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ABSTRACT 
 
McHugh AN, Esco MR, Bloomquist BE, Williford HN. Effects of a 
Low Volume Recreational Jogging Program on Cardiovascular- 
Autonomic Control. JEPonline 2012;15(4):18-25.  The purpose of this 
study was to determine if a 2-day per week jogging program would 
improve heart rate variability (HRV) and heart rate recovery (HRR) 
after 7 weeks in young adults with low cardiovascular fitness levels. 
Sixteen males (n=7) and females (n=9) participated in the study. At 
baseline, resting HRV was measured during a 5-minute period.  
Normalized high frequency power (HFnu) and the low frequency to HF 
ratio (LF:HF) were recorded. A maximal graded exercise test was 
completed to determine HRR at 1 min (HRR1) and 2 min (HRR2) 
post-exercise. After baseline testing, the subjects began a 2-day per 
week recreational jogging program for a 7-week period.  At the end of 
the 7 weeks, the subjects returned to the laboratory for post-testing 
measures. There were no significant changes (P>0.05) in either HFnu 
(Pre = 55.11 ± 7.60 ms2, Post = 53.39 ± 8.17 ms2) or LF:HF (Pre = 
0.58 ± 0.31, Post = 0.59 ± 0.25). There was also no significant change 
in HRR1 (Pre = 21.47 ± 10.78 beats·min-1, Post = 21.60 ± 10.35 
beats·min-1, P>0.05). However, there was a small but significant 
increase in HRR2 (Pre = 38.00 ± 15.13 beats·min-1, Post = 41.33 ± 
13.79, P=0.048). A recreational jogging program of only 2 days per 
week did not significantly improve all markers of cardiovascular-
autonomic function.  
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INTRODUCTION 
 
Cardiovascular activity is involuntarily controlled by the two branches of the autonomic nervous 
system. The sympathetic division is responsible for increasing heart rate (HR) while the 
parasympathetic, or vagal, branch is responsible for lowering HR (21). Sympatho-parasympathetic 
balance results in rhythmic time related changes in successive heart beats; a phenomenon known as 
heart rate variability (HRV).  Spectral analysis of HRV has become a valid means to non-invasively 
evaluate cardiovascular-autonomic control during short-term recordings.   
 
In addition, the immediate return of HR toward baseline following a bout of exercise is the result of 
parasympathetic reactivation (2).  Thus, heart rate recovery (HRR) is another simplistic method used 
to evaluate cardiovascular-autonomic control (2,3,6). The primary importance of HRV and HRR is due 
to their link to untoward, fatal events as low HRV (8) and slow HRR (3) are associated with early 
morbidity and mortality from cardiac and non-cardiac causes.  Autonomic dysfunction at young ages 
is predictive of early development of cardiovascular disease.  Therefore, enhanced autonomic control 
is suggested to be cardio-protective. 
 
Chronic exercise training appears to enhance cardiac-autonomic modulation.  However, the minimum 
volume of exercise training required to improve HRV and HRR is unknown.  Most research indicates 
that changes occur after the implementation of a moderate-intense training program of at least 3 days 
per week (4,9,10,14,17-19,24,27). There are no studies that have determined the effects of a low-
frequency (e.g., <3 days/week) aerobic-training program on HRR and HRV.  Thus, the purpose of this 
study was to determine if a 2 day per week jogging program would improve HRV and HRR after 7 
weeks in young adults with cardiovascular fitness levels below the 50th percentile compared to age-
matched normative data.       
 

METHODS 
Subjects 
Twenty-five apparently healthy young adults were recruited for this study. The descriptive variables 
(mean ± standard deviation) of all the participants at baseline are presented in Table 1.  All data were 
collected in the Human Performance Laboratory at Auburn University at Montgomery.  The research 
design was approved by the Institutional Review Board, and the subjects provided written informed 
consent. All participants completed a health-history questionnaire that was used as a screening tool 
to eliminate anyone with cardiovascular, pulmonary, or metabolic diseases.   
 
