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Abstract

With population aging, physical activity is among the factors that determine quality of life. A considerable
numberofelders do not meet the minimum requirements for physical activity or are sedentary. Moreover, adults
who were physically active can decrease their activity due to diseases or even the confinement generated by
the SARS-CoV-2 pandemic. Therefore, it is important to describe the characteristics of detraining in the elderly
populationto determine how detraining impacts the biological systems of human body, and the deleterious
effects that converge with aging per se, making it difficult to determine the influence of each in the physical

health of individuals.

It is remarkable how quickly the deleterious effects of detraining occur, which shows the importance of
maintaining a physically active life at the appropriate intensity throughout life. The aim of this review is to
describe the effects of training cessation on the cardiovascular, pulmonary, metabolic, and musculoskeletal

systems.
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INTRODUCTION

AccordingtotheWorld Health Organization, population
older than 60 years would duplicate by 2050, with an
increase from 900 million in 2015 to 2 billion elders
worldwide(1). Aging is a natural and complex process
with decline in physiological and cognitive functions,
the velocity of establishment depends on intrinsic
(genetics) and extrinsic (environment and lifestyles)
factors. It also depends largely by the burden of
chronic diseases throughout life (2, 3).

The benefits of physical activity and exercise
include pulmonary, cardiovascular, hematopoietic,
neurophysiologic, metabolic, and musculoskeletal
adaptations. Which protect against chronic diseases
and along with a healthy diet and mental well-being,
contribute to successful aging (2, 4, 5). Physical activity
is associated with reduction in all-cause mortality and

mortality of cardiovascular causes by 33% and 35%
respectively, extending lifespan by one to two years (6-8)

Detraining refers to total or partial loss of exercise
induced adaptations in response to a lack or reduction
in training stimulus (9, 10). Its effects depend to an
important extent on age, clinical conditions, type
and intensity of previous training (9-11). The loss of
adaptations also depends on timeof detraining(9-13).

In the past decades there has been a demographic
shift with inversion of the population pyramid, this
has expanded the number of adults over 65 years,
among whom physical inactivity is frequent. With
increasing age, a vicious circle is generated between
deconditioning, perception of loss of functionality,
physical inactivity, and sedentary lifestyle. Thus, in
older adults where the burden of chronic diseases
is higher, knowledge of detraining becomes as
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important as knowing the benefits and adaptations of
physical activity, because it regulates the time frame
of protective effects loss, and will be associated with
greater fragility, morbidity and mortality typical of
this age group(2, 14-16).

CARDIOVASCULAR SYSTEM

There is a strong association between cardiovascular
effects of exercise and reduction in mortality(6-8).
Explained by enhanced endothelial function, greater
coronary flow reserve, autonomic modulation,
greater capillary density, reduction in blood pressure
and arterial stiffness (17, 18). Additionally there is
an increase in plasma volume, end diastolic volume,
systolic volume and improvement in cardiac output
(17, 18), that along with additional adaptations,
improves maximal oxygen uptake (19).

These changes in volume and pressure will
eventually lead to cardiac structural changes due
to long-term adaptations, like increased heart size,
increased cavity volume and wall thickness (17, 20).
Regarding vascular adaptations, there is an increase
in endothelial turnover with a decrease in pressor
responses to sympathetic activity, an increase in
angiogenesis at both the peripheral (muscular) and
central (cardiopulmonary) levels (18, 19, 21).

Additionally, the reduction of cardiovascular risk,
seems to be associated with improvement of
endothelial function that leads to the stabilization of
atheromatous plaques, reducing the risk of coronary
ischemic event, as well as sudden death by the
improvement of autonomic control (8, 18, 21).

Cardiovascular effects of detraining are inversely
related to the time and adaptations previously
obtained (9, 10). Thus, the longer the time of cessation
of physical activity and the lower previous fitness,
the cardiovascular consequences of detraining will
be greater and earlier (9-12). The decrease in blood
volume is the earliest modification of detraining and
will be partly responsible for thedecrease in oxygen
consumption. 10 days after the suspension of the
training stimulus, it has been described a decrease
between 9% to 12% after 2 weeks in endurance
athletes, associated to diminished plasma proteins
and red blood cells (9, 22, 23).

Regarding heart rate, there is no significant increase
in heart rate at rest with acute detraining (10 days),
however, changes of 5-10% are noted in maximal and

submaximal intensities. Returning to baseline can
take months, it has even been described that in highly
trained subjects the maximum heart rate may not
return to baseline(9-13).

Systolic volume can be reduced by 10-17% over a
period of 12 days to 8 weeks, with a 12% reduction
in end-diastolic ventricular dimensions by one month.
(9-13, 24). In relation to cardiac output (CO), the
increase in heart rate does not completely offset the
decrease in plasma volume, which ultimately results
in a decrease in cardiac output, approximately 8%
and 10% in a period of 21 and 90 days of inactivity
respectively (9-13).

The cardiac structural changes takelonger and will
be reflected in a decrease in cardiac mass and size of
the cavities, as well as reduction inthickness of the
left ventricular wall. Significant changes have been
described in periods longer than 8 weeks with a return
to baselineafter 4 months of detraining(9, 13, 25).

