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Abstract 

 

We investigated the effect of moderate versus high-intensity interval exercise training 

on the HRV indices in physically inactive adults. Twenty inactive adults were randomly 

allocated to receive either moderate intensity training (MCT group) or high-intensity interval 

training (HIT group). The MCT group performed aerobic training at an intensity of 55-75%, 

which consisted of walking on a treadmill at 60-80% of the maximum heart rate (HRmax) until 

the expenditure of 300 kcal. The HIT group ran on a treadmill for 4 minutes at 85-95% peak 

HRmax and had a recovery of 4 minutes at 65% peak HRmax until the expenditure of 300 kcal. 

Supine resting HRV indices (time domain: SDNN, standard deviation of normal-to-normal 

intervals; rMSSD, Root mean square successive difference of RR intervals and frequency 

domain: HFLn, high-frequency spectral power; LF, low-frequency spectral power and HF/LF 

ratio) were measured at baseline and 12 weeks thereafter. The SDNN changes were 3.4 (8.9) 

ms in the MCT group and 29.1 (7.6) ms in the HIT group (difference between groups 32.6 

[95% CI, 24.9 to 40.4 (P = 0.01)]. The LF/HFLn ratio change 0.19 (0.03) ms in the MCT 

group and 0.13 (0.01) ms in the HIT group (P between groups = 0.016). No significant group 

differences were observed for the rMSSD, HF and LF parameters. In inactive adults, this study 

showed that a 12-week HIT training program could increase short-term HRV, mostly in vagally 

mediated indices such as SDNN and HF/LFLn ratio power. 

 

Trial registration. ClinicalTrials.gov NCT02738385, registered on 23 March 2016. 

 

Keywords. Randomized controlled trial; Exercise training; Autonomic nervous system; Cardiac 

autonomic control; Intensity 
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Introduction 
 

Disorders of the autonomic nervous system have a key pathophysiological role in the early 

stages of essential hypertension, myocardial infarction and chronic heart failure by producing 

coronary vasoconstriction, increasing cardiac oxygen consumption and leading to fatal events 

[15,56]. Heart rate variability (HRV) is of increasing interest because it is a marker of cardiovascular 

autonomic function and because reduced HRV is a direct predictor of cardiovascular risk and all -

cause mortality [13,58]. Additionally, the parasympathetic withdrawal quantitated by HRV is 

associated with reduced coronary flow reserve and antedates episodes of dynamic myocardial 

ischemia [37]. HRV refers to the periodic changes in heart rate and serves as an index of the activity 

level of the autonomic nervous system [26].  

HRV can be evaluated by time and frequency domain indices. Accordingly, it can be 

represented in a time domain in which R-R intervals (in milliseconds) are plotted against time (in 

seconds) [53]. Among the most used indices, the standard deviation of normal beat-to-beat (R–R) 

intervals (SDNN) has been suggested to reflect global variability, and the root-mean-square of 

successive R–R intervals (rMSSD) and high-frequency (HF) power have been linked to vagal activity 

[8].  

Strong evidence shows that physical inactivity, i.e., <150 min/wk. of moderate activity or 75 

min/wk. of vigorous activity, can increase the risk of many adverse health conditions, including 

major non-communicable diseases such as coronary artery disease (CAD), metabolic syndrome and 

breast and colon cancers [9,34]. Currently, physical inactivity has a deleterious effect that is 

comparable to smoking and obesity. It is now recognised as the fourth-leading risk factor for global 

mortality and accounts for 6% of all deaths [36]. Furthermore, physical inactivity is associated with 

decreased HRV, particularly HF power, thus reflecting reduced cardiovascular autonomic control  

[24]. Experimental studies have indicated that sedentary time results in alterations of cardiovascular 

health and HRV and during prolonged bed-rest [25,28,54].  
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On the other hand, cross-sectional reports in different population suggest that regular aerobic 

exercise training is associated with improved HRV [1], however, studies examining the effect of 

moderate or high intensity on HRV are mixed and incomplete with respect to clinically 

recommended training paradigms. In the clinical setting, previous systematic reviews have found that 

inactivity physical adults who participate in supervised interval training can experience 

improvements  in HRV, exercise capacity, quality of life, maximal oxygen consumption (VO2max) 

and cardiac remodelling [3,18,50]. Additionally, high-intensity exercise has been shown can 

positively modify the sympathovagal control of HRV toward facilitating a persistent increase in 

parasympathetic tone, known to be associated with a better prognosis in non-communicable diseases 

patients [50].  

Interestingly, few studies showed comparable or superior improvements in cardiovascular 

function using low-volume, high-intensity training (HIT) compared to traditional moderate 

continuous training (MCT) [18,23,47,50,59]. However, the effects of MCT, HIT or a combination 

of the two (MCT/HIT) program on HRV indices, which is clinically the current standard in inactive 

adults, has yet to be established [5,12,21,42]. 

In the Latin-American population, a region that has undergone a well-documented 

epidemiologic transition and epidemic of obesity [30,40,52], relatively little research on physical 

activity [49] and physical fitness exists [17,41,48]. A randomised clinical trial comparing different 

intensities of exercise training in inactive adults is clinically relevant because it could provide 

evidence for a precise, prescribed intensity of exercise training for optimal outcomes in this 

population [20,33,34,59]. Given this knowledge gap, the aim of the current randomised clinical trial 

was to compare the effect of MCT versus HIT on HRV indices in physically inactive adults. 
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Materials & Methods  

Experimental Approach to the Problem 

The HIIT-Heart Study is a substudy of the ‘High Intensity Interval- vs Moderate Training on 

Biomarkers of Endothelial and Cardiovascular Health in Adults’ study (registered at 

ClinicalTrials.gov, registration number: NCT02738385) in which the aim was to compare the 

efficacy of different volumes of HIT and traditional training in reducing risk factors constituting the 

CAD. In this substudy, we report changes in HVR variables that were only recorded at our local site 

(Bogotá, Colombia). A participant flow diagram is shown in Figure 1. The overall objective of the 

substudy “HIIT-Heart” is to quantify the dose-effect of different exercise intensities (i.e. moderate-

intensity and low volume vigorous-intensity), on HRV indices (primary outcome), and on 

physiologic response (heart rate, blood pressure), body composition (BMI, waist circumference, body 

fat, lean mass) and V̇O2peak in adults (secondary outcomes).  

Participants and recruitment  

This randomised clinical trial was conducted at the University of Rosario in Bogota and Santo 

Tomás University, Colombia, between February 2015 and May 2016. Primary and secondary 

outcomes were assessed at baseline and 12 weeks thereafter. We provide an overview of the 

methods as per the Consolidated Standards of Reporting Trials (CONSORT) checklist  [11] .  

