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KEY POINTS

e During exertional activities, athletes with sickle cell trait (SCT) have a reduced oxygen carrying capacity, possibly leading to lactic acid buildup
causing red blood cells (RBCs) to sickle. The practitioner should implement pre-calculated work-to-rest ratios or allow athletes to self-pace.

e | ow atmospheric pressure at high altitudes lowers oxygen saturation levels, increasing the risk of RBC sickling. If travel to high-altitude areas is
necessary for athletes with SCT, stakeholders (including coaching staff) will need to be educated on the risks, modify activities and set restrictions

based on symptoms.

e Exercising in warm to hot environments raises core body temperature, potentially causing RBCs to sickle as warmed blood moves from the core
of the body to the working muscles. Practitioners should monitor environmental conditions using wet bulb globe temperature (WBGT) and modify
activities based on established heat risk zones. Heat acclimatization guidelines to promote beneficial adaptations should also be utilized.

e Competitive pressures can lead athletes with SCT to exercise beyond their current fitness levels, increasing risks associated with acidosis and
hyperthermia. Whenever possible, eliminate timed fitness tests for the initial weeks of exercise exposure, foster an environment that supports

work-to-rest modifications and implement a buddy system for peer support.

e Inadequate hydration reduces plasma volume, concentrating RBCs and increasing the likelihood of occlusion of vessels. Ensure euhydration among
athletes with SCT by providing accessible fluids, educating athletes on hydration importance and using weight charts to track and encourage

proper hydration practices.

INTRODUCTION

Athletes with sickle cell trait deserve special attention to optimize
performance and prevent a medical emergency due to the complex
nature of the condition. Sickle cell trait (SCT) is a hereditary blood
disorder in which there is an abnormal hemoglobin S in each red blood
cell (RBC). SCT is considered benign at rest yet dangerous during
exercise. The abnormal hemoglobin is beneficial from the perspective
that it resists malaria but is troublesome as it incumbers efficient
transportation of oxygen (Grant et al., 2011).

About 73 in 1,000 Black Americans have SCT and 3 in 1,000 White
Americans are identified with the condition (Ojodu et al., 2014). Be
aware, that there is not a race/ethnicity in which SCT does not exist
(Ojodu et al., 2014). Therefore, all types of athletes, in all sports,
could potentially have SCT when status is unknown. The prevalence of
athletes with SCT ranges from 1-5% according to the Historically Black
Colleges and Universities (HBCU) status of the institution (Hirschhorn
et al., 2020; Yeargin et al., In Press) and about 1.5% in high school
athletes (Allen et al., 2021). In the armed forces, prevalence ranges
from 0.4 to 1.6% depending on the military branch (Niebuhr et al.,
2017). Evidence of SCT status (lab results, on-site screening) is
mandated in all NCAA divisions, most professional athlete organizations
and all military branches. However, there is not a mandate for high
school or junior colleges to report SCT status.

During exercise, RBCs in individuals with SCT can lose their oxygen
and change from round to crescent shape. The crescent shaped RBC

can trigger “log jamming” of blood vessels (Quattrone et al., 2015).
Resulting occlusions increase the risk of rhabdomyolysis (Naik et al.,
2018) and the risk of death (Harmon et al., 2012; Nelson et al., 2016). Yet
knowledge of risk factors and implementation of prevention strategies can
drastically reduce these consequences (Nye et al., 2022) especially when
combined with status identification (Buchanan et al., 2020). Performance
optimization in individuals with SCT is routinely reported in Olympic
winnings (Connes et al., 2008), length of military service and deployments
(Singer et al., 2018) and scholarship-supported positions on NCAA teams
(Hirschhorn et al., 2020). Therefore, the purpose of this Sports Science
Exchange (SSE) article is to review the risk factors for individuals with SCT
and discuss corresponding prevention strategies in order to reduce the
risk of sickling and optimize performance in these athletes.