Table 1. Descriptive Characteristics 
Conditions Pre Post 

Age (yrs)   23.88 ± 5.62   23.94 ± 5.57  

Height (cm)  168.12 ± 8.91 168.12 ± 8.91 

Weight (kg)    81.87 ± 20.54    81.84 ± 20.85 

BMI (kg/m2)  28.83 ± 6.38    28.8 ± 6.45 

BF (%) 35.48 ± 9.62   35.43 ± 9.87  

VO2 max (mL.kg-1.min-1) 30.75 ± 6.39  32.10 ± 7.43 

BMI, Body Mass Index; BF, Body Fat; VO2 max, Maximal Oxygen Consumption 
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Subjects were allowed to participate in the data collection process if they were not hypertensive (i.e., 
blood pressure <140/90 mmHg), were not participating in a competitive athletic sport, and were not 
taking any prescribed or over-the-counter medications.  Subjects were included in data analysis if 
their VO2 max values were below the 50th percentile of their age and gender when compared to 
established normative data (1).    
 
All subjects reported to the laboratory for preliminary testing between 7:00 am and 11:00 am on any 
day of the week. They were instructed not to consume any caffeinated or alcoholic beverages 24 hrs 
before the test, to not engage in any strenuous exercise 12 hrs before, and to not eat at least 4 hrs 
before the test. After completing the necessary consent forms and health-history questionnaires, the 
subjects were briefed on the design of the study and, then, provided verbal instructions in regards to 
the testing protocol. 
 

PROCEDURES 
Baseline Measures 
Body Composition 
The following anthropometric variables were recorded: height, weight, and body mass index (BMI). 
Height was measured using a wall mounted stadiometer (SECA 220, Seca Ltd., Hamburg, Germany) 
and rounded to the nearest 0.1 cm.  Weight was recorded using a digital scale (TANITA BWB-800A, 
Tanita Corp., Tokyo, Japan) and rounded to the nearest 0.1 kg. Body mass index (BMI) was 
kilograms in weight per meter of height squared. Additionally, body fat percentage (BF%) was 
measured via Dual Energy X-Ray Absorptiometry.  
 
Short-Term Resting Heart Rate Variability 
For resting HRV assessment, the subjects assumed a supine position on an athletic training table for 
a 10-min period before the maximal exercise test. During this time period, HR was analyzed by 
electrocardiography (ECG), which involved a customized lead II configuration using three Ag/AgCl 
electrodes (BIOPAC ES509, Goletta, CA).  The electrodes were interfaced with a Biopac MP100 data 
acquisition system. During the 10-min supine period, the subjects were instructed to pace their 
breathing at 12 breaths·min-1 set by a Metronome.  External stimuli and noise were removed and one 
of the two panels of lights within the laboratory was turned off.  The ECG was sampled at a frequency 
of 1,000 Hz. The last 5 min of the 10-min recording was used for HRV analysis.  Specialized software 
(Nevrokard) was used to analyze HRV in the frequency domains. Each 5-min time period was visually 
inspected and all abnormal beats and artifacts were removed. Any segment with three or more 
ectopic beats was not included in the final analysis. The 5-min ECG recordings were converted to a 
power spectrum by applying a Hanning window with Fast fourier transformation.  The power spectrum 
was separated into low (LF) and high (HF) frequency powers. The HF power (0.15-0.40 Hz) and LF 
power (0.04-0.15 Hz) components were measured in normalized units (HFnu, LFnu), which 
represents the relative value of each power component in proportion to the total power minus the 
Very Low Frequency (VLF) component (0.0033-0.04 Hz) (26). HFnu was used in data analysis as an 
indicator of parasympathetic modulation. However, LFnu was recorded but not included in data 
analysis due to the controversies that surround this parameter (26). The LF:HF ratio was recorded 
and analyzed to represent the balance between sympathetic and parasympathetic modulation.   
 
