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a) Original and detrended RR series
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b) Time domain analysis
SDNN RMSSD pNN50 SDNN RMSSD pNN50 SDNN RMSSD pNN50 SDNN RMSSD pNN50
(ms) (ms) (%) (ms) (ms) (%) (ms) (ms) (%) (ms) (ms) (%)

Original 63.62 72.40 53.00 60.96 37.34 16.80 53.01 62.72 53.95 52.93 37.48 17.29
Detrended 55.54 72.10 52.07 41.42 36.98 15.98 49.15 62.51 54.42 41.90 37.21 16.92

c) Frequency domain analysis
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Fig. 2. The e↵ect of the detrending method on time and frequency domain analysis. a) Original RR series and fitted trends (above) and
detrended RR series (below) for four di↵erent data segments. The duration of each data segment is 200 seconds and they were obtained
from di↵erent subjects. b) The e↵ect of the detrending procedure on three time domain parameters (SDNN, RMSSD and pNN50). c)
PSD estimates for original (thin line) and detrended (bold line) RR series with Welch’s periodogram method (above) and by using a
16’th order AR model (below).

ponent. Each spectrum is however limited to 0.035 s2/Hz
to enable the comparison of the spectrums before and after
detrending. For Welch’s method the VLF components are
properly removed while the higher frequencies are not sig-
nificantly altered by the detrending. But when AR models
of relatively low orders are used, which is usually desirable
in HRV analysis in order to enable a distinct division of
the spectrum into VLF, LF and HF components, the e↵ect
of detrending is remarkable. In each original AR spectrum
the peak around 0.1 Hz is spuriously covered by the strong
VLF component. However in the AR spectrums obtained
after detrending the component near 0.1 Hz is more realis-
tic when compared to the spectrums obtained by Welch’s
method.

IV. Discussion

We have presented an advanced detrending method with
application to HRV analysis. The method is based on
smoothness priors formulation. The main advantage of the
method, compared to methods presented in [7], [5], is its
simplicity. The frequency response of the method is ad-
justed with a single parameter. This smoothing parame-
ter � should be selected in such a way that the spectral
components of interest are not significantly a↵ected by the
detrending. Another advantage of the presented method is
that the filtering e↵ect is attenuated in the beginning and
the end of the data and thus the distortion of data end

points is avoided.

The e↵ect of detrending on time and frequency domain
analysis of HRV was demonstrated. In time domain most
e↵ect is focused on SDNN, which describes the amount
of overall variance of RR series. Instead only little e↵ect
is focused on RMSSD and pNN50 which both describe the
di↵erences in successive RR intervals. In frequency domain
the low frequency trend components increase the power of
VLF component. Thus, when using relatively low order
AR models in spectrum estimation detrending is especially
recommended, since the strong VLF component distorts
other components, especially the LF component, of the
spectrum.

The presented detrending method can be applied to e.g.
respiratory sinus arrhythmia (RSA) quantification. RSA
component is separated from other frequency components
of HRV by adjusting the smoothing parameter � properly.
For other purposes of HRV analysis one should make sure
that the detrending does not lose any useful information
from the lower frequency components. Finally, it should
be emphasized that the presented detrending method is
not restricted to HRV analysis only, but can be applied as
well to other biomedical signals e.g. for detrending of EEG
signals in quantitative EEG analysis.


