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Abstract

Background: The current study investigated the chronic effects of high-volume moderate-intensity
training and low-volume high-intensity training on heart rate variability (HRV) and arterial stiffness in
sedentary adult men.

Materials and methods: Forty-five males (age: 42+ 5.7 yrs.) were randomly assigned into control group
(n=15), high-volume moderate-intensity training (HVMIT) (n=15), and low-volume high-intensity training
(LVHIT) (n=15). The HVMIT group ran three times per week, on the treadmill at 50% to 60% of VO2max for
45 to 60 minutes, while the LVHIT trained at 70% to 85% of VO2max for 25 to 40 minutes. Both training
programs were equated by caloric expenditure. HRV, Pulse Wave Velocity (PWV), hemodynamic variables,
and body composition were measured before and after 12 weeks.

Results: Both protocols (HVMIT and LVHIT) significantly increased the Standard deviation of NN
intervals (SDNN) and High-frequency (HF) bands after 12 weeks (p [ 0.05). The LF/HF ratio decreased
significantly in both training groups (p [ 0.05). However, these changes were significantly greater in the
LVHIT protocol (p 0 0.05). Furthermore, the Root mean square of successive RR interval differences
(RMSSD) significantly increased only in the LVHIT protocol (P [ 0.05). Moreover, a significant decrease in
low-frequency (LF) and PWV was only observed following the LVHIT protocol (P 1 0.05).

Conclusion: This study indicates that the LVHIT protocol is more effective and efficient for improving HRV
variables and PWV than the HVMIT protocol.

Introduction

Physical inactivity and sedentary behavior are key lifestyle-related risk factors for developing
cardiovascular diseases, which are associated with all-cause mortality and morbidity worldwide [1]. Heart
rate variability (HRV) is a non-invasive method for evaluating the cardiac autonomic control of heart rate
(HR), which represents electrical cardiac variation by the time interval between R-R intervals [2]. HRV is
mostly influenced by the autonomic nervous system (ANS) through parasympathetic modulations [2].
Previous studies indicated that the decrease in HRV (i.e., reduced vagal modulations) could be associated
with an increased risk of cardiovascular diseases, sudden cardiac death, and all-cause mortality [2, 3].
Therefore, HRV can be used to easily monitor the influence of sedentary behavior on cardiac autonomic
control of HR [4].

Arterial stiffness (AS), as evaluated by pulse wave velocity (PWV), is a marker of vascular function and
an independent predictive risk factor for cardiovascular complications associated with overall mortality
[5, 6]. Previously, an inverse correlation between the autonomic nervous system and AS has been reported
[7, 8]. The autonomic nervous system has a regulatory role in HR and vascular tone and might augment
AS [9, 10]. A sedentary lifestyle could be concurrently accompanied by an autonomic nervous system
dysfunction (i.e., decrease in HRV) and impairment of vascular function (i.e., increase in PWV), thus
leading to an increased risk of cardiovascular diseases [11, 2].
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It has been previously reported that regular exercise training and the associated greater cardiorespiratory
fitness increase vagal modulations, therefore, playing an important role in improving HRV [12-14].
Furthermore, exercise training has been shown to improve vascular function and decrease AS by
promoting shear stresses and nitric oxide (NO) bioavailability, reducing oxidative stress and inflammation
[15-17].

It has been well established that regular exercise training has a modification role in HRV and AS, but it
remains unclear which exercise training variables like intensity and volume are associated with more
adaptations in cardiac autonomic function and AS [18-20]. Some previous studies have demonstrated
that favorable or equal improvements of HRV follow both moderate-intensity or high-volume exercise
training in comparison to high-intensity exercise training [19, 21]. In contrast, other studies showed
greater improvements in HRV following high-intensity training [18, 22]. These contradictory results may
be a debt to differences between studies regarding exercise mode and workloads selected training
duration, sex, age and nutritional status of subjects, and protocols selected for HRV analyses [23].
Furthermore, most studies comparing different protocols did not equate internal or external workloads,
therefore, limiting appropriate comparisons. The simultaneous evaluation of HRV and AS would provide a
better understanding of training workload variables on cardiovascular adaptations to regular exercise.

