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Vigorous physical activity predicts higher
heart rate variability among younger adults
Richard May* , Victoria McBerty, Adam Zaky and Melino Gianotti

Abstract

Background: Baseline heart rate variability (HRV) is linked to prospective cardiovascular health. We tested intensity
and duration of weekly physical activity as predictors of heart rate variability in young adults.

Main body of the abstract: Time and frequency domain indices of HRV were calculated based on 5-min resting
electrocardiograms collected from 82 undergraduate students. Hours per week of both moderate and vigorous
activity were estimated using the International Physical Activity Questionnaire. In regression analyses, hours of
vigorous physical activity, but not moderate activity, significantly predicted greater time domain and frequency
domain indices of heart rate variability. Adjusted for weekly frequency, greater daily duration of vigorous activity
failed to predict HRV indices.

Conclusions: Future studies should test direct measurements of vigorous activity patterns as predictors of
autonomic function in young adulthood.
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Background
Heart rate variability (HRV) reflects central regulation of
autonomic activity and is linked to current health status
and longer-term health outcomes. Baseline measure-
ments of heart rate variability in adulthood, for example,
predict subsequent development of hypertension [1].
Baseline HRV, in turn, is impacted by amount and inten-
sity of exercise. In a study of middle-aged civil servants
[2], both moderate and vigorous physical activity pre-
dicted greater HRV with effects moderated by gender
and overweight status.
Among young adults, studies examining effects of ex-

ercise interventions on HRV have yielded inconsistent
results [3]. A study that tested effects of habitual activity
patterns in different age groups reported non-significant
effects in young adults [4]. In contrast, a more recent
study involving direct measurement of weekly physical
activity identified a significant beneficial impact of
achieving recommended levels of vigorous physical ac-
tivity [5]. The present study tests whether self-reported
amounts of weekly activity predict HRV among a group
of healthy younger adults. The main question addressed

is whether total minutes per week of moderate and vig-
orous physical activity predict higher HRV. Additionally,
we test average daily duration of physical activity as a
predictor of HRV.

Main text
Methods
Participants were recruited from a Biology course at
Southern Oregon University during Winter term, 2016.
Participants received course credit as incentive for par-
ticipation and informed consent was obtained for all
participants. The study protocol was approved by the
Human Subjects Review Board. A total of 115 students
agreed to participate and provided electrocardio-
graphic (ECG) recordings. Exclusion criteria included
medical conditions associated with altered autonomic
function (e.g., arrhythmia and valve defects) and use of
psychotropic medication known to impact autonomic
function. Participants with previously diagnosed anx-
iety or depression were also excluded given potentially
lasting effects on autonomic function [6].
Electrocardiographic recordings were collected using

a BIOPAC MP-36 system (BIOPAC Systems Inc.,
Galeta, Ca). Three disposable, pre-gelled electrodes
were attached with one just inferior to each clavicle
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and one inferior to the xiphoid process. Participants
were instructed to abstain from alcohol or coffee for
8 h prior to recording and to consume only water for
2 h prior to recording. Following 5 min of quiet rest,
5-min recordings were collected with a sample rate of
1000 samples/s. Recordings were made between 0800
and 1030 hours in a temperature-controlled room. Par-
ticipants were seated and were instructed to breathe
normally with eyes closed. Each event series was first
detrended using a high-pass digital filter with a 1-Hz
(hertz) cutoff. Additional processing involved a first-
derivative transform [7] to distinguish R waves against
pronounced T waves. Root mean square of successive
differences (RMSSD), low-frequency power (LFP;
0.04–0.15 Hz), and high-frequency power (HFP; 0.15–
0.40 Hz) were calculated using BIOPAC Student Lab
Pro software (BIOPAC Systems, Inc.) and values were
natural log transformed to improve normality [8].
Height, weight, and blood pressure were collected

following the ECG recording. Participants also com-
pleted a series of on-line questionnaires to assess
demographic, health, and psychological data. The Per-
ceived Stress scale [9] was administered to estimate
stress exposure during the past month and physical
activity was assessed using the International Physical
Activity Questionnaire (IPAQ) [10]. IPAQ data were
used to estimate minutes per week of both vigorous
and moderate physical activity.
Physical activity measures were tested as predictors

of time and frequency domain indices of heart rate
variability. Adjusted models were also tested that in-
cluded covariates significantly associated with HRV
measures. All statistics were calculated using SPSS
(version 22).

