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ABSTRACT

During the 2022 Winter Paralympic Games in Beijing, the
Para snow-sport events will be held at high altitudes and
in possibly cold conditions while also requiring adjustment
to several time zones. Furthermore, the ongoing COVID-19
pandemic may lead to suboptimal preparations. Another
concern is the high rate of injuries that have been reported
in the Para alpine and snowboard events. In addition to
these challenges, Para athletes various impairments may
affect both sports-specific demands and athlete health.
However, the group of Para snow-sport athletes is an
understudied population. Accordingly, this perspective
paper summarises current knowledge to consider when
preparing for the Paralympic Games in Beijing and

point out important unanswered questions. We here

focus specifically on how sport-specific demands and
impairment-related considerations are influenced by
altitude acclimatisation, cold conditions, travel fatigue and
jetlag, complications due to the COVID-19 pandemic, and
injury prevention and sports safety considerations. As Para
athletes with spinal cord injury, limb deficiency, cerebral
palsy and visual impairment account for the majority

of the Para snow-sport athletes, the focus is mainly on
these impairment groups. In brief, we highlight the extra
caution required to ensure athlete health, performance
and sports safety among Para athletes participating in the
snow-sport events in the 2022 Beijing Paralympic Games.
Although there is an urgent need for more high-quality
research focusing on Para winter athletes, we hope these
non-consensus recommendations will help prepare for the
2022 Beijing Paralympic Winter Games.

INTRODUCTION

The 2022 Paralympic Winter Games in Beijing
will be the first Games organised at high alti-
tude (~1700m), with an expected number of
around 750 athletes competing in two indoor
(Para ice hockey, wheelchair curling) and
four outdoor winter sports (Para snowboard,
Para alpine skiing and Para Nordic skiing,
which includesPara biathlon and Para cross-
country (XC) skiing).1 The combination of
high altitude with cold and highly variable
temperatures and dry air creates particularly
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Key messages

What is already known

» The Para snow-sport event in the 2022 Winter
Paralympic Games in Beijing will be held at high
altitude, and in possibly cold conditions while also
requiring adjustment to several time zones.

» In addition, Para athletes may face challenges relat-
ed to the ongoing COVID-19 pandemic and the risk
of other illnesses and injuries.

» Winter sports research is a growing field within the
Olympic population, but there are few studies that
have assessed performance and athlete health in
winter Para sports.

What are the new findings

» Para athletes may experience impairment-related
performance limitations and health issues related to
the cardiorespiratory, metabolic and thermoregula-
tory systems.

» The Omicron VoC is considerably more contagious
than the previous versions of the SARS-CoV-2 virus
that was dominant during the Summer Paralympic
Games, and the consequences of Omicron infec-
tion before and during the Paralympics are still
disquieting.

» In the future, more sophisticated experiments and
observational studies focusing specifically on Para
winter sports are warranted.

challenging conditions for athletes competing
in outdoor snow sports, which together
account for 93% of the medals awarded
during the Beijing Paralympic Winter Games.
In addition, para athletes are more suscep-
tible to injuries than Olympic athletes both
during training and during competitions
directly at Paralympic Games, with the highest
injury rates in Para alpine and snowboard
events during the previous Paralympic Winter
Games.”™ Moreover, Para athletes from
Europe and North and South America have
to adjust to the new time zone after travelling
long distances. Lastly, the ongoing COVID-19
pandemic requires modification of training
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programmes travelling itinerates and may reduce the
size of the athletes’ support team. Sudden changes in the
competition programme may also occur right before or
even during the Paralympic Winter Games themselves.
Compared with Olympic winter sports athletes, the chal-
lenges related to high altitude, cold weather, risk of injury,
travelling across time zones and the COVID-19 pandemic
may be exacerbated in Para athletes due to impairment-
related factors.

As researchers within the Paralympic field, this moti-
vated us to present recommendations when preparing
for the Paralympic Games in Beijing, focusing on outdoor
snow sports and posing questions that future research
should answer. We here put special emphasis on Para
athletes with spinal cord injury (SCI), limb deficiency (ie,
amputation and dysmelia), cerebral palsy (CP) and visual
impairment (VI), who together account for the majority
of the Paralympic winter sports athletes.