Participants were recruited from the Centre of Studies in Physical Activity Measurements (in 

Spanish, CEMA) by posting study recruitment flyers at community centres, by study recruitment 

announcements at CEMA and by word-of-mouth. Subjects are eligible to participate if they are 

located in the metropolitan region with available time (1 hour per day) to support the trial. Additional 

eligibility criteria include participants were aged 18–45, were inactive (<150 min/wk. of moderate-

intensity activity or 75 min/wk. of vigorous-intensity activity), had a body mass index ≥18 and ≤30 

kg/m2 and identified as being willing and having almost immediate availability.  
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Risks were minimised by ruling out contraindications to the testing and training protocols via a 

health history and a thorough physical examination before the testing sessions. Individuals with a 

history of a medical condition identified by the American Heart Association (AHA) as an absolute 

contraindication to exercise testing were excluded from this study [35]. Furthermore, individuals were 

also excluded if they presented any of the following: systemic infections, weight loss or gain of >10% 

of body weight in the past 6 months for any reason, currently taking medication that suppresses or 

stimulates appetite, uncontrolled hypertension (systolic blood pressure 160 mm Hg or diastolic blood 

pressure 95 mm Hg), gastrointestinal disease (including self-reported chronic hepatitis or cirrhosis, any 

episode of alcoholic hepatitis or alcoholic pancreatitis within past year, inflammatory bowel disease 

requiring treatment in the past year, recent or significant abdominal surgery e.g., gastrectomy), asthma, 

diagnosed diabetes (type 1 or 2), fasting impaired glucose tolerance (blood glucose ≥118 mg/dL) or use 

of any prescribed drugs, any active use of illegal or illicit drugs or inability to participate due to a 

physical impairment. In addition, we confirmed by two exercise physiologists, subjects if they had 

alteration in ventricular function and/or cardiomyopathy, through a standard 12-lead ECG at rest and 

every 3-min of the maximum treadmill exercise test. All subjects remained under usual medical care 

and clinical follow-up (i.e., regular appointments with a physician) throughout the protocol. Written 

informed consent was obtained for all subjects, and ethical approval was granted by the local office for 

Research Ethics Committee at University of Santo Tomás (ID 27-0500-2015). Additionally, each 

participant completed an informed consent document outlining the experiment that was approved by 

the Institutional Review Board. The study conforms to the principles outlined in the Declaration of 

Helsinki. 

Blinding and randomisation  

Randomisation into the two study arms was performed by the CEMA at University of Rosario, 

Bogotá, Colombia, using block randomisation with block sizes of four. As each participant 

consecutively entered this randomised clinical trial, he/she was randomly allocated to either the MCT 
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or the HIT group according to the computer-generated allocation sequence. The randomisation 

sequence was not concealed from the investigator who was responsible for assigning participants to 

groups. All participants and study personnel (including investigators and statisticians) were blinded to 

treatment allocation throughout the trial protocol. Furthermore, the investigators who performed the 

statistical analyses were masked from group assignment. The importance of maintaining the blinding 

and allocation concealment was reinforced by regularly scheduled conference calls at the sites and 

daily meetings with the field investigators.  

Interventions 

The participants assigned to the intervention group participated in the cardiometabolic 

programme as recommended by the Colombian guidelines COLDEPORTES (in Spanish, 

Departamento Administrativo del Deporte, la Recreacion, la Actividad Fisica y el Aprovechamiento del 

Tiempo Libre) [29], and AHA [35,39] for cardiovascular health promotion and disease reduction. At 

the beginning of the training protocol, we obtained the participants’ weight to determine the weekly 

energy expenditure necessary to achieve their target of 12-kcal·kg-1·week-1 (iso-energetic). It was 

expected that the gradual increase in total energy expenditure would minimise fatigue, soreness, 

injuries and attrition. 

After inclusion, patients performed a maximal cardiopulmonary exercise test on a maximum 

treadmill exercise test (Precor TRM 885, Italy) following the modified Balke protocol [1] and 

physiological parameters (V̇O2, HR and Borg ratings) from the test were used to set exercise intensity. 

Based on averaged HRmax and V̇O2peak, the participants were classified according to normative 

values, referenced to age and sex [1,39]. MCT and HIT interventions lasted 12 weeks, with three 

sessions per week, consisting in fast walking or running on a treadmill with the deck inclined to reach 

the desired intensity. HR was recorded each session using a HR monitor (Polar Electro, Kempele, 

Finland). In addition, rating of perceived exertion (RPE) were also measured in each exercise session. 

An initial 2-week preparatory phase of training was performed to bring participants up to a 6-kcal·kg-
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1·week-1 goal (~150 kcal per session), which was increased progressively 2-kcal·kg-1·week-1 until week 

4, and was then maintained at 12-kcal·kg-1·week-1 for weeks 5 to 12 (~300 kcal per session).  

Moderate-continuous training (MCT) group  

 Exercise training sessions were designed to elicit a response in the acceptable moderate-to-

vigorous range, i.e., 55–75% HRmax/RPE of 11–15 on Borg scale. Sessions consisted of a warm-up (5 

min), followed by 15-55 min of treadmill walking/running (15-35 min during the 2-week preparatory 

phase), and a final relaxation/cool-down period (10 min).  

High-intensity training (HIT) group  

We calculated the training energy expenditure for participants’ age ranges associated with 

meeting the consensus public health recommendations from the Cardiometabolic HIIT-RT Study [47]. 

A complete description of the design and methods has been published elsewhere [47].  During the 2-

week preparatory phase subjects warmed up at 65% HRmax (5 min), then perform 4 × 4 min intervals 

at 60–80% HRmax/RPE of 13–15 on Borg scale, interspersed with 4 min of recovery at 55% 

HRmax/RPE of 11–13 on the Borg scale. During weeks 3-12 subjects perform 4 × 4 min intervals at 

85–95% HRmax/RPE of 15–17 on Borg scale (with the target zone maintained for at least two 

minutes), interspersed with 4 min recovery at 65% HRmax, and a cool-down (5 min), with a range total 

exercise time of 35 to 55 min (with warm-up and cool-down).   

Both groups were required to attend two supervised sessions with an exercise physiologist at 

the University of Rosario at a fitness centre “CEMA”, which contained the treadmills needed to 

complete the prescribed exercise programmes. Each participant was instructed to immediately inform 

the supervisor if he or she experienced any unusual symptoms while exercise training and to consult 

a physician if needed. Participants were instructed to refrain from exercise training and to avoid 

changing their physical activity levels outside this study. All participants reported adhering to these 

instructions. 
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We estimated the energy expenditure during the exercise sessions by calibrating the energy 

expenditure to the HR during the maximal oxygen uptake tests performed at the baseline and post-

intervention time points. The regression of the energy expenditure was calculated for each participant 

according to both the HR and the minutes spent exercising during the training sessions. Trainers were 

physical therapists and physical educators with experience developing and monitoring exercise 

programmes among clinical populations. Adherence to the exercise programme was encouraged by the 

exercise professional who supervised each of the group sessions. To maximise adherence to the 

training programme, a maximum of 3–5 participants were trained simultaneously. Each participant met 

with the study dietician for nutrition assessment and counselling. An individualised nutrition 

intervention plan was developed from the baseline food intake assessment according to participant 

preferences [47]. This plan consisted of a standardised meal consisting of 1300 to 1500 kcal (50–55% 

carbohydrates, 30–35% total fat, <7% saturated fat and 15–22% protein). 

Experimental procedure 

Prior to the procedure, participants were instructed to refrain from strenuous activities for at 

least 48 h, and caffeine and alcohol for at least 24 h before all tests. Subsequently, participants reported 

for testing following an overnight fast, consuming only water, and refraining supplement intake that 

morning. All measurements were tested on two different days in climate controlled room between the 

hours of 07:00 and 10:00 h.  

Primary outcome measures 

The primary outcome measure was HRV measured between 07:00 and 08:00 h for 25 minutes 

in a semi-dark room (22–23°C) following a 12-hour fast. HRV measurements were conducted at the 

same time (±1 hour) of day for each assessment period. We used a two-channel ECG signal detected by 

a Heart Rate Monitor (Polar Electro, Kempele, Finland) and transmitted online to a PC through Polar 

Advantage Interface receiver. We quantified HRV from the last 5 minutes of R–R interval recording. 

First, we examined the parasympathetic nervous system by calculating the square root of the mean of 
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the sum of the squares of differences between adjacent R–R intervals (rMSSD). rMSSD is considered 

to be a stable measure of parasympathetic modulations of heart rate [14]. Mean R-R intervals were 

recorded at a rate of 250 Hz. Second, SDNN was measured, reflecting the cyclic components 

responsible for variability in the period of recording and reflective of both sympathetic and 

parasympathetic tone. Third, frequency domain was analysed in three absolute and log normalized 

frequency bands define as: HF and LF. In the frequency domain, oscillations of RR intervals were 

examined within the low-frequency (LF: 0.04–0.15 Hz) and high-frequency bands (HF: .0.15–0.40 Hz). 

