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Abstract

Detraining is the partial or complete loss of training-induced adaptations, in

response to an insufficient training stimulus. Detraining characteristics may be
different depending on the duration of training cessation or insufficient training.
Short term detraining (lessthan 4 weeks of insufficient training stimulus) isanalysed
in part | of thisreview, whereas part 11 will deal with long term detraining (more
than 4 weeks of insufficient training stimulus). Short term cardiorespiratory de-
training is characterised in highly trained athletes by arapid decline in maximal
oxygen uptake (V O2max) and blood volume. Exercise heart rate increases insuffi-
ciently to counterbal ance the decreased stroke volume, and maximal cardiac out-
put is thus reduced. Ventilatory efficiency and endurance performance are also
impaired. These changes are more moderate in recently trained individuals. From
a metabolic viewpoint, short term inactivity implies an increased reliance on
carbohydrate metabolism during exercise, as shown by a higher exerciserespira-
tory exchangeratio, and lowered lipase activity, GLUT-4 content, glycogen level
and lactatethreshold. At themusclelevel, capillary density and oxidative enzyme
activities are reduced. Training-induced changesin fibre cross-sectional areaare
reversed, but strength performance declines are limited. Hormonal changes in-
clude areduced insulin sensitivity, apossibleincreasein testosterone and growth
hormone levelsin strength athletes, and areversal of short term training-induced
adaptations in fluid-electrolyte regul ating hormones.

The principle of training reversibility states that
whereas regular physical training resultsin several
physiological adaptations that enhance athletic per-
formance, stopping or markedly reducing training
induces a partial or complete reversal of these ad-
aptations, compromising athletic performance. In
other words, the reversibility principleis the prin-
ciple of detraining.lY] Athletes often experiencein-
terruptions to training process and competition

programmes because of illness, injury, postseason
break or other factors, which may result in areduc-
tion or cessation of their habitual physical activity
level. Therefore, it is extremely important to iden-
tify the effects and to understand the mechanisms
of any associated changes in physiological capaci-
ties and athletic performance.

Inthe past, there has been some confusioninthe
exercise scienceliterature concerning theterminol-
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ogy used in detraining studies. This confusion
arises primarily because the process through which
atrained individua has lost some or all training-
induced adaptations (e.g. reduced training, training
cessation, bed rest confinement) has not been dis-
criminated from the outcome of that process (i.e. the
lost adaptations themselves). Published studies sup-
posedly dealing with detraining have used reduced
training and tapering strategiesin their experimen-
tal procedures, leading to, instead of detraining, a
reduction or elimination of the negative impact of
training and amai ntenance of the physiological ad-
aptations achieved during previous training peri-
ods.[? This lack of discrimination has led to some
contradictory and confounding results. Moreover,
the terms ‘detraining’ and ‘ detraining syndrome’ are
sometimes used as synonyms by some, although
they represent quite distinct concepts. In order to
avoid confusion, and to encourage the use of stand-
ard terminology in the international exercise sci-
ence literature, these terms need to be defined.

Based on previously given definitions,[34 de-
training will beredefined in thisreview asthe par-
tial or complete loss of training-induced anatomi-
cal, physiological and performance adaptations, as
a consequence of training reduction or cessation.

Training cessation implies atemporary discon-
tinuation or compl ete abandonment of a systematic
programme of physical conditioning.

Reduced training is anonprogressive standard-
ised reduction in the quantity of training,[? which
may maintain or even improve many of the positive
physiol ogical and performance adaptationsgained
with training.[25151 This procedure has also been
referred to as ‘ step taper’ .[216.17]

According to the literature,[216-28] taper could be
defined as a progressive nonlinear reduction of the
training load during avariable period of time, in an
attempt to reduce the physiol ogical and psycholog-
ical stressof daily training and optimise sports per-
formance. Excellent reviews on reduced training and
taper have been previously published.[2:25:29.30]

