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Abstract––This study examined the relationship between resting heart rate (RHRr) and anthropometric, metabolic and 
hemodynamic parameters in subjects aged 80 years and over. One hundred thirteen individuals were divided into two 
groups (RHR:<66 beats/min and ≥66 beats/min). Anthropometric parameters (weight, height, body mass index and 
waist circumference (WC) were measured. Hemodynamic parameters (systolic (SBP) and diastolic (DBP) pressure) 
were measured and pulse pressures (PP) were obtained. Metabolic parameters were fasting blood glucose, triglycerides 
and total cholesterol. In elderly aged 80 and over, RHR influenced the changes observed in DBP, PP and triglycerides. 
Additionally, subjects with RHR≥66 beats/min had higher DBP, glucose, total cholesterol and lower PP as compared 
with elderly with RHR<66 beats/min. Men demonstrated greater weight, height, and WC than women while women 
had higher percentage of body fat, trunk fat, and higher total cholesterol. Thus, subjects with 80 years old and over who 
present RHR≥66 have higher DBP and lower PP and heart rate variability compared with the elderly with RHR<66. 
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Introduction

The life expectancy of the population, especially the elderly, 
has increased. It is estimated that by 2050, one in five in-
dividuals will be elderly (Hashmi et al., 2014). Associated 
with aging, an increase in the prevalence of cardiovascular 
and cerebrovascular diseases is also found that is consid-
ered the leading cause of death in this population (Santana 
et al., 2013).

The identification of risk factors is of great importance 
regarding predictors of mortality (Benetos, Rudnichi, 

Thomas, Safar, & Guize, 1999), as well as enabling the 
implementation of intervention strategies for the preven-
tion of cardiovascular disease (Girotto, Andrade, Cabrera, 
& Ridão, 2009), and its complications (Nogueira, Ribeiro, 
& Cruz, 2009).

In this context, resting heart rate (RHR) has been widely 
used, as a non-invasive, easily applied and low cost approach, 
in studies to identify cardiovascular risk factors (Benetos, et 
al., 1999; Park, Lee, Shim, Lee, Jung, & Lee, 2010; Freitas 
Jr et al.,2012; Kowalski et al.,2012). In addition, RHR is 
currently considered as an independent cardiovascular risk 
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factor (Palatini, 2009). Studies with subjects of different age 
groups found a positive relationship between RHR and total 
cholesterol, triglycerides, dyslipidemia (Park et al., 2010), 
arterial stiffness (Benetos et al.,1999) and disorders of the 
carbohydrate metabolism (Kowalski et al., 2012), as well as 
an increase in cardiovascular diseases (Cooney, Vartiainen, 
Laatikainen, Juolevi, Dudina, & Graham, 2010). However, 
in the elderly aged 80 years and over, it is not yet clear 
whether the relationship between RHR and anthropometric, 
metabolic and hemodynamic parameters is similar to that in 
individuals of other age groups.

Thus, we hypothesized that elderly subjects aged 80 years 
and over who presented lower RHR values would have bet-
ter health components (hemodynamic, anthropometric and 
metabolic) compared to the elderly with higher RHRs. Thus, 
the objective of this study was to compare the hemodynamic, 
anthropometric and metabolic parameters with the RHR in 
elderly subjects aged 80 years and over.

Method

Participants

This was a transversal, randomized study, which was 
conducted from October 2009 to May 2010 in the city of 
Presidente Prudente, São Paulo, Brazil. The name, address 
and telephone number of all subjects aged 80 and over 
were obtained from the Public Health System registers in 
Presidente Prudente-SP, Brazil. In order to ensure that all 
individuals who lived in the urban area presented the same 
chance of being part of the study, a simple randomized 
draw was conducted and all contacts were made by phone. 

The following exclusion criteria were adopted: 1) 
Bedridden elderly; 2) Living in rural areas; 3) Using pace-
makers; 4) Not performing the pre-established evaluations. 
Thus, the final sample selected for analysis consisted of 113 
subjects, 39 men and 74 women.