The sympatho-vagal balance was obtained by the ratio of the power LF to HF (LF/HF) bands. All index 

are described and used in previous reports [14,45,53]. The resulting R-R intervals were analysed in the 

time domain, in the frequency domain using spectral analysis (Fast Fourier Transform), and nonlinearly 

through the Poincare´ plot (Kubios HRV Analysis v 2.0, Biosignal Analysis and Medical Imaging 

Group at the Department of Applied Physics, University of Kuopio, Kuopio, Finland). In-house testing 

revealed near perfect (r = 0.99) correlations between these methods and electrocardiographs. These 

differences were also similar to what was reported by other applications that assess HRV via heart rate 

monitors.  The reproducibility of 24-hour derived HRV indices was ICC = 0.86 to frequency domain 

parameters and ICC = 0.95 to time domain parameters.  

Secondary outcomes 

Anthropometric and body composition measurements: Body weight was measured using 

electronic scales (Tanita® BC544, Tokyo, Japan) with a low technical error of measurement (TEM = 

0.510%). Height was measured using a mechanical stadiometer platform (Seca® 274, Hamburg, 

Germany; TEM = 0.01%). Body mass index (BMI) was calculated as the body weight in kilogrammes 

divided by the square of height in meters (kg/m2). The waist circumference (WC) was measured at the 

narrowest point between the lower costal border and the iliac crest using a tape measure (Ohaus® 

8004-MA, New Jersey, USA; TEM = 0.05%). In cases where this point was not evident, it was 

measured at the midpoint between the last rib and the iliac crest. We measured each variable twice and 
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used the average measure obtained unless the first and second measures varied by more than 1%, in 

which case we used the median of three measurements. The percentages of body fat mass and mass 

muscle were obtained using the Tetrapolar Bioelectrical Impedance Analysis (BIA) system (BF-350, 

Tanita Corp, Tokyo, Japan). Before testing, participants were required to adhere to these BIA 

manufacturer’s instructions: 1) to not eat or drink within 4 h of the test; 2) to not consume caffeine or 

alcohol within 12 h of the test, 3) to not take diuretics within 7 days of the test; 4) to not do physical 

exercise within 12 h of the test, and; 5) to urinate within 30 min of the test. An electrical current of 50 

kHz was passed through the participant and resistance and reactance were measured. To ensure data 

quality, the equipment was calibrated daily using a known calibration standard, in accordance with the 

manufacturer’s instructions [6]. Subjects stood on the metal contacts in bare feet, and body fat mass 

was determined. This measurement was repeated twice and the average value was obtained. The 

reproducibility of our data was R=0.98.  

Cardiorespiratory fitness: V̇O2peak was determined using a maximum treadmill exercise test 

(Precor TRM 885, Italy) following the modified Balke protocol, which has been extensively used [47] 

in people inactive. The treadmill test used a ramp protocol where the inclination is constant (5.5%) and 

the speed increases by 0.5 km/h every minute, starting at 4 km/h [47]. Each session began with a 5 to 

10 min warm-up at 50 W. We asked participants to refrain from smoking two hours before the test, and 

from drinking alcohol or doing any vigorous or moderate intensity activities 48 h before the test. 

HRmax was used to determine the training intensity for each participant. We measured blood pressure 

prior to and during the test. Exercise was terminated if participants were fatigued, or earlier if they 

fulfilled the AHA guidelines for ‘Indications for Terminating Exercise Testing’ [35]. Maximal oxygen 

uptake was defined as the highest recorded V̇O2peak after two of three criteria were met: 1) a plateau 

in VO2 after increase in workload; 2) a respiratory exchange ratio >1.10, and (3) a maximal heart rate 

within 10 bpm of their age-predicted maximum. Exercise capacity was defined as the total duration 

(minutes) of the graded exercise test. The findings of previous research suggest that graded exercise 
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testing as described in this study is reliable and is a standard for measuring exercise capacity [4,49]. 

The reproducibility of our data was R=0.92.  

Resting blood pressure: Blood pressure was measured using an electronic oscillometric device 

(Riester Ri-Champion model, Jungingen, Germany) after being seated in a quiet room for 10 min with 

their back supported and feet on the ground according to the International Protocol of the European 

Society of Hypertension [55]. Two blood pressure readings were taken separated by a 10-min interval. 

Inter-observer variability was R=0.96.   

Additional outcomes of this study were participant adherence and adverse events.  The 

investigator or research assistant, who supervised each group, recorded the date of each completed 

exercise training session and the length of time spent during each exercise training session. These 

data were used to assess each group's adherence to the exercise program. Total exercise time was 

defined as total time spent on exercise training during the study. Interim monitoring focused on 

patient intake, adherence to the protocol, baseline comparability of treatment groups, completeness 

of data retrieval and adverse events. Data about participant adherence to the prescribed exercise 

training variables are presented in the interventions section. However, self-reported physical activity 

was measured using the recent physical activity questionnaire. This questionnaire assesses physical 

activity across four domains (domestic, recreational, work and commuting) over the previous 7 days. It 

has shown moderate-to-high reliability for physical activity energy expenditure and good validity for 

ranking individuals according to their time spent in vigorous intensity physical activity and overall 

physical activity energy expenditure [4]. The outcome was assessed in METs (units of metabolic 

equivalence) per week. This questionnaire was administered immediately before and after the training 

period and at 12 weeks following the completion of the exercise intervention. 

Statistical Analysis 
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To retain data of all randomly allocated participants, an intention-to-treat analysis population 

(all randomly assigned patients) was performed. Before the planned statistical analyses, a 

preliminary analysis was conducted (Shapiro–Wilk test) to confirm data distribution normality. 

Primary and secondary outcomes values are reported as mean (±) standard deviation (SD) or 95% 

confidence interval (CI 95%) unless otherwise specified. Due to their skewed distribution, the 

following variables were log-transformed before analyses: SDNN, rMSSD, HF, LF and LF/HF ratio. 

To aid interpretation, data were back-transformed from the log scale for presentation in the results. 

Adherence to the exercise program for both groups was expressed as the total number of 

training days that each participant completed of the prescribed number of training days and total 

exercise time during the 12-week supervised exercise program. Once it was confirmed that the 

sample data satisfied the normality assumption, statistical analyses relevant to our main research 

interest were conducted. A t-test was used to investigate any possible differences in baseline 

characteristics and adherence between the groups. We used a generalised linear model (GLM) to 

analyse the influence of the differing doses of exercise training on HRV characteristics. The 

Dunnett-Hsu test allows for specific multiple pair-wise comparisons while still protecting against 

type I statistical errors.  Change between the pre- and post-measures was calculated for each 

outcome variable of interest. For normal data, effect sizes (ES) were calculated using Cohen’s d 

(between group: d = M1−M2/ spooled, where M1 and M2 are the mean changes (Mpost− Mpre) for each 

group, and spooled is the pooled standard deviation of changes from each group; within group: d = 

Md/Sd , where Md is the mean difference from pre-to-post and Sd is the standard MCT vs. HIT training 

study deviation of differences between subjects), which was defined as small, medium, and large for 

