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Abstract 

The aim of present study was to investigate the sedentary healthy men’s ultra-short heart rate variability (HRV) during the Wingate 

Anaerobic Test (WAnT) (30-sec) and parasympathetic reactivation in the first 60-sec after WAnT. The final sample comprised 101 

individuals (Mean±SD; Age=28.9±4.8 years, Height=176.5±5.5 cm, Weight=89.8±8.8 kg). Anaerobic powers were measured by WAnT. 

Heart rate variability (HRV) was then recorded as 60-sec before the test for 30-sec and 60-sec after the test. HRV was measured by Polar 

V800 GPS Sports Watch with Heart Rate Monitor and Polar H7 band. To compare the testing stages HRV parameters, repeated one-way 

analysis of variance (ANOVA) was used. Binary comparisons were determined with the Bonferroni test. The relationship between exercise 

data of heart rate variability and power average watt was assessed by the Pearson correlation test. The Effect Size Cohen's d was calculated. 

The main finding of this study is that pre-test (60-sec) HRV values continue to drop dramatically during test (30-sec) and post-test (60-sec) 

measurements (p<0.05). Also, no correlation was observed between performance and HRV data during testing (r=-0.08, p>0.05). In 

conclusion, the present study was not observed to sign of HRV recovery during 60-sec after the 30-sec WAnT. HRV recorded in the first 

60 seconds after maximum anaerobic exercise program in sedentary healthy men may be considered to exhibit an imbalance in the 

parasympathetic activity of the autonomic nervous system. 

Keywords: Autonomic Nervous System, Wingate Test, Anaerobic Capacity. 

 

Wingate Testi Sırasında Ultra Kısa Süreli Kalp Atış Hızı Değişkenliğinin  

Non-Invaziv Değerlendirilmesi 

 

 

Öz 

Bu çalışmanın amacı, sedanter sağlıklı erkeklerin Wingate Anaerobik Testi (WAnT) (30-sn) sırasındaki ultra kısa kalp hızı değişkenliğini 

(HRV) ve WAnT sonrası ilk 60-saniyede parasempatik reaktivasyonu araştırmaktır. Araştırmaya 101 sağlıklı erkek katıldı (Ortalama±SS; 

Yaş=28.9±4.8 yıl, Boy=176.5±5.5 cm, Ağırlık=89.8±8.8 kg). Anaerobik güç ve kapasite WAnT ile ölçülmüştür. Kalp hızı değişkenliği 

(KHD) testten önce 60 saniye, test süresince 30 saniye ve testten sonra 60 saniye olarak kaydedildi. KHD, Polar V800 GPS Spor Saati ile 

Kalp Atış Hızı Monitörü ve Polar H7 bandı ile ölçülmüştür. Test öncesi-sırası-sonrası HRV parametrelerini karşılaştırmak için tekrarlanan 

tek yönlü varyans analizi (ANOVA) kullanıldı. İkili karşılaştırmalar Bonferroni testi ile belirlendi. Kalp atış hızı değişkenliği egzersiz 

verileri ile ortalama güç arasındaki ilişki Pearson korelasyon testi ile değerlendirildi. Etki Büyüklüğü Cohen's d hesaplandı. Bu çalışmanın 

ana bulgusu, ön test (60 saniye) HRV değerlerinin test (30 saniye) ve son test (60 saniye) ölçümleri sırasında önemli ölçüde düşmeye devam 

etmesidir (p<0.05). Ayrıca, test sırasında performans ve KHD verileri arasında anlamlı bir korelasyon gözlenmedi (r=-0.08, p>0.05). Sonuç 

olarak, bu çalışmada 30 saniyelik WAnT’tan sonra 60 saniyelik süre boyunca KHD iyileşmesi belirtisi gözlemlenmemiştir. Maksimum 

anaerobikten testten sonraki ilk 60 saniyede kaydedilen HRV sedanter sağlıklı erkeklerde egzersiz programının otonom sinir sisteminin 

parasempatik aktivitesinde bir dengesizlik sergilediği düşünülebilir. 

