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Abstract.

BACKGROUND: Heart rate variability may reveal sensitive information about the athletes’ physiological adaptation when
exercising for sport performance.

OBJECTIVE: The aim of this study was to demonstrate whether heart rate variability (HRV) measurements were able to predict
sport results and determine which type of measurements, at rest or during routines, were relevant in anticipating the performance.
METHOD: Ten female gymnasts, aged 11-14 years old, and 16 age-matched non-active adolescents participated in this study.
HRV was measured at rest for 10 minutes and throughout the training routines one week prior to competition. Correlations and
multivariate analysis determined the parameters predicting performance. Significance was set at p < 0.05.

Results: At rest, the gymnasts displayed higher HRV values than controls. At rest, sympathetic parameters correlated with sport
results whereas no correlation was observed during routines. The magnitude of the predictive factors highlighted the importance
of Ln SD2 (coefficient = —117, 95CI —130 to —106), Ln RMSSD (coefficient = —24.5, 95CI —29.2 to —19.8), Ln pNN50
(coefficient = —10.7, 95CI —11.5 to —9.9), and Ln Total power (coefficient = —2.5, 95CI —13.4 to —11.5).
CONCLUSIONS: HRYV at rest may predict results in competition, being a complementary tool for coaches.

Keywords: Autonomous nervous system, training, prediction of results, rhythmic gymnastics, juniors

1. Introduction

The specific characteristics of rhythmic gymnastics
involve high technical-combinative content, both from
physiological and motor control perspectives. In this
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context, numerous studies have acknowledged the im-
portance of monitoring biological factors as a resource
to refine athletes’ preparation [1].

Given the complex physical and neuro-motor spe-
cific demands (linked to kinematic, dynamic and artis-
tic high requirements), coaches need to access in-
depth information about the gymnasts’ training level
and physiological readiness in order to decide the best
strategy for the competition.

In this context, heart rate variability measurements
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allow assessment of physiological readiness expressed
by a balanced ratio between sympathetic and parasym-
pathetic drives in certain periods of training and com-
petition [2]. This has been demonstrated in male gym-
nasts, some authors pointing out that the period pre-
ceding an important competition influences the perfor-
mances and HRV in this category of athletes [3].

Heart rate variability (HRV) describing the oscilla-
tions of each interval between consecutive heart beats
allows analysis of the components of the autonomous
nervous system (ANS) and therefore offers global in-
formation concerning the regulation of physiological
processes under specific conditions, such as psycho-
logical state during sport competition [4]. Regarding
literature reviews, studies have shown that cardiac au-
tonomic modulation is related to physical activity [5]
and it can be improved by physical training [6]. Nu-
ances are introduced by some authors regarding HRV
measurements not widely implemented to monitor ath-
letes’ responses to training load, probably because of
apparent contradictory findings in the literature [7].

Given the myriad of aspects determining sports suc-
cess in rhythmic gymnastics, the aim of this study is
to demonstrate whether HRV measurements may pre-
dict competition results and to determine which type of
measurements, at rest or during routines, are relevant
in anticipating the performance.

We hypothesized that significant differences would
be found in terms of HRV between junior rhythmic
gymnasts and non-athletes peers while resting HRV
parameters might predict sports performance in rhyth-
mic gymnastics.

2. Methods
2.1. Subjects

The study included 10 junior rhythmic gymnasts,
aged between 11 and 14 years old and a group of 16
age-matched non-active adolescent females, recruited
in school classes to serve as a control group. The num-
ber of participants reflected the need to obtain a corre-
lation coefficient greater than 0.8, for a two-sided type
T error at 5% and a statistical power at 80%.

