
Autonomic Control of Heart Period and QT Interval Variability During the 
Aging Process 

Camila Bianca Falasco Pantoni1,2, Alberto Porta3,4, Juliana Cristina Milan-Mattos1,2, Vinícius 
Minatel2, Patricia Rehder-Santos2, Sílvia C G Moura-Tonello2, Mariana O Gois2, Anielle C M 

Takahashi2, Beatrice Cairo3, Vlasta Bari3,4, Aparecida M Catai2 

 

1 Department of Gerontology, Laboratory of Multidisciplinary Assessment and Care in Gerontology, 
Federal University of São Carlos; 2 Department of Physical Therapy, Cardiovascular Physical 
Therapy Laboratory, São Carlos, SP, Brazil; 3Department of Biomedical Sciences for Health, 

University of Milan, Milan, Italy; 4Department of Cardiothoracic, Vascular Anesthesia and Intensive 
Care, IRCCS Policlinico San Donato, San Donato Milanese, Milan, Italy 

 
Abstract 

Aging is associated with autonomic nervous system 
(ANS) impairment. Heart period variability (HPV) 
analysis suggested a decrease of the parasympathetic 
modulation and an increase of the sympathetic one with 
age. In addition, the variability of the time interval between 
Q-wave onset and T-wave end (QTV) has been used to 
evaluate the sympathetic modulation directed to ventricles. 
The aim of this study is to evaluate the age-related changes 
in QTV and compare them with those of HPV. We studied 
111 male subjects divided into five groups according to the 
age ranges: 20-29; 30-39; 40-49; 50-59; 60-69. We 
assessed the ANS modulation directed to the sinus node 
and to the ventricles at rest in supine position (REST) and 
during active standing (STAND) via time and frequency 
domain HPV and QTV indexes. Lower values of σ2HP and 
HFaHP, and higher values of σ2QT and LFaQT at REST were 
observed specially in the last two decades compared to the 
youngest one. STAND reduced further the HP values and 
increased further these QT values. Our findings showed 
that both HPV and QTV are age-dependent, with the most 
significant QTV alterations occurring in the late bins of 
age. Spectral analyses of HPV and QTV suggest a reduced 
vagal and increased sympathetic modulations with age. 

 
1. Introduction 

Aging process is associated with modifications of 
electrical and mechanical properties of the cardiac muscle. 
Moreover, there is an autonomic nervous system (ANS) 
impairment [1]. Heart period variability (HPV) has been 
widely used in many different conditions in healthy and 
pathological subjects [2-4], to typify cardiac activity and 
ANS state. In aging studies, HPV analysis suggested a 
decrease of the parasympathetic modulation and an 
increase of the sympathetic one with age [5, 6]. The 

variability of the time interval between Q-wave onset and 
T-wave end (QT) also provides important insight on 
sympathetic cardiac control [7]. The amount of QT 
variability (QTV) has been used as a risk predictor for 
sudden cardiac death and higher values of QTV have been 
related to a more pronounced sympathetic modulation 
directed to ventricles [8-10]. Thus, QTV has shown its 
clinical importance as a non-invasive assessment of the 
cardiac sympathetic [11]. Data of QT interval and QTV on 
different experimental conditions and/or cohorts of 
subjects are present [7-14]: however, scanty data are 
present in literature on the dependence of QTV on age. 
Therefore, this study aims to evaluate the age-related 
changes in QTV and compares them with those in HPV. 

 
2. Materials and Methods 

2.1. Study Population 

We studied 111 male subjects divided into five groups 
according to the age ranges: 20-29; 30-39; 40-49; 50-59; 
60-69. All subjects were apparently healthy, based on 
anamnesis, clinical and physical examinations, laboratory 
tests, standard electrocardiogram (ECG) at rest and during 
a cardiopulmonary exercise test. Subjects with clinical 
evidence of any disease, users of illicit drugs, smokers and 
habitual drinkers were excluded from the study. None of 
the subjects included in the study was taking medicine that 
influenced the cardiovascular system. 