Therefore, the purpose of this study was to investigate the effects of high-volume moderate-intensity and
low-volume high-intensity training, equated by energy expenditure, on HRV and AS in sedentary young
men. We hypothesized that low-volume high-intensity training could increase HRV and decrease AS more
than that high-volume moderate-intensity training.

Materials And Methods

Study population

Forty-five sedentary men were recruited for this study (Characteristics are represented in Table 1).
Inclusion criteria to be included in the study were: 1) had not participated in regular physical activity in the
last six months, 2) not meet the recommendations of the American College of Sport Medicine (150 min
moderate-intensity exercise or 75 min vagarious exercise per week), 3) being non-smokers, 4) no history
of chronic diseases particularly cardiovascular disease, and 5) were not taking medication in the last six
months. Subjects with joint or skeletal muscle disorders were excluded from the study. Subjects were also
screened for normal resting blood pressure (BP) and resting HR (RHR) by an experienced clinical exercise
physiologist. Each of the subjects completed an informed consent form describing experimental
procedures, risk, and potential benefits associated with taking part in the study before the beginning of
the study. The study procedures were reviewed and approved by the local University Research and Ethics
Committee (Ethics code: IR-IAU1398-18). All procedures were performed according to the latest revision of
the Declaration of Helsinki.

Experimental Design
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Subjects were randomly allocated into three groups: High-volume moderate-intensity training (HVMIT;
n=15), Low-volume high-intensity training (LVHIT; n =15), or control (n = 15) (Figure 1). Study
measurements (Resting HRV, PWV, resting blood pressure, body composition, and VO,max) were taken 48
hours before beginning the training intervention and 48 hours after the last session of both training
protocols. Subjects were asked to refrain from any caffeine-contained beverages and moderate to
vigorous physical activity 24 hours before measurements. All measurements were conducted in the
morning between 8 a.m. to 10 a.m. under the same environmental conditions (~20°C and ~55% relative
air humidity).

Heart rate variability

After 12 hours of fasting, the subjects visited the laboratory in the morning (8:00 am to 10:00 am).
Subjects were seated in a quiet room with the light turned off (22-23°C) before conducting the
evaluations. The RR recordings were captured by a Heart Rate Monitor (Polar Electro, Kempelg, Finland).
The HRV test was conducted in a supine position for 25 minutes. All the procedures were performed
according to the standards proposed by the Task Force of the European Society of Cardiology [24]. The
resting HRV was evaluated for 25 minutes in the supine position with the first 5 minutes devoted to signal
stabilization and not included in analyses. All artifact and ectopic data were filtered and corrected with a
minimum protection zone of six beats. All recording data with more than 5% error were not included. A
computer software program (The Biomedical Signal and Medical Imaging Analysis Group, Department of
Applied Physics, University of Kuopio, Finland) was used to analyze both time and frequency domain
data [25]. The time-domain of HRV included: the Standard Deviation of RR intervals (SDNN) and index of
overall variability, and the Root Mean Square of Successive Differences between RR intervals (RMSSD)
which represents vagal modulations. The frequency-domain parameters included the low-frequency (LF:
0.04-0.15 Hz) and high-frequency bands (HF: 0.15-0.40 Hz) were calculated by using fast Fourier
transformation (FFT; welch, 256 points Hanning-windowing, Kubios HRV Analysis, Biosignal Analysis,
and Medical Imaging Group, University of Eastern Finland, Finland) for analysis of power spectrum. The
ratio of the LF to HF (LF/HF) bands was also evaluated.

Resting Blood Pressure

Systolic blood pressure (SBP) and diastolic blood pressure (DBP) were measured with an electronic
sphygmomanometer (BPM AM 300P CE, Kenz, Suzuken Company, Japan) before HRV measurement and
according to the guidelines of the European Society of Hypertension [26]. Before the measurement of
blood pressure, subjects were seated on a comfortable chair for 10 minutes.