The gymnasts had 5-8 years of training experience,
with a structured training of 20-24 hours/week, be-
ing involved in high level national and international ju-
nior competitions. No exclusion criteria were used be-
cause the group of athletes included a small popula-
tion, without major health issues and common healthy

active life styles. The control group was not enrolled
in any sports performance activities, being involved
only in the physical education classes — 2 sessions of
50 minutes per week. All participants had no signifi-
cant medical records or health disorders. The local Re-
search Ethics Commission approved the research pro-
tocol of this study, which was in conformity with the
Declaration of Helsinki. All participants and their par-
ents were informed about the aim of the study, benefits
and risks of the procedure, prior to parental signing the
informed consent.

2.2. Design

This research used a cross-sectional study design
based on providing data about HRV measurements on
two groups, one involving junior gymnasts and the
other one representing non-athletes controls. For the
athletes’ group we also investigated whether HRV re-
sponse was different at rest compared to training rou-
tines, along with examining the relationship between
HRV parameters and the variable results in competi-
tion. The choice of including athletes and non-athletes
participants underpins the extent to which specific
training requirements in rhythmic gymnastics impact
HRYV parameters, besides other typical long-term adap-
tations emphasized in the literature, by comparison
with the standard physical activity provided in school
curricula.

2.3. Anthropometric characteristics

The participants’ weights and heights were mea-
sured whilst wearing light clothes and bare-footed, us-
ing a digital scale and a standard wall-mounted sta-
diometer respectively. Body mass index (BMI) was
calculated. Assessment of body fat mass was per-
formed based on the sum of four skinfold measure-
ments: bicipital, tricipital, subscapular and suprailiac.
The maturation status of both groups was assessed by
means of Tanner stages.

2.4. Procedure

2.4.1. Heart rate variability (HRV) monitoring
(Fig. 1)

In order to fulfil the aim of the study, the following
objectives were pursued: assessing HRV parameters at
rest and during specific routines; identifying specific
notes of HRV in rhythmic gymnasts compared to con-
trols; exploring HRV as a possible predictor for the
sports results.
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Gymnasts Non-athletes
n=10 n=16

General warm-up
45 min

Hoop: 10 min.
Specific warm-up: 5 min
Routine: Imin30sec
Recovery: 3min30sec

!

Ball: 10 min.
Specific warm-up: 5 min.
Routine: 1min30sec
Recovery: 3min30sec

)

Clubs: 10 min
Specific warm-up: 5 min.
Routine: 1min30sec
Recovery: 3min30sec

Ribbon: 10 min
Specific warm-up: 5 min.
Routine: 1min30sec
Recovery: 3min30sec

Cool-down
10 min.

Fig. 1. Study design and flow chart.

BioHarness BT3 wunits from Zephyr Tech-
nologies© [8] were used to measure HRV. HRV analy-
sis was applied to characterize the physiological reac-
tions (training level, fatigue and physiological stress)
before and during the training routines. Considering
the high pressure that the athletes experience, we used
methods which minimized time consumption. Regard-
ing the HRV monitoring period, some researchers used
less than five minutes monitoring [9], while others
more than five minutes [10]. In order to obtain more
consistent and reliable data, a ten-minute HRV record-
ing period is considered optimal [11].

Therefore, for rhythmic gymnasts the measurements
of HRV were performed during ten minutes at rest,
before the training session, early in the morning, one
week before the competition. This parameter was also
monitored during the training session, with specific se-
lection of the periods while the four apparatus rou-
tines were performed: hoop, ball, clubs, and ribbon.
Each of the routines has a duration of 1 min 30 sec.
In order to analyse HRV only within the training rou-
tines, each apparatus was timed and marked from the
whole period monitored. We mention that the train-
ing session was entirely shaped according to the com-
petition requirements. Concretely, this was part of a
micro-cycle wherein training loads (volume) were re-
duced, sports specific fitness was maintained, allowing
a greater potential for future competitive conduct. In
order the gymnasts to perform at their peak, this taper

period ended two days before the target competition
so their bodies could take a break from the intense ex-
ercise rigor. The session was structured in three parts:
45 minute general warm-up, 40 minute including spe-
cific warm-up and one routine performance for each
apparatus, followed by a 10 minute cool-down. The
controls were measured during twenty minutes at rest,
in the morning, under the same conditions and we anal-
ysed a 10-minute period of stable periodogram. The
participants followed a natural breathing pattern, with-
out any guided alterations. Indeed, even if it is well
known that breathing pattern may impact the HRV val-
ues, the 20-minute duration of acquisition did not al-
low a breathing control.