Anahtar Kelimeler: Otonomik Sinir Sistemi, Wingate Testi, Anaerobik Kapasite. 
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INTRODUCTION  

Heart rate variability (HRV) is defined as the ability of the heart to produce fluctuations 

in both beats in response to conditions such as exercise (Marek, John, Robert, Kleiger, Moss 

& Schwartz, 1996). HRV was used to determine the sympathetic and parasympathetic nervous 

system exercise-recovery relationship (Dong, 2016).  

HRV is a method used to evaluate autonomic heart function (Myllymäki et al., 2012) 

and It has been used in the field of sports science to investigate the parasympathetic and 

sympathetic effects of exercise on the heart (Hnidawei, Mjalll & Zayed, 2010). Exercise is 

associated with increases in parasympathetic activity, indexed by greater vagal-mediated HRV 

(Chalencon et al., 2012; Edmonds, Sinclair & Leicht, 2013; Kiviniemi et al., 2006; Melanson 

& Freedson, 2001; Sartor et al., 2013). The period following acute exercise is thought to be 

particularly critical to the cardiovascular system (Kannankeril & Goldberger, 2002). Sudden 

changes in cardiac autonomic regulation occur, which may alter cardiovascular homeostasis. 

The sudden drop-in heart rate immediately after exercise is due to the regulation of vagal tone. 

During recovery, the sympathetic nervous system becomes more active (Goldberger et al., 

2006). To measure parasympathetic activation after exercise, indices such as heart rate 

recovery (HRR) and HRV have been used (Barak et al., 2010). Exercise is done in aerobic and 

anaerobic format. In aerobic exercise, changes occur in heart rate and respiratory volume to 

meet the oxygen needs of the muscles (Jia et al., 2017). Anaerobic exercise includes intense 

physical activities of very short duration, fueled by the energy sources within the contracting 

muscles, and independent of the use of inhaled oxygen as an energy source (ACSM, 2013). 

Studies on HRV are mostly related to aerobic exercise (Ansell, Jester, Tryggrstad & Short, 

2020; Dorey, O'brien & Kimmerly, 2019; Mamatha, Rajalakshmi, Rajesh &Smitha, 2019; 

Masroor et al., 2018). To date, some studies on anaerobic exercises had been conducted (Esco 

& Flatt, 2014; Nakamura et al., 2015) ultra-short HRV. However, these studies are not able to 

fully explain HRV during anaerobic exercise and recovery. Since aerobic exercise continues 

for a long time, evaluation of HRV and interpretation of the information obtained are easier. If 

HRV data are collected systematically during anaerobic exercises and especially in a maximum 

exercise that lasts less than 60-sec, useful information can be obtained about changes in the 

cardiac autonomic nervous system. 

For high-intensity activity with minimal rest time, aerobic strength and capacity should 

be excellent (Mendez-Villanueva et al., 2012). Although there are physical and physiological 

differences in athletes training in different sports (Bosquet, Papelier, Leger & Legros, 2003), 

the use of HRV in sports science for training and recovery monitoring is increasing (Plews, 

Laursen, Stanley, Kilding & Burcheit, 2013). The reason why HRV has such a wide application 

area is that autonomic regulation is an important data both during and after training and in 

training planning (Hottenrott, Hoos & Esperer, 2006). 

There are however fewer data on cardiovascular recovery following supramaximal 

exercise. There is less data on recovery after supramaximal exercise. It was previously reported 

that after 30 seconds of supramaximal exercise, Heart Rate (HR) and cardiac output increased 

for 5 minutes, and total peripheral resistance decreased compared to pre-exercise (Rezk et al., 

2006; Teixeira et al., 2011; Terziotti, Schena, Gulli & Cevese, 2001). Esco and Flatt (2013) 
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found that LnRMSSD measured under ultra-short duration (<60sec) in college athletes is 

consistent with 5-minute period recordings under resting and post-exercise conditions. 

