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INTRODUCTION 

Many studies that have investigated autonomic activity whilst exercising in different 

environmental conditions have used cycling as the mode of exercise. However, if the work rate 

and cadence of the cycling exercise is not controlled, the study may incorrectly conclude that the 

manipulation of environmental conditions may have altered autonomic activity, when, in fact 

poor control of the cycling cadence was the true cause of changes in autonomic activity.  

 

Cardiac frequency (fC) increases concomitant with exercise intensity, and reflects the elevated 

metabolic demand (Hansen et al., 2002, Foss and Hallen, 2004). Equally, an elevated fC has also 

been reported when cycling cadence is increased during exercise at a constant power output 

(Gotshall et al., 1996). Similarly, studies that have measured HRV during cycling exercise report 

that parasympathetic withdrawal (as indicated by reduced high frequency [HF] power) occurs at 

low exercise intensities (Arai et al., 1989, Leicht et al., 2008). Whereas an increased sympathetic 

activity (as indicated by elevated low frequency [LF] power) is evident at moderate work 

intensities (Saito and Nakamura, 1995, Gonzalez-Camarena et al., 2000). Therefore, it may be 

that parasympathetic withdrawal singly or in combination with sympathetic stimulation results in 

the elevated heart rate as cycling cadence is increased. In view of this, it is somewhat surprising 

that many studies examining HRV during cycling exercise have not considered the potential 

confounding effects of alterations in cadence on measures of HRV; this may have important 

implications for studies measuring autonomic responses during cycling or other responses 

influenced by the autonomic nervous system when exposed to various environmental conditions. 

 

In addition to work rate, other factors known to affect HRV include pulmonary ventilation ( , 

respiratory frequency (fR) and tidal volume (VT). For example, increased HF power has been 

reported during periods of controlled slower breathing , whereas more rapid breathing reduces 

HF power (Hirsch and Bishop, 1981). These effects may be mediated by influencing respiratory 

sinus arrhythmia (RSA) (Hirsch and Bishop, 1981, Blain et al., 2005). Moreover, an increased 

ventilation at higher cadences may excite pulmonary stretch receptors and evoke tachycardia 

(Marshall, 1994) due to a parasympathetic withdrawal (decreasing HF power) and possibly 

increasing sympathetic activity (increasing LF power) as cadence is increased. Therefore, the 

aims of the present study were to examine the effect of cadence on HRV during cycling at a 

constant power output and study the influence of ventilatory response on HRV at each cadence. 

It was hypothesised that HRV (H0) would not differ when cycling at different cadences. 

 

METHODS 

Following receipt of ethical approval, sixteen males gave their written informed consent to 

participate. Their average (SD) age, height, mass and sum of 8 skinfolds were: 31 (6) years, 1.72 
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(0.23) m, 82.5 (8.0) kg and 77.6 (22.6) mm. Each participant was familiarised with the 

equipment, during which they were asked to cycle at a freely chosen cadence (FCC) whilst  

blinded to the pace and when cadence information was displayed. A similar cadence was adopted 

during of these cycling periods (60[8] and 60[9] for the blinded FCC and FCC with cadence 

feedback respectively. The following day they performed three, ten-minute periods of unloaded 

cycling at different cycling cadences; 1) The reproducible FCC with cadence feedback (FCCr), 

2) Cadence of 40 revs
.
min

-1
, 3) Cadence of 80 revs

.
min

-1
, on an electronically braked recumbent 

cycle ergometer. All conditions were performed in a balanced order on the same day; each ten-

minute bout of cycling exercise was separated by a recovery period during which fc and   

recovered to baseline values.   

 

The participants performed the experimental sessions clothed in shorts, a t-shirt and trainers. The 

room was maintained at an ambient temperature of 22.2(0.7)
o
C and relative humidity 40 (10)% 

during all trials. 

