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Abstract: Wheelchair rugby is a rapidly growing Paralympic sport; however, research remains
predominantly in the realms of physiology and biomechanics. Currently, there is little investigation
into nutrition and dietary supplement use among wheelchair rugby athletes (WRA). The aim of this
study was to assess the types of dietary supplements (DS) used, the prevalence of usage, and the
reasons for use among WRA. The secondary aim was to report utilized and preferred sources of
nutritional information among this population. A valid, reliable Dietary Supplement Questionnaire
was used to report supplement use and reasons for use. Male (n = 33) and female (n = 9) WRA were
recruited at a national tournament and through emailing coaches of various Canadian teams. Dietary
supplement usage was prevalent as 90.9% of males and 77.8% of females reported usage within the
past three months with the most regularly used supplements being vitamin D (26.2%), electrolytes
(19.5%), and protein powder (19.5%). The most common reason for usage was performance. The top
sources of nutrition information were dietitian/nutritionist and the internet. Further investigation
into DS use is needed to help create nutritional guidelines that are accessible to WRA and athletes
with disabilities in general.
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1. Introduction

Originally named “Murderball”, wheelchair rugby is the most rapidly growing wheelchair sport
worldwide [1]. Invented in Canada during the 1970s [2], the sport provides a Paralympic alternative
to wheelchair basketball and track and field events, since the latter sports were dominated by more
mobile paraplegic athletes versus those with quadriplegia, which wheelchair rugby is designed for [1].
The sport is comprised of intense physicality, aggression, and full body contact [1,3] while requiring
efficient wheelchair manoeuvrability skills [4]. Wheelchair rugby differs from other wheelchair sports
in that players must be tetraplegic also known as quadriplegic [5]. Furthermore, participants are
classified based on impairment level, ranging from 0.5 (most impaired) to 3.5 (least impaired) [6]
and the classification points of a team on the court cannot exceed eight points [2]. Wheelchair rugby
is considered an intermittent sport and is played in eight minute quarters [6]. It is recognized by
the International Paralympic Committee as a summer sport [7] and has held medal status in the
Paralympic Games since 2000 [2]. Athletes who compete in wheelchair rugby typically have a spinal
cord injury, whereas, athletes in Paralympic sport, in general, can include other disability sports and
disability types.

Despite the growth in popularity of Paralympic sport [8], and wheelchair rugby in particular,
research has predominantly occurred within the physiological and biomechanical domains [9].
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As a result, few studies have focused on performance nutrition and behaviours of athletes
with disabilities [10] not to mention those with a spinal cord injury (SCI). This is a noteworthy
omission, as sport nutrition in this demographic is complex and nutritional plans should be
individually-tailored [11] and consider both health and performance. Furthermore, most athletes with
physical impairments have lower overall energy requirements in comparison to their able-bodied
(AB) counterparts [12], which may lead to micronutrient deficiencies [13]. Depending upon the
micronutrient, deficiencies could result in increased risk of illness and injury [14], compromised
immune systems [15], and fatigue [16]; all of which can jeopardize sports performance.

In an attempt to offset dietary deficiencies, dietary supplements (DS) are often incorporated into an
athlete’s nutritional plan. For the purpose of this study, a DS can be defined as “a food, food component,
nutrient, or non-food compound that is purposefully ingested in addition to the habitually-consumed
diet with the aim of achieving a specific health and/or performance benefit” [17]. Currently, DS
use in wheelchair rugby athletes (WRA) has not been explored and few studies have reported the
types and prevalence of use in other athletes with physical impairments [8,10,18,19] in comparison
to the plethora of literature available in AB athletes [20–28]. To our knowledge, only one study has
reported reasons of use in athletes with an impairment [10]. In addition, it is important to know the
reasons athletes use dietary supplements (i.e., medical, performance, etc.) to ensure they are not over
or under-supplementing. Furthermore, it is vital to know which sources of information athletes are
utilizing for DS information, with prior research suggesting that dietitians are the main source for
athletes with physical impairments [8,10]. Lastly, understanding preferred sources of information can
help ensure accurate nutritional information is accessible to these athletes.

Presently, there are no nutritional guidelines tailored for populations with physical
impairments [29]; and in particular those with quadriplegia. As a result, these athletes are forced
to default to AB recommendations as a proxy. Although athletes with physical impairments can
follow these recommendations, notable physiological differences including less muscle mass, limited
sweating response, and impaired bowel function may affect the amounts needed [29]. Given the lack
of sports nutrition investigation in WRA, the primary purpose of this study was to assess the types of
dietary supplements used, the prevalence of usage, and the reasons for use among this population.
The secondary objective was to report preferred sources of nutritional information for wheelchair
rugby athletes.

2. Materials and Methods

2.1. Participants

Male and female athletes, 18 years and older, who met the criteria for an athlete with a physical
disability, as set out by the International Paralympic Committee (IPC) [30], were recruited from various
teams during the 2018 Canadian Wheelchair Rugby National Championships tournament or online via
emailing various coaches of Canadian teams. Athletes who complete in wheelchair rugby are defined as
those with impaired muscle power, impaired passive range of movement, limb deficiency, hypertonia,
ataxia, or athetosis [7] and thus were eligible to participate in the study. Exclusion criteria included
athletes who did not speak English or who were classified as having an intellectual impairment, as the
questionnaires were not validated for these populations. The one exception to these exclusions was
if English was an athlete’s second language. In this case, they were eligible to participate, if they
confirmed that they understood the question or had a translator present. The study was approved by
the University of Calgary Conjoint Faculties Research Ethics Board (Ethics ID: REB18-0236). Athlete
written consent was provided prior to completing the Dietary Supplement Questionnaire.

