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Abstract - Aim: This study aimed to verify and compare the effects of 10 weeks of combined exercise training on the 
heart rate variability of normotensive (NT) and hypertensive (HT) postmenopausal women. Methods: This is a quasi- 
experimental controlled clinical trial. Therefore, 14 HT and 12 NT postmenopausal women completed 10 weeks of 
combined exercise training. The exercise protocol consisted of 45 min of exercise, performed 3 times a week, consisting 
of 5 min of warm-up, 20 min of resistance exercise, and 20 min of aerobic exercise. Heart rate variability assessments 
were performed before and after the end of physical training. Results: Heart rate variability was assessed pre- and 
post-training periods. Mean RR (ΔNT = 95 ± 88; ΔHT = 38 ± 127), SDNN (ΔNT = 9 ± 13; ΔHT = 3 ± 14), RMSSD 
(ΔNT = 10 ± 12; ΔHT = 2 ± 18), SD1 (ΔNT = 7 ± 8; ΔHT = 1 ± 13), and SD2 (ΔNT = 10 ± 18; ΔHT = 4 ± 17) 
showed improvements after the intervention (time effects p < 0.05). No parameters presented group or interaction 
effects (p ≥ 0.05). Conclusion: In summary, 10 weeks of combined exercise training improved heart rate variability 
parameters similarly in both NT and HT postmenopausal women. Therefore, combined exercise training may be used to 
improve autonomic modulation of the heart rate of postmenopausal women, regardless of the presence of hypertension.  

Keywords autonomic nervous system, aerobic exercise, resistance exercise, blood pressure.  

Introduction 
Heart rate variability (HRV) is a non-invasive measure-
ment to evaluate the autonomic modulation of heart rate 
(HR)1,2. Decreased HRV is related to an increased risk of 
arrhythmia and sudden cardiac death1. Although HRV 
decreases with aging3, this effect is pronounced after 
menopause4,5, when the decreased level of estrogen may 
interfere with the modulation of cardiovascular autonomic 
control6. Therefore, it is relevant to investigate strategies 
capable of improving HRV in these women. 

The benefits of physical exercise training to improve 
HRV have been previously reported in meta-analyses7-10. 
In postmenopausal women, the positive effect of isolated 
aerobic exercises11 and combined with resistance exer-
cises training (i.e. combined exercise training; CET)12 to 
improve HRV have already been reported. In addition to 
the benefits of CET with regard to cardiac autonomic con-
trol, this kind of exercise is recommended by the Amer-
ican College of Sports Medicine to maintain and improve 
cardiovascular and muscular health and functioning of 
healthy and old adults13,14. Furthermore, CET may positi-
vely influence systemic inflammation and oxidative stress, 

bone health, and climacteric symptoms related to being 
postmenopausal15,16. These factors encourage postmeno-
pausal women to include CET as a training strategy in 
their lives. 

In postmenopausal women, the incidence of hyper-
tension is higher compared to men of a similar age and 
women before menopause17. It is part of the risk groups of 
cardiovascular diseases, which are the main causes of 
mortality in the world18. Previous studies have shown that 
hypertensive (HT) patients presented worse HRV indices 
compared to normotensive (NT) subjects, indicating poor 
cardiac autonomic control12,19. The CET, in turn, may 
improve HRV parameters in HT premenopausal women20. 
However, in HT postmenopausal women, the effect of 
CET on HRV has not yet been shown. Furthermore, 
although CET may have a positive effect on the HRV of 
NT postmenopausal women12, studies are necessary to 
identify if similar benefits could be reported in HT post-
menopausal women. 

This study aimed to verify the effects of 10 weeks of 
combined exercise training on the HRV of normotensive 
and hypertensive postmenopausal women and compare 
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the responses between these groups. The hypothesis is that 
CET would improve HRV parameters in both HT and NT 
postmenopausal women, with higher improvements in HT 
subjects. This hypothesis was raised since HT subjects 
could have had a reduced HRV compared with NT sub-
jects21,22, presenting more sensibility to the training. 

