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Kamiński, K.A.; Małek, Ł. Detraining

among Athletes—Is Withdrawal of

Adaptive Cardiovascular Changes a

Hint for the Differential Diagnosis of

Physically Active People? J. Clin. Med.

2024, 13, 2343. https://doi.org/

10.3390/jcm13082343

Academic Editor: Attila Nemes

Received: 27 March 2024

Revised: 6 April 2024

Accepted: 16 April 2024

Published: 18 April 2024

Copyright: © 2024 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Journal of

Clinical Medicine

Review

Detraining among Athletes—Is Withdrawal of Adaptive
Cardiovascular Changes a Hint for the Differential Diagnosis of
Physically Active People?
Kinga Zujko-Kowalska 1,2,*, Karol Adam Kamiński 1,2 and Łukasz Małek 3
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Abstract: An athlete’s training aims to achieve the highest possible sports results by improving
physical dispositions which lead to cardiac adaptive changes. The annual training cycle is divided
into periods. The preparatory period begins with gradually increasing training intensity and volume
until the competitive period occurs, when the athlete’s maximum performance is expected. Finally,
the athlete enters a phase of loss of fitness, which is called detraining. Detraining is a time of resting
both physically and mentally from the training regime and usually lasts about 4 weeks for endurance
athletes. We collected data from much research on athletes’ detraining. According to these data,
the earliest change after detraining seems to be a decrease in left ventricular wall thickness and
left ventricular mass, followed by decreased performance parameters, diastolic diameter of the left
ventricle and size of the left atrium. A reversal of adaptive changes affects the left heart chamber first,
then the right atrium and, finally, the right ventricle. Training reduction is often proposed as a method
of differentiating an athlete’s heart from cardiomyopathies. The aim of this study is to consider the
diagnostic value of detraining in differentiating athletes’ hearts from cardiomyopathies. We suggest
that detraining cannot be conclusive in differentiating the disease from adaptive changes. Although a
withdrawal of the characteristic morphological, functional and electrocardiographic changes occurs
in healthy athletes during detraining, it can also concern individuals with cardiomyopathies due to
the lower expression of abnormal features after decreased training loads. Therefore, a quick diagnosis
and individual assessments using imaging and genetic tests are essential to recommend a proper
type of activity.

Keywords: athletes; detraining; adaptive changes; cardiomyopathy; sports cardiology; differentiation

1. Introduction

An athlete’s training aims to achieve the highest possible sports results by improving
their physical and mental dispositions. The total training load is distributed into periods in
a macrocycle lasting from half a year to even more than a year. This training time structure
consists of mesocycles, microcycles and finally, single training units. The first stage of the
annual training cycle is the preparatory period, in which the training intensity gradually
increases. Awhile before the start of the first competition, the competitive period begins,
and then the athlete’s performance should be at the highest level. Strenuous physical
effort leads to disruption of homeostasis, and systematic training causes adaptive changes
which apply to the entire organism, especially the cardiovascular (CV) system and skeletal
muscles. These changes emerge during a phase of building sports form. The response of an
athlete’s organism to long-term training is different in different types of training, but factors
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such as gender, age, training level, duration of training and detraining also influence the
clinical picture. The division of disciplines into skill, strength, mixed and endurance has
been proposed according to the dominant component of the sport’s category [1]. Endurance
sports with the dominance of dynamic components contribute the most to adaptive CV
changes compared to other types of activity [2]. After the starting period, the athlete enters
a phase of loss of form, which is called detraining. Detraining is a time of resting both
physically and mentally from the training regime and usually lasts about 4 weeks for
endurance athletes. It normally does not involve a complete withdrawal from exercises, but
it is based on a reduction in volume and intensity, with a shift towards activities other than
the target sport. The undeniable advantage of this period is the prevention of the injuries
to which an overtrained body is exposed, and it allows the release of all the mental and
physical stress accumulated during the starting season. In general, physical fitness regress
is observed after the detraining period. Along with a decline in physical performance, a
reduction in some adaptive changes in the cardiovascular system may also be observed. It
is considered that detraining is a good tool to distinguish sports-related adaptive changes
from pathology. The aim of this study is to show the uncertain diagnostic value of detraining
in differentiating the heart of a healthy athlete from cardiovascular diseases.