SPORT-SPECIFIC DEMANDS

Para XC skiing and biathlon are endurance sports, in
which athletes compete in race courses consisting of undu-
lating terrain with uphill, flat and downhill segments. In
Para XC skiers, it has been shown that the varying terrain
leads to substantial variation in speed, which is regulated
by the selection of pacing strategles subtechniques,
and related kinematic patterns.”® While this has not yet
been investigated for Para XC skiers and biathletes, the
aerobic energy contribution during races is expected to
be similar as in their able-bodied counterparts, and in the
range of 80%-95%."" Therefore, performance is mainly
determined by a high peak oxygen uptake (VO ) the
performance maximum rate of oxygen (VOQmaX) and
exercise efficiency.’ ' In addition, Para biathletes need
to pace their speed to optimise shooting performance
while at the same time balancing this with high endur-
ance performance demands.

Para alpine skiing and snowboard are technical sports,
which place high demands on the athlete’s technical
skill, balance and motor control.'? ¥ In addition, these
sports challenge the athlete’s strength, power, aerobic
and anaerobic capacity.'”” "’ The demands of Para snow-
boarding athletes and Para alpine skiers that compete in
the categories for standing or visually impaired athletes
are similar to their able-bodied counterparts.'* For Para
alpine skiers that compete in the sitting classes, it appears
that the endurance and strength demands are lower, and
the athlete-equipment interaction, as well as the interac-
tion of the equipment with the external forces and the
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snow surface, might be even more crucial.

CLASSIFICATION

Para athletes in the snow-sports events compete in
different categories and classes to ensure fair competi-
tions, depending on the functional limitations caused
by their specific impairment (figure 1). The classifica-
tion systems in Para XC skiing, Para biathlon and Para
alpine skiing are similar, and athletes compete in three

different categories: (1) physically impaired sitting skiers,
(2) physically impaired standing skiers and (3) visually
impaired standing skiers. Within each of these catego-
ries, athletes are further divided into several classes. Due
to low numbers of athletes within classes, all classes in
one category compete against each other, and a class-
specific time factor is used to adjust the race time. In Para
snowboard, there are two classes for athletes with lower-
limb impairments and one for athletes with upper-limb
impairments.15

IMPAIRMENT-RELATED CONSIDERATIONS

While athletes with different impairments but similar
magnitude of functional limitations may compete in the
same class, there are limitations in the above-described
sportspecific demands, which are impairmentspecific.
These are summarised below for the most common
impairment types; SCI, CP, limb deficiency and VI. While
some athletes have unaffected cardiorespiratory, meta-
bolic and thermoregulatory responses (eg, athletes with
VIs), others exhibit markedly reduced responses (eg,
athletes with thoracic and cervical SCI). In this context,
it should be noted that the level of impairment of most
of the Para winter sports athletes within each of these
impairment types is rather mild.

Spinal cord injury
In endurance athletes with an SCI VO2 ak is

15%—-60% lower than their able-bodied counterparts
due to lower active muscle mass when exercising with
the upper body only and due to cardiorespiratory
limitations. ” Active muscle mass and cardiorespiratory
function are increasingly affected by higher levels of the
SCI. More specifically, athletes with a motor and sensory
complete SCI at the Th6 level or above lack sympathetic
innervation of the lower extremities and organs.'” This
leads to a lack of vasoconstriction, which reduces blood
redistribution to the active musculature. Furthermore, in
athletes with tetraplegia, sympathetic innervation of the
heart is affected, which may cause lower blood pressure
and a lack of increase in heart rate during training and
competitions.'® In line with the lower VO the VO at
the anaerobic threshold is also lower in atflletes with SCI
due to exercising with a lower active muscle mass of the
upper body. Accordingly, exercise efficiency was lower
during upper- compared with lower-body exercise.'? *’
However, exercise efficiency during upper-body exercise
was not different in athletes with SCI compared with their
able-bodied counterparts, that is, athletes with an SCI
produced lower power output but also used proportion-
ally less V02.21 While higher blood lactate concentration
(BLa) values were found at a given speed or perceived
exertion during upper- compared with lower-body
exercise,” BLa clearance after exercise during upper-
body exercise was similar for athletes with and without
an SCL* Sportspecific demands in athletes with SCI
may also be negatively affected by overuse injuries to
the shoulder, osteoporosis, pressure ulcers, impaired
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Sporg Para Nordic and Alpine Skiing

