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Appendix

Lessons from COVID-19 Pandemic: Detraining and Retraining in

High Performance Athletes

Kazuya Yamazaki”, Hana Tsubokura”, Daichi Yamashita”, Barry A. Spiering2>,
Julio Tous—Fajardo3> , Louise Burke” , Gloria BalagueS) , Martin Buchheit®" 7>,
@yvind Sandbakk8>, Takaki Yamagishi”, Inigo Muj ika”" 1

Keywords : COVID-19, training cessation, eccentric overload, nutrition strategies, psychological

strategies

I . Introduction

From March 15 to March 31, 2022, the Japan High
Performance Sports Center (THPSC) held online the
“High-Performance Sports Symposium—Lessons from
the COVID-19 Pandemic: Detraining and Retraining
in High-Performance Athletes”. The spread of
COVID-19 imposed restrictions on the training activi-
ties of many athletes. Closure of training facilities,
limitations on the use of practice venues, isolation
measures due to infection or close contact, and quaran-
tine protocols affecting international competitions led
to insufficient training. With the aim of discussing per-
formance changes due to training interruptions and
strategies to maintain performance during the pandem-
ic, the symposium provided information from various
perspectives such as exercise physiology, nutrition,
and psychology. This paper concisely summarizes the
content of each lecture, outlining the restrictions and
countermeasures for sports activities during the pan-
demic, to improve athletes” support during unforeseen

pandemics.

II. Developing Resilient Athletes-Lessons from
the COVID-19 Pandemic (Ifiigo Mujika)

One of the main topics of this symposium was train-
ing reversibility. This principle states that acquired ad-
aptations are progressively lost after training inter-
ruption, partially or completely, leading to a decline in
performance commonly called detraining‘”) . Detrain-
ing caused by training cessation or reduction adversely
affects cardiorespiratory, metabolic, and muscle func-
tions. Even short-term interruptions can negatively af-
fect maximal oxygen uptake (VO,max), muscle
mass, and metabolic function. Therefore, it is import-
ant for athletes to maintain some level of training, fo-
cusing on keeping intensity high despite training vol-
ume reduction. Indeed, maintaining high training
intensity can preserve VO,max and muscle strength to
some extent when facing decreased training frequency
and duration®”. In particular, high-intensity interval
training (HIIT) or sprints can minimize performance

37),51

decline induced by reduced training volume™ ', Psy-

chological factors also play an important role, and us-
ing mental imagery (e.g., imagined muscle

contractions) may help preserve muscle strengthm).

v Japan Institute of Sports Sciences, U.s. Army Research Institute of Environmental Medicine (USARIEM), 3)Tensegrity

Performance, “ Australian Catholic University, 5>University of Illinois Chicago, “Lille OSC, ”Kitman Labs, YUiT The Arctic

University of Norway, ? University of the Basque Country, "“Universidad Finis Terrae
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Finally, training monitoring is crucial. Various meth-
ods are available to quantify training load and monitor

. 30),45), 54)
adaptations ) 45).5

. By appropriately tracking training
progress, it is possible to understand fatigue and
changes in performance, to maximize the training ef-

fects in athletes.

II. Maintaining Physical Performance during
the COVID-19 Pandemic/Quarantine (Barry
A. Spiering)

This lecture discussed the minimal training load re-
quired to maintain endurance and muscle strength,
based on the author's review™" . Understanding mini-
mal training requirements to maintain endurance and
muscle strength during quarantine periods is particu-
larly important to athletes, notably in restricted envi-
ronments such as small Japanese hotel rooms.

Studies in non-athletes have revealed that reducing
training frequency or duration does not decrease
VO,max acquired through training, but lowering train-

31),32), 33

ing intensity does ' In contrast, in athletes,

training twice a week is insufficient to maintain endur-

19), 25)

ance performance , and about four sessions per

2,43 Additionally, traditional en-

week are required
durance training and time-efficient, high-intensity in-
terval training have similar effects on improving en-
durance capacitym. These findings highlight the need
to plan training flexibly, according to the environment
and available time.