Pulse Wave Velocity

PWV (Arterial stiffness index) was measured with a Vascular Explorer (Enverdis, Jena, Germany).
Measurement was taken after 10 min of rest in a supine position. Analysis of PWV and blood pressure
were performed by photoplethysmographic sensors and inflatable upper arm and lower leg cuffs
techniques, as described elsewhere [27].
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Body composition

The bio-impedance analyzer (Medigate Company Inc., Dan-dong Gunpo, Korea) was used to measure fat-
free mass (FFM) and body fat percentage. Body mass (kg) was divided by the square of the height (m2)
for BMI calculation.

Cardiorespiratory fitness

The maximal oxygen uptake (VO,max) test was initiated with a speed of 6 kmeh™ on a motorized
treadmill (H/P/Cosmos, Pulsar med 3p- Sports & Medical, Nussdorf-Traunstein Germany). The treadmill
speed was increased by 1 kmeh™ every 3 minutes until subjects were physically exhausted and unable to
continue the test. The treadmill grade was set at 0.5 degrees throughout the test. A gas analyzer system
(Metalyzer 3B analyzer, Cortex: biophysik, GMbH, Germany) was used to measure oxygen uptake (VO,)
and was calibrated before each test based on the manufacturer's instructions. The highest 60-s VO, value
during the test was considered the VO,max. The last completed 3-min velocity of the treadmill test was
identified as the maximal testing velocity (Vmax). The details of the VO,max test were previously
described elsewhere [28].

Nutrient intake and dietary analysis

Subjects were instructed to document all food intake as precisely as possible for three days (two
weekdays and one day on the weekend) throughout the study period. Total energy (kcals per day) and
intake of carbohydrates, fats, and proteins (grams per day) were calculated. All subjects’ dietary logs were
assessed using Diet Analysis Plus, version 10 (Cengage, Boston, MA, USA).

Running Training protocols

The running training program for the HVMIT protocol included: first and second weeks at 50% of VO,max
during 45 min, third to seventh weeks at 55% of VO,max during 50 min, and the last five weeks at 60% of
VO,max during 60 min. The LVHIT protocol was as follows: first two weeks at 70% of VO,max during
25min, third to seventh weeks at 80% of VO,max during 35min, and in the last five weeks at 85% of

VO, max during 40min. Caloric expenditure for both training protocols was equated (14 kcal/kg of body
mass per week), and the amount of distance ran per week was similar between protocols (17.5 km). Both
protocols were performed on a motorized treadmill (H/P/Cosmos, Pulsar med 3p- Sports & Medical,
Nussdorf-Traunstein Germany). The intensity of exercise in both protocols was controlled and initially set
by Vmax. In addition, during all exercise sessions, subjects used an HR monitor (Polar V800, Polar Electro
Oy, Finland) to monitor their HR. Moreover, we calculated the actual amount of regular exercise completed
according to the subjects' compliance. All subjects' adherence calculation was conducted by dividing the
number of minutes completed within the identified HR range each week by the minutes prescribed (Table
2). The VO,max test was conducted at weeks 4 and 8 to maintain the target intensity. Both training

groups performed three supervised exercise sessions per week for 12 weeks. The exercise training
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protocols details are shown in Table 2. The control group was asked to maintain their daily routines and
refrain from any additional physical activity during the study.

Statistical analysis

The normality of all data was evaluated with the Shapiro-Wilk test. A one-way ANOVA was applied to
compare all baseline data among three groups to ensure no significant differences between groups. A
two-way ANOVA with repeated measures (Groups * time) was used to compare three groups' changes for
all variables. If group x time interactions turned out to be significant, a Bonferroni post hoc test was
calculated. Additionally, effect sizes (ES) were determined from ANOVA output by partial eta-squared.
Moreover, within-group ES were computed using the following equation: ES= (mean post-mean pre)/SD
[29]. In accordance with Hopkins et al. (2009) ES were considered trivial (< 0.2), small (0.2-0.6), moderate
(0.6-1.2), large (1.2-2.0) and very large (2.0-4.0). Data were described by means and SD (). The level of
significance was set at pl0.05. All statistical analyses were computed using SPSS for Windows, version
23.0 (SPSS Inc., Chicago).