 
2.2. Experimental Protocol 

The study was conducted at the Laboratory of 
Cardiovascular Physiotherapy, Department of 
Physiotherapy of the Federal University of São Carlos, São 
Carlos, Brazil. The study was approved by the local human 
research ethics committee (No. 1.293.582) and was 
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performed according to the principles of the Declaration of 
Helsinki, and all subjects signed an informed consent form 
before participation. All subjects were evaluated in the 
afternoon, following the recommendations of the 
standardization checklist of procedures [15], and they were 
familiarized with the equipment and the experimental 
procedures before the initiation of the protocol. After that, 
the subjects were maintained at supine resting for 10 min. 
The signals were, then, acquired for 15 min at rest in supine 
position (REST) and 15 min during active standing 
(STAND). The subjects breathed spontaneously without 
talking. The ECG was acquired from modified lead I via a 
bioamplificator (BioAmp FE132, ADInstruments, Sydney, 
AUS) with a sampling rate of 1000 Hz.  

 
2.3. Series Extraction and Analysis 

ECG recordings were pre-processed according to [16] 
to limit broadband noise and cancel baseline wandering. 
The temporal distance between two consecutive R-wave 
peaks was considered as a heart period (HP). The R-wave 
peak was detected with a derivative threshold algorithm, 
and the T-wave end was located according to a threshold 
on the absolute first derivative set as a fraction (i.e., 30%) 
of the absolute maximal first derivative value computed on 
the T-wave downslope [16]. The temporal distance 
between R-wave peak and T-wave end  was considered an 
approximation of QT interval and all R-wave peak 
detections were carefully checked, as previously described 
[7]. Sequences of 256 consecutive HP and QT measures 
were considered. After the computation of the RR and QT 
means (μHP and μQT), the HP and QT series were linearly 
detrended and then, the HP and QT variances (σ2HP and 
σ2QT) were calculated [7, 16]. Spectral analysis was 
performed using a parametric approach, considering the 
autoregressive (AR) model [5], which describes the beat-
to-beat series in the time domain as a linear combination 
of p past samples weighted by constant coefficients plus a 
zero mean random white noise. The Levinson-Durbin 
recursion algorithm was used to estimate the coefficients 
of the AR model and the white noise variance directly from 
the data. The parameter p was chosen according to the 
Akaike figure of merit. Power spectral density was 
computed from the AR coefficients and the white noise 
variance. The power spectral density was decomposed into 
spectral components. The power of the HP series in high 
frequency (HF, from 0.15 to 0.5 Hz) band, expressed in 
absolute units, indicated as HFaHP, and the power of the QT 
series in the low frequency (LF, from 0.04 to 0.15 Hz) 
band, expressed in absolute units and denoted as LFaQT, 
were calculated and taken as representative, respectively of 
the vagal modulation directed to the sinus node and of the 
sympathetic modulation directed to the ventricles [5, 7, 9].  

 
2.4. Statistical Analysis 

Normality in the distribution of data was assessed by 
the Kolmogorov-Smirnov test. One-way analysis of 
variance (Tukey test for multiple comparisons) or Kruskal-
Wallis one-way analysis of variance on ranks (Dunn´s 
method for multiple comparisons) was applied to check the 
significance of differences among the groups. Analyses 
were carried out using a SigmaPlot 11.0, Systat, Chicago, 
IL, USA. Statistical significance was set at p<0.05.  

 
3. Results 

3.1. Characteristics of the Studied Subjects 

The anthropometric characteristics of the 111 studied 
subjects showed that the height was significantly lower in 
the 60–69 group compared to 20–29 and 30-39. The weight 
and body mass index did not differ between groups.   

 
3.2. Results of the HRV and QTV Analyses 

Results obtained from the analysis of HPV and QTV 
are reported in Table 1. Concerning HPV data, the μHP did 
not differ among groups. As expected, the σ2HP was 
significantly lower in 50-59 and 60-69 compared to 20-29 
and in 60-69 compared to 30-39 and 40-49. The HFaHP was 
lower in 50-59 and 60-69 compared to 20-29 and 30-39 
groups, and in 60-69 compared to 40-49. In the QTV 
analysis, the μQT was significantly longer in 60-69 
compared to 20-29. The σ2QT was higher in 40-49, 50-59, 
and 60-69 compared to 20-29, and LFaQT was significantly 
higher in 50-59 and 60-69 compared to 20-29.  