Methods 

Experimental approach to the problem 
This is a quasi-experimental controlled clinical trial 

study, in which HRV was monitored in the HT and NT 
groups before and after 10 weeks of CET. An incremental 
treadmill test was performed a minimum of 72 h before 
the first day of training to identify the intensity of aerobic 
training. Body mass, height, and body mass index were 
measured before treadmill testing. Pre-, post-5 weeks, and 
post-10 weeks of training, participants performed the one 
maximum repetition test (1RM) to identify the resistance 
training workload. All tests were performed respecting 
48 h without exercise and a minimum of 48 h between 
tests. HRV recording was performed before and after 10 
weeks of training, respecting 48 h without exercise. The 
study design is presented in Figure 1. The privation of caf-
feine and alcohol for 24 h was required for all tests. 

Subjects 
A total of 383 postmenopausal women, aged 50- 

70 years, recruited from traditional media (TV, radio, and 
posters) in 2015 and 2016 agreed to participate, of which 
40 fulfilled the inclusion criteria. The entire study was 
carried out at the Federal University of Uberlândia. So, 26 
subjects (14 hypertensive [HT] and 12 normotensives 
[NT]) completed the training (Figure 2). The inclusion cri-
teria were amenorrhea for at least 12 months; body mass 
index ≤ 30 kg/m2; ability to engage in treadmill and resis-
tance exercises; no history of diabetes, cancer, or cardio-
vascular disease (except for hypertension); not using beta- 
blockers; no hormone therapy; and non-smokers. This 
study was approved by the local ethics committee (CAAE: 
40622414.9.0000.5152), and all volunteers were informed 
of the benefits and risks of the investigation prior to sign-
ing informed consent agreeing to participate. This research 
has been conducted in accordance with the principles set 
forth in the Helsinki Declaration and was registered at 

Clinicaltrials.gov (number: NCT03531034). The present 
study presents secondary data from this registry of which 
the primary data have already been published23. 

The International Physical Activity Questionnaire 
short-form (IPAQ) was used to evaluate the initial level of 
physical activity of the volunteers. All participants were 
instructed to maintain their regular eating habits through-
out the study. Furthermore, a food intake analysis through 
24-h dietary records was applied by nutritionists on three 
non-consecutive days before and after training. The diet-
ary data analyses were performed using a web-based pro-
gram (DIETPRO® 5.7i; Minas Gerais, MG, Brazil) and 
the United States Department of Agriculture food compo-
sition table. This analysis demonstrated that there were no 
significant changes in dietary patterns during the training 
(data not shown). 

Procedures 
Resting blood pressure was monitored through cali-

brated and validated automatic monitors24 (OMRON® 
HEM-7113, Shimogyo-Ku, Kyoto, Japan) on three non- 
consecutive days. At each moment, three measurements of 
systolic BP (SBP) and diastolic BP (DBP) were per-
formed, and the mean was considered for analysis. 

The incremental treadmill test was adapted from 
Puga et al.25. Briefly, all volunteers performed a subma-
ximal incremental test on a treadmill at 5.5 km/h, and the 
intensity was increased using treadmill inclination (1% 
every 2 min) until volunteers reached 85% of their pre-
dicted maximum HR or 18 of perceived exertion using the 
Borg Scale. Oxygen uptake and carbon dioxide output 
were recorded during all tests using a gas analyzer 
(COSMED QUARK CPET gas analyzer, Rome, Italy). 
The goal of this test was to identify ventilatory thresholds 
based on ventilatory equivalents. 

The intensity of resistance exercise was evaluated 
and prescribed based on the 1RM26. This test consisted of 
a warm-up of two sets of the exercise to be performed at 
intensities around 50% and 80% of the subjective estimate 
of 1RM, with eight and three repetitions, respectively. 
After this, a maximum of five attempts per exercise was 
allowed to find the highest workload at which the volun-
teer could only make one full movement with a 3-min rest 
between attempts26. 

Resting R-R intervals were recorded for 20 min in 
the seated position using an HR monitor (POLAR® 

Figure 1 - Study design. HRV: heart rate variability; 1RM: one maximum repetition test. 
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RS800cx; Polar Electro Oy, Finland; sampling frequency 
= 1000 Hz) with spontaneous breathing. Data were down-
loaded to a computer using an infrared interface with spe-
cific software (POLAR PRO TRAINER5®, Polar Electro, 
Kempele, Finland). HRV analysis was performed using 
KUBIOS HRV 3.0 (University of Kuopio, Kuopio, Fin-
land)27. Prior to the analysis, the signal was visually 
inspected and filtered, and a range of 5 min with few arti-
facts was selected close to the end of the recording for 
analysis. 