RESEARCH REVIEW AND PRACTICAL APPLICATIONS

Since it is difficult to study exertional sickling in a controlled setting,
a large pool of empirical evidence does not exist. A definitive
understanding of what causes the RBC to change into a crescent
shape during exercise is slightly elusive. Documents discuss the idea
that some of the items below are “forces” (i.e., etiology) that cause
shape change in the RBC, while others consider these risk factors
(i.e., predisposition) that increase the likelihood of shape change. It is
outside the scope of this article to speculate which theory is accurate.
For the sake of consistency, all the elements will be approached as risk
factors that encourage sickling to occur during exercise.



EXTRINSIC RISK FACTORS
Acidosis

Risk. Any exertional event (practice, conditioning, training,
competition, etc.) requires oxygen to assist in the breakdown
of glucose for energy. Athletes with SCT have a reduced
OXygen carrying capacity, decreasing the availability of oxygen
to help with the process. A byproduct of the inferiorly supplied
process is lactic acid, which is then deposited in the blood
from the muscle (Robergs et al., 2004). A build up of lactate
from the reduced oxygen levels, decreases blood pH and this
lower pH may influence RBCs to change shape and/or
increase rigidity and adhesions (Monchanin et al., 2007). This
may be true during, and immediately following, exercise in
individuals with SCT (Messonnier et al., 2021).

Relevant Research. Various studies have reported
significant drops of pH (<7) within 1-5 min of different types
of exercise (Robergs et al., 2004). Lactic acidosis can occur
quickly, particularly with higher intensity levels. This
corresponds with reports of exertional sickling transpiring in
as little as 3 min of intense exercise (Harris et al., 2012).
However, contradictory research does exist, reporting that
individuals with SCT did not have higher lactate accumulation
than controls (Messonnier et al., 2022).

Prevention Strategy. Appropriate work-to-rest ratios during
exercise likely reduces lactic acid accumulation. Rest,
proportional to the length or intensity of an exercise activity,
allows for lactate clearance from the blood before the next
exercise bout. This can be achieved by allowing the athlete
with SCT to self-pace, particularly during conditioning
activities, or, by using pre-calculated work-to-rest ratio
recommendations based on the season and situation
(Caterisano et al., 2019).

Prevention Strategy. Since blood lactate and pH are altered
through the post-exercise recovery period (<45 minutes), a
cool down exercise period may be warranted in athletes with
SCT to encourage acid/base restoration and clearance of
lactate (Monchanin et al., 2007).

Altitude

Risk. Low atmospheric pressure at altitude lowers oxygen
saturation levels. Oxygen saturation refers to how much
oxygen is attached to hemoglobin (Mathew & Sharma, 2023).
This is a risk factor for athletes with SCT as the hemoglobin
S already reduces oxygen carrying capacity. Therefore, it

is theorized there is a cumulative effect of the hemoglobin

S and altitude that significantly decreases oxygen reaching
muscles, creating a hypoxemic situation.

Relevant Research. In a study of military personnel who
exercised at varying simulated altitudes, individuals with SCT
had significantly more RBCs sickle at 4000 m of simulated
altitude, compared to 1270 m. Sickled cells were measured
within 2-5 min of beginning exercise in the high altitude
(hypobaric) conditions (Martin et al., 1989).

Sports Science Exchange (2024) Vol. 37, No. 257, 1- 6

Prevention Strategies. When traveling for competition or
special training, stakeholders providing care to athletes with
SCT should determine if the location is considered above an
altitude of 2500 m. If so, athletes with SCT should consider
not participating in the event or not traveling at all. If they
still choose to participate, a meeting between applicable
stakeholders (e.g., coaching staff, athletic trainers, etc.)
should be held prior to the travel date. Education of the
risks associated with high altitude should be fully disclosed,
activity modifications set a priori to ensure the work-to-rest
ratio is optimized during activity and pre-set restrictions are
written and enforced if symptoms were to arise.

Hyperthermia

Risk. When exercising in warm to hot environments, core
body temperature rises due to heat gain externally via
conductive, convective and radiative means. This can be due
to a variety of factors including combinations of ambient
temperature, sun, turf/grass, uniforms, etc. (Pryor et al.,
2017). As heat is gained from the environment, blood is
warmed more than normal while transferring it between the
body’s limbs and core. It is theorized that the warmed blood
encourages the RBCs to sickle.

