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ABSTRACT

The objective was to establish the relationship between cardiac autonomic
modulation and physical performance of the functional threshold power
(FTP20.95%W'kg™'). Twenty-nine male cyclists aged 22+3 years participated. The
physical performance of the FTP20.95%W"kg' was 4.3+0.4. A positive relationship
of performance with the parasympathetic nervous system index (PNS index) at
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rest, as well as with parasympathetic reactivity and recovery, R? = 0.80, 0.97,

0.96 respectively, p<0.000, was demonstrated. In conclusion, cyclists with

higher physical performance had higher parasympathetic activity at rest. As well

as greater parasympathetic reactivity and post-P2o recovery. Both the PNS

index and the SNS index are parameters to identify adaptation/inadaptation to

training intensity, presence of fatigue, monitor and predict physical performance %
according to functional power threshold in competitive level cyclists. %
Additionally, it raises a scenario for identification of genetic predisposition to

long-term endurance sports.

KEY WORDS: Athlete; Autonomic Nervous System; Cardiac System; Exercige;
Heart Rate Variability

RESUMEN Q
ica

El objetivo fue establecer la relacion de la modulacién autoRg

el rendimiento fisico del umbral de potencia funcipng 20.95%W-kg™).
Participaron 29 ciclistas hombres con edad 2213 afos. miento fisico del
UPF20.95%W-kg™! fue 4.3+0.4. Se demostré una rel ' va del rendimiento
con el indice parasimpatico (PNS index) en reposz; asia mo con la reactividad
parasimpatica y la recuperacion post-P20, R? = &80, , 0.96 respectivamente,
p<0.000. En conclusion, los ciclistas con %ﬁiimiento fisico presentaron
mayor actividad parasimpatica en r i como mayor reactividad
parasimpatica y recuperacion post-P2o. el indice parasimpatico como
simpatico son parametros para ideftificaryla adaptacion/desadaptacién a la
intensidad del entrenamiento, i&’ de fatiga, monitorear y predecir el
rendimiento fisico de acuerdo ¢ bral de potencia funcional en ciclistas de
nivel competitivo. Adicionalrr%o ntea un escenario para una identificacion
de predisposicion genéti portes de resistencia de larga duracién.
PALABRAS CLAVE%a; Ciclismo; Deporte; Fisiologia humana; Medicina

deportiva; Sisten]@ ascular
|NTR00@®

Physi ormance in road cycling is associated with the ability to maintain
i ort as long as possible, generally with a duration ranging from ~30
' to five hours and even in competitions that can last up to 21 days (1).
earch for new methods to detect, monitor the body's physiological
sponses and adaptations to training have been developed with particular
Intensity. In cycling, the physiological parameters to monitor, predict physical
performance and establish training zones have been, on the one hand, the
absolute VO2max (L'min"') and relative (ml-kg™'.min""); the maximum lactatemia
Q (mmol/L-") and the lactate threshold (mmol/L-') (1-3) and on the other hand,
the power in watts (W) expressed in maximum, average and relative (W-kg™)
(4-6). These parameters are mainly determined by tests with progressive
increase in intensity until exhaustion, called maximum tests. However, tests
with constant intensity called submaximal tests, have become the most used
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tool to determine physical performance and establish training zones, within this
type of tests is the 20-minute test (P20), from which the functional threshold
power (FTP) is determined (7). So the FTP expressed in the maximum
average power (W) and the relative average power (W-kg'), are the way to
establish the power profile, predict physical performance and establish training

zones in road cycling (1). %
Cardiac autonomic modulation is performed by both intrinsic and extrinsic 3
mechanisms. Extrinsic control is carried out by the autonomic nervous system

(ANS) through sympathetic activity (SA), which together with physical exercise%’
increase the mechanisms of cardiac self-regulation, increasing heart rate and
parasympathetic activity (PA) through the vagus nerve, which induces a™\_

decrease in heart rate. The ANS also controls blood pressure by reflexes that

originate in baroreceptors and chemoreceptors. Heart rate variability (HRV) is

the variation in time in milliseconds between heartbeat. Therefore,the ”

evaluation of cardiac autonomic modulation through HRV evaluates‘the

sympathetic and parasympathetic activity of the ANS, which reflects the

complex interaction between the ANS, arterial baroreflex, central and peripheral
chemoreflex, ergo reflex, peripheral afferents such as baroreceptors,

mechanoreceptors and metaboreceptors (8).

