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Sports nutrition recommendations for able-bodied athletes are well established. However, sports nutrition recommendations for
para-athletes are still developing. Spinal cord-injured (SCl) hand cyclists face unique physiological and nutrition-related challenges
compared with able-bodied athletes, complicating the extrapolation of recommendations. This paper aims to propose
preliminary dietary recommendations for adult SClI endurance hand cyclists based on their unique challenges while
considering existing sports nutrition recommendations for able-bodied and para-athletes. A two-phase approach was
followed. Phase one involved a review of existing literature regarding the physiological and nutrition-related challenges
experienced by SCI athletes, including their current dietary intake and body composition patterns, as well as existing sports
nutrition recommendations. Phase two consisted of proposing dietary recommendations for SCI endurance hand cyclists,
considering the information gathered during phase one. A total of 10 preliminary recommendations are proposed, focusing
on general daily intake for carbohydrates, fibre, protein, fat, and micronutrients as well as exercise-specific guidelines covering
carbohydrate, fluid, and protein intake before, during, and after exercise. These preliminary recommendations are based on
current available literature but provide a starting point for developing dietary recommendations for SCI hand cyclists. Future
research should rigorously test these recommendations and apply them to the broader paralympic community where applicable.
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Introduction

Nutrition plays a critical role in the health and exercise perform-
ance of endurance able-bodied athletes, with established dietary
recommendations for important nutrients such as carbohydrate,
protein, and fluid." Endurance able-bodied athletes are rec-
ommended to consume 6-10 g/kg/day of carbohydrates for
exercise lasting 1-3 hours and 1-4 g/kg of carbohydrates
1-4 hours prior to an event* A habitual protein intake of
1.2-2.0 g/kg(/day), and 0.3 g/kg immediately before and after
exercise is recommended.>* The challenges faced by able-
bodied athletes, such as hyponatraemia, heat stroke, gastrointes-
tinal problems, dehydration, and hypothermia, are well docu-
mented, along with practical recommendations to overcome
these challenges.” However, less is known about the nutritional
and physiological challenges faced by para-athletes, a growing
group evidenced by the recent 2024 Summer Paralympic
Games, where more than 4 400 athletes competed.® There is a
lack of dietary recommendations for para-athletes, considering
their unique physiological functions and challenges. Dietary rec-
ommendations for able-bodied athletes have been extrapolated
to this population, but they may not always be appropriate based
on the physiological challenges experienced by paralympic ath-
letes.” "

Hand cycling is a parasport with five different sports classes
(H1-H5) accommodating SCl and lower limb amputee athletes.
Lower categories in the five sports classes (H1 and H2) indicate
more severe activity limitations. SCI hand cyclists compete in
road races (men: 60-80 km, women: 50-80 km), time trials
(men: 20-30 km, women: 20-30 km), and team relays. The
average performance time for road races (56.8 km) in the
2024 Summer Paralympic Games was 101 minutes and

38 seconds (+ 7 minutes and 53 seconds), with an average
winning time of 97 minutes and 19 seconds (+ 10 minutes
and 11 seconds)."® Therefore, SCI hand cyclists compete in
road races generally lasting longer than 90 minutes and can
be classified as endurance athletes.'?

SCl athletes face various physiological challenges, including
prolonged gastrointestinal transit time, impaired bladder
control, limited hand function, and reduced bone mineral
density."*'® The severity of these challenges varies depending
on the level of spinal cord injury. For instance, athletes with
higher-level spinal cord injuries may experience more signifi-
cant limitations in hand function. These physiological chal-
lenges necessitate adjustments to the standard nutritional
practices recommended for able-bodied athletes to better
meet the unique needs of SCI athletes.

For example, it is important for SCI endurance athletes to
ensure optimum carbohydrate and fluid intake during exercise
to prevent dehydration, hypoglycaemia, and compromised
performance.” However, the physiological challenges experi-
enced by SCI endurance athletes, such as prolonged gastroin-
testinal tract transit time, can affect the timing of carbohydrate
intake before and during endurance exercise.'® To compen-
sate for this prolonged gastrointestinal transit time and main-
tain blood glucose levels during endurance exercise, SCI
endurance athletes must ingest carbohydrates earlier, in
smaller amounts and more frequently compared with able-
bodied athletes."

Another example is that SCI athletes experience decreased
sweat rates, so alternative cooling methods may be needed
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during endurance events in hot environments, such as using a
spray bottle to keep the skin moist.'”

