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Abstract Low energy availability, functional hypothala-

mic amenorrhea, and low bone mineral density are three

interrelated conditions described in athletic women.

Although described as the female athlete triad (Triad),

males experience similar health concerns. The literature

suggests that individuals with a disability may experience

altered physiology related to these three conditions when

compared with the able-bodied population. The goal of this

review is to describe the unique implications of low energy

availability, low bone mineral density, and, in females,

menstrual dysfunction in individuals with a disability and

their potential impact on the para athlete population. A

literature review was performed linking search terms

related to the three conditions with six disability categories