All study participants were informed about the study 
procedures and only those who signed the informed 
consent were included in the sample. All protocols were 
reviewed and approved by the Ethics Committee of the 
São Paulo State University (Protocol no. 26/2009).

Procedures 

Hemodynamic parameters 

Resting heart rate
The RHR assessments were performed individually in a 

room with an ambient temperature of between 21 and 23°C 
and relative humidity of between 40 and 60% (Palatini et 
al., 2006). The volunteers were instructed not to consume 
alcohol and/or stimulant drinks such as coffee and tea for 
a period of 12 hours prior to the assessment, and any par-
ticipants who used medications, were requested to suspend 

them for a period of 12 hours prior the evaluation (Rossi, 
Ricci-Vitor, Sabino, Vanderlei & Freitas, 2014).

On the day of data collection, the volunteers were in-
structed to remain in silence, awake, resting, spontaneously 
breathing whilst sitting comfortably for five minutes. After 
the explanation of the procedures for data collection, an 
elastic strap was positioned around the chest, at the height 
of the xiphoid process, and a heart rate receiver, Polar 
S810i (Polar Electro, S810i model, Finland), was placed 
on the pulse. For the data recording, two samples of 30 
seconds duration were taken with a three-minute interval 
between them and the average of the two recordings was 
used for analysis. Data were recorded in beats per minute 
(beats/min).

For classification of individuals with higher or lower 
RHR, after verifying that the data did not have normal distri-
bution using the Kolmogorov-Smirnov test, and taking into 
account the lack of cut-off points for this variable, the median 
values of the total sample were used. Thus, individuals who 
presented RHR ≥ 66 beats/min were classified with higher 
RHR and those who presented RHR < 66 beats/min  were 
classified with lower RHR.

Arterial pressure 

Prior to the measurement of blood pressure (BP), the 
participants remained seated at rest for five minutes, follow-
ing the recommendations of the American Heart Association 
(Pickering et al., 2005). To measure the BP, an automatic blood 
pressure monitor (Omron Healthcare brand, Inc., Intellisense, 
Model HEM 742 INT, Bannockburn, Illinois, USA), previ-
ously validated for use in adults (Coleman, Freeman, Steel, & 
Shennan, 2005) was used. Two measurements were made with 
a two-minute interval between them. Thus, the means of systolic 
blood pressure (SBP) and diastolic blood pressure (DBP) were 
obtained. Mean blood pressure (MBP) was calculated using the 
following formula: MBP = DBP + 1/3 (SBP - DBP). In addition, 
pulse pressure (PP) was obtained from the difference between 
the SBP and DBP (PP = SBP - DBP).

Heart rate variability

Heart rate variability (HRV) was analyzed in both time 
and frequency domains. In the time domain HRV was 
quantified by the average and the standard deviation of the 
differences between consecutive heart beats. For analysis in 
the frequency domain, the time series of the pulse intervals 
were interpolated at 10 Hz and divided into segments of 
512 continuous beats, overlapping by 50%. Each segment 
was subjected to a Hanning window type and analysis was 
performed by the Fourier rapid transformer (FFT). The 
oscillatory components found were quantified into bands of 
low (LF: 0.04 – 0.15 Hz) and high frequency (HF: 0.15 – 
0.40 Hz). This analysis was carried out using the software 
CardioSeries v. 1.0 (http://sites.google.com/site/cardioseries) 
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(Kochiadakis, Kanoupakis, Rombola, A. T., Igoumenidis, N. 
E., Chlouverakis, G. I., & Vardas, 1998).  

Anthropometric parameters 

Anthropometry and Body Composition

Height was measured using a fixed stadiometer (Sanny, 
Brazil), with an accuracy of 0.1 cm and a maximum length 
of 2.2 m. The evaluated subjects were barefoot, wearing light 
clothing and standing at the base of the stadiometer, position-
ing themselves with their backs to the machine, touching their 
shoulder blades, buttocks and heels to the equipment´s verti-
cal support. The head was positioned in the Frankfurt plane, 
eyes fixed towards the horizon, allowing the movable part of 
the stadiometer could be positioned correctly. The body mass 
measurement was performed using a digital scale (Filizola, 
Brazil), with an accuracy of 0.1 kg and a maximum capacity of 
180 kg. Participants were barefoot and wearing light clothing 
so as not to interfere with the measurement. At the time of the 
measurement, the volunteers were positioned standing immobile 
without support on the scale platform, facing the researcher 
(Freitas Jr, 2009).