0.20, 0.50, and 0.80, respectively. Finally, we used a subgroup analysis to compare dose-response 

effects across predefined baseline groups. Significance of interaction relationships between variables 

was tested using a Spearman correlation analysis and denoted as rs. All reported P values are two-
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sided (P < 0.05). In order to determine TEM for HRV indices, blood pressure and cardiorespiratory 

fitness, a experiment trial involving six recreationally active participants (Four males; two females, 

age, 29±1 yrs; BMI, 26±9 kg/m2; VO2peak, 38±7 ml·kg·min-1) reported to the lab on two separate 

occasions separated by at least a week and the resulting values were utilized to calculate TEM (data 

no shown). The body composition variables were used as the indicator of precision by TEM. It is 

based on at least two measurements taken of the same subject by the same observer (intraobserver 

variability). The TEM was estimated from the results of an ANOVA as the square root of the within-

subject mean square. The coefficient of reliability (R) and ICC estimates the proportion of between-

subject variance in a measured population that is free from measurement error to HRV indices, blood 

pressure and cardiorespiratory fitness. Measures of ‘R’ can be used to match the relative reliability 

of different anthropometric measurements, as well as of the same measurements in different age 

groups and to estimate sample size requirements in anthropometric studies. ‘R’ as a percentage (R%) 

was calculated using the following equation: R %= 1-(total TEM2 /SD2). Intraclass correlation 

coefficients (ICC) were also determined from the mean square values of the ANOVA. In order to 

establish criteria to categorize participants as ‘responders’ or ‘non-responders’, the biological 

variability (i.e. ICC and R) were established to determine the TEM. In this study, non-responses 

were determined using two times the TEM of measurement for SDNN (0.007 ms), rMSSD (0.003 

ms), and rr interval length (0.005 ms). Statistical analyses were conducted using SPSS version 22 

(IBM, Armonk, New York, USA).   

 

Results 

 
A total of 28 potential physically inactive subjects were assessed for eligibility, seven of 

whom were excluded for not meeting inclusion criteria. Ten participants were randomly allocated 
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to the MCT group and 11 participants were randomly allocated to the HIT group. After allocation, 

one participant in the MCT group withdrew from this investigation for reasons unrelated to this 

study (lack of time due to work schedule).   

Figure 1. CONSORT guidelines flow diagram for enrolment and randomization HIIT-Heart Study. 

 

Baseline characteristics of the MCT group, HIT group and the total sample are outlined in 

Table 1. The t-test indicated no statistically significant differences (p > 0.05) in baseline 

characteristics between the groups.  
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Table 1.  Baseline participant characteristics 

 Total sample 

(n = 20) 

MCT 

(n = 9) 

HIT 

(n = 11) 

Sex, n (%)     

   Male  8 (40.0)  5 (55.6) 3 (27.3) 

   Female 12 (60.0) 4 (44.4) 8 (72.7) 

Age, mean (SD), y 31.8 (7.8) 31.4 (6.4) 32.1 (9.0) 

Race/ethnicity, n (%)    

   Black or Afro-Colombian 18 (90.0) 7 (77.7) 11 (100) 

   Others (Indigenous) 2 (10.0) 2 (22.3) 0 (0.0) 

Socioeconomic level, n (%)    

 Low-mid  11 (55.0) 5 (55.5) 6 (54.5) 

 Mid-high  9 (45.0) 4 (45.5) 5 (45.4) 

Education, n (%)    

 Secondary 1 (5.0) 0 (0.0) 1 (9.1) 

 Technical 1 (5.0) 1 (11.1) 0 (0.0) 

 University 18 (90.0) 8 (88.9) 10 (90.9) 

Occupation, n (%)    

 Student/work 20 (80.0) 7 (77.7) 9 (81.8) 

 Housewife 5 (20.0) 2 (22.3) 3 (18.2) 

Marital status    

 Single 4 (20.0) 3 (33.3) 1 (10.0) 

 Married/de facto 16 (80.0) 6 (66.3) 10 (90.0) 

Weight, mean (SD), kg 68.2 (11.3) 69.3 (15.3) 66.8 (10.9) 

Height, mean (SD), m 1.67 (0.06) 1.69 (0.05) 1.68 (0.09) 

BMI, mean (SD), kg/m2 24.9 (3.7) 23.6 (3.6) 25.5 (4.2) 

BMI, body mass index; HIT, high-intensity interval training; MCT, moderate-intensity continuous training; SD, 

standard deviation 

 

Table 2 and Figure 2, lists the effects of the exercise interventions on HRV and physiological 

parameters. Difference between groups were observed on SDNN change, with 3.4 (8.9) ms in the 

MCT group and 29.1 (7.6) ms in the HIT group (difference between groups 32.6 [95% CI, 24.9 to 

40.4; p = 0.01]; d = 1.14 [95% CI, 0.19 to 2.00]) and in the LF/HF ratio, with a change of 0.5 (0.9) 

ms in the MCT group and 0.5 (0.4) ms in HIT group (P between groups = 0.016; d =0.01 [95% CI, 

−0.88 to 0.88]). Additionally, the percentage of body fat did not change in the MCT group (0.8); d = 

0.01 [95% CI, −0.92 to 0.92], whereas it decreased by 1.1 percent in the HIT group −1.1 (1.5); d = 

0.10 [95% CI, −0.73 to 0.93], (difference between groups 1.2 [95% CI, 0.1 to 2.4 P = 0.04]; d = −0.88 

[95% CI, −1.81 to 0.03]). There were no significant treatment effects on other parameters. 
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Table 2. Intent-to-Treat Analysis of indices of heart rate variability and physiologic characteristics at baseline and changes 

after 12 weeks 

10 

 

Groups  
From Baseline to 12-week, Mean 

(95% CI) 
MCT 

effect 

(p value) 

HIT 

effect 

(p value) 

Time x 

group (p 

value) 

Baseline  Follow-up  
Whiting-Group 

Change 
Between-

Group 

Difference in 

Change  
MCT 

(n = 9) 

HIT 

(n = 11) 
 

MCT 

(n = 9) 

HIT 

(n = 11) 
 

MCT 

(n = 9) 

HIT 

(n = 11) 

Time domain             

  SDNN (ms)  
65.2 

(21.6) 

74.9 

(35.5) 
 

61.7 

(12.6) 

104.1 

(43.1) 
 

3.4 

(8.9) 

29.1 

(7.6) 

32.6 

(24.9 to 40.4) 
0.838 0.097 0.013 

  rMSSD (ms)  
58.3 

(30.9) 

68.8 

(39.9) 
 

59.5 

(22.1) 

80.2 

(51.5) 
 

1.2 

(8.8) 

11.4 

(11.5) 

10.2 

(0.3 to 20.1) 
0.724 0.721 0.576 

Frequency domain             

  HF (ms) 
1673.2 

(2074.7) 

1547.8 

(1399.7) 
 

1020.4 

(725.5) 

1654.8 

(1857.1) 
 

652.7 

(1349.2) 

107.0 

(457.3) 

759.8 

(-148.6 to 

1668.1) 

0.832 0.842 0.897 

  LF (ms) 
1422.0 

(1141.2) 

954.0 

(903.5) 
 

1624.4 

(964.5) 

1138.3 

(946.8) 
 

184.3 

(43.3) 

202.3 

(176.6) 

18.0 

(-109.3 to 

145.3) 

0.697 0.543 0.245 

  LF/HF (ms) 
1.1 

(0.9) 

1.5 

(1.5) 
 

1.7 

(1.8) 

2.1 

(1.9) 
 

0.5 

(0.9) 

0.5 

(0.4) 

0.05 

(-0.61 to 0.71) 
0.612 0.407 0.016 

Physiologic characteristics              

  Heart rate (bpm) 
62.0 

(7.6) 

58.6 

(9.6) 
 

59.3 

(9.1) 

52.7 

(8.7) 
 

-2.6 

(-1.5) 

-5.9 

(0.8) 

-3.2 

-4.4 to -2.1 
0.512 0.150 0.118 

  Systolic blood pressure 

(mmHg) 

116.8 

 (5.1) 

116.2 

(6.5) 
 

113.0  

(7.6) 

112.5 

 (9.1) 
 

-3.8             

(7.6) 

-3.7 

(6.5) 

-0.2 

(-6.8 to 6.5) 
0.222 0.283 0.906 

  Diastolic blood pressure 

(mmHg) 