Nakamura et al. (2015) tested the possibility of the ultra-short-term LnRMSSD (measured in 

1-min post 1-min stabilization period) to detect training-induced adaptations in futsal players. 

In HRV, recovery occurs differently according to different training methods. In the study of 

Triposkiadis et al., (2009), athletes showed a slower return of parasympathetic activity during 

short-term recovery after an interval (intense) training method relative to constant exercise 

intensity. 

The aim of present study was to investigate the sedentary healthy men’s ultra-short 

HRV during the WAnT (30-sec) and parasympathetic reactivation in the first 60-sec after 

WAnT. We hypothesize that 30-sec max exercise will alter cardiovascular autonomic 

regulation and result in incomplete vagal restoration after 60-sec of recover. 

 

 

MATERIAL AND METHOD 

Participants 

131 healthy men voluntarily participated in the study through the announcement. Thirty 

participants were excluded from the present study due to their busy schedules. The final sample 

comprised 101 individuals (Mean ± SD; Age = 28.9±4.8 years, Height = 176.5±5.5 cm, 

Weight=89.8±8.8 kg). All participants were reported being free from illness and injury in the 

last six months and no medical drugs were used in the past one week before the experiments 

took place. Informed consent was obtained from all participants. According to the International 

Physical Activity Questionnaire-Short Form (IPAQ-SF) applied before the tests, the 

participants were 14.3% high, 43.7% medium, and 42.0% low physically active. The 

experiments were approved by the Eskişehir Osmangazi University research ethics committee 

(Approved date 21.05.2020 and number 2020-10). 

Study Design 

Data collection for each participant occurred on the weekday during the morning hours 

(i.e., from 10:00 am to 12:00 am). Moderate water consumption was allowed for each volunteer 

during the tests. All measurements were performed in a quiet and air-conditioned (temperature 

22-24 °C, humidity 33-45 %) room. The participants were warned not to perform any physical 

activity the day before the tests and not to use stimulants such as food and medicine or coffee 

for two hours before the test days. The tests were performed in groups of 5 or 6 participants on 

different days on weekdays for two months. Anthropometric measurements were measured by 

body analyzer and anaerobic powers were measured by WAnT. HRV was then recorded as 60-

sec (T1) before the test for 30-sec (T2) and 60-sec after the test (T3).  
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Figure 1. Test application protocol and measuring times 

 

The physical activity levels of the volunteers were determined with the short form of 

IPAQ-SF (International Physical Activity Questionnaire-Short Form). The validity and 

reliability study of the IPAQ is a 7-item scale designed to determine the physical activity levels 

of individuals 15 years old and over (Saglam et al., 2010; Silva-Batista et al., 2013). The scale 

is structured to provide information on participation in physical activity and can be applied 

independently of cultural factors. The methodological criteria that were applied were those 

proposed by the Task Force of the European Society of Cardiology and the North American 

Society of Pacing and Electrophysiology (Marek  et al., 1996). 

 

Measurements 

Body Composition: The height of the participants was measured as recommended by the 

International Society for the Advancement of Kinanthropometry (ISAK) and with a 1/10 cm 

sensitivity (Holtein Harpenden 601, Holtain Ltd., UK). The body weights of the participants 

were measured with a scale of 1/10 kg using the scale model of the InBody brand 270 models 

(Biospace Co., S. Korea) body analyzer. To obtain the Body Mass Index (BMI) values of the 

participants InBody brand 270 models (Biospace Co., S. Korea) body analyzer was used, and 

measurements were performed according to the procedure specified in the device manual. The 

data obtained were recorded in %. 

Anaerobic capacity test: WAnT of the volunteers was performed by using a Wattbike brand 

ergometer using WAnT (Wattbike WPM ModelB, Wattbike Ltd., UK). The reliability study 

for a 30-sec run-down sprinkle in Wattbike has already been done (Driller, Argus & Shing, 

2013). It records a calculation of the average power in each 5-sec interval of a 30-sec test and 

provides a peak power value based on the highest 5-sec average and, a rate of deterioration. 