2.4.2. Scoring of results in competition

All gymnasts took part in national and international
gymnastics events in 2018. In order to allow relevant
statistical analysis, the performance of each athlete was
converted into a score, depending on the individual,
team and apparatus finals rankings of the subjects. We
mention that judging in gymnastics is based on the
scores obtained for technical difficulty and execution
accuracy (determining the ranking), without any in-
terference from other competitors. Thus, the sport re-
sults of the gymnasts were codified as follows: Code
1: gold, regardless of the competition event (individ-
ual, team, apparatus finals); Code 2: silver, regardless
of the competition event (individual, team, apparatus
finals); Code 3: bronze, regardless of the competition
event (individual, team, apparatus finals); Code 4: 4 to
15 places, regardless of the competition event (indi-
vidual, team, apparatus finals); Code 5: 16 to the last
place, regardless of the competition event; Code 6: no
participation in one or more competition events.

2.4.3. HRV —data analysis

At rest: The raw HRV (R-R interval) data extracted
from the BioHarness3 units were analyzed with Kubios
HRV software (version 2.0; Department of Physics,
University of Kuopio, Kuopio, Finland) by the same
operator. HRV analysis followed task force recommen-
dations [12]. Indexes obtained for the rest measure-
ments from linear methods were calculated and com-
pared between gymnasts and controls. Data was pro-
cessed by using the ten-minute recording while in a
supine position, the first and last thirty seconds be-
ing discarded. Artifact correction was carried out using
Kubios’ artifact correction option; a very low correc-
tion level was used as default.

In the time domain, R-R intervals, standard devi-
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ation of R-R intervals (SDNN), square root of the
mean squared difference of successive R-R intervals
(RMSSD), and the number of adjacent N-N differ-
ing by more than 50 milliseconds divided by the to-
tal number of N-N intervals (pNN50) were analyzed.
We also assessed the HRV triangular index, which is
the integral of the RR interval histogram divided by the
height of the histogram. The RMSSD and pNN50 are
associated with high-frequency power (HF) and hence
parasympathetic activity. As usually done, RMSSD
was natural log (In) transformed for analysis [13].

Concerning the frequency domain analysis, the Fast
Fourier transformation spectrum was used. In the spec-
tral domain, we analyzed low-frequency power (LF:
0.04-0.15 Hz), an index of both sympathetic and
parasympathetic activity, and high-frequency power
(HF: 0.15-0.4 Hz), representing the vagal (parasym-
pathetic) activity of the sinus node. Very low fre-
quency (VLF; 0.003-0.04 Hz) partially reflects ther-
moregulatory mechanisms, fluctuation of the renin-
angiotensin system activity, and the function of periph-
eral chemoreceptors. LF and HF were also assessed
in normalized units (nu), which represent the relative
value of each power component in proportion to the
total power, minus the VLF component. Thus, LF and
HF are considered to best represent sympathetic and
parasympathetic activities, respectively. The LF/HF ra-
tio, i.e. the sympatho-vagal balance, was also calcu-
lated [14].

For the nonlinear HRV analysis, we assessed the pa-
rameters of the Poincaré-plot indexes: SD1 (transverse
axis), which is proportional to parasympathetic activ-
ity, SD2 (longitudinal axis), which is inversely propor-
tional to sympathetic activity, and the SD1/SD?2 ratio.