Results
Eighty-two participants included in the study had
complete data for all measures. The average age of sam-
ple was 23.1 years and 62% were female (Table 1).
Thirty-five participants were overweight (BMI ≥25) and
three reported smoking cigarettes. Sixty-two partici-
pants met American Heart Association (AHA) recom-
mendations (>75 min) for weekly vigorous physical
activity and 41 participants met AHA recommenda-
tions (>150 min) for weekly moderate physical activity
[11]. Age was significantly negatively correlated with
lnRMSSD (r = −0.23; p = .04) and with lnHFP (r = −0.25;
p = 0.02) and diastolic blood pressure was negatively
correlated with RMSSD (r = −0.24; p = 0.03). t tests re-
vealed lower lnLFP in females (t = 2.8; p = 0.008). Per-
ceived stress scores were not significantly correlated
with HRV indices or with physical activity measures
(p > 0.38 for all tests).

In unadjusted regression models, minutes per week
engaged in vigorous physical activity significantly pre-
dicted greater lnRMSSD, lnLFP, and lnHFP (Table 2).
After adjustment for age, gender, and diastolic blood
pressure, this relationship remained significant for
lnRMSSD and was marginally significant (p = 0.08) for
lnHFP. In all analyses, moderate physical activity failed
to significantly predict HRV measures. Collinearity
among predictor variables was assessed using the vari-
ance inflation factor (VIF). The VIF was 1.07 for predic-
tors (vigorous activity and moderate activity) in
unadjusted regression models. In adjusted models, the
VIF values were 1.20 (vigorous activity) and 1.17 (mod-
erate activity). To test whether effects of vigorous phys-
ical activity differed between males and females, models
were retested that included a gender-by-vigorous activity
interaction term. The interaction was non-significant for
all models (p > 0.60).
An additional goal of the study was to test

associations between daily duration of vigorous phys-
ical activity and heart rate variability. Bivariate correla-
tions revealed that daily minutes of activity were
correlated with lnRMSSD (r = 0.35; p = 0.001) and
lnHFP (r = 0.30; p = 0.006). When daily duration of
vigorous physical activity was coded as higher
(<68 min) or lower (≥68 min) based on the sample
median, t tests indicated significantly greater lnRMSSD
(t = -2.5; p = 0.01) and lnHFP (t = -2.1; p = 0.04) for
subjects in the higher duration group. Since daily
duration of vigorous activity was significantly
correlated with weekly frequency (r = 0.66; p < 0.001),
analysis of covariance models were used to test
differences in HRV indices across daily duration
groups, adjusted for days per week of vigorous activity
(Fig. 1). In these tests, higher daily minutes of vigorous
activity failed to predict lnRMSSD (F = 1.4; p = 0.23),
lnLFP (F = 1.1; p = 0.29), and lnHFP (F = 0.8; p = 0.36).

Table 1 Summary data for demographic, physical activity, and
physiological measures

Measure x̅ Standard deviation

Age (years) 23.1 5.4

Systolic blood pressure (mmHg) 120.6 10.2

Diastolic blood pressure (mmHg) 73.2 8.8

Body mass index (kg/m2) 25.4 0.5

Vigorous activity (minutes per week) 298.5 276.1

Moderate activity (minutes per week) 241.3 298.7

Perceived stress 16.6 5.5

RMSSD (ms) 63.2 48.8

LFP (ms2) 269.6 411.0

HFP (ms2) 329.2 727.0
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Discussion
In this study, minutes per week engaged in vigorous
physical activity predicted greater time domain and fre-
quency domain measures of HRV. For RMSSD, these ef-
fects persisted after adjustment for covariates. Greater
daily duration of vigorous physical activity, however,
failed to predict HRV when adjusted for weekly fre-
quency. It is unlikely that observed associations were
mediated by psychological stress exposure since recent
stress was not correlated with HRV measures or with
physical activity measures.
Among athletes, age and the intensity or duration of