Maximal Graded Exercise Test and Heart Rate Recovery 
A maximal graded exercise test was completed on a Trackmaster treadmill (Full Vision, Inc., 
Carrollton, TX) to determine maximal oxygen consumption (VO2 max).  The Bruce protocol was used, 
which involved a series of 3-min stages with consecutive increases in speed and grade until VO2 max 
was reached. Expired gas fractions were evaluated with a ParvoMedics TrueOne® 2400 metabolic 
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cart (Sandy, UT). Maximum oxygen consumption (VO2 max) was achieved if at least two of the 
following criteria occurred: 1) a plateau in VO2 (±2 mL·kg-1·min-1) with increasing work rate; 2) 
respiratory exchange ratio >1.15; 3) HR within 10 beats of age predicted maximum (220 – age); or 4) 
volitional fatigue.  Heart rate was monitored during the test by a Polar electronic heart monitor (Polar 
Electro Oy, Kemple, Finland). A standard sphygmomanometer and stethoscope were used to 
measure blood pressure during the last 45 sec of each stage.  Heart rate at VO2 max was recorded 
as maximal heart rate (MHR).  Recovery HR was recorded during the 1st (HR1) and 2nd min (HR2) 
of the cool down period, during which the subjects walked at 2.5 mph at 1.5% grade. Heart rate 
recovery 1-min and 2-min were calculated as the difference between MHR and HR1 (HRR1) and HR2 
(HRR2), respectively.  
 
Training Protocol  
Once the baseline testing was completed, the subjects began the 2-day per week recreational jogging 
program. The protocol duration was 7 weeks. Each training session began at 6:45 am CST on 
Tuesdays and Thursdays. During the first week, the subjects were instructed to jog 1 mile. Thereafter, 
weekly increases in distance of 0.25 mile were made until week 3, at which the distance increased 
0.50 mile per week. If a subject could not complete the required distance during any portion of the 
protocol, they were encouraged to include brief bouts of walking until they were eventually able to jog 
the entire distance. By the end of the 7-week training period, each subject was able to complete 3 
miles. It should be noted that the subjects were told to maintain and control their own pace during 
each jogging session.  Heart rate, VO2, and ratings of perceived exertion (RPE) were not accounted 
for. 
 
Post Measures  
One week after the 7-week training program, the subjects returned to the laboratory for post-testing of 
the following variables: BMI, BF%, VO2 max, HRR1, HRR2, and the frequency HRV parameters.  The 
exact testing procedures that were performed during the pre-testing were followed for post-testing.  
 
Statistical Analyses 
All statistics were completed using SPSS/PASW version 18.0 (IBM, Armonk, NY).  Means and 
standard deviations were determined for the following descriptive statistics: age (yrs), height (cm), 
weight (kg), BMI (kg/m2), body fat (%), and VO2 max (mL·kg-1·min-1). A paired t-test was used to 
determine significance between the pre- and post-variables of the following: VO2 max, BF%, HFnu, 
LF:HF, HRR1, and HRR2. Statistical significance for all tests was set at P=0.05. 
 

RESULTS 
 
After the pre-testing, 16 male (n=7) and female (n=9) subjects met the criteria to be included in data 
analysis. There were 6 subjects whose data were excluded due to either participation in a competitive 
sport (n=3) or VO2 max values above the 50th percentile (n=3). There were also 3 subjects whose 
data were excluded due to the interference of artifacts on their transformed EKG recording.  
 
The 7-week training protocol did not induce any significant changes in VO2 max (Pre = 30.75 ±  6.39 
mL·kg-1·min-1, Post = 32.10 ± 7.43 mL·kg-1·min-1, P>0.05) or BF% (Pre = 35.48 ± 9.62, Post = 35.43 ± 
9.87, P>0.05). Furthermore, the HRV parameters did not change after the training program. HFnu pre 
and post were 55.11 ± 7.60 ms2 and 53.39 ± 8.17 ms2, (P>0.05), respectively.  LF:HF pre and post 
were 0.58 ± 0.31 and 0.59 ± 0.25 (P>0.05), respectively.  There was also no significant change in 
HRR1 (Pre = 21.47 ± 10.78 beats·min-1, Post = 21.60 ± 10.35 beats·min-1, P>0.05).  However, there 
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was a significant increase in HRR2 (Pre = 38.00 ± 15.13 beats·min-1, Post = 41.33 ± 13.79, P=0.048, 
Figure 1).  
 

 
Figure 1.  The change in HR recovery pre and post 7-week recreational jogging program (n=16).  HRR1 = 1 
min HR recovery; HRR2 = 2 min HR recovery. *Indicates significant difference in pre and post HRR2. Error 
bars not included for clarity.  
 

