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ABSTRACT 
 
Leite GS, Sampaio LMM, Serra AJ, Miranda MLJ, Brandão MRF, 
Wichi RB. Analysis of Knowledge Production about Overtraining 
Associated with Heart Rate Variability. JEPonline 2012;15(2):20-29. 
The purpose of this paper was to analyze scientific studies on 
overtraining. The survey included online documentary analysis of the 
publications in the Pubmed database, which included articles that 
emphasized the key-word "overtraining” and, more specifically, 
articles that discussed and/or analyzed heart rate variability. The 
paper reached two conclusions. First, longitudinal studies seem to be 
more suitable to monitoring the athlete’s heart rate variability. Second, 
heart rate variability seems to be an excellent indicator, along with 
other markers, to understand the overtraining syndrome.  
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INTRODUCTION 
 
Interest in sports practice and training steadily increases, especially in the realm of competitive 
practice, which has received much media attention lately. Sports performance has been the target of 
numerous investigations in recent years, with emphasis on the training process and its assessment 
(7,32). When properly structured, training supports a positive adaptive response to doing well in 
competition (20).  

However, it has become increasingly obvious that athletes at all levels have been withdrawn from 
competitions due to poor performance. An inappropriately structured training plan can lead athletes to 
a phenomenon known as overtraining (15,20). It is considered a syndrome due to its multifactorial 
causes. Often, overtraining is described as a chronic imbalance between training and recovery with 
fatigue and various other physiological and psychological symptoms. Eventually, over a period of 
weeks or months, the symptoms that associate with overtraining result in a decrease in athletic 
performance (21).   

Traditionally, the symptoms presented in the diagnostic literature indicate that overtraining have been 
described as marker groups (14) that are classified as performance (4,10), psychological (15,20,24), 
biochemical (21,28), immunological (22,33), and physiological (9,25). Urhausen and Kindermann (36)  

indicate that the athletes’ performance assessment is the main marker for overtraining, given that 
athletes often suffer considerable decrease in performance quality that can last for weeks or even 
months. This would ideally be the primary marker for diagnosis, but the authors highlight the difficulty 
in maintaining regular tests in most sports to diagnose overtraining. 

One alternative to the battery of tests is to work with other markers, such as the psychological marker 
group. It has been used to help understand responses to training, as in the use of effort-perceptions 
scales (6), training-recovery scales (20), or the athletes’ mood states. Bosquet, Léger and Legros 
(10) presented a study on changes in the athletes' effort perceptions when maintaining the same 
intensity of exercise during overtraining. Hedelin et al. (17) revealed a change in athletes’ mood 
states during the training process, showing that such protocol is sensitive to changes of the training 
load, and can be used as an overtraining preventive marker. As a parameter that depends on the 
subjective perception of the athlete, it can show a low validity when responses to scales/questions 
are consciously or unconsciously manipulated by the athletes. 

As to the biochemical markers, there are the enzyme indicators such as creatine kinase (CK) and 
lactate dehydrogenase (LDH), hormonals (testosterone (T), and cortisol (C) as the most common 
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markers used to diagnose overtraining in athletes (26). Some researchers have demonstrated an 
increase in CK in the blood of athletes in whom overtraining was diagnosed (28), highlighting a limit-
value of 500 U/L to demonstrate muscular injury in athletes (23). Testosterone (anabolic hormone) 
and cortisol (catabolic) have also been used to demonstrate hormonal adjustments to heavy training 
loads, given that a difference greater than 30% in the ratio between the hormones (T/C) indicates that 
the athlete is in overtraining (31). However, a weakness in the biochemical method is the need to 
secure large blood samples that can overstress the athlete. 

An immune marker has had great prominence in the international literature (33). Some researchers 
have shown suppression of the immune system in response to the use of heavy training loads, 
especially in the case of immunoglobulin A, interleukins 6 and 10 (IL-6; IL-10), and in total leucocytes 
and leucocyte fractions (22). Consequently, individuals engaged in the training process with large 
training loads are probably more likely to experience inflammation and severe infection due to the 
decrease in immune system activity provoked by exercise. The need of blood samples is the main 
weakness of this diagnostic method.        