The resulting R-R intervals were analyzed in the 
time domain, in the frequency domain using spectral ana-
lysis (Fast Fourier Transform), and nonlinearly through 
the Poincaré plot27. The time-domain indices analyzed 
included the square root of the mean squared difference of 
successive R-R intervals (RMSSD), the standard deviation 
of all normal R-R intervals recorded at an interval of time 
(SDNN), and the percentage of pairs of adjacent RRi dif-
fering by more than 50 ms in the whole recording 
(pNN50). In the frequency domain, the data series were 
interpolated at 4 Hz, after which removal of the signal lin-
ear trend component was performed using the smooth 
prior approach. 

In the frequency domain, oscillations of R-R inter-
vals were examined within the low-frequency (LF: 0.04- 
0.15 Hz) and high-frequency bands (HF: 0.15-0.40 Hz). 
LF and HF were expressed in normalized units. The sym-

pathovagal balance was obtained through the ratio of the 
LF to HF (LF/HF) bands1. For nonlinear indices, the Poin-
caré plot was examined, and the transversal (SD1) and 
longitudinal (SD2) axes of the ellipse-like dispersion were 
calculated. 

The exercise program consisted of 30 sessions of 
combined exercise training performed over 10 consecutive 
weeks. Each session lasted 45 min and consisted of 5 min 
of warm-up on a treadmill (5.5 km/h and 0% inclination), 
20 min of resistance exercise, and 20 min of aerobic exer-
cise. The resistance training was performed in two sets of 
15 repetitions at 40% of 1RM with 1 min intervals in 
seven exercises for large muscle groups: leg press 45°, 
seated low row, vertical chest press, pec deck, wide grip 
lat pull-down, Swiss ball squat, and abdominal crunch. 
The aerobic exercise was performed on a treadmill at a 
velocity of 5.5 km/h with an intensity (imposed by the 
treadmill inclination test reported above) between ventila-
tory thresholds 1 and 2. After 5 weeks of training, the 
intensity of the resistance training was adjusted based on a 
new 1RM, and the intensity of the aerobic exercise was 
readjusted through a 20% increase in treadmill inclination. 

Statistical analysis 
The sample calculation (minimum n = 24) was per-

formed in G-Power 3.1 (Universität Düsseldorf, Germany) 
software (α error = 0.05 and power = 0.80), considering 

Figure 2 - Follow-up flowchart. 
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RMSSD as the mean variable and 10.3 ± 17.0 ms as pos-
sible variations in this index after a medium intensity 
training phase in postmenopausal women20. A Cohen's d 
of 0.6058 was found, which was then transformed into 
effect size f for the sample calculation (0.3029). Char-
acteristics and anthropometric values were compared by 
the t-test for independent samples. Frequencies of physical 
activity levels were compared using the Chi-square test 
with the exact Monte Carlo test when the expected count 
was less than 5. The normality of data was tested using the 
Shapiro-Wilk test. A two-factor (time and group) general-
ized estimating equation technique (GEE) was performed 
for between, within, and interaction comparisons. Mean 
RR, LF, HF, and SD2/SD1 presented normality and were 
analyzed using a linear model. Since some data of pNN50 
presented values of 0, this variable was analyzed using a 
linear model. Other variables were analyzed using the 
gamma with log link model. All analyses were performed 
using IBM® SPSS® Statistics 20. The significance level 
adopted was p < 0.05. 

Results 
Table 1 shows the anthropometric, activity level, and 

drug characteristics of the volunteers. There was a differ-
ence only in age, which was higher in the HT group com-
pared with the NT group. HRV parameters (mean and 
standard deviation) are described in Table 2. Mean RR 
(p < 0.01), SDNN (p = 0.03), RMSSD (p = 0.03), SD1 
(p = 0.03), and SD2 (p = 0.04) showed time effects 
(Table 2). No parameters had group (p > 0.05) or interac-
tion (p > 0.05) effects. 