The authors of the current paper attempted to propose prelimi-
nary dietary recommendations for SCl endurance hand cyclists
based on their nutrition-related and physiological challenges,
dietary intake, and existing sports nutrition recommendations
for able-bodied and para-athletes. These preliminary dietary
recommendations should be tested at a later stage among
SCl endurance hand cyclists as well as other para-athletes
facing similar challenges.

Methods

To propose preliminary dietary recommendations for SCl endur-
ance hand cyclists based on their nutrition-related and physio-
logical challenges and considering existing sports nutrition
recommendations, a two-phase approach was followed. The
first phase involved a narrative review of the literature to deter-
mine the nutritional status, nutrition-related and physiological
challenges of SCI athletes. The review also considered the exis-
ting sports nutrition recommendations for able-bodied and
para-athletes to determine whether they could be adapted for
SCl endurance hand cyclists. The second phase encompassed
proposing the preliminary recommendations for SCl endurance
hand cyclists based on the information gathered in phase one.

Phase one: narrative review of the literature

The following databases were searched: Access Medicine, Access
Surgery, Annual Reviews, CIHNAL Reviews, Clinical Key, Clinical
Key Nursing, Cochrane, DynaMed, EBSCOHost, InCites Analysis,
InCites Essential Science Indicators, InCites Journal Citation
Reports, MEDLINE Ultimate, Nature, OVID, ProQuest, PubMed,
SABINET African Journals, SAGE, Science Direct, Springer
Nature, STM Source, Web of Sciences, Wiley Online Library, and
Google Scholar. The following search terms were used: nutrition
OR diet OR body composition AND spinal cord injury OR disability
OR paraplegic OR tetraplegic OR wheelchair OR quadriplegic OR
impairment AND athlete OR sport OR active individual OR player.

No time limit was placed on the year of publication, but only
review articles, descriptive studies, and intervention studies
published in English were considered. A total of 17 studies pub-
lished between 1994 and 2024 met the eligibility criteria and
were reviewed. The main findings of these studies are detailed
in Table A1. The 17 included studies provided insight into the
nutritional status, physiological and nutrition-related challenges
of SCl athletes, forming the basis for the proposal of the prelimi-
nary dietary recommendations.

In addition to the 17 articles, eight position statements or sports
nutrition recommendation articles for able-bodied and SCI ath-
letes were reviewed.>*”~""'7 These papers, published between
2018 and 2021, were analysed to determine whether their rec-
ommendations could be applied to SCl endurance hand cyclists,
considering their nutritional status, physiological and nutrition-
related challenges.

Results

Considerations for the development of dietary
recommendations based on the narrative review
(phase one)

Table 1 details the physiological and nutrition-related chal-
lenges reported by SCI athletes based on the findings of 17
reviewed studies. These challenges were mainly identified

from the nutritional assessment findings of the 17 included
studies. Table 1 also indicates the potential impact of the phys-
iological and nutrition-related challenges on nutritional status,
practices, and exercise performance of SCI athletes (column
2), and provides practical guidance (column 3) for each physio-
logical and nutrition-related challenge. Some of the physiologi-
cal challenges include low bone mineral density, which
increases the risk of fragility fractures, and reduced muscle
mass, leading to decreased muscle glycogen storage capacity.
Among the nutrition-related challenges, inadequate daily
carbohydrate intakes can result in fatigue. After identifying
these challenges in phase one, the authors of the current
paper proposed preliminary dietary recommendations for SCI
endurance hand cyclists in phase two (Table 2).

Preliminary dietary recommendations (phase two)

In phase two, the physiological and nutrition-related challenges
identified from the narrative review in phase one, with specific
reference to those that affect nutritional status, practices, and
exercise performance of SCl athletes (Table 1), were critically
interpreted by the researchers and considered with the existing
sports nutrition recommendations to formulate preliminary
dietary recommendations specifically for adult SCI endurance
hand cyclists (Table 2). The considerations for practical guidance
for each challenge identified (Table 1) were systematically
grouped together resulting in a total of 10 categories, of
which six were relevant to general dietary intake, and four rel-
evant to exercise intake. In line with the categories, 10 prelimi-
nary recommendations were formulated, with six
recommendations focusing on daily macronutrient and micro-
nutrient intake and four exercise-specific recommendations
focusing on pre-, during, and post-exercise intake (Table 2). As
two of the researchers are registered dietitians with expertise
in sport nutrition, additional expert opinion was not sought
for the formulation of the preliminary dietary recommendations
to address the physiological and nutrition-related challenges
detailed in phase one.