Studies in non-athletes have also shown that it is
possible to maintain muscle strength and mass by
training strength only once a week, but intensity must
be kept as high as possible”. An observational study
targeting athletes during lockdown reported that a fre-
quency of three times per week and a training volume
of 4=5 sets per exercise are effective to maintain
strength and muscle mass®’. These results indicate that
high intensity is crucial for preserving muscle strength
and mass.

If exercise equipment is unavailable during quaran-

15

tine, other modalities can help. For example, increas-
ing intensity by performing bodyweight exercises uni-
laterally (using one leg or one arm instead of both)

. 43)
can be effective

. Plyometric exercises are also bene-
ficial. In sports where arm flexion and extension are
important, such as martial arts, muscle strength can be
maintained by moving through the full range of mo-
tion with maximal effort, even without load". More-
over, motor imagery can also help in maintaining mus-
cle strength“). During the COVID-19 pandemic,
professional basketball players maintained muscle
strength and power through motor imagery trainingm).
Blood flow restriction training may also be effective
with appropriate safety management, but the efficacy
of using blood flow restriction training to maintain
training adaptation requires additional research.
However, most of these studies have targeted non-
athletes and it is unclear how they apply to high-
performance athletes. High-performance athletes may
require a greater training volume to maintain perfor-
mance. Based on these findings, it is necessary to con-
sider various strategies to train effectively during quar-

antine periods.

IV. Training during the COVID-19 Pandemic in
Professional Soccer: Eccentric Overload and
Injury Prevention (Julio Tous-Fajardo)

Due to COVID-19, many athletes were forced to
train at home without access to facilities. The author
was a training coach for a professional Italian soccer
team during the lockdown. Although not a researcher,
he has been involved in research on flywheel training.
This lecture discussed research findings in eccentric
overload training and specific methods implemented
during the pandemic.

Overload in eccentric training brings rapid and sus-

tained effects’”

. A comparison between eccentric over-
load training using a flywheel and conventional train-
ing showed significant improvements in athletic

performance in the group training using a flywheel, es-



pecially in the 45° change of direction test™. Further-
more, performing more eccentric training in three di-
mensions improved the overall training effect further
than training only in the vertical direction™ . Applying
different force vectors in eccentric training improved
functional performance and asymmetry in basketball
players, with horizontal jump ability showing signifi-
cant improvementm. These results suggest that eccen-
tric overload training effectively enhances athletes’
change of direction ability, speed, and jumping ability,
and can play an important role in providing specific
functional adaptations in line with the resistance direc-
tion.

In rugby players, combining flywheel resistance
with sport-specific tasks using the ball increased flexi-
bility and movement Variability‘m). Another study
showed that a six-week training period under similar
constraints increased movement speed significantly
and improved Variabilitym. These findings illustrate
that eccentric overload training incorporating
sport-specific constraints contributes to the diversity
and speed adaptation of athletes’ movements.

To help with training during the pandemic, informa-
tion based on bed rest study findings was provided to
players about the adverse effects of training interrup-
tions, and resistance bands were distributed. Various
training methods utilizing resistance available at home
were introduced, and weekly progressive training was
organized through online group and individual ses-
sions to maintain training adaptations.

Finally, new skill acquisition methods were required
from coaches during the lockdown. Implementing on-
line training, creating motivational training environ-
ments, and preparing time-efficient equipment became
necessary. Collaborating with physiotherapists was
also important for managing players’ health and im-
proving performance. To maximize players’ ca-
pabilities, adopting new technologies and training

equipment was essential.
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V. Nutrition Strategies during COVID-19 Pan-
demic/Quarantine (Louise Burke)

The COVID-19 pandemic has significantly impact-
ed athletes’ training environments and nutritional in-
take. This lecture focused on how athletes can manage
their nutrition and support their training goals while
isolated during the pandemic, incorporating the au-
thor's (Louise Burke) own experiences during strict
lockdowns and quarantine life at the Tokyo Olympics.

