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Effects of Recumbent Bicycle Exercise on Cardiac Autonomic
Responses and Hemodynamics Variables in Patients with
Atrial Fibrillation
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Background: The purpose of this study is to investigate the safety and efficiency of recumbent bicycle ergo-
meter exercise by observing heart rate variability (HRV) and hemodynamic variables in patients with atrial
fibrillation.

Methods: In a balanced crossover study, 13 patients with atrial fibrillation (mean age, 62.2+5.3 years) were
asked to perform a bicycle exercise twice, once in the upright position and once in the recumbent position at an
angle of 30°, with a 1-week interval between both. The exercise intensity was set initially at 10 W and increased
by 15 W every 2 minutes up to 70 W. HRV and hemodynamic variables were measured. All data were analyzed
using one-way repeated-measures analysis of variance.

Results: Low-frequency normalization in HRV was increased with no intergroup differences immediately after
exercise. The rate pressure product was significantly lower in the recumbent than in the upright position right af-
ter exercise (104.8+14.3 vs. 151.8+51.4 mmHg><beats/min><1O'2, P<0.01).

Conclusions: Recumbent exercise improves the safety and efficiency of cardiac rehabilitation for atrial fi-
brillation patients by reducing myocardial workload without compromising the activation of the autonomic nerv-
ous system that regulates cardiac activity.
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Table 1. Characteristics of participants

Characteristic Patients (n=13)
Male sex 10 (76.9)
Age,y 62.2+5.3
Paroxismal atrial fibrillation 7 (53.8)
Height, cm 166.1+9.2
Weight, kg 70.6+10.5
Body mass index, kg/m’ 24.9+2.8
Peak VO,, mL-kg"-min™ 21.9+8.7
Medical history
Stroke 1(7.7)
Diabetes mellitus 1(7.7)
Hypertension 3(23.1)
Coronary artery disease 3(23.1)
Medication at baseline
Antiplatelet therapy 1(7.7)
Anticoagulation 10 (76.9)
Antiarrhythmic agent 7 (53.8)
Amiodarone 2 (15.4)
Sotalol 2(15.4)
B-blockers 8 (65.0)
Digoxin 1(7.7)
Calcium channel blockers 4(30.8)
ACE inhibitors/angiotensin II receptor blocker 3(23.1)
Statins 10 (76.9)

Values are presented as meanzstandard deviation or number (%).
Abbreviations: ACE inhibitors, angiotensin -converting enzyme
inhibitors; Peak VO,, peak exercise oxygen consumption.
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Table 2. Changes of frequency and time domain in HRV

Frequency and time domain

Variable Time course F P
Rest Post
LF norm, %
Upright 51.2+4.2 53.5+4.7 T: 4.853 0.039
Recumbent 50.3+5.2 51.9+5.5 TxG:0.117
G: 0.439
HF norm, %
Upright 48.8+4.2 46.5+4.8 T: 4.853 0.039
Recumbent 49.7+5.2 48.1+5.5 TxG:0.117
G:0.439
TP, ms’
Upright 985.0+1,693.1 1,494.0+1,085.9 T: 4.023
Recumbent 951.0+1,705.7 1,231.2+1,473.7 TxG:0.338
G: 0.053
SDNN, ms
Upright 43.3+20.7 32.1+22.7 T: 10.766 0.004
Recumbent 38.8+21.0 28.1+17.1 TxG: 0.004
G:0.277
RMSSD, ms
Upright 24.6£22.9 22.7+20.6 T: 0.039
Recumbent 17.7+13.1 20.6+20.9 TxG: 0.759
G:0.321
HRYV index
Upright 8.1+3.5 10.0+4.5 T: 11.394 0.006
Recumbent 8.0+£3.6 10.1+4.8 TxG: 0.086
G: 0.035

Values are presented as mean+standard deviation. F values are calculated by one-way repeated-measures analysis of variance.

Abbreviations: G, group; HF norm, high frequency bandwidths normalization; HRV index, heart rate variability index; LF norm, low fre-
quency bandwidths normalization; Recumbent, recumbent group; RMSSD, the root mean square of successive differences; SDNN, standard
deviation of the node intervals; T, time; TP, total power; Upright, upright group.
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Table 3. Changes of Hemodynamics variables

Hemodynamics
Variable Time course F P
Rest Post
SV, mL
Upright 59.5+10.2 78.6+14.3 T: 88.954 <0.001
Recumbent 59.2+11.5 79.4+16.6 TxG: 0.067
G: 0.002
HR, beats/min
Upright 78.2+20.2 133.1£19.2 T: 85.212 <0.001
Recumbent 68.4+8.7 93.8+10.3 TxG: 2.141
G:4.931 0.041
CO, L/min
Upright 4.5+0.8 8.4x1.7 T: 95.158 <0.001
Recumbent 4.1£0.9 7.3+1.6 TxG: 1.219
G: 1.219
SVR, dyn-s/cm’
Upright 1,644.2+308.0 890.3+365.7 T: 67.609 <0.001
Recumbent 1,753.7+471.1 1,027.2+257.8 TxG: 0.023
G: 0.855
SBP, mmHg
Upright 128.4+11.7 142.2+13.1 T: 8.411 0.004
Recumbent 120.7+17.4 122.9+12.2 TxG: 4.421
G:5.989 0.025
RPP, mmHgxbeats/minx107
Upright 102.4+29.9 151.8+51.4 T:11.844 0.003
Recumbent 85.7+17.6 104.8+14.3 TxG: 2.344
G:9.436 0.007

Values are presented as mean+standard deviation. F values are calculated by one-way repeated-measures analysis of variance.
Abbreviations: CO, cardiac output; G, group; HR, heart rate; Recumbent, recumbent group; RPP, rate pressure product; SBP, systolic blood
pressure; SV, stroke volume; SVR, systemic vascular resistance; T, time; Upright, upright group.
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