In parasympathetic reactivation and recover, a]%b(ercise, the autonomic and
execratory reflex processes involved in incteasing-heart rate occur essentially in
reverse, where the elimination of the "ce&$ mand" along with the
feedback removed from muscle recegtors, restores the arterial baroreflex to a
lower level and causes an initial w heart rate that is predominantly
mediated by an increase in PA very continues, a gradual "slow phase"
occurs, mediated by both progressive’parasympathetic reactivation and
sympathetic withdrawal (9 uently, HRV assessment reflects
cardiovascular autono ic%ulation at rest, parasympathetic reactivation, and
recovery after exerci -1

The present resea cused on evaluating the cardiovascular autonomic
modulation V i the parameters of PA and SA by the time and non-linear
domain cording to the physical performance obtained at the FTP in
cyclists titive level. The above, because, predicting physical

e,’monitoring adaptation to training intensity and the presence of

sport, are today the most important aspects, both in the training

ogy and to raise the tactics in competition. Thus, new knowledge of

b&havior of the cardiovascular autonomic response before and after the
alization of a submaximal test, will be of the highest utility for the interpretation
f phenomena of adaptation to training in cycling, contributing to a more precise

dosage of the intensity of training and additionally, to a possible identification of

genetic predisposition to long-term endurance sports.

perf

MATERIAL AND METHODS

PARTICIPANTS. This study involved 29 cyclists, 23 of them from the
department of Boyaca and the remaining six from the department of Caldas
(Colombia). The power of the study was 0.89 (12). Age (years) 22+3; Weight

3
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(kg) 60.045.9; Size (m) 1.7+0.5; BMI 21+1.4; Training (years) 6.5+3.7. This

research is in accordance with the provisions of article 11 et seq. of resolution

8430 of 1993 of the Ministry of Health of Colombia. The Bioethics Committee of

the Faculty of Health Sciences of the University of Caldas (Colombia) approved

the study. The cyclists signed a document of consent and full knowledge of the

procedures that were conducted before, during and after the tests. They were %
instructed to refrain from intense physical exercise, as well as from consuming %
beverages containing caffeine during the 24 hours prior to the experiment or

any substance considered doping. The assessments were conducted in

October and November 2018 and 2019 before the Covid-2019 pandemic. Q%r

INSTRUMENTS AND PROCEDURE. FTP's determination was made by wean
of a 20-minute time trial (P20), as described by Allen and Coogan (7 e
Tacx Vortex® ergometer and bicycle owned by the cyclist, maint 'ni)r%(
pedaling cadence at 90 rpom. The heating was standardized ac oargg'g t

Tacx software. The data obtained was recorded in Tacx files that were
processed in the Power Agent® software. During P20 an|infe
effort was maintained, keeping the watts as high as pos

were verbally motivated in the last minutes. The FTP,
described by Allen and Coggan (7). ‘

Cardiac autonomic modulation was assess bw before and after P2o. The
resting evaluation was performed fasting b%twe; :00 a.m. and 8:00 a.m. in
the clinical laboratory, simulating, as far ble, the same environmental
conditions for all participants. This suremrent was performed at rest for five
minutes, after ten minutes in the %ﬁ%&tion. Recovery was measured by

t

the

and constant
o the participants
rmined as

pedaling on the bike for five mi Ive recovery), all with spontaneous

breathing instruction. Data wefe obtathed by recording heartbeat by heartbeat,
using the RS800CX Polar, 13), whose sensor was placed at the level of
the 5-6 rib, around the fib cage. These data were processed in the Kubios
software (University opio, Finland. Standard ver. 3.4.3), which allowed the

domain parameté ewise, nonlinear parameters of the Poincaré diagram

SD1, SD2 a% 2.
STA ALYSIS. Descriptive data are expressed in mean and

TI
stan eviation. Simple linear regression was used to establish the
re% hip between HRV and FTP. The model without interception (y = 1 x +
stad

analysis of the Sw /RMSSD (ms), PNS index and SNS index time-
D

the Simple linear regression was the model that best fit the data in each of
y variables, after applying comparison criteria such as: estimation of the
t

significant coefficient; lower standardized residual; the highest value of the
,% djusted coefficient of determination R? and R?; minor AIC, lower BIC; lower

value, C,. of Mallows.
RESULTS

Functional Threshold Power. The absolute average power FTP20.95%W was
267.8+34.6 W and the relative average power was FTP20.95%W-kg™' 4.2+0.5,
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corresponding to the fifth category of "very good" classification, of the eight
categories proposed by Allen and Coggan.