In older adults there is a higher prevalence of chronic
diseases associated with vascular impairment,
oxidative stress, and reduced antioxidant capacity.
These variations are associated with disruption of
endothelial function, increased risk of atherosclerosis
and cardiovascular disease(26, 27). Endothelial
progenitor cells (EPC) and vascular endothelial
growth factor (VEGF) help maintain vascular integrity;
therefore their reduction is associated with endothelial
disfunction, coronary ischemic events and death from
cardiovascular disease(28-32).

EPCaresensitive to changesinredox potentialand have
a high expression of antioxidant enzymes, therefore
interruptions in the redox state can negatively affect
their function (27, 32, 33). Low-density lipoproteins
(LDL) have an atherogenic potential and additionally
decrease the number of EPC, their proliferative
capacity, migration and adhesion (32, 34).

Exercise can increase the number and function of EPC
by enhancing redox and antioxidant capacity (26, 27,
29, 30). In the short term, an increase in EPC has been
described in response to exercise both in healthy older
adults and in older adults with risk factors or already
established cardiovascular disease (32, 35, 36). In
the long term, increase in EPC has been described in
elders with cardiovascular disease but not healthy
elders (32, 35, 37, 38). Detraining relates to loss of the
antioxidant capacity within a time frame that depends
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on the intensity and mode of the previous training
(27). Witkowski et al. studied healthy older adults
with a history of more than 30 years of moderate
to high exercise intensity, and found after 10 days
of detraining, a significant decrease in the vascular
endothelial growth factor receptor (VEGFR2) and
EPC. This reflects that alterations of oxidative stress
in detraining in older adults may be related to loss of
the cardiovascular protective mechanism(32).

RESPIRATORY SYSTEM

In the respiratory system detraining changes can be
described according to the time of cessation of stimuli,
in short (4 weeks) or long term (more than 4 weeks)(9,
11, 12). Regarding the maximal oxygen consumption
(VO,max),ithasbeendescribed decreaseswith periods
ofcessation oftrainingasshortas 2 weeks,anditseems,
that at higher previous values of VO,max, greater is
the decline with detraining (11, 39). It is estimated
that the change ranges between 4 and 14%, in highly
trained athletes. However, for recently trained people,
this decrease is less noticeable, hovering between 4%
and 6% after 4 weeks of detraining (11). For highly
trained individuals, prolonged cessation of training
results in a progressive decrease in VO, during the first
8 weeks with subsequent stabilization, still reporting
higher values than sedentary people. Recently trained
individuals with prolonged detraining results in the
total loss of the gains obtained in VO2max(12, 39).

Amongthe mostcharacteristicchanges with detraining
are the decrease in ventilatory function measured by
the decrease in the values of the maximum ventilatory
volume, decrease in the oxygen pulse and a secondary
increase in the ventilatory equivalent of oxygen (11).
Decreasesofupto 14% in maximum ventilatory volume
have been reported in highly trained individuals
during prolonged periods of detraining, along with
a marked increase in the respiratory equivalent for
oxygen during submaximal exercise and decrease in
the oxygen pulse(12). Similar effects are described
on ventilatory function in recently trained individuals
with long term detraining.

It is important to contrast the changes in lung
parameters triggered with aging, since both
detraining and aging, can have deleterious effects
on lung function and structure. The most relevant
changes in lung function linked to the aging process
are decrease in vital capacity, forced vital capacity and

forced expiratory volume in the first second (FEV1)
(40, 41). Additionally, decrease in residual volume
and functional reserve have been reported in healthy
adults in relation to increasing age(40, 42).

Changes in the composition of lung tissue and
remodeling have been related to a decrease in lung
elastic recoil, which can be expressed as a measure of
high compliance, similar to that of an emphysematous
lung (40, 43, 44). Many conclusions on aging and
changes in lung function have been made on research
in animals (mainly mice). Schulte etal. (40), carried out
an important investigation with mice, finding changes
in lung physiology at different moments of life. They
were able to determine structural changes in older
mice, given by increased lung volume and widening
of the alveolar ducts. An additional effect was the
development of late alveolarization,accompanied by
a reduction in alveolar size. The lungs do not express
homogeneous mechanical responses to changes in air
volumes (45). This may correspond to the variations
of specific compartments (airway, parenchyma, blood
vessels) and their functional needs (45-47).

Sicard et al. demonstrated greater stiffness in the
vascular and pulmonary parenchyma compartments
by increasing the elastic modulus, a capacity related to
the resistance of a material to be elastically deformed
during an applied tension (41, 45, 48). These results
support that changes in lung architecture play a
determining role in the increase in compliance with
aging (40, 45, 49).

Stiffness of the pulmonary vessels, increased
pressures in the pulmonary circulation, and increased
resistance of the pulmonary vascular bed have
been frequently associated with normal aging in
healthy adults. However, these changes do not seem
to limit the capacity of older adults to exercise, it is
compensated by a pulmonary vascular expansion and
an effective recruitment of the capillary and alveolus
surface (50,51).