72.3  

(7.0) 

71.0  

(8.7) 
 

67.8 

(9.4) 

67.0    

(10.3) 
 

-4.4          

(8.5) 

-4.0  

(6.8) 

-0.4 

(-7.7 to 6.8) 
0.274 0.339 0.960 

Anthropometric and body composition            

  Weight (kg) 
69.3 

(15.3) 

66.8 

(10.9) 
 

68.6 

(13.5) 

66.7 

(10.5) 
 

-0.6 

(1.9) 

-0.1 

(1.6) 

-0.5 

(-2.2 to 1.2) 
0.179 0.353 0.451 

  BMI (kg/m2) 
23.6 

(3.6) 

25.5 

(4.2) 

 23.4 

(3.0) 

24.4 

(4.2) 

 0.2 

(0.7) 

1.1 

(3.2) 

-0.9 

(-1.4 to 3.3) 
0.190 0.130 0.879 

  Waist circumference (cm) 
81.9 

(12.2) 

75.4 

(7.6) 
 

79.5 

(10.6) 

75.7 

(8.3) 
 

-1.7 

(3.0) 

0.3 

(2.6) 

-2.1 

(-4.7 to 0.5) 
0.070 0.357 0.672 

  Body fat (%) 
27.4 

(7.2)  

31.2 

(12.1) 
 

27.4 

(6.5) 

30.0 

(11.5) 
 

0.0 

(0.8) 

-1.1 

(1.5) 

1.2 

(0.1 to 2.4) 
0.500 0.010 0.048 

  Lean mass (kg) 
24.0 

(5.9) 

21.1 

(3.5) 
 

24.2 

(5.1) 

22.0 

(3.6) 
 

0.1 

(0.8) 

0.9 

(0.0) 

0.8 

(0.3 to 1.3) 
0.363 0.032 0.292 

Cardiorespiratory fitness             

  V̇O2peak (ml·kg·min-1) 
37.1 

(9.7) 

36.1 

(7.6) 
 

43.6 

(9.0) 

40.7 

(7.9) 
 

6.5 

(9.3) 

6.0 

(4.5) 

0.5 

(-7.2 to 6.2) 
0.035 0.012 0.731 

Data in Mean (SD). BMI, body mass index; HIT, high-intensity interval training; SDNN, standard deviation of RR 

intervals; MCT, moderate-intensity continuous training; rMSSD, root mean square successive difference of R-R intervals; 

HF, high frequency spectral power; LF, low frequency spectral power  
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Figure 2. The relationship between the R-R interval length and the natural logarithm of the square of the mean sum of the 

squared differences between R-R intervals (rMSSD) after 12 weeks of program training by groups. 
 

Spearman correlation (rs) characteristics for various physiologic variables and HRV indices after 12 

weeks of program training are presented in Table 3. We observed a moderate negative correlation 

between BMI and rMSSD in the MCT group (rs = −0.667; p < 0.05). When analysing the HRV 

change from baseline to 12-week follow-up, we observed negative correlations between rMSSD 

and waist circumference (rs = −0.747; p < 0.001), changes in SDNN (rs = −0.720; p < 0.05) and 

HFLn (rs = −0.700; p < 0.05), in the HIT group. Finally, we observed a stronger correlation between 

Ln rMSSD and R-R interval in the HIT group (rs = 0.834; p < 0.05) Figure 3A. We also observed a 

non-significant correlation between Ln rMSSD and R-R interval in the MCT group (rs = 0.396; p = 

0.290), Figure 3B. 
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Table 3. Partial correlation between physiologic characteristics and indices of heart rate variability after 12 weeks of 

exercise training. 

 MCT  HIT 

Time Domain   Frequency Domain 
 

Time Domain   Frequency Domain 

rMSSD SDNN   HF  LF   LF/HF  
 

rMSSD SDNN   HF  LF   LF/HF  

Physiologic characteristics               

   Weight (kg) -0.619 -0.268  -0.611 -0.159 0.326  -0.464 -0.455  -0.391 -0.200 0.273 

   BMI (kg/m2) -0.667* -0.267  -0.633 -0.167 0.333  -0.601 -0.569  -0.601 -0.374 0.405 

   Waist circumference (cm) -0.385 -0.452  -0.418 -0.435 -0.050  -0.747** -0.720*  -0.702* -0.469 0.474 

   Body fat (%) -0.567 -0.517  -0.583 -0.650 -0.167  -0.365 -0.397  -0.384 -0.356 0.242 

   Lean mass (kg) -0.433 0.050  -0.467 0.183 0.500  -0.082 -0.073  0.045 0.427 0.045 

Cardiorespiratory fitness              

   V̇O2peak (ml·kg·min-1) 0.323 0.349  0.264 0.162 0.017  -0.101 0.183  -0.156 0.119 0.178 

Data represent Spearman correlation coefficients. * P<0.05 ** P<0.001 

BMI, body mass index; SDNN, standard deviation of RR intervals; rMSSD, root mean square successive difference of RR 

intervals; HF, high frequency spectral power; LF, low frequency spectral power 

 

No adverse events were reported during this investigation. The average exercise-training days and 

total exercise time during the programme were 35.5 days (standard deviation 1.3) and 1100 

minutes (standard deviation 258) in MCT group; and 35.4 days (standard deviation 0.9) and 1031 

minutes (standard deviation 147) in HIT group (p = 0.043). As expected self-reported physical 

activity increased as a result of training (F [1.65, 135.03] = 4.37; p < 0.001). Pairwise comparison 

analyses showed that the participants sustained levels of vigorous or moderate physical activity at 

the 12-weeks follow-up (data not shown). 
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Figure 3. A and C, within-subject effect sizes (Cohen’s d ± 95% CI) following 12 weeks of program training by 

groups. B and D, magnitude-based effect sizes (ES ± 95% CI) between-group difference in change.  HIT group;  MCT 

group. 
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Figure 4. Individual patterns of response following 12 weeks of program training by groups.  

Figure 4 shows differences on prevalence of 

‘responders’ and ‘non-responders’ based on 

relevant HRV indices after the 12-week 

supervised exercise.  However, no 

significant effect size difference was found 

between ‘responders’ and ‘non-responders’ 

prevalence for the HRV variables: SDNN 

(ms) 33.3% versus 63.6% (d = 0.35 (CI 95%, 

−0.53 to 1.24) p = 0.206),  rMSSD (ms) 

44.4% versus 63.6% (d = 0.19 (CI 95%, 

−0.63 to 1.03) p = 0.180), and  rr interval 

length (ms) 66.6% versus 63.6% (d = 0.10 

(CI 95%, −0.79 to 0.74) p=0.155) in the 

MCT and HIT groups, respectively. 

 

Discussion 

To our knowledge, this is the first 

randomised clinical trial on the effect of 

exercise training intensity on HRV in 

physically inactive adults from the Latin-

American population. Our findings suggest 

that HIT was a more effective medium-term 
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strategy to increase HRV, specifically SDNN and LF/HF ratio, than MCT was. Collectively, the 

magnitude of the change for both training groups was not significantly different in the remaining 

parameters, suggesting that either training protocol may provide similar medium-term benefits in 

cardiovascular health. Additionally, we did not find differences in the ‘responder’ prevalence in 

relation to improvements HRV in any of these or secondary outcomes. 

Increasing attention is being focused on the role of the autonomic nervous system in health 

and disease [51]. Exercise has been reported to be effective in improving HRV because exercise 

serves to reduce the activity of sympathetic nervous system while increasing the activity of the 

parasympathetic nervous system [10]. Specifically, aerobic exercise training increases cardiac vagal 

modulation via functional and structural adaptations in cardiovascular system (e.g., stroke volume) 

[38,45]. Our study showed an increase in SDNN in the HIT group compared to the MCT group. 

