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Accelerated heart rate (HR) as well as reduced heart rate variability
(HRV) are commonly recognized risk factors for different adverse out-
comes in various diseases [1,2]. Yet, there is a growing body of evidence
that elevated HR is mainly a significant predictor of such outcomes in
men but not in women [3]. Moreover, HR and HRV are associated with
each other but this relationship is both physiologically and mathemati-
cally determined [4–6]. Recently, we have shown that the association
between HR and HRV may be mathematically modified, i.e. one may
strengthen or weaken the HRV dependence on HR [7]. By using this
method, we have demonstrated that HR contributes to the prognostic
power of HRV in patients after myocardial infarction (MI), albeit, this
contribution is different for different outcomes, i.e. it is positive for car-
diac death but negative for non-cardiac one [8]. Indeed, if HRV becomes
more dependent on HR, its predictive ability increases for cardiac mor-
tality but decreases for non-cardiac one — conversely, when losing this
dependence, HRV is losing its power for predicting cardiac death but
gaining its power for non-cardiac one [8]. However, this phenomenon

has never been tested in males and females separately. The goal of the
study was to explore the HR impact on the prognostic value of HRV in
different genders.

We analyzed the post-MI patients recruited between January 1996
and December 2000 (i.e. the exploratory sample, n = 1455; 1154
males) and then validated the results by studying another post-MI pop-
ulation recruited between January 2001 and December 2005 (i.e. the
validation sample, n = 946; 782 males). Both cohorts took part in ear-
lier studies and were followed up for 5 years—the details have been
published elsewhere [9]. The study protocol conforms to the ethical
guidelines of the 1975 Declaration of Helsinki as reflected in a priori ap-
proval by the institution's human research committee and all partici-
pants gave their informed consent.

Each of the patients underwent Holter recording during the second
week after the index infarction. Spectral HRV indices were estimated
from 512 RR interval segments and then averaged for every patient.
Power spectra were calculated by means of the fast Fourier transform
and the following indices were distinguished: very low frequency
(VLF, 0.003–0.04 Hz), low frequency (LF, 0.04–0.15 Hz), high frequency
(HF, 0.15–0.6 Hz) and total power (TP, 0.003–0.6 Hz). Seven classes of
spectral HRV indices with different dependence on HR were obtained
by either division or multiplication of average standard indices of each
patient by different powers of the corresponding average RR interval
(avRR), i.e.: hrv1—by division of standard HRV indices by avRR to the
power 4; hrv2—by division of standard HRV indices by avRR squared;
hrv3—consisted of standard HRV indices; hrv4—by multiplication of
standard HRV indices by avRR squared; hrv5—by multiplication of
standard HRV indices by avRR to the power 4; hrv6—by multiplication
of standard HRV indices by avRR to the power 8; and hrv7—bymultipli-
cation of standard HRV indices by avRR to the power 16. Their respec-
tive average Spearman correlation coefficients with HR were: −0.001,
−0.4,−0.64,−0.78, −0.85,−0.93, and −0.97 (all statistically signifi-
cant except for hrv1). In the hrv1 and hrv2 classes the HRV dependence
on HR was weakened, but it was strengthened in the hrv4, hrv5, hrv6
and hrv7 classes. During the follow-up period 135 patients (104
males) and 49 patients (42 males) died in the exploratory and valida-
tion group, respectively. The exact description of the method, analyzed
population and protocol has been published elsewhere [7,8].
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Fig. 1. Exploratory study: panel I presents the prognostic powers (AUC, area under receiver–operator characteristic curves) of spectral indices from various HRV classes for differentmodes
of death in males and females, i.e.: cardiac death (A, A′); sudden cardiac death (B, B′); non-cardiac death (C, C′); and all-cause death (D, D′), (p-values refer to Friedman ANOVA test for
differences between classes). All AUC above dashed lines are significantly different from0.5, those below are not. Panel II depicts thepredictive powers (AUC)of VLF for cardiac versusnon-
cardiac death in men (A) and women (B) from the exploratory sample, and in men from both exploratory and validation sample (C)— data corresponding to the exploratory sample are
markedwith black color but those of validation onewith gray color. Of note, inmen, VLF from hrv1 is a stronger predictor of non-cardiac than cardiac death and conversely, VLF fromhrv7
is more powerful in predicting cardiac than non-cardiac death. However, in women VLF from hrv1, which is completely HR-independent, is as good in predicting cardiac death as non-
cardiac one. The diagram in panel II C represents data frommale subgroups in the exploratory and validation samples— one can see a very good correspondence between prognostic pow-
ers of VLF for cardiac and non-cardiac death inmen from both samples (compare black and gray lines in panel II C). Such a comparison was not possible inwomen, since in the validation
sample, only 3 of them died from cardiac causes and 4 from non-cardiac ones and consequently all AUCs were not different from 0.5.
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