Results

A significant interaction between group and time was revealed for SDNN (F2,42 = 20.9, P = 0.000),
RMSSD (F2,42 = 124, P = 0.000), LF (F2,42 = 403, P = 0.000), HF (F2,42 = 263, P = 0.000), LF/H (F2,42 =
1043, P = 0.000), HR (F2,42 = 30.6, P = 0.000) PWV (F2,42 = 286, P = 0.000), SBP (F2,42 =71.4,P =
0.000), body fat percent (F2,42 = 69.3, P = 0.000), VO,max (F2,42 = 67.5, P = 0.000) and Vmax (F2,42 =
38.4, P = 0.000). SDNN, and HF significantly increased in both training protocols (HVMIT and LVHIT)
when compared to control group (P < .05) (Table 3). However, these increases were significantly greater in
LVHIT protocol when compared to HYMIT protocol (P < .05) (Table 3). Moreover, paired sample t-test
indicated significant increases (P < .05) in SDNN, and HF following 12 weeks when compared to baseline
in both training protocols (Table 3). Data analysis showed a significant decrease in LF/HF ratio in HYMIT
and LVHIT protocols in comparison to control group (P <.05) (Table 3). Nevertheless, it observed a more
significant decrease in LVHIT protocol compare to HYMIT protocol (P < .05) (Table 3). Both training
protocols showed significant decreases (P < .05) LF/HF ratio after 12 week compared to baseline (Table
3). Furthermore, RMSSD (increased) and LF (decreased) showed significant changes only in LVHIT
protocol when compared to control group (P <.05) (Table 3). However, these changes in HVMIT protocol
were not significant (P > 0.05) (Table 3). The changes from baseline to 12 weeks in RMSSD and LF were
significant (P < .05) in HYMIT and LVHIT protocols (Table 3). HR showed no significant difference (P >
.05) in either training protocols compared to control group. But it demonstrated a significant reduction (P
<.05) in both training protocols from baseline to 12 weeks (Table 3). PWV (ES: 0.93), SBP (ES: 0.77), and
body fat percent significantly decreased in LVHIT compared to control group (P < .05) (Figure 2 and 3,
Table 3). However, no significant changes were observed in HVYMIT protocol (P > 0.05) (Figure 2 and 3,
Table 3). Furthermore, after 12 weeks either training protocols revealed significant decreases (P < .05)
from baseline in PWV SBP, and body fat percent (Table 3). VO,max significantly increased only in LVHIT
protocol when compared to control group (P < .05) (Table 3). There was no significant change in VO,max
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following 12 weeks of HVMIT protocol compared to control group (P > .05). Both training protocols
indicated significant increase (P < .05) in VO,max from baseline after 12 weeks (Table 3). Vmax changes
in both training protocols were not significant compared to control group (P >.05). However, these
changes in HYMIT and LVHIT were significant (P < .05) following 12 weeks when compared to baseline
(Table 3). No significant changes were observed in DBP, BMI, and FFM in both training protocols when
compare to control group (P > 0.05) (Figure 4,Table 3).

Discussion

This study examined the effects of different volumes and intensity of endurance exercise training on HRV
variables, PWV, cardiorespiratory fitness, hemodynamic markers, and body composition in sedentary
middle-aged males. The present study's main findings were that the LVHIT protocol is more effective in
improving HRV variables (SDNN, RMSSD, LF, HF, and LF/HF), PWV SBPR, VO,max, Vmayx, and fat
percentage than the HVMIT protocol. Thus, a shorter protocol of higher intensity was more effective for
improving the cardiovascular health of middle-aged sedentary men.

This study showed that both protocols improved the time domain (SDNN, HR) and frequency domain (HF
and LF/HF) of HRV variables. However, this improvement was more significant in the LVHIT protocol than
the HVMIT protocol. Moreover, RMSSD and LF showed improvement only following LVHIT protocol. This
improvement of HRV confirms previous studies' results, which showed that exercise intensity plays a
crucial role in modifying HRV variables [18, 30]. It has been established that cardiovascular adaptation
resulting from exercise training can be affected by the autonomic nervous system [31, 32]. Exercise
training can decrease sympathetic activity and increase parasympathetic activity, thus decreasing resting
HR, which is one of the early adaptations reported in the current study [33]. Moreover, a greater increase in
epinephrine and norepinephrine have been observed when exercise is performed with higher intensities,
suggesting a higher sympathetic nervous system activity and greater physiological stress during exercise
sessions [34]. This might lead to greater physiological and cardio-autonomic adaptations in the short-
term [35, 34]. Furthermore, an increase in catecholamines concentration could increase lipolysis in
adipose tissues, which could justify a more significant reduction of body fat percent in our study
following the LVHIT protocol [36]. Moreover, exercise intensity may increase shear stress, therefore,
having a critical role in releasing NO in the arteries [15]. It has been shown that NO could modulate the
cardio-autonomic system by decrease sympathetic outflow and increase parasympathetic influences [37].
We may suggest that all these improvements in HRV variables in the LVHIT protocol might be explained
by these physiological adaptions that occurred following endurance exercise training of shorter duration
and higher intensities.