Coffman et al. (51) stipulate that in aging there
is a decrease the pulmonary diffusion capacity of
carbon monoxide (DLCO), related to a decrease in
the pulmonary capillary surface area. Following
this reasoning, a reduced response in lung diffusion
capacity should be expected during exercise in
older adults. However, age-related decline in lung

Archives of Physical Health and Sports Medicine V3 .12.2020 35



Physiology of Detraining in Older Population: Pandemic Time Considerations

function does not appear to affect the response
of the pulmonary capillary network during
exercise in healthy individuals, regardless of age
or cardiorespiratory fitness. Therefore, pulmonary
responses to exercise such as pulmonary capillary
distention and recruitment results in an adequate
expansion of the capillary surface area, which allows
an adequate diffusion capacity for the metabolic
demands of exercise, independent of fitness or age (51, 52).

Inaddition, the researchers showed that highly trained
elderly had a higher (DLCO) and greater conductance
of the alveolar-capillary membrane during maximal
exercise compared to results of untrained elderly
(51). Further studies are needed to understand the
influence of better cardiorespiratory fitness in elders
and pulmonary function due to aging, and the impact
of detraining.

MUSCULOSKELETAL SYSTEM

Loss of muscle mass and functionality is an important
characteristic of aging, which is associated with high
risk of falls(53, 54), it is estimated that one third of
people over 65 years suffer a fall annually (55). These
events can be mitigated through exercise, especially
focused on balance and strength, because they improve
postural control and physical function (56).

Additionally, in older adults, there is atrophy of type
Ila and IIx fibers, as well as reduction in the number of
myofibrils (57, 58). Exercise has been associated with
maintenance of these fibers, better muscle quality
(54) and maintenance of mitochondrial function(59).
With detraining, the acquired distribution is lost and
IIa fibers are transformed into Ila, in addition there
is a decrease in size and muscle strength, changes
observed in periods greater than 4 weeks of cessation
of physical stimuli(9, 10, 22).

Preserving muscle mass requires mechanical stimuli
for anabolism, if it stops, the protein turnover, given
by the difference between synthesis and degradation,
tends to be negative (60). A study in young people
showed that the disuse of one leg for 3 weeks, resulted
in muscle loss of 5% after 10 days and 10% after 21
days (61). Just as decrease in muscle protein synthesis
in immobilization has been described in young people,
this phenomenon has also been described in the
elderly, and is called “anabolic resistance” (54).

Aging is associated with changes in the properties of
the motor units, as well as their loss, this is relevant
because the force produced in muscle contractions
dependsontherate ofdischarge ofthe action potentials
and the recruitment of motor units. Exercise becomes
important as it protects against muscle denervation
associated with aging (57, 60).

Studies comparing changes in strength have been
developed in different age groups with detraining.
Lemmer, et al (10) described loss of 8% strength in
people between 20-30 years, compared to loss of
14% in people between 65-75 years, after 31 weeks
of detraining. Additionally, Toreman and Ayceman,
described that performance and flexibility are more
affected in people between 74-86 years than in people
between 60 - 73 years. Which would imply differences
by age group among the elderly (10).

Handgrip strength is an indicator of fragility,
propensity to fall and physical functionality. A study
evaluated the impact on quality of life and handgrip
strength after 3 months of detraining in individuals
with a mean age of 75 years, previously physically
active. The authors describe a decrease in most
dimensions of the SF-36 quality of life questionnaire
after detraining, especially in women, with no change
in handgrip strength (55).

At the capillary level, training adaptations optimizes
thedistribution, uptake and use of oxygenbyincreasing
the capillary density and increasing myoglobin (18).
These effects regress with detraining, with no evidence
of decrease in muscle myoglobin levels (9, 62-64).

ENDOCRINE SYSTEM

The adaptations related to training are a set of
modificationsin differentbody systems. The endocrine
system is one of them, with changes in catecholamine
levels during and after exercise, as well as growth
hormone levels, cortisol, thyroxine, testosterone,
insulin, glucagon and renin-angiotensin-aldosterone
system (18, 65, 67).

The effects of training on metabolism are well known
and are related to optimization of physiological
processes and improvement on performance (18, 65).
The metabolic changes that training entails are closely
related to the type of exercise, because of specific
metabolic needs, especially the dependence or not of
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oxygen. This generates specific changes in the type
of muscle fibers, capillary supply, myoglobin content,
mitochondrial function, oxidative enzymes, storage
and use of metabolic substrates (18, 65).

Regarding the optimization of oxygen-dependent
metabolic processes, the most relevant changes
occur at the mitochondrial level, with an increase in
the number and size of these organelles, increased
enzyme activity (18, 65) and oxidative capacity.

Another important aspect is the storage capacity and
use of energy sources during exercise. Among the most
prominentconsiderationsisagreater glycogenreserve
with slower depletion, thanks to a greater efficiency in
fat oxidation (18, 65). Likewise, in strength training
metabolic adaptations are also generated. One to
highlight is the increase in adenosine triphosphate-
phosphocreatine (ATP-PC) and glycolytic enzymes
(18, 66).