PA and SA at Rest, Parasympathetic Reactivity and Post-P20 Recovery. PA
y SA was analyzed by HRV by time and nonlinear domain methods (Table 1).

Table 1. PA and SA at Rest, Parasympathetic Reactivity and Recovery. Time and Non-Linear
Domain PA and SA

PA and SA Rest Parasympathetic Recovery Post-P %
Reactivity
Mean RR (ms) 1159.33+168.74 406.61+31.41 433.59+3 .8%
SDNN (ms) 65.96+25.79 4.71+1.51
LRMSSD (ms) 80.73+38.32 4.72+2.2
SD1 (ms) 59.73+26.06 3.3411.56
PNS index 2.27+1.26 -4+0.33 { 77+0.37
SA
Mean HR (beats/min) 52.8+7.57 148.39+11 X 139.18+10.66
Stress index 6.8+2.81 60.45+16.Q_) 52.55+13.29
SD2 (ms) 72.82426.73 6.11+1.79
SNS index -1.33+0.66 .9643.85 13.5+3.29
Note. Mean RR: mean heartbeat intervals; D%andard deviation of all intervals between
heartbeats. LIRMSSD: square root of t e ue of the differences between successive

heartbeats; SD1: standard deviatigh oincaré plot; PNS index: parasympathetic
nervous system index; ms: millisegond sympathetic activity; Mean HR (beats/min): mean
heart rate in beats per minute; s index: stress index; SD2: standard deviation 2 of the

Poincaré plot; index: sympathetic nervous system index.

Parasympathetic A ity)ratio with FTP20.905%W and FTP20.95%W-kg'. There
was a positive re % hip of PA at rest with the physical performance of
FTP20.95%W WittNFTP20.95%:W'kg™'. There was a negative relationship of SA

at rest wit sical performance of FTP20.95%W and FTP20.95%W-kg' (Table

2). N
- Table 2. PA and SA regression with FTP20.95%W and FTP20.95%W-kg-"
@y{d SA FTP20.05%W FTP20.05%5Wkg"

Sig R2 sig R2

Q (ms) 0.000 0.89 0.000" 0.91
‘% MSSD (ms) 0.000 0.85 0.000" 0.87

SD1 (ms) 0.000° 0.87 0.000° 0.86
PNS index 0.000° 0.82 0.000° 0.80
SA

SNS index: 0.000" -0.86 0.000* -0.86

Note. SDNN: standard deviation of all intervals between heartbeats. LRMSSD: square root of
the mean value of the differences between successive heartbeats; SD1: standard deviation 1 of

5
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the Poincaré plot; PNS index: parasympathetic nervous system index; ms: milliseconds. * this
symbol represents a significant relationship. Sig: significance level; SA: sympathetic activity;
SNS index: sympathetic nervous system index; -: this sign signifies a negative relationship.

PNS Index and FTP20.95%W-kg-'. The parasympathetic nervous system index
showed a significant relationship with physical performance in the
FTP20.95%W-kg™. This relationship was performed at rest, in a supine position,
breathing spontaneously (Figure 1).

2 N

3 3,5 4 4,5 5
UP|:20.95°A)V\/-k9'1

%
Note. Cyclists with higher PA at rest, in a supine positiQn, ing spontaneously, presented a
higher physical performance in the UPF20.95%W'kg-1, R$~= 0.80, p = 0.000. Simple linear

regression, inte ss jnodel.
Relationship Parasympathetic Re and Recovery with the
FTP20.95%W-kg™. There was a sig ?Q ositive relationship between the PNS
index in both parasympathetig react and recovery with physical performance
at FTP20.95%Wkg™, as in t
significant but negative di nce of SA was observed both in parasympathetic
reactivity and in recoyéry (Tabfe 3).

PNS index

Table 3. Par pathetic Reactivity and PA and SA Recovery with FTP20.95%.W.kg"

Figure 1. PNS Index and FTP20.95%W-kg™! Q%’

PA a A Parasympathetic Reactivity Recovery
) FTP20.95%Wkg"! FTP20.95%Wkg™'!
& Sig. R? Sig. R?

