
71

INTRODUCTION
Analysis of heart rate variability (HRV) allows 

assessment of the autonomic control of the heart rate 
(Camm et al., 1996). In recent years HRV has been 
extensively used to study the effects of training on the 
autonomic cardiac regulation in athletes and in other 
populations (Aubert, Seps, & Beckers, 2003; Billman, 
2009; Plews, Laursen, Stanley, Kilding, & Buchheit, 
2013).

Frequency domain measures of HRV yield info-
rmation about the effects of parasympathetic and sy-
mpathetic input on heart rate. High frequency (HF, 

0.15-0.4 Hz) power is an index of vagal activity and 
low frequency (LF, 0.04-0.15 Hz) power reflects both 
parasympathetic and sympathetic influences (Camm 
et al., 1996). HRV, measured at rest, indicates enha-
ncement of parasympathetic modulation of heart rate 
in endurance trained subjects (Al-Ani, Munir, White, 
Townend, & Coote, 1996; Carter, Banister, & Blaber, 
2003; Dixon, Kamath, McCartney, & Fallen, 1992; 
Jensen-Urstad, Saltin, Ericson, Storck, & Jensen-Urstad, 
1997; Yamamoto, Miyachi, Saitoh, Yoshioka, & Ono-
dera, 2001). 

Changes in body position (passive tilt or active 
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assessment the participants should not perform strenuous 
physical activity. In supine position after 20 min of rest 
RR intervals of each subject were recorded for 5 min 
using a heart rate monitor (S810, Polar Electro Oy, 
Kempele, Finland) with an accuracy of 1 ms (Gamelin, 
Berthoin, & Bosquet, 2006).  After that subjects actively 
stood, performing active orthostatic test (AOT) and 
RR intervals were collected for 5 min from 3th to 8th 
minutes in upright position and the time from the start 
of AOT to the end of the third minute was used to allow 
for heart rate stabilization.  (Porto & Junqueira, 2009; 
Stanley et al., 1997). 

The recorded data were downloaded into Polar 
Precision Performance Software 4.03 (Polar Electro). 
Occasional artifacts within RR time series were 
corrected in the program using visual inspection and 
an error detection algorithm (Dranitsin, 2008; Winsley, 
Armstrong, Bywater, & Fawkner, 2003). Corrected RR 
intervals were exported to the program Kubios HRV 
2.0 (Biosignal Analysis and Medical Imaging Group, 
University of Kuopio; Kuopio, Finland) to calculate 
the HRV parameters on 300-sec data windows. The 
frequency domain measures of HRV were determined 
by using fast Fourier transform after detrending and 
interpolation at rate of 4 Hz of RR series. 

The spectral HRV indexes included low frequency 
(LF, 0.04 Hz-0.15 Hz; an index of both sympathetic 
and parasympathetic tones) and high frequency (HF, 
0.15-0.40 Hz; an index of parasympathetic tone), both 
expressed in absolute (ms2) and in normalized units (nu). 
LF/HF ratio (an estimate of sympathovagal balance) was 
also calculated. Three non-linear Poincare plot indexes 
were determined: instantaneous beat-to-beat variability 
(SD1), the long term beat-to-beat variability (SD2) 
and SD1/SD2 ratio (Mourot et al., 2004a; Mourot et 
al., 2004b). Heart rate (HR, bpm) was also calculated 
from the 5 min segments. Aerobic fitness (VO2max) was 
determined indirectly with Astrand cycle ergometer test 
(Adams, 1998).

The normality of the distribution of HRV variables 
was assessed by the Shapiro-Wilks test. Non-normal 
spectral indexes of HRV were natural log-transformed. 
Unpaired t-test was used to compare the HRV parameters 
between the two groups during supine position and after 
AOT. To assess the effect of change in body position on 
HRV, the parameters were compared within each group 
by paired t-test. The differences in changes (%) in HRV 
indexes from supine to upright position between the 
two groups were assessed by an unpaired t-test test or 
Mann-Whitney test, depending on the distribution. The 
statistical significance threshold was set at p<0.05. Data 
are presented as mean±standard deviation (Mean±SD). 
Statistical analysis was performed using Microsoft 
Excel and the program Past3 (Hammer et al., 2001).