This study also showed that PWV and SBP decreased significantly after 12 weeks in the LVHIT protocol.
These significant decreases in PWV and SBP only following LVHIT protocol confirm the results of
previous studies that reported improvement in AS and SBP following high-intensity exercise training [20,
38]. The explanation behind these adaptations is not entirely understood. However, previous studies
indicated that high-intensity exercise compared to low or moderate exercise, has greater effects on
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vascular function through enhanced shear stress and plasma NO production, which are followed by
vasorelaxation [15, 39, 40]. Therefore, we may suggest that the LVHIT protocol had more significant
effects than the HVMIT protocol on vascular function and, as a result, improved PWV and SBP through
higher intensities, thus increasing the shear rate, and NO bioavailability. On the other hand, improvement
of arterial baroreflex sensitivity, which has been shown following exercise training, has a significant role
in modulating HR and vascular tone and could be associated with reducing AS and increasing cardiac
autonomic function [41, 30, 9]. In addition, other mechanisms, such as a decrease in inflammation and
oxidative stress, might have a role in reducing PWV in our study [42, 43].

The significant increase in VO,max only in the LVHIT protocol is another interesting finding in our study,
which supports the study's results by Ross et al. (2015), who demonstrated a greater increase of VO,max
following continuous training at 75% of VO,max relative to 50% of VO,max [44]. This increase could be
attributed to both central (e.g., Increase in Stroke volume and cardiac output) and peripheral (e.g.,
mitochondrial density) adaptations expected for high-intensity training [45]. Besides, the improvement in
PWV might be related to central adaptations following the LVHIT protocol [46]. On the other hand,
improvements in VO,max, SBR, and PWV reinforce our suggestions about the importance of exercise
intensity in inducing physiological adaptation, which leads to HRV variables improvement. There is a
relationship between cardiorespiratory fitness and the cardiac autonomic system, and an increase in
VO,max might be associated with improvement in cardiac autonomic function with a significant effect
on parasympathetic modulations [47].

It is important to note that our study has some limitations, such as a lack of NO and baroreceptor
sensitivity measurements, which could help understand the mechanisms behind some of our findings.
Moreover, body composition was measured by bioelectrical impedance, which might not be a precise
method like dual-energy x-ray absorptiometry and air displacement plethysmography, although the
reliability and validity of it confirmed by previous studies [48, 49]. Finally, the recording of perceptual
measures associated with both protocols' training sessions may be interesting to understand better the
psycho-physiological impact and subsequent adaptations of these different workloads.

Conclusion

The present study indicated that both HYMIT and LVHIT protocols improved some HRV variables.
However, these improvements were significantly greater in the more efficient LVHIT protocol. Moreover,
RMMSD, LF, PWV, SBR, VO,max, and body fat percent improved only in LVHIT protocol after 12 weeks.
Based on these findings, we consider that exercise intensity might have a greater effect on improving the
autonomic nervous system activity, arterial stiffness, cardiorespiratory fitness, and body composition of
sedentary adult men. However, further studies are needed to confirm these findings in other populations
and further elucidate the mechanisms involved in such adaptations.
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Tables

Table 1. Subjects characteristics (means, SD ).
Characteristics  Control HVMIT LVHIT
Age (yr) 415+56 425+ 62  422+53
Height (cm) 1753142 1748+3.6 1776143

Bodymass(kg) 749+68 73.5+55 73.4+6.0
BMI 244+1.4 240+1.3 23.3+1.5

BMI, Body Mass Index; HYMIT, High Volume Moderate Intensity Training, LVHIT, Low Volume High
Intensity Training.