Waist circumference (WC) was measured around the small-
est circumference between the upper edge of the iliac crest and 
the last rib, using a metal tape (Sanny, Brazil) with a 1 millimeter 
precision. The cut-offs used were ≥ 88 cm for women and ≥ 102 
cm for men (Lean, Han, & Morrison, 1995).

For the analysis of body composition and body fat distri-
bution the Dual-Energy X-ray Absorptiometry (DXA) scanner 
version 4.7 (General Electric Healthcare, Lunar DPX-NT; 
England, UK) technique was used. The examination lasted for 
approximately 15 minutes. The participants were positioned on 
the unit in a supine position and remained motionless throughout 
the examination. This method estimates body composition by 
dividing the body into three anatomic components: fat free mass, 
fat mass and bone mineral content. Thus the percentage of body 
fat (% BF) and percentage trunk fat (% TF) were estimated.

The classification of overweight was according WHO (2004) 
(BMI= >24.9) and waist circumference (102 cm to men and 
88 cm for women) (Lean, Han, Morrison, 1995). The meta-
bolic syndrome classification was according the International 
Diabetes Federation (IDF): 1- concentration of triglycerides 
≥150 mg/dl; 2- blood pressure systolic ≥130 mmHg or diastolic 
blood pressure ≥85 mmHg; 3- fasting plasma glucose concen-
tration ≥100 mg/dl.

Metabolic Parameters

Blood collection was after 12 hrs of overnight fasting. 
Blood samples were collected in vacuum tubes without 
anticoagulant separating gel; after collection, the blood was 
centrifuged for 10 minutes at 3,000 rpm to separate the serum 
from the other blood components, and the serum was used 
for analysis. 

For determination of glucose (GLU), triglycerides (TG) and, 
total cholesterol (TC) an enzymatic colorimetric kit was used 
and processed in an Autohumalyzer A5 (Human, & Jones, 2004).

Statistical Analysis

For the statistical treatment, data distribution was checked 
using the Kolmogorov-Smirnov test and, based on the data set, 
nonparametric statistics were performed and the data were de-
scribed as median and interquartile range, according to sex. The 
Mann-Whitney test was used for comparison of hemodynamic 
and metabolic variables according to RHR and sex. The Spearman 
rank correlation (rho) was used to analyze the relationship be-
tween RHR and the independent variables (SBP, DBP, PP, TG, 
TC and GLU) and linear regression was used with adjust for age, 
sex, and % BF. Statistical analysis was performed using the SPSS 
statistical package version 17.0 (SPSS, Inc. Chicago, IL, USA) 
software and the level of statistical significance was set at 5%. 

Results

We assessed 113 individuals over 80 years old. The total 
prevalence of overweight was (n=69, 61.1%), central obesity (n= 
49, 40.2%), hypertension (n= 99, 87.6%), hyperglycaemia (n= 
29, 25.7%), hyper triglycerides (n= 34, 30.1%). Additionally, 
Figure 1 shows the prevalence of RHR in the group of elderly 
patients, according to gender. It can be observed that 40.5% of 
the women had RHR values equal to or greater than 66 beats/
min, while in the men this percentage was 51.3%, equivalent 
to 44.2% of the total sample (p=0.882). 

 
Figure 1. Prevalence of resting heart rate according to gender in elderly 
aged 80 years and over.

Table 1 presents the sample characteristics with the values 
presented as median and interquartile range, as well as the 
comparison between genders. Men had higher values for 
weight, height and WC compared with women (p <0.001), 
whereas the women had higher values for TC, %BF and 
TF% (p <0.001). No significant difference was observed in 
the remaining variables.
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Table 1. Comparison of variables in relation to anthropometric, metabolic, hemodynamic and heart rate variability according to gender in the 
elderly aged 80 years old and over.