Discussion

The authors aimed to propose preliminary dietary recommen-
dations with practical considerations for SCI endurance hand
cyclists, considering their unique physiological and nutritional
demands. Six general recommendations are proposed, covering
daily carbohydrate (including fibre), protein, fat, and micronutri-
ent intake. Specific micronutrients such as calcium, vitamin D,
and iron were highlighted due to the special importance of
these nutrients in this population. Additionally, four exercise-
specific dietary recommendations are proposed, focusing on
carbohydrate and fluid intake before and during exercise, as
well as protein intake after exercise. While the preliminary
dietary recommendations do not deviate much from the exist-
ing sports nutrition recommendations for para-athletes, they
advocate for a lower daily carbohydrate intake (the upper
range is lower), a higher daily protein intake, and an adjustment
of race- or training-specific carbohydrate intake.

General recommendations

Daily carbohydrate intake

The first proposed recommendation, to consume 6-8 g/kg/
bodyweight (BW) of carbohydrate per day, falls within the rec-
ommended range for para-athletes, which is 6-10 g/kg/BW
daily.” However, it is suggested that SCI endurance hand
cyclists, who typically train for 1-3 hours/day®’ aim for the
lower end of this range due to their reduced muscle mass
and subsequent reduced glycogen storage capacity compared
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Table 1: Factors affecting nutritional status, practices, and exercise performance of SCl athletes

Factor

Impact on nutritional status,
nutritional practices, and exercise
capacity/performance

Considerations for practical guidance

Physiological challenges:

Increased fat mass'®

Low bone mineral density'>'82'-24

Decreased muscle mass'®

Bowel dysfunction'

Pressure sores'*

Compromised bladder function'

Limited hand function'

Decreased sweat rate and impaired
thermoregulation'#3%33

Nutrition-related challenges:
High fat intake®'>’

Insufficient daily carbohydrate intake®'373%4°

Timing and insufficient exercise-related carbohydrate

intake?'

Low iron levels/anaemia'***

Inadequate micronutrient intake [vitamin A, D, E, K, B,

(thiamine), Bs (pantothenic acid), By (folate), B;»
(cobalamin), B (pyridoxine), magnesium, potassium,
iron, calcium, zinc]?'-37:39:4045-47

Decreased appetite'

Restriction of fluid and food intake before and during

exercise'*

Decreased speed and endurance'®
Increased risk of chronic diseases of
lifestyle®®

Increased fragility risk®®

Reduced muscle strength and muscle
glycogen storage capacity’
Lower peak power output

Compromised exercise performance due
to delayed carbohydrate availability?
Gastrointestinal discomfort™

Restricting food intake to manage
prolonged Gl transit time'*

Compromised exercise performance'*
Inability to exercise due to discomfort'*

Urinary tract infections®'

Restriction of fluid intake'*
Dehydration'*

Compromised exercise performance'*

Difficulty eating during exercise'*
Compromised exercise performance due
to loss of momentum if cyclists use their
hands to eat while on hand cycle™

Dehydration®*

Overheating™*

Muscle spasms'*

Cramping>*

Increased rate of perceived exertion®*
Heat illness / exhaustion®>

Increased risk of injury>®

May exacerbate gastrointestinal
dysfunctions such as reduced gastric
emptying,® increased fat mass?'

Fatigue'*

Increased risk of illness (especially
URTI*")

Hypoglycaemia'’

Compromised exercise endurance'’

Fatigue and decreased exercise
performance and endurance'’
Increased risk of illness*?
Hypoglycaemia®?

Impaired exercise recovery*

Fatigue'*

Fatigue*®

Increased rate of perceived exertion*®
Decreased aerobic capacity*®

High risk of fracture*

Increased risk of illness™

Macro- and micronutrient deficiencies?'
Fatigue
Compromised exercise performance

Insufficient carbohydrate and fluid
intake before and during exercise*®
Fatigue*

Hypoglycaemia®®

Dehydration*®

Compromised exercise duration and
performance*

Dietary energy intake should not exceed energy
expenditure
Limit fat intake to meet body composition goals

Optimise intake of protein, which improves calcium
and phosphorus absorption in GIT®

Increased intake of omega-3 fatty acid (especially
PUFA)%

Optimise intake of nutrients involved in bone
health such as calcium, vitamin D, magnesium
copper, zinc, manganese, vitamin K, vitamin A,
vitamin C, vitamin B;, (cyanocobalamin),
phosphorus, and potassium?®