Participants completed the same warm-up protocol performed during the orientation session 

and then immediately began the WAnT, a 30-sec maximal anaerobic exercise test on a cycle 

ergometer against 7.5% of their body mass (Bar-Or, 1987). During this test, participants were 

S
tr

et
ch

in
g
 

 Time-line-     08:00      09:00     10:00-10:15   10:15-10:40  10:40-10:50  10:50- 11:00    11:00-12:00     12:00-12:15  12:10-12:30 13:00    14:00 

,,.,,,……. ……. 

W
ea

ri
n

g
 s

p
o

rt
s 

cl
o

th
es

 

W
ar

m
-u

p
 

A
n
th

ro
p
o

m
et

ri
c 

m
ea

su
re

m
en

ts
 

W
A

n
T

 t
es

t 

The different days on Weekdays (n: 15-18) for Two Months  

Test Application Protocol 

Total Participant n: 131 Excluded: n:18, Could not Complete the Test: n:12 



CBÜ Beden Eğitimi ve Spor Bilimleri Dergisi, 2022, 17(2), 344-356. 

348 

encouraged verbally to exert maximal effort. The mean power, peak power, and relative power 

were measured by the WAnT.  

Heart rate variability: HRV was measured by Polar V800 GPS Sports Watch with Heart Rate 

Monitor and Polar H7 band (Polar Electro, Kempele, Finland). The Polar V800 is valid to 

detect RR intervals with an error of 0.09% and an intra-class correlation coefficient of > 0.99 

(Giles et al., 2016). The heart rate data were stored in a personal computer using Polar 

FlowSync Software (version 3.0.0.1337). HRV analyses were processed in Kubios HRV 

standard heart rate variability analysis software for Mac (Biosignal Analysis and Medical 

Imaging Group, Department of Physics, University of Kuopio, Finland, version 3.1.0.1) with 

time, frequency, and nonlinear domain analysis. A sampling rate of 1000 Hz was chosen, and 

recordings were transferred to a PC via a v800 USB interface. Before the exercise test, each 

subject was instructed to lie on the exercise mat in a dimly controlled climate-controlled 

laboratory for 10 minutes following the recommendations adopted (ESC & Naspe, 1996). HRV 

was recorded 60-sec before the test, 30-sec during the test, and 60-sec after the test. The spectral 

response provided by the system was broken down into 3 bands: very low frequency (0.003–

0.04 Hz), low frequency (0.04–0.15 Hz), and high frequency (0.15–0.4 Hz). The nonlinear 

analysis techniques used in this study were the Poincare  ́plot and the detrended fluctuation 

analysis. The Poincare ́ diagrams were obtained by plotting the RR values of n on the x-axis 

and the RR values of n+1 on the y-axis. The SD1 axis indicates short-term variability, whereas 

the SD2 axis indicates long-term variability (Makivić et al., 2013). Recordings were 

subsequently imported into Kubios HRV version 3.3.1 software (Tarvainen et al., 2014) for 

offline analyses. Specifically, we computed heart rate (beats per minute) as well as the mean 

of R-R intervals in milliseconds (Mean RR), the standard deviation of R-wave to R-wave 

intervals (SDNN) and root mean square of successive R-R intervals (RMSSD), the natural 

logarithmic transformation of the square root of the mean squared differences between 

successive R-R intervals in milliseconds (LnRMSSD), percentage of successive RR intervals 

that differ by more than 50 ms (pNN50), as three time-domain measures of heart rate variability 

with the absolute power of the low-frequency band (LF), the absolute power of the high-

frequency band (HF) and the ratio of LF- to- HF power (LF/HF). 