an exercise program are critical influences on HRV [12].
Previous studies have documented positive effects of ex-
ercise on RR interval and HF and LF power in aerobic-
ally trained younger adults [13] but a non-significant
effect of moderate intensity exercise [14]. Physical activ-
ity assessed through accelerometry reveals a positive

effect on HRV for young adult subjects meeting recom-
mended levels for vigorous activity compared to those
meeting recommended levels of moderate activity [5]. In
the present study, most subjects were physically active
with 76% meeting recommendations for weekly vigorous
activity. Within this physically active group of young
adults, greater weekly vigorous activity predicted greater
HRV indices across the observed range of activity. A
question for future research is whether a saturation
point is reached [3] beyond which additional exercise no
longer increases HRV.
High-frequency and low-frequency components of

HRV are thought to reflect distinct neural regulatory
mechanisms [15]. While both high-frequency power and
time domain indices correlate strongly with pharmaco-
logically measured vagal tone [16], low-frequency power
may reflect central modulation of baroreceptor reflexes
by both sympathetic and parasympathetic activities [17].

Table 2 Multiple regression analyses for predictors of heart rate variability

lnRMSSDa (ms) lnLFP (ms squared) lnHFP (ms squared)

Model 1 Model 2b Model 1 Model 2b Model 1 Model 2b

R2 (0.10)c R2 (0.18) R2 (0.07) R2 (0.15) R2 (0.08) R2 (0.14)

Vigorous activity (minutes) 0.34 (.002)d 0.24 (0.04) 0.27 (0.02) .19 (0.10) 0.30 (0.01) 0.20 (0.08)

Moderate activity (minutes) 0.04 (0.74) 0.11 (0.31) −0.22 (0.05) −.19 (0.10) 0.06 (0.61) 0.13 (0.25)
aRoot mean square of successive differences
bAge, gender, diastolic blood pressure as covariates
cAdjusted R2
dStandardized beta (p value)

Fig. 1 Relationships between daily duration of physical activity and heart rate variability. Bars indicate marginal means (±1 standard error) for a
lnRMSSD, b lnLFP, and c lnHFP, adjusted for weekly frequency
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Studies in rodents have suggested mechanisms by which
exercise may impact high-frequency and low-frequency
components of HRV. These include altered GABA-ergic
signaling in the nucleus ambiguous [18] and nucleus of
the solitary tract [19]. This study had several limitations
that should be noted. Respiration was not controlled for
during ECG recording. While respiratory rhythm can
impact time and frequency domain indices, especially in
certain experimental paradigms [20], recent research
suggests that the impact on respiratory sinus arrhythmia
is minimal for short-term, resting recordings [21]. In
addition, physical activity was assessed by questionnaire
and not through direct measurement. Questionnaire-
based measures may yield biased estimates of activity,
especially for certain populations [22]. Finally, while re-
cent stress exposure was assessed, other psychological
factors such as depression that may impact heart rate
variability [23] were not.

Conclusions
Results of the present study are in agreement with previ-
ous findings that link vigorous physical activity to higher
measures of HRV. Lower levels of physical activity are
associated with greater cardiovascular risk with effects
mediated in part by autonomic dysfunction [24]. Re-
duced vagal function in particular is common to mul-
tiple risk factors that are predictive of cardiovascular
disease [25]. While the present study identified signifi-
cant effects for self-reported levels of overall activity, fu-
ture research utilizing more detailed and direct
measurements of daily activity could reveal stronger as-
sociations with autonomic function in young adulthood.

Abbreviations
AHA: American Heart Association; ECG: Electrocardiographic; HFP: High-
frequency power; HRV: Heart rate variability; Hz: Hertz; IPAQ: International
Physical Activity Questionnaire; LFP: Low-frequency power; lnHFP: Natural
logarithm of HFP; lnLFP: Natural logarithm of LFP; lnRMSSD: Natural
logarithm of RMSSD; ms: Milliseconds; RMSSD: Root mean square of
successive differences

Acknowledgements
We wish to thank the students whose participation as subjects made the
study possible.

Funding
Research was supported by the faculty development fund of the lead author
(Southern Oregon University).