Data Analysis 

During each testing session ambient data were recorded and subjects (wearing a t-shirt and 

shorts) were instrumented with a 3-lead ECG (Lifepulse HME, UK) for the determination of 

HRV and fC, and an oro-nasal mask for the collection of expired air measurements (VT, fR, FEO2 

and FECO2). The gas concentrations and volume were measured using a gas analyser (Hi-tech 

Instruments Limited, Bedfordshire, UK), and pneumotach (Hans Rudolph, US). All of these 

systems were recorded via a Powerlab data acquisition system (AD Instruments, Australia). The 

was calculated from the product of fR and VT, and the  was computed using , FEO2 and 

FECO2.  

The ECG waveform was analysed using HRV analysis software (KubiosHRV version 2.0, 

Biosignal Analysis and Medical Imaging Group, University of Kulpio, Finland)  to provide time 

(R-R interval and SDNN; standard deviation of N-N intervals) and frequency domain (LF power, 

HF power, LF:HF ratio and total power) measures of HRV following the parameters 

recommended by The Task Force of the European Society of Cardiology and the North 

American Society of Pacing Electrophysiology (1996). The last five-minute portion of each ten 

minute condition was analysed using Fast Fourier Transforms. The frequency domain HRV 

measures were presented in log transformed terms using the natural logarithm (Ln).  

Statistical Analysis 

A one-way repeated measures ANOVA, was used to investigate between conditions differences 

in time and frequency domain measures of HRV. Significant differences were examined post-

hoc by a Tukey test comparisons. The data are presented as means (SD), statistical significance 

was accepted at P<0.05 with a trend defined as being P≥0.05 and <0.1.  

 

RESULTS 

The data from one subject were removed from the absolute frequency domain measurements 

following exploratory data analysis. This subject was identified as an outlier with respect to these 

variables (data deviated >2 SD from the mean), but was included for time domain and log 

transformed frequency domain analyses as data were within 2 SD of the mean. 
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During the 40 revs
.
min

-1
 condition subjects maintained average (SD) cadences of 41(1) revs

.
min

-

1
, during the 80 revs

.
min

-1
 condition subjects maintained a cadence of 80(1) revs

.
min

-1
 and the 

FCC whilst blinded to cadence information was 60(8) revs
.
min

-1
 (range 48-74 revs

.
min

-1
). During 

subsequent exercise bouts, in which subjects were asked to reproduce their FCC (FCCr) (with 

cadence feedback provided), cadences of 60(9) revs
.
min

-1
 were recorded, these did not differ 

from FCC.  

Table  1. Mean (SD) of HRV measures when cycling at each cadence. n=16 unless stated otherwise 
 

 40 revs
.
min

-1
 FCCr 80 revs

.
min

-1
 

fc  (beats.min
-1

) 63 (6)  69 (9) 75 (4)*a 

Total Power (ms
2
) n=15 1769(1311) 1327(932)*a   925(735)*a 

Ln HF        6.1(1.2)      5.9(1.3)a        5.2(1.1)*a 

LF:HF ratio n=15       1.3(1.1)t    1.8(1.6)      2.1(1.6)t 

*=Different to 40 revs.min
-1 

P<0.05. a=Difference between FCCr and 80 revs
.
min

-1
 P<0.05 

 b= Difference between FCCr and 40 revs
.
min

-1
 P<0.05. t=Trend to differ (P=0.067). 

The Effect of Cadence on Time and Frequency Domain Measures of HRV  

There were no differences between FCC and FCCr in time and frequency domain measures of 

HRV, suggesting that the conscious monitoring of cadence did not influence HRV. However, 

alterations in cadence did affect both time and frequency domain measures of HRV. With respect 

to time domain measures, fc was higher in FCCr than in 40 revs
.
min

-1
 and higher in 80 revs

.
min

-1
 

than FCCr, whilst differences in fc between 40 revs
.
min

-1
 and 80 revs

.
min

-1
 were also 

significantly different. With respect to frequency domain measures (Table 1), total power 

declined with each increment in cadence. Furthermore, HF power was higher at 40 revs
.
min

-1
 

than at 80 revs
.
min

-1
, and also higher during the FCCr than during the 80 revs

.
min

-1
 condition. 