2.2. Dietary Supplement Questionnaire

A modified version of a dietary supplement questionnaire [8,25,26] (Supplementary Files:
S1 Dietary Supplement Questionnaire) was used to assess supplement intakes, reasons for use,
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and sources of supplement information. First, it identified the athlete’s age, gender, weight, height,
sporting event, classification (0.5–3.5), current training phase, top level of competition, and hours
of training per week. The questionnaire asked athletes if they took dietary supplements (i.e., yes
or no) and to rank their overall diet as “not very healthy”, “pretty healthy (average)”, and “very
healthy”. Athletes were also encouraged to describe the nature of their impairment (injury or medical
condition). Second, the survey requested quantified supplement frequencies, reasons for using
each individual supplement, and sources of information athletes used to receive information about
supplements. Athletes were also asked about their preferred sources of nutritional information.
Supplement usage was assessed using a list of 28 supplement classes including vitamins, minerals,
fortified and sport beverages, electrolytes (sport or electrolyte drinks or supplements), protein powders,
sport (carbohydrate-dense or protein-dense) bars and gels, buffers (i.e., sodium bicarbonate), fatty
acids, plant extracts, and probiotics. If a supplement was not listed, space was provided to add it.
Athletes indicated how often they used each type of supplement, using three options: regularly (at least
2 times per week), at times (you’ve tried it or only use it at certain times like during competition or
when sick), and never (you have not tried it or you don’t know what this is) [8]. If an athlete indicated
usage of a supplement, they were encouraged to provide the brand name and dosage beside it.

2.3. Procedures

Members of the research team attended the tournament and provided athletes with either a
hard or electronic copy of the Dietary Supplement Questionnaire to fill out in a face-to-face manner.
Two participants were recruited through emailing their coaches and filled out the online version of the
questionnaire outside of the tournament. Members of the research team acted as scribes if a participant
did not have the necessary dexterity to write or type.

2.4. Statistical Analysis

Data from the question ‘do you take any dietary supplements’ was categorized as yes or no.
Dietary supplement use data were categorized into groups based on gender, age (≤30 years and
31 years and older), and sport classification (0.5–1.5 and 2.0–3.5). The age groups were based on dietary
reference intake (DRI) values [31]. Sport classification groups were based on low pointers (0.5–1.5) and
high pointers (2.0–3.5), which are characterized by differences in functional abilities and roles during a
game [32]. Responses from the dietary supplement questionnaire were quantified as the percentage of
respondents who consumed the supplement “Regularly”, “At Times”, or “Never”. Differences between
gender, age, and classification groups were determined by a Pearson’s chi square test. The most
common dietary supplements used overall were based on the total number of “Regularly” and
“At Times” responses. The most common dietary supplements used by gender were based on the
total number of “Regularly” scores. The reasons of use data were condensed into four categories:
Performance, Medical/Health, Dietary, and Recommendation, and were quantified as the percentage of
respondents who consumed the supplement. Performance reasons included ‘increase energy’, ‘increase
endurance’, ‘improve exercise recovery’, ‘increase or maintain muscle mass, strength and/or power’,
and ‘enhance overall athletic performance’. Medical/Health reasons include ‘medical’, ‘stay healthy’,
‘enhance immune system’, and ‘weight loss or weight gain’. Dietary reasons include ‘to improve your
diet’, ‘enjoy the taste’, ‘convenient when hungry or thirsty’, ‘food allergy/sensitivity/intolerance’,
and ‘special dietary needs’. Recommendation reasons include ‘someone told you to’, and ‘because
others do’. If a participant put more than one reason, those reasons were condensed into the four
categories. Sources of information by gender were analyzed using a chi square test. All analyses were
performed using SPSS Statistics version 24 (IBM Corporation, Armonk, NY, USA).
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3. Results

3.1. Participant Characteristics

A total of 42 athletes agreed to participate in the study and completed the questionnaires.
Response rate to the individual questions ranged from 93% to 100%. Descriptive characteristics
of the participants are outlined in Table 1.

Table 1. Descriptive Characteristics.

Descriptive Characteristics All Males Females

Participants 42 33 (78.6%) 9 (21.4%)
Age, years 36.3 (9.5) 36.8 (9.2) 34.3 (10.6)
Weight, kg n/a 74.5 (14.7) 58.5 (8.1)
Height, m n/a 1.79 (0.08) 1.68 (0.07)

BMI, kg/m2 22.8 (4.1) 23.3 (4.1) 20.5 (3.3)
Classification

0.5–1.5 22 (52.4%) 17 (51.5%) 5 (55.6%)
2.0–3.5 20 (47.6%) 16 (48.5%) 4 (44.4%)

Level of Competition
Provincial 5 (11.9%) 4 (12.1%) 1 (11.1%)
National 24 (57.1%) 18 (54.6%) 6 (66.7%)

International 13 (31.0%) 11 (33.3%) 2 (22.2%)

Descriptive characteristics are mean (standard deviation). BMI, body mass index, n/a, not applicable.

Most of the athletes used at least one supplement over the course of the past three months (males
90.9%; females 77.8%, p = 0.281). When athletes were asked to rank their diet, 15.2% of males and
11.1% of females ranked their diet as “not very healthy”, 48.5% of males and 55.6% of females ranked
their diet as “average”, and 36.4% of males and 33.3% of females thought their diet was “very healthy”.
There were no differences between genders.