Finally, the detraining syndrome (or relaxation
syndrome) isaclinical entity arising when athletes
with a long endurance-training history suddenly
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abandon their regular physical activity. This syn-
drome is characterised by atendency to dizziness
and fainting, nonsystematic precordial disturbances,
sensations of cardiac arrhythmia, extrasystoliaand
pal pitation, headaches, |oss of appetite, gastric dis-
turbances, profuse sweating, insomnia, anxiety and
depression.[31-33]

Thisbrief review will focuson the physiol ogical
and performance consequences of an insufficient
training stimulus to maintain training-induced ad-
aptations, i.e. detraining. Quantitative and qualita-
tive losses of training-induced adaptations differ
depending on the duration of the period of insuffi-
cient training stimulus.[3:30:3447 Taking the usual 4-
week postseason break of many highly trained ath-
letes asareference time length, study periods shorter
and longer than 4 weeks will be referred to in this
review asshort term and long term, respectively. Short
term detraining characteristics are treated in part |
of this review, whereas part |1 will deal with long
term detraining. In addition, research-based meth-
ods to avoid or limit physiological detraining and
its negative impact on performance will also be
discussed in part I1.

Some detraining characteristics are not neces-
sarily identical in highly trained athleteswith atrain-
ing background of several yearsaiming toimprove
their sports performance, and in recently trained but
previously sedentary or moderately active individ-
uals, who engage in a programme of physical ac-
tivity usually with either health-related or research
purposes.[3:30:4144-48] |n photh parts of the review,
detraining will therefore be analysed separately in
these popul ations, placing the emphasison the avail-
able data on athletic populations.

1. Short Term Cardiorespiratory
Detraining

1.1 Maximal Oxygen Uptake

Maximal oxygen uptake (VOzmax) has been
shown to declinewith short term (less than 4 weeks)
training cessation in highly trained individuals
with alarge aerobic power and an extensivetraining
background, the percentage loss ranging between
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4 and 149%0.14043.48-53] |t has been suggested that the
higher thetrained-state VV O,max, the bigger itsdecline
during training stoppage.[“®! However, some stud-
iesreported that V O,max Was maintained by trained
athletes during periods of training cessation.[%4-5¢]
These differences could berelated with the amount
of physical activity performed by the athletes dur-
ing the follow-up period.

The VOomax Of recently trained individuals has
been shown to declineto alesser extent (3.6 to 6%)
during 2 to 4 weeks of training stoppage subsequent
to 4 to 8 weeks of training,[3857-59 and not to change
with higher training/detraining time ratios.[1548]

1.2 Blood Volume

Thedeclinein cardiovascul ar function observed
as aresult of short term training cessation is largely
dueto areduced blood volume.[5%:52 | ndeed, total
blood volume and plasma volume have been shown
to decline by 5 to 12% in endurance-trained ath-
| etes,[5052.54.60] whjch appears to limit ventricular
filling during upright exercise.[“350 Estimated plas-
ma volume may decline within the first 2 days of
inactivity.[5460]

Short term detraining in recently trained indi-
viduals is also characterised by a decreased blood
volume, asaresult of alossin both red cell volumel®8]
and plasma volume,[58:61 the latter being induced
by alossin plasma protein content.[58]

1.3 Heart Rate

Asaresult of the above-mentioned reductionin
blood volume in detrained athletes, exercise heart
rate is increased at submaximall5%:52621 and maxi-
mal[40:49.5254] intensities by about 5 to 10%. These
increased heart rate values are reversed when plasma
volumeis expanded.®? Interestingly, maximal heart
rate increase appears to stabilise after 2 to 3 weeks
without training.[4?l Resting heart rate has been re-
ported not to change after 10 days of training ces-
sation.[54]

Resting and maximal heart rate, which decrease
with short term training, revert to untrained levels
during short term inactivity in recently trained in-
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dividuals,[%3 but submaximal exercise heart rateis
not affected by short term inactivity.[59

1.4 Stroke Volume

A reduced stroke volume resulting from the re-
duced blood volume that characterisesthe short term
detrained stateis responsible for the reduced max-
imal aerobic capacity shown by athletes.[“0 Stroke
volume reductions of 10 to 17% have been reported
after 12 to 21 days of training cessation,[40:43:50]
along with a 12% reduction in the left ventricular
end diastolic dimension.[43] Stroke volumewasre-
established after plasma volume expansion, indi-
cating its dependence on blood volume rather than
on cardiac dimensions, but VO, remained 3%
lower than in the trained state and exercise timeto
exhaustion fell 4.5% more after this intervention.[>%!

