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ABSTRACT

Tian, Y, He, Z-H, Zhao, J-X, Tao, D-L, Xu, K-Y, Earnest, CP, and
Mc Naughton, LR. Heart rate variability threshold values for
early-warning nonfunctional overreaching in elite female wrestlers. J Strength Cond Res 27(6): 1511–1519, 2013—Functional overreaching (FOR) represents intense training followed
by a brief reduction in performance and then a rapid recovery
(,2 weeks) and performance supercompensation. Nonfunctional overreaching (NFOR) occurs when the reduced performance continues $3 weeks. Heart rate variability (HRV) is
a promising tool for detecting NFOR. In this study, the
authors examined HRV thresholds in 34 elite female wrestlers
(mean 6 SD: age 23 6 3 years; height 165.6 6 6 cm, weight
63 6 8 kg) for FOR/NFOR during training before 11 major
competitions. Supine HRV was analyzed weekly at the same
time of day using time and frequency domain methods. The
authors observed that the time domain index, square root of
the mean of the sum of the squares of differences between
adjacent R-to-R intervals (rMSSD, milliseconds), denoting
parasympathetic tone, showed those responding normally to
training (82.76 ms, 95% confidence interval 77.75–87.78) to
be significantly different to those showing a decrease (45.97
ms, 95% confidence interval, 30.79–61.14) or hyper-responsiveness (160.44 ms, 95% confidence interval, 142.02–
178.85; all, p , 0.001). Similar results were observed for
mixed sympathetic and parasympathetic signal standard deviation of the NN intervals (ms): normal (65.39; 95% confidence
interval, 62.49–68.29), decrease (40.07; 95% confidence
interval, 29–51.14), and hyperresponse (115.00; 95% confidence interval, 105.46–124.54; all, p , 0.001) and synony-
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mous frequency domain components. An examination of the
95% confidence interval shows a narrow band surrounding
a normal response compared with broader bands accompanying adverse responses. Thus, severe perturbations both above
and below normal responses lasting .2 weeks indicated an
athlete’s transition to NFOR and, hence, are useful for assessing possible overreaching/training.

KEY WORDS parasympathetic modulation, fatigue, performance, pre-competition training
INTRODUCTION

B

ecause athletes strive to improve their performance, they invariably increase the frequency,
volume, and intensity of training. In doing so,
they invariably experience fatigue. This fatigue
ranges from short-term “normal” fatigue when recovery is
achieved within hours or days to longer-lasting “abnormal”
fatigue where recovery is prolonged (31). This latter aspect
of recovery can be divided into a number of distinct duration phases, which include functional overreaching (FOR),
nonfunctional overreaching (NFOR), and the overtraining
syndrome (OTS) (32). Recovery accompanying the FOR
state typically occurs within 2 weeks, is a vital part of
training, and often used by athletes during a typical training
cycle before a period of recovery. It is further hypothesized
that FOR stimulates a supercompensation effect and, as
a result, increases performance to a level higher than previously attained (10).
With regard to NFOR, however, recovery may take
several weeks (i.e., . 3 weeks), eventually leading to the
OTS (26). Subsequently, OTS may last months or years,
during which time athletes are unable to sustain normal
training and have significant decrements in performance,
combined with physical and psychological health problems
(32). For both athletes and coaches alike, monitoring precompetition training is important for determining, and
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hence, trying to avoid the occurrence of NFOR or OTS.
Autonomic nervous system (ANS) imbalance, as assessed
through heart rate variability (HRV), has been proposed as
a means of detecting the signs and symptoms of the overtraining (OT) state (22).
Heart rate variability indices are analyzed from the R-to-R
intervals (aka, NN) of heart rate recordings have been
used as indicators of ANS function (21,23,24,33), and provide a promising tool for detecting an overreaching/
overtraining state (1,2). In the OT state, the frequency
domain determined index, high frequency (HF), indicating
parasympathetic activity, and total power (TP), denoting
mixed sympathetic and parasympathetic activities, was
shown to be higher in a junior female cross-country skier
suggesting an ANS imbalance with extensive parasympathetic modulation (12). An increased low-frequency power
(LF), a marker of increased cardiac sympathetic modulation,
has also been reported in endurance athletes (35). In the
overreached state, previous investigations have found shifts
toward both sympathetic (16,29,37) and parasympathetic
(30) predominance. A significant increase in low-frequency
(LF) spectral power was seen in a mixture of cohorts such as
young female endurance athletes (37) and junior rowers (16).
Contrary to the aforementioned observations, LF was
either unchanged in elite canoeists (11) or significantly lower
in elite runners (30) accompanying overtraining. However, it
should be noted that the assessment of LF is of mixed opinions regarding its significance because some investigators
interpret LF component as a marker of sympathetic modulation (especially when expressed in normalized units),
whereas others view LF to be associated with both sympathetic and vagal influences. Significant and progressive
decreases in HF and normalized high frequency power
(HFnu) have also been shown in elite middle distance male
runners (29) but not in their elite female counterparts after
6 weeks of training (36). Lastly, Earnest et al. (6) showed that
continued exposure to prolonged periods of intense cycling
exercise during a 3-week Grand Tour of Cycling (Vuelta
a Espana) caused a severe reduction in HRV indices in riders
serving as “domestiques” vs. those riders who were protected
in an effort to “save” them for more important stages where
they would contend for stage victories.
The data accumulated to date suggest that few definitive
conclusions can be drawn regarding the use of HRV for the
diagnoses of FOR/NFOR or OT. While it seems intuitive
that a relative state of irrecoverable fatigue induced by
training would suppress autonomic function, the literature
suggests that some athletes may experience a hyper-reactive
response. The primary aim of this study was to use
a prospective longitudinal design to determine whether it
is possible to predict NFOR using HRV parameters during
training cycles leading up to international competition in
elite female athletes participating in wrestling. We hypothesized that NFOR can be predicted and thus prevented by
monitoring HRV parameters.
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METHODS
Experimental Approach to the Problem