From the Poincaré-plot, we calculated the stress
score (SS) [15] as SS = 1000 x 1/SD2. Given that
SD2 is an inverse function of sympathetic activity, we
expressed the inverse of SD2 to obtain a value that is
directly proportional to the sympathetic activity.

Because this study concerns elite athletes, we also
chose to calculate the Elite HRV score, based upon the
study of the elite HRV group (elitehrv.com). The aver-
age HRV score for Elite HRV users is 59.3 (on a 1-100
scale) with 75% of users’ HRV scores falling between
46.3 and 72.0.

Finally, we assessed the Approximate Entropy
(ApEn) and Sample Entropy (SampEn), which mea-
sure the regularity and complexity of a time series.

During training: For each gymnast, we extracted the
4 routines from the tachogram and merged them in or-
der to be analyzed in Kubios software as a whole pe-
riod of training activity.

2.5. Data processing

Statistical analysis was performed using SPSS soft-
ware, v20. The tests were two-sided with a type I er-
ror set at &« = 0.05. Data was presented as the mean +
standard deviation. Assumption of normality was as-
sessed by a Shapiro-Wilk test. Comparisons between
gymnasts and controls were performed using Student
T-test or Mann-Whitney test if assumptions of Gaus-
sian distribution were not met. Although the matura-
tion stage and in a slight degree, the age of the control
group were higher compared to the gymnasts, matu-
ration was the only significant difference between the
groups. Considering the trend for higher average age,
we adjusted the test of comparison for age and mat-
uration stages. Due to the small sample groups, we
chose to analyze the HRV parameters either by non-
parametric tests or using normal logarithm transfor-
mations. Pearson correlation was used for Ln trans-
formed HRV values and non-parametric correlations
(Spearman) were performed on raw values. More pre-
cisely, the statistics involving the correlations between
the sports results converted in an ordinal scale and the
HRYV parameters were based on the Spearman correla-
tions, as mentioned in Table 4.

A multivariate analysis was performed in order to
discriminate between and hierarchize the place of each
HRYV factor in explaining the competitive results. The
sample size was calculated “a posteriori” taking into
account the significant differences between LF/HF ra-
tio and SD1/SD2 ratio. Using the calculation provided
by Cohen [16], the number of participants was seven
per group with type 1 errors of 5% and a statistical
power of 80%.

3. Results
3.1. Subjects’ description

As displayed in Table 1, the gymnast group was sig-
nificantly less mature (Tanner stage 1 — pre pubertal
— vs. median Tanner stage for controls — all reached
menarche) with a trend to lower chronological age. The
gymnasts had lower body weight and body height, re-
sulting in lower BMI than the controls. s expected in
such a population, fat mass, assessed through skinfold
measurements, was lower in gymnasts than in the con-
trols and the HRV score was significantly higher, com-
pared with HRV elite score adult reference.

3.2. HRV parameters

Table 1 presents the main parameters in terms of
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Table 1
Anthropometric, maturation and HRV characteristics of the individuals. HRV values are adjusted for
age and maturity