Relevant Research. A retrospective study examined military
bases that utilized wet bulb globe temperature (WBGT) by
checking it hourly, modifying exercise intensity, adding rest
breaks and adjusting the amount of clothing worn (Kark &
Ward, 1994). This study found those military bases that
implemented these adjustments based on WBGT did not have
any recruits with SCT die, whereas those military bases that
had not started implementing WBGT measures experienced 4
deaths associate with exertional sickling.

Prevention Strategy. Environmental conditions should always
be monitored, and activities modified, in warm to hot
conditions. WBGT is considered the gold standard
measurement in sports and military settings. Activity
modifications should be based on the region of the country
that the activity is being held using already established heat
risk color zones/flags (Grundstein et al., 2015). Each WBGT
color/flag provides guidance for team sports that can be used
to reduce risk in athletes with SCT. Exercising in lower WBGT
colors/flags and modifying activity both reduce heat gained
from the environment and attenuates increases in core body
temperature.

Special note. During the heat acclimatization process, the
athlete’s original region of the country should be
considered if they have recently moved to a new school /
university /military base.

Special note. Exertional sickling can happen at any
environmental temperature as it is considered an
“intensity syndrome” (Eichner, 2010), meaning the
exercise is a stronger predictor of sickling then the
environment itself.

N



Hyperthermia (cont.)

Risk. During exercise, core body temperature also rises as
metabolic heat is internally generated as a byproduct of the
contracting muscles. The hypothalamus will increase skin
blood flow to distal areas to dissipate heat. It is theorized that
the warmed blood, moving from the core to the body’s limbs
encourages the RBCs to sickle.

Research Gap. There are no controlled studies examining
hyperthemia, in isolation or in combination with exercise, in
which the percentage of RBCs that are sickled is an
outcome measure.

Prevention Strategy. Utilization of heat acclimatization
guidelines promotes the semi-permanent addition of
beneficial adaptations (Adams et al., 2021; Yeargin et al.,
2006). Examples of these adaptations include improved
sweat response, increased cardiovascular efficiency because
of plasma volume expansion and ultimately, a decreased core
body temperature.

Prevention Strategy. Appropriate work-to-rest ratios, no
matter the environmental conditions, attenuate increases
in core body temperature. Self-pacing or ratio guidelines
can be used, as previously mentioned. Rest proportional to
the length or intensity of an exercise activity allows for heat
dissipation mechanisms to lower core body temperature.

Special note. Specific work-to-rest ratios have been
recommended for each WBGT heat zone for military
personnel with SCT that could be applied to athletes in
sport settings (0’Connor et al., 2021).

External pressure or overzealousness

Risk. Competitions, coach observance and performance
earmarks can lead an athlete to engage in an exercise
intensity higher than their current fitness level. Individuals
attempting to make a team, retain their starting position in a
line-up or provide “exemplary” role modeling may be more
inclined to engage in a physical effort that their fitness level
does not yet match. The greater effort leads to the risk factors
previously explained regarding acidosis and hyperthermia.

Prevention Strategy. Removal of timed fitness tests all
together, or at least for the first two weeks of exercise
exposure (season transitions) (Caterisano et al., 2019;
0’Connor et al., 2021).

Prevention Strategy. Create an atmosphere at the
institution in which self-pacing and work-to-rest ratio
modifications are accepted and supported. Physical
efforts that correspond to individual fitness levels can
prevent exertional hyperthermia and lactic acidosis. Use of
“buddy systems” for peers to encourage suitable exercise
expectations and recognize concerning behaviors (Heat
Stress Control and Heat Casualty Management, 2024).
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Prevention Strategy. Employ an interprofessional team
approach to healthcare and performance optimization.
Examples include regular reminders to relevant stakeholders
(sport coaches, strength and conditioning coaches, etc.)

of which individuals have SCT and recurring meetings with
coaches to discuss upcoming training plans. Additionally,
staff may consider the development of a comprehensive
policy and procedures (P&P) on exertional sickling in which
all stakeholders are required to review annually. This will
encourage acceptance of strategies needed for individuals
with SCT (Yeargin et al., In Press).