Discussion 

The present study hypothesized that CET could pro-
mote greater improvement in HRV in HT postmenopausal 
women compared with NT postmenopausal women. Our 
results refute this hypothesis since we found no differ-
ences between NT and HT postmenopausal women in 
adaptations to CET in mean RR, SDNN, RMSSD, SD1, 
and SD2. 

A greater effect of CET on the HRV of HT post-
menopausal women was expected, because the cardiac 
autonomic modulation of HT subjects at rest was impai-
red, reflecting in lower general and vagal parameters of 
HRV21,22. For example, the overall variability measured 
by SDNN can be up to 15% lower in HT when compared 
to healthy ones21. Apparently, a trainability effect was 
expected on HRV, with subjects with lower HRV having a 
higher effect with training28. This improvement can reach 
up to 50% of the overall variability measured by SDNN 
after combined training in women20. However, partici-
pants of the present study presented well-controlled 
hypertension (SBP: 121.8 ± 13.1 mm Hg; DBP: 76.0 ± 
7.8 mm Hg), which may have mitigated the autonomic 
differences between the HT and NT groups (Table 2). So, 
the use of antihypertensive drugs may explain why we did 
not find statistical differences between the groups. How-
ever, only the use of atenolol, with or without amlodipine, 
is related to modifications in HRV at rest in HT patients29, 
which is a family of medicines not used by subjects in the 
present study. Therefore, additional studies are desired to 
investigate if antihypertensive drugs may affect rest HRV 
as well as the effect of exercise training on the HRV of HT 
postmenopausal women. Up to now, the results suggest no 

Table 1 - Anthropometric, activity level, and medical characteristics of normotensive and hypertensive groups. Data are presented in Mean ± Standard 
Deviation or frequency (% within the group).   

NT (n=12) HT (n=14) p (t test)  NT (n=12) HT (n=14) 

Characteristics    Antihypertensives   

Age (years) 53.1 ± 5.3 58.7 ± 3.8 <0.01 ACEi (n) � 1 (7.1) 

Amenorrhea (years) 5.0 ± 3.9 7.2 ± 6.2 0.30 ACEi + Diuretic (n) � 1 (7.1) 

SBP (mmHg) 128 ± 18 122 ± 13 0.30 ARB (n) � 4 (28.6) 

DBP (mmHg) 84 ± 13 76 ± 8 0.06 ARB + Diuretic (n) � 5 (35.7) 

Anthropometrics    Thiazide Diuretic (n) � 3 (21.4) 

Height (m) 1.57 ± 0.06 1.58 ± 0.07 0.60    

Body Mass (kg) 64.9 ± 9.4 69.2 ± 8.4 0.22 Other medicines   

BMI (kg/m2) 26.9 ± 3.0 27.9 ± 4.5 0.53 Calcium (n) 1 (8.3) 3 (21.4) 

Physical Activity level   p (Χ2) Statin (n) 2 (16.6) 3 (21.4) 

Sedentary (n) � � 0.33 Anti-depressant (n) � 2 (14.3) 

Irregularly active (n) 7 (58.3) 6 (42.9)  PPI (n) � 1 (7.1) 

Active (n) 4 (33.3) 8 (57.1)  Beclomethasone (n) � 1 (7.1) 

Very active (n) 1 (8.3) � Levothyroxine (n) 1 (8.3) �

NT: Normotensive group; HT: Hypertensive group; SD: Standard deviation; BMI: Body mass index; SBP: Systolic blood pressure; DBP: Diastolic blood 
pressure; ACEi: Angiotensin-converting enzyme inhibitor; ARB: Angiotensin 1 receiver blockers; PPI: Proton pump inhibitor.  
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differences that between well-controlled HT and NT post-
menopausal women in HRV. 

The time effects in the majority of HRV parameters 
suggest that CET improved the cardiac autonomic control 
of both NT and HT postmenopausal women. Among these 
parameters, the RMSSD, pNN50, and SD1 are most affec-
ted by high-frequency variations in the HR and are fre-
quently used as a marker of good cardiac vagal modula-
tion1. Therefore, the improvement of these parameters 
suggests that CET increased the resting cardiac vagal 
modulation of postmenopausal women. These improve-
ments are common physiological adaptations promoted by 
aerobic training, and an increase in parasympathetic para-
meters is frequently reported after a phase of training30. 
Improvements in RMSSD and SD1 as a result of CET 
were previously reported in NT postmenopausal women12, 
corroborating with the results found. However, in accor-
dance with our searches, the improvement in cardiac vagal 
modulation parameters with CET in HT postmenopausal 
women is shown for the first time and should be high-
lighted. 