Initially, we believed that HRV parameters might be valuable
in monitoring elite wrestler’ training to avoid NFOR. In
a short ‘pilot study’ before the 2007 World Championship,
we measured a number of HRV parameters, with meaningful
results. On the basis of these results, we embarked on the
continued acquisition of HRV preceding 10 international
competitions using the criteria observed during this pilot
study. At the same time, we also performed a number of
case studies because some of the athletes had continuously
participated in several competitions. Finally, we summarized
the common features with the accumulation of the samples
and the measurement data. Hence, the valuable markers and
reference thresholds of HRV parameters were obtained for
early-warning NFOR.
No later than 6 weeks before each tournament, HRV
was measured for each athlete scheduled to participate in
the international competitions during 2007, 2010, and 2011
(see Table 1). At the same time, we recorded each athlete’s
planned training load, the actual athlete’s completion load,
and the combative scoring capacity for each athlete. On the
basis of previous research defining FOR/NFOR and competition analysis and suggestions from the experienced
national coaches, the FOR and NFOR state were determined for each athlete (4,26).
Subjects

Thirty-four elite female wrestlers participated in the study. All
were medal winners in national and international competitions
and were training on the national team preparing for 11
international competitions during 2007, 2010, and 2011 (see
Table 1). Athletes were numbered from A1 to A34 to indicate
that they had participated in several competitions. The athletes
were drawn from the following weight classes and with the
following physical characteristics (age, height, weight, percent
body fat; mean 6 SD): 46 kg (n = 1, 18 years, 155 cm, 48 kg,
11.8%); 48 kg (n = 6, 22 6 3 years, 158 6 2 cm, 52 6 3 kg,
11.55 6 3.45%); 52 kg (n = 1, 18 years, 156 cm, 56 kg, 15.5%);
55 kg (n = 9, 22 6 2 years, 163 6 3 cm, 61 6 3 kg, 12.7 6
1.9%); 60 kg (n = 1, 19 years, 164 cm, 66 kg, 21.3%); 63 kg (n =
8, 24 6 2 years; 170 6 1 cm, 67 6 1 kg, 15.1 6 3.9%); 72 kg
(n = 8, 24 6 2 years, 173 6 3 cm, 73 6 3 kg, 20.2 6 7.0%).
Overall, the athletes V̇ O2max ranged from 46.5 to
52.4 mL$kg21$min21, and peak power output (as determined
by a standard Wingate test) ranged from 7.8 to
8.1 W$kg21$min21. Body weight was measured according
to the International Wrestling Federation’s official regulations.
Percent fat was calculated with skinfold thickness according to
the formula of Brozek et al. (3). Written informed consent was
obtained from each subject before the start of the study, which
was approved by the local institutional ethics committee
(China Institute of Sport Science, China). Subjects were
informed about the procedures and aims of the study, and
subjects gave their written consent to participate.
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TABLE 1. The subjects and the monitored period.*
Competitions
2007
2010
2010
2010
2010
2010
2010
2010
2010
2010
2011

Senior World Championships
World Cup
Asian Qualifying Tournament for the YOG
Youth Olympic Games
Junior Asian Championships
Junior World Championships
Senior Asian Championships
Senior Combat Games
Senior World Championships
16th Asian Games
Senior World Championships

Athletes participated in several competitions
N1
4
14
3
1
5
5
7
3
7
4
7

A14
A1, A2, A4, A5, A6, A7, A8, A9, A14, A15
A13
A13
A3, A6, A10, A11
A3, A4, A6, A10, A11
A1, A2, A5, A8, A9, A12, A15
A7, A10,
A1, A2, A4, A8, A12, A15
A1, A4, A8,
A1, A3, A4,

*Athletes were numbered from A1 to A34 to indicate that she had participated in several competitions.