Prevention Strategy. Wearing visual cues by athletes that
have SCT, can assist stakeholders in avoiding inadvertent
pressure. Examples include wearing a red belt, yellow wrist
bands or a sticker on equipment or uniforms. These visual
cues allow for intervention earlier when an athlete with SCT
starts to fall behind on a task and also minimizes questions
from stakeholders when such interventions are needed.

Special note. Though this risk factor has been apparent
from the beginning of organized sport and the creation
of minimum cut-off thresholds, recent focus by experts
have brought it into the limelight in exertional related
emergencies (Lalli et al., 2024; 0’Connor et al., 2021).

INTRINSIC RISK FACTORS
Respiratory Conditions

Risk. Respiratory conditions such as asthma or exercise-
induced bronchospasm can reduce efficient oxygen
intake. When coupled with the diminished oxygen carrying
capacity of hemoglobin S, a hypoxic situation can develop.
Theoretically this type of event may encourage RBCs to
change shape, or in the very least, less oxygen is able to
reach the contracting muscles.

Prevention Strategy. Keep both asthma and exercise-
induced bronchospasm well managed. The sports medicine
team should have an individualized action plan on file

for each athlete with SCT that also has these conditions
(Gatheral et al., 2017). Such a plan might include
maintenance of long-term medications, having short acting
medications on-hand for acute symptoms and possibly
regular check-ins to monitor peak flow expiratory readings.

Prevention Strategy. The same individual action plan should
note the most common triggers for symptoms associated
with the condition (Gatheral et al., 2017). If environmental
contaminates (pollen, ragweed) or stressors (cold air) are
triggers, monitoring of conditions when forecasts forewarn

of high levels or cold air should be done prior to exercise
beginning that day. Activity modifications such as completing
exercise indoors may be needed if triggers are

severe enough.

w



lliness

Risk. Viral or bacterial mediated illness can cause pre-
exercise fatigue. Athletes with SCT may be more vulnerable
in this situation as exercise-related fatigue may set in earlier,
putting the athlete or individual at risk for developing acidosis.

Risk. The common cold may also mildly reduce oxygen intake
as discussed in the respiratory conditions section. In addition,
some illnesses may involve a fever-induced rise in baseline
core body temperature to combat pathogens. Instead of
exertional induced hyperthermia as discussed above, febrile
iliness could encourage RBCs to sickle.

Prevention Strategy. Institutions should have policies in place
in which athletes are removed from activity at certain febrile
thresholds (i.e., 100.5 °F or 38 °C).

Prevention Strategy. Athletes should be removed from
activity if experiencing significant symptoms related to
underlying illness. If symptoms are mild, the medical team
should ensure regular observations of the athlete during
exercise are possible and consider the addition of activity
modifications (extra rest breaks).

Insufficient Hours of Sleep

Risk. The exact reasoning whether this may be a risk factor
for exertional sickling is unknown, as is also the case for
exertional heat illnesses. The theory indicates that the pons
(sleep center) and the hypothalamus (thermostat) sections
of the brain communicate with each other. When insufficient
sleep occurs (<7 hr), thermoregulation is affected (Krduchi,
2007). If heat dissipation is hindered, warmed blood may
encourage RBCs to sickle.

Prevention Strategy. Curfews should be enforced by the
institution if traveling. Sleep amounts are published based on
age and should be considered when educating athletes on
sleep routines and sleep hygiene (Chaput et al., 2018).

Inadequate Nutrition

Risk. When glucose stores are not adequate for the exercise
demand, the likelihood of lactic acidosis increases and the
risk of sickling increases, as explained earlier. Examples of
inadequate nutrition for exercise include not having breakfast
before practice/training and skipping lunch before an after-
school practice e.g. not adequately refueling pre/ during / post
to cover daily activity demands.

Prevention Strategy. Increase access to nutrition throughout
the day. This can be in the form of training table hours or
“grab and go” options. In addition, different educational
techniques should be considered when discussing this as a
risk factor, with the importance of regular meals and snacks
emphasized (Boidin et al., 2021).