RESULTS 
Athletes had significantly higher VO2max than un-

trained subjects (54.99±10.46 ml.kg-1.min-1 vs.36.77 
±7.2 ml.kg-1.min-1, p<0.05). Resting HR in athletes was 

standing) strongly affect HRV, causing decrease of HF 
and increase of LF (Montano et al., 2009; Montano et 
al.,1994; Stanley, Verotta, Craft, Siegel, & Schwartz, 
1997). Changes in HRV, induced by orthostatic load, 
can be used for assessment of alterations in the cardiac 
regulation as a result of training (Grant, Viljoen, Janse 
van Rensburg, & Wood, 2012; Mourot, Bouhaddi, 
Perrey, Rouillon, & Regnard, 2004b), after prolonged 
exercise (Murrell et al., 2007) or for study of orthostatic 
intolerance (Winker, Barth, Bidmon, Ponocny, Weber, 
Mayr, Robertson, Diedrich, Maier, & Pilger, 2005) and 
overtraining (Uusitalo, Uusitalo, & Rusko, 2000). Some 
studies shows that orthostatic load induce different 
changes in HRV in physically active subjects compared 
to controls (Furlan et al., 1993; Gilder & Ramsbottom, 
2008). Other studies did not find differences in spectral 
indexes of HRV between trained and untrained 
individuals during head-up tilt (Martinelli, Chacon-
Mikahil, Martins, Lima-Filho, Golfetti, Paschoal, & 
Gallo-Junior, 2005).

Active standing and maintenance of upright posture 
involve contractions of large muscle groups (O’Sullivan 
et al., 2002) and postural adjustments can disturb analysis 
of cardiovascular dynamics (Fortrat, Formet, Frutoso, 
& Gharib, 1999). Poincaré plot indexes do not require 
stationarity of the data (Korhonen, Mainardi, Ypparila, 
& Musialowicz, 2001; Tulppo, Makikallio, Takala, 
Seppanen, & Huikuri, 1996) and are hence suitable for 
assessment of HRV during standing. Although Poincaré 
plot analysis is used to evaluate HRV in athletes, both in 
supine rest and in upright position (Gamelin, Berthoin, 
Sayah, Libersa, & Bosquet, 2007; Mourot et al.,  2004a; 
Mourot et al., 2004b), the data for the use of this method 
are still scarce.

Therefore, the present research was designed to 
study the differences in heart rate variability (HRV) 
between athletes and untrained controls at rest and 
after active orthostatic test (АОТ) using spectral HRV 
parameters and Poincaré plot analysis.

METHODS
Sixteen endurance trained athletes (age = 22.0±2.42 

years, weight = 76.31±9.46 kg, height = 179.25±7.23 
cm) and sixteen untrained controls (age = 21.5±1.03 
years, weight = 73.38±9.82 kg, height = 179.95±6.17 
cm) were recruited to participate in the present study. 
The athletes were from sports, characterized by daily 
endurance training (track and field, cross country ski-
ing, orienteering, biathlon, canoeing, cycling). They 
were evaluated during the preparatory period and their 
endurance training exceeded the minimum by which a 
workout is defined as an endurance exercise (Carter et 
al., 2003). The untrained controls never practiced an 
endurance sport and led a sedentary lifestyle without 
any additional physical activity. All the participant were 
healthy and signed an informed consent form after being 
informed about the possible risks and benefits of the 
investigation.

It was recommended that for the 24-h prior to the 
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lower than in untrained subjects (58.30±6.29 bpm vs. 
68.78±8.66 bpm, p<0.05). After AOT in both groups 
HR increased significantly (p<0.05) in comparison with 
supine rest - from 58.30±6.29 bpm to 82.20±11.29 bmp 
in athletes and from 68.78±8.66 bpm to 90.39±11.92 
bmp in control subjects.

Analysis of HRV measures (Table 1) revealed that 
in supine position athletes had significantly higher 
values (p<0.05) of HFms2, HFnu and SD1. LFnu was 
significantly lower (p<0.05) in athletes than in untrained. 
LF/HF ratio was lower (p<0.05) in athletes than in 
control subjects. At rest SD1/SD2 ratio was significantly 
higher (p<0.05) in athletes than in untrained (Table 1).

Standing (AOT) induced in both groups significant 
increase (p<0.05) in LFnu and LF/HF ratio and sign-
ificant decrease (p<0.05) in HFms2, HFnu, SD1 and 
SD1/SD2 ratio (Table 1). There was significant decrease 
(p<0.05) of SD2 only in athletes during upright position.