Maximal Oxygen Consumption (V̇ O2.max)

All subjects performed a graded treadmill (Erich Jaeger
Treadmill E6, Hoechberg, Germany) test to determine
maximal oxygen consumption (V̇ O2.max) using a breathby-breath monitoring system (Oxycon Champion, Jaeger,
Germany). After a warm-up (15 min of selfcontrolled low-intensity running), the exercise test commenced at a speed of 8 km$h21 followed by increases of
0.8 km$h21$min21 until 16 km$h21; thereafter, the grade
was increased in 1.0% increments each minute until the subject reached voluntary exhaustion. Heart rate values were
collected continuously throughout the test using a Polar
Vantage heart rate monitor (Polar, Kempele, Finland). The
criteria for (V̇ O2.max) attainment were respiratory exchange
ratio $1.1 and a change in (V̇ O2.max) in the last 30-second
interval #5% or 100 mL$min21. Fingertip blood samples for
blood lactate analysis (YSI 1500; Yellow Springs Instruments, Yellow Springs, OH) were obtained 4 minutes after
the end of the test.
30-Second Wingate Test

The Wingate test was performed using a cycle ergometer
(Monark 894E Monark Exercise AB, Vansbro, Sweden). A
warm-up preceded the test consisting of voluntary running on
a treadmill followed by voluntary bicycle pedaling for 2–4
minutes against a light resistance. During the cycling warmup, 2–3 short 4- to 8-second sprints were performed. After the
warm-up, a 3- to 5-minute rest was allowed before beginning
the Wingate test. To start the test, subjects accelerated their
pedaling velocity against no resistance for 5 seconds to achieve
maximal pedaling velocity. Then the resistance used for testing
was added and the 30-second test began. During the entire 30
seconds of the test, the wrestlers pedaled as fast as possible
against a resistance relative to body weight (0.080 3 body
weight) (40). Peak anaerobic power, anaerobic capacity, and

fatigue index (peak power 2 minimum power/peak power)
were calculated using the software supplied by the manufacturer (Monark 894E, version 2.2; Sweden).
Measurement of Heart Rate Variability and Training Load

Heart rate variability was measured weekly using the OmegaWave sport technology system (OmegaWave Technologies,
LLC, Portland, OR, USA) as described in the manufacturer’s
reference manual and standardized guidelines for the measurement of HRV (17). The following time domain indices
(in milliseconds) were analyzed and are assumed to represent
ANS activity (24,33): the standard deviation of all normal RR
(SDNN) and square root of the mean of the sum of the
squares of differences between adjacent RR (rMSSD). Frequency domain parameters include total power (TP 2 ms2),
low-frequency power (LP 2 ms2), high-frequency power
(HP 2 ms2), and low-to-high frequency ratio (LF:HF).
Whereas the HF component is generally defined as a marker
of vagal modulation, the LF component depends on both the
sympathetic and parasympathetic nervous systems. The LF:
HF ratio reflects the global sympathovagal balance and can be
used as a measure of ANS balance (17).
Training loads varied on a weekly basis and were divided
into high, medium, and light load with an adjusted week
according to the individual training requirements. In the
high-load week, the training was high-load training in the
morning (9:00–12:00 AM) and afternoon (3:00–6:00 PM) on
Monday, Tuesday, Thursday, and Friday with low-load
training on the Wednesday and Saturday morning. In the
medium-load week, the intensity and volume were either
both reduced to half or only 1 was reduced to half. The
light-load week comprised only 3 half-day low-load training,
whereas in the adjusted week, athletes undertook recreational
activities comprising basketball, football, and other team or
individual activities at a low level. Hence, the measurements
VOLUME 27 | NUMBER 6 | JUNE 2013 |
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Figure 1. Data are mean and 95% confidence interval for the time domain indices representing the standard deviation of all normal RR intervals (SDNN) and
the square root of the mean of the sum of the squares of differences between adjacent RR (rMSSD). All pairwise comparisons are significant (p , 0.0001).

were performed between 1900 and 2200 hours (before sleep
time and in order not to disturb sleep) in the supine position
in a quiet setting on the Sunday evening after the athletes had
a full recovery. For a given athlete, she was assessed at the
same time each week to avoid circadian variations among
individuals (24). Room temperature and humidity were controlled at 26 6 18 C and 50 6 5%, respectively.
The Classification of Functional Overreaching/Nonfunctional
Overreaching

As mentioned previously, the definition of FOR/NFOR/
OTS used to classify athletes was derived from the previous
reference data (4,26), which was then integrated with the
suggestions of the experienced national coaches.
Overreaching (OR) for female wrestlers is a state of training
because of an increment of training load or other stresses, such
that the athletes are unable to sustain high-intensity training
and have a decreased performance capacity. Although they are
usually able to start a normal training program, they are unable
to complete the training load they are given and hence have to
significantly adjust their training program load. After 2 weeks
of appropriate recovery regimens for the athlete, full recovery
may occur and the process of OR may have stimulated
a supercompensation effect, with performance increasing to
a level higher than previously attained, which is called FOR.
Athletes were categorized as NFOR if episodes lasted from 2
to 6 weeks or as OT if the episodes lasted for .6 weeks. If the
wrestler could not maintain the normal training program and
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the performance decrement continued beyond 6 weeks, they
were dropped from the national team. Altogether, we defined
the NFOR period from 2 to 6 weeks, and hence, this research
concentrated on the overreaching analysis.
Performance Assessments