2. The Prolonged Impact of Endurance Training on the CV System

Endurance training is characterized by an increased preload due to venous return,
which is affected by skeletal muscle and the respiratory pump. In the long term, increased
volume overload during bouts of intensive exercise causes eccentric remodeling of the
myocardium. It results in balanced enlargement of both ventricles and atria with slight,
symmetrical or no apparent increase in the wall thickness (Figure 1). These changes,
according to the Frank–Starling law, permit athletes to achieve higher cardiac output
during exercises, as an increased end-diastolic volume of the ventricles leads to increased
stroke volume. Another common occurrence is also a slightly lower ejection fraction at
rest and improved filling of the heart with blood during diastole [3]. Altogether, the larger
volume of the cardiac chambers, higher volume reserve and supranormal diastolic function
in athletes result in a higher stroke volume than in inactive people. The volume load
during endurance exercises particularly affects the right ventricle because it has less ability
to reduce the increased afterload than the left ventricle; therefore, the right ventricle is
more vulnerable to damage. The commonly known electrographic changes that can be
observed therefore represent the main features of this balanced cardiac enlargement but
also demonstrate the predominance of the influence of the parasympathetic system on the
heart. These most often include sinus bradycardia or ectopic atrial/junctional rhythms,
mild delay in atrioventricular and/or intraventricular conduction (incomplete right bundle
branch block) and early repolarization.
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Strength training has a different effect on the human body than endurance training.
The greater afterload results in an increase in arterial pressure and more concentric remod-
eling of the heart. Systematic training also leads to hypertrophy of the working skeletal
muscles, a change in the type of muscle fibers and an increase in dynamic strength [4].

3. Effects of Detraining in Endurance Sports
3.1. Cardiac Morphology

Detraining is a time of reducing physical activity below the previous threshold. It is
part of the training cycle and lasts about 2–4 weeks for endurance athletes. Detraining may
consist of a partial reduction in volume, training intensity or both, a change in the type of
sport or a complete discontinuation of exercise. Lack of training may also be the result of
an injury or the end of a career in professional sport. Deconditioning is the reduction in
adaptation to training after the loss of the training stimulus. Studies on young endurance
athletes with cardiac hypertrophy and excluded hypertrophic and dilated cardiomyopathy
showed that left ventricular diastolic dimension (LVDd), left ventricular wall thickness and
left ventricular mass can significantly decrease after detraining lasting only a few weeks.
LV mass and wall thickness have a greater tendency to decrease in comparison to left
ventricle dimensions [5,6]. In addition, some people, especially competitive athletes, may
experience incomplete recovery of adaptive changes due to a prior higher training load and
more pronounced adaptive changes. A study based on long-term observations of 1 year to
13 years of detraining showed that 80% of athletes had reduced LV dimensions caused by
training cessation. Typically, the diameter reduction was in the range of 2 to 5 mm [5].

Nonetheless, the LVDd showed a tendency towards incomplete regression. Even after
long detraining, this parameter was still at the upper limit of normal (>55 mm) in most
professional athletes and even exceeded 60 mm in 20% of them. This incomplete withdrawal
of ventricular enlargement was associated with maintaining recreational activity during
detraining and increased body mass [5]. LVDd were already significantly reduced by an
average of 9–10% after 3 weeks [6,7]. Left ventricular end-diastolic volume (LVEDV) also
decreased after 3 weeks, with no changes within 1 week, as was observed in case of left
ventricular end-systolic volume (LVESV), which may explain the slight increase in the
ejection fraction during this time [8].

The significant reduction in LV wall thickness already begins to reveal itself after
1 week [9]. Studies based on small groups of endurance athletes with reduction in LV wall
thickness after 3 weeks revealed that the decline of this parameter progressed in subsequent
follow-ups [6,7]. Decreases of 12.5% and 25% in the thickness of the posterior LV wall were
demonstrated after 3 and 6 weeks [6]. A reduction of 15–33% in ventricular septal thickness
was also observed during the period of 6–34 weeks after detraining [9]. In a larger study
based on a long follow-up period of 1–13 years, elite athletes had an average reduction of
15% in their ventricular septal walls [5]. In recreational marathon runners, a decrease of 8%
in the LV wall was observed within 4 weeks [10]. Differences in percentages may result not
only from the number of participants but also from the lower tendency of cardiac changes
in amateurs compared to the elite [11]. Therefore, detraining leads to a decrease in LV
wall thickness, usually of ≥2 mm, and in some athletes, this parameter can be reduced by
0–1 mm or even be over 5 mm [5,9,10]. At longer times after withdrawal from competitive
sport, no wall hypertrophy above 12 mm was detected in any of the athletes [5].