0.000° 0.89 0.000° 0.91

) 0.000° 0.81 0.000" 0.91
0.000° 0.81 0.000° 0.92
0.000° 0.97 0.000° 0.96
0.000° -0.92 0.000° -0.92

ote. SDNN: standard deviation of all intervals between heartbeats. LIRMSSD: square root of
the mean value of the differences between successive heartbeats; SD1: standard deviation 1 of
the Poincaré plot; PNS index: parasympathetic nervous system index; SNS index: sympathetic
nervous system index; ms, milliseconds;* this symbol represents a significant relationship; -
this sign means a negative relationship.
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DISCUSSION

Functional Threshold Power. The FTP expressed absolutely in FTP20.95%W

(4-6) is presented as a parameter to establish seven training zones (7).

According to the result of the FTP20.95%W, percentages from 50% to 150% are

determined, associated with seven training zones (7). These zones seek to %
develop and maintain physical capacities, but VO2max and lactate methodology %
are the classic parameters for establishing training zones (1-3). In this regard,

Borszcz et al. (2018) (14) found a correlation of R = 0.81 between FTP20.95%W

and the absolute VO2max (L'min-'), 236438 watts related to 3.5+0.6 L-min",
study conducted on 23 trained cyclists.

According to the lactate measurement methodology, the study by Inglis et al.
(2019) found a correlation of R = 0.96 between FTP20.95%W and maximum
lactate steady-state (MLSS) (261+45 compared to 243145 watts). However, the
FTP20.95%W did not present good sensitivity to the changes induced by 7
months of training. Therefore, it is not recommended to use it as a
representation of the MLSS. In contrast, the study by Borszcz et al. (2018) (15)
found a ratio of R? = 0.81, FTP20.905%W of 251.7+26.3 associated with 248.3+25
watts, corresponding to a MLSS of 4.1+1 mmol/L-'. The authors conclude that
FTP20.95%W is an alternative to MLSS, both in trained and well-trained cyclists.
The study by Borszcz et al. (2018) (14) found a correlation of R = 0.61 between
the FTP20.95%W with the individual anaerobic threshold (236+38 watts related to
2.7+0.5 mmol/L™).

Previous studies show that VO2 WU, lactate methodology and
FTP20.95%W, are correlated. Ho ese parameters must be applied
individually and are indepen@)@ sures to evaluate and predict physical
performance. In addition, io ould be exercised when predicting lactate
concentration only by EIP20%s% W, since it can overestimate the lactate
concentration thresh e different methodologies, because the correlation
is corresponding to"the | of formation. On the other hand, these studies
propose for differe‘els of training, not to subtract 5% or subtract 8% or 10%
of the watts detérmining the FTP.

FTP re {%9 pressed FTP20.95%Wkg™' (4-6) is presented as an alternative
par or monitoring and predicting physical performance. However, in
cydli re the absolute VOzmax (L'min") and relative (ml- kg""min'), MLSS,
ctate threshold, individual anaerobic threshold, 4mmol-L-" threshold and
threshold (1-3) parameters for monitoring and predicting physical
Q ormance. In this regard, the study by Denham et al. (2017) found a
orrelation of R = 0.93, UPF20.95%W- kg-1 of 2.62+0.75 compared to the
maximum power of 305.5+65.4 watts, associated with a relative VO2max of
Q 46.8+9.1 ml.kg"'min-', R 2 = 0.80, considering the physical performance of the

FTP20.95%W-kg™ predictor of maximum power (16).

The categorization of sports performance in cycling according to the power
profile expressed in FTP20.905%W kg, is presented in eight categories. These
categories were established by Allen and Coggan (7 ), according to the results
of systematic evaluations of hundreds of cyclists of different levels of training,

7
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during more than ten years of cycling training experience (7). In this sense, the

physical performance of the cyclists in the study by Denham et al. (2017)

corresponded to "Moderate", FTP20.95%Wkg™! of 2.62+0.75 (16); in the study of

Nifio and Leguizamo (2019) it was FTP20.95%W'kg™" 4.5, corresponding to the

category "Very good" (17); that of Sanders et al. (2017) was FTP20.905%W kg™ of

4.7, corresponding to the category "Very good" (18); that of Borszcz of 2018 %
was FTP20.95%W-kg! of 3.1, corresponding to the "Moderate" category (14) %
and that of 2019, FTP20.95%:Wkg™! was 3.4+0.3 (15), corresponding to the