Availability of data and materials
The data set analyzed for the current study is available from the
corresponding author on reasonable request.

Authors’ contributions
All co-authors participated in data collection and preparation of data for
analysis. All co-authors have read and approved final manuscript.

Competing interests
The authors declare that they have no competing interests.

Consent for publication
Not applicable.

Ethics approval and consent to participate
The study protocol was approved by the Human Subjects Review Board
(Southern Oregon University).

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Received: 20 December 2016 Accepted: 29 May 2017

References
1. Schroeder EB, Liao D, Chambless LE, Prineas RJ, Evans GW, Heiss G.

Hypertension, blood pressure, and heart rate variability: the Atherosclerosis
Risk in Communities (ARIC) study. Hypertension. 2003;42:1106–11. doi: 10.
1161/01.HYP.0000100444.71069.73.

2. Rennie KL, Hemingway H, Kumari M, Brunner E, Malik M, Marmot M. Effects
of moderate and vigorous physical activity on heart rate variability in a
British study of civil servants. Am J Epidemiol. 2003;158:135–43. doi: 10.
1093/aje/kwg120.

3. Sandercock GRH, Bromley PD, Brodie DA. Effects of exercise on heart rate
variability: inferences from meta-analysis. Med Sci Sports Exerc. 2005;37:433–
9. doi: 10.1249/01.MSS.0000155388.39002.9D.

4. Migliaro ER, Contreras P, Bech S, Etxagibel A, Castro M, Ricca R, Vicente K.
Relative influence of age, resting heart rate and sedentary life style in short-
term analysis of heart rate variability. Braz J Med Biol Res. 2001;34:493–500.

5. Soares-Miranda L, Sandercock G, Vale S, Silva P, Moreira C, Santos R, Mota J.
Benefits of achieving vigorous as well as moderate physical activity
recommendations: Evidence from heart rate. J Sports Sci. 2011;1:1–8. doi: 10.
1080/02640414.2011.568513.

6. Bassett D, Bear N, Nutt D, Hood S, Bassett S, Hans D. Reduced heart rate
variability in remitted bipolar disorder and recurrent depression. Aust N Z J
Psychiatry. 2016;50:793–804. doi: 10.1177/0004867416652734.

7. Arzeno NM, Deng Z-D, Poon C-S. Analysis of first-derivative based QRS
detection algorithms. IEEE Trans Biomed Eng. 2008;55(2 Pt 1):478–84. doi:
10.1109/TBME.2007.912658.

8. Dishman RK, Nakamura Y, Garcia ME, Thompson RW, Dunn AL, Blair SN.
Heart rate variability, trait anxiety, and perceived stress among physically fit
men and women. Int J Psychophysiol. 2000;37:121–33.

9. Cohen S, Kamarck T, Mermelstein R. A global measure of perceived stress. J
Health Soc Behav. 1983;24:385–96.

10. Craig CL, Marshall AL, Sjöström M, Bauman AE, Booth ML, Ainsworth BE, Oja
P. International physical activity questionnaire: 12-country reliability and
validity. Medicine and Science in Sports and Exercise. 2003;35(8):1381–395.
doi: 10.1249/01.MSS.0000078924.61453.FB.

11. American Heart Association. (2016). American Heart Association
Recommendations for Physical Activity in Adults. Retrieved 2016, from
http://www.heart.org/HEARTORG/

12. Aubert AE, Seps B, Beckers F. Heart rate variability in athletes. Sports Med.
2003;33:889–919.

13. Aubert AE, Beckers F, Ramaekers D. Short-term heart rate variability in
young athletes. J Cardiol. 2001;37 Suppl 1:85–8.

14. Leicht AS, Allen GD, Hoey AJ. Influence of age and moderate-intensity
exercise training on heart rate variability in young and mature adults. Can J
Appl Physiol. 2003;28:446–61.

15. Malliani A, Lombardi F, Pagani M. Power spectrum analysis of heart rate
variability: a tool to explore neural regulatory mechanisms. Br Heart J. 1994;71:1–2.