3.2. Dietary Supplement Use

Athlete use of dietary supplements is presented as those who consume the supplement regularly,
at times, or never over the past three months (Figure 1).
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Figure 1. Dietary supplements commonly used by wheelchair rugby athletes. Data is presented in
order of the most regularly used supplements. MVMM, multivitamin multi-mineral. Total numbers
can be seen in Table 2.
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Total supplement use and use by gender are provided in Table 2. The most common supplements
based on ‘regular’ and ‘at times’ were electrolytes, sport bars, vitamin D, protein powder, and MVMM.
Males most regularly used vitamin D, protein powder, and electrolytes, whereas females most regularly
used MVMM and vitamin D. It is important to note that females did not ‘regularly’ use many
dietary supplements; however, they were prominent in consuming supplements ‘at times’, including
electrolytes, sport bars, and recovery drinks. Significant differences between genders were found in
magnesium (p = 0.019) and probiotic pills (p = 0.022). Further, when the statistics were conducted
by age group, athletes aged 31 years or older regularly used protein or sports bars 16.1% versus
10.0% in younger athletes. Conversely, younger athletes used bars occasionally 60.0% of the time
versus 19.4% in the older group (p = 0.048). No other significant differences were seen in age group
and no differences were seen in classification.

Table 2. Supplement use by Gender.

Supplement Total n (%) Male Regularly
n (%)

Female
Regularly n (%)

Male at
Times n (%)

Female at
Times n (%) p

MVMM 12 (28.6) 6 (18.2) 2 (22.2) 4 (12.1) 0 (0.0) 0.544
Vitamin B 4 (9.5) 3 (9.1) 0 (0.0) 0 (0.0) 1 (11.1) 0.106
Vitamin C 6 (14.3) 2 (6.1) 1 (11.1) 3 (9.1) 0 (0.0) 0.582
Vitamin E 2 (4.8) 1 (3.0) 0 (0.0) 1 (3.0) 0 (0.0) 0.751
Vitamin D 17 (40.5) 9 (27.3) 2 (22.2) 5 (15.2) 1 (11.1) 0.883

Iron 2 (4.8) 1 (3.0) 1 (11.1) 0 (0.0) 0 (0.0) 0.313
Calcium 6 (14.3) 2 (6.1) 0 (0.0) 3 (9.1) 1 (11.1) 0.745

Magnesium 3 (7.1) 1 (3.0) 0 (0.0) 0 (0.0) 2 (22.2) 0.019
Vitaminized Water 10 (23.8) 0 (0.0) 0 (0.0) 10 (30.3) 0 (0.0) 0.058

Protein Powder 12 (29.3) 8 (25.0) 0 (0.0) 2 (6.3) 2 (22.2) 0.124
Protein or Sport Bars 18 (43.9) 6 (18.8) 0 (0.0) 9 (28.1) 3 (33.3) 0.371

BCAA 4 (9.5) 2 (6.1) 0 (0.0) 1 (3.0) 1 (11.1) 0.468
Glutamine 1 (2.4) 1 (3.0) 0 (0.0) 0 (0.0) 0 (0.0) 0.597

Buffers 1 (2.4) 0 (0.0) 0 (0.0) 1 (3.0) 0 (0.0) 0.597
Fatty-Acid Preparations 8 (19.0) 6 (18.2) 0 (0.0) 2 (6.1) 0 (0.0) 0.260

Sport or Electrolyte
Drinks 23 (56.1) 8 (25.0) 0 (0.0) 11 (34.4) 4 (44.4) 0.246

Energy Drinks 8 (19.5) 1 (3.1) 0 (0.0) 7 (21.9) 0 (0.0) 0.247
Caffeine Pills 4 (9.5) 0 (0.0) 0 (0.0) 4 (12.1) 0 (0.0) 0.272
Pre-Workout
Supplement 4 (9.8) 0 (0.0) 0 (0.0) 3 (9.4) 1 (11.1) 0.877

Creatine 7 (17.1) 6 (18.8) 0 (0.0) 1 (3.1) 0 (0.0) 0.305
Recovery Drinks 11 (26.2) 2 (6.1) 0 (0.0) 6 (18.2) 3 (33.3) 0.501

Plant Extracts/Herbal
Supplements 6 (14.3) 2 (6.1) 0 (0.0) 3 (9.1) 1 (11.1) 0.745

Probiotic Pills 3 (7.3) 1 (3.1) 0 (0.0) 0 (0.0) 2 (22.2) 0.022
Sport Gels 2 (4.8) 0 (0.0) 0 (0.0) 2 (6.1) 0 (0.0) 0.449

Gummy/Bean 3 (7.1) 0 (0.0) 0 (0.0) 2 (6.1) 1 (11.1) 0.602

Intakes are presented as the number of athletes (%) who consume a dietary supplement regularly (i.e., at least twice
per week) or at times (i.e., tried it or only use it at certain times such as during competition or when sick). Differences
between genders were determined using a chi square test. p < 0.05 was considered significant. Athletes did not
report using glucosamine, beta alanine, or beet root. Significant differences are bolded. MVMM, multivitamin
multi-mineral. BCAA, branched chain amino acids. n/a, not applicable.

3.3. Reasons for Use

Reasons for use are presented as the number and percentage of participants who took a supplement
for a specific reason (Table 3). Performance was the most frequent reason for supplementation (n = 67),
followed by medical/health (n = 64), dietary (n = 28), and recommendation (n = 3).
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Table 3. Supplement Reason Frequencies.