Left ventricular mass is directly positively correlated to LV size and thickness. The
beginning of left ventricular mass regression has already been observed after 1 week [8,11].
Detraining lasting 3 weeks resulted in a decrease in left ventricular mass of almost 20% [10].
In a long-term study on elite athletes, a 28% reduction in this parameter was achieved,
although in almost half of the individuals, it was still elevated even after a few years [5]. The
reduction in left ventricular mass during 3–4 weeks in both elite and recreational, endurance
and mixed-sports athletes, showed no further changes in the following weeks [6,9,10,12].
A study on two groups of cyclists of different ages showed that the changes associated
with 2 months of inactivity were similar regardless of age, but young athletes had a greater
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tendency towards reduction in left ventricular wall thickness and older athletes towards
reduction in the LV mass and diameter [13]. A good summary of structural changes in the
heart after various periods of detraining is included in a table in review [14].

Fewer data are available about changes in both atria and the right ventricle after
detraining. A decrease in atrial dimensions can be observed after 3 weeks [10]. However,
dimensions not exceeding the reference values were obtained only after 6 months [15]. The
right heart, which is more susceptible to increased training load, also appears to respond
later to detraining. The right atrium area decreased in marathon runners within 4 weeks
of inactivity. A reduction in the right ventricle chamber size (end-diastolic dimension or
length) was observed after 8 weeks, with no changes in RV ejection fraction [10].

3.2. Electrocardiographic Parameters

Electrocardiographic parameters associated with hypertrophy may recede simulta-
neously with echocardiography parameters. R wave voltage decreases in the lead V5 in
ECGs, and as a consequence, the lack of Sokolow-Lyon criteria can be visible after 4 weeks
of detraining in athletes [12]. Another study showed a decreased S wave in the lead V1 and
V2 in 3 weeks, with no changes in the R wave [8]. In a long-term study, decreased PR and
QTc and an increased heart rate (HR) at rest were also observed [5]. A loss of bradycardia
was presented in a study based on rats after 2 weeks of detraining [16].

3.3. Functional Parameters

The physiological effects of detraining seem to appear earlier than most morphological
changes [17]. Detraining for 3 weeks by endurance athletes may result in a decrease in
maximum oxygen uptake (VO2 max) [6,7] and stroke volume (SV) [6] but generally has no
significant impact on the ejection fraction and diastolic function [5,7]. Interestingly, there
is some information about an increase in the ejection fraction after detraining [8], which
may be explained by a slightly lower ejection fraction in athletes at rest. Studies on young
male endurance athletes suggested a significant decrease in physical performance even in a
shorter period of 2–4 weeks, as detraining resulted in a 6–7.5% decrease in VO2 max [18–21],
12% decrease in SV max [18] and 14% decrease in the anaerobic threshold (AT) [20], with a
significant correlation between these parameters and VO2 max [18–20]. Further observation
after 8–9 weeks showed a VO2 max that was reduced by 11–16% [20,21] and an AT that
was almost 20% lower [20]. However, both the absolute VO2 max and the AT did not
return to the levels that were measured before training, even after 8–9 weeks [20,21]. No
further decline in VO2 max was observed after inactivity of longer than 3 months [22]. The
values of SV finally returned to the level of the control group, but muscle capillarization
and oxidative enzyme activity still remained increased [21]. In long-term detraining,
a significantly greater tendency towards reduction in VO2 max was observed in young
athletes <20 years old and individuals with higher VO2 max values before training cessation
than in those of older ages and with lower fitness levels. After a short period of inactivity
(<30 days), the decrease in VO2 max was independent of age and previous fitness level [22].
Partial reduction in physical activity has a smaller impact on the withdrawal of adaptive
changes than complete inactivity but only in long-term detraining. Not completely ceasing
training can allow athletes to maintain a certain level of physical performance when they
have to limit physical activity for more than one month [22]. However, the type of physical
activity during incomplete detraining had an important impact on athletes’ performance. A
large influence on preserving fitness levels, even after 2 weeks, has been demonstrated for
high-intensity physical effort, without the necessity to maintain training volume [22–24].
We propose a scheme with the earliest time of withdrawal of adaptive changes according
to available research on healthy athletes (Figure 2).
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4. Effects of Detraining in Resistance Sports