DISCUSSION 
 
The present study sought to determine if a 2-day per week jogging program would improve cardiac-
autonomic control after 7 weeks of recreational jogging in young adults with “below average” baseline 
cardiovascular fitness levels. We chose to analyze two parameters of autonomic activity: HRV and 
HRR, since each appears to be independently linked to cardiac-autonomic control (7).  To date, there 
is limited research that analyzes the effects of a low-frequency aerobic training program on these two 
markers. Compared to baseline, we found very little change in cardiac-autonomic activity at the 
conclusion of the study. The 7-week recreational jogging program did not influence the frequency 
domain parameters of HRV (i.e., HFnu and LF:HF).  In addition, there was no change in HRR1.  
There was a small, significant improvement in HRR2 of 3.33 beats·min-1 after the training program.   
 
Previous studies show enhanced cardiac-autonomic modulation following exercise training (22).  
Most of the research showing increased HRV and HRR following exercise training involved a protocol 
of three or more days per week (4,9,10,14,17-19,24,27). For example, an aerobic training program of 
3 to 4 days per week increased HRV in postmenopausal women (10).  Six sessions of aerobic 
exercise per week improved HRV after 8-weeks in middle-aged sedentary subjects (9).  Sixteen 
weeks of supervised aerobic training of 3 days per week at 70-80% of HR reserve improved HF 
power in men (14).  In addition, 12-weeks of an aerobic exercise training program of 3 days per week 
at 60-70% of maximal HR for 60 min per day improved HRR1 and HRR2 by 7.4 and 9.6 beats·min-1, 
respectively, in middle-aged obese men (11). 
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Cross-sectional studies suggest that differing volumes of physical activity influence autonomic 
measures. Women who engaged in “high” compared to “moderate” volumes of physical activity have 
been shown to have significantly greater HRV (8).  Similarly, Sandercock et al. (23) found that those 
who reported themselves as being “most active” had greater HRV than their less active counterparts.  
Carnethon et al. (2) found that participants who reported in the highest tertile of frequent physical 
activity had significantly faster HRR than participants in the lowest tertile. These studies suggest that 
there is a dose-response relationship between chronic physical activity and cardiovascular-autonomic 
regulation. It appears that a training program consisting of a higher volume of exercise than the 
current study is needed to fully enhance cardiac-autonomic control. Two days per week of 
recreational jogging may result in only modest improvements in HRR2, but no change in resting HRV 
or HRR1 in young subjects with below average baseline cardiovascular fitness levels.  
 
The current results are most likely associated with the recreational jogging program failing to improve 
overall cardiovascular fitness. In other words, we did not find any changes in VO2 max.  Increases in 
cardiovascular fitness appear to enhance HRV and HRR (4,12,25). The guidelines for improving 
cardiovascular fitness set forth by the American College of Sports Medicine recommends an exercise 
training program consisting of 20 to 60 min of exercise at a moderate-to-vigorous intensity over 3 to 5 
days per week (1). Therefore, the training program of only 2 days per week did not meet the minimal 
guidelines related to frequency of exercise. In addition, exercise intensity was self-monitored and not 
laboratory controlled. It is uncertain whether the subjects in the current study were meeting the 
recommended intensity ranges.   
 
Furthermore, there is evidence that describes the independent influence of body composition on 
autonomic control of HR.  Poor HRV and HRR are associated with increased waist circumferences 
(13), greater sum of skinfolds (5), higher body mass index (BMI) values (16,20), and higher body fat 
percentages (15). Thus, our findings are also related to no changes in body composition in the 
subjects after the training program.   
 

CONCLUSIONS 
 
A recreational jogging program of only 2-days per week may not significantly improve all markers of 
cardiovascular-autonomic function in young adults with less than the average value of aerobic fitness 
levels. There were no changes found in resting HRV or HRR1 after training. Though HRR2 improved, 
the change was small. It appears that a training program of a greater frequency than the current study 
is required to induce an improvement in HRV or HRR. Future research is needed to determine the 
minimal volume needed to enhance cardiac-autonomic control.  
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