Supplement Performance n (%) Medical/Health n (%) Dietary n (%) Recommendation n (%)

MVMM * 2 (15.4) 10 (76.9) 1 (7.7) 0 (0.0)
Vitamin B 0 (0.0) 4 (100.0) 0 (0.0) 0 (0.0)
Vitamin C 0 (0.0) 6 (100.0) 0 (0.0) 0 (0.0)
Vitamin E 0 (0.0) 2 (100.0) 0 (0.0) 0 (0.0)
Vitamin D 0 (0.0) 13 (92.9) 0 (0.0) 1 (7.1)

Iron 0 (0.0) 2 (100.0) 0 (0.0) 0 (0.0)
Calcium 0 (0.0) 4 (80.0) 0 (0.0) 1 (20.0)

Magnesium 0 (0.0) 2 (66.7) 0 (0.0) 1 (33.3)
Vitaminized Water 2 (28.6) 1 (14.3) 4 (57.1) 0 (0.0)

Protein Powder 4 (36.4) 5 (45.5) 2 (18.2) 0 (0.0)
Protein or Sport Bars 8 (47.1) 1 (5.9) 8 (47.1) 0 (0.0)

BCAA 4 (100.0) 0 (0.0) 0 (0.0) 0 (0.0)
Glutamine 0 (0.0) 1 (100.0) 0 (0.0) 0 (0.0)

Fatty-Acid Preparations 1 (12.5) 3 (37.5) 4 (50.0) 0 (0.0)
Sport or Electrolyte Drinks 13 (61.9) 2 (9.5) 6 (28.6) 0 (0.0)

Energy Drinks 4 (80.0) 0 (0.0) 1 (20.0) 0 (0.0)
Caffeine Pills 4 (100.0) 0 (0.0) 0 (0.0) 0 (0.0)

Pre-Workout Supplement 4 (100.0) 0 (0.0) 0 (0.0) 0 (0.0)
Creatine 7 (100.0) 0 (0.0) 0 (0.0) 0 (0.0)

Recovery Drinks 9 (81.8) 0 (0.0) 2 (18.2) 0 (0.0)
Plant Extracts/Herbal

Supplements 0 (0.0) 6 (100.0) 0 (0.0) 0 (0.0)

Probiotic Pills 0 (0.0) 2 (100.0) 0 (0.0) 0 (0.0)
Sport Gels 2 (100.0) 0 (0.0) 0 (0.0) 0 (0.0)

Gummy/Bean 3 (100.0) 0 (0.0) 0 (0.0) 0 (0.0)

Dietary supplement reason frequencies. * One person put medical and performance reasons for taking MVMM and
a “yes” response was placed in both categories. Buffers was not included, as athletes who responded “yes” did not
provide a reason.

3.4. Sources of Information

Sources of information are provided in Table 4. Males’ top utilized sources of dietary supplement
information were dietician/nutritionist (51.5%), the internet (33.3%), and sport/fitness trainer (30.3%),
whereas females’ sources were teammates/friends (44.4%) and the internet (33.3%). Two participants
reported that they receive information from ‘research’ and ‘self’.

Table 4. Information Sources for Dietary Supplements.

Information Source Number of Athletes n (%)

Internet (Websites, Facebook) 14 (33.3)
Sport/Fitness Trainer 11 (26.2)

Health Food Store 4 (9.5)
Product Labels 5 (11.9)

Pharmacist 7 (16.7)
Family 6 (14.3)

Print Media (magazines, books) 1 (2.4)
Workshops/Classes 0 (0.0)

Naturopath/Chiropractor 2 (4.8)
Television 3 (7.1)

Coach 3 (7.1)
Teammates/Friends 12 (28.6)

Medical Physician (Doctor) 9 (21.4)
Physio/Massage Therapist 2 (4.8)

Dietician/Nutritionist 19 (45.2)

Sources for information about dietary supplements.

When the question was changed to “which way do you prefer to receive information about dietary
supplements?” the most popular sources were individual nutrition consultation (dietitian), the internet
(webpage/blogs), and coach/trainer (Table 5). Males’ top preferences were individual nutrition
consultation (45.5%), the internet (27.3%), and coach/trainer (24.2%). Females’ top preferences were
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individual nutrition consultation (55.6%), the internet (33.3%), doctor/chiropractor/physiotherapist
(22.2%), and coach/trainer (22.2%). No other preferred sources were listed; however, five athletes
reported they were not interested in receiving information about dietary supplements.

Table 5. Preferred Information Sources for Dietary Supplements.

Preferred Information Source Number of Athletes n (%)

Presentations 3 (7.1)
Family/Friends 7 (16.7)

Social media 4 (9.5)
Print media (pamphlets, books, magazines) 4 (9.5)

Coach/Trainer 10 (23.8)
E-mail 6 (14.3)

Individual nutrition consultation (Dietician) 20 (47.6)
Health food store/pharmacy 3 (7.1)

Internet (webpage, blogs) 12 (28.6)
Doctor/Chiropractor/Physiotherapist 6 (14.3)

Preferred sources for information about dietary supplements.

4. Discussion

This research provides the first analysis of dietary supplement use in Canadian wheelchair rugby
athletes. Furthermore, it is novel in that it directly links the individual supplement choice to a reason
for use.

4.1. Dietary Supplement Usage

The WRA demonstrated a high usage of dietary supplements with 84.4% of the participants
reporting using at least one DS over the past three months. This allows us to develop a benchmark
as few studies have reported DS usage among athletes with disabilities [8,10,18,19]. One study
investigating usage over five impairment types revealed 58% of athletes took at least one nutritional
supplement in the previous six months [10]. Usage in the current study was higher; however, these
results are in alignment with another study in Canadian athletes with a physical impairment [8].
Dietary supplement use in athletes of wheelchair sports may be beneficial given their reduced
energy intakes [13], which, combined with a physical impairment, may contribute to micronutrient
deficiencies [13]. Another factor potentially influencing usage is the training phase or season.
The majority of the participants in the current study were in a competition phase (88.1%) and a
high DS usage was reported. Divergent results were found by Krempien and Barr [19], as they
reported that 44% of athletes with a SCI consumed supplements at home vs. 34% when at a training
camp. In able bodied athletes, Erdman et al. [33] reported that DS usage was higher during the athletes’
training phase (93.1%) versus their competition phase (84.1%). Further investigation into supplement
use during specific training phases may provide better insight into usage patterns as they relate to
training periodization.