Whereas there was only a trend towards a higher LF:HF between the 40 revs
.
min

-1
 and  80 

revs
.
min

-1
 conditions (P=0.067).  
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Figure 1. Mean (SD)  when cycling at each cadence (n=16). *Different to 40 revs.min

-1 
P<0.05. 
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The Effect of Cadence on Respiratory Responses 

The fR was significantly greater at 80 revs
.
min

-1
 than at 40 revs

.
min

-1
. A larger  was also 

observed when cycling at 80 revs.min
-1

 compared with FCCr and 40 revs
.
min

-1
 (Figure 1).  

 

DISCUSSION 

The main purpose of this study was to investigate if measures of HRV were influenced when 

cadence was manipulated during unloaded cycling. The results suggest that measures of HRV 

changed when cadence was increased from FCCr to 80 revs
.
min

-1
. This study also supports 

previous research that reported that  and fc, were elevated at higher cycling cadences, when 

cycling at a constant power output (Seabury et al., 1977, Gotshall et al., 1996).  

 

Effects of Cadence on Measures of HRV 

Cycling during the FCC and FCCr conditions did not result in any differences in measures of 

HRV. This suggests that maintenance of a standardised cadence may not have demanded enough 

attention to cause HRV measures to change. Reductions in total power were observed between 

40 revs
.
min

-1
 and FCCr, as well as FCCr and 80 revs

.
min

-1
, and lower HF values were also 

observed between FCCr and 80 revs
.
min

-1 
conditions. Similar reductions in total power and HF 

power have been reported in previous studies when exercise intensity was increased (Arai et al., 

1989, Perini et al., 2000). During the present study, LF:HF ratio was not significantly elevated. 

This suggests that the higher fc at faster cycling cadences occurred due to parasympathetic 

withdrawal rather than by an increase in sympathetic activity. These findings concur with 

previous investigations which indicate a withdrawal of parasympathetic input during low 

intensity exercise (Arai et al., 1989). Savin and colleagues (1982) and Kannankeril and 

Goldberger (2002) also reported that parasympathetic activity predominantly controls fc from 

resting values to approximately 100-120 beats
.
min

-1
, whereas a greater level of sympathetic 

activity elevates fc above this threshold. During the present study, the increase in cadence did 

significantly elevate fc (primarily through the withdrawal of parasympathetic input) when cycling 

on an unloaded cycle ergometer. This may be expected, as fc was not elevated in excess of 100 

beats
.
min

-1
, therefore, additional sympathetic activity would not contribute to the increase in fc. A 

greater exercise intensity or faster cycling cadence eliciting a fc in excess of 100-120 beats
.
min

-1
 

may be required to detect increases in sympathetic input.  

 

With each increase in cadence,  was elevated, exciting pulmonary stretch receptors that evoke 

an elevation in fc (Marshall, 1994). Innovating the stretch receptors, relays impulses into the 

central command of respiration, which reduces RSA, and as a corollary causes parasympathetic 

withdrawal and cardio-acceleration. Therefore, a probable mechanism for the reduction in total 

power and HF power (ms
2
) suggests that a parasympathetic withdrawal at higher cycling 

cadences may be due to changes in respiratory measures that occur at higher cadences when 

power output is constant. 

 

The reduction in parasympathetic activity may also influence other physiological parameters 

such as peripheral blood flow. Consequently, if cycling cadence is not controlled during studies 

which manipulate the environmental conditions, the study may incorrectly conclude that the 

changing environment may have altered the balance of autonomic activity and hence influence 

peripheral blood flow. When, in fact, poor control of the cycling cadence was the true cause of 

changes in autonomic activity.  
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It is concluded during cycling, that total power and high frequency power are reduced because of 

an increase in cadence at a constant power output. Therefore, the null hypothesis is rejected. This 

suggests that parasympathetic withdrawal without an increase in sympathetic activity occurs with 

increasing cycling cadence during low intensity exercise. Therefore, future studies that estimate 

autonomic activity during cycling exercise should consider the potential confounding effects of 

alterations in cycling cadence and the subsequent influence this has on measures of HRV. The 

parasympathetic withdrawal that occurs may result from the increased  or one of the 

components of (VT and fR).  
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