16. Hayano J, Sakakibara Y, Yamada A, Yamada M, Mukai S, Fujinami T, Yokoyama
K, Watanabe Y, Takata K. Accuracy of assessment of cardiac vagal tone by heart
rate variability in normal subjects. Am J Cardiol. 1991;67:199–204.

17. Goldstein DS, Bentho O, Park M-Y, Sharabi Y. Low-frequency power of heart
rate variability is not a measure of cardiac sympathetic tone but may be a
measure of modulation of cardiac autonomic outflows by baroreflexes. Exp
Physiol. 2011;96:1255–61. doi: 10.1113/expphysiol.2010.056259.

18. Carnevali L, Sgoifo A. Vagal modulation of resting heart rate in rats: the role
of stress, psychosocial factors, and physical exercise. Front Physiol. 2014;5:
118. doi: 10.3389/fphys.2014.00118.

May et al. Journal of Physiological Anthropology  (2017) 36:24 Page 4 of 5

http://dx.doi.org/10.1161/01.HYP.0000100444.71069.73
http://dx.doi.org/10.1161/01.HYP.0000100444.71069.73
http://dx.doi.org/10.1093/aje/kwg120
http://dx.doi.org/10.1093/aje/kwg120
http://dx.doi.org/10.1249/01.MSS.0000155388.39002.9D
http://dx.doi.org/10.1080/02640414.2011.568513
http://dx.doi.org/10.1080/02640414.2011.568513
http://dx.doi.org/10.1177/0004867416652734
http://dx.doi.org/10.1109/TBME.2007.912658
http://dx.doi.org/10.1249/01.MSS.0000078924.61453.FB
http://dx.doi.org/10.1113/expphysiol.2010.056259
http://dx.doi.org/10.3389/fphys.2014.00118


19. Mueller PJ, Hasser EM. Putative role of the NTS in alterations in neural
control of the circulation following exercise training in rats. American
Journal of Physiology Regulatory, Integrative and Comparative Physiology.
2006;290(2):R383–92. doi: 10.1152/ajpregu.00455.2005.

20. Tripathi LCKK. Respiration and heart rate variability: a review with special
reference to its application in aerospace medicine. Indian Journal of
Aerospace Medicine. 2004;48:64–75.

21. Denver JW, Reed SF, Porges SW. Methodological issues in the quantification
of respiratory sinus arrhythmia. Biol Psychol. 2007;74:286–94.

22. Dyrstad SM, Hansen BH, Holme IM, Anderssen SA. Comparison of self-
reported versus accelerometermeasured physical activity. Med Sci Sports
Exerc. 2014;46:99–106. doi: 10.1249/MSS.0b013e3182a0595f.

23. Bleil ME, Gianaros PJ, Jennings R, Flory JD, Manuck SB. Trait negative affect:
toward and integrated model of understanding psychological risk for
impairment in cardiac autonomic function. Psychosom Med. 2008;70:328–
37. doi: 10.1097/PSY.0b013e31816baefa.

24. Joyner MJ, Green DJ. Exercise protects the cardiovascular system: effects
beyond traditional risk factors. J Physiol. 2009;587(Pt 23):5551–8. Medicas E
Biologicas/Sociedade Brasileira de Biofisica… [et Al.], 34(4), 493–500. doi: 10.
1113/jphysiol.2009.179432.

25. Thayer JF, Yamamoto SS, Brosschot JF. The relationship of autonomic
imbalance, heart rate variability and cardiovascular disease risk factors. Int J
Cardiol. 2010;141:122–31. doi: 10.1016/j.ijcard.2009.09.543.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

May et al. Journal of Physiological Anthropology  (2017) 36:24 Page 5 of 5

http://dx.doi.org/10.1152/ajpregu.00455.2005
http://dx.doi.org/10.1249/MSS.0b013e3182a0595f
http://dx.doi.org/10.1097/PSY.0b013e31816baefa
http://dx.doi.org/10.1113/jphysiol.2009.179432
http://dx.doi.org/10.1113/jphysiol.2009.179432
http://dx.doi.org/10.1016/j.ijcard.2009.09.543

	Abstract
	Background
	Main body of the abstract
	Conclusions

	Background
	Main text
	Methods

	Results
	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Publisher’s Note
	References

