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Cardiovascular disease (CVD) is still the leading cause of death and morbidity in industrialized nations, accounting, for example, for about 42 % of all deaths in Germany [1].
A large number of risk factors contribute to CVD, among those, autonomic dysfunction as indicated by reduced heart rate variability (HRV) is associated with an increased
risk of CVD incidence and mortality. Heart rate variability is defined as the variation in time between consecutive heartbeats, and several measures have been proposed for
its measurement. Most of them are based on the tachogram, the time series of beat-to-beat time differences (R-R intervals). HRV analysis thus has to rely largely on the
statistical methods of time series analysis, and, corresponding to the dichotomy of methods in time series analysis, the proposed measures can be divided in time domain
and frequency domain methods [2].
Whereas the estimation of time domain parameters is straightforward, estimation of frequency domain parameters is complicated by the fact that the estimation process
consists of two steps: In the first step, the spectrum of the tachogram is estimated, and in the second step the frequency domain HRV parameters are derived from this
estimated spectrum. In general, the statistic variability that is induced by the estimation of the spectrum is ignored in further analysis, thus systematically overestimating the
precision of frequency domain HRV parameters. Additionally, as the common spectral estimates have rather insufficient statistical properties (e.g., the periodogram is an
inconsistent estimator of the true spectrum) we expect this statistical variability to be of relevant size. To our knowledge and up to now there has been no systematic
investigation on the size of this overestimation of precision and its potential impact on interpretation of HRV parameters.
In the following we give the results of a simulation study to compare statistical precision and variability of the SDNN, LF power, HF power, and the LF/HF ratio as the most
prominent time domain and frequency domain parameters, respectively.

Methods
Simulated tachograms with a length of N=512 observations were generated from a AR(1) process Y= ¢Y_,+ &, € ~ N(0,5?). It can be shown [3, p. 53] that the true SDNN
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of a tachogram from this process equals o , and the true spectrum of the process is [3, p. 154]: f(o) = G—x%
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Based on this equation, true values for LF, HF and the LF/HF ratio can be calculated from the integral [4]: J.f(oo (j xarctan b
by setting b=0.4 and a=0.15 for the HF, and b=0.15 and a=0.04 for the LF power. (¢ 1) (9-D*(¢* -7 xtanaxtan%

We varied parameter values for the AR(1) parameter ¢ and the residual variance o2 and generated 10.000 tachograms for each combination of ¢ and 2. Realistic values
for ¢ and o2 were derived from a random sample of 41 subjects of the CARLA study [5] with regular tachgrams.

From each tachogram we calculated the estimated SDNN as the standard deviation of the R-R intervals, and LF, HF, and LF/HF ratio as areas under the curve from the
raw periodogram. Additionally we also estimated all frequency domain parameters from a smoothed periodogram where smoothing was performed with a Tukey-Hanning
kernel with a fixed bandwidth of 5 periodogram ordinates. [*

To describe statistical precision we calculated the relative percentage bias [6] RPB = egejxloo, where 6 stands for the respective true parameter value (true SDNN,

LF, HF, or LF/HF ratio as derived from the equations above) and 6 for the corresponding mean estimated value 6 =
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To describe statistical variability we calculated the relative percentage standard deviation [6] RPSD = [SD(G)]xloo with SD(8) = Wlol Z ®, - 6)2 as the empirical
0

standard deviation over all simulations for the respective parameter.
The simulation study and all analyses were programmed in SAS, 9.1.
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