During AOT there were no differences in all HRV 
indexes between athletes and untrained controls (Tables 
1).

Table 2 shows the differences in changes (%) in HRV 
indexes from supine to upright position between the two 
groups. The relative increase in LFnu and LF/HF ratio 
is significantly greater (p<0.05) in trained subjects than 
in untrained. AOT induced greater decrease (p<0.05) in 
HFnu in athletes than in controls (Table 2).

                                          

Table 2. Relative changes (%) in HR and
HRV indexes induced by AOT.

Variable trained untrained

HR 41.35±16.04 32.01±13.64 
LFms 41.59±120.7 -1.056±60.22
HFms -77.21±27.65 -69.8±25.84 
LFnu 114.7±85.64 48.61±20.59*
HFnu -443.7±446.9 -57.14±18.05* 
LF/HF 1236±1695 320±206.8* 
SD1 -60.32±20.42 -53.53±19.84 
SD2 -13.46±27.58 -11.38±40.03 
SD1/SD2 -55.58±14.49 -45.6±16.3
Note. *Significantly different from trained; p˂0.05

DISCUSSION AND CONCLUSIONS
The greater VO2max in trained subjects reflects their 

higher aerobic capacity, result of endurance training. The 
resting heart rate was significantly lower in trained than 
in untrained subjects, suggesting resting bradycardia, 
which is typically found in endurance trained athletes 
(Goodman, Liu, & Green, 2005). It is supposed that 
bradycardia is a result of adaptive changes in ANS, 
induced by training and consisting in an increased 
parasympathetic activity (Blomqvist & Saltin, 1983), 
but other factors are also discussed, such as reduction 

Table 1. HRV indexes during supine rest and AOT (Mean±SD)

Variable Body
 position Trained Untrained

Mean 
HR

Supine
Standing

58.30±6.29
82.20±11.29a

68.78±8.66*
90.39±11.92a

LF ms2 Supine
Standing

1547.88±1509.28
1640.42±1276.88

1503.54±1229.13
1118.44±661.27

HF ms2 Supine
Standing

2063.22±1598.77
334.25±355.10a

1102.60±849.04*
275.57±246.99a

LF nu Supine
Standing

42.13±16.75
80.64±18.44a

56.55±6.77*
80.20±9.94a

HF nu Supine
Standing

57.86±16.75
19.36±18.44a

43.45±6.77*
19.79±9.94a

LF/HF Supine
Standing

0.88±0.57
9.22±7.80a

1.37±0.47*
5.53±3.56a

SD1 Supine
Standing

49.98±21.19
17.79±7.98a

33.77±16.27*
14.38±5.61a

SD2 Supine
Standing

89.02± 26.92
73.37± 20.81a

76.50± 28.45
62.96±24.52

SD1/SD2 Supine
Standing

0.56±0.13
0.24±0.08a

0.43±0.09*
0.23±0.06a

Note. *Significantly different from trained;
aSignificantly different from supine; p˂0.05
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caused by standing, was quantified by comparing the 
relative changes in percentage in HRV parameters 
between supine and upright position (Mourot et al., 
2004a). The statistical analysis shows that in only three 
parameters – LFnu, HFnu and LF/HF ratio, the relative 
changes (%) from supine to standing are significantly 
different between athletes and untrained subjects. 
Both the parasympathetic withdrawal and sympathetic 
activation, induced by AOT, are greater in athletes than 
in untrained. This result only partially confirms the data 
from the study of Gilder & Ramsbottom (2008), who 
found a difference in the change of HF power and SD1 
after standing between two groups of women with high 
and low physical activity, but not in LF power and LF/
HF ratio. This discrepancy might be due to the use of 
frequency parameters only in absolute units and to the 
different time of measurement of RR intervals after 
standing (Grant et al., 2012). Our data also partially 
confirm the results of Grant et al. (2012), who found 
that exercise intervention (training) had an effect on the 
change from supine to standing only in LFnu and SD2 
during a period of 180-360 seconds after rising. 

Our results show that active standing eliminates 
the differences in HRV between athletes and untrained 
subjects. Head-up tilt causes complex response in 
cardiovascular autonomic regulation, which is baroreflex-
mediated (Cooper & Hainsworth, 2002; Laitinen, 
Niskanen, Geelen, Länsimies, & Hartikainen, 2004). 
The involvement of more complicated mechanisms of 
cardiac regulation after assuming upright position may 
induce attenuation of the differences in HRV parameters 
between the two groups, found during supine rest. The 
increase in carotid baroreflex responsiveness during 
head-up tilt is attenuated in endurance-trained subjects 
(Ogoh et al., 2003), suggesting even more complex 
baroreflex control of cardiovascular system.