Optimise daily energy and macronutrient intake, as
well as timing of nutrient intake before, during, and
after exercise

Adjust timing of carbohydrate intake before
exercise
Optimise daily fibre intake

Optimise protein, vitamin A, C, D, zinc, selenium,
and iron intake®®

Optimise fluid intake daily and during exercise

Implement practical strategies to facilitate easier
energy and nutrient intake during exercise

Implement cooling strategies Optimise fluid intake

Control fat intake to meet body composition and
performance goals

Optimise carbohydrate intake to meet daily
carbohydrate requirements and meet training
loads/exercise requirements

Implement strategies to optimise carbohydrate
intake before and after exercise

Implement strategies to optimise iron intake and/
or absorption

Implement strategies to optimise micronutrient
intake

Optimise carbohydrate and fluid intake during
exercise

Implement strategies to encourage fluid and food
intake before and during exercise
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Table 2: Preliminary dietary recommendations and practical considerations for SCI endurance hand cyclists

Recommended intake

Practical considerations

Rationale for the recommendation

General recommendations

Consume adequate CHO daily to match exercise
loads (6-8 g/kg BW/day CHO for 1-3 hours of
exercise/day and 8-10 g/kg BW/day when
exercise exceeds 4 hours)

Consume adequate protein (1.25-2.0 g/kg BW of
protein) every day

Limit fat intake to less than 30% of total energy
intake

Consume 25-30 g of dietary fibre per day

Ensure adequate micronutrient intake

Ensure inclusion of sources high in calcium, iron,
and vitamin D

Exercise-specific recommendations:

Consume 1-4 g/kg BW of CHO 1.5-4 hours
before exercise

Consume 30-60 g of carbohydrate per hour
during exercise for exercise lasting 60-150
minutes and aim for the upper range if exercise
exceeds 150 minutes

Consume 100-125 ml of fluid every 10-
15 minutes

Consume a recovery meal (1.0-1.2 g/kg BW of
carbohydrate in combination with 0.3-0.5 g/kg
BW of protein) within 30-60 minutes after
exercise

Eat regular meals and snacks and include a
source of carbohydrate in each meal

Eat a variety of protein sources such as red
meat, fish, chicken, eggs, legumes, nuts, seeds
and dairy products, and include a source of
protein in a meal/snack throughout the day
(every 3-4 hours)

Focus on healthy fats such as unsaturated fats
and include sources such as avocado, nuts
(almonds, walnuts), and fatty fish (salmon and
sardines)

Focus on fibre-rich foods such as oats, carrots,
green beans, berries, while avoiding gas-
forming foods such as broccoli, beans, and
carbonated beverages

Consume a variety of foods with focus on
consuming five portions of vegetables and
fruits every day

For calcium and vitamin D, consume low-fat
dairy foods, fish with soft bones, nuts, and soya
beans; sun exposure (5-30 minutes/day, most
days of the week, without sunscreen) can also
assist in vitamin D synthesis; include foods rich
in iron such as beef, fish, poultry, and eggs;
vegetarian hand cyclists can consume spinach
and fortified cereals, together with a source of
vitamin C

Focus on low to medium Gl carbohydrates
(cooked oats, bananas, whole grain toast, and
energy bars)

Carbohydrate-rich sources (carbohydrate-
electrolyte beverage/energy drink, sports gel,
pre-opened sports bar) that are practical for
cyclists to handle

Consume a cold sports drink through adaptive
water bottles and hydration packs such as a
hydropack to compensate for limited hand
function

Examples of foods/meals that are
carbohydrate-rich with added protein to
consume after exercise include flavoured milk,
cereal with milk, smoothies with milk and
banana, toast with egg

To meet minimal carbohydrate energy
requirements for training but account for the
reduced glycogen storage capacity of SCl athletes
compared with other athletes; the upper range
for g/kg BM/day is lower for SCI athletes
compared to the recommendation for other para-
athletes and able-bodied athletes’

To compensate for the additional protein
required to promote healing and/or prevent
pressure sores,”” the protein recommendation
for SCI endurance hand cyclists is slightly higher
compared with the recommendations for para-
athletes®

Healthy fat intake is important for optimal health;
in the absence of a fat intake guideline for para-
athletes, a recommendation that does not exceed
the accepted macronutrient distribution range
(AMDR) and that will reduce the risk of excess
energy intake from fat is recommended

This recommendation is necessary considering
the bowel challenges of SCI athletes'