The assessment of physiological parameters has been the primary method used to identify athletes 
who are overtrained (e.g., using the change in blood lactate to exercise or the determination of  heart 
rate (HR) at rest and/or during sub-maximum exercise) (12). Bosque et al. (10) demonstrated change 
in the response of blood lactate in athletes on overtraining relating the change to the increase of 
training load. Borresen and Lambert (8), on the other hand, indicated that an increase in the at-rest 
HR and HR during submaximal exercise established HR sensitivity as a diagnostic indication of 
overtraining.  

Another physiological assessment is the determination of variability of heart rate (HRV), which is 
established using a set of registers of the R-R intervals of the heart beats over a determined period 
(1). Hedelin and colleagues (18) indicate that a disorder of the autonomous nervous system explains 
some overtraining symptoms in athletes. In a non-invasive way, heart rate variability (HRV) allows for 
assessing changes in the autonomic nervous system (40).  

Such methods of assessment were clinically widespread in 1996, when the European Society of 
Cardiology and the American Society of Electrophysiology published their recommendations (34) 
regarding measurement, interpretation, and use of HRV. After 1996, authors such as Uusitalo et al.  

(37) initiated the use of HRV to monitor athletes for overtraining in an attempt to explore an untapped 
field, and to determine what could serve as a diagnostic tool to detect overtraining.  

In regards to the importance of identifying trends in scientific studies related to the diagnosis of 
overtraining, this study investigated the scientific literature about a possible association between 
heart rate variability and overtraining. 

 
METHODS  
 
Regardless of the year of publication, the Pubmed database was used to determine the number of 
published papers regarding overtraining. The data collection method was systematically carried out 
by the end of November 2011. The articles were analyzed on the basis of their occurrence in the 
Pubmed database, which is believed to be the most relevant access to scientific papers in the health 
field.  
 
The parameters analyzed within the prospective study contained the following key-words: 
“overtraining” and “heart rate variability,” both alone and in association. Articles that addressed the 
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use of heart rate variability as a tool to detect overtraining in athletes were identified for further 
review. In addition, the articles had to be original and written in English. All works that did not meet 
these criteria were excluded from the analysis. 
 
Two forms of data analysis were then used. The first consisted of the development of a summary 
presented in tables and figures, giving a general description of the articles found. The second 
procedure concerned itself with the documentary analysis of the articles found. 
 
 
RESULTS AND DISCUSSION 
 
This paper identifies the scientific trends about overtraining regarding to heart rate variability.  A total 
of 14,665 articles were found with 4.17% relating to the key-words “overtraining” and 95.83% related 
to “heart rate variability.” Of these articles, 13,653 (93.10%) were original articles and 1,012 (6.90%) 
were classified as literature reviews. Free access allowed for analysis of 18.73% of the articles (or 
2,747 articles).  

The association of the key-words decreases the overall analysis considerably, especially since it 
represents just 0.13% of the total articles found for the key-words without association. It is interesting 
to highlight that with association the number of review articles increased to 21.05%, and the number 
of original articles decreased to 78.95%. The criterion of free access also decreased the volume of 
papers to 10.53%. Table 1 presents the numbers related to the key-words and their association.  

 
Table 1. Number of Articles by Key-Word and Classification. 

Key Word 
Type 

Total Free Access 
Original Review 

Overtraining (OT) 461 151 612 93 

Heart Rate Variability (HRV) 13192 861 14053 2654 

OT + HRV 15 4 19 2 
 

 

After establishing the field of analysis, further analysis was necessary regarding to the specificity of 
the works found. Given the inclusion criteria adopted, 100% of the selected studies had athletes as 
subject of their research.  Four review articles were excluded because they were written in languages 
other than English (German, Polish, and Hungarian). Two original articles were excluded; one dealt 
with horses and the other did not assess athletes in overtraining. Figure 1 presents the original 
studies selected using the association of key-words, population, energetic metabolism used, and 
epidemiological characteristic. 

The first article found with the established criteria was published in 1998. By November 2011, there 
was an article/year in the Pubmed database that met association of key-words.  The incidence of the 
articles found in the Pubmed database is shown in Figure 1. Clearly, it is not possible to outline any 
trend in the production of original articles involving overtraining and heart rate variability. 
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Figure 1. Incidence of Publications Involving Overtraining and Heart Rate Variability. 
 