Hypohydration

Risk. Dehydration during exercise reduces plasma volume,
which composes the largest proportion of readily available
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blood being used by the cardiovascular system. When an
individual engages in exercise, sweating is activated to
dissipate heat. If the athlete does not adequately replace
sweat losses with fluids, some level of hypohydration is
inevitable. For athletes with SCT, this means that RBCs are
more concentrated within the blood vessels (Nader et al.,
2019). Less fluid (i.e., plasma volume) will hasten log jamming
of the sickled cells.

e  Relevant Research. In one study, participants with SCT
exercised in a heat chamber for 45 min. When fluids were
withheld, RBCs progressively sickled over the exercise trial
(3-6% of RBCs). However, when fluids were provided and
hydration status maintained, sickling remained lower throughout
the exercise (<1% of RBCs) (Bergeron et al., 2004).

e  Prevention Strategy. Euhydration encourages the free
movement of both round and sickled RBCs. Euhydration
can be encouraged in a variety of manners. Accessibility to
fluids is paramount as research indicates it encourages ad
libitum consumption (Engell et al., 1996; Yeargin et al., 2015).
Examples include multiple fluid stations, personal water
bottles or on-body water systems.

e  Prevention Strategy. Education on the importance of
euhydration to optimize performance and reduce sickling risk
could be completed in an assortment of ways (Boidin et al.,
2021). This could be accomplished with handouts, individual
0One-0n-0ne Sessions or group presentations.

e  Prevention Strategy. The use of weight charts to track
hydration can provide athletes with individual fluid intervention
to replace lost fluids (Eith et al., 2020). This information will
assist the athlete in beginning the next exercise session in an
euhydrated state. Weight charts can be reinforced by having
institutional policies in place that indicate when verbal, written
or activity modification interventions should occur depending
on the hypohydration threshold. Research indicates that
weight charts can successfully encourage euhydration in
athletes with and without SCT (Hirschhorn et al., 2021). They
can promote a positive atmosphere so that good hydration
habits are encouraged on an individual level.

UNIVERSAL PRECAUTIONS

Many of the prevention strategies above are considered “universal
precautions” by the military and sports medicine organizations (Nye
et al,, 2022; Roberts et al,, 2023). If these are implemented on a
regular basis, it can prevent not just exertional sickling but other
conditions and injuries as well (exertional heat stroke, exertional heat
exhaustion, musculoskeletal injuries). Therefore, their utilization should
be paramount as it could optimize performance and increase safety in
all athletes.

~



SUMMARY

During exertional activities, athletes with SCT have a reduced oxygen
carrying capacity, leading to lactic acid accumulation, decreasing pH
and potentially causing RBCs to sickle. Implementation of appropriate
work-to-rest ratios, allowing athletes to self-pace or using pre-
calculated ratios are important prevention strategies. Exercising in
warm to hot environments raises core body temperature, potentially
causing RBCs to sickle as warmed blood moves from the core to the
body’s limbs. Environmental conditions should be monitored using
WBGT and activities modified based on established heat risk zones.
Heat acclimatization guidelines should be used to promote beneficial
adaptations and appropriate work-to-rest ratios during initial or re-
exposure to heat. Competitive pressures can lead athletes to exercise
beyond their fitness levels, increasing risks associated with acidosis
and hyperthermia. Timed fitness tests should be eliminated for the
initial weeks of exercise exposure, as well as fostering an environment
supporting self-pacing and work-to-rest modifications and implementing
a buddy system for peer support. Inadequate hydration reduces plasma
volume, concentrating RBCs and increasing the likelihood of vessel
occlusion. Euhydration should be ensured by providing accessible fluids,
educating athletes on the importance of hydration and using weight
charts to track and encourage proper hydration practices. Adequate
nutrition is another important consideration to ensure glucose stores
are optimal to reduce the likelihood of lactic acidosis and the risk of
sickling. Increased access to nutrition, in combination with nutrition
education, should be implemented to SCT athletes.

The views expressed are those of the author and do not necessarily reflect the position
or policy of PepsiCo, Inc.
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