An optimal micronutrient status is important for
health and performance

This recommendation is important considering
the poor bone health of SCI athletes, and a
reported poor iron, calcium, and vitamin D
intake15,18,21—24

This recommendation differs slightly from the
recommendation for able-bodied athletes; to
account for the delayed gastric emptying in SCI
athletes'® they should ingest a pre-exercise meal
at least 1.5 hours before exercise

This recommendation is similar to existing
recommendations for para-athletes and able-
bodied athletes'" and is necessary as SCl
endurance hand cyclists have been found to
restrict food and fluid intake during exercise®'

This recommendation is lower than the
recommendation for able-bodied athletes? and
accounts for the reduced sweat rate of SCI
endurance athletes®’

This recommendation is similar to the
recommendation for able-bodied athletes”® and
is important to replenish the glycogen stores of
SCl endurance athletes that were already reduced
owing to the reduced muscle mass when
compared with able-bodied athletes”

BW = bodyweight; CHO = carbohydrate.

with able-bodied athletes and other para-athletes without SCI.”
Foods consumed should not aggravate gastrointestinal tract
issues, such as prolonged gastrointestinal tract transit time,
which is common among SCI hand cyclists. Therefore, they
should consume whole grain cereals and breads while limiting
the intake of saturated fat, sugars, caffeine, carbonated bev-
erages, and sweeteners. For para-athletes with a very high train-
ing load (exceeding 4-5 hours/day), the current
recommendation is 8-12 g/kg/BW* of carbohydrates daily. It
is again proposed that SCl endurance hand cyclists aim for

the lower range of 8-10 g/kg/BW due to the above-mentioned
challenges faced by these athletes. This recommendation will
also ensure that SCI athletes meet their training energy needs.

Daily protein intake

In addition to carbohydrate, SCI endurance hand cyclists also
need to consume adequate protein to meet the increased
protein demands of exercise and aid in the healing of pressure
sores,® a common challenge experienced by wheelchair users,>
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including South African SCI hand cyclists.'® The preliminary rec-
ommendation of 1.25-2.0 g/kg BW protein per day is slightly
higher than the standard recommendation for para-athletes
(1.2-1.7 g/kg/BW)® to compensate for additional intake
needed to assist in healing or prevention of pressure sores.
The preliminary protein recommendation is also slighter
higher than the recommendation for able-bodied athletes
(1.2-2.0 g/kg/BW)? for building and maintaining muscle mass.
However, SCI athletes often have reduced muscle mass com-
pared with able-bodied athletes. Adequate protein intake will
also help SCI hand cyclists maintain muscle mass, which is
often reduced in this population due to activity limitation of
certain limbs.” The focus should be on high-quality protein
sources that include essential amino acids such as leucine and
isoleucine. Protein-rich foods high in arginine, such as red
meat, can also assist in the healing of pressure sores® and
may assist in addressing the iron deficiency anaemia commonly
experienced by female SCI hand cyclists.™

Fat intake

While fat is an essential component of a healthy diet, excessive
fat intake can lead to increased body fat mass, health impli-
cations, and increased disease risk, and compromise exercise
performance.'®2° Recent articles on nutrition for para-athletes
have not provided a general recommendation for fat intake.””
91" The current paper proposes that SCI endurance hand
cyclists limit their fat intake to 30% of their daily total energy
intake, aligning with the recommendation for able-bodied ath-
letes by Kerksick et al.? This recommendation will also reduce
the risk of excess energy intake from fat previously reported
in the SCI athlete population. A recent study on South African
SCl hand cyclists reported a high fat intake in males and
females (39.7% and 42.1%, respectively).?' Fat intakes above
the acceptable macronutrient distribution range (AMDR, 20-
35%) have also being reported by male and female Canadian
and American SClI wheelchair tennis, track, basketball, and
rugby athletes®® The emphasis should be on consuming
healthy unsaturated fats to reduce the likelihood of increased
fat mass and lower the risk of secondary complications of SCl,
such as diabetes mellitus, and improving the blood lipid
profile of hand cyclists.>*

Daily fibre intake

Dietary fibre may help alleviate delayed gastric emptying
experienced by SCI individuals by improving transit time>>
and potentially benefiting the gastrointestinal tract micro-
biome. Additionally, fibre can assist athletes in managing their
bodyweight and fat mass due to the low energy content of
fibre-rich foods.>® SCI endurance hand cyclists are advised to
consume 25-30 g of dietary fibre daily, including fibre-rich
foods such as oats, carrots, and berries, while avoiding gas-
forming foods (Table 2). This recommendation aligns with a pre-
vious recommendation regarding fibre intake for SCI athletes
(25-30 g of dietary fibre per day).'"