CategorD
Body para

Legs

LW2:one leg affected (e.g.,
above-knee amputation)

LW3: both legs affected

Class (e.g., muscle weakness)
LW4:lower part of one leg
affected (e.g., above-ankle
amputation, loss of muscle

control)
J/

Arms

LW5/7: both arms affected
no use of skiing poles (e.g.,
no hands or grip impaired)

LW6 (Nordic): one arm
affected (e.g., above-
elbow amputation)
LW3 (NOrdic): one arm
moderately affected (e.g.,
below-elbow amputation,
ROM limitation elbow)
LW6/8 (Alpine): pooled

Legs and/or Trunk

LW10: leg and trunk function affected, unable
to sit without support (e.g., tetraplegia)

LW10.5: limited trunk control, able to sit
without support when not moving sideways
(e.g., tetraplegia)

Lw11:affected leg function, fair trunk
control, able to sit without support when
moving sideways (e.g., paraplegia)

Class

LW11.5: some leg function, near normal trunk
control (e.g., paraplegia)

LW 12: similar impairments asin LW2-4,
eligible to compete sitting OR standing

J/

Figure 1
Snowboard.

thermoregulation and neuropathic pain, factors that are
presented more specifically in table 1.

Limb deficiency

Little research is available on individuals and athletes
with upper-limb amputations, and this section, therefore,
focuses on what is known for those with lower-limb ampu-
tations, which by extension should apply to those with
dysmelia of the lower limb. Untrained individuals with
a below-the-knee amputation were found to have similar
Vng as compared with non-disabled individuals. At
the same time, VO gnea WS 35%—40% lower in individuals
with an above-the-knee amputation due to lower active
muscle mass and limitations in attaining high walking/
running speed.” ** While this has not yet been investi-
gated, we expect reduced differences in V02 . between
Para athletes with an above-the-knee amputation and
non-disabled athletes. Furthermore, energy consump-
tion at a given walking/running speed was reported to be
higher in untrained individuals with below-the-knee and
above-the-knee amputations compared with non-disabled
individuals due to compensatory muscle activity.”’

Para Snowboard

Arms & Legs Legs Arms
SB-LL1: one or both
leg(s) affected (e.g.,

above-knee amputation

one leg, muscle
weakness/spasticity
both legs)

LW9: arms and legs affected
(e.g., mild coordination
problems in all extremities)

SB-UL: upper limbs
affected, which
impacts on balance

SB-LL2: one or both
leg(s) armectea with less
activity limitation as SB-

LL1 (e.g., below-knee

amputation, mild
spasticity)

Eyes

B1: completely blind or very low visual acuity,
wear eveshades during races (compete with

guide)

B2: higher visual acuity than B1 {guide

optional)

B3: least severe vision impairment (guide

optional)

Categories and classes in Para Nordic Skiing (ie, cross-country skiing and biathlon), Para Alpine Skiing and Para

However, similar exercise efficiency was found in athletes
with unilateral and bilateral amputations,” indicating
that high-level training can compensate for initial reduc-
tions in this parameter. Sport-specific demands in athletes
with limb deficiency may also be negatively affected by
stump-related issues and overuse injuries (table 1).

Cerebral palsy

Compared with able-bodied controls, endurance-trained
adults with CP had 0.3%-21% lower peak oxygen uptake
(Vngeak). Y This difference is considerably lower than
other studies found when comparing untrained age-
matched controls with and without CP and highlights
the positive effects of exercise.”” In addition, exercise
efficiency is reduced in athletes with CP arguably due to
muscle spasticity, decreased range of motion and pain.*' **
Anecdotally, higher BLa values at a given speed/power
output have been reported in athletes with CP compared
with able-bodied counterparts, which is likely related to
the muscle spasticity negatively influencing the diffu-
sion of blood from active muscle mass to venous blood.
Furthermore, strength is reduced in athletes with CP
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due to decreased central input caused by brain damage,
coactivation of antagonists muscles, increased type 1
muscle fibres, increased intramuscular fat and muscle
atrophy.”**

Visual impairment

Compared with highly trained non-disabled individuals,
partially or completely blind athletes showed around
15% lower \702})&](,35 % and lower exercise (—:‘1’"ﬁci(-:~ncy.36
This is most likely entirely related to lower locomotor effi-
ciency and dynamic balance,37 3 since most VI athletes
do not have cardiorespiratory limitations. For partially
sighted athletes, the differences in VO and exercise
efficiency compared with their able- bodled counterparts
are expected to be lower than in fully blind athletes.
Furthermore, athletes with VI may be negatively affected
by fatigue, circadian rhythm disturbances and acute
sports injuries (table 1).