4.2. Dietary Supplement Types

The most regularly used dietary supplement was vitamin D. This finding coincides with the
current literature, which reports frequent use of this vitamin in athletes with a physical impairment
generally and those with a SCI specifically [8,34]. Maintaining sufficient levels of this micronutrient
is important, as it has implications for athletic performance, including functionality of the skeletal
muscles and maximal oxygen uptake [13]. Vitamin D deficiency can occur even in individuals without
impairment [35] and supplementation of 1000 IU/day is often recommended in Canada [36]. Athletes
with physical impairments possess a heightened deficiency risk compared to their AB counterparts
due to potentially inadequate energy intakes [13]. Exposure to sunlight may not be feasible for
some athletes with a SCI, as impaired thermoregulatory abilities can make skin hyper-sensitive when
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exposed to sunlight [14]. The coupling of vitamin D supplementation and monitoring levels in
Para athletes, especially those competing in indoor sports and living in northern environments, is
recommended [8,13].

Among the top supplements used were electrolyte drinks/supplements and protein powder.
These findings are similar to studies that reported medication and supplement use at the
2004 Paralympic Games [18] and findings in elite, Canadian able-bodied athletes [33]. Some athletes
with a SCI have compromised thermoregulation, thus have reduced sweat responses below the lesion
level, but heightened sweat above the lesion [37]. This physiological factor may contribute to the
regular use of electrolytes in an attempt to maintain hydration.

In sport, protein has roles in the synthesis of contractile and metabolic proteins and contributes to
structural changes in tendon and bone tissue [11]. Current protein recommendations for AB athletes
range from 1.2 to 2.0 g/kg and differ depending on the nature of the exercise performed (i.e., endurance
vs. resistance), current phase within a periodization program, athletic goals, nutrient requirements,
energy expenditure, and food choices [11]. Athletes with physical disabilities, such as a SCI, typically
use less muscle mass than their AB counterparts [38]; therefore, specific protein needs for these athletes
is unknown. Recent studies investigating dietary intakes in Paralympic athletes report adequate
protein intake, based on AB recommendations, are being consumed from food alone [8,39].

4.3. Reasons for Use

Understanding the reasons for consuming DS is important to ensure that athletes are taking
supplements for valid reasons. Findings of this study suggest that the most common reason WRA
took DS was for performance. Athletes are keen to improve performance through supplementation;
however, little evidence exists to suggest supplementation may actually improve performance outside
of established deficiencies, at least in able bodied (AB) athletes. Exceptions include caffeine [40]
and carbohydrate/electrolyte replacements [41]. The finding as to motivation for consumption is
congruent with a study in elite AB athletes, which revealed the top reason for taking DS was to
‘increase energy’ [42].

The reasons associated with medical health were also common among participants. A noteworthy
theme in medical/health reasons emerged, as some WRA reported taking cranberry pills, citing
‘bladder’ (infections) as their reason. According to the literature, urinary tract infections are common
in those with a SCI [43]; however, the efficacy of cranberry to treat or prevent urinary tract infections
requires further study [44,45].

4.4. Sources of Information

Being aware of dietary supplement information sources WRA utilize is vital to ensure they are
receiving sound advice and that future nutritional guidelines are accessible. Our findings reported
dietitian/nutritionist as the most utilized source, which is both congruent [8,10] and divergent [46,47]
with other Paralympic studies. Both male and female athletes indicated the internet as their second
most utilized and preferred source, which is concerning due to the high risk of non-scientific
information and lack or absence of regulatory controls when purchasing such products online [10].
Teammates/friends, and sport/fitness trainers were also top choices for both genders; however,
this also increases the risk of being given inaccurate information. Athletes and trainers should undergo
basic sports nutrition training to enhance their knowledge and awareness [8].

The study is limited in that if a scribe or a translator for language was used, their answers may
not be as accurate as if they had answered on their own. Furthermore, a small sample size was used,
and multiple comparisons were made with a 5% level of significance, thus there is a risk of false
positives. Caution is advised when interpreting the findings; however, given the paucity of research in
this area, these preliminary findings are of high value.
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5. Conclusions

Dietary supplement usage in WRA and their reasons for supplementation were evaluated.
A variety of supplements were utilized for primarily performance and medical/health reasons. Future
studies should evaluate dietary intakes and physiological levels of nutrients to determine optimal
supplementation strategies in WRA.

Supplementary Materials: The following are available online at http://www.mdpi.com/2072-6643/10/12/1958/
s1.

Author Contributions: R.F.M., J.S., D.L., and J.A.P. conceived and designed the experiments. R.F.M. performed
the experiments; R.F.M. and J.A.P. analyzed the data; R.F.M. wrote the paper; J.S., D.L., and J.A.P. critically
reviewed and revised the paper. All authors approved the final version of the manuscript.

Funding: This research was funded by the National Science and Engineering Research Council of Canada (J.S.).

Acknowledgments: The authors would like to acknowledge Nancy Gammack, Madison Fullerton, Ash Kolstad,
and Jordan Parkin for their help with data collection.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design of the
study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to
publish the results.

References

1. Lindemann, K.; Cherney, J.L. Communicating in and through “Murderball”: Masculinity and disability in
wheelchair rugby. West. J. Commun. 2008, 72, 107–125. [CrossRef]

2. Sarro, K.J.; Misuta, M.S.; Burkett, B.; Malone, L.A.; Barros, R.M.L. Tracking of wheelchair rugby players in
the 2008 demolition derby final. J. Sports Sci. 2010, 28, 193–200. [CrossRef] [PubMed]

3. Goodwin, D.; Johnston, K.; Gustafson, P.; Elliott, M.; Thurmeier, R.; Kuttai, H. It’s okay to be a quad:
Wheelchair rugby players’ sense of community. Adapt. Phys. Act. Q. 2009, 26, 102–117. [CrossRef]

4. Morgulec-Adamowicz, N.; Kosmol, A.; Bogdan, M.; Molik, B.; Rutkowska, I.; Bednarczuk, G. Game efficiency
of wheelchair rugby athletes at the 2008 Paralympic Games with regard to player classification. Hum. Mov.
2010, 11, 29–36. [CrossRef]