Micronutrients

In addition to optimal macronutrient intake, micronutrients are
also important for the overall health of SCl athletes. The prelimi-
nary recommendation to ensure adequate micronutrient intake,
with a special emphasis on calcium, vitamin D, and iron, is based
on evidence suggesting that SCl endurance hand cyclists are at
risk of poor bone health?' and anaemia, particularly among
female athletes.'® Further evidence indicates that South
African SCI hand cyclists did not meet the RDA for calcium,
vitamin D, folate, and potassium®' and Canadian SCI athletes

also reported intakes of calcium, vitamin D, magnesium, and
folate among other micronutrients lower than the EAR.*® Con-
suming a variety of foods, including five portions of fruit and
vegetables daily, will assist para-athletes, including SCl athletes,
to optimise their micronutrient intake and reduce the risk of
iliness by enhancing immunity.” While this recommendation
regarding adequate micronutrient is not novel for able-bodied
athletes, it is noteworthy that no specific practical consideration
for fruit and vegetable intake was found in the literature for SCI
athletes. Therefore, SCl endurance hand cyclists should focus on
consuming a variety of foods, with an emphasis on five portions
of fruit and vegetables daily. However, they should be cautious
when consuming cruciferous vegetables, especially prior to
exercise, as these can cause abdominal discomfort.

Vitamin D is important for calcium homeostasis and bone
health, as well as enhancing the ability of muscles to make
quick, explosive movements.>” To ensure optimal vitamin D
and calcium status, SCI hand cyclists should consume low-fat
dairy foods, fish with soft bones, green leafy vegetables, nuts,
and soya beans, and ensure adequate sun exposure (5-30
minutes per day, most days of the week, without sunscreen).*®

Haematinics, such as iron, essential for exercise performance, as
they help deliver oxygen to exercising muscles.” Athletes,
including SCI endurance hand cyclists, need iron for increased
haematopoiesis and greater turnover resulting from haemoly-
sis, sweating, and gastrointestinal bleeding. SCI hand cyclists
can increase their iron intake by choosing foods rich in iron
such as beef, fish, poultry, and eggs. Vegetarian hand cyclists
can consume spinach, fortified cereals, adding vitamin C, to
ensure optimal absorption of the plant-based iron sources.>®
They should also limit the consumption of foods that impair
iron absorption, such as tea, milk, and coffee during meals.”®

Exercise-specific recommendations

Carbohydrate intake before exercise

In addition to general recommendations for daily intake, this
article also proposes exercise-specific recommendations. Con-
suming carbohydrates before exercise will help SCI endurance
hand cyclists boost their liver glycogen stores and spare their
potential reduced muscle glycogen stores due to reduced
muscle mass, especially during prolonged exercise. Flueck® rec-
ommended that para-athletes consume 1-4 g/kg/BW carbo-
hydrate 1-4 hours before exercise. However, this
recommendation may need to be adjusted for SCI athletes, as
they may experience delayed gastric emptying,'® which may
delay carbohydrate absorption and its availability for oxi-
dation.®° Therefore, it is important to allow adequate time for
digestion before exercise to ensure optimised endogenous gly-
cogen stores and minimise the risk of gastrointestinal tract pro-
blems during exercise®® Fynne et al.'® looked at the
gastrointestinal tract transit time and gastric emptying of 19
SCl participants compared with 15 able-bodied individuals
and found that the median gastrointestinal tract transit time
of SCI individuals was more than 360 minutes (range: 258 to
> 360) compared with 340 minutes (range: 224 to > 360) for
able-bodied individuals (p < 0.001). This translates into a delay
in gastrointestinal tract transit time of 34 minutes based on
the difference in the minimum gastrointestinal tract transit
time for SCI and able-bodied individuals.

Therefore, this paper proposes that SCl endurance hand cyclists
should not wait until 1 hour before exercise to consume carbo-
hydrates. Instead, they should consume 1-4 g/kg/BW of
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carbohydrates at least 1.5-4 hours before exercise. To avoid
further delay in gastric emptying and reduce the risk of gastro-
intestinal issues such as bloating, small meals and liquid-
consistency foods should be consumed.” Low-Gl foods like
cooked oats with berries can be beneficial as they provide a
more sustained source of energy when carbohydrates cannot
be consumed during exercise.> However, these should be con-
sumed earlier than higher Gl foods before exercise.