Baker et al. In two studies published in 2003 and
2010, showed performance declines with increasing
age, clarifying that some attributes tend to decrease
with greater speed(68, 69). Such effects are explained
by the physiological changes of aging (14, 15, 70).
The impact of aging on performance is given by a
deterioration in VO2 max. (68-70). The metabolic and
endocrine factors that contribute to the decrease in
VO2 max are due to structural muscular changes, and a
decrease of lean mass (14), this translates into a lower
oxygen uptake by the active muscles, in addition to a
decrease in the sympathetic response and maximum
heartrate (70, 71).

Although VO2max is one of the most studied factors
of the deterioration in performance, there are other
metabolic and endocrine changes associated as
decreased levels of testosterone, growth hormone,
Insulin-like growth factors and dehydroepiandro
sterone (DHEA) (54, 72, 73); hormones that change
concentrations during and after exercise, as an acute
and adaptive response to this stimulus (18, 65, 67).

It can be understood that detraining in the elderly
population has special considerations, among them,
a greater impact on the physical fitness, especially
aerobic endurance (74). With detraining there
is a decrease in mitochondrial mass, increase in
respiratory exchange ratio and changes in lactate

concentration(9, 10, 13). Decreasing in mitochondrial
mass is reflected in decreased oxidative enzyme
activity in the first 8 weeks of inactivity (10, 75).
R. Wibom et al. also demonstrated that the rate of
mitochondrial production of ATP improves with
training but decreases rapidly with the loss of this
stimulus (76). More recent studies such as the one
carried out by C Granata et al. show that the decrease
in training volume has an impact in reversing adaptive
mitochondrial effects (77).

The wuse of metabolic substrates alsochanges,
withdecreased oxidative activity, lipid metabolism
is reduced, increasing dependence on glycolytic
metabolism. This change explains an increase in the
respiratory quotient, that can be observed between 2
to4 weeksofinactivity (9,10, 13,75, 78). Consequently,
lactate concentrations tend to increase with lower
intensities and the lactate threshold decreases
progressively from the first 7 days of cessation (9, 10,

13,75, 78).

Studies have found changes in the concentrations
of lipoprotein lipase (LPL) in adipose and muscular
tissue as a consequence of detraining (9, 13), RB
Simsolo etal. found decreased activity of LPL in muscle
and increased adipose tissue, in healthy athletes
after a detraining period of 2 weeks. This favors
the accumulation of adipose tissue and therefore
alteration of the lipid profile with especially increased
low-density lipoproteins and triglycerides (9, 79, 80).

These metabolic changes occur simultaneously
to endocrine modifications, with multiple studies
showing a decrease in insulin sensitivity (13, 79),
marked increase in plasma insulin levels and blood
glucose levels unchanged (79, 81). The decrease in
insulin sensitivity is mainly mediated by changes in
the number of receptors to this hormone (13). A clear
example of this is the return to baseline in the number
of GLUT4 after detraining periods (9, 13, 79, 82) as
demonstrated by Michael McCoy et al. who found a
decrease in the number of these proteins from the
10th day of inactivity in trained men (83).

As mentioned above there are several physiological
changes related to aging as there are to training and
detraining. The table 1 summarizes the effects of
detraining previously described.
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Table 1. Effects of detraining in the different systems

HUMAN BODY SYSTEMS EFFECTS OF DETRAINING CLINICAL IMPACT
Decreased blood volume: diminished plasma proteins
CARDIOVASCULAR
and red blood cells.
Increased heart rate: First in maximal and submaximal
exercise.
Decrease in oxygen
Reduced systolic volume. consumption,
Decreased cardiac output. Loss of the cardiovascular
protective mechanisms.
Decrease in cardiac mass, cavity sizes, and thickness of
the left ventricular wall.
Decreased redox and antioxidant capacity (by decrease in
VEGFR2 and EPC).
RESPIRATORY Reduced maximum ventilatory volume. .
; Decrease in oxygen
Decrease in DLCO and conductance of the alveolar- . e
. ) i . consumption (stabilization
capillary membrane during maximal exercise.
after 8 weeks approx.).
Decreased oxygen pulse. Decrease in ventilatory
function.
Increased ventilatory equivalent of oxygen.
MUSCULOSKELETAL Atrophy of type Ila and IIx fibers, reduction in the
number of myofibrils
Decreased muscle size, strength, and flexibility. Loss of muscle mass and
Decreased muscle protein synthesis (“anabolic functionality.
resistance”). High risk of falls.
Decreased muscle capillary density (less uptake and use
of oxygen).
METABOLIC Diminished mitochondrial mass. (decreased oxidative
enzyme activity).
Changes in lactate concentration (increases with lower Change _m the use of
intensities and lactate threshold decreases). metabolic substrates.
Accumulation of adipose
Reduced lipid metabolism, increasing dependence tissue and alteration of the
on glycolytic metabolism: Increase in the respiratory lipid profile (increased LDL
quotient. and triglycerides).
Decreased activity o'f LPL ir.l muscle and increased Increased risk of chronic
adipose tissue. diseases as diabetes,
Decrease in insulin sensitivity (by changes in the number high blood pressure,
of hormone receptors, eg. Reduction in the number of dyslipidemia, etc.
GLUT4)