The frequency domain parameters of HRV and 
Poincaré plot indexes measured after change in body 
position are useful in detecting overtraining (Mourot 
et al., 2004a). However, the results of the present stu-
dy suggest that HRV during supine rest gives more 
information about the specifics of cardiac autonomic 
regulation in athletes. For example, resting HRV is more 
useful than supine-to-standing procedures when using 
HRV for monitoring training (Plews et al., 2014).

In conclusion, both frequency domain parameters 
of HRV and Poincaré plot indexes, measured at supine 
rest, allow assessment of autonomic cardiac regulation 
in endurance-trained athletes, which demonstrated an 
increased vagal influence on heart rate and an attenuated 
sympathetic tone in comparison with untrained controls. 
Active standing induced in both groups decrease of 
parasympathetic influence and increase of sympathetic 
influence on heart rate. AOT eliminated the differences 
in HRV indexes between athletes and untrained subjects. 
The applicability of HRV after active standing as a 
method for evaluation of autonomic nervous system 
activity in athletes requires further study.

in intrinsic cardiac rate (Katona, McLean, Dighton, & 
Guz, 1982).

In the present study, athletes had higher values of 
HFnu and HFms2 than untrained subjects. Since high 
frequency power reflects parasympathetic activity (Ca-
mm et al., 1996), it can be concluded that in supine rest 
the vagal modulation of heart rate in athletes is enha-
nced in comparison with untrained controls. This results 
confirms the similar findings of other studies (Shin, 
Minamitani, Onishi, Yamazaki, & Lee, 1994, 1997). 

Low frequency power reflects both sympathetic and 
vagal influences on heart rate, but is largely correlated 
with sympathetic efferent activity (Zaza & Lombardi, 
2001) and is regarded also as a marker of sympathetic 
modulation, when expressed in normalized units (Camm 
et al., 1996). Regardless of controversial interpretation 
of this spectral parameter of HRV, the lower value of 
LFnu in athletes in comparison with control subjects 
suggest shifting of sympathovagal interactions in trained 
subjects during supine rest toward parasympathetic 
predominance and attenuation of sympathetic cardiac 
regulation (Shin et al., 1994). The combined changes 
in HF and LF in athletes explain the much lower value 
of LF/HF ratio, which is a marker of sympathovagal 
balance modulating heart rate (Malliani, 1999).

Poincare plot indexes are markers of HRV, which 
allows nonlinear analysis of heart rate dynamics (Woo, 
Stevenson, Moser, & Middlekauff, 1994). SD1 represents 
the standard deviation of short-term variability of RR 
intervals and is mediated by parasympathetic activity 
(Kamen, Krum, & Tonkin, 1996; Tulppo et al., 1996). 
SD1was greater in athletes than in untrained controls, 
confirming the enhancement of vagal modulation of 
heart rate in trained subjects in supine rest. This change 
in SD1 also explains the greater value of SD1/SD2 ratio 
in athletes.

Taking into account these data, these results are 
consistent with the view that endurance training is 
associated with enhancement of vagal regulation of the 
heart rate at rest (Sandercock, Bromley, & Brodie, 2005).

In both groups АОТ induced decrease of HFms2, 
HFnu, and SD1, indicating parasympathetic withdrawal 
(Mourot et al., 2004b). The increase in LFnu and LF/
HF ratio after AOT can be interpreted as an increase 
of sympathetic influence on heart rate, which is typical 
response of HRV after standing or tilt (Montano et al., 
2009; Mukai & Hayano, 1995).

SD1/SD2 ratio is regarded as an index of sympathetic 
activity (Mourot et al., 2004b; Tulppo et al., 1996). The 
decrease of this parameter after standing instead increase 
is due to the significant reduction in SD1 in comparison 
with SD2 (Mourot et al., 2004b).

One of the main result of this study is that there are no 
differences between the two groups in all HRV indexes 
during the period from the third to the eighth minute of 
upright position. These findings suggests that the active 
standing eliminates the differences in HRV between 
athletes and untrained subjects, found in the supine 
position. In order to clarify this result, the HRV response, 
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