SDNN reflects the cyclic components responsible for variability in the period of recording and is 

reflective of both sympathetic and parasympathetic tone [27]. In this sense, studies in adults with 

Type 2 diabetes also did not report improvements in HRV after 12 [32] or 16 weeks [16] of aerobic 

exercise programs, although improvements did occur in programs of 24 weeks [43].Thus, HRV 

improvement may be affected by the length of the exercise period. Therefore, HIT seems to favour 

a greater impact on neurocardiac activity than MCT in the medium-term [44]. The mechanism by 

which HIT has greater effects on the markers of cardiac autonomic outflow compared to MCT is 

not clear. It may be that supramaximal exercise generates higher catecholamine concentrations 

compared to lower-intensity exercise [31]. This finding may contribute to the observed autonomic 

modulation [1]. Furthermore, the higher catecholamine levels could explain major reductions in 

percentage of body fat in the HIT group, as catecholamines would st imulate lipolysis, which is 

primarily responsible for fat release from adipose tissue fat stores [57]. However, the observed 

increase in HRV is consistent with a study in middle-aged men following 2 weeks of HIT (4–6 x 30 
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s of all-out cycling efforts with 4-min recovery) compared to aerobic training (40–60 min at 60% of 

peak workload) [33].  

Our findings also indicate differences between groups in LF/HF ratio changes. Although the 

mechanisms are not clear, this result could be explained by a larger increase in vagal- or baroreflex-

mediated modulation of the sinoatrial node with HIT compared with MCT [33]. Additionally, 

differences in the hemodynamic oscillations experienced during the exercise sessions could be 

involved as could alterations, according to several authors, of intrinsic HR, S-A node sensitivity [7] 

and/or alterations of myocardial phenotype [2]. HIT might be an efficient short-term strategy to 

improve cardiac autonomic function and may have an important antiarrhythmic effect [22]. 

Therefore, the results of the present study indicate that the decrease in sympathetic activity after 

HIT is smaller than the increase in parasympathetic activity. 

Another finding of the current study is our demonstration of variability in the individual 

responses following different training protocols (MCT and HIT). Several reports have 

recommended that before individuals are classified as responders or non-responders, it is important 

to determine if variability in the individual responses within the experimental condition are greater 

than within-subject variation [7,59,60]. Specifically, our results demonstrated that intervention 

protocols which differ in intensity, time, and metabolic demand, like MCT and HIT, can induce 

different adaptive responses in HRV indices, blood pressure and cardiorespiratory fitness within a 

given individual [7]. This indicates that following the same stimulus, some subjects may achieve 

positive benefits (i.e., responders – ‘R’), whereas other subjects may experience a worsened or 

unchanged response after training (i.e., non-responders – ‘NR’). Environmental and genetic factors 

have been described as the main reasons for this phenomenon [7]. Thus, it is relevant to understand 

the unexplored environmental factors that may be related to eliciting an increased or decreased NR 

incidence to plan future well-designed genetic studies. 
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Additionally, we observed a stronger correlation between Ln rMSSD and R-R interval in the 

HIT group (rs = 0.834; p < 0.05, i.e., positive training adaptation). However, for the first time in this 

study, we demonstrate how these variables can also change during positive adaptation to HIT. In this 

context, parasympathetic tone is likely maintained and/or increased. As such, the expected increases in 

Ln rMSSD (a measure of vagal modulation) were blunted by the high levels of vagal tone and 

parasympathetic saturation in the case of the HIT group. In this case, vagal saturation and decreases in 

cardiac parasympathetic indices of HRV after regular training can be related to positive, healthy 

outcomes [15,22,33,34]. The main changes observed in vagal-related indices with additional HIT 

training may well be due to the greater training intensity needed for HRV change in healthy 

participants [22].  

Finally, the impact of HIT on body composition compared to MCT is controversial. Cycling 

protocols showed that HIT interventions are superior to MCT in inducing FM loss [19], or generate 

similar improvements [20]. Contrasting our results, studies using treadmill protocols have not shown 

any difference in body weight and composition between these isocaloric programmes [7]. Our results 

support that HIT interventions are superior in terms of enhancing fat oxidation than MCT [19,20]. 

Therefore, difference between fat reductions following HIT compared with MCT could suggest that 

obesity is a key contributing factor to vascular dysfunction; which has been corroborated in obese 

[37,50] and type 2 diabetic subjects [32]. Considering the sedentary lifestyle of the population, obesity 

and the risk for non-communicable diseases are increasing, the knowledge of a more effective mode 

of training (i.e., training modes as endurance, HIT, or other protocols that achieve a reduced amount of 

responders – ‘R’ prevalence after training interventions), in accordance with the profile of individuals 

(i.e., physically inactive, unhealthy individuals, or athletes) and achievement of improvements in their 

risk factors may be useful information for practitioners, public health exercise programs, and 
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populations with/at risk of CAD. This may positively affect disease morbidity, mortality and health 

care expenditures [35].  

The strengths of this study included state of the art measures of HRV, physical fitness and 

supervised exercise training in a non-clinical setting. Additionally, adherence to the intervention was 

approximately 98%. All subjects completed 32 of the 36 exercise sessions, and research technicians 

supervised each session while HR was being monitored. A primary limitation of this study was the 

lack of a true non-exercising control group. Thus, we are unable to determine causality in our 

interpretation of the observed exercise-induced improvements in cardiovascular health parameters. 

However, among studies comparing HIT and MCT that included a control group, no changes in 

autonomic function were observed in the control group [44]. Second, BIA was used in the present 

study as a common tool to assess body weight and the relevant parameters of body composition. 

However, BIA is not the “gold standard” in body composition measurement. Future studies may 

consider tighter control of these factors such that the effects of these different factors may be isolated 

and identified in a relatively longer intervention. 

Practical applications 

These data underline the importance of a multidisciplinary approach aiming at promoting HIT 

exercise programme in physically inactive adults. For the practitioners/clinicians or trainer working 

with inactive populations should promote HIT exercise longer than 12 weeks in order to improve 

outcomes in cardiovascular health, due to HRV is a direct predictor of cardiovascular risk and all-

cause mortality. Additional randomised controlled trials are required to elucidate the mechanisms 

responsible for these results in physically inactive adults and other populations, such as metabolic 

syndrome, obese, or insulin resistance adults.  

Competing interests 

The authors declare that they have no competing interests. 



 

26 
 

Acknowledgments 

This study was part of the project entitled “Body Adiposity Index and Biomarkers of Endothelial and 

Cardiovascular Health in Adults: Effect of Physical Training”, which was funded by Centre for Studies 

on Measurement of Physical Activity, School of Medicine and Health Sciences, Universidad del 

Rosario (Code N° FIUR DN-BG001). The results of this study do not constitute endorsement of the 

product by the authors or the NSCA. All the authors contributed to the study design, data collection, 

and article preparation 

 

Reference 

 

1. Aubert, AE, Seps, B, and Beckers F. Heart rate variability in athletes. Sports Med 33: 889-919, 

2003. 

2. Barbier, J, Reland, S, Ville, N, Rannou-Bekono, F, Wong, S, Carré, F, and Carre, F. The effects 

of exercise training on myocardial adrenergic and muscarinic receptors. Clin Auton Res 16: 61-

65, 2006 

3. Besnier, F, Labrunée, M, Pathak, A, Pavy-Le, Traon, A, Galès, C, Sénard, JM, and Guiraud, T. 

Exercise training-induced modification in autonomic nervous system: An update for cardiac 

patients. Ann Phys Rehabil Med 2016 Aug 16. pii: S1877-0657(16)30081-1. doi: 

10.1016/j.rehab.2016.07.002. [Epub ahead of print]  

4. Besson, H, Brage, S, Jakes, RW, Ekelund, U, and Wareham, NJ.  Estimating physical activity 

energy expenditure, sedentary time, and physical activity intensity by self-report in adults. Am J 

Clin Nutr 91: 106-114, 2010. 