Carbohydrate intake during exercise

Reduced muscle mass and consequently lower glycogen
storage capacity could lead to earlier glycogen depletion
during exercise."" This increases the need for carbohydrate
intake during exercise.'' Both para-athletes and able-bodied
athletes are advised to ingest 30-60 g of carbohydrate per
hour from a higher GI carbohydrate source such as a 6-8%
carbohydrate-electrolyte beverage, carbohydrate energy gels,
energy bars, or other relevant carbohydrate-rich sources
during endurance exercise lasting 60-150 minutes.'" SCI ath-
letes should aim for the upper range if exercise exceeds
150 minutes, although this remains controversial.'' Hence,
future research should assess the optimal amount of carbo-
hydrate and timing of carbohydrate intake for SCI athletes."’

This recommendation for carbohydrate intake during exercise is
similar to the current recommendation for para-athletes and
able-bodied athletes.”*'" Furthermore, it emphasises the con-
sumption of beverages in a hydropack or food that tetraplegic
endurance hand cyclists can consume with minimal use of their
hands. Given the limited hand function of tetraplegic hand
cyclists'® and the necessity of using their hands to propel the
hand cycle during exercise, extensive hand use for refuelling
could result in loss of momentum. Therefore, foods and bev-
erages consumed during exercise should not require cyclists
to take their hands off the crank for extended periods.

Fluid intake during exercise

Fluid intake during exercise can help mitigate heat stress;
however, SCI hand cyclists often restrict fluid intake due to
bladder challenges.' This is concerning, as maintaining fluid
intake and preventing dehydration during exercise are impor-
tant for sustaining exercise capacity and endurance.? Regular
intake of water and/or sports drinks during exercise can limit
cardiovascular strain during endurance exercise.” It should
also be recommended that SCI endurance hand cyclists not
only consume fluids when they are thirsty, as this is a sign of
dehydration,** but rather optimise their fluid intake during
exercise.

Current fluid intake recommendations for SCI athletes are
lacking. However, a recent publication from Hertig-Godeschalk
and Perret®' reported a sweat rate of 0.52 |/hour for elite endur-
ance SCl athletes, suggesting an intake of approximately 500 ml
(100-125 ml every 10-15 minutes) to replace sweat losses. This
is slightly lower compared with the able-bodied recommen-
dation of 175-350 ml every 10-15 minutes.? Considering that
these athletes have a reduced sweat rate*> they may need
less fluid to replace sweat losses; however, they also experience
thermoregulation challenges. Therefore, the authors of
the current paper recommend a fluid intake of at least
500 ml/hour, particularly in hot environments.

Increased water intake during exercise and during the day will
help address constipation, urinary tract infection, and thermore-
gulatory challenges, which are often experienced by SCI

endurance hand cyclists."* However, it is known that tetraplegic
athletes have lower sweat rates than paraplegic athletes and
guidance on fluid intake should be tailored, based on disability,
or even better on each hand cyclist's sweat rate, to prevent
hyperhydration. In addition, tetraplegic athletes experience
impaired thermoregulation compared with paraplegic athletes,
so cooling strategies such as wearing an ice vest, cooling hats,
or neck bands are important to mitigate heat stress.®’

Carbohydrate and protein intake after exercise

Adequate carbohydrate and protein intake after exercise can
restore muscle glycogen levels, especially when recovery time
between sessions is short.” Furthermore, consuming high bio-
logical value proteins that provide essential amino acids
assists with muscle protein synthesis, maintenance of lean
body mass, strength and power, and muscle repair, especially
in relation to endurance exercise.® This is important considering
the coupled effect of reduced muscle mass due to activity limit-
ation.#®2 On average, SCI endurance hand cyclists train five
times a week with increased load closer to compeition.?’ It is
recommended that SClI hand cyclists consume a recovery
meal containing 1.0-1.2 g/kg/BW carbohydrate combined
with 0.3-0.5 g/kg/BW protein within the 30-60 minutes post-
exercise window, as also suggested by Flueck® and Scaramella
etal’

Strengths, limitations, and recommendations

The authors aimed to propose preliminary dietary recommen-
dations for use by SClI endurance hand cyclists and other
similar paralympic athletes, who face unique physiological
and nutritional challenges that make application of general
sports nutrition recommendations difficult. The recommen-
dations suggested in this paper are based on a narrative
review of the literature rather than a scoping or systematic
review with a more rigorous methodological approach. Further-
more, testing and implementation of these recommendations is
warranted to help establish clinical guidelines with practices tai-
lored to the specific physiological and nutritional needs of
paralympic athletes.