Variable Men (n=39)
Median

Percentile 
(25-75)

Women (n=74)
Median

Percentile 
(25-75) p

Age (years) 82.80 (81.40-84.20) 82.70 (81.20-84.80) 0.809
Weight (Kg) $ 71.70 (63.60-84.60) 56.80 (49.60-66.40) 0.00
Height (cm) $ 165.50 (161.00-169.60) 150.50 (145.50-154.00) 0.00
BMI (kg/m2) 26.30 (24.20-30.50) 25.70 (22.50-28.10) 0.13
WC (cm) $ 99.60 (89.30-108.80) 85.20 (79.50-96.90) 0.00

%BF $ 32.00 (25.40-35.70) 42.20 (34.70-47.70) 0.00
%TF $ 38.30 (28.30-42.90) 43.70 (35.10-49.40) 0.00

SBP (mmHg) 156.00 (141.00-171.00) 153.00 (140.00-168.00) 0.72
DBP (mmHg) 78.00 (71.00-87.00) 78.00 (68.70-87.00) 0.94
MBP (mmHg) 105.60 (95.30-112.60) 103.30 (95.00-114.50) 0.961

RHR (bpm) 66.00 (59.00-76.00) 64.00 (57.00-70.20) 0.31
PP (mmHg) 72.00 (62.00-86.00) 76.00 (64.70-87.50) 0.19
TG (mg/dl) 106.00 (81.00-153.00) 112.50 (94.50-161.20) 0.53

TC (mg/dl) $ 182.00 (156.00-203.00) 212.50 (191.50-232.00) 0.00
GLU (mg/dl) 91.00 (86.00-112.00) 90.00 (85.00-99.00) 0.38

RR-Mean (ms) # 82.80 (81.40-84.20) 82.70 (81.20-84.80) 0.809
SD # 71.70 (63.60-84.60) 56.80 (49.60-66.40) 0.00

LF (ms²) # 165.50 (161.00-169.60) 150.50 (145.50-154.00) 0.00
HF (ms²) # 26.30 (24.20-30.50) 25.70 (22.50-28.10) 0.13
LF (nu) # 99.60 (89.30-108.80) 85.20 (79.50-96.90) 0.00
HF (nu) # 32.00 (25.40-35.70) 42.20 (34.70-47.70) 0.00
LF/HF # 38.30 (28.30-42.90) 43.70 (35.10-49.40) 0.00

Legend: $= statistical differences between genders. BMI = Body mass index; WC = Waist circumference; %BF = Body fat percentage; %TF = Percentage of 
trunk fat; SBP = Systolic blood pressure; DBP = Diastolic blood pressure; MBP = Mean blood pressure; RHR = Resting heart rate; PP = pulse pressure; TG 
= Triglycerides; TC = total cholesterol; GLU = Fasting glucose; RR = interval between consecutive heart beats; SD = standard deviation of RR; HF = high 
frequency spectral component; LF= low frequency spectral component; nu = normalized units; # = 65 subjects were analyzed.

Table 2 presents the comparisons of hemodynamic and 
metabolic variables according to RHR. It can be observed that 
elderly patients with an RHR < 66 beats/min had lower DBP 
and GLU and higher PP compared with elderly patients with an 
RHR ≥ 66 beats/min. Also, according to the HRV, the individuals 
with RHR < 66 had higher RRmean and SD, HFms², HFnu, and 
lower LFnu and LF/HF relation.

Table 3 shows a lower prevalence of metabolic syndrome in 
all individuals of the sample and according to gender. 

Table 4 shows the differences in GLU, TG, SBP, DBP, WC 
and BMI in the comparison between all the variable quantified 
in this study according to the presence of metabolic syndrome 
and no-metabolic syndrome eldw erly aged 80 years and over 
with higher values in the first group.