 
Table 1. HPV and QTV parameters at REST. 

REST 
Age 20-29 

(n=23) 
30-39 
(n=23) 

40-49 
(n=28) 

50-59 
(n=18) 

60-69 
(n=19) 

μHP 

[ms] 
911 

(854-
1037) 

998 
(913-
1069) 

966 
(847-1080) 

910 
(875-1036) 

899 
(867-1030) 

σ2HP 

[ms2] 
2448 

(1919-
4165) 

2797 
(1189-
4918) 

1694 
(1084-
2625) 

949 
(590-2142)* 

810 
(479-1115)*#& 

HFaHP 

[ms2] 
983 

(356-
1657) 

722 
(292-
1539) 

370 
(189-654) 

224 
(56-426)*# 

111 
(75-213)*#& 

μQT 
[ms] 

336 
(318-351) 

352 
(334-376) 

351 
(341-361) 

342 
(326-357) 

355 
(345-376)* 

σ2QT 

[ms2] 
6.0 

(4.6-8.5) 
8.0 

(6.0-11.7) 
12.4 

(6.3-18.8)* 
12.5 

(7.3-22.1)* 
12.0 

(8.3-27.4)* 
LFaQT 
[ms2] 

1.3 
(0.9-2.0) 

1.8 
(1.0-3.1) 

2.2 
(1.2-3.8) 

2.7 
(1.4-4.9)* 

3.0 
(1.2-6.4)* 

Data expressed as median (1st-3rd quartile). The symbols *, #, & 
indicate p<0.05 vs 20-29, vs 30-39, and vs 40-49. 

 
Table 2 shows the results of the analysis of HPV and 

QTV during STAND. The μHP was longer in the 60-69 
group compared to 20-29, and the σ2HP was lower in the 
50-59 and 60-69 compared to 20-29 and 30-39 groups. The 
HFaHP was lower in 50-59 compared to 20-29 and 30-39 
and lower in 60-69 compared to 30-39. Importantly, the 
μQT was significantly longer in the 40-49 group, compared 
to 20-29 and in the 60-69 group, compared to 20-29 and 
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30-39. Both σ2QT and LFaQT were higher in the 40-49 
compared to 20-29. 

 
Table 2. HPV and QTV parameters during STAND. 

STAND 
Age 20-29 

(n=23) 
30-39 
(n=23) 

40-49 
(n=28) 

50-59 
(n=18) 

60-69 
(n=19) 

μHP 

[ms] 
725 

(665-780) 
794  

(729-855) 
810  

(709-944) 
778 

 (728-876)  
817  

(738-979)* 

σ2HP 

[ms2] 
2242 

(1421-
2614) 

2071 
(1384-
3567) 

1030  
(710-2214) 

927  
(476-

1770)*# 

546  
(303-1095)*# 

HFaHP 

[ms2] 
218 

(102-426) 
236 

(92-478) 
98  

(39-240) 
51  

(32-92)*# 
66 

(31-162)# 
μQT 

[ms] 
306 

(285-320) 
317  

(305-336) 
324  

(310-346)* 
318  

(308-338) 
343 

(329-363)*# 
σ2QT 

[ms2] 
12.9 

(8.9-18.1) 
16.4 

(12.9-
22.1) 

27.5  
(18.3-
38.4)* 

27.6 
 (8.2-47.2) 

21.3 
(13.1-48.0) 

LFaQT 
[ms2] 

2.5 
(1.6-4.5) 

3.1  
(2.5-5.5) 

5.4  
(3.6-10.5)* 

4.8  
(1.0-6.3) 

3.8 
(2.2-10.0)  

Data expressed as median (1st-3rd quartile). The symbols *, #, & 
indicate p<0.05 vs 20-29, vs 30-39, and vs 40-49. 