VEGFR2: vascular endothelial growth factor receptor, EPC: Endothelial progenitor cells, DLCO: pulmonary diffusion capacity
of carbon monoxide, LPL lipoprotein lipase. LDL: low-density lipoproteins. *The exact chronology of these events in older
adults is limited, much of the evidence is based on the general population and not exclusively on the mature population.
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CONCLUSIONS

Time periods in which the loss of the adaptations
occur have been analyzed in multiple studies,
however, evidence regarding chronology of events
in older adults is limited. Adaptations generated by
different types of training are reversible and can be
influenced by multiple factors. Within these, age
should be considered, the physiological changes
associated suggest this population may have earlier
and greater changes. Evidence regarding this point is
limited, therefore more studies are needed to clarify
the impact of detraining in this age group.

REFERENCES

1.

Organization WH. Ageing and Health 2018
[Available from: https://www.who.int/
news-room/fact-sheets/detail/ageing-and-
health#:~:text=People%20worldwide%?20
are%20living%20longer,aged%2080%20
years%20or%20older.

Gremeaux V, Gayda M, Lepers R, Sosner P, Juneau
M, Nigam A. Exercise and longevity. Maturitas.
2012;73(4):312-7.

Glatt SJ, Chayavichitsilp P, Depp C, Schork N,
Jeste DV. Successful aging: from phenotype to
genotype. Biological psychiatry. 2007;62(4)
(0006-3223 (Print)):282-93.

Nelson ME, Rejeski W], Blair SN, Duncan PW,
Judge JO, King AC, et al. Physical activity and
public health in older adults: Recommendation
from the American College of Sports Medicine
and the American Heart Association. Circulation.

2007;116(9):1094-105.

Lazarus NR, Harridge SDR. The Inherent Human
Aging Process and the Facilitating Role of
Exercise. Frontiers in physiology. 2018;9:1135-.

Apullan FJ], Bourassa MG, Tardif JC, Fortier A,
Gayda M, Nigam A. Usefulness of Self-Reported
Leisure-Time Physical Activity to Predict
Long-Term Survival in Patients With Coronary

Heart Disease. American Journal of Cardiology.
2008;102(4):375-9.

Jr PR, R H, Al W, Hsieh CC. Physical activity, all-
cause mortality, and longevity of college alumni.
New England Journal of Medicine. 1986;314(10)
(0028-4793 (Print)):605-13.

8.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Nocon M, Hiemann T, Miiller-Riemenschneider F,
Thalau F, Roll S, Willich SN. Association of physical
activity with all-cause and cardiovascular
mortality: A systematicreview and meta-analysis.
European Journal of Preventive Cardiology.
2008;15(3):239-46.

Mujika I, Padilla S. Cardiorespiratory and
metabolic characteristics of detraining in
humans. Medicine and Science in Sports and
Exercise. 2001;33(3):413-21.

Ronconi M, Alvero-Cruz JR. Cambios fisiologicos
debidos al desentrenamiento. Apunts Medicina
de I'Esport. 2008;43(160):192-8.

Mujika I, Padilla S. Detraining: Loss of training-
induced physiological and performance
adaptations. Part 1. Sports Medicine.

2000;30(2):79-87.

Mujika I, Padilla S. Detraining: loss of training-
induced physiological and performance
adaptations. Part II: Long term insufficient
training stimulus. Sports Medicine. 2000;30(3)
(0112-1642 (Print)):145-54.

Mujika I, Padilla S. Physiological and Performance
Consequences of Training Cessation in Athletes:
Detraining. Rehabilitation of Sports Injuries:
Scientific Basis. 2003:117-43.

Buch A, Carmeli E, Boker LK, Marcus Y, Shefer
G, Kis O, et al. Muscle function and fat content in
relation to sarcopenia, obesity and frailty of old
age--An overview. Experimental gerontology.
2016;76(1873-6815 (Electronic)):25-32.

Fleg JL, Morrell CH, Bos AG, Brant L], Talbot LA,
Wright ]G, et al. Accelerated longitudinal decline
of aerobic capacity in healthy older adults.
Circulation. 2005;112(5):674-82.

Janssen 1. Influence of sarcopenia on the
development of physical disability: The
cardiovascular health study. Journal of the
American Geriatrics Society. 2006;54(1):56-62.

Hellsten Y, Nyberg M. Cardiovascular Adaptations
to Exercise Training. Comprehensive Physiology.
2015;6(1):1-32.

Archives of Physical Health and Sports Medicine V3 . 12

Kenney WL, Wilmore JH, Costill DL. Physiology
of Sport and Exercise: Human Kinetics,
Incorporated; 2015.

.2020 39



Physiology of Detraining in Older Population: Pandemic Time Considerations

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Bada AA, Svendsen JH, Secher NH, Saltin
B, Mortensen SP. Peripheral vasodilatation
determines cardiac output in exercising humans:
Insight from atrial pacing. Journal of Physiology.
2012;590(8):2051-60.