Controls Gymnasts Between group differences
Characteristics
Age 12.72 + 0.68 12.32 £ 1.26 0.15
Body weight 51.19 £+ 8.08 37.20 £ 8.23 0.001
Body height 162.13 £ 6.16 150 + 8.01 0.001
Maturity 381 +£0.75 1.00 £ 0.00 0.000
BMI 19.45 +£2.87 16.34 £ 1.97 0.006
Skinfold — sum 49.25 + 14.84 19.10 £+ 7.50 0.001
Sport experience (years) 0.00 £ 0.00 6.00 £+ 1.25 < 0.001
HRYV score 56.40 + 8.82 63.30 £ 8.55 0.046
Time domain
Heart rate 96.02 £+ 15.53 84.24 £+ 12.40 0.047
LnSDNN 4.143 + 0.372 4.079 + 0.457 NS
LnRMSSD 3.668 + 0.573 4.116 + 0.555 0.045
LnPNN50 2.477 + 1.083 3.185 £ 0.871 0.055
LnHRYV triangular index 2.844 +0.335 2.697 +0.412 NS
LnTINN 5.945 4+ 0.410 5.859 4+ 0.342 NS
Frequency domain
Ln VLF peak —5.218 £0.574  —3.367 + 0.132 < 0.001
LnLF peak —2.437£0.321 —2.356 £ 0.307 NS
LnHF peak —1.720 £0.237 —1.562 4+ 0.240 0.12
Ln LF power nu 4.179 + 0.231 3.821 £ 0.289 0.003
LnHFpower nu 3.429 4+ 0.385 3.935 £ 0.244 0.001
LnLF/HF 247 +1.32 1.00 £+ 0.49 0.002
Non-linear parameters
LnSD1 3.321 £ 0.573 3.770 £+ 0.555 0.052
LnSD2 4.428 + 0.360 4.261 +0.419 NS
SD1/SD2 0.349 4+ 0.120 0.620 + 0.112 < 0.001
Stress score 12.6 £ 4.2 152 +£6.3 NS
SPSratio 0.581 4+ 0.384 0.478 + 0.438 NS
Ln apen 0.227 +0.168 0.355 + 0.068 0.033
Ln sampen 0.221 4+ 0.259 0.495 + 0.162 0.007

time domain, frequency domain and nonlinear analysis SD1/SD2 inversely correlated with the LF/HF ra-
for both control and gymnasts groups measured at rest. tio.

Sample and Approximate Entropy values were
higher in gymnasts than in the controls, indicating a
low predictability of fluctuations in successive RR in-
tervals and therefore a better capability to react.

The stress score calculated for the two groups
did not reveal any significant difference between the
groups, probably indicating that the gymnasts had ap-
propriate coping mechanisms in this training period.

— Time domain data: Despite there being no dif-
ference between groups for SDNN, the gymnasts
displayed lower heart rate and higher RMSSD
suggesting a better parasympathetic activity (re-
inforced by the tendency to have higher PNNS50,
p = 0.055) than the controls.

— Frequency domain data: With lower LF power
(nu) and higher HF power (nu) the gymnasts
showed a higher parasympathetic activity than
the controls, results emphasized by a signifi-
cantly lower balance between sympathetic and
parasympathetic systems (LF/HF) for the non-
athlete group.

— Nonlinear domain data: The ratio of SD1/SD2,
which measures the unpredictability of the RR
time-series was significantly higher in gymnasts,
indicating a faster spontaneous response of vari-
ability in this group, which was reinforced by the
SD1 trend to be higher in gymnasts (p = 0.052).

3.3. HRV values between rest and gymnastics routine
training

According to Table 2, it was noticeable that, for the
period of training, heart rate increased (twofold) and,
most significantly, the stress score was multiplied by
three.

All the parameters reflecting the parasympathetic
nervous activity were improved during the routines.
The change in SDNN was not taken into account due
to the very short period of measurement (bouts of one
minute and thirty seconds for each routine).
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Table 2
Changes in HRV values between rest and gymnastics routine training (Mean £ SD)