 
These articles demonstrate the use of runners (53.84%) as subjects. Only 23.07% of the articles 
presented experimental models that used exercises with anaerobic characteristics, and none of them 
presented an intermittent characteristic (aerobic and anaerobic); a pattern that normally is 
predominant in team sports. In regards to epidemiological characteristics, 76.93% of the articles were 
longitudinal and only 23.07% were transverse. 
 
The studies with transverse characteristic observed factor and effect at the same historical moment 
(5,35), which can limit the diagnosis and the actual determination of overtraining syndrome.  The 
reason is that the causes can occur in different moments, lasting weeks or even months (21,24). 
Therefore, it is not the best method to use when the objective is to diagnose or prevent overtraining, 
because it would not be indicated in the transverse cut.  

Wilmore, Costill, and Kenney (41) concluded that many athletes presented symptoms related to 
overtraining when the syndrome has not yet been acquired, because the symptoms can be confused 
with responses to a period of intensified training or even with the symptoms of overreaching. In this 
period, a brief decrease in performance occurs that can be extended for a couple of days or weeks 
followed by an increase in the physiological function and improvement of the performance after the 
taper period. 
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Exhibit 1. Characteristics of the Selected Original Articles.  

Study Population 
Energetic  
Metabolism Used 

Epidemiological 
Characteristic 

Blásquez et al. (3) Master Swimmers Anaerobic Longitudinal 

Baumert et al. (2) Triathletes Aerobic Longitudinal 

Hynynen et al. (19) Athletes of Different 
Sports 

Aerobic/Anaerobic Longitudinal 

Vinet et al. (39) Young Swimmers Anaerobic Transverse 

Buchheit et al. (13) Runners/Sedentary 
Individuals 

Aerobic Transverse 

Mourot et al. (25) Athletes of Different 
Sports 

Aerobic Transverse 

Bosquet et al. (11) Runners/Triathletes Aerobic Longitudinal 

Portier et al. (29) Male Runners Aerobic Longitudinal 

Hedelin et al. (18) Paddlers Aerobic Longitudinal 

Hedelin et al. (17) Cross-Country Skiers Aerobic Longitudinal 

Uusitalo et al. (38) Athletes of Different 
Sports 

Aerobic Longitudinal 

Uusitalo et al. (37) Female Runners Aerobic Longitudinal 

 

A point stressed by Halson and Jeukendrup (16) is that most studies describe overtraining incorrectly, 
and that what they actually found was overreaching. They pointed out that overreaching can be 
reversed within a two-week period, but many studies have confused the momentary effects of the 
athlete training with overtraining. The subjectivity of the diagnosis, the variability of the results in the 
studies and especially the lack of well-controlled studies are key issues in this discussion.  

To better understand this point, it is reasonable that future researchers should pay attention to the 
classifications presented by Nederhof et al. (27): (a) functional overreaching; (b) non-functional 
overreaching; and (c) overtraining. The first has a short recovery of days to weeks. The second 
classification consists of moderate symptoms and a recovery period of weeks to months. The third is 
more severe with symptoms that last months to years.  

Morgan et al. (24) stressed the importance to define and break the cause (defined as the process) 
and the consequence (defined as result or product) to better understand the overtraining 
phenomenon. Longitudinal or horizontal research is an investigation in which the same participants 
are studied for a long period (months or years) (35) and it aims to identify the causes and the results 
(5). At this point, athletes of the same modality should be observed through one or more training 
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cycles (annual or multiannual), and the overtraining markers already outlined should be monitored as 
well. 
 

CONCLUSIONS 
 
It was found that the prevalence of experimentation included activities that were cyclic, aerobic, and 
pedestrianism in associated with heart rate variability and overtraining. Also, heart rate variability 
appeared to be an indicator, along with other markers, allowing diagnosis of overtraining syndrome. 
Longitudinal studies appear to be more suitable to monitoring the athlete’s heart rate variability and to 
properly diagnose overtraining or overreaching. 
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