 

Data Analysis 

Data is presented in means and standard deviations (SD). The differences based on magnitudes 

(Batterham & Hopkins, 2006) were calculated to check the differences in the pre and post 

moments. To compare the intra-group HRV parameters, repeated one-way analysis of variance 

(ANOVA) was used. Binary comparisons were determined with the Bonferroni test. The 

assumption of sphericity was tested using Mauchly's test and the Greenhouse-Geiser correction 

factor to the degrees of freedom was used for all positive tests. The relationship between 

exercise data of heart rate variability and power average watt (PAW) was assessed by the 

Pearson correlation test. The Effect Size Cohen's d was calculated, which was considered small 

(0.20), medium (0.50), or large (0.80). All calculations were made with SPSS version 22, 

statistical software (SPSS Inc., Chicago, IL, USA), and the level of significance was set at 

p<0.05.  
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RESULTS 

 

 The data obtained from our study shows respectively the descriptive characteristics of 

the participants in table 1, the performance values of the participants in table 2, the comparisons 

between the T1, T2, and T3 HRV values of participants and anaerobic capacity in Table 3, and 

Figure 2 shows the relationship between anaerobic average power of participant and exercise 

HRV parameters. 

 

Table 1. Descriptive characteristics of the participants (n=101) 

Descriptive Characteristics   Mean ± SD Min Max 

Age (years) 28.9 ± 4.8 22 38 

Height (cm) 176.5 ± 5.5 165 189 

Weight (kg) 79.8 ± 8.8 63.7 101 

BMI (kg.m-2) 25.5 ± 2.1 21,1 31.8 

Body fat (%) 21.1 ± 4.7 9.8 33.2 

 

As shown in Table 1, participants were 28.9±4.8 age, 176.5±5.5 height, 79.8±8.8 

weight, 25.5±2.1 BMI, and 21.1±4.7 body fat. 

 
Table 2. WAnT Performance values of the participants (n=101) 

 

Performance Values Mean ± SD Min. Max. 

0-5 sec avg 710 ± 121.5 407 963 

6-10 sec avg 600 ± 88.2 358 792 

11-15 sec avg 515.7 ± 74.7 283 685 

16-20 sec avg 455.2 ± 64.5 309 620 

21-25 sec avg 396 ± 62.3 242 655 

26-30 sec avg 340 ± 55.5 217 525 

Power 5-sec max (W) 700 ± 141.8 0 963 

Max 5 sec (W/kg) 8.9 ± 1.6 0 12.5 

Power 5-sec minimum (W) 337.8 ± 56.4 217 525 

Fatigue (%) 51.2 ± 10.2 16 76 

Power Average (W) 512.5 ± 67.3 332 659 

Power / Mass (W/kg) 6.4 ± 0.7 4.7 8.5 

Cadence avg (rpm) 124.7 ± 8.7 108 178 

Power Peak (W) 787.2 ± 177.8 0 1124 

Energy (kCal) 16.4 ± 1.9 11.3 20.7 

Speed avg (km/h) 51.9 ± 2.7 43.8 59.9 

Distance (m) 431.7 ± 21.2 365 476 

 

Table 2. WAnT performance values of participants were found 337.8 ± 56.4 Power 5 

sec min. (W), 51.2 ± 10.2 Fatigue (%), 512.5 ± 67.3 Power Average (W), 6.4 ± 0.7 Power / 

Mass (W/kg), 787.2 ± 177.8 Power Peak (W) respectively. 
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Table 3. The Comparison of HRV values before, during and after the test 

 

 

Variables 
T1 

Mean ± SD 

T2 

Mean ± SD 

T3 

Mean ± SD 
F 

Bonferroni 

Pairwise 

comparisons 

ƞpartial
2 

Cohen’s 

d 

Mean RR (bpm) 542.2 ± 74.7 400.1 ± 45.7 366 ± 38.9 707.4* 1-2*;1-3*;2-3* 0.876 0.94 