Rest Gymnastics routine training ~ Between group differences
Heart rate 842+ 124 163.4 £+ 28.3 < 0.001
Ln SDNN 4.079 £+ 0.457 3.166 £+ 0.586 0.003
Ln RMSSD 4.116 £ 0.555 3.345 £ 0.598 0.013
Ln pNN50 3.185 £ 0.871 1.474 £ 1.024 0.004
Ln HRV triangular index 2.697 £ 0412 0.835 £ 0.602 < 0.001
Ln VLF peak —3.367 £ 0.132 —3.440 £+ 0.157 NS
Ln LF peak —2.356 £ 0.307 —2.457 £ 0.351 NS
Ln HF peak —1.562 £+ 0.240 —1.355 + 0.382 NS
Ln LF power nu 3.821 £ 0.289 3.755 £0.432 NS
Ln HF power nu 3.935 +0.244 3.878 £ 0.522 NS
Ln Total Power 8.059 £ 0.953 5.296 £ 1.412 < 0.001
LF/HF 1.005 £ 0.485 —0.123 4+ 0.923 0.016
Ln SD1 3.770 £ 0.555 3.000 £ 0.599 0.013
Ln SD2 4.261 £0.419 3.270 £ 0.615 0.002
SD1/SD2 0.620 £ 0.112 0.788 £+ 0.223 0.071
Stress score 15.244 4+ 6.341 45.394 4 29.856 0.009
Ln ApEn 0.355 £ 0.068 —0.613 4+ 0.398 < 0.001
Ln SampEn 0.495 £0.162 —0.889 £ 0.718 < 0.001
Table 3
Codified competition results
2018 National Championships junior — after HRV testing
Gymnasts  Team competition  Individual event Hoop Ball Ribbon  Clubs
1 1 1 1 1 1 3
2 1 4 4 2 6 4
3 1 5 6 6 6 6
4 1 5 6 6 6 6
5 6 5 6 6 6 6
6 1 4 6 6 6 6
7 1 1 2 6 6 6
8 1 6 6 2 6 6
9 1 4 6 6 2 6
10 6 6 6 4 6 1

3.4. Relationship between HRV parameters and
results obtained in competition

Table 3 presents the codified results of the investi-
gated gymnasts in the target competition.

Table 4 displays the Spearman correlations between
HRV data and the codified results in competition, at
rest and during exercise.

One can point out the remarkable negative corre-
lations between the competitive results and SDNN,
pNNS50, HRV triangular index, TINN, total power
SD2, at rest. We also noticed a tendency for nega-
tive correlations between the competition results and
RMSSD, total power and SD1. Statistically, there have
been identified strong positive correlations between
sport results and stress score. SPS ratio also positively
correlated with the competitive results.

There were no significant correlations between the
HRV parameters measured during the training rou-
tines.

3.5. Multivariate analysis

Similarly, multivariate analysis confirmed the im-
pact of the HRV factors measured at rest, whereas
no significant influence was retrieved during training.
The magnitude of the factors in predicting the perfor-
mances highlighted the importance of SD2, RMSSD,
pNNS50 and Total power, hierarchically. More pre-
cisely, an increase of SD2, RMSSD, pNN50 and Total
power at rest predicted a better ranking place in compe-
tition. Conversely, an increase in HRV triangular index
predicted a bad ranking place in competition (Fig. 2).

4. Discussion

4.1. Comparison to controls

In our study, from the anthropometrical point of
view, even if both control and gymnast groups fitted
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Table 4
Correlation between the results obtained in national competitions
and HRV values assessed at rest and during gymnastics routine train-
ing, one week before the competition™

At rest During gymnastics
routine training

Spearman p value Spearman p value

correlation correlation
Heart rate 0.617 0.058 0.381 0.277
LnSDNN —0.718* 0.019 0.210 0.561
LnRMSSD —0.585 0.076 0.197 0.585
LnpNNS50 —0.661* 0.037 0.254 0.478
LnHRYV triangular  —0.750* 0.012 0.375 0.286
index
Ln_tinn —0.814**  0.004 —0.112 0.759
LnLFnu 0.222 0.537 —0.153 0.674
LnHF nu —0.222 0.537 0.153 0.674
Ln total power —0.610 0.061 —0.051 0.889
LF/HF 0.222 0.537 —0.153 0.674
LnSD1 —0.585 0.076 0.197 0.585
LnSD2 —0.686* 0.028 0.133 0.713
SD1/SD2 —0.509 0.133 —0.248 0.490
Stress score 0.686* 0.028 —0.133 0.713
SPSratio 0.750* 0.012 —0.242 0.501
Ln apen 0.191 0.598 —0.044 0.903
Ln sampen —0.044 0.903 0.013 0.972

