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ABSTRACT

Background and Objectives : Heart rate variability (HRV) illustrates the autonomic integration of the heart.
Depressed HRV has been proven to be associated with an increased risk of cardiac death, whereas heart rate turbu-
lence (HRT) is believed to reflect baroreflex sensitivity and it was recently introduced as another noninvasive
tool for risk stratification. The aim of this study was to determine the relationship between the HRT and HRV
parameters in Korean adults with a structurally normal heart. Subjects and Methods : We studied 61 adults
(males: 31) who showed ventricular premature complexes on 24 hour Holter recording and who were found to
have normal hearts on full noninvasive investigation. We calculated the mean heart rate (RR interval), the number
of VPBs, the time- and frequency-domain HRV parameters and two HRT parameters: turbulence onset (To) and
turbulence slope (Ts). Results = Ts showed a strong correlation with the HRV parameters (LF/HF ratio: r=0.35,
p=0.006; VLF: r=0.32, p=0.013; LF: r=0.27, p=0.035; SDNN: r=0.28, p=0.029; SDANN: r=0.32, p=0.012),
but To showed no significant correlation with the HRV parameters. Conclusion : The HRT parameters, and espe-
cially Ts, correlate strongly with the HRV parameters; therefore, Ts should be considered as a parameter that
reflects the overall cardiac autonomic tone. (Korean Circulation J 2006;36:126—132)
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Table 1. HRT and HRV parameters in subjects

Mean +=SD Range Median
HRT parameter
To (%) -2.07%£2.39 -9.4~4.89 -1.64
Ts(ms/RR) 8.93£6.81 1.59~30.35 7.06
HRYV parameters: Time-domain
MeanNN (ms) 8541+132 574~1240 824
SDNN (ms) 143+34 74.1~223.1 141
SDNNIi (ms) 50+21 18.6~129.2 44
SDANN (ms) 125+40 16.7~240.5 120
rMSSD (ms) 58+37 19.2~206.5 48
pNN50 (%) 11.9+11.4 0~55.8 8.9
HRYV parameters: Frequency-domain
TF (ms?) 3406+2249 1078~9605 2635
VLF (ms?) 1557+1296 230~6873 1173
LF (ms?) 1016 =811 140~3998 683
HF (ms?) 6551429 162~1974 520
LE/HF 1.7+1.0 0.4~54 1.4
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Table 2. Results of HRT analysis using quartile value (A) and pre-
viously described cutoff value (B) of To and Ts

HRT: heart rate turbulence, HRV: heart rate variability, To: tur-
bulence onset, Ts: turbulence slope, MeanNN: mean of all RR
intervals between normal beats, SDNN: standard deviation of all
normal RR intervals in the entire 24-hour recording, SDNNi: mean
of the standard deviations of all normal RR intervals in all 5-minute
segments of the entire 24-hour recording, SDANN: standard deviation
of the average normal RR intervals in all 5-minute segments of the
entire 24-hours recording, tMSSD: the square root of the mean of
the sum of the squares of differences between adjacent normal RR
intervals over the entire 24-hour recording, pPNN50: percent of dif-
ferences between adjacent normal RR that are >50 ms over entire
24-hour recording, TF: total frequency power, VLF: very low frequency
power, LF: low frequency power, HF: high frequency power, LF/
HF: ratio of power in LE/HF

(A) Ts=4.27 ms Ts>4.27 ms

Per R-R interval Per R-R interval Sum of subjects
To=-0.64% 7 (11.5%) 8 (13.1%) 15 ( 24.6%)
To <-0.64% 8 (13.1%) 38 (62.3%) 46 ( 75.3%)
Sum of subjects 15 (24.6%) 46 (75.3%) 61 (100%)
(B) Ts=<2.5ms Ts>2.5 ms

Per R-R interval Per R-R interval Sum of subjects
To=0% 2(3.3%) 5( 8.2%) 7 (%)
To< 0% 5( 8.2%) 49 (80.3%) 54 (88.5%)
Sum of subjects 7 (11.5%) 54 (88.5%) 61 (100%)

HRT: heart rate turbulence, To: turbulence onset, Ts: turbulence
slope
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Fig. 1. Relationship between age and turbulence slope (Ts)(A) and turbulence onset (To)(B).



Table 3. Correlations between HRT and HRV parameters

To Ts
HRYV parameters r p r p
HRV: Time-domain analysis
MeanNN 0.11 0.394 0.10 0.423
SDNN 0.03 0.802 0.28 0.029
SDNNi 0.02 0.880 0.18 0.178
SDANN 0.04 0.790 0.32 0.012
rMSSD 0.14 0.295 -0.07 0.577
pNN50 0.09 0.455 0.05 0.684
HRV: Frequency-domain analysis
TF -0.17 0.184 0.24 0.067
VLF -0.19 0.137 0.32 0.013
LF -0.15 0.263 0.27 0.035
HF -1.7 0.195 0.09 0.489
LF/HF -0.10 0.431 0.35 0.006

HRT: heart rate turbulence, HRV: heart rate variability, To: tur-
bulence onset, Ts: turbulence slope, MeanNN: mean of all RR
intervals between normal beats, SDNN: standard deviation of all
normal RR intervals in the entire 24-hour recording, SDNNi: mean
of the standard deviations of all normal RR intervals in all 5-minute
segments of the entire 24-hour recording, SDANN: standard deviation
of the average normal RR intervals in all 5-minute segments of the
entire 24-hours recording, tMSSD: the square root of the mean of
the sum of the squares of differences between adjacent normal RR
intervals over the entire 24-hour recording, pNN50: percent of dif-
ferences between adjacent normal RR that are >50 ms over entire
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