Wrestling is a complex sport that demands a number of
specific characteristics, such as maximal strength, aerobic
endurance, and high anaerobic capabilities to achieve success
in competition (20,39). Hence, it is difficult to select 1 or 2
specific performance indices, which are related to competition performance, and it is also difficult to design tests that
diagnose specific performance under laboratory conditions.
Furthermore, it is impractical to measure the specific capacity index each week, especially in the pre-competition
training. In this study, the evaluation of improvement in
competition performance was scored by experienced
coaches using a 5-point scale combined of competition rank,
behavior, and score rate. A grade of 0 indicates that the
athlete is “off her game” and performance is significantly
decreased, whereas grade 1 means the performance is “better
than 0” but still “well below normal.” Grade 2 denotes that
the performance of the athlete is “slightly” below normal.
Grade 3 represents “no improvement” from the original level
and grade 4 shows that the performance is “slightly
enhanced.” A score of grade 5 indicates that the performance
has increased significantly and the athlete is performing at
a high level. For example, 1 athlete won the third place in the
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TABLE 2. Frequency domain parameters for HRV in normal recovery and overreached female wrestlers.*
95％ CI

TP (ms2)
LF (ms2)
HF (ms2)
LF/HF
VLF (ms2)

State

N

Mean

Lower bound

Upper bound

Decreased response†
Normal response
Increased responsez
Decreased response
Normal response
Increased responsez
Decreased response†
Normal response
Increased responsez
Decreased response†
Normal response
Increased response
Decreased response
Normal response
Increased responsez

29
216
32
29
216
32
29
216
32
29
216
32
29
216
32

865.76
1,655.17
5,422.59
228.86
318.26
1,052.19
539.59
1,224.37
4,151.81
0.7276
0.4079
0.3656
97.24
112.59
218.56

258.95
1,451.46
4,427.95
65.77
278.70
781.33
106.74
1,039.67
3,196.84
0.4511
0.3414
0.2392
29.13
100.05
151.35

1,472.57
1,858.87
6,417.24
391.95
357.82
1,323.05
972.44
1,409.08
5,106.78
1.0041
0.4743
0.4921
165.35
125.13
285.77

*N = the total number of measurements of all athletes when they are normal recovery or overreaching state accompanying with the
decrease or increase of HRV parameters; HRV = heart rate variability; CI = confidence interval.
†p , 0.05 for decreased response vs. normal response.
zp ,0.0001 for increased response vs. normal response.

World Championships held in 2007, and she also got the
third place in 2010. At the same time, the score rate was
decreased compared with that in 2006 and she lost to the
opponent who had been defeated by her in the last year. We
defined her as in “2” grade. After 2 weeks of recovery, the
athlete got grade “0” or “1,” and she was considered to be in
NFOR state during the preparation for the competition.
Training Load Assessment

Three main approaches have been adopted to quantify
weekly and annual training loads by the coaches. The first
was the observational approach, based on documented
training details, including program arrangement, type and
duration of a training session, fulfillment scale of the plans
and training behaviors, absence in programmed training
sessions, fluid intake, and athlete’s injury on a daily basis. The
second approach consisted of monitoring heart rate, blood
lactate concentration, and blood ammonia concentration
during training to obtain information on the intensity of
training. Diet, nutritional intakes, medication, and weight
were also monitored weekly. The third approach consisted
of obtaining the self-assessment of the athlete by daily/
weekly monitoring of self-scored questionnaires and a subjective estimate by the coaches. The questionnaires examined the athlete’s perception of training adaptation, general
stress levels, fatigue, quality of sleep, infection, concentration,
anxiety, irritability, and muscle soreness. The evaluations of
the coaches on some of these parameters were also recorded.

Statistical Analyses

All analyses were performed using SPSS (version 13.0; SPSS,
Inc., Chicago, IL, USA). Normal recovery data are presented
as mean and 95% confidence interval (CI) for mean. The
comparisons of HRV parameters between overreaching states
and normal recovery were analyzed by the 1-way analysis of
variance (ANOVA), using athlete’s age as the covariate. Post
hoc test (Fisher’s least significant difference) was used to
determine where significant differences were present if the
ANOVA showed a significant difference. To minimize the
risk of a Type I error arising from numerous between-group
comparisons, all statistical analyses were corrected for mass
significance (13). The level of significance was set a priori at p
, 0.001.