*SDNN: Standard Deviation of RR intervals; pNN50: percentage of
RR intervals with more than 50 ms variation; RMSSD: square root
of mean squared differences of successive RR intervals; TP: Total
Power; LF: Low Frequency; HF: High Frequency; LF/HF: Low Fre-
quency/High Frequency ratio; Tinn: baseline width of the RR inter-
val histogram; SD1: Poincaré plot standard deviation perpendicular
the line of identity; SD: Poincaré plot standard deviation along the
line of identity; Apen: approximate entropy; Sampen: sample en-
tropy.

Variables Coefficient (CI95%) p-value
Atrest cL
Heart rate -0.01 (-0.0,-0.0) <0.001
Ln SDNN 1324 (116.7,148.2) <0.001
Ln RMSSD =O— -24.5 (-29.2,-19.8) <0.001
Ln pNN50 o 107 (-115,-9.9) <0.001
LnHRV tri o 213 (19.5,23.2) <0.001
Ln Total Power o -125  (-134,-11.5) <0.001
LnSD2 -117.7  (-129.7,-105.7) <0.001
Stress score O| -2.2 (-2.4,-2.0) <0.001
During gymnastic routine training

Heart rate -0.01 (-0.0,0.0) 0.068
Ln SDNN O 13 (-16.8,42.8) 0.393
Ln RMSSD —— -2.40 (-15.2,10.5) 0.714
Ln pNN50 0.53 (-0.8,1.8) 0.421

LnHRV tri o 4.07 (2.8,5.3) <0.001
Ln Total Power ] -2.76 (-3.7,-1.8) <0.001
LnSD2 — — -2.65 (-21.3,15.9) 0.780
Stress score Cr 0.08 (-0.0,0.2) 0.056

-30 0 30

Fig. 2. Predictive factors for results in competition. Empty circles in-
dicate the magnitude (coefficient) of the factor on the results in com-
petition, and vertical lines correspond to 95% confidence intervals.

into normal healthy weights and heights, the lower fat
mass in gymnasts is one of the standard requirements
for successfully performing in this sport [17]. The sig-
nificant weight differences between groups is a clear

indicator of both selection requirements in rhythmic
gymnastics and specific training contents with empha-
sis on extremely low body fat and low muscle mass.

Although at puberty, no gymnasts experienced
menarche whereas controls did, in accordance with
data commonly reported in similar populations [18,
19]. This supports the idea that intensive training
at early ages is commonly associated with delayed
menarche, although other genetic or environmental
factors may influence this development event.

At rest, the HRV values expressed a greater activ-
ity of the parasympathetic system in gymnasts than
in controls [20]. Considering the fitness status of our
high level athletes [21], the Elite HRV score was higher
when compared to controls. This was a predictable re-
sult, given the training major adaptations in gymnasts
associated with an enhanced effort capacity and stress
coping.

The HRV score of the gymnasts emphasized an ab-
sence of overtraining, and also indicated an optimal
health status [22]. Our data also confirmed the optimal
executive functions of the gymnasts resulting in a good
level of attention and control of emotions [23].

4.2. HRV may predict results in competition

This study was designed to be a complementary ap-
proach in predicting gymnasts’ results in official com-
petitions, as well as to determine training and stress
levels during the precompetitive period, depending on
the HRV parameters’ values.

The main findings of the present study were that
measuring of HRV during ten minutes at rest may be
considered a predictor of the results in competition.
Moreover, this study points out that HRV at rest is
discriminative when compared to measurements taken
during training. Finally, although nonlinear parameters
are still under debate and thus not frequently applied,
the relevant informative factors in our study were able
to predict future competition results. Of course, fu-
ture studies are needed in adding more information and
clarifications in this research area.