"Moderate" category; that of Valenzuela et al. (2018) (19) the FTP20.95%W-kg™'

was 3.3910.62, the classification category corresponded to "Moderate". The %

results of the previous six studies show that the classification of cyclists

evaluated according to the power profile is in two categories, Moderate
Very Good. Despite the few studies conducted in this form of categ
illustrating the current physical performance of cyclists, the FTP20.95% W,
promising parameter guide for classification and monitoring of physical
performance. However, the relationship in these and the rangée\of g’

remains t_o be demonstrated in each of them, with the stan ameters
such as VO2max and lactate, in addition to the relations he five

categories proposed by De-Pauw, 2013 (3). \
Qw‘ethodological part to

Physical performance at FTP20.95%W-kg™! allows,_in
associate the term, highly trained, well traine ,%;sional, competitive level,
‘ 3 d

d

J,is a

recreational level, high performance, world(clas highly experienced to a
value of W-kg™. In practice, for both cycl sports science professionals, it
becomes an alternative parameter to4/O2 and lactate to monitor physical
performance and set short, mediu QM‘vg-term goals. Additionally,
submaximal tests are becomin st used tool in the preparation of

cyclists.

Activity Parasympathetic Q Rest.

SDNN (ms). This
was 65.961£25.7

r is associated with or with PA, in the present study
he following four studies, whose population was SDNN
41 ms (20); 79.6£32.2 ms (21); 57.2+20.9 ms (22)

cyclists was; 5,95+

and 59.1 : (23). According to the above, the average and standard
deviati ?\gﬁe or the SDNN index, corresponding to cyclists with different
leve infng range from 68.50+0.90 ms. In swimmers values of 75.6 ms
(% observed, in runners and triathletes values of 80 ms (22.25).

D (ms). It is an indicator of PA, in the present study it was 80.73+38.32

e 2001 Vuelta Espania participated, the records were obtained on the first day
of competition, the value was 44.8915.21 (ms) (23); in the study Arslan and
Aras (2016) (22) in which six cyclists from Turkey participated (experience
9.7+4.8 years), the records were obtained after two weeks of aerobic training, in
the preparatory period, this index corresponded to 42.2+24.2 (ms) (22); in the
study of Oliveira-Silva (2018) (20) 12 cyclists from Brazil participated, the
records were obtained one day before the competition and was 59.93+18.70
(ms). According to previous studies, the average value for cyclists in RMSSD
(ms) is $9.01£22.79 (ms), for swimmers of has observed values of 71.4+46.92

;Qs; in the study of Earnest (2004), where eight cyclists who were competing in

8
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ms (26), for runners and triathletes values of 72.16+39.20 ms (25.27-31) and
for skiers 98.151£61.6 ms (32).

SD1 (ms). Itis an indicator of PA, SD1 of the Poincaré plot, in the present study
it was 59.731£26.06, in the study of Oliveira-Silva (2018) (20) in cyclists it was

52.60+£19.38, in triathletes this parameter was 73148 (25) and in runners 34.34 %
+15.18 (25). Q)%

PSN index. In the present study the PSN index was 2.3+1.3, this index is the

reference to use to observe the changes according to the period or mesocy,

of training and the level of training of cyclists. However, training programs ha

been reported to influence PA differently, assessed at supine ulna rest (3

All the participants of the studies mentioned above are part of the s

classified as long-term endurance, however, differences are obse%gs
I

values of SDNN (ms), RMSSD (ms) and SD1 (ms) between the studies, which
affects the PNS Index, because this index is dependent on the values of these
parameters. So, this corresponds to each sports discipli
the level of training of the athletes. A PNS index value

three parameters that reflect parasympathetic acti\t/'cj
sitiv

erage, equal to
lue of the PNS index

ormal population mean,
eviations are below the

S index is typically (with 95%

hin £2 SD of the normal

the normal population average. Consequently, a p
indicates how many standard deviations are ab@ye
while a negative value indicates how many
normal population mean. Therefore, at rest} the
of the population) between -2 and +2, t}f&&) [
population distribution (Kubios HRV sgftw . Therefore, this is the parameter
to be used in the practical, for a p e age of training intensity,
assessment of physical perfor adaptation to training loads, in long-
ro

term endurance sports such ycling, which indicates and reflects the

vagal cardiac tone. Qv

SNS index. This SNSN in the present study was -1.31£0.7, a value of the
SNS index of ze at the three parameters that reflect sympathetic
f

activity (Mean HR tegts/min), Stress index, SD2 (ms)). They are, on average,
equal to the gverage’of the normal population. On the other hand, a positive
value of%% jhdex indicates how many standard deviations above the

h

ormal population are the values of the parameters and a negative
tes how many standard deviations below the mean of the normal
p ation are the values of the parameters. Therefore, SNS index is an
tépagive indicator to cardiorespiratory capacity and lactate methodology to
i inadaptation to training intensity and the presence of post-training
igue or competition in road cycling.