5. Black, K.E.; Huxford, J.; Perry, T.; Brown, R.C. Fluid and sodium balance of elite wheelchair rugby players.
Int. J. Sport Nutr. Exerc. Metab. 2013, 23, 110–118. [CrossRef] [PubMed]

6. Rhodes, J.M.; Mason, B.S.; Malone, L.A.; Goosey-Tolfrey, V.L. Effect of team rank and player classification on
activity profiles of elite wheelchair rugby players. J. Sports Sci. 2015, 33, 2070–2078. [CrossRef] [PubMed]

7. Committee, I.P. Explanatory guide to Paralympic Classification Paralympic Summer Sports. Available online:
https://www.paralympic.org/sites/default/files/document/150915170806821_2015_09_15%2BExplanatory%
2Bguide%2BClassification_summer%2BFINAL%2B_5.pdf (accessed on 12 September 2018).

8. Madden, R.F.; Shearer, J.; Parnell, J.A. Evaluation of dietary intakes and supplement use in paralympic
athletes. Nutrients 2017, 9, 1266. [CrossRef] [PubMed]

9. Tawse, H.; Bloom, G.A.; Sabiston, C.M.; Reid, G. The role of coaches of wheelchair rugby in the development
of athletes with a spinal cord injury. Qual. Res. Sport Exerc. Heal. 2012, 4, 206–225. [CrossRef]

10. Graham-Paulson, T.S.; Perret, C.; Smith, B.; Crosland, J.; Goosey-Tolfrey, V.L. Nutritional supplement habits
of athletes with an impairment and their sources of information. Int. J. Sport Nutr. Exerc. Metab. 2015, 25,
387–395. [CrossRef]

11. Thomas, D.T.; Erdman, K.A.; Burke, L.M. Position of the Academy of Nutrition and Dietetics, Dietitians
of Canada, and the American College of Sports Medicine: Nutrition and athletic performance. J. Acad.
Nutr. Diet. 2016, 116, 501–528. [CrossRef]

12. Price, M. Energy expenditure and metabolism during exercise in persons with a spinal cord injury. Sport. Med.
2010, 40, 681–696. [CrossRef] [PubMed]

13. Scaramella, J.; Kirihennedige, N.; Broad, E. Key nutritional strategies to optimize performance in Para
athletes. Phys. Med. Rehabil. Clin. N. Am. 2018, 29, 283–298. [CrossRef] [PubMed]

14. Flueck, J.L.; Perret, C. Vitamin D deficiency in individuals with a spinal cord injury: A literature review.
Spinal Cord 2016, 55, 1–7. [CrossRef] [PubMed]

http://www.mdpi.com/2072-6643/10/12/1958/s1
http://www.mdpi.com/2072-6643/10/12/1958/s1
http://dx.doi.org/10.1080/10570310802038382
http://dx.doi.org/10.1080/02640410903428541
http://www.ncbi.nlm.nih.gov/pubmed/20054740
http://dx.doi.org/10.1123/apaq.26.2.102
http://dx.doi.org/10.2478/v10038-010-0002-6
http://dx.doi.org/10.1123/ijsnem.23.2.110
http://www.ncbi.nlm.nih.gov/pubmed/23532143
http://dx.doi.org/10.1080/02640414.2015.1028087
http://www.ncbi.nlm.nih.gov/pubmed/25812720
https://www.paralympic.org/sites/default/files/document/150915170806821_2015_09_15%2BExplanatory%2Bguide%2BClassification_summer%2BFINAL%2B_5.pdf
https://www.paralympic.org/sites/default/files/document/150915170806821_2015_09_15%2BExplanatory%2Bguide%2BClassification_summer%2BFINAL%2B_5.pdf
http://dx.doi.org/10.3390/nu9111266
http://www.ncbi.nlm.nih.gov/pubmed/29160809
http://dx.doi.org/10.1080/2159676X.2012.685104
http://dx.doi.org/10.1123/ijsnem.2014-0155
http://dx.doi.org/10.1016/j.jand.2015.12.006
http://dx.doi.org/10.2165/11531960-000000000-00000
http://www.ncbi.nlm.nih.gov/pubmed/20632738
http://dx.doi.org/10.1016/j.pmr.2018.01.005
http://www.ncbi.nlm.nih.gov/pubmed/29627089
http://dx.doi.org/10.1038/sc.2016.155
http://www.ncbi.nlm.nih.gov/pubmed/27824059


Nutrients 2018, 10, 1958 10 of 11

15. Grams, L.; Garrido, G.; Villacieros, J.; Ferro, A. Marginal micronutrient intake in high-performance male
wheelchair basketball players: A dietary evaluation and the effects of nutritional advice. PLoS ONE 2016, 11,
1–13. [CrossRef] [PubMed]

16. Longo, D.L.; Camaschella, C. Iron-deficiency anemia. N. Engl. J. Med. 2015, 372, 1832–1843. [CrossRef]
17. Maughan, R.J.; Burke, L.M.; Dvorak, J.; Larson-Meyer, D.E.; Peeling, P.; Phillips, S.M.; Rawson, E.S.;

Walsh, N.P.; Garthe, I.; Geyer, H.; et al. IOC consensus statement: Dietary supplements and the
high-performance athlete. Int. J. Sport Nutr. Exerc. Metab. 2018, 28, 104–125. [CrossRef] [PubMed]

18. Tsitsimpikou, C.; Jamurtas, A.; Fitch, K.; Papalexis, P.; Tsarouhas, K. Medication use by athletes during the
Athens 2004 Paralympic Games. Br. J. Sports Med. 2009, 43, 1062–1066. [CrossRef]