ALTITUDE ACCLIMATISATION

Effect of altitude on endurance performance

At approximately 1700 m, the partial pressures of
nitrogen and oxygen are reduced, and only 79% and
21%, respectively, of the amount at sea level, are available
at this altitude.” Bad weather conditions might further
reduce these partial pressures. The effects of altitude can
be divided into (1) those affecting the interaction of the
athletes and their equipment with the environment (ie,
slightly less gravity and air drag) and (2) those affecting
the human physiology due to less availability of oxygen.
While the former effects are likely largest yet small in Para
alpine skiing and Para snowboard, the effect of altitude
on aerobic endurance is more pronounced and perfor-
mance is particularly impacted in the endurance events.
In the following, we will focus mainly on the effect of alti-
tude on sport-specific demands of the (Para) endurance
SNOW-SPOTs.

In non-disabled endurance athletes, the saturation
of blood with oxygen during maximal exercise declines
by 5.5%, and VO - by 6.3% (4.5%-7.5%) per 1000m
elevation in altltude These decrements in maximal
endurance capacity are highly individual, perhaps due to
individual differences in hypoxic ventilatory responses or
kinetics of oxygen delivery.! While this has not yet been
investigated in Para athletes, we expect similar or larger
performance decrements depending on the type and
level of impairment, speculatively with even larger inter-
individual variations due to the large impairment-related
heterogeneity of Para athletes. Furthermore, increased
ventilation and heart rate were found in non-disabled
athletes when training and competing at elevated alti-
tude, with similar or larger increases expected in Para
athletes depending on the type and level of impairment.
Accordingly, altitude-related increase in ventilation and
heart rate may be particularly challenging for Para biath-
letes in connecting to shooting performance.''

Non-disabled and Para athletes alike often also expe-
rience that the duration and quality of their sleep are

compromised at higher altitudes,* possibly due to respi-
ratory events such as periodic breathing.*” The latter
may be particularly concerning for Para athletes as it has
been shown that this population already is predisposed
to a greater risk of poor sleep due to impairmentrelated
comorbidities.**

Acclimatisation to altitude

The long-term physiological adaptations to altitude
include arise in the level of erythropoietin and subsequent
increases in the production of red blood cells (erythro-
cytes) and total mass of haemoglobin.” *! These changes
were found to normally require at least 2—-3 weeks of alti-
tude exposure in non-disabled athletes.* ** However, we
will focus here solely on the influence of acclimatisation
low-to-moderately elevated altitudes (eg,~1200-1800m)
on performance. Such ‘shortterm’ performance
improvements due to 10-14 days of acclimatisation may be
achieved by more rapid and deeper breathing (referred
to as hypoxic ventilatory response), both when resting
and exercising.” The accompanying increase in blood
pH (respiratory alkalosis) limits this response but can
be eliminated within 4-7 days through renal bicarbonate
secretion, allowing subsequent chemoreceptor-mediated
respiratory enhancement.”” However, the mechanisms
related to possible performance improvements from
acclimatisation are relatively unexplored.

In this context, when preparing for the Beijing
Paralympic Games, various ‘live low-train high’ strate-
gies"’ rather than living and training at elevated altitude
might be considered,” especially with the travel restric-
tions designed to prevent the spread of COVID-19. This
might involve intermittent or chronic hypoxia with or
without accompanying exercise (eg, treadmill roller-
skiing). Although no controlled comparisons have been
made even in non-disabled athletes, there are some indi-
cations that living and training where the competitions
will be held promotes more optimal acclimatisation,*®
which is likely also the case for Para athletes.

In addition to altitude acclimatisation, athletes who
have trained and competed at relevant altitudes before
the Beijing Paralympics are likely to optimise warm-up
procedures, pacing strategies, techniques and tactics
much more effectively. For example, less oxygen avail-
ability enhances the risk for greater oxygen debt early in
the competition, so pacing becomes more important. In
this context, technological developments such as highly
accurate global navigation satellite systems allow detailed
analyses of training and competition that should help
establish the relatlonshlp between the perceived and
actual intensity of exercise.’

