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Objective: To assess the effects of abruptly intensified physical
training on cardiovascular control.

Design: Retrospective longitudinal study.
Setting: Research laboratory.

Participants: Ten healthy athletes (5 men and 5 women) from track
and field as well as triathlon.

Interventions: A 2-week training camp, including daily stepwise
increasing cycling tests, running of 40 minutes, and additional
cycling of 60 minutes.

Main Outcome Measurements: Time and frequency domain
parameters of resting heart rate and blood pressure variability (HRV
and BPV) and baroreflex sensitivity (BRS), before, during, and after
the training camp.

Results: We found significantly reduced HRV during the training
camp (mean beat-to-beat interval: 1042 [937 to 1194] ms vs. 933
[832 to 1103] ms vs. 1055 [947 to 1183] ms, P < 0.01; root-mean-
square of beat-to-beat interval differences: 68 [52 to 95] ms vs. 52
[38 to 71] ms vs. 61 [48 to 78] ms, P < 0.05). Further, BRS was
significantly reduced: 25.2 (20.4 to 40.4) ms/mmHg vs. 17.0 (12.9 to
25.7) ms/mmHg vs. 25.7 (18.8 to 29.1) ms/mmHg, P < 0.05. These
effects disappeared at a large degree after 3 to 4 days of recovery.

Conclusion: Abruptly intensified physical training results in an
altered autonomic cardiovascular activity towards parasympathetic
inhibition and sympathetic activation that can be monitored by means
of HRV and BRS analyses and might provide useful markers to avoid
the overtraining syndrome.
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INTRODUCTION

Physical training has shown to influence autonomic
cardiovascular control. Moderate endurance training increases
parasympathetic activity and decreases sympathetic activity in
the human heart at rest, which is considered a cardioprotective
effect against lethal arrhythmias.'” Overtraining, however,
is thought to influence autonomic cardiovascular control
negatively.* The overtraining syndrome or chronic fatigue,
burnout, and staleness, respectively, remain a serious problem
in athletes. It was estimated that 65% of national and in-
ternational elite runners suffer from the overtraining syndrome
at least once in their career,’ but recreational athletes are also
affected.*” The overtraining syndrome is considered an
imbalance between training and competition versus recovery.
Budgett defined the overtraining syndrome as a condition of
fatigue and underperformance,® often associated with frequent
infections and depression that occur after hard training and
competition. Overreaching, ie, short-term overtraining, re-
solves within 2 weeks of adequate rest and must be dis-
tinguished from long-term overtraining and can be seen as
a normal part of athletic training or peaking for performance.
The transition from overreaching to overtraining is blurred.’
The overtraining syndrome has been divided into a sympathetic
and a parasympathetic manifestation, and it was hypothesized
that the underlying pathophysiological mechanisms include
alterations of the endocrine and autonomous nervous sys-
tem.'!" It is thought that the sympathetic form is dominant in
the early stages of overtraining. In more advanced stages, the
sympathetic system is inhibited, resulting in marked domi-
nance of the parasympathetic system. This hypothesis is more
or less based on the different patterns of observed symp-
toms,'*!* as well as on data from parameters like increased
plasma catecholamine concentrations at rest,'* an inadequate
increase during exercise and decreased nocturnal catechol-
amine excretions.'® Since there is no diagnostic test available
to detect overtraining, it is important to screen the athlete to
exclude other causes of chronic fatigue.

This study was conducted to assess the impact of
increased training in the framework of a 2-week training camp
on autonomic cardiovascular control in athletes. We hypoth-
esized that the monitoring of heart rate and blood pressure
variability (HRV and BPV) and baroreflex sensitivity (BRS) is
suitable to detect autonomic changes due to abrupt increases in
the training amount and might consequently be used as
markers for the detection of overtraining.

HRV and BPV refer to the beat-to-beat fluctuations of
heart rate and blood pressure, respectively, and BRS measures
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heart rate adaptations to rapid blood pressure changes. HRV,
BPV, and BRS reflect regulatory processes in the cardiovas-
cular system and therefore allow the assessment of cardiac
and vascular autonomic control. Short-term blood pressure
regulation is mainly accomplished by neural sympathetic-
mediated and parasympathetic-mediated cardiac baroreflexes
and peripheral vessel resistance, whereas long-term regulation
is achieved by hormonal pathways such as the renin-
angiotensin system, body temperature, and other systems.'®
BPV, BRS, and HRV have proven to be independent predictors
for sudden cardiac death after acute myocardial infarction,'’
chronic heart failure,'® or dilated cardiomyopathy.'*-?