1.5 Cardiac Output

The increased exercise heart rate values result-
ing from cardiovascular detraining do not seemto be
sufficient to counterbalance the reduction in stroke
volume. Indeed, estimated maximal cardiac output
has been shown to be 8% lower after 21 dayswith-
out training.[49 Aswell, submaximal cardiac out-
put increased from 84 to 89% of the maximal at the
same absol ute exercise intensity.[42

1.6 Cardiac Dimensions

Whereas Cullinane et al .[54 observed no change
in cardiac dimensions and blood pressure of distance
runnersfollowing 10 days of training cessation, Mar-
tin et al .[*3l reported a 25% decreasein | eft ventric-
ular wall thickness and a 19.5% reduction in left
ventricular massafter 3 weeksof physical decondi-
tioning. Reduced left ventricular massand ahigher
total peripheral resistance could beresponsible for
the increased mean blood pressure measured dur-
ing upright exercise.[43:50]

The effects of 8 weeks of training on systolic
and diastolic blood pressureswere reversed within
4 weeks of training stoppage in previously seden-
tary individuals.[6®]
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Table I. Studies of cardiorespiratory characteristics of short term detraining

Detraining characteristic

Highly trained individuals (references)

Recently trained individuals (references)

I Maximal oxygen uptake 40,43,48-53
| Blood volume 50,52,54,60
t Maximal heart rate 40,49,52,54
1 Submaximal heart rate 50,52,62

| Stroke volume during exercise 40,43,50

I Maximal cardiac output 40

. Ventricular mass 43

t Mean blood pressure 43,50

I Maximal ventilatory volume 49,51

L Oxygen pulse 51,54

1 Ventilatory equivalent 51,54

I Endurance performance 49,50,52,56,58,62

38,57-59
58,61
63

63

| indicates decreased; 1 indicates increased.

1.7 Ventilatory Function

Although unchanged maximal ventilation values
have been reported,>¥ arapid deterioration of ven-
tilatory function characterises detraining in highly
trained individual s, as shown by a decline in max-
ima ventilatory volume, which often declines in
parallel with VOomax,14951 areduced O, pulse and
an increased ventilatory equivalent.[51.54

1.8 Endurance Performance

The endurance performance of atrained athlete
declinesrapidly asaconsequence of an insufficient
training stimulusleading to detraining, asindicated
by the reported 2.6% slower timesin a366m swim
for competitive swimmerd®8l or the 4 to 25% shorter
exercise time to exhaustion found in endurance-
trained athletes.[9.50.52,53,62] However, Houmard et
al 152 found no change in running economy at sub-
maximal exerciseintensities (75 and 90% of V Ozmax),
suggesting that loss in cardiorespiratory fitnessis
largely responsible for the detraining-induced per-
formance impairment in well-trained individuals.

On the other hand, 2 weeks of training cessation
did not significantly reduce exercise time to exhaus-
tiongainsachieved during 6 to 12 weeksof training
in previously sedentary individuals.[1557]

Table| summarisesthe characteristicsof cardio-
respiratory detraining in both highly trained and
recently trained individuals.
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2. Short Term Metabolic Detraining