 
4. Discussion 

 The present study extends our knowledge about 
cardiac control both directed to the sinus node and 
ventricles in healthy subjects. As already described in the 
literature, the cardiac control directed to the sinus node, 
evaluated here by HPV, is modified according to age, with 
a reduction of vagal autonomic modulation in the older 
groups. As a main novel finding, the aging process is 
associated with alteration of cardiac control directed to the 
ventricles, as demonstrated by QTV modifications, with 
the most significant QTV alterations occurring in the late 
bins of the age.  
 The assessment of cardiac autonomic function by 
HPV focuses on the autonomic influence on sinus node [2], 
and the data on the QTV provide information about the 
autonomic control at the level of the ventricles [7], 
allowing the stratification risk of ventricular arrhythmias 
by the evaluation of ventricular abnormalities [8]. In this 
context, the evaluation of QTV is an additional tool to 
evaluate cardiac autonomic function, compared with the 
well-known trend of HPV. Moreover, time and frequency 
domain indexes derived from QTV were able to identify a 
possible alteration of cardiac autonomic control directed to 
the ventricles, which started about 40 years old with the 
most significant alterations occurring in the late bins of 
studied age. 

At REST condition, the 50-59 and 60-69 groups 
presented with lower values of σ2HP, compared to the 
youngest ones, and these findings suggest that the 
magnitude of the HP changes became smaller with the 
advancing age, as already described before [1-3, 6]. 
Moreover, we observed, at REST, lower values of HFaHP 
band in the groups 50-59 and 60-69, compared to younger 
people, showing a reduction of vagal contribution to the 
HPV. At STAND, the same pattern was observed. Our 
results are in accordance with those that showed significant 

variations of HPV with the aging process [1-3, 6] that have 
already been described to affect cardiac autonomic 
function, towards a decrease of parasympathetic and an 
increase of sympathetic modulation [2, 3]. 

The QTV has been used as a tool to measure cardiac 
control [10, 11]. Different from the well-known trend of 
HPV, the QTV indexes provide information about 
autonomic control directed to the ventricles [7]. In this 
context, the identification of age-related alteration of QTV 
might be important for risk stratification and prognosis of 
ventricular arrhythmias. In the present study we showed 
that QTV in healthy subjects also depends on age. At 
REST, our data showed that the subjects over 40 years old 
presented modifications of QTV, with the overall 
magnitude of σ2QT higher in the older groups, compared to 
the youngest men and LFaQT was greater in the 50-59 and 
60-69 group, compared to 20-29. AT STAND, we confirm 
that QTV also depends on age. 

It is known that the QT interval duration is dependent 
on HP [17, 18], and some studies have already showed the 
relationship between QTV and HPV, due to the 
dependence of ventricular repolarization duration on HP 
[9, 11, 17, 18]. Although this dependence, the ventricular 
repolarization duration depends on factors independent of 
the HP, like the ANS modulation and the aging itself [9, 
11, 18], the concomitant assessment of HPV and QTV 
markers, namely the HFaHP and LFaQT powers, provided a 
possibility to monitor vagal and sympathetic modulation 
on the sinus node and ventricles during the aging process 
[2, 7, 11, 17]. Our study showed that an additional analysis 
grounded on the assessment of QTV, may be important and 
showed earlier alterations of sympathetic cardiac 
autonomic modulation impairment with aging. Additional 
analyses that might provide further insight might be based 
on the computation of transfer function between HPV and 
QTV, on the assessment of the QTV-HRV coupling and on 
the fraction of QTV unrelated to HRV [9, 10, 18]. Even the 
application of tools assessing complexity of cardiac control 
might add new indexes exploring the evolution of ANS 
influences on age [19-21]. 

 
5. Conclusion 

Our findings showed that both HPV and QTV are age 
dependent, with the most significant QTV alterations 
occurring in the late bins of age. Spectral analyses of HPV 
and QTV suggest a reduced vagal and increased 
sympathetic modulations with age. These results are 
relevant for assessing the impact of senescence on cardiac 
function and for designing specific countermeasures 
favouring healthy aging. 
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