Recent references acknowledge the role of HRV not
only as a marker used in clinical studies, but also as
a tool applicable in physical exercise training [2,3].
Several arguments can support these assumptions re-
garding the training level cues: recovery status, lack
of overtraining, and capability to adapt to physical and
mental stress. Potential prediction of the performance
in competition [24], as well as the susceptibility to ill-
ness or sports injury, were also mentioned in different
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studies [25]. Data of our study demonstrated that the
HRYV approach confirmed the appropriateness of the
training loads administered to the gymnasts in the pre-
competitive period as a prerequisite of the competition
results. From a practical point of view, the gymnasts’
coach took into consideration the HRV values of the
investigated gymnasts as a tool for choosing the final
team members according to their autonomic nervous
system status. The high results in the official competi-
tion of the gymnasts (gold medals in team competition
and individual event) matched the enhanced values of
the HRV score at rest, acknowledging that sports per-
formance can be to a certain extent predicted by HRV.

4.3. Only the values at rest were discriminative

It is noticeable that only the rest values of HRV
correlated with the performances obtained by the
gymnasts in National Championships. The decrease
in HRV during training showed a sign of sympa-
thetic activation in handling the corporal technical ele-
ments and mastering apparatus skills [26]. Those HRV
changes confirm that the complex and non-linear os-
cillations of a healthy heart provide the flexibility to
adjust to different uncertainties or changing factors
occurring within the environment [27], including the
sports settings. Values of HRV triangular index < 20
commonly indicates a normal heart rhythm [27]. In
our study, these values were very low at rest, and even
further decreased during the routine training, demon-
strating a very good cardiac response to exercise. More
interestingly, those values at rest and during training
were taken into account in the explanation of the re-
sults in competition. However, we want to point out
that correlation and multivariate analysis confirmed
that HRV at rest was the predominant predictor for the
performance.

4.4. Non-linear parameters and HRV scores

Despite a few studies reporting non-linear HRV
data, SD2 at rest and HRV triangular index as predic-
tive factors for results in competition, our study re-
vealed that HRV triangular index and total power were
the only parameters able to predict competition results
through training values. As revealed in literature, SD1
and SD2 demonstrated a positive relationship with the
intensity of training [28], while in this study we re-
ported the efficiency of Poincaré plot parameters in
predicting results in competition. Contrary to data sug-
gesting an increase of dispersion in Poincaré plot pa-

rameters during exercise [29], we identified a decrease
of SD1 and SD2 during the training routine. SD1 is
an index of instantaneous recording of HRV, and SD2
represents the long term variability in HVR [30]. The
decrease in SD1 and SD2 during training may signify
a good adaptation of our athletes to the specific train-
ing. A low Approximate Entropy indicates a good pre-
dictability in response to environmental stimuli [27],
in agreement with our findings. Even if Sample En-
tropy is primarily designed to provide better infor-
mation than Approximate Entropy, both Sample and
Approximate Entropies in our study demonstrated a
good adaptation of the gymnasts to the routines (p <
0.0001). Similarly, the stress score, based on SD2 val-
ues, followed a normal response during routine train-
ing (three-fold increase compared to rest) and data at
rest was also predictive for competitive results.

4.5. Limitations of the study

The main limitation of our research was the num-
ber of participants, precluding generalizability. How-
ever, results were highly significant and met the sam-
ple size statistically required. Our study embedded a
snapshot-type of HRV assessment so we only took into
consideration the HRV values, without introducing the
progression of the training load, training content and
lifestyle factor changes occurring throughout a longer
period prior to National Championships. Also, reiter-
ating HRV measurements in different training periods
would increase the data confidence.

5. Conclusions

In summary, we suggest that measuring HRV dur-
ing ten minutes at rest may be a complementary tool
in predicting results in competition in junior rhythmic
gymnasts.

Moreover, the measurements performed during the
training were not relevant in predicting the perfor-
mance.

The method used in this study justified the interest
shown in analyzing the nonlinear parameters in addi-
tion to the usual time and frequency HRV domains.
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