Strength achieved with resistance training lasts longer after detraining than the effects
of endurance sports. However, available research has been based on short training periods
before deconditioning. Moreover, there have been no studies indicating the duration of
detraining for this effect to occur. Some studies have shown that stopping strength training
for 12 weeks does not diminish muscle strength and strength endurance or causes only a
slight decrease [25,26] despite a significant tendency to lose muscle mass [27]. However,
even after this period, dynamic muscle strength still remains greater than before the start
of training. It may occur due to a decrease in the involvement of motor units and changes
in the size of the type II fibers [26,28,29]. Additionally, changes in types of fibers were
observed as a result of detraining. Since resistance training converts type IIx muscle fibers
to IIa, the detraining period changes the ratio of these fibers in the opposite way [28].
During shorter periods of detraining, a reduction in muscle glycogen levels may be also
responsible for muscle atrophy. After 2 weeks of detraining, a significant decrease in the
surface electromyogram activity of some muscles was observed [29]. An inactivity period
leads to increased levels of growth hormone (even more than 50%), testosterone and the
testosterone-to-cortisol ratio, with a significant decrease in cortisol [29,30] and enzyme
creatine kinase levels. These changes may correspond to an increase in anabolic processes,
however, without the effect of muscle hypertrophy due to the lack of training stimulus [29].
In young women, the cessation of training causes a decrease in bone mineral density to
baseline values [31]. Gender has no impact on the effects of 12 and 36 weeks of detraining,
but older age is more predisposed to the loss of muscle strength [25]. Partial loss of muscle
power in women > 50 years old can already be revealed after 4 weeks of inactivity [32].
However, in older groups of both men and women, the effects of strength training were
not completely reversed even after 12 weeks [33,34].

5. Cardiovascular Diseases

Appropriately selected physical activity is recommended for people with cardiovascu-
lar diseases. Some of the many benefits of physical activity include lower blood pressure,
improvement of lipid profile, mass reduction, increased exercise tolerance and decreased
risk of cardiac infarction or heart failure [35–37]. Physical exercise is a stimulus for oxidative
stress and therefore leads to greater activation of antioxidant enzymes [38]. Unfortunately,
after cessation of training, most of the positive effects on redox status disappear after
3 months of detraining [36]. In hypertensive patients with higher cardiovascular risk,
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lipid profiles and cardiorespiratory fitness, which were previously improved by exercise,
returned to baseline values after 7 weeks of inactivity [39]. However, the blood pressure-
lowering effect of training seems to last for several months. A study on patients with atrial
fibrillation who underwent 3 months of detraining after cardiac rehabilitation showed
that this period of inactivity had an impact on decreased exercise tolerance and quality of
life [35].

Despite the health benefits of physical activity and the reduced risk of death, very
high-intensity sports are associated with the risk of revealing undesirable features. The
correlation between physical activity and its benefits is described as U-shaped [40]. If the
volume and intensity of exercise exceeds the regenerative capacity, further exercise has a
negative impact on the cardiovascular system. Especially when undiagnosed heart disease
is combined with hard training, it can cause worsening of the symptoms of the undiagnosed
disease and lead to sudden cardiac death (SCD). Among athletes, the challenge is to differ-
entiate an athlete’s heart from cardiovascular diseases, which is sometimes difficult due
to some similar/overlapping features. Among young athletes, the most common causes
of SCD are cardiomyopathies (especially hypertrophic cardiomyopathy, but also arrhyth-
mogenic right ventricular and dilated, restrictive compaction cardiomyopathy), coronary
artery anomalies, ion channel diseases or infective causes [41]. One method of identifying
the pathology of athletes’ hearts based on detraining assumes that adaptive changes in
healthy athletes should reverse, but the cessation of training should not significantly affect
cardiac morphology, function and ECG changes in cardiomyopathies [42]. However, the
phenotypic expression of disease can intensify due to the influence of intensive exercise.
Moreover, the features of cardiomyopathy may also be reduced after cessation of training,
which questions the utility of detraining as part of the diagnostic process.

Among young people, the most common direct cause of SCD is arrhythmogenic
sudden death [43]. Among athletes with genotypic predisposal towards arrhythmogenic
right ventricular cardiomyopathy (ARVC), high-intensity endurance training is associated
with an earlier onset of symptoms and a higher incidence of ventricular arrhythmias
compared to people who perform less exercise [44]. Some research suggests that withdrawal
of premature ventricular contractions after detraining is a characteristic feature of an
athlete’s heart [45]. However, a reduction in the frequency and complexity of ventricular
arrhythmias, both in healthy athletes and those with the presence of structural heart disease,
was already obtained after 12–24 weeks of inactivity [46]. In ARVC, training cessation
results in a 60% reduction in ventricular arrhythmia events and premature ventricular
contractions (PVCs) after several years [47]. Greater training restriction is associated with
fewer ventricular arrhythmias [48]. After a 9-year observation of athletes with hypertrophic
cardiomyopathy (HCM), no differences were revealed in the frequency of ventricular
arrhythmias in the training and non-training groups [41]. Training cessation over 6 months
also caused a reduction in the thickness of the left ventricular walls (posterior wall, septum
and apex) and an improvement in longitudinal strain deformation in an athlete with a high
probability of HCM [49]. After 18 months of detraining, an athlete with a genetic diagnosis
of HCM achieved both a reduction in hypertrophy and complete ECG normalization [50].
Unusual electrographic features of cardiac adaptation, such as inversion of the T wave in
the posterior and lateral leads, can be withdrawn within 2 months [51,52]. This suggests
that detraining cannot be conclusive in differentiating disease from adaptive changes,
especially with the availability of various imaging methods and genetic tests.