19. Krempien, J.L.; Barr, S.I. Risk of nutrient inadequacies in elite canadian athletes with spinal cord injury. Int. J.
Sport Nutr. Exerc. Metab. 2011, 21, 417–425. [CrossRef]

20. Froiland, K.; Koszewski, W.; Hingst, J.; Kopecky, L. Nutritional supplement use among college athletes and
their sources of information. Int. J. Sport Nutr. Exerc. Metab. 2004, 14, 104–120. [CrossRef]

21. Diehl, K.; Thiel, A.; Zipfel, S.; Mayer, J.; Schnell, A.; Schneider, S. Elite adolescent athletes’ use of dietary
supplements: Characteristics, opinions, and sources of supply and information. Int. J. Sport Nutr. Exerc. Metab.
2012, 165–174. [CrossRef]

22. Braun, H.; Koehler, K.; Geyer, H.; Kleinert, J.; Mester, J.; Schaenzer, W. Dietary supplement use among elite
young German athletes. Int. J. Sport Nutr. Exerc. Metab. 2009, 19, 97–109. [CrossRef]

23. Kristiansen, M.; Levy-Milne, R.; Barr, S.; Flint, A. Dietary supplement use by varsity athletes at a Canadian
university. Int. J. Sport Nutr. Exerc. Metab. 2005, 15, 195–210. [CrossRef] [PubMed]

24. Lun, V.; Erdman, K.A.; Fung, T.S.; Reimer, R.A. Dietary supplementation practices in Canadian
high-performance athletes. Int. J. Sport Nutr. Exerc. Metab. 2012, 22, 31–37. [CrossRef]

25. Wiens, K.; Erdman, K.A.; Stadnyk, M.; Parnell, J.A. Dietary supplement usage, motivation, and education in
young Canadian athletes. Int. J. Sport Nutr. Exerc. Metab. 2014, 24, 613–622. [CrossRef]

26. Parnell, J.A.; Wiens, K.P.; Erdman, K.A. Dietary intakes and supplement use in pre-adolescent and adolescent
Canadian athletes. Nutrients 2016, 8, 526. [CrossRef] [PubMed]

27. Heikkinen, A.; Alaranta, A.; Helenius, I.; Vasankari, T. Dietary supplementation habits and perceptions of
supplement use among elite Finnish athletes. Int. J. Sport Nutr. Exerc. Metab. 2011, 21, 271–279. [CrossRef]

28. Ziegler, P.J.; Nelson, J.A.; Jonnalagadda, S.S. Use of dietary supplements by elite figure skaters. Int. J. Sport
Nutr. Exerc. Metab. 2003, 13, 266–276. [CrossRef] [PubMed]

29. Ferro, A.; Garrido, G.; Villacieros, J.; Pérez, J.; Grams, L. Nutritional habits and performance in male elite
wheelchair basketball players during a precompetitive period. Adapt. Phys. Act. Q. 2017, 34, 295–310.
[CrossRef] [PubMed]

30. Committee, I.P. IPC Policy on Eligible Impairments in the Paralympic Movement. Available online:
https://www.paralympic.org/sites/default/files/document/141113170238135_2014_10_13+Sec+ii+chapter+3_
13+IPC+Policy+on+Eligible+Impairments+in+the+Paralympic+Movement.pdf (accessed on 25 July 2017).

31. Institute of Medicine Dietary Reference Intakes Tables and Application. Available online: http:
//www.nationalacademies.org/hmd/Activities/Nutrition/SummaryDRIs/DRI-Tables.aspx (accessed on
16 September 2018).

32. Molik, B.; Lubelska, E.; Kosmol, A.; Bogdan, M.; Yilla, A.B.; Hyla, E. An examination of the international
wheelchair rugby federation classification system utilizing parameters of offensive game efficiency.
Adapt. Phys. Act. Q. 2008, 25, 335–351. [CrossRef]

33. Erdman, K.A.; Fung, T.S.; Doyle-Baker, P.K.; Verhoef, M.J.; Reimer, R. A Dietary supplementation of
high-performance Canadian athletes by age and gender. Clin. J. Sport Med. 2007, 17, 458–464. [CrossRef]
[PubMed]

34. Doubelt, I.; de Zepetnek, J.T.; MacDonald, M.J.; Atkinson, S.A. Influences of nutrition and adiposity on
bone mineral density in individuals with chronic spinal cord injury: A cross-sectional, observational study.
Bone Rep. 2015, 2, 26–31. [CrossRef]

35. Flueck, J.L.; Schlaepfer, M.W.; Perret, C. Effect of 12-week vitamin D supplementation on 25[OH]D status
and performance in athletes with a spinal cord injury. Nutrients 2016, 8. [CrossRef]

36. Society, C.C. Should I take a Vitamin D Supplement? Available online: http://www.cancer.ca/en/
prevention-and-screening/reduce-cancer-risk/make-healthy-choices/eat-well/should-i-take-a-vitamin-
d-supplement/?region=on (accessed on 9 October 2018).