While table 2 summarises recommendations for
optimal altitude acclimatisation in preparation for both
the Beijing Olympic and Paralympic Games,” table 1
includes impairment-specific considerations and applied
practical recommendations to be aware when Para
athletes with SCI, CP, limb deficiency and VI acclimatise
in advance to competitions at low-to-moderate altitudes.
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Table 2 Recommendations for optimising preparations of Olympic and Paralympic athletes in snow-sport events to
challenges associated with elevated altitude, cold temperatures, travel and jetlag at the 2022 Beijing Olympic and Paralympic

Games based on Sandbakk et al*® with minor modifications

Challenge General applied practical recommendations—long term

General applied practical recommendations —short term

Altitude » In advance, train for at least 60 days and participate in several
competitions at this elevation or higher.
P Individualise training, recovery, pacing, technique and nutrition
appropriately.

Cold » Adapt individualised warm-up procedures, pacing strategies
and clothing to different temperatures and potentially changing
environmental conditions in an appropriate manner.

Travel and P> Exposure yourself to (day)light in a manner that optimises
jetlag adjusting your circadian rhythm and consider dietary
supplementation with 2-5mg melatonin, if needed.

» Schedule meals and social activities on the basis of the local
time.
Short (20-30 min) naps can promote recovery and alertness.
During the initial few days, total training load should be
reduced and intensive high-intensity training avoided.

vy

Athlete » Monitor injuries and illnesses in detail, both during training
health and and the Olympic/Paralympic Games themselves to identify the
sport safety extent of the problem.

» Work proactively with injury and disease prevention, athlete
health, and education within the Olympic/Paralympic
movement and the National Olympic/Paralympic Committees.

P As close in time prior to the Games as possible, train for 0-14 days at the
altitude of competition, either at the actual venue for the Games or in Europe
or Asia (which will require later adjustment of the circadian rhythm).

P Alternatively, live and train for 14-21 days above 2000 m, followed by 7-10
days at ~1700m. For maximal erythropoiesis, blood levels of ferritin should
be >30ng/mL prior to exposure to altitude and oral supplementation with iron
(~100-200 mg daily) individualised during this exposure.

P Acclimatisation and performance at elevated altitudes with maintenance of
good health is dependent on appropriate nutrition and hydration, and good
sleep hygiene and routines

Wear clothing that ensures maintenance of core body temperature.
Develop a strategy for maintaining body temperature effectively during the
interval between warm-up and competition.

Adapt individualised warm-up and pacing to prevailing environmental
conditions, especially at the beginning of a race.

Preparation must be made for treatment of asthmatic symptoms when
respiration is rapid at cold temperatures.

vV vV VY

P> Arrive at least 1day earlier for each hour by which your time zone differs from

that in Beijing.

P Before departure, shift your sleep and eating schedule by 0.5-1 hour daily for

three or 4 days towards the anticipated schedule in Beijing.

» Travelling east during the afternoon and night increases the chances of

sleeping well during the flight.

» Avoid dehydration by drinking appropriate volumes of fluids free from alcohol
or caffeine.

» To minimise the high risk of infection associated with air travel, try to avoid

crowds and use a face mask when it is difficult to keep distance, wash your

hands frequently.

» Allow athletes to train on and test the actual competition courses in advance.

» Do not hesitate to cancel or postpone competitions if the weather is too bad
or other conditions poor.

» Adhere to the COVID-19 regulations put in place specifically for the
Paralympic Games.

In addition, we here provide general recommendations for athlete health and sport safety at the 2022 Beijing Olympic and Paralympic Games.