When the relationship between variables was verified, 
Spearman’s correlation showed positive relationship be-
tween RHR and DBP (r= 0.27; p= 0.004), and negative 
correlation between RHR with PP (r= -0.23; p=0.013). 

Table 5 shows the values of the linear regression 
between the hemodynamic (SBP, DBP, and PP) and met-
abolic (TG, TC and GLU) variables and RHR. Of note, 
regardless of age, sex, and %BF, RHR influenced the 
changes observed in DBP, PP and TG; however, in relation 
to SBP, TC and GLU the changes were not statistically 
significant.

Discussion

The results of this study suggest that increased levels of RHR 
are associated with unfavorable hemodynamic and metabolic 
parameters in elderly subjects aged 80 years and over. 

In terms of the hemodynamic and metabolic parameters, 
there was no statistically significant difference between gen-
ders, except for TC which showed the highest concentrations in 
females.  Additionally, we obtained a lower value of PP in the 
group with an RHR less than 66 beats/min. In general, lower 
HR and lower PP are associated with better prognosis (Perret-
Guillaume et al., 2009; Protogerou, et al., 2007); however, in 
this study, higher HR was associated with lower PP which was 
reasonable since its calculation is based on the difference be-
tween SBP and DBP. Additionally, PP is an important indicator 
of arterial stiffness, and the behavior of blood circulation, which 
is a strong predictor of cardiovascular morbidity and mortality 
(Protogerou, et al., 2007). 

Park et al. (2010) evaluated Koreans with a mean age of 47 
years and found that individuals with higher RHR had elevated 
SBP, DBP and increased arterial stiffness, as assessed by the 
ankle-brachial index. In another study conducted by Gillman 
et al. (1993), the authors examined the influence of RHR on 
hypertension and the cardiovascular disease mortality in subjects 
with an average age of 55 years old and concluded that subjects 
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Table 2. Comparison of variables between higher and lower resting heart rate, anthropometric, metabolic, hemodynamic and heart rate 
variability according to gender in the elderly aged 80 years and over.

Variable

Overall
RHR < 66 

beats.min-1
N=63

Overall
RHR > 66 

beats.min-1
N=50

RHR < 66 beats.
min-1

Men (n=19)

RHR > 66 beats.
min-1

Men (n=20)

RHR < 66 beats.
min-1

Women
(n=44)

RHR > 66 beats.
min-1

Women
(n=30)

Difference
Between 
Overall

P
Weight (Kg) 63.67 (13.62) 63.89 (15.08) 70.00 (23.50) 71.85 (19.90) 59.30 (17.40) 55.30 (17.00) 0.93
BMI (kg/m2) 26.31 (4.33) 25.78 (3.96) 26.10 (8.10) 26.76 (6.10) 26.16 (4.80) 25.12 (6.90) 0.50

WC (cm) 91.18 (12.49) 91.37 (13.31) 98.50 (20.50) 100.25 (17.80) 85.50 (16.60) 84.80 (20.90) 0.94
%BF 38.31 (9.64) 35.04 (9.61) 34.20 (6.00) 28.70 (11.10) 42.80 (10.80) 39.80 (16.80) 0.08
%TF 40.89 (10.57) 37.44 (10.52) 40.80 (8.70) 34.60 (14.00) 44.30 (10.70) 41.30 (18.90) 0.09

SBP (mmHg) 158.38 (27.49) 151.78 (19.82) 161.00 (45.00) 151.50 (25.00) 155.00 (31.10) 151.00 (32.00) 0.14
DBP (mmHg) 75.87 (12.54) 80.94 (11.52) 74.00 (18.00) 83.00 (14.00)* 75.00 (20.00) 79.00 (19.00)* 0.03
MBP (mmHg) 103.37 (15.61) 104.55 (12.58) 101.33 (26.30) 106.17 (15.00) 102.00 (19.30) 102.67 (19.70) 0.66
PP (mmHg) 82.51 (22.52) 70.84 (16.60) 75.00 (37.00) 69.00 (27.00)* 80.00 (27.00) 74.00 (24.00)* 0.00
TG (mg/dl) 123.13 (60.20) 147.980  (70.55) 106.00 (50.00) 124.50 (102.00) 104.00 (58.00) 137.00 (111.00) 0.05
TC (mg/dl) 196.71 (37.70) 206.46 (43.61) 189.00 (64.00) 180.50 (50) 203.00 (36.00) 216.00 (48.00) 0.21