%E Parasympathetic Activity, Parasympathetic Reactivity and Recovery. The

cyclists with the highest physical performance in the FTP20.95%W-kg™' presented
a greater parasympathetic reactivity and recovery post-P2o in the PNS index, R?
of 0.97 and 0.96 respectively. In the present study, active recovery by pedaling
on the bicycle was evaluated, it should be considered that body position affects
the measures of PA, with a more upright posture such as sitting or standing,
recovery is slower compared to the supine position (34-36). On the other hand,
in athletes, post-exercise recovery is walking or pedaling depending on the

9
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activity performed, that is, active recovery, and this is commonly evaluated with
the person in a passive condition (supine or sitting) (21,37-39).

The evaluation of post-exercise PA, especially the first ten minutes of recovery,

is a parameter used to detect adaptations to training intensity (40—43). In

addition, the daily monitoring of training and competition, allows on the one %
hand to structure the training micro cycles with reference to the kinetics of %
parasympathetic cardiac recovery (11) and on the other in races of one, two or

three weeks, provides guidelines to devise the strategy to the gregarious and

define the attacks to the team leader. Therefore, PA is an alternative indic&%’

to cardiorespiratory capacity and lactate methodology to monitor physica
performance in competitive cyclists.

people's cardiac vagal tone. This can be improved with regulag physical
exercise. Changes are seen in as little as six weeks of trainj but it is
long-term resistance training that causes a significant incre@se in tardiac vagal
tone. Consequently, PA is higher in athletes compare letes (43).

Parasympathetic activity ratio to FTP20.95%xW-kg'. At rest, PA 31‘{
3),

In the present study, cyclists with higher PA at resﬁej ed higher
performance in both FTP20.95%W and FTP20.95% W, e R? between the PNS

index and FTP20.95%W'kg™! was 0.80, which mea % of the physical
performance is explained by PA. Accord'n< to tha above, PA becomes an
alternative indicator to cardiorespiratory'&e' and lactate methodology to
predict physical performance in comgetitive Yevel cyclists. However, in further
studies variables such as ambienitemp®&gdture, training process (33), level of
training of cyclists, specialty withi @ eam, hours of sleep at night and two
previous nights, stress level dithe‘prévious day and at the time of the test (44)
and height where cyclists should be taken into account (45), which
influence the measures.of HRV parameters.

The significant reldtichshjg between PA at rest with FTP20.95%W-kg™" indicates
the participation of'the JANS in physical performance. In this sense, Machhada
showed the first evidence that PA generated by a central

nervous icuit determines the ability to exercise, in a study conducted
in ani mice). In humans, the first evidence of a causal relationship
PA sical performance, was presented by Verweij, Vegte and van de

18) (47), according to a genetic study (in the complete genome they

single nucleotide polymorphisms of chromosome 23), they found 25

nucleotide polymorphisms linked to the role of the ANS in heart rate

Q@dulation, this modulation related to the SDNN (ms) and RMSSD (ms) indices

= from 0.42 to 0.60), parameters determined during the exercise and

recovery. According to the results of the present and previous studies, it can be
inferred that parasympathetic activity is useful to identify a possible genetic
predisposition to long-term endurance sports such as road cycling. In addition,
the data of the present study support what was proposed by Gourine and
Ackland (2019) (48), which indicate that cardiac vagal activity causally
determines the ability to exercise, hence a high cardiac vagal tone in elite
athletes is critically important to confer greater tolerance to training intensity,
essential to achieve superior athletic performance.
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CONCLUSIONS

Cyclists with greater parasympathetic activity at rest presented higher physical
performance at FTP20.95%W-kg™'. Cyclists with greater parasympathetic reactivity

and recovery from post-P20. PNS index presented higher physical performance

at FTP20.05%Wkg™'. Both the PNS and SNS index are parameters to identify %
adaptation/inadaptation to training intensity, presence of fatigue, monitor and

predict physical performance according to the FTP in competitive level cyclists%

Additionally, the PNS index poses a scenario for an identification of genetic
predisposition to long-term endurance sports.
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