PERFORMING IN THE COLD
The ambient temperatures during the Beijing Paralym-
pics may vary from -15° to plus degrees, with rapid
changes from 1day to another. Depending on the type
and level of impairment, thermoregulation may be
more challenging in Para athletes when adapting to cold
temperatures of -5°C to -15°C or lower. In cold tempera-
tures, especially in the presence of wind, the core body
temperature rises, while skin temperature falls due to
cooling the superficial musculature.”® Such cooling
causes muscles to produce less aerobic energy and fatigue
more rapidly and attenuate nerve and muscle excitability
and nerve conduction,51 all of which may lower overall
power production and may especially affect Para athletes
due to the nature of various impairments (table 1).
Although endurance performance diminishes as the
temperature falls, some studies on non-disabled athletes
have reported no effects of ambient temperature on
VOQmaX 2% In contrast, other studies have observed
reductions in VO2 . 10 cold temperatures. 2398 While
relatively little is known concerning the effects of cold
on endurance performance and related physiological

mechanisms in Para snow-sport athletes, the negative
effects of the cold on endurance performance are likely
similar or enhanced depending on the type and level of
the impairment. We describe impairment-specific consid-
erations based on deductions from how the different
impairments theoretically should be impacted by cold
temperatures, in addition to applied recommendations
that are experience-based on practices of many of the
Para snow-sport teams (tables 1 and 2). Moreover, at alti-
tudes of ~1700m or higher, the low humidity combined
with cold air, as is often the case at the competition
arenas used during the Beijing Olympic and Paralympic
Games, challenges respiration. This is especially the case
for Olympic and Paralympic athletes with asthma, which
will require appropriate medication to at least in part
compensate for asthma-related respiratory limitations.

TRAVEL FATIGUE AND JET LAG

Para athletes from Europe and North and South America
will have to fly for 10-15hours across ~8time zones to
reach Beijing, experiencing travel fatigue and jet lag.
Individuals react differently to the desynchronisation
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of established biological rhythms from the local time.
The most common symptoms in non-disabled athletes
are poor night-time sleep, tiredness during the day, loss
of appetite, gastrointestinal disturbances and impaired
mental/or physical performance.”” ™ Several studies
have also reported reduced performance in relation
to travel fatigue and jet lag in able-bodied athletes.”” *®
Furthermore, in able-bodied, it is well documented that
international air travel is the single most important risk
factor for upper respiratory tract and gastrointestinal
infections.”’ ®* Other travel risk factors include inad-
equate intake of nutrients and dehydration.”’ While
there is a lack of studies investigating these factors in
Para athletes, they are likely exacerbated for many Para
athletes due to the nature of their impairment, and
accordingly, impairment-specific travel strategies and
optimal recovery after travelling become even more
crucial.

In non-disabled athletes, it is well documented that
sleep deprivation leads to more errors, impaired decision-
making, slower attainment of maximal power, greater
fatigue and less ability to exercise maximally, while also
increasing the risk of illness.”*® Since sleep deprivation
appears to be common among Para athletes,* ** it may be
of particular importance to ensure high sleep quantity
and quality for several weeks or months before travelling
to Beijing.

To reduce the impact of travel fatigue and jet lag on
performance, we recommend that Para athletes, coaches
and support staff consider actions before, under and
after travel. Actions recommended for non-disabled
athletes are discussed in more detail in a previously
published study,* and a summary is provided in table 2.
Furthermore, we here provide impairmentspecific
considerations and corresponding applied practical
recommendations in table 1.

COMPLICATIONS DUE TO THE COVID-19 PANDEMIC

The innumerable changes due to the global COVID-19
pandemic include limitations on athletic training and
competition, and anecdotal evidence suggests that Para
athletes have been even more affected than their able-
bodied counterparts. While many Para athletes are at risk
of suffering more severe consequences if they contract
the coronavirus, infections rates during the Olympic and
Paralympic Summer Games 2021 were very low (0.003%)
and symptoms were not significantly increased for Para
athletes.®® A concern is, however, that the Omicron
VoC is considerably more contagious than the previous
versions of the SARS-CoV-2 virus. The global distribution
of vaccines and growing natural immunity in populations
reduce concerns about serious outcomes of infections.
Nonetheless, the consequences of Omicron infection
before the Paralympics are still disquieting. It is, there-
fore, important to have clear plans on how to manage
symptomatic and asymptomatic athletes with positive
COVID-19 test results at different points in time before
and during the Paralympic Games. Moreover, it is crucial

to establish psychological preparation of athletes that are
not allowed to participate in the competitions due to a
positive COVID-19 test even though they are asymptom-
atic. The strict isolation protocol for positive participants
during the Paralympic Games can also expose some indi-
viduals to mental health issues, and it is important that
each team has an established crisis plan that can support
athletes and team officials that might be in quarantine
in China for a longer period of time. Another important
aspect is that it could be challenging for athletes with a
visual or physical impairment to be isolated without their
guide. At present, it is clear that this pandemic will affect
the 2022 Beijing Paralympic Games, and in the mean-
time, athletes and coaches must make contingency plans
for changing times zones, acclimatisation to altitude and
competing in cold temperatures (tables 1 and 2).