RESULTS
Nonfunctional Overreaching Incidence Rate

During the monitoring period, 7 athletes were diagnosed to
be in the NFOR state (21%). Among them, 2 athletes were
diagnosed with NFOR twice, and there were therefore 9
cases of NFOR. Two athletes were diagnosed to be in the
FOR state once.
Valuable Markers and Assessment Reference Thresholds

The overreaching state was concurrent with the fluctuation of
HRV parameters. When these elite athletes were in an
overreached state, the HRV parameters seemed to have 2
VOLUME 27 | NUMBER 6 | JUNE 2013 |
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types of changes. One was a significant decrease, whereas
other wrestlers exhibited a significant increase in HRV indices.
Those with a normal response were classified as “normal” and
examples of these responses for the time domain indices of
rMSSD and SDNN are presented in Figure 1. The time
domain indices SDNN and rMSSD were statistically significant for each pairwise comparison (all, p , 0.0001).
Table 2 shows the frequency domain parameters for HRV
in normal recovery and overreached female wrestlers. As for
TP, HF, LF, and very low frequency, there was significant
difference between increased response and normal response
athletes (all, p , 0.0001) but not between those exhibiting
a decreased response and those with showing a normal
response to training. As for LF:HF, there was significant
difference between decreased and normal responders (p =
0.002); however, there was no significant difference between
the high and normal responders (p = 0.662).