5. Biddle, SJ, and Batterham, AM. High-intensity interval exercise training for public health: a big 

HIT or shall we HIT it on the head? Int J Behav Nutr Phys Act 12: 95, 2015. 

6. Bioelectrical impedance analysis in body composition measurement: National Institutes of Health 

Technology Assessment Conference Statement. Am J Clin Nutr 64: 524S-532S, 1996. 

7. Bonafiglia, JT, Rotundo, MP, Whittall, JP, Scribbans, TD, Graham, RB, and Gurd, BJ Inter-

Individual Variability in the Adaptive Responses to Endurance and Sprint Interval Training: A 

Randomized Crossover Study. PLoS ONE 11: e0167790, 2016. 

8. Borresen, J, and Lambert, MI. Autonomic control of heart rate during and after exercise: 

measurements and implications for monitoring training status. Sports Med 38 :633-646, 2008. 

9. Bouchard, C, Blair, SN, and Katzmarzyk, PT. Less Sitting, More Physical Activity, or Higher 

Fitness? Mayo Clin Proc 90 :1533-1540, 2015. 

10. Brenner, IK, Thomas, S, and Shephard, RJ. Spectral analysis of heart rate variability during heat 

exposure and repeated exercise. Eur J Appl Physiol Occup Physiol 76:  145-156, 1997. 

11. Campbell, MK, Piaggio, G, Elbourne, DR, Altman, DG, and CONSORT Group. Consort 2010 

statement: extension to cluster randomized trials. BMJ 345: e5661, 2012. 

12. Cooper, AJ, Dearnley, K, Williams, KM, Sharp, SJ, van, Sluijs, EM, Brage, S, Sutton, S, and 

Griffin SJ. Protocol for Get Moving: a randomised controlled trial to assess the effectiveness of 



 

27 
 

three minimal contact interventions to promote fitness and physical activity in working adults. 

BMC Public Health 15: 296, 2015.  

13. Dekker, JM, Schouten, EG, Klootwijk, P, Pool, J, Swenne, CA, and Kromhout, D. Heart rate 

variability from short electrocardiographic recordings predicts mortality from all causes in 

middle-aged and elderly men: the Zutphen Study. Am J Epidemiol 145: 899-908, 1997. 

14. Earnest, CP, Lavie, CJ, Blair, SN, and Church, TS. Heart Rate Variability Characteristics in 

Sedentary Postmenopausal Women Following Six Months of Exercise Training: The DREW 

Study. PLoS ONE 3: e2288, 2008.  

15. Esler, M, Lambert, E, and Schlaich M. Point: Chronic activation of the sympathetic nervous 

system is the dominant contributor to systemic hypertension. J Appl Physiol 109: 1996-1198, 

2016. 

16. Figueroa, A, Baynard, T, Fernhall, B, Carhart, R, and Kanaley, JA. Endurance training improves 

post-exercise cardiac autonomic modulation in obese women with and without type 2 diabetes. 

Eur J Appl Physiol 100, 437-444, 2007. 

17. Fonseca-Camacho, DF, Hernández-Fonseca, JM, González-Ruíz, K, Tordecilla-Sanders, A, and 

Ramírez-Vélez, R. A better self-perception of physical fitness is associated with lower prevalence 

of metabolic syndrome and its components among university students. Nutr Hosp 31: 1254-1263, 

2014. 

18. Gayda, M, Ribeiro, PA, Juneau, M, and Nigam, A. Comparison of Different Forms of Exercise 

Training in Patients With Cardiac Disease: Where Does High-Intensity Interval Training Fit? Can 

J Cardiol 32: 485-494, 2016.  

19. Gibala M. Molecular responses to high-intensity interval exercise. Appl Physiol Nutr Metab 34: 

428-432, 2009. 

20. Gibala, MJ, Little, JP, Van Essen, M, Wilkin, GP, Burgomaster, KA, Safdar, A, Raha, S, and 

Tarnopolsky, MA. Short‐term sprint interval versus traditional endurance training: similar initial 

adaptations in human skeletal muscle and exercise performance. J Physiol 575: 901-911, 2006. 

21. Gillies, CL, Abrams, KR, Lambert, PC, Cooper, NJ, Sutton, AJ, Hsu, RT, and Khunti, K. 

Pharmacological and lifestyle interventions to prevent or delay type 2 diabetes in people with 

impaired glucose tolerance: systematic review and meta-analysis. BMJ  334: 299, 2007. 

22. Guiraud, T, Labrunee M, Gaucher-Cazalis K,  Despas F, Meyer P, Bosquet L, Gales C, Vaccaro 

A, Bousquet M, Galinier M, Sénard JM, Pathak A. High-intensity interval exercise improves 

vagal tone and decreases arrhythmias in chronic heart failure. Med Sci Sports Exerc 45: 1861-

1867, 2013. 

23. Haack, KK, and Zucker, IH. Central mechanisms for exercise training-induced reduction in 

sympatho-excitation in chronic heart failure. Auton Neurosci Basic Clin 188: 44-50, 2015. 

24. Hallman, DM, Sato, T, Kristiansen, J, Gupta, N, Skotte, J, and Holtermann, A. Prolonged Sitting 

is Associated with Attenuated Heart Rate Variability during Sleep in Blue-Collar Workers. Int J 

Environ Res Public Health 12: 14811-14827; 2015. 

25. Healy, GN, Dunstan, DW, Salmon, J, Cerin, E, Shaw, JE, Zimmet, PZ, and Owen, N. Breaks in 

sedentary time: Beneficial associations with metabolic risk. Diabetes Care 31: 661-666, 2008. 

26. Hedman, A, Hartikainem, J, and Hakumaki, M. Physiological background underlying short-term 

heart rate variability. Ann Non Inv Electrocardiol 3: 267-280, 1998. 

27. Heydari, M, Boutcher, YN, and Boutcher, SH. High-intensity intermittent exercise and 

cardiovascular and autonomic function. Clin Auton Res 23: 57-65, 2013. 

28. Hughson, RL, and Shoemaker, JK. Autonomic responses to exercise: Deconditioning/inactivity. 

Auton Neurosci 188: 32-35, 2015. 

29. Instituto Colombiano del Deporte. Programa Nacional de Actividad Física: Colombia Activa y 

Saludable. Avalaible from: Disponible en: 

http://www.coldeportes.gov.co/coldeportes/index.php?idcategoria=6301. (accessed Jan 2016). 



 

28 
 

30. Isasi, CR, Parrinello, CM, Ayala, GX, Delamater, AM, Perreira, KM, Daviglus, ML, Elder, JP, 

Marchante, AN, Bangdiwala, SI, Van Horn, L, and Carnethon, MR. Sex Differences in 

Cardiometabolic Risk Factors among Hispanic/Latino Youth. J Pediatr 2016 Jun 18. doi: 

10.1016/j.jpeds.2016.05.037. 

31. Jacob, C, Zouhal, H, Prioux, J, Gratas-Delamarche, A, Bentué-Ferrer, D, and Delamarche, P. 

Effect of the intensity of training on catecholamine responses to supramaximal exercise in 

endurance-trained men. Eur J Appl Physiol 91: 35-40, 2004. 

32. Kang, SJ, Ko, KJ, and Baek, UH. Effects of 12 weeks combined aerobic and resistance exercise 

on heart rate variability in type 2 diabetes mellitus patients. J Phys Ther Sci 28: 2088-2093, 2016.  

33. Kiviniemi, AM, Tulppo, MP, Eskelinen, JJ, Savolainen, AM, Kapanen, J, Heinonen, IH, Huikuri, 

HV, Hannukainen, JC, and Kalliokoski, KK. Cardiac autonomic function and high-intensity 

interval training in middle-age men. Med Sci Sports Exerc 46: 1960-1967, 2014. 