GLU (mg/dl) 94.48 (17.96) 104.42 (33.88) 88.00 (13.00) 96.50 (40) 90.00 (13.00) 90.00 (15.00) 0.05
RR-Mean (ms) # 997.00 (216.00) 823.50 (185.00) 1096.00 (232.00) 823.50 (130.00)* 993.00 (173.00) 824.00 (227.00)* <0.00

SD (ms) # 18.00 (9.00) 14.00 (9.00) 22.00 (22.00) 17.00 (9.00) 17.00 (9.00) 12.50 (10.00)* 0.03
LF (ms²) # 34.83 (76.35) 33.94 (41.86) 83.58 (85.98) 33.94 (22.60) 34.78 (62.50) 31.66 (57.40) 0.28
HF (ms²) # 58.98 (135.84) 39.09 (52.46) 78.63 (182.20) 48.93 (132.20) 52.53 (115.20) 27.99 (35.50)* 0.01
LF (nu) # 34.00 (20.00) 46.50 (26.00) 35.00 (29.00) 42.50 (36.00) 33.00 (20.00) 49.00 (19.50)* 0.03
HF (nu) # 66.00 (20.00) 53.50 (26.00) 65.00 (29.00) 57.50 (36.00) 67.00 (20.00) 51.00 (19.50) * 0.03
LF/HF # 0.54 (0.61) 0.97 (1.21) 0.56 (1.15) 0.76 (1.81) 0.53 (0.62) 1.05 (1.00) * 0.04

* = statistically significantly differences within gender; IQR = Interquartile range; BMI = Body mass index; WC = Waist circumference; %BF = Body fat 
percentage; %TF = Percentage of trunk fat; SBP = Systolic blood pressure; DBP = Diastolic blood pressure; MBP = Mean blood pressure; PP = pulse pressure; 
TG = Triglycerides; TC = total cholesterol; GLU = Fasting glucose; RR = interval between consecutive heart beats; SD = standard deviation of RR; HF = high 
frequency spectral component; LF= low frequency spectral component; nu = normalized units; # = n of 65 subjects were analyzed.

Table 3. Prevalence of Metabolic Syndrome in elderly aged 80 years and over.

Overall (n=113) Men (n=39) Women (n=74)

Risk Factor Frequency % Frequency % Frequency %

0 10.00 8.80 6.00 15.40 4.00 5.40
1 56.00 49.60 18.00 46.20 38.00 51.40
2 35.00 31.00 8.00 20.50 27.00 36.50
3 12.00 10.60 7.00 17.90 5.00 6.80

with both high blood pressure and high RHR demonstrated a 
greater probability of death from cardiovascular diseases, in-
cluding coronary artery disease, when compared with people 
with high blood pressure and normal or decreased RHR.

The increased blood pressure and RHR can be attributed 
to functional changes, such as, autonomic imbalance, resulting 
from an increase in the sympathetic nervous system and a reduc-
tion in the parasympathetic nervous system (Jose, & Collison, 
1970). Previous studies have shown that patients with autonomic 
imbalance may have a higher probability of death (Olshansky, 
Sabbah, Hauptman, & Colucci, 2008; Zucker, Patel, & Schultz, 
2012). An  increase in RHR results in an  autonomic imbalance, 
which could provide increased myocardial oxygen consumption, 

thereby reducing the reserves of high-energy substrates, which 
hinders subendocardial perfusion and may result in a lowering 
of the atrial threshold and hence an increase in the incidence 
of ventricular arrhythmias (Zucker, Wang, Brandle, Schultz, 
& Patel, 1995). Thus, these responses may be involved in the 
increased mortality of those with sympathetic hyperactivity 
and tachycardia. In this study, an increase in DBP and RHR 
were found. Thus, our findings suggest a possible functional 
changes since we found and increase in sympathetic activity 
and autonomic imbalance. 