Arbab-Zadeh A, Perhonen M, Howden E,
Peshock RM, Zhang R, Adams-Huet B, et al.
Cardiac remodeling in response to 1 year of
intensive  endurance training. Circulation.
2014;130(24):2152-61.

of blood flow in
Microcirculation.

Segal SS. Regulation
the microcirculation.
2005;12(1):33-45.

Coyle EF, Hemmert MK, Coggan AR. Effects
of detraining on cardiovascular responses to
exercise: Role of blood volume. Journal of Applied
Physiology. 1986;60(1):95-9.

Convertino VA. Blood volume response to physical
activity and inactivity. The American journal of
the medical sciences. 2007;334(1):72-9.

Coyle EF, Martin 3rd WH, Sinacore DR, Joyner
M], Hagberg JM, Holloszy JO. Time course of loss
of adaptations after stopping prolonged intense
endurance training. Journal of Applied Physiology.
1984;57(6):1857-64.

Lobo A, Carvalho ], Santos P. Effects of Training
and Detraining on Physical Fitness, Physical
Activity Patterns, Cardiovascular Variables, and
HRQoL after 3 Health-Promotion Interventions
in Institutionalized Elders. International Journal
of Family Medicine. 2010;2010:1-10.

Gomes EC, Silva AN, Oliveira MRD. Oxidants,
antioxidants, and the beneficial roles of exercise-
induced production of reactive species. Oxidative
Medicine and Cellular Longevity. 2012;2012.

Tofas T, Draganidis D, Deli CK, Georgakouli K,
Fatouros IG, Jamurtas AZ. Exercise-induced
regulation of redox status in cardiovascular
diseases: The role of exercise training and
detraining. Antioxidants. 2020;9(1):1-41.

Hill ], Zalos G, Halcox JP], Schenke WH,
Waclawiw MA, Quyyumi AA, et al. Circulating
endothelial progenitor cells, vascular function,
and cardiovascular risk. New England Journal of
Medicine. 2003;348(7):593-600.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Hristov M, Weber C. Endothelial progenitor
cells: Characterization, pathophysiology, and
possible clinical relevance. Journal of Cellular
and Molecular Medicine. 2004;8(4):498-508.

Kunz GA, Liang G, Cuculoski F, Gregg D, Vata KC,
Shaw LK, et al. Circulating endothelial progenitor
cells predict coronary artery disease severity.
American Heart Journal. 2006;152(1):190-5.

Werner N, Sonja K, Schiegl T, Ahlers P, Walenta K,
Link A, et al. Circulating endothelial progenitor
cells and cardiovascular outcomes. New England
Journal of Medicine. 2005;353(10):999-1007.

Witkowski S, Lockard MM, Jenkins NT, Obisesan
TO, Spangenburg EE, Hagberg JM. Relationship
between circulating progenitor cells, vascular
function and oxidative stress with long-term
training and short-term detraining in older
men. Clinical science (London, England : 1979).
2010;118(4):303-11.

Molavi B, Mehta JL. Oxidative stress in
cardiovascular disease: molecular basis of its
deleterious effects, its detection, and therapeutic
considerations. Current opinion in cardiology.
2004;19(5):488-93.

Wang X, Chen ], Tao Q, Zhu ], Shang Y. Effects of
ox-LDL on number and activity of circulating
endothelial progenitor cells. Drug and chemical
toxicology. 2004;27(3):243-55.

Laufs U, Urhausen A, Werner N, Scharhag ], Heitz
A, Kissner G, et al. Running exercise of different
duration and intensity: Effect on endothelial
progenitor cells in healthy subjects. European
Journal of Preventive Cardiology. 2005;12(4):407-14.

Van Craenenbroeck EMF Vrints C], Haine SE,
Vermeulen K, Goovaerts I, Van Tendeloo VFI,
et al. A maximal exercise bout increases the
number of circulating CD34+/KDR+ endothelial
progenitor cells in healthy subjects. Relation
with lipid profile. Journal of Applied Physiology.
2008;104(4):1006-13.

Steiner S, Niessner A, Ziegler S, Richter B,
Seidinger D, Pleiner ], et al. Endurance training
increases the number of endothelial progenitor
cells in patients with cardiovascular risk and
coronary artery disease. Atherosclerosis.
2005;181(2):305-10.

40

Archives of Physical Health and Sports Medicine V3 .12.2020



Physiology of Detraining in Older Population: Pandemic Time Considerations

38.

39.

40.

41.

42.

43.

44.

45,

46.

47.

48.

49.

Thijssen DH]J, Vos ] B, Verseyden C, Van Zonneveld
AJ, Smits P, Sweep FCG]J, et al. Haematopoietic
stem cells and endothelial progenitor cells in
healthy men: Effect of aging and training. Aging
Cell. 2006;5(6):495-503.

Valenzuela PL, Maffiuletti NA, Joyner M], Lucia
A, Lepers R. Lifelong Endurance Exercise as a
Countermeasure Against Age-Related V' O 2 max
Decline: Physiological Overview and Insights
from Masters Athletes. Sports Medicine.
2020;50(4):703-16.