Conclusion

The unique physiological and nutritional challenges faced by
SCl endurance hand cyclists and other paralympic athletes
make the application of current sports nutrition recommen-
dations difficult. Athletes, coaches, trainers, and dietitians can
use these recommendations to improve exercise capacity and
endurance in this group of athletes, with the potential to
apply it to a wider group of paralympic athletes facing similar
challenges. Optimising daily nutritional intake, as well as
having clear, practical dietary recommendations for implemen-
tation before, during, and after exercise is critical to optimise
the performance of these athletes and potentially a broader
group of paralympic athletes.
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Appendix

Table A1: Studies reviewed documenting nutritional status,
physiological and nutrition-related challenges of SCI athletes

Table A1: Continued.

Reference Study title Main findings
Gordon Physiological and nutrition- Bowel and bladder
etal* related challenges as challenges, limited hand
perceived by spinal cord-  function, muscle spasms,
injured endurance hand thermoregulatory
cyclists challenges, pressure sores,
menstrual periods, and low
iron levels/anaemia were
perceived to impact food
and fluid intake and
compromise exercise
capacity
Shaw et al.**  Dietary quality and nutrient Inadequate intakes of
intakes of elite paracyclists iodine, fibre, vitamin D, E.
Hertig- Energy availability and Low energy availability,
Godeschalk nutritional intake during iron-deficiency anaemia
et al* different training phases of
wheelchair athletes
Gordon Nutritional practices and Inadequate carbohydrate
et al.?’ body composition of South intake, high fat intake.
African national-level spinal Inadequate intake of By
cord-injured endurance (folic acid), vitamin D,
hand cyclists calcium, potassium, Bs
(pantothenic acid), B,
(riboflavin), B, (thiamine),
vitamin Bg (pyridoxine),
iron, magnesium, selenium,
and zinc
Cavedon Body composition and Low BMD, osteopenia or
et al®® bone mineral density in osteoporosis
athletes with a physical
impairment
Pritchett Risk of low energy Low BMD in the hip
et al.®® availability in national and
international level
paralympic athletes: an
exploratory investigation
Flueck** Body composition in Swiss  Paracyclists had lowest fat
elite wheelchair athletes mass compared with
athletes from other
sporting codes
Brook et al.>>  Low energy availability, Low BMD among para-

menstrual dysfunction, and

athletes

(Continued)

Reference

Study title

Main findings

Madden et al.
39

Gerrish et al.
40

Eskici and
Ersoy %7

Grams et al. */

Pritchett et al.
33

Krempien and
Barr “°

Miyahara et al.
i1

Ribeiro et al.
18

Dawson et al.
32

impaired bone health: a
survey of elite para-athletes

Evaluation of dietary
intakes and supplement
use in paralympic athletes

Nutrient intake of elite
Canadian and American
athletes with spinal cord
injury

An evaluation of
wheelchair basketball
players’ nutritional status
and nutritional knowledge
levels

Marginal micronutrient
intake in high-performance
male wheelchair basketball
players: a dietary
evaluation and the effects
of nutritional advice

Sweat gland density and
response during high-
intensity exercise in
athletes with spinal cord
injuries

Risk of nutrient
inadequacies in elite
Canadian athletes with
spinal cord injury

Effect of sports activity on
bone mineral density in
wheelchair athletes

Assessment of nutritional
status of active
handicapped individuals

Thermoregulation of
paraplegic and able-bodied
men during prolonged
exercise in hot and cool
climates

Para-athletes did not meet
recommendations for
vitamins A, D, E, Bs, Bo,
magnesium, potassium,
iron, and calcium

SCI athletes did not meet
recommendations for
vitamin Bg, Bg, Bq5, C,
calcium, iron, and zinc

Athletes had low
carbohydrate intake and
high fat intake, and did not
meet recommendations for
vitamin B,, By, magnesium,
iron, and fibre

Athletes did not meet
recommendations for
vitamin E and calcium

SCI athletes had less active
sweat glands compared
with the able-bodied
athletes

Athletes’ intake of calcium,
magnesium, zinc, vitamins
D, B;, By, By, and B;, were
below the
recommendations

Wheelchair athletes had
low BMD

Handicapped individuals
had low energy and
calcium intake. BMD and
fat-free mass was low, while
fat mass was high.

Lower limb skin
temperatures were greater
in tetraplegics compared
with able-bodied
individuals
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