Regarding to the autonomic assessment, the results show 
there is no difference between genders in this population, 
and could be observed predominance in the parasympathetic 
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Table 5. Linear regression between the resting heart rate, systolic and diastolic blood pressure, pulse pressure and blood glucose after adjusting 
for age, gender and body fat percentage in the elderly aged 80 years old and over.

RHR- adjusted for age RHR- adjusted for age and gender RHR- adjusted for age. gender and 
%BF 

β p CI-95% β p CI-95% β p CI-95%

SBP (mmHg) -0.03 0.50 (-0.12; 0.06) -0.02 0.57 (-0.12; 0.06) -0.02 0.68 (-0.11; 0.07)
DBP (mmHg) 0.27 0.00 (0.09; 0.44) 0.27 0.00 (0.09; 0.44) 0.26 0.00 (0.09; 0.43)

PP (mmHg) -0.13 0.01 (-0.24; -0.03) -0.13 0.02 (-0.23; -0.02) -0.12 0.03 (-0.22; -0.01)

TG (mg/dl) 0.03 0.08 (-0.00; 0.06) 0.03 0.07 (-0.00; 0.06) 0.04 0.03 (0.00; 0.07)

TC (mg/dl) 0.04 0.29 (-0.03; 0.08) 0.04 0.16 (-0.02; 0.10) 0.05 0.10 (-0.01; 0.10)

GLU (mg/dl) 0.04 0.38 (-0.05; 0.12) 0.03 0.42 (-0.05; 0.12) 0.04 0.33 (-0.04; 0.12)
RHR = resting heart hate; SBP = Systolic blood pressure; DBP = Diastolic blood pressure; PP = pulse pressure; TG = Triglycerides; TC = total cholesterol; BF = 
percentage of body fat. 

Table 4. Comparison between metabolic syndrome and no-metabolic syndrome elderly aged 80 years old and over.

Variable
No-MS

Median (IQR)
N= 99

MS
Median (IQR)

N=12
p

Weight (Kg) 61.10 (18.80) 74.75 (21.20) 0.00
BMI (kg/m2) 25.77 (5.50) 30.30 (5.40) <0.00

WC (cm) 89.00 (17.40) 105.80 (14.20) <0.00
%BF 36.20 (13.00) 39.90 (20.30) 0.44
%TF 41.00 (12.70) 45.20 (15.60) 0.10

SBP (mmHg) 152.00 (31.00) 165.00 (26.00) 0.03
DBP (mmHg) 76.00 (20.00) 86.00 (13.00) 0.01
PP (mmHg) 74.00 (23.00) 74.50 (25.00) 0.49
TG (mg/dl) 103.00 (64.00) 212.00 (68.00) <0.00
TC (mg/dl) 201.00 (47.00) 214.00 (63.00) 0.17

GLU (mg/dl) 89.00 (12.00) 129.50 (51.00) <0.00
HR (bmp) 63.00 (14.00) 70.50 (18.00) 0.07

RR-Mean (ms) # 920.00 (221.00) 913.00 (353.00) 0.40
SD # 17.00 (9.00) 19.50 (27.00) 0.31

LF (ms²) # 33.74 (59.36) 66.14 (54.79) 0.36
HF (ms²) # 45.62 (57.23) 43.59 (112.52) 0.44
LF (nu) # 41.00 (21.00) 57.00 (27.00) 0.83
HF (nu) # 59.00 (21.00) 43.00 (27.00) 0.83
LF/HF # 0.77 (0.72) 1.59 (3.28) 0.89

MS = metabolic syndrome; IQR = Interquartile range; BMI = Body mass index; WC = Waist circumference; %BF = Body fat percentage; %TF = Percentage 
of trunk fat; SBP = Systolic blood pressure; DBP = Diastolic blood pressure; MBP = Mean blood pressure; PP = pulse pressure; TG = Triglycerides; TC = total 
cholesterol; GLU = Fasting glucose; RR = interval between consecutive heart beats; SD = standard deviation of RR; HF = high frequency spectral component; 
LF= low frequency spectral component; nu = normalized units; # = n of 65 subjects were analyzed.