METHODS

Data and Preprocessing

Ten healthy experienced athletes (5 men and 5 women
from track and field, middle and long distance running, as well
as triathlon with competition experience for more than 2 years)
participated in this study during a training camp. The results of
the medical examination (medical history, physical examina-
tion, and graded cardiopulmonary exercise test including
ECG) were negative. No athlete was on medication before or
during the study. All subjects were fully recovered from the
competition season (subjective reports during the medical
examination as well as normal profile and values in the
“Profile of Mood States™ questionnaire).'*° Anthropometric
data and peak oxygen uptake (measured during the below
described stepwise increasing cycling until subjective exhaus-
tion; K4b2 COSMED S.r.l., Rome, Italy) are shown in Table 1.

To assess autonomic cardiovascular control, high
resolution ECG (1600 Hz) and noninvasive continuous blood
pressure (Portapres M2, TNO Biomedical Instrumentation,
The Netherlands?') were simultaneously recorded over 30 min-
utes in supine position under standardized resting conditions.
For HRV and BPV analyses and BRS estimation, respectively,
time series of beat-to-beat intervals and systolic blood pressure
were extracted. Artifacts and ectopic beats were rejected and
interpolated.

The investigation conforms to the principles outlined in
the Declaration of Helsinki. Written informed consent of all
athletes has been provided. The subjects in the study were
recruited from a bigger study of heart rate variability in
relation to the menstrual cycle in trained and untrained women
that has been approved by an ethics committee.

TABLE 1. Anthropometric Data and Peak Oxygen Uptake
of the Investigated Athletes Presented as Medians
and interquartile Ranges (IQR)

Test Protocol

The training camp started after 1 day of traveling and
acclimatization and lasted 13 days, with 1 day of rest after
6 days of training. Training, sleep, and mood state (see below)
were monitored by a log and by recordings of the investigators.
A typical daily training program included a stepwise in-
creasing cycling test and additional running of 40 minutes and
cycling of 80 minutes (Table 2). Parameters of training and
performance capacity were the exercise amount in minutes,
peak performance in watts, and maximal heart rate. The step
tests were carried out in an exercise lab using 2 calibrated cycle
ergometers 1 week before the training camp (M1), after 1 week
of training (M2), and 3 to 4 days after the training period (M3).
The step test started at 50 Watts for female and 100 Watts for
male athletes. The load was increased every 3 minutes by
50 watts until subjective exhaustion. Objective criteria of
exhaustion were taken from online monitoring of respiratory
data (respiratory ratio >1.11 or leveling of oxygen uptake).
Parallel continuous recordings of heart rate were carried out by
ECG monitoring. Running and cycling endurance exercises
took place in the afternoon and were carried out individually or
in small groups of nearly equal performance capacity. Training
amount and intensity (85 to 90 percent of the individual
anaerobic threshold as described by Stegmann et al.”?) were
above the normal activity level the athletes are adapted to.
After returning home, the athletes recovered for 3 to 4 days.
In this period no (1 to 2 days) or maximal 30 minutes
regenerative training of very low intensity was carried out
(intensity at 70 percent of the individual anaerobic threshold).
All of the above mentioned exercise was registered in a train-
ing log.

Supine heart rate and blood pressure recordings for
assessing autonomic control took place 1 week before training
(M1), after 1 week of training (M2), and 3 to 4 days after the
training period (M3).

Before the measurements, the athletes completed the
“Profile of Mood States” questionnaire.>* The German version
contains 35 items and it yields measures of depression, anger,
vigor and fatigue.** The global score of mood was calculated
in relationship to the use in a sports setting as described by
Morgan et al.**

Heart Rate and Blood Pressure
Variability Analysis

A parameter set of time and frequency domain measures
was calculated according to specifications by the Task Force of
the European Society of Cardiology and the North American
Society of Pacing and Electrophysiology.*” Frequency domain

TABLE 2. Daily Sleep Duration and Training Amount

Women Men Presented as Medians and Interquartile Ranges (IQR)
Sex Median IQR Median IQR Median IQR
Age [years] 24.8 24.7-26.4 26.6 26.5-28.8 Sleep per day [hours] 7.5 7.0-8.0
Body mass [kg] 54.8 50.4-61.8 72.0 69.0-86.8 Training amount — running [minutes] 40 4040
Height [cm] 163 162-168 181 181-182 Training amount — cycling [minutes] 80 80-95
VO, peak ml/[kg*min] 51.1 48.9-52.2 65.9 61.4-74.6 Total training amount [minutes] 170 150-190
© 2006 Lippincott Williams & Wilkins 413
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analysis was performed on linear equidistantly interpolated

time series with a resolution of 500 ms applying Fast Fourier

Transform and a Blackman-Harris window function. The

following parameters were computed:

1. meanNN / smeanNN / dmeanNN—-Mean of all normal beat-
to-beat intervals / systolic / diastolic blood pressure values;
in ms / mmHg

2. sdNN / bsdNN - standard deviation of all normal beat-to-
beat intervals / systolic blood pressure values; in ms / mmHg

3. rmssd / brmssd — Square root of the mean of the summed
squared differences between adjacent beat-to-beat intervals /
systolic blood pressure values; in ms / mmHg

4. LF / bLF-Power in the low frequency band (0.04 to 0.15
Hz); in ms® / mmHg?

5. HF / bHF—Power in the high frequency band (0.15 to 0.4
Hz); in ms* / mmHg?

6. LFn—Normalized low frequency power LF/(LF+HF) of
HRYV; in normalized units

Baroreflex Sensitivity

To assess spontaneous baroreflex, we applied the
“sequence method.”?® In this way, systolic blood pressure
time series are scanned for sequences of at least three 3
dropping systolic blood pressure values that are followed by
a sequence of successively shortening beat-to-beat intervals
with a delay of 1 heart beat. Subsequently, least square linear
regression functions are fitted between these baroreflex
sequences, and the average slope is used as an estimate
of BRS.

Statistical Analyses

For statistical analysis of physical training effects,
nonparametric statistics were computed, including median,
interquartile ranges, and the nonparametric Friedman test for
repeated measurements, using the SPSS software package.
Alterations between M1 and M2 (test 1), M2 and M3 (test 2),
and M1 and M3 (test 3) were tested post hoc for significance
by using the Wilcoxon test for paired data. Values P < 0.05
were considered statistically significant. One blood pressure
recording of M1 and two blood pressure recordings of M3
had to be excluded from the statistics due to cold-finger
vasoconstriction. Consequently, BPV and BRS parameters of 2
women could not be considered in the Friedman test, and BPV

and BRS parameters of 1 woman could not be included in the
Wilcoxon tests.

RESULTS

Performance capacity dropped slightly but significantly
during the training camp (P < 0.05) and returned slightly
above the baseline levels after the recovery period (P < 0.01,
Table 3). Although the overall score of mood state remained
stable during the training course (Table 3), the profile of the
subscales showed beginning pattern of a so-called inverted
“iceberg profile” as described by Morgan et al'® with
a significant decrease of the T-Scores for the subscale “vigor”
(P < 0.05), accompanied by an inverse but not statistically
significant increase of “fatigue.” The profile of mood states
returned largely to baseline levels (M1) after returning from
the training camp, with the exception of a further decrease of
the subscale “vigor” (P < 0.05).

Numeric results of measures from heart rate, blood
pressure, and baroreflex analysis are presented in Table 4. Bar
plots of significantly altered parameters are shown in Fig. 1.

Heart Rate Variability

Compared with the first measurement, mean heart rate
was significantly increased during training camp measurement
and normalized until the recovery phase measurement (Fig.
1A). Contrarily, overall variability of heart rate (sdNN) was not
significantly affected by the increased training. Beat-to-beat
fluctuations of heart rate (rmssd) were, however, significantly
reduced during the training camp measurement compared with
the recovery phase measurement (Fig. 1B). Spectral analysis
of HRV showed no significant alterations in the HF and LF
bands.

Blood Pressure Variability

Mean systolic and diastolic blood pressure were not
significantly altered between all 3 measurements. Increased
training had also no significant influence on time domain
parameters (bsdNN and brmssd) of BPV. Spectral analysis
revealed also no significant changes during training camp
compared with the first measurement and the recovery phase
measurement.