2.1 Substrate Availability and Utilisation

Short term detraining is characterised by an in-
creased respiratory exchangeratio (RER) at both sub-
maximall40:48.62] and maximal(>2 exercise intensi-
ties, indicative of a shift towards a higher reliance
on carbohydrate as a substrate for exercising mus-
cles at the expense of lipid metabolism. Sensitivity
for insulin-mediated whole-body glucose uptake de-
creasesrapidly with inactivity.[5364-69 Thisdecline
may be associated with areduced muscle GLUT-4
transporter protein content, which has been shown
to decrease by 17 to 33% after 6 to 10 dayswithout
training.[67:68 On the other hand, inactivity induces
arapid decrease in musclelipoprotein lipase activ-
ity,l1% along with a markedly increased postpran-
dial lipemia,[58 decreased high-density lipoprotein
cholesterol, and increased low-density lipoprotein
cholesterol .[60]

A 10% increased RER,[*8 and a return of the
insulin sensitivity index and the GLUT-4 trans-
porter protein concentration to initial values,[1%
have been observed in previously sedentary indi-
viduals studied during a short term training-de-
training paradigm.

2.2 Blood Lactate Kinetics

Competitive swimmers have been shown to re-
spond to a standardised submaximal swim with
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higher blood lactate levels after only afew days of
training cessation.[818:56] Similar results have also
been reported in endurance-trained runnersand cy-
cligts.*d Increased submaximal blood |actatein swim-
mers was accompanied by a lowered bicarbonate
level, resulting in a base deficit and a higher post-
exercise acidosis.[18 Moreover, the lactate threshold
appears at alower percentage of V Oomax.[4271 These
results areindicative of areduction inthe muscle’s
oxidative capacity, which may fall by as much as
50% in 1 week.[18]

In sedentary individuals, blood lactate levels
elicited by maximal and submaximal exercise in-
tensities did not change during 3 weeks of inactiv-
ity consecutive to 6 weeks of training.[57.59

2.3 Muscle Glycogen

Muscle glycogen level isnegatively affected by
training cessation in aslittle as 1 week. Indeed, 20%
reductions have been reported in this time period
in competitive swimmers,[28l and in 4 weeksiin tri-
athletes, cyclists and runners.[62 Thisreduction is
dueto arapid declinein glucose-to-glycogen con-
version and glycogen synthase activity.[64

A compilation of the metabolic consequences of
a short term insufficient training stimulus can be
foundintablell.

Table Il. Studies of metabolic characteristics of short term detraining

3. Short Term Muscular Detraining

3.1 Muscle Capillarisation

Capillary density has been shown to declingl49:5®]
or not change!*? as a result of short term training
stoppage in athletes. Interestingly, capillarisation in
this population appears to remain about 50% higher
than in sedentary controls.[47]

In recently trained individuals, capillaries per
mm?, capillaries per fibre, and capillaries around
all 3 fibretypes have been shown to decline, but to
remain above pretraining values, with 4 weeks of
inactivity.[38]

3.2 Arterial-Venous Oxygen Difference

The only available data on arterial-venous oxy-
gen difference during short term training cessation
in highly trained individuals indicated no change
in 21 days, lending support to the suggestion that
rapid VO, l0ssis due to adecreased stroke vol-
ume, as stated above.[*0!

3.3 Myoglobin Level

Short term training stoppage did not affect myo-
globinlevel of the gastrocnemiusmuscleintrained
runners and cyclists, which, in addition, was sim-
ilar in trained and sedentary individuals.[47]

Detraining characteristic

Highly trained individuals (references)

Recently trained individuals (references)

1 Maximal respiratory exchange ratio 52

1 Submaximal respiratory exchange ratio 40,48,62
1 Insulin-mediated glucose uptake 58,64-69
1 Muscle GLUT-4 protein content 67,68

1 Muscle lipoprotein lipase activity 70

1 Postprandial lipemia 66

1 High-density lipoprotein cholesterol 60

1 Low-density lipoprotein cholesterol 60

1 Submaximal blood lactate 8,18,42,56
| Lactate threshold 42,71

| Bicarbonate level 18

1 Muscle glycogen level 18,62,64

48
15
15

| indicates decreased; 1 indicates increased.
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3.4 Enzymatic Activities