SDNN (ms) 31.1 ± 17.8 15.4 ± 15.8 7.5 ± 7.9 102.1* 1-2*;1-3*;2-3* 0.508 0.71 

RMSSD (ms) 21.5 ± 19.6 15.9 ± 22.9 9.1 ± 12.7 16.1* 1-2*;1-3*;2-3* 0.139 0.37 

pNN50 (%) 3.7 ± 5.5 4.1 ± 10 1.5 ± 4.6 5.14* 1-3*;2-3* 0.049 0.22 

LFnu (ms2) 78.5 ± 14.6 70.6 ± 24.8 71.6 ± 24.8 4.78* 1-2* 0.046 0.21 

HFnu (ms2) 21.3 ± 14.5 29.1 ± 24.6 28.1 ± 24.6 4.63* 1-2* 0.044 0.21 

LF/HF 6.5 ± 5.3 63.6 ± 398.9 6.5 ± 6.6 2.07  0.020 0.14 

LnRMSSD 2.7 ± 0.8 2.1 ± 1.1 1.6 ± 0.9 48.19* 1-2*;1-3*;2-3* 0.325 0.57 

F†estimates of a population variance; ƞpartial
2 effect size as partial eta squared; Significance level was accepted as p<0.05* 

Table 3 shown the comparison statistics for the pre-test, test, posttest HRV values. The 

main effect of test implementation revealed statistically significant differences in all HRV 

parameters (except of LF/HF). Mean RR (F=707.4, p<0.05, ƞpartial
2 =0.876), SDNN (F=102.1, 

p<0.05, ƞpartial
2 =0.508), RMSSD (F=16.1, p<0.05, ƞpartial

2 =0.139), pNN50 (F=5.14, p<0.05, 

ƞpartial
2 =0.049), LFnu (F=4.78, p<0.05, ƞpartial

2 =0.046), HFnu (F=4.63, p<0.05, ƞpartial
2 =0.044), 

LnRMSSD (F=48.19, p<0.05, ƞpartial
2 =0.325). For the Mean RR, SDNN, RMSSD and 

LnRMSSD were found significant differences between T1 and T2, T1 and T3, T2 and T3 in 

Bonferroni test. Also were founded significant differences between T1 and T3, T2 and T3 for 

the pNN50, T1 and T2 for the LFnu, T1 and T2 for the HFnu. The effect size was considered 

large (Cohen’s d = 0.94 for Mean RR), to medium (Cohen’s d = 0.71 for SDNN ms., Cohen’s 

d = 0.57 LnRMSSD) to small (Cohen’s d = 0.37 for RMSSD ms., Cohen’s d = 0.22 for pNN50 

%, Cohen’s d = 0.21 for LFnu and HFnu ms2) to trivial (Cohen’s d = 0.14 for LF/HF).  

 

    

    

Figure 2. The Relationship between exercise data of HRV and Power Average (W) by Pearson correlation test. 

When figures 2 was examined, there were no significant relationship between Average 

Power and Mean RR (r=-,077 p>0,439), SDNN (r=0,036 p>0,718), RMSSD (r=0,048 
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p>0,633), PNN50 (r=0,098 p>0.327), LFnu (r=-0,092 p>0,355), HFnu (r=0,092 p>0.356), 

LF/HF (r=-0,095 p>0,342), LnRMSSD (r=0,040 p>0.691). 

 

 

DISCUSSION 

In the current study, the changes in HRV values in the first 60-sec after 30-sec of 

maximal exercise were evaluated. The main finding of the present study was that the HRV 

values before the test (60-sec) continued to decrease in the measurements during the test (30-

sec) and after the test (60-sec). The interesting result is that HRV values continue to decrease 

dramatically after the test. Also, no correlation was observed between performance and HRV 

data during testing. In the study, it was observed that the Mean RR, RMSSD, SDNN, pNN50, 

HFnu, LnRMSSD, which are thought to be mostly related to the parasympathetic activity (Task 

Force, 1996), did not show sign of recovery during 60-sec after the 30-sec WAnT. 

In studies of Barak et.al. (2014) recorded during the 5-min recovery period vagal 

symptoms of men and women after the 30-sec WAnT. It was observed that none of the vagal 

HRV indices were restored during the 5-min recovery period after the 30-sec WAnT. It also 

noted the lack of vagal reactivation after high-intensity exercise (Buchheit, Laursen & 

Ahmaidi, 2007; de Oliveira et al., 2013). On the other hand, Goldberger, Le, Lahiri, 

Kannankeril, Ng & Kadish, (2006) demonstrated that raw RMSSD measured in segments of 

60-sec or less reflected parasympathetic rebound immediately following exercise. Esco et al., 

(2018) demonstrated that after the maximal exercise, athletes are in the direction recovery of 

vagal symptoms, it had been also reported that there is a significant positive correlation 

between 1-min measurement and 5-min measurement records of SDNN and RMSSD values. 

