* 

 
Frequency Domain   
VLF (ms²) 
LF (ms²) 
HF (ms²) 
LF (nu) 
HF (nu) 
LF/HF 

 

 350.67 ± 412.16 
 403.48 ± 775.44 

         140.18 ± 84.11 
48.48 ± 23.36 
41.80 ± 19.70 

2.44 ± 3.57 

 

 222.15 ± 173.80 
 87.82 ± 68.51 
130.92 ± 39.53 
 31.31 ± 12.98 
 54.80 ± 16.50 

 0.67 ± 0.40 

 

0.195 
0.117 
0.341 

  0.031* 
  0.045* 
 0.078 

 
RR = Heart Beats Interval; SDNN = Standard Deviation of RR Intervals; RMSSD = Square Root of Squared 
Mean of the Differences between Adjacent RR Interval; VLF = Very Low Frequency band; LF (ms²) = Low 
Frequency Band in Absolute Power Values; HF (ms²) = High Frequency Band in Absolute Power Values; LF 
(nu) = Low Frequency Band in Normalized Units; HF (ns) = High Frequency Band in Normalized Units; LF/HF = 
Sympathovagal Balance; * = P<0.05 
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The cardiac autonomic modulation showed an improvement represented by the index 
RMSSD in time domain that presents parasympathetic predominance. There was also an 
increase in the frequency domain represented by the high-frequency band in normalized units 
(HFnu) that presents parasympathetic predominance and a reduction of the low-frequency 
band (LFnu) that presents sympathetic predominance. 
 
DISCUSSION 

This study evaluated the cardiac autonomic modulation in elderly women with a low cognitive 
function before and after a 3-month physical exercise program. The main finding of this study 
was the increase of vagal modulation (as demonstrated in the values of RMSSD that 
presents parasympathetic predominance) high-frequency band in units normalized (HFnu) 
with parasympathetic predominance, and a decrease in the value of low-frequency band in 
normalized units (LFnu) with sympathetic predominance. Also, there was an improvement in 
cardiovascular efficiency as demonstrated with the decrease in heart rate and double 
product. Overall, the decrease in body fat helped to increase the subjects’ functional capacity. 
  
The present study found similar results to the research by Buchheit et al. (6) who reported 
that the elderly people practitioners of a regular physical exercise program presented higher 
HRV indexes and mainly of vagal indices. Similarly, Albinet et al. (1) evaluated heart rate 
variability and cognitive function in elderly subjects during 12 wks of aerobic training and 
stretching. They verified improvement in the vagal parameter of HRV, thus showing the role 
of aerobic exercise as a positive influence on important cardiac and cerebral factors. 
 
Conversely, Forte et al. (16) analyzed that effects of 16 wks of a dynamic resistance training 
program on elderly women. They reported that the training protocol did not present 
modifications in the parameters of cardiac autonomic modulation evaluated in the time and 
frequency domains(16,17). It is possible that the negative findings on HRV occurred due to 
the low stimulation of physical training. Thus, if the low stimulation hindered modifications in 
the heart autonomic control, it would confirm that HRV changes during exercise and recovery 
post-exercise occur according to the intensity and physiological impact of the exercise (24). 
 
Seals and Dinenno (26) and Tapanainen et al. (27) indicate that the reduction in heart rate 
variability is related to autonomic dysfunction and risk in the clinical development of 
cardiovascular and metabolic diseases in middle-aged adults and elderly (26,27). Hence, the 
findings in the present study corroborate with the literature observing that regular practice of 
physical exercises promotes greater regulation and delay of the aging process, increases 
functional capacity, and stimulates the parasympathetic nervous system through muscarinic 
receptors (13).  
 
In this sense, de Vilhena and Junqueira (12) show that the main neurotransmitter responsible 
by the cognitive functions and nervous transmission of the parasympathetic branch after 
exercise is acetylcholine. Thus, physiological changes can improve both the cardiovascular 
and cerebral systems, although the mechanisms that assess cognition and physical exercise 
are not well established in the literature (20).  
 
Thus, the present study shows that 18 wks of physical training was sufficient to reduce body 
fat rates in elderly women with a low cognitive level, which is consistent with the findings by 
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Sanal et al. (25). They concluded that physical exercises improved the physical and 
metabolic health of subjects in any age group. Therefore, the body fat percentage reduction 
influences the peripheral vascular resistance reduction, facilitating a better venous return, 
which is also associated with a decrease in the sympathetic nervous system stimulation. 
 
Another important finding in the present study is the decrease in heart rate and double 
product, which supports the study performed by Terra et al. (28) who observed a decrease in 
heart rate and double product in physically active elderly. It is important to mention that these 
findings occurred due to the vagal stimulation on the sinoatrial rhythm that induced an 
increase in the RR intervals and a decrease in the contraction force of cardiac muscle. Also, 
the decrease in the subjects’ double product demonstrates a lower cardiovascular risk (28). 
These results argue that physical training is an important non-pharmacological treatment that 
plays an important function in the improvement of sympathetic balance and plasma levels of 
catecholamines (3,4).  
 
CONCLUSIONS 

The physical exercise improved the cardiac autonomic modulation with an increase in the 
parasympathetic autonomic nervous system and a decrease in the sympathetic autonomic 
nervous system. Thus, there was a decrease the heart rate, body fat, and double product, 
which is consistent with the results of the 6-min walk test that indicated an increase in 
functional capacity in the elderly women with a low level of cognitive function.  
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