TABLE 3. Peak Performance, Profile of Mood States (POMS) Before (M1), During (M2) and After Training Camp (M3) Presented

as Medians and Interquartile Ranges (IQR)

M1 M2 M3
Measurement Median IQR Median IQR Median IQR
Peak performance [watts]* #,T 301 219-350 279 217-317 309 234-338
POMS-depression 45 45-47 45.5 44-47 44 44-44
POMS-anger 47.5 44.5-57.5 47.5 44.5-57.5 44.5 44.5-50.5
POMS-vigor#, T 63.5 59-65 59.5 53-61.5 54.5 51-57
POMS-fatigue 52.5 47-61.5 64 45-69 49.5 42-58
POMS global score 93 83-102 103 83-125 88 83-103

*Significant changes between M1 and M2.
#Significant differences between M2 and M3.
FSignificant changes between M1 and M3.

414

© 2006 Lippincott Williams & Wilkins



Clin | Sport Med » Volume 16, Number 5, September 2006

Overtrained Athletes

TABLE 4. HRV, BPV, and BRS Before (M1), During (M2) and After Training Camp (M3) Presented as Medians and Interquartile

Ranges (IQR)

M1 M2 M3
Measurement Median IQR Median IQR Median IQR
HRV
meanNN [ms]* # 1042 937-1194 933 832-1103 1055 947-1183
sdNN [ms] 91 64-96 74 60-95 83 64-99
rmssd [ms]# 68 52-95 52 38-71 61 48-78
LF [ms?] 226 80-632 211 85443 139 60-226
HF [ms?] 201 42-351 108 46-292 79 53-260
LFn [n.u.] 0.53 0.46-0.71 0.70 0.44-0.73 0.50 0.40-0.67
BPV
smeanNN [mmHg] 118 115-129 114 108-120 127 113-130
dmeanNN [mmHg] 58 54-64 58 51-65 63 56-65
BsdNN [mmHg] 7.8 7.5-8.6 8.3 6.6-10.2 8.4 5.8-10.3
Brmssd [mmHg] 3.0 2.8-32 3.0 2.0-3.2 29 2.2-3.6
bLF [mmHg?] 1.14 0.58-2.71 2.46 0.92-6.31 1.11 0.52-1.70
bHF [mmHg?] 0.35 0.12-0.85 0.34 0.15-0.74 0.17 0.09-0.48
Baroreflex
BRS [ms/mmHg]* # 25.2 20.4-40.4 17.0 12.9-25.7 25.7 18.8-29.1

*Significant changes between M1 and M2.
#Significant differences between M2 and M3.
+Significant changes between M1 and M3.

Baroreflex Sensitivity

During the training camp measurement, the spontaneous
baroreflex sensitivity was reduced compared with the first
measurement and the recovery phase measurement (Fig. 1C).

DISCUSSION

We investigated effects of increased physical training on
autonomic cardiovascular control in athletes. By monitoring
HRV, BPV, and BRS, we aimed to derive markers for assessing
training effects at the level of sympatho-vagal control, which
might be useful to investigate the “overtraining syndrome.”
Our study design was completely noninvasive; therefore, the
measurements were easy to obtain. However, this indirect

approach hampers insight into vagal and sympathetic tones
and rather gives estimates of cardiac and vascular activity
mediated by vagal and sympathetic efferents. In particular, the
Portapres measures peripheral blood pressure in the finger but
not the central arterial pressure. Despite these limitations,
HRV, BPV, and BRS analyses have been proven useful for the
assessment of cardiovascular control.>"*’ In our study, supine
HRV and BRS showed significant changes during a 2-week
training camp.

A decreased peak performance in a standardized lab test
and alterations of mood state are typical findings after an
increase of training load.*>*** A long-lasting drop of the
sports-specific performance, even after 2 weeks of regener-
ation, was recommended to be essential for diagnosis of an
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FIGURE 1. Bar plots of all heart rate and variability parameters and baroreflex sensitivity that are significantly altered in the
Friedman test for repeated measurements. M1, measurement before training camp; M2, measurement during training camp; M3,
measurement after recovery period. *Significant changes obtained with the Wilcoxon test for paired comparisons.
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overtraining syndrome.?® The decrease of performance and the
inverse behavior of the score of mood state subscales “vigor”
and “fatigue” during the training camp expressed only an
insufficient regeneration of the investigated athletes in this
study.”” However, the general findings at the end (M3),
a slightly enhanced performance and a nearly normal general
mood state after 4 days of recovery, indicate that just a state
of overreaching occurred, induced by a short-time overload
followed by a minimal supercompensation.*