Time effects were reported for mean RR, SDNN, 
and SD2 too. These parameters are influenced by both 
low- and high-frequency variations of the HR, therefore, 
being associated as global parameters of cardiac auto-
nomic control1. The positive effect of CET on the mean 
RR in NT postmenopausal women was shown pre-

viously12. These results suggest that, in addition to 
improvement on cardiac vagal modulation, CET may pro-
mote an improvement in the global cardiac autonomic 
modulation of postmenopausal women. In this population, 
improvements in autonomic control of the HR are relevant 
due to the increased risk of cardiovascular diseases asso-
ciated with low autonomic control of the cardiovascular 
system3-5,31. Studies investigating the effects of CET on 
HRV in HT postmenopausal women are scarce, making it 
difficult to compare the results reported here. However, in 
HT middle-aged sedentary women, CET improved 
HRV20. In these women, the increase in global HRV is an 
important clinical effect due to the decreased cardiac auto-
nomic modulation reported in this population2,19, with up 
to 30% decrease in overall variability as measured by 
SDNN4. 

It is worth mentioning that these results reported in 
the present study refer to medicated HT postmenopausal 
women and intervention with combined exercise training 
with moderate intensity. Therefore, they cannot be gen-
eralized to women with untreated or uncontrolled hyper-
tension, men, or exercises with other characteristics. 
Future studies with a similar design and the presence of a 
group without antihypertensive drugs could help us to 
explain the results found. As a possible limitation, we 
report that there is no group without exercise as an inter-
vention, no control of antihypertensive drug classes and 

Table 2 - Heart rate variability parameters on normotensive and hypertensive postmenopausal women.   

Groups Pre (mean ± SD) Post (mean ± SD) p Group p Time p Interaction 

Mean RR NT 760.12±104.59 855.31±114.19 0.50 <0.01 0.16  

HT 813.44±132.19 851.33±87.06    

SDNN NT 20.95±14.35 29.68±17.25 0.69 0.03 0.31  

HT 21.77±12.19 24.73±8.99    

RMSSD NT 15.64±11.40 25.88±14.87 0.60 0.03 0.12  

HT 21.39±15.98 23.36±9.64    

pNN50 NT 2.43±6.71 8.05±10.51 0.64 0.48 0.05  

HT 7.95±13.17 5.34±6.80    

LF NT 73.66±9.48 67.62±18.19 0.29 0.66 0.36  

HT 65.02±21.82 67.14±13.78    

HF NT 26.27±9.47 32.28±18.12 0.29 0.66 0.36  

HT 34.86±21.78 32.80±13.78    

SD1 NT 11.09±8.08 18.35±10.54 0.60 0.03 0.12  

HT 15.15±11.32 16.55±6.83    

SD2 NT 27.43±18.75 37.31±22.74 0.52 0.04 0.46  

HT 26.38±13.75 30.54±11.31    

SD2/SD1 NT 2.63±0.63 2.22±0.78 0.07 0.11 0.59  

HT 2.18±0.85 1.98±0.56     

NT: Normotensive group; HT: Hypertensive group; SDNN: Standard deviation of normal RR intervals; RMSSD: Root Mean Square of the Successive 
Differences of RR intervals; pNN50: percentage of pairs of adjacent RR intervals differing by more than 50 ms; LF: Low frequency; HF: High frequency; 
SD1: Standard deviations of the distances from points to diagonal Y = X of the scattergram; SD2: Standard deviations of the distances from points to 
straight Y = -X+RRmean of the scattergram.  
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doses, and the small sample size that could lead to type 2 
error. Finally, we reiterate the importance of physical 
exercises after menopause regardless of the existence of 
hypertension, since, besides autonomic control alterations, 
they can generate improvements in blood pressure23,32,33, 
lipid profile15, endothelial function34, oxidative profile35, 
climacteric simptoms36, and general cardiovascular 
health33,37. 

Conclusion 
In summary, 10 weeks of combined exercise training 

improved the HRV parameters of both normotensive and 
hypertensive postmenopausal women without significant 
differences. 
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