34. Kohl, HW 3rd, Craig, CL, Lambert, EV, Inoue, S, Alkandari, JR, Leetongin, G, Kahlmeier, S, 

and Lancet Physical Activity Series Working Group. The pandemic of physical inactivity: global 

action for public health. Lancet 380: 294-305, 2012. 

35. Lauer, M, Froelicher, ES, Williams, M, Kligfield, P, and American Heart Association Council on 

Clinical Cardiology, Subcommittee on Exercise, Cardiac Rehabilitation, and Prevention. Exercise 

testing in asymptomatic adults: a statement for professionals from the American Heart 

Association Council on Clinical Cardiology, Subcommittee on Exercise, Cardiac Rehabilitation, 

and Prevention. Circulation 112: 771-776, 2005. 

36. Lee, IM, Shiroma, EJ, Lobelo, F, Puska, P, Blair, SN, Katzmarzyk, PT and Lancet Physical 

Activity Series Working Group. Effect of physical inactivity on major non-communicable 

diseases worldwide: an analysis of burden of disease and life expectancy. Lancet 380; 219-229, 

2012.  

37. Lee, WL, Chen, JW, Lin, SJ, Hsu, NW, Chang, MS, and Ting, CT. Parasympathetic withdrawal 

antedates dynamic myocardial ischemia in patients with syndrome X. Int J Cardiol 66: 253-260, 

1998. 

38. Levine, BD. Regulation of central blood volume and cardiac filling in endurance athletes: the 

Frank–Starling mechanism as a determinant of orthostatic tolerance. Med Sci Sports Exerc 25: 

727-732, 1993. 

39. Lloyd-Jones, DM, Hong, Y, Labarthe, D and American Heart Association Strategic Planning 

Task Force and Statistics Committee. Defining and setting national goals for cardiovascular 

health promotion and disease reduction: the American Heart Association's strategic Impact Goal 

through 2020 and beyond. Circulation 121: 586-613, 2010. 

40. Lopez-Jaramillo, P, Lahera, V, and Lopez-Lopez, J. Epidemic of cardiometabolic diseases: a 

Latin American point of view. Ther Adv Cardiovasc Dis 5: 119-131, 2011. 

41. Macías, F, Malmusi, D, Olabarría, M, and Borrell C. Cardiometabolic risk inequalities in 

Colombia. Int J Cardiol 202: 156-158, 2016.  

42. Montero, D, Vinet, A, and Roberts, CK. Effect of combined aerobic and resistance training 

versus aerobic training on arterial stiffness. Int J Cardiol 178: 69-76, 2015.  

43. Pagkalos, M, Koutlianos, N, Kouidi, E, Pagkalos, E, Mandroukas, K, and Deligiannis A. Heart 

rate variability modifications following exercise training in type 2 diabetic patients with definite 

cardiac autonomic neuropathy. Br J Sports Med 42: 47-54, 2008. 

44. Perkins, SE, Jelinek, HF, Al-Aubaidy, HA, and de Jong, B. Immediate and long term effects of 

endurance and high intensity interval exercise on linear and nonlinear heart rate variability. J Sci 

Med Sport. 2016 Aug 16. pii: S1440-2440(16)30152-9. doi: 10.1016/j.jsams.2016.08.009. [Epub 

ahead of print]  

45. Perkiömäki, JS, Mäkikallio, TH, and Huikuri, HV. Fractal and complexity measures of heart rate 

variability. Clin Exp Hypertens 27: 149-158, 2005. 



 

29 
 

46. Rakobowchuk, M, Harris, E, Taylor, A, Cubbon, RM, and Birch, KM. Moderate and heavy 

metabolic stress interval training improve arterial stiffness and heart rate dynamics in humans. 

Eur J Appl Physiol 113: 839-849, 2013. 

47. Ramírez-Vélez, R, Hernandez, A, Castro, K, Tordecilla-Sanders, A, González-Ruíz, K, Correa-

Bautista, JE, Izquierdo, M, García-Hermoso, A. High Intensity Interval- vs Resistance or 

Combined- Training for Improving Cardiometabolic Health in Overweight Adults 

(Cardiometabolic HIIT-RT Study): study protocol for a randomised controlled trial. Trials 17: 

298, 2016. 

48. Ramírez-Vélez, R, Meneses-Echavez, JF, González-Ruíz, K, and Correa JE. Muscular fitness and 

cardiometabolic risk factors among Colombian young adults. Nutr Hosp 30: 769-775, 2014. 

49. Ramírez-Vélez, R, Tordecilla-Sanders, A, Laverde, D, Hernández-Novoa, JG, Ríos, M, Rubio, F, 

Correa-Bautista, JE, and Martinez-Torres, J. The prevalence of barriers for Colombian college 

students engaging in physical activity. Nutr Hosp 31:858-865, 2014. 

50. Ramos, JS, Dalleck, LC, Tjonna, AE, Beetham, KS, and Coombes, JS. The impact of high-

intensity interval training versus moderate-intensity continuous training on vascular function: a 

systematic review and meta-analysis. Sports Med 45: 679-692, 2015. 

51. Rosenwinkel, ET, Bloomfield, DM, Arwady, MA, and Goldsmith RL. Exercise and autonomic 

function in health and cardiovascular disease. Cardiol Clin 19: 369-887, 2001. 

52. Suárez-Ortegón, MF, Arbeláez, A, Mosquera, M, Ramírez-Vélez, R, and Aguilar-de Plata C. 

Evaluation of the relationship between self-reported physical activity and metabolic syndrome 

and its components in apparently healthy women.  Biomedica 34: 60-66, 2014. 

53. TaskForce. Heart rate variability: standards of measurement, physiological interpretation and 

clinical use. Task Force of the European Society of Cardiology and the North American Society 

of Pacing and Electrophysiology. Circulation 93: 1043-1065, 1996. 

54. Thosar, SS, Bielko, SL, Mather, KJ, Johnston, JD, and Wallace, JP. Effect of prolonged sitting 

and breaks in sitting time on endothelial function. Med Sci Sports Exerc 47: 843-849, 2015.  

55. Topouchian, JA, El, Assaad, MA, Orobinskaia, LV, El, Feghali, RN, Asmar, RG. Validation of 

two automatic devices for self-measurement of blood pressure according to the International 

Protocol of the European Society of Hypertension: the Omron M6 (HEM-7001-E) and the Omron 

R7 (HEM 637-IT). Blood Press Monit 11: 165-171, 2006. 

56. Townsend, N, Nichols, M, Scarborough, P, and Rayner, M. Cardiovascular disease in Europe – 

epidemiological update 2015. Eur Heart J 36: 2696-2705, 2015. 

57. Trapp, EG, Chisholm, DJ, and Boutcher, SH. Metabolic response of trained and untrained women 

during high-intensity intermittent cycle exercise. Am J Physiol Regul Integr Comp Physiol 293: 

R2370-R2375. 2007. 

58. Tsuji, H, Venditti Jr, FJ, Manders, ES, Evans, JC, Larson, MG, Feldman, CL, Levy, D. Reduced 

heart rate variability and mortality risk in an elderly cohort: the Framingham Heart Study. 

Circulation 90: 878-883, 1994. 

59. Weston, KS, Wisløff, U, and Coombes, JS. High-intensity interval training in patients with 

lifestyle-induced cardiometabolic disease: a systematic review and meta-analysis. Br J Sport Med 

48: 1227-1234, 2013. 

60. Zelt, JGE, Hankinson, PB, Foster, WS, Williams, CB, Reynolds, J, Garneys E, Tschakovsky ME, 

Gurd BJ. Reducing the volume of sprint interval training does not diminish maximal and 

submaximal performance gains in healthy men. Eur J Appl Physiol 114: 2427-2436, 2014. 