DISCUSSION
The primary finding from this study is that we were able to
identify athletes involved in strenuous international competition using HRV to determine FOR and NFOR. Interestingly, these athletes demonstrated either an increase or
decrease in several HRV indices examining parasympathetic
and mixed nervous system activities. For those athletes
experiencing NFOR, the associated change in HRV indices
persisted for 3 weeks or more, each with a concurrent
decrease in physical performance. Overall, therefore, periods
of excessive training with inadequate rest likely result in ANS
imbalance. Despite the observation of both an increased and
decreased HRV responses, our observations and hypotheses
are supported in the literature by studies showing increased
exercise-induced plasma levels and the unstable urinary
excretion of catecholamine’s in overtrained athletes (21,23).
In general, 2 clinical forms of overtraining have been
noted involving sympathetic and parasympathetic changes
(22). The early stages of overtraining, often referred to
overreaching phase, are characterized by an increase in
sympathetic autonomic tone. If overreaching continues,
overtraining develops and is marked by a predominance of
parasympathetic tone (22). Under this scenario, it has been
postulated that sympathetic tone increases because of an
overstimulation of the sympathetic nervous system secondary exercise training and inadequate periods of recovery.
Eventually, this condition evolves into a combination of inhibition, desensitization, and exhaustion of the neuroendocrine
system, whereby the parasympathetic modulation then
dominates (1,8,22,38). Thus, the relative state of overreaching/overtraining reflected by the neuroendocrine system
may account for the varied response in HRV indices we
observed in this study.
Unfortunately, it is difficult to determine the neuroendocrine contributions of HRV perturbations because only
rMSSD (1,9,27) and HF (25) can be used to examine para-
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sympathetic activity, whereas SDNN and LF represent
mixed sympathetic and parasympathetic tones. Moreover,
although there are no blood values to substantiate the
directionality of the HRV changes we observed, the HRV
changes we did observe are easy to obtain and noninvasive.
Thus, from a practical standpoint, if an athlete did present
with persistent increases or decreases in HRV accompanying
training, they could then follow-up with blood work rather
than undertake the cost burden of sequential blood work
and analysis.
Overall, it is our opinion that based on our findings and
the results of others that HRV can be used as an “early
warning system” to detect whether an athlete is overreaching, or more importantly, overtraining. In our study, we
found 2 distinct HRV fluctuation patterns that if exceeded
for 2 weeks, regardless of directionality, impeded recovery
time. One pattern is where the HRV indices, rMSSD,
SDNN, and HF, were significantly reduced, and simultaneously, the LF:HF ratio was significantly increased. In
essence, if the LF:HF ratio encompasses both sympathetic
and parasympathetic tones, then an increase in the LF:HF
ratio would be driven by the decrease in HF, which serves as
the denominator of the HRV LF:HF ratio equation. This
NFOR state seemed to be the consequence of an imbalance
between prolonged periods of training, where the training
load was too high, with too little time for recovery.
The second pattern is where the HRV parameters were
significantly increased. During this increased NFOR state,
we observed that athletes were under too much accompanying psycho-emotional stress, such as too many competitions and too many nontraining stress factors (social,
educational, occupational, economical, nutritional, travel,
and time stress). These latter points cannot be ignored as
the ANS function is associated not only with overreaching/
overtraining, but with cardiovascular disease risk and a number of health-related issues, such as mood, depression,
anthropometry, cognitive, executive functioning, and vagal
control of the cardiovascular system (5,7,14,17–19,34). Thus,
contributors to alterations in HRV can be caused by various
physical and psychological stimuli, which can ultimately be
“exhausting” and should be given equal consideration when
attempting to assess an athlete’s health while in an overreached or overtrained state. Therefore, it is conceivable that
NFOR can be both sympathetically and parasympathetically
driven, potentially giving coaches insight into both the physical and psychological components of an athlete’s health.
The information about changes in HRV because of overreaching/overtraining is sparse, and the findings are inconsistent. Hedelin et al. (8) investigated 9 canoeists before and
after a training regimen corresponding to 50% increase in
normal training load applied for 6 days. No significant differences were found in HRV parameters, and they concluded
that the HRV data did not support an altered autonomic
balance in these athlete. A case study by the same authors
in a junior cross-country skier showed increased HF and total
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power in the supine position compared with before and after,
and no significant change in LF power, suggesting an
increased parasympathetic activity (12). In another study,
the HRV parameters, rMSSD, TP, LP, HP, and LF/HF of
12 severely overtrained athletes, were measured during sleep
and when awake. Overtrained athletes had lower HRV especially SDNN and LF component that control athletes after
awakening. This difference could not be seen during night
sleep; however, overtrained athletes had larger decreases in
awakening HRV components than control athletes (15).
Pichot et al. (29) assessed ANS activity in 7 middle distance male runners during their usual training cycle (3 weeks
heavy training, followed by a relative resting week). The HF
and HFnu showed a significant decrease from week 1 to
week 3 and a significant increase from week 3 to week 4.
Their results confirmed that heavy training shifted the cardiac autonomic balance from parasympathetic to sympathetic drive. Uusitalo et al. (37) studied a study in which
15 endurance-trained women were divided into either highor low-intensity training groups. This resulted in an overtraining of the former group after a period of 6–9 weeks.
The main finding from this group was a significant increase
in the LF component in high-intensity group when obtained
in the supine position but not in the low-intensity training
group. Iellamo et al. (16) studied 7 Italian junior rowers
during a 20-day period before the rowing World Championship. At 100% training load, the LF showed an increase,
whereas the HF component decreased. The study by Iellamo et al. (16) and Uusitalo et al. (37) supports the previous
study by Pichot et al. (29). However, the work of Portier
et al. (30) is contradictory to these 3 studies (16,29,37).
These authors (30) tested 8 runners twice, after a relative
rest period of 3 weeks, followed by a 12-week intense training
period for endurance. They found that the LF was significantly lower in the supine position. In another study (28), 6
sedentary men successfully completed 2 months of intensive
cycle ergometer training and 1 month of overload training
followed by 2 weeks of recovery. During the intensive training
period, physical performance increased significantly as did the
HRV parameters HF, rMSSD, PNN50, and SDNN. There
was also a significant shift in the ANS toward a predominance
of its parasympathetic arm (LF/HF, LFnu, HFnu). During the
overload training period, there were no significant changes in
the parasympathetic indices (PNN50, rMSSD, SDNN, and
HF), which suggest a progressive increase in the sympathetic
activity as determined by the LF:HF ratio (28).
A strength of this study is that we examined a relatively
large cohort of international female wrestlers, who showed
that an increase and decrease of parasympathetic activity
were both accompanied by the occurrence of overreaching.
In a practical training environment, the state of OR/OT is
caused by the sport-specific stress caused by the periodization of training (physiological stress) or nontraining
factors (psychological and social stresses) or a combination
of the 2. This may be manifested by various symptoms of
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overreaching/overtraining and then fluctuations in a variety
of HRV parameters. However, this study is not without
potential limitations. Because the subjects were top athletes, the sample was still somewhat small, despite being
larger than similar studies from other athletic populations.
As to a given athlete, 1 or 2 HRV parameter data were not
measured during preparing for a given competition because
she had changed training plan or had participated in
meetings or social activities. It should also be noted that
we cannot report on the athletes’ body composition and
rapid fluctuations in anthropometry may affect HRV. We
also do not have any laboratory performance parameters to
help substantiate these findings. Still, it must be remembered that wrestling is a complex sport that demands
a number of specific characteristics, such as maximal
strength, aerobic endurance, and high anaerobic capabilities to achieve success in competition (20,39). Hence, it
is difficult to select 1 or 2 specific capacity indices, which
are related to competition performance, and it is also difficult to design tests that diagnose specific performance
under laboratory conditions. We could also be criticized
for not accounting for hydration status and acute dietary
restrictions that often accompany weight loss practices in
wrestlers. However, it is not standard practice for Chinese
wrestlers to engage in acute weight loss practices during
training or before matches through dehydration or food
reduction. Specifically, the athletes are monitored to avoid
this scenario. These are, however, points that should be
carefully considered when monitoring an athlete when
using HRV. Overall, we feel that these results are intriguing
as coaches must bear in mind that the elite athlete is also
young and does not live in a cloistered environment but
must exist with a number of psycho-social stressors also
influencing their lives.
In the overreaching state, the HRV parameters (SDNN
and rMSSD) measured at night and before sleep increased or
decreased significantly compared with normal recovery in
the supine position. Although athletes in a FOR state needed
only 1–2 weeks to recover, those moving into an NFOR
state needed more than 3 weeks to recover regardless of
the directionality of the HRV indices we measured.

PRACTICAL APPLICATIONS
This study provided additional information regarding the
assessment of overreaching using the noninvasively derived
indices of HRV as a diagnostic criterion. Therefore, HRV
may serve as an easily derived “early warning system” that
is easily obtainable. When large perturbations in HRV
are noted for an athlete that persisted for longer than
2 weeks, this may aid in determining further follow-up
testing that is more invasive in nature, such as measuring
plasma catecholamine’s and inflammatory markers.
Coaches and athletes can use the HRV parameters reference thresholds to monitor training and hence avoiding
VOLUME 27 | NUMBER 6 | JUNE 2013 |
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the occurrence of NFOR/OT in preparing for important
international competitions.