The increased heart rate (reduced meanNN) during the
training camp, which recovered after 3 to 4 days of rest, clearly
indicates an increased sympathetic activation due to increased
training. The reduction of beat-to-beat fluctuations (rmssd),
which are predominantly accomplished by vagal efferents,*’
indicates a shift of the sympatho-vagal balance toward
sympathetic activity due to increased training amount. In
agreement with other studies, we conclude that heavy training
could increase cardiac sympathetic modulation during the
supine position.*® Interestingly, the changes in rmssd were
significant only in test 2 (ie, between M2 and M3). We assume
that the different individual performance capacity of the male
participants before the training camp blurred the statistics,
whilst the recovery phase clearly demonstrates the significant
impact of the training camp. Supporting this assumption,
a cross-sectional study by Mourot et al*! found a reduced
supine HRV in a group of 7 overtrained athletes compared with
8 trained athletes and untrained probands, suggesting also an
increased sympathetic activity. However, a study from Bosquet
et al*? that observed overnight HRV in 9 endurance athletes
during and 2 weeks after overtraining found no significant
changes. A cross-sectional overtraining study of 12 athletes by
Hynynen et al** found reduced parasympathetic heart rate
control after awakening. Another study during a 6-day training
camp has also not revealed significant changes in HRV**
Discrepancies in study results might partly arise from the
different measurement conditions. For HRV analysis, quasi-
stationary signal behaviour is essential.>” Assessing the whole
overnight HRV, for example, which is strongly assumed to
contain nonstationary phases due to body movement and the
like, might blur significant differences such as we have found
under well-defined resting conditions. Also the duration and
kind of the applied training amount might be different in the
aforementioned studies and may result in different findings.
Furthermore, high-frequency heart rate and blood pressure
oscillations are caused directly and indirectly by respiration.
Following different philosophies, some studies standardized
this influence by forced breathing while others investigated the
free-running condition. However, it has been shown that both
approaches did not result in significant differences in HRV
spectral indices.*® For this study, we focused on free-running
respiration, assessing overall changes in autonomic cardio-
vascular control, including cardiorespiratory changes.

A study of female endurance athletes has shown that
progressively increased training load and overtraining did not
induce significant changes in intrinsic heart rate or cardiac
autonomic modulation.*® Another study, investigating un-
trained, moderately trained, and heavily trained probands has
found alterations in autonomic cardiac modulation only in
moderately trained probands, but not in the heavily trained
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probands.? A study by Winsely et al’ indicates that over-
reaching has a stronger effect on HRV in untrained women
than in trained women. Thus, the abrupt change of load, such
as in the training camp situation, seems to stimulate changes in
autonomic control, whereas a progressively increasing load
might trigger cardiovascular adaptation effects. Further, HRV
depends on gender. Women have shown slightly decreased LF
variability, and the parasympathetic heart rate control is
thought to be stronger than in men.*” In this study, however, we
were not able to investigate gender effects due to small group
sizes. Nevertheless, we assume that the training camp triggers
similar autonomic responses in men as well as women,
allowing the pooling of both genders in this first study, even
though the basal levels might be different. Future inves-
tigations have to consider gender differences.

Systolic and diastolic blood pressure values were
unaltered between all measurements. Also BPV was seem-
ingly not affected by increased training. This is in accordance
with a study of overtrained female athletes.*® A study of elite
runners during a training camp by Portier et al*° has, however,
shown that endurance training might lead to a decreased
vasomotor activity.

BRS was also affected by the abrupt increase in training
load, showing a significant reduction during training camp and
recovery effects 3 to 4 days after training. Since the cardiac
baroreflex is primarily mediated by vagal efferents,?® this
might also be interpreted as a shift in the sympatho-vagal
balance toward sympathetic activation and vagal inhibition;
however, an overtraining study of female athletes found no
BRS changes.*®

Our investigation indicates an increased sympathetic
activity paralleled with a reduced vagal activity during periods
of intensified training. Interestingly, this agrees with the
assumption of an increased sympathetic activity in the first
days or weeks during the development of an overtraining
syndrome.'' Further, we found that these effects are almost
vanished after 3 to 4 days of recovery, suggesting that the
2-week training camp resulted just in overreaching, rather than
an overtraining syndrome.

In conclusion, HRV and BRS reflect autonomic
responses to increased training and therefore seem to be
suitable markers for overreaching and might be useful also to
study the overtraining syndrome. Limitations of our study are
the small number of athletes, disallowing a gender-specific
analysis and possibly reducing the statistical power of our
analyses and furthermore the physical performance, varying
between the male individuals. Future studies should therefore
investigate the intraindividual relationships among physical
performance, autonomic control, and blood-based measures of
overtraining in large groups.
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