INJURY PREVENTION AND SPORTS SAFETY

During the 2018 PyeongChang Paralympic Winter Games,
20% of all athletes sustained an injury,” compared with
12% of those participating in the corresponding Olympic
Games.”” The pattern during the 2014 Paralympic Winter
Games in Sochi was similar, with corresponding injury
rates of 24.5% vs 12%.” ®® Most of the injuries during
the Paralympic Games were acute, and not unexpect-
edly, Para alpine/snowboarding events demonstrated
the highest rates. During the Sochi Paralympic Games,
poor snow conditions due to warm weather may have
contributed to injuries.” It is important when preparing
the snow to consider that the Paralympic Games will be
held almost 4weeks after the Olympic Games.

During the PyeongChang Paralympic Winter Games,
the incidence of injuries in the Para alpine events
declined compared with the previous Paralympic Games,
possibly due to preventive measures such as racecourse
optimisation, allowing more training runs, and the possi-
bility to change starting times.” However, the incidence
of snowboarding injuries, primarily to the head/face/
neck and lower leg, remained high. Para snowboarding is
a relatively new sport, and inexperienced and faulty tech-
niques could have contributed to these injuries, requiring
appropriate education.” Yet, few studies describe the
injury pattern specifically in Para Nordic skiing, but
existing studies have shown that shoulder injuries are a
concern.”

The various impairments which Para athletes have,
along with the adapted equipment being used, often
contribute to injuries.* ® Therefore, each athlete could
benefit from a risk analysis designed to develop appro-
priate preventive measures before travelling to Beijing.
Furthermore, each athlete should be monitored contin-
uously through injury and illness surveillance adapted to
Para athletes before and under competition.” * ™ More-
over, secondary and tertiary treatment of injuries should
be planned. For example, in case of catastrophic injury,
first responders must know how to release the athlete
from special equipment such as sit-skis, sledges and
wheelchairs. In addition, medical staff must know how

8 Fagher K, et al. BMJ Open Sp Ex Med 2022;8:001294. doi:10.1136/bmjsem-2021-001294

yBuAdos Aq pa1as10id 119)9101g1g YSUISIPAIN WISYPUOIL
| 18181SIBAIUN T8 £202 ‘vZ Alenuer uo jwod [wg wasuadolwgy/:dny woly papeojumoq "2z0z Aenigad gz uo ¥62T00-TZ0Z-waslwg/9eTT 0T Se paysiignd 1s11 :pajp 919x3 1ods uado ciNg


http://bmjopensem.bmj.com/

to deal with serious trauma to athletes who already have
some form of impairment, such as the bone mass, spinal
cord, brain or cardiopulmonary system.

CONCLUSIONS AND FUTURE PERSPECTIVES

As described in detail above, the demands associated
with Para winter sports events may be complicated by
the elevated altitude in Beijing, potentially cold tempera-
tures, challenges of travelling across multiple time zones,
and potential limitations due to the COVID-19 pandemic.
Here, we propose that extra caution is required for Para
athletes since altitude acclimatisation may take a longer
time, clothing is more crucial, and travel preparations, as
well as jetlag considerations, are more extensive. Taking
all these factors into consideration, we have attempted
to formulate recommendations for athletes preparing for
the Beijing 2022 Winter Paralympics (tables 1 and 2)

As already emphasised, many of these recommenda-
tions are based on limited scientific evidence for Para
athletes, and we would like to clarify that this paper is
based on non-consensus recommendations. In the
future, more sophisticated experiments and observa-
tional studies focusing specifically on Para winter sports
are warranted. These should employ new technology to
simultaneously monitor performance indicators, phys-
iological responses, injuries and environmental factors
in connection with altitude training, exposure to cold
temperatures and travel across time zones. Despite the
limitations, we hope that our recommendations will be
of value for athletes preparing to compete in the 2022
Beijing Paralympic Winter Games and beyond.
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