According to guidelines [1], most cardiac diseases are not an indication to completely
stop training and it is recommended to regularly engage in physical activity which is
appropriate to the health condition after risk assessment. Cardiac rehabilitation and indi-
vidually tailored physical effort can improve the physical capacity [53,54], VO2 peak and
left ventricular ejection fraction of patients with cardiomyopathies [54]. Therefore, a quick
diagnosis of the disease is essential to recommend a proper type of activity. An individual
assessment is essential in allowing athletes to participate in sports with various intensities.



J. Clin. Med. 2024, 13, 2343 7 of 10

6. Summary

Detraining is an important part of an athlete’s training cycle, not only for physical
reasons but also for the athlete’s mental rest. However, in light of the recent data, the
usefulness of observation of morphological changes during detraining in diagnosing ath-
letes with potential CV disease is questionable. Although people with cardiomyopathies
should adjust the intensity and type of sport according to recommendations to reduce the
load on the affected cardiac muscle, reversing adaptation during this period is not always
desirable for healthy athletes due to deterioration of performance. After short periods
of detraining, athletes quickly return to their previous form [55]; therefore, 2–4 days of
detraining are recommended in the training cycle. Long-term deconditioning has a more
negative impact on athletes’ physical performance [23]. Moreover, athletes in the period of
detraining are recommended not to completely stop physical activity, but to reduce it or
change the type of sport. The earliest change after detraining seems to be a decrease in left
ventricular wall thickness and left ventricular mass, followed by decreased performance
parameters, diastolic diameter of the left ventricle and size of the left atrium. Reversal of
adaptive changes first affects the left heart chamber, then the right atrium and, finally, the
right ventricle.

A withdrawal of the characteristic features of morphological, functional and elec-
trocardiographic changes during detraining not only affects healthy athletes, but it can
also concern individuals with cardiomyopathies due to the lower expression of abnormal
features after a decreased training load. Despite studies showing a lack of influence of
deconditioning on the withdrawal of changes associated with cardiomyopathies, there
are case reports of a reduction in arrhythmia in ARVC [46–48] and a decrease in patho-
logical wall thickness after restriction of intensive physical activity among patients with
HCM [41,49,50]. Therefore, it seems that reduction in intense physical activity cannot be a
good tool for differentiating an athlete’s heart from cardiovascular diseases, and excluding
HCM based only on reducing the wall thickness after detraining carries the risk of a false
negative result. Moreover, the restriction of sports is a mental burden for the athlete, with-
out the certainty of a diagnosis. More research is needed at this point to compare the impact
of cessation of high-intensity endurance physical exertion on the reverse remodeling of
cardiomyopathies, as pathologic phenotypes, contrary to what was previously believed,
may also regress after exercise stimulus withdrawal. Any “gray zone” changes or unusual
findings for athletes always require further diagnostics, but in our opinion, detraining as a
diagnostic method should not be considered as a first line anymore. In the case of athletes
suspected of having cardiomyopathy, other features should be taken into account in the first
place, including their thorough family history, clinical symptoms, the occurrence of arrhyth-
mias at rest and during exercise, laboratory findings, atypical electrocardiographic changes,
atypical echocardiographic findings, cardiac magnetic resonance changes including signs
of diffused or localized myocardial fibrosis and genetic testing.

7. Future Directions

Currently, there are gaps in the research on how detraining affects the cardiovascular
system in people with heart diseases. Not only in healthy athletes, but also in the case
of cardiomyopathy, features and symptoms may regress after withdrawal from training.
There are mainly single case reports that reveal that detraining does not differentiate well
between cardiac disease and adaptive changes. There is no study that compares both
groups over similar periods of time. Moreover, the available research does not show
changes during entire annual training cycles of athletes but only the effects of imposed
detraining or training for a specific period of time. There is also still a deficit of research
on women.
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