ACKNOWLEDGMENTS
This work was supported by grants from China Institute of
Sport Science (2010–06). There are no professional relationships with companies or manufactures, and there is no conflict of interest. The results of this study do not constitute
endorsement of the product by the authors or the National
Strength and Conditioning Association. This study was performed in the laboratory of China Institute of Sport Science.

REFERENCES
1. Achten, J and Jeukendrup, AE. Heart rate monitoring: Applications
and limitations. Sports Med 33: 517–538, 2003.
2. Aubert, AE, Seps, B, and Beckers, F. Heart rate variability in athletes.
Sports Med 33: 889–919, 2003.
3. Brozek, J, Grande, F, Anderson, JT, and Keys, A. Densitometric
analysis of body composition: Revision of some quantitative
assumptions. Ann N Y Acad Sci 110: 113–140, 1963.
4. Budgett, R. Fatigue and underperformance in athletes: The
overtraining syndrome. Br J Sports Med 32: 107–110, 1998.
5. Colcombe, S and Kramer, AF. Fitness effects on the cognitive
function of older adults: A meta-analytic study. Psychol Sci 14:
125–130, 2003.
6. Earnest, CP, Jurca, R, Church, TS, Chicharro, JL, Hoyos, J, and
Lucia, A. Relation between physical exertion and heart rate
variability characteristics in professional cyclists during the Tour of
Spain. Br J Sports Med 38: 568–575, 2004.
7. Etnier, JL, Nowell, PM, Landers, DM, and Sibley, BA. A metaregression to examine the relationship between aerobic fitness and
cognitive performance. Brain Res Rev 52: 119–130, 2006.
8. Fry, RW, Morton, AR, and Keast, D. Overtraining in athletes.
An update. Sports Med 12: 32–65, 1991.
9. Goldberger, JJ, Le, FK, Lahiri, M, Kannankeril, PJ, Ng, J, and
Kadish, AH. Assessment of parasympathetic reactivation after
exercise. Am J Physiol Heart Circ Physiol 290: H2446–H2452, 2006.

the treatment of major depression. Appl Psychophysiol Biofeedback 32:
19–30, 2007.
18. Kim, CK, McGorray, SP, Bartholomew, BA, Marsh, M, Dicken, T,
Wassertheil-Smoller, S, Curb, JD, Oberman, A, Hsia, J, Gardin, J,
Wong, ND, Barton, B, McMahon, RP, and Sheps, DS. Depressive
symptoms and heart rate variability in postmenopausal women.
Arch Intern Med 165: 1239–1244, 2005.
19. Kim, DH, Lipsitz, LA, Ferrucci, L, Varadhan, R, Guralnik, JM,
Carlson, MC, Fleisher, LA, Fried, LP, and Chaves, PH. Association
between reduced heart rate variability and cognitive impairment in
older disabled women in the community: Women’s Health and
Aging Study I. J Am Geriatr Soc 54: 1751–1757, 2006.
20. Kraemer, WJ, Fry, AC, Rubin, MR, Triplett-McBride, T,
Gordon, SE, Koziris, LP, Lynch, JM, Volek, JS, Meuffels, DE,
Newton, RU, and Fleck, SJ. Physiological and performance
responses to tournament wrestling. Med Sci Sports Exerc 33:
1367–1378, 2001.
21. Lehmann, M, Dickhuth, HH, Gendrisch, G, Lazar, W, Thum, M,
Kaminski, R, Aramendi, JF, Peterke, E, Wieland, W, and Keul, J.
Training-overtraining. A prospective, experimental study with
experienced middle- and long-distance runners. Int J Sports Med 12:
444–452, 1991.
22. Lehmann, M, Foster, C, Dickhuth, HH, and Gastmann, U.
Autonomic imbalance hypothesis and overtraining syndrome. Med
Sci Sports Exerc 30: 1140–1145, 1998.
23. Lehmann, M, Schnee, W, Scheu, R, Stockhausen, W, and Bachl, N.
Decreased nocturnal catecholamine excretion: Parameter for an
overtraining syndrome in athletes? Int J Sports Med 13: 236–242, 1992.
24. Malik, M. Heart rate variability. Standards of measurement,
physiological interpretation, and clinical use. Task Force of the
European Society of Cardiology and the North American Society of
Pacing and Electrophysiology. Eur Heart J 17: 354–381, 1996.
25. Martinmaki, K, Rusko, H, Kooistra, L, Kettunen, J, and Saalasti, S.
Intraindividual validation of heart rate variability indexes to measure
vagal effects on hearts. Am J Physiol Heart Circ Physiol 290: H640–
H647, 2006.
26. Meeusen, R. Prevention, diagnosis and treatment of the
Overtraining Syndrome. European J Sport Sci 6: 1–14, 2006.
27. Ng, J, Sundaram, S, Kadish, AH, and Goldberger, JJ. Autonomic
effects on the spectral analysis of heart rate variability after exercise.
Am J Physiol Heart Circ Physiol 297: H1421–H1428, 2009.