Skeletal muscle cytrate synthase activity de-
creases between 25 and 45% with short term train-
ing cessation in athl etes.[4248.52.53.55.67] A decreas-
ed muscle oxidative capacity is also reflected by the
significant 12 to 27% reductions observed in (3-
hydroxyacil-CoA dehydrogenase,[425562 mal ate de-
hydrogenasel*? and succinate dehydrogenase.[4249
Moreover, the skeletal muscle lipoprotein lipase ac-
tivity of detrained runnersisreduced by 45to 75%,
whereasthisenzyme’sactivity increases by 86% at
the adipose tissue level, favouring the storage of adi-
pose tissue.[”% These changes appear to be primar-
ily regulated by altered protein synthesis rates.[72]

Short term training cessation has also been re-
ported to induce small nonsystematic changes in
glycolytic enzyme activities, including phosphoryl-
ase, phosphofructokinasel'842 and hexokinase.[*2
Small increments“? and decreases*®! have been ob-
served for lactate dehydrogenase activity. On the
other hand, glycogen synthase activity decreases
by 42% after only 5 days without training.[64

Mitochondrial enzyme activitieshave been shown
to decline to pretraining levels after short term
training-detraining protocols.[384859 Asin highly
trained athletes, these protocols induce rather in-
significant changes in glycolytic enzymes.!38]

3.5 Mitochondrial ATP Production

Mitochondria ATP production rate hasnot been
studied in athletes during periods of training cessa-
tion. In sedentary individuals, it has been shown
to decrease by 12 to 28% during 3 weeks of inac-
tivity consecutiveto 6 weeksof endurancetraining,
as aresult of asimilar decline in individual mito-
chondrial enzyme activities. However, mitochon-
drial ATP production rate remained 37 to 70% above
pretraining levels.[59

3.6 Muscle Fibre Characteristics

Training cessation for 2 weeks did not change
muscl e fibre distribution in distance runners® nor
in strength-trained athletes.[”3] On the other hand,
mean fibre cross-sectional area has been shown to
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decreasein soccer playerd>® and weight-lifters,[5373
mostly because of reduced fast twitch (FT) fibrearea,
but not to change!®@ or even slightly increasel*? in
distance runners.

Percentage distribution of fibre types were un-
altered in recently trained individuals during 4
weeks of inactivity, but training-induced increases
in the cross-sectiona area of the different fibre types
were reversed.[38]

3.7 Strength Performance

Strength-trained athl etes showed slight but non-
significant reductionsin bench press, squat, isome-
tric and isokinetic concentric knee extension force,
and vertical jump after 2 weeks without training,
but significant 8 to 13% declines in electromyo-
gram (EMG) activity of the vastus lateralis muscle
and isokinetic eccentric knee extension force.[”!
Trained swimmers maintained muscular strength
during 4 weeks of inactivity, but their ability to
apply force in the water was markedly reduced, as
shown by a 13.6% decline in swim power.[!

Recently acquired isometric arm strength gains
are lost at a quite slow rate in both ipsilateral and
contralateral arms.[3¢1 On the other hand, isokinetic
strength has been reported to decline at a much
higher rate, but to remain above pretraining values
after 4 weeks without training, in both adultg3¥ and
children.[74]

The main characteristics of muscular detraining
in highly trained and recently trained individuals
are reported in table 1.

4. Short Term Hormonal Detraining

In addition to the above-mentioned declinein in-
sulin sensitivity,[53:64-69 short term hormonal detrain-
ing is characterised by an unaltered catecholamine
level at rest, during sequential hyperinsulinaemic,
euglycaemic and hyperglycaemic clamps,[6465 and
after submaximal exercise.[42 Glucagon, cortisol and
growth hormone (GH) levels did not change with
5 daysof detraining in endurance athl etes.[6465 How-
ever, strength-trained athletes showed positive hor-
monal changesfor anabolic processes after 14 days
of inactivity, with increased GH, testosterone and

Sports Med 2000 Aug; 30 (2)
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Table lll. Studies of muscular characteristics of short term detraining