response at rest for both groups. Similarly, no differences were 
observed when the groups with and without metabolic syndrome 
were evaluated. However, when the groups were compared 
between the differences in the RHR values, it can be observed 
higher parasympathetic modulation by the increase in the HF 
values in ms² and nu, better balance in the relation LF/HF and 
low value to the index that represent the predominance of sympa-
thetic branch - LF (nu) (Tarvainen, Niskanen, Lipponen, Ranta-
Aho, & Karjalainen, 2009; Vanderlei, Pastre, Hoshi, Carvalho, 
& Godoy, 2009). These findings reinforce the RHR results.

Regarding the metabolic parameters, the present study 
showed that elderly subjects with higher RHR values have 

altered GLU and a trend in the TG compared to those with lower 
RHR, the changes in TG being independent of age, sex and %BF 
as shown in Table 3. However, after adjustment, the influence on 
the GLU ceased to exist. Regarding the values of TG between 
the two groups, these values are within normal limit. Kowalski 
et al. (2012) in a recent study conducted with subjects with a 
average age of 57.4 years found that an RHR of ≥ 72.5 beats/
min is an independent risk factor for disorders in the absorption 
of carbohydrates. These same authors also added that subjects 
with carbohydrate absorption disorders demonstrated an RHR 
significantly greater than the control group. In our study we 
found that a RHR≥66 beats/min is related with unfavorable 
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hemodynamic and metabolic parameters in elderly subjects 
aged 80 years and over. Thus, we suggest for future studies 
investigate lower values of RHR as independent risk factors.

In relation to the anthropometric parameters, the women had 
higher % BF and TF, but a smaller WC compared with the men; 
however, no statistical difference regarding RHR. It is known 
that weight gain, BF, particularly in the trunk region (Donato, 
Fuchs, Oppermann, Bastos, & Spritzer, 2006), and a sedentary 
lifestyle are conditions that impair the quality of life during the 
aging process (Ford, Li, Zhao, Pearson, Tsai, & Churilla, 2010) 
since they are associated with the development of morbidities 
such as diabetes mellitus, hypertension, dyslipidemia and met-
abolic syndrome (Gruen, Hao, Piston, & Hasty, 2007). So, the 
findings of this study suggest that women could present higher 
impairment arising from the aging process.

Despite the importance of the findings presented here, 
some limitations need to be mentioned such as the character-
istics of the individuals assessed regarding the risk factors and 
cardiovascular diseases and medication not being evaluated. 
However, they were described according with risk factors for 
the development of cardiovascular diseases and the volunteers 
were requested to suspend medications for a period of 12 hours 
prior to the autonomic evaluation. This is important because 
Menown et al. (2013) indicated that RHR is associated with 
an increment in the risk for all-cause morbidity and mortality, 
including cardiovascular mortality, in populations with or 
without risk factors or cardiovascular disease. And in another 
diseases, that have decrease of heart rate variability as with age, 
this measurement is independent of the use of some medications 
(Bédard, Marquis,  Poirier,  & Provencher, 2010). A strong 
aspect of the study which stands out is the randomization of 
the sampling process, which ensured that each elderly subject 
contained the same chance of being drawn. The sample was 
composed only of elderly people considered long-lived (> 80 
years), which is another highlight of the study, since there are 
few studies involving RHR and anthropometric, metabolic and 
hemodynamic parameters in this population. Finally, it is sug-
gested that longitudinal studies should be performed to verify 
the influence of different forms of intervention on RHR and 
the hemodynamic, metabolic and anthropometric parameters 
in this population.

Conclusion

A positive relationship between RHR and some metabolic 
and hemodynamic parameters and elderly aged 80 years and 
over was found. Subjects with 80 years old and over who pres-
ent RHR ≥ 66 have higher DBP and lower PP and heart rate 
variability compared with the elderly with RHR < 66.
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