Schulte H, Miihlfeld C, Brandenberger C. Age-
Related Structural and Functional Changes
in the Mouse Lung. Frontiers in Physiology.
2019;10(December).

Sharma G, Goodwin ]. Effect of aging on
respiratory system physiology and immunology.
Clinical interventions in aging. 2006;1(3):253-60.

Turner JM, Mead ], Wohl ME. Elasticity of human
lungs in relation to age. Journal of applied
physiology. 1968;25(6):664-71.

Derby B, Akhtar R. Mechanical Properties of
Aging Soft Tissues2015.

Subramaniam K, Kumar H, Tawhai MH. Evidence
for age-dependent air-space enlargement
contributing to loss of lung tissue elastic
recoil pressure and increased shear modulus
in older age. Journal of Applied Physiology.
2017;123(1):79-87.

Sicard D, Haak AJ, Choi KM, Craig AR, Fredenburgh
LE, Tschumperlin DJ. Aging and anatomical
variations in lung tissue stiffness. American
Journal of Physiology - Lung Cellular and
Molecular Physiology. 2018;314(6):L946-L55.

Fredberg]], Kamm RD. Stress transmission in the
lung: Pathways from organ to molecule. Annual
Review of Physiology. 2006;68:507-41.

Tschumperlin DJ. Matrix, mesenchyme, and
mechanotransduction. Annals of the American
Thoracic Society. 2015;12(March):S24-S9.

Lai-Fook S], Hyatt RE. Effects of age on elastic
moduli of human lungs. Journal of Applied
Physiology. 2000;89(1):163-8.

Faffe DS, Zin WA. Lung parenchymal mechanics
in health and disease. Physiological Reviews.
2009;89(3):759-75.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Lacolley P,RegnaultV,Segers P, LaurentS. Vascular
smooth muscle cells and arterial stiffening:
Relevance in development, aging, and disease.
Physiological Reviews. 2017;97(4):1555-617.

Coffman KE, Carlson AR, Miller AD, Johnson BD,
Taylor B]. The effectofagingand cardiorespiratory
fitness on the lung diffusing capacity response to
exercise in healthy humans. Journal of Applied
Physiology. 2017;122(6):1425-34.

Al Dandachi G, Londner C, Caumont-Prim A,
Plantier L, Chevalier-Bidaud B, Toussaint JF, et al.
Ageingand endurance training effects on quantity
and quality of pulmonary vascular bed in healthy
men. Respiratory Research. 2014;15(1):1-5.

Correa CS, Cunha G, Marques N, Oliveira-Reischak
A, Pinto R. Effects of strength training, detraining
and retraining in muscle strength, hypertrophy
and functional tasks in older female adults.
Clinical Physiology and Functional Imaging.
2016;36(4):306-10.

Lazarus NR, Lord ]M, Harridge SDR. The
relationships and interactions between age,
exercise and physiological function. Journal of
Physiology. 2019;597(5):1299-309.

Esain 1, Rodriguez-Larrad A, Bidaurrazaga-
Letona I, Gil SM. Health-related quality of life,
handgrip strength and falls during detraining in
elderly habitual exercisers. Health and Quality of
Life Outcomes. 2017;15(1):1-9.

Granacher U, Muehlbaue T, Zahner L, Gollhofer
A, Kressig RW. Comparison of traditional and
recent approaches in the promotion of balance
and strength in older adults. Sports Medicine.
2011;41(5):377-400.

Hunter SK, Pereira XHM, Keenan KG. The aging
neuromuscular system and motor performance.
Journal of Applied Physiology. 2016;121(4):982-95.

Lavin KM, Roberts BM, Fry CS, Moro T, Rasmussen
BB, Bamman MM. The importance of resistance
exercise training to combat neuromuscular aging.
Physiology. 2019;34(2):112-22.

Pollock RD, O’'Brien KA, Daniels L], Nielsen KB,
Rowlerson A, Duggal NA, et al. Properties of the
vastus lateralis muscle in relation to age and
physiological function in master cyclists aged
55-79 years. Aging Cell. 2018;17(2).

Archives of Physical Health and Sports Medicine V3 . 12

.2020 41



Physiology of Detraining in Older Population: Pandemic Time Considerations

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Narici M, De Vito G, Franchi M, Paoli A, Moro
T, Marcolin G, et al. Impact of sedentarism
due to the COVID-19 home confinement on
neuromuscular, cardiovascular and metabolic
health: Physiological and pathophysiological
implications and recommendations for physical
and nutritional countermeasures. European
Journal of Sport Science. 2020;0(0):1-22.

de Boer MD, Maganaris CN, Seynnes OR, Rennie
M], Narici MV. Time course of muscular, neural
and tendinous adaptations to 23 day unilateral
lower-limb suspension in young men. Journal of
Physiology. 2007;583(3):1079-91.

Bogdanis GC. Effects of physical activity and
inactivity on muscle fatigue. Frontiers in
Physiology. 2012;3 MAY(May):1-15.