In some studies, it was stated that 1 minute ultra-short measurements before and after exercise 

would be sufficient to evaluate HRV parameters (Chen et al., 2011; Esco & Flatt, 2014; Esco 

et al., 2018). But these results are related to athletes. Morales et al. (2014) observed that the 

application of high-intensity training program applied to judo athletes caused a decrease in 

vagal modulation. The reason for this imbalance of the autonomic nervous system was 

considered as a sympathetic stimulus restricting parasympathetic activity after training. 

Thirty-second supramaximal physical exertion greatly alerts the sympathovagal system. 

The magnitude and time-course of vagal and sympathetic recovery depend on the preceding 

exercise intensity (Pierpont & Voth, 2004). High-intensity exercise induces prolonged vagal 

reactivation and HRV recovery, with a progressive increase of high and low-frequency HRV 

power indices that still might not reach resting values after 10 minutes (Perini et al., 1989; 

Smit, Halliwill, Low & Wieling, 1999), 15 minutes  (Gladwell, Sandercock & Birch, 2010; 

Javorka, Zila, Balharek & Javorka, 2002; Pober, Braun & Freedson, 2004) or even 1-hour 

(Javorka et al., 2002). 

In the present study, it was tried to determine whether there is a marker for recovery 

whether vagal symptoms are activated immediately in 60-sec after 30-sec of Wingate anaerobic 

power test. However, there was no marker in the direction of sympathovagal healing. Short-

term anaerobic exercise has been associated with lactic acid (Vincent et al., 2004). Maximal 

exercise is associated with enhanced anaerobic metabolism with catecholamine production and 
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sympathetic activity (Pierpont, Stolpman & Gornick, 2000). Vagal reactivation may be delayed 

after exercise due to the slow removal of accumulated metabolites (lactate, H+, Pi, etc.) during 

intense physical exercise (Buchheit et al., 2007; Coote, 2010). Metaboreceptors with 

sympathetic afferents might be activated by accumulated waste products during exercise 

possibly suggesting an alternative mechanism for sympathetic predominance and delayed 

restoration of vagal tone (Smith & Hill, 1991). Additionally, maintained sympathetic outflow 

evoked by the arterial baroreceptors' response to more vigorous and rapid changes in pressure 

after exercise might delay parasympathetic reactivation as well (O’Leary, 1993). Miyamoto 

et.al. (2003) observed a blunting of the HR response to vagal stimulation due to upregulation 

of sympathetic activity. In this study, it is an important finding of this study that sedentary 

individuals have a longer recovery period in vagal symptoms compared to previous studies 

with athletes. 

The limitations of this study are that women are not included in the study and that HRV 

values after Wingate exercise are taken in different resting positions. Because HRV values 

taken in different resting positions have been found to outcome with different results. HRV 

observations were reported by Barantkhe et al., (2008) in the supine position, Schouwenberg 

et al., (2006) in the upright position and (Barak et al., 2014) in the upright seated position. In 

future research, ultra-short HRV values of athletes and sedentary can be examined in different 

resting positions after maximal anaerobic exercise like Wingate test. 

 

CONCLUSION 

In conclusion, the present study was not observed to sign of HRV recovery during 60-

sec after the 30-sec WAnT. HRV recorded in the first 60 seconds after maximum anaerobic 

exercise program in sedentary healthy men may be considered to exhibit an imbalance in the 

parasympathetic activity of the autonomic nervous system. It has estimated that it brings about 

a decrease in vagal modulation. However, this imbalance considered to be mainly provoked 

with an inhibition of the parasympathetic activity by sympathetic stimulation.  
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