http://dx.doi.org/10.1371/journal.pone.0157931
http://www.ncbi.nlm.nih.gov/pubmed/27383836
http://dx.doi.org/10.1056/NEJMra1401038
http://dx.doi.org/10.1123/ijsnem.2018-0020
http://www.ncbi.nlm.nih.gov/pubmed/29589768
http://dx.doi.org/10.1136/bjsm.2009.062521
http://dx.doi.org/10.1123/ijsnem.21.5.417
http://dx.doi.org/10.1123/ijsnem.14.1.104
http://dx.doi.org/10.1123/ijsnem.22.3.165
http://dx.doi.org/10.1123/ijsnem.19.1.97
http://dx.doi.org/10.1123/ijsnem.15.2.195
http://www.ncbi.nlm.nih.gov/pubmed/16089277
http://dx.doi.org/10.1123/ijsnem.22.1.31
http://dx.doi.org/10.1123/ijsnem.2013-0087
http://dx.doi.org/10.3390/nu8090526
http://www.ncbi.nlm.nih.gov/pubmed/27571101
http://dx.doi.org/10.1123/ijsnem.21.4.271
http://dx.doi.org/10.1123/ijsnem.13.3.266
http://www.ncbi.nlm.nih.gov/pubmed/14669927
http://dx.doi.org/10.1123/apaq.2016-0057
http://www.ncbi.nlm.nih.gov/pubmed/28727506
https://www.paralympic.org/sites/default/files/document/141113170238135_2014_10_13+Sec+ii+chapter+3_13+IPC+Policy+on+Eligible+Impairments+in+the+Paralympic+Movement.pdf
https://www.paralympic.org/sites/default/files/document/141113170238135_2014_10_13+Sec+ii+chapter+3_13+IPC+Policy+on+Eligible+Impairments+in+the+Paralympic+Movement.pdf
http://www.nationalacademies.org/hmd/Activities/Nutrition/SummaryDRIs/DRI-Tables.aspx
http://www.nationalacademies.org/hmd/Activities/Nutrition/SummaryDRIs/DRI-Tables.aspx
http://dx.doi.org/10.1123/apaq.25.4.335
http://dx.doi.org/10.1097/JSM.0b013e31815aed33
http://www.ncbi.nlm.nih.gov/pubmed/17993788
http://dx.doi.org/10.1016/j.bonr.2015.02.002
http://dx.doi.org/10.3390/nu8100586
http://www.cancer.ca/en/prevention-and-screening/reduce-cancer-risk/make-healthy-choices/eat-well/should-i-take-a-vitamin-d-supplement/?region=on
http://www.cancer.ca/en/prevention-and-screening/reduce-cancer-risk/make-healthy-choices/eat-well/should-i-take-a-vitamin-d-supplement/?region=on
http://www.cancer.ca/en/prevention-and-screening/reduce-cancer-risk/make-healthy-choices/eat-well/should-i-take-a-vitamin-d-supplement/?region=on


Nutrients 2018, 10, 1958 11 of 11

37. Pritchett, R.C.; Al-Nawaiseh, A.M.; Pritchett, K.K.; Nethery, V.; Bishop, P.A.; Green, J.M. Sweat gland density
and response during high-intensity exercise in athletes with spinal cord injuries. Biol. Sport 2015, 32, 249–254.
[CrossRef]

38. Goosey-Tolfrey, V.L.; Crosland, J. Nutritional practices of competitive British wheelchair games players.
Adapt. Phys. Act. Q. 2010, 27, 47–59. [CrossRef]

39. Gerrish, H.R.; Broad, E.; Lacroix, M.; Ogan, D.; Pritchett, R.C.; Pritchett, K. Nutrient intake of elite Canadian
and American athletes with spinal cord injury. Int. J. Exerc. Sci. 2017, 10, 1018–1028.

40. Shearer, J.; Graham, T.E. Performance effects and metabolic consequences of caffeine and caffeinated energy
drink consumption on glucose disposal. Nutr. Rev. 2014, 72, 121–136. [CrossRef]

41. Tarnopolsky, M.A.; Zawada, C.; Richmond, L.B.; Carter, S.; Shearer, J.; Graham, T.; Phillips, S.M. Gender
differences in carbohydrate loading are related to energy intake. J. Appl. Physiol. 2001, 91, 225–230. [CrossRef]

42. Erdman, K.A.; Fung, T.S.; Reimer, R.A. Influence of performance level on dietary supplementation in elite
Canadian athletes. Med. Sci. Sports Exerc. 2006, 38, 349–356. [CrossRef]

43. Brinkhof, M.W.G.; Al-Khodairy, A.; Eriks-Hoogland, I.; Fekete, C.; Hinrichs, T.; Hund-Georgiadis, M.;
Meier, S.; Scheel-Sailer, A.; Schubert, M.; Reinhardt, J.D. Health conditions in people with spinal cord injury:
Contemporary evidence from a population-based community survey in Switzerland. J. Rehabil. Med. 2016,
48, 197–209. [CrossRef]

44. Guay, D.R.P. Cranberry and urinary tract infections. Drugs 2009, 69, 775–807. [CrossRef]
45. Jepson, R.G.; Williams, G.; Craig, J. Cranberries for preventing urinary tract infections. Cochrane Database

Syst. Rev. 2012. [CrossRef]
46. Rastmanesh, R.; Taleban, F.A.; Kimiagar, M.; Mehrabi, Y.; Salehi, M. Nutritional knowledge and attitudes in

athletes with physical disabilities. J. Athl. Train. 2007, 42, 99–105.
47. Eskici, G.; Ersoy, G. An evaluation of wheelchair basketball players’ nutritional status and nutritional

knowledge levels. J. Sports Med. Phys. Fit. 2016, 56, 259–268.

© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.5604/20831862.1163370
http://dx.doi.org/10.1123/apaq.27.1.47
http://dx.doi.org/10.1111/nure.12124
http://dx.doi.org/10.1152/jappl.2001.91.1.225
http://dx.doi.org/10.1249/01.mss.0000187332.92169.e0
http://dx.doi.org/10.2340/16501977-2039
http://dx.doi.org/10.2165/00003495-200969070-00002
http://dx.doi.org/10.1002/14651858.CD001321.pub5
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Participants 
	Dietary Supplement Questionnaire 
	Procedures 
	Statistical Analysis 

	Results 
	Participant Characteristics 
	Dietary Supplement Use 
	Reasons for Use 
	Sources of Information 

	Discussion 
	Dietary Supplement Usage 
	Dietary Supplement Types 
	Reasons for Use 
	Sources of Information 

	Conclusions 
	References