Degens H, Alway SE. Control of muscle size during
disuse, disease, and aging. International Journal
of Sports Medicine. 2006;27(2):94-9.

Tyml K, Mathieu-Costello O. Structural and
functional changes in the microvasculature of
disused skeletal muscle. Frontiers in bioscience
:ajournal and virtual library. 2001;6(3):45-52.

Rivera-Brown AM, Frontera WR. Principles of
exercise physiology: Responses to acute exercise
and long-term adaptations to training. PM and R.
2012;4(11):797-804.

Thorstensson A, Sjodin B, Karlsson ]J. Enzyme
activities and muscle strength after “sprint
training” in man. Acta Physiologica Scandinavica.
1975;94(3):313-8.

Kraemer W], Ratamess NA, Nindl BC. Recovery
responses of testosterone, growth hormone, and
IGF-1 after resistance exercise. Journal of Applied
Physiology. 2017;122(3):549-58.

Baker AB, Tang YQ. Aging performance for
masters records in athletics, swimming, rowing,
cycling, triathlon, and weightlifting. Experimental
Aging Research. 2010;36(4):453-77.

Baker AB, Tang Yq Fau - Turner MJ, Turner MJ.
Percentage decline in masters superathlete track
and field performance with aging. Experimental
aging research. 2003;29(1):47-65.

Tanaka H, Seals DR. Endurance exercise
performance in Masters athletes: Age-
associated changes and underlying physiological

71.

72.

73.

74.

75.

76.

77.

78.

79.

mechanisms. Journal of Physiology.

2008;586(1):55-63.

Heath GW, Hagberg JM, Ehsani AA, Holloszy
JO. A physiological comparison of young and
older endurance athletes. Journal of Applied
Physiology Respiratory Environmental and
Exercise Physiology. 1981;51(3):634-40.

Harman SM, Metter E], Tobin ]D, Pearson ],
Blackman MR. Longitudinal effects of aging
on serum total and free testosterone levels in
healthy men. Journal of Clinical Endocrinology
and Metabolism. 2001;86(2):724-31.

Orentreich N, Brind ], Vogelman ], Andres R,
BaldwinH.Long-termlongitudinalmeasurements
of plasma dehydroepiandrosterone sulfate in
normalmen. TheJournal of Clinical Endocrinology
& Metabolism. 1992;75(4):1002-4.

Toraman NF. Shortterm and long term detraining:
Is there any difference between young-old and
old people? British Journal of Sports Medicine.
2005;39(8):561-4.

Klausen K, Andersen L, Pelle I. Adaptive changes
in work capacity, skeletal muscle capillarization
and enzyme levels during training and detraining.
Acta Physiologica Scandinavica. 1981;113(1):9-16.

Wibom R, Hultman E, Johansson M, Matherei K,
Constantin-Teodosiu D, Schantz PG. Adaptation of
mitochondrial ATP production in human skeletal
muscle to endurance training and detraining.
Journal of Applied Physiology. 1992;73(5):2004-10.

Granata C, Oliveira RS, Little JP, Renner K, Bishop
DJ. Mitochondrial adaptations to high-volume
exercise training are rapidly reversed after a
reduction in training volume in human skeletal
muscle. The FASEB journal. 2016;30(10):3413-23.

Petibois C, Déléris G. Effects of short- and long-
term detraining on the metabolic response
to endurance exercise. Int ] Sports Med.
2003;24(5):320-5.

Ratel S, Gryson C,Rance M, Penando S, Bonhomme
C,Le Ruyet P, et al. Detraining-induced alterations
in metabolic and fitness markers after a
multicomponent exercise-training program in
older men. Applied Physiology, Nutrition, and
Metabolism. 2012;37(1):72-9.

42

Archives of Physical Health and Sports Medicine V3 .12.2020



Physiology of Detraining in Older Population: Pandemic Time Considerations

80.

81.

Simsolo RB, Ong M, Kern PA. The regulation of
adipose tissue and muscle lipoprotein lipase
in runners by detraining. Journal of Clinical
Investigation. 1993;92(5):2124-30.

Liu TC, Liu YY, Lee SD, Huang CY, Chien KY,
Cheng IS, et al. Effects of short-term detraining
on measures of obesity and glucose tolerance
in elite athletes. Journal of Sports Sciences.
2008;26(9):919-25.

82.

83.

Gjgvaag T, Dahl H. Effect of Training with
Different Mechanical Loadings on MyHC and
GLUT4 Changes. Medicine and science in sports
and exercise. 2008;41:129-36.

McCoy M, Proietto ], Hargreaves M. Effect
of detraining on GLUT-4 protein in human
skeletal muscle. Journal of Applied Physiology.
1994;77(3):1532-6.

Citation: Ana Maria Anaya, Diego Serna, et al. Physiology of Detraining in Older Population: Pandemic Time
Considerations. Archives of Physical Health and Sports Medicine. 2020; 3(2): 33-43.

Copyright: © 2020 Ana Maria Anaya, Diego Serna, et al. This is an open access article distributed under the
Creative Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Archives of Physical Health and Sports Medicine V3 .12.2020 43