Detraining characteristic

Highly trained individuals (references)

Recently trained individuals (references)

1 Capillary density 49-55
1 Oxidative enzyme activities
1 Glycogen synthase activity 64

1 Mitochondrial ATP production

| Mean fibre cross-sectional area 53,55,73
1 EMG activity 73
1 Strength/power performance 8,73

42,48,49,52,53,55,62,67

38
38,48,59

59
38

34,74

EMG = electromyogram; | indicates decreased.

testosterone/cortisol ratio, and decreased cortisol
levels[73

Fluid-electrolyte regulating hormone levels were
normalised to pretraining levels after a 6 days
training-6 days detraining protocol in untrained
individuals.[6

5. Other Short Term
Detraining Characteristics

It has been shown that 4 weeks of training ces-
sation significantly lowered the flexibility of hip,
trunk, shoulder and spine by 7.4 to 30.1% in male
and female physical education students.[7]

Moderateregular exercisetraining and physical
conditioning may reduce therisk of major vascular
thrombotic events by reducing platel et adhesiveness
and aggregability. However, the positive effects of
8 weeks of endurance training on resting and post-
exerciseplatelet function arereversed within 4 weeks
of detraining in previously sedentary women.[63]

6. Conclusion

Detraining, which should be redefined as the
partial or complete loss of training-induced adap-
tations in response to an insufficient training stim-
ulus, may occur during short periods (<4 weeks) of
stoppage or marked reduction in habitual physical
activity level.

Short term cardiorespiratory detraining is often
characterised by arapid VOpye decline in highly
trained athletes, but a smaller reduction in recently
trainedindividuals. ThislossinV Opmax istheresult
of an immediate reduction in total blood and plasma
volumes, thelatter being caused by areduced plasma
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protein content. As a consequence, maxima and
submaximal heart ratesincrease, but not enough to
counterbalancethereduced strokevolume. Thisre-
sultsin alowered maximal cardiac output. Cardiac
dimensions and blood pressure may or may not
decrease during short term inactivity, and ventila-
tory efficiency isusually impaired. Because of this
loss in cardiorespiratory fitness, the endurance
performance of trained athletes declines rapidly,
whereasitisreadily maintained for at |east 2 weeks
in recently trained individuals.

From ametabolic viewpoint, short term detrain-
ing implies a higher dependence on carbohydrate
as afuel for exercising muscles, as shown by in-
creased RERs and decreased muscle lipoprotein
lipase activity. Whole-body glucose uptake is re-
duced, due to adeclinein insulin sensitivity and a
reduced muscle GLUT-4 transporter protein con-
tent, both in athletes and recently trained volunteers.
Blood lactate levels at standardised submaximal
intensitiesincrease, thelactate threshold appearsat
alower percentage of VO,ma, and there is a base
deficit inducing a higher postexercise acidosis. In
addition, muscle glycogen levels rapidly decline.

Atthemusclelevel, short term detraining is char-
acterised by alowered capillary density, unchanged
arterial-venous oxygen difference and myoglobin
level, significant reductions in oxidative enzyme
activitiesresulting in areduced mitochondrial ATP
production, and nonsystematic changesin glycolytic
enzyme activities. Muscle fibre distribution remains
unchanged. On the other hand, fibre cross-sectional
area declines in strength and sprint-oriented athletes
and recently endurance-trained individuals, whereasit
may incresse dightly in endurance athletes. Although

Sports Med 2000 Aug; 30 (2)
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srength performance in generd is readily retained
for up to 4 weeks of inactivity, the eccentric force and
sport-specific power of athletes may suffer significant
declines. The same is true for recently acquired iso-
kinetic strength.

From ahormonal perspective, short term detrain-
ing characteristics in endurance athletes are reduced
insulin sensitivity, and unaltered catecholamine,
glucagon, cortisol and GH levels. Anabolic hor-
mones may increase in strength athletes, and fluid-
electrolyte regulating hormones declineto baseline
after short term training-detraining paradigms.
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