10. Halson, SL and Jeukendrup, AE. Does overtraining exist? An
analysis of overreaching and overtraining research. Sports Med 34:
967–981, 2004.

28. Pichot, V, Busso, T, Roche, F, Garet, M, Costes, F, Duverney, D,
Lacour, JR, and Barthelemy, JC. Autonomic adaptations to intensive
and overload training periods: A laboratory study. Med Sci Sports
Exerc 34: 1660–1666, 2002.

11. Hedelin, R, Kentta, G, Wiklund, U, Bjerle, P, and HenrikssonLarsen, K. Short-term overtraining: Effects on performance,
circulatory responses, and heart rate variability. Med Sci Sports Exerc
32: 1480–1484, 2000.

29. Pichot, V, Roche, F, Gaspoz, JM, Enjolras, F, Antoniadis, A,
Minini, P, Costes, F, Busso, T, Lacour, JR, and Barthelemy, JC.
Relation between heart rate variability and training load in middledistance runners. Med Sci Sports Exerc 32: 1729–1736, 2000.

12. Hedelin, R, Wiklund, U, Bjerle, P, and Henriksson-Larsen, K.
Cardiac autonomic imbalance in an overtrained athlete. Med Sci
Sports Exerc 32: 1531–1533, 2000.

30. Portier, H, Louisy, F, Laude, D, Berthelot, M, and Guezennec, CY.
Intense endurance training on heart rate and blood pressure
variability in runners. Med Sci Sports Exerc 33: 1120–1125, 2001.

13. Holm, S. A simple sequentially rejective multiple test procedure.
Scand J Stat 6: 65–70, 1979.

31. Robson-Ansley, PJ, Gleeson, M, and Ansley, L. Fatigue management in
the preparation of Olympic athletes. J Sports Sci 27: 1409–1420, 2009.

14. Hugdahl, K. Cognitive influences on human autonomic nervous
system function. Curr Opin Neurobiol 6: 252–258, 1996.

32. Roose, J, de Vries, WR, Schmikli, SL, Backx, FJ, and van
Doornen, LJ. Evaluation and opportunities in overtraining
approaches. Res Q Exerc Sport 80: 756–764, 2009.

15. Hynynen, E, Uusitalo, A, Konttinen, N, and Rusko, H. Heart rate
variability during night sleep and after awakening in overtrained
athletes. Med Sci Sports Exerc 38: 313–317, 2006.
16. Iellamo, F, Legramante, JM, Pigozzi, F, Spataro, A, Norbiato, G,
Lucini, D, and Pagani, M. Conversion from vagal to sympathetic
predominance with strenuous training in high-performance world
class athletes. Circulation 105: 2719–2724, 2002.
17. Karavidas, MK, Lehrer, PM, Vaschillo, E, Vaschillo, B, Marin, H,
Buyske, S, Malinovsky, I, Radvanski, D, and Hassett, A. Preliminary
results of an open label study of heart rate variability biofeedback for

1518

the

33. Sztajzel, J. Heart rate variability: A noninvasive electrocardiographic
method to measure the autonomic nervous system. Swiss Med Wkly
134: 514–522, 2004.
34. Thayer, JF and Lane, RD. Claude Bernard and the heart-brain
connection: Further elaboration of a model of neurovisceral
integration. Neurosci Biobehav Rev 33: 81–88, 2009.
35. Uusitalo, AL, Uusitalo, AJ, and Rusko, HK. Endurance training,
overtraining and baroreflex sensitivity in female athletes. Clin Physiol
18: 510–520, 1998.

TM

Journal of Strength and Conditioning Research

Copyright © National Strength and Conditioning Association Unauthorized reproduction of this article is prohibited.

the

TM

Journal of Strength and Conditioning Research
36. Uusitalo, AL, Uusitalo, AJ, and Rusko, HK. Exhaustive endurance
training for 6-9 weeks did not induce changes in intrinsic heart rate
and cardiac autonomic modulation in female athletes. Int J Sports
Med 19: 532–540, 1998.
37. Uusitalo, AL, Uusitalo, AJ, and Rusko, HK. Heart rate and blood
pressure variability during heavy training and overtraining in the
female athlete. Int J Sports Med 21: 45–53, 2000.

| www.nsca.com

38. Winsley, RJ, Battersby, GL, and Cockle, HC. Heart rate variability
assessment of overreaching in active and sedentary females. Int J
Sports Med 26: 768–773, 2005.
39. Yoon, J. Physiological profiles of elite senior wrestlers. Sports Med 32:
225–233, 2002.
40. YZ, P. The progress of Wingate anaerobic test. Chinese J Sports
Med 2: 96–99, 1989.

VOLUME 27 | NUMBER 6 | JUNE 2013 |

1519

Copyright © National Strength and Conditioning Association Unauthorized reproduction of this article is prohibited.

