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Possibility of Heart Rate Variability Analysis Using Ballistocardiogram

CAO Xinrong', WANG Kun’, ZHANG Jing’, TANG Jintian'

1. Institute of Medical Physics and Engineering, Tsinghua University, Beijing 100084, China
2. The Second Affiliated Hospital of Tsinghua University, Beijing 100049, China
3. School of Electrical Engineering, Hebei University of Technology, Tianjin 300401, China

Abstract Ballistocardiogram (BCG) is a non—contact cardiac activity monitoring method. Our preliminary research of heart rate variability
(HRV) was carried out using BCG. BCG signal and electrocardiography (ECG) signal of 20 subjects were measured synchronously in static,
valsalva maneuver, post valsalva maneuver and post exercise states. Cardiac periods of these two signals were calculated using RR
intervals of ECG and ]J intervals of BCG respectively. HRV parameters in time domain analysis, in frequency domain analysis and
nonlinear analysis were calculated. The correlation of HRVic. parameters and HRVice parameters were checked; the significant differences
between HRVycc and HRVice parameters were tested using paired ¢—test. Results showed that the variance trends of cardiac periods
calculated by ECG and BCG were the same; the correlations of HRVycc and HRVye parameters were all above 0.81; HRVycc parameters
showed no significant differences with HRVice during static, post valsalva maneuver and post exercise state while nPNN50, LF/HF and SD,
showed significant differences during Valsalva maneuver state.

Keywords heart rate variability; ballistocardiogram (BCG); paired i—test
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Table 1 Mean difference, correlation value and P-value of ECG and BCG during static state

24 HRVico HRVi. ZME R PiE

AVNN/ms 864.68+95.09 864.74+95.14 -0.0£0.11 1.00 0.74
SDNN/ms 44.42+15.65 44.23+15.49 0.200.77 0.99 0.23
nPNN50/% 17.15£14.82 15.64£13.90 0.02+0.05 0.94 0.18
nLF 0.36+0.14 0.36+0.15 0.000.02 0.99 0.39

nHF 0.310.15 0.32+0.16 -0.0+0.02 0.99 0.38

LF/HF 1.71+1.53 1.70+1.55 0.01+0.29 0.98 0.93

SD\/ms 27.26+10.22 26.11+10.26 1.15+2.30 0.98 0.13

SDy/ms 56.69+20.32 56.86+20.25 -0.120.71 1.00 0.27
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Table 2 Mean difference, correlation value and P-value of ECG and BCG during valsalva maneuver state

24 HRViseo HRVico ZH FHIE B Pl
AVNN/ms 878.35+111.06 878.05+110.90 0.30+0.46 1.00 0.82
SDNN/ms 53.45+16.28 51.70+16.28 1.75+1.35 1.00 0.20

nPNN50/% 5.96+5.93 3.24+4.23 2.72+0.37 0.85 0.04
nLF 0.37+0.18 0.38+0.18 -0.00+0.02 0.99 0.28
nHF 0.11+0.08 0.09+0.02 0.02+0.02 0.96 0.10

LF/HF 4.96+4.37 6.45+5.13 -1.502.06 0.92 0.00
SD\/ms 19.15+6.80 15.48+6.65 3.67+4.13 0.81 0.00
SDy/ms 72.33+23.37 70.79+23.11 1.54£1.26 1.00 0.15

®3 ERIMERET HRVeoo 1 HRVeco MEEIE . 7 £ EX REF PE

Table 3 Mean difference, correlation value and P-value of ECG and BCG during post valsalva maneuver state

ZH HRV o HRV o Z:E B34 Pl
AVNN/ms 854.35+80.02 854.28+80.00 0.07+0.11 1.00 0.51
SDNN/ms 55.41+15.86 55.38+15.97 0.03+1.11 1.00 0.91

nPNN50/% 19.68+13.69 18.07+13.13 1.61+4.52 0.94 0.14
nLF 0.27+0.12 0.26+0.11 0.01+0.01 0.99 0.26
nHF 0.24+0.16 0.25+0.17 -0.01+0.02 0.99 0.18

LF/HF 1.68+1.28 1.79+1.58 —-0.10+0.60 0.93 0.45

SDi/ms 28.78+9.94 27.60+10.38 1.18+3.38 0.95 0.14

SD»/ms 72.14+21.33 72.46+21.57 -0.32+0.96 1.00 0.17

F4 BNE HRVece 1 HR Ve MEEHE . 77 2 HEX REF PE
Table 4 Mean difference, correlation value and P-value of ECG and BCG during exercise state

28 HRVieo HRVice 2EH R FREL PE
AVNN/ms 802.96+89.32 802.92+89.39 0.04+0.12 1.00 0.23
SDNN/ms 74.47+33.63 73.99+34.40 0.49+2.19 1.00 0.37
nPNN50/% 22.75+16.49 23.33x18.22 -0.01+0.05 0.97 0.64
nLF 0.17+0.10 0.17+0.11 0.00+0.04 0.95 0.96
nHF 0.18+0.13 0.18+0.13 0.00+0.08 0.81 0.90
LF/HF 1.49+1.55 1.69+1.91 —-0.20+1.04 0.84 0.43
SDi/ms 34.84+17.54 32.68+18.77 2.16+4.59 0.97 0.07
SD»/ms 98.66+45.64 98.65+46.29 0.01£1.40 1.00 0.98
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