Nutritional practices affect not only performance
and long-term health in athletes, but also relate to cul-
tural identity, social interaction, and the enjoyment of
food. Isolation affects each athlete differently, present-
ing challenges such as limited space, lack of training
facilities, and restricted food choices, making collabo-
ration with various stakeholders essential. The nutri-
tional needs of athletes during isolation can be classi-
fied into five key concepts:

1. Adjusting energy intake: Training in quarantine
leads to reduced intensity and duration due to spa-
tial constraints and lack of equipment, resulting in
decreased energy expenditure. Thus, adjusting en-
ergy intake, especially carbohydrates, becomes es-
sential. Using the Athlete’s Plate™ allows athletes
to visually understand and practice appropriate
macronutrient intake ratios according to training
volume.

2. Nutritional support for high-quality training: A va-
riety of nutrition strategies can be used to reduce
fatigue and promote performance. Methods include
fueling appropriately before and after high-intensi-
ty sessions, carbohydrate supplementation during
sessions with sports drinks, gels, or convenient
foods, hydration strategies, body cooling tech-
niques”, and the use of menthol to adjust perceived
temperature“’) .

Maximizing training adaptations: Adequate protein
intake helps to promote optimal physiological ad-
aptations to training stimuli®”. A suggested spread

of protein over the day includes 20—40 g at each
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meal, in addition to post-training and before bed-
time®”. If the meals or snacks provided by the
residential facility are not sufficiently high in
protein, supplements may be considered.

4. Low glycogen training strategy (train low): To re-
spond to reduced training volume, a “train low”
strategy—intentionally training in a low-glycogen
state—can be employedm). Training in a low-glyco-
gen state activates intracellular signaling pathways
in muscle cells, enhancing training effects™ Y
Sleeping with low carbohydrate availability
(“sleep low” cycle®) may also be effective, at
least in lesser trained athletes.

5. Psychological support: Social isolation, boredom,
and stress during quarantine increase the risk of

. . 29
overeating and poor food choices )

. Maintaining
regular lifestyle habits, managing food quantity
and quality, engaging in social interactions online,
and seeking psychological support as needed are
important.

Finally, it's essential to view quarantine positively—
as an opportunity to learn new skills and knowledge.
Maintaining a forward-looking attitude and being in-
novative with meal strategies and training can help

athletes in achieving their goals despite the challeng-

ing circumstances.

VI. Psychological Strategies during COVID-19
Pandemic/Quarantine (Gloria Balague)

This lecture introduced psychological strategies for
athletes during the COVID-19 pandemic, emphasizing
the importance of resilience and cognitive flexibility.
To overcome difficulties during the pandemic and con-
tinue training, athletes and coaches should focus on re-
silience and cognitive flexibility.

The COVID-19 pandemic confronted athletes with
unexpected difficulties, constraints, and uncertainties.
The greatest lessons learned are the importance of
adapting to change and generating new solutions. Spe-

cifically, resilience—to overcome challenges—and
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cognitive flexibility—to be able to respond in new
ways in order to achieve the desired goals amidst un-
certainty—are indispensable. The importance of sup-
port systems from teams, coaches, and families was
also reaffirmed. Athletes should focus on controllable
or manageable elements like their own thoughts, emo-
tions, and behaviors rather than uncontrollable external
factors.

Resilience is the ability to bounce back and continue
pursuing goals despite difficulties and adversity. Com-
ponents of resilience include “mental toughness,” “grit,”
and a “growth mindset.” Mental toughness is coping
with pressure in competitive environments and chal-
lenging competition fearlessly. Grit involves per-
sistently working towards long-term goals and is an
important predictor of success’”. It includes courage
to face failure, attention to detail, a strong will to
achieve goals, and an optimistic attitude. A growth
mindset is believing that intelligence and talent can be
developed through effort’?, empowering individuals to
overcome difficult situations.

Cognitive flexibility is the ability to adapt thoughts
and behaviors according to changing situations and to
find new solutions. It is cultivated by not being bound
by fixed ideas and embracing diverse perspectives. In
uncertain situations like a pandemic, it is necessary to
respond flexibly rather than sticking to conventional
methods. Many athletes and coaches like routine, but
routines should be flexible to adapt to unexpected
changes. It requires being creative with training meth-
ods and materials.

To enhance resilience and cognitive flexibility, ath-
letes can improve self-awareness, practice effective
thinking methods (appropriate to situations), utilize
imagery training, practice active rest, and implement
varied rest methods. Coaches can practice reframing
(changing the perception of situations), teach models
of control and influence (focusing on what can be con-
trolled), encourage creative solutions, support clear

goal setting, provide affirmative feedback, and design



training environments that replicate challenging situa-
tions. These qualities should be included in training
design before there is a need for them.

In conclusion, quarantine periods do not necessarily
hinder goal achievement and can become opportunities
for self-growth and skill acquisition. By effectively
utilizing psychological strategies that strengthen resil-
ience and cognitive flexibility, athletes and coaches
can overcome difficult situations, grow, and achieve
their goals despite the challenges posed by the pan-

demic.

VI. Assessing Seasonal Changes in Physical
Performance through Field Tests (Martin
Buchheit)

In this lecture, practical methodologies for evaluat-
ing physical performance using field tests in seasonal
sports were introduced. Drawing on the author’s (Mar-
tin Buchheit) own experiences, research findings, and
field practices, Martin Buchheit explained how to uti-
lize easily implementable and practical field tests
through a three-stage monitoring framework.

To evaluate the overall response to training, simple
questionnaires or apps are used to assess fatigue levels,
freshness, and wellness. This is especially effective
when managing many players. Several examples illus-
trated the usefulness of this approach to monitor
changes in wellness scores in various situations such
as altitude training and matches'”, and during Christ-
mas break” .

To measure actual fitness levels, the 30—15 Intermit-
tent Fitness Test” can be conducted in the field. How-
ever, maximal effort tests cannot be performed fre-
quently. Alternatively, fitness levels can be easily
evaluated by measuring heart rate during standardized
submaximal intensity exercise (e.g., running at a con-
stant speed) b2, Although the effects of temperature
and humidity must be considered™ changes in heart
rate reflect changes in endurance capacitym 1

Measuring lower limb stiffness using acc-
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elerometers in GPS devices was proposed to monitor
the neuromuscular status, especially fatigue and effi-

7% in addition to jump tests'” and hip adduc-

ciency
tor strength tests'”. This method allows evaluation of
neuromuscular fatigue from data during practice or
matches without conducting special tests.

Effective performance monitoring requires combin-
ing multiple indicators to comprehensively assess the
athlete’s condition rather than relying on a single met-
ric. For example, heart rate variability (HRV) is a
physiological indicator reflecting autonomic nervous
system activity but is complex to interpret and influ-
enced by factors like training intensity, type, and taper-
ing periods. While HRV may increase with improved
fitness levels, it can decrease due to sympathetic acti-
vation during high-intensity training despite fitness
gains46>. Additionally, recovery of HRV does not al-
ways coincide with the peak of muscle soreness, as
shown in an ultra-trail race example”. Therefore, con-
sidering multiple indicators is essential to accurately
grasp an athlete’s true recovery status.

In summary, monitoring tools and protocols should
be appropriately selected based on available resources,
type of sport, and individual athlete characteristics.
Consistent measurement is key. By conducting con-
tinuous measurements using simple methods, practi-
tioners can accurately establish an athlete’s baseline
and detect even slight changes early. Even when train-
ing is restricted, simple monitoring methods can help
in effectively maintaining player performance and pro-

mote recovery.

V. Training Load Management during the
COVID-19 Pandemic/Quarantine (@yvind
Sandbakk)

The author (@yvind Sandbakk), Professor and Di-
rector of the Centre for Elite Sports Research at the
Norwegian University of Science and Technology at
the time, collaborated with the Norwegian Olympic

Committee at Granasen Top Sport Center. This collab-
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oration involved working closely with athletes, coach-
es, and scientists to support athlete development. Sci-
entists contributed by publishing their research
findings internationally and undergoing peer review to
avoid the “echo chamber effect”, thereby ensuring the
validity of findings and their relevance for perfor-
mance enhancement.

A performance enhancement mindset is vital for
eliciting optimal adaptations, balancing specificity,
load, and recovery. Session-by-session evaluation and
adjustment also help prevent overtraining and injury. It
is important to remember that the ultimate goal of
training is to achieve optimal adaptation, not merely to
deliver an optimal training program55>.

During the COVID-19 lockdown, many athletes
faced training constraints and declining motivation.
However, close cooperation between coaches, scien-
tists, and athletes remained crucial to optimize adapta-
tions and improve performance, even in remote envi-
ronments. Digital technologies such as video
conferencing and online training diaries enabled real-
time feedback, optimizing training. In Norway, where
outdoor activities were permitted, cross-country skiers
could monitor and compare training strategies, pacing
strategies, and performances without face-to-face in-
teraction by combining GPS and heart rate monitors.
In addition, inertial sensors and machine learning al-
lowed for the automatic classification of skiing tech-
niques‘m"‘g). Based on these data, discussions on indi-
vidual physical and technical improvement areas, as
well as optimal pacing strategies, were possible.

In this lecture, two specific training scenarios during
the pandemic were presented:
® Scenario 1: For team sport players who had to re-

turn to domestic leagues immediately after a 14-
day quarantine following overseas travel, efforts
included enhancing endurance capacity by com-
bining different models of aerobic interval and
sprint-interval training and maintaining muscle

strength through weight training. Injury preven-
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tion exercises were also performed. Additionally,
remote coaching and team-building events were
effective strategies.

® Scenario 2: Endurance athletes traveling in Eu-
rope for the World Cup continued their usual training
as much as possible in hotels and outdoors when re-
strictions were limiting. Training quality was evalu-
ated using inertial sensors and video analysis,
with remote debriefing sessions. Time was also
allocated to equipment testing and mental prepa-
ration.

The quarantine period should be viewed not as a
limitation but as an opportunity to explore training
possibilities. Specifically, periodized training during
such periods could also involve utilizing block period-
ization”” to structure training effectively. This ap-
proach helps address weaknesses, build strengths with
exercises that often lack sufficient time in regular
training, and enhance communication through closer
interaction between athletes and coaches, deepening
mutual understanding.

Even in uncertain situations, it is crucial for athletes
to have clear goals and work systematically. This ap-
proach is key to maintaining and improving competi-
tive performance despite the challenges posed by the

pandemic.

X. Summary

At this symposium, information was provided based
on experiences and evidence from the unprecedented
circumstances of the COVID-19 pandemic. Various
perspectives were presented about the physiological
background and methods for maintaining physical fit-
ness and mental health in restricted environments, the
necessity and specific methods for assessing and mon-
itoring the current status of athletes, and the utilization
of technology. Additionally, the importance of commu-
nication and psychological aspects was emphasized.

The multiple presentations collectively highlighted

the lessons learned from unprecedented situations. To



optimize athletes’ competitive performance and
well-being, not only during the COVID-19 pandemic
but also in general, it is essential to adopt a multifacet-

ed perspective based on evidence and past experienc-
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es. Collaboration among athletes, coaches, and various
specialists, along with an interdisciplinary approach, is
required to effectively support and enhance athletic

performance and well-being.