Table 2. Prescription and adherence of HYMIT and LVHIT training protocols.
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Variables HVMIT LVHIT
Mean Intensity (%VO,max) 56% 80%
Prescription amount (km/wk) ~ 17.5 17.5
Prescription amount (kcal-kg-wk) ~ 14 14
Prescription time (min/wk) 160 106
Adherence % 95 (6%) 92 (8%)
Actual amount (km/wk)* 1425+83 138+7.6
Actual time (min/wk)** 156 + 5.1 92+4.2
Frequency (sessions/wk) 3 3

HVMIT, High Volume Moderate Intensity Training; LVHIT, Low Volume High Intensity Training; Vmax,
Maximal velocity; wk, week.

Actual amount: Prescription amount x Adherence

Actual time: Prescription time x Adherence

Table 3. Mean (+SD) values (Pre-Test and the Post-Test) of HRV indices, hemodynamic variables VO, 4y
Vmax and body composition variables.
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Variable

SDNN (m/s)

RMSSD (m/s)

HR (bpm)

LF (ms?)

HF (ms2)

LF/HF

VO,max (mL/kg/
min)

Vmax (km/h)

Group

HVMIT
LVHIT

Control
HVMIT
LVHIT

Control
HVMIT
LVHIT

Control

HVMIT

LVHIT

Control

HVMIT

LVHIT

Control

HVMIT
LVHIT

Control
HVMIT
LVHIT
Control
HVMIT
LVHIT

Pre

65.4+7.3
65.5+7.7

62.4+52
70.2+73
723+79

68.2+7.6
79.2+7.6
80.1+7.7
79.5+7.7

1751.2
116.3

1784.3 +

116.1

1650.5 +

116.3

1925.4 +

1171

1875.1

115.2

20151 +

116.3

0.90 + 0.01

0.95+0.00

0.81 +0.01
33.3+45
35.2+4.1
33.5+5.0
120+1.4
125+1.7

Post

74.0 £ 6.0%*

84.6 + 8.0%*#

60.3+5.38

77.4 +7.3%

88.1 + 8.2%*

69.3+7.4

70.4 +7.6%
68.4+7.7%

783 +5.4

16253 +

131.3%

1323.3

110.4 +*#

1690.4 +

118.3

23222 +

161.31*

2652.1

172.3%*#

19924 +

100.5

0.70 + 0.03%*

0.50 +
0.02f*#

0.84 +0.02
36.1 +4.4%

40.7 + 3.6 t*
33.8+44

12.8 + 1.5%
143 +1.7%
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Partial Eta
Squared

0.49

0.85

0.59

0.95

0.92

0.98

0.76

0.64

cv

(%)
13

29

10




SDNN, Standard Deviation of RR intervals; RMSSD, Root Mean Square Successive Difference of RR
intervals; HF, High Frequency; LF, Low Frequency; Vmax, Maximum Velocity, BMI, Body Mass Index; CV,
Change Value; HVMIT, High Volume Moderate Intensity Training; LVHIT, Low Volume High Intensity

Training.

Control 123 +1.7 12.0+ 1.6 2
Body mass (kg) HVMIT 73,555 71.2+5.7 0.76 -3
LVHIT 73.4+6.0 70.5+6.6 -4
Control 74916.8 75.1+5.6 0
BMI HVMIT  24.0%1.3 23.3+1.6 0.55 -3
LVHIT 23.3+1.5 22.3+1.8 -4
Control 244+14 244 +1.5 0
Body fat (%) HVMIT  27.5+3.0 26.5+2.9% 0.76 -4
LVHIT 28.5+4.0 23.6 + 3.1* -17
Control  29.5% 5.1 30.2 £ 5.1 2
FFM (kg) HVMIT  253+3.2 259+ 3.1 0.22 2
LVHIT 255+3.3 26.5+3.7 4
Control 24.5+2.6 241 +25 2

*significant difference with control group (P < 0.05(. # significant difference between training protocols (P

< 0.05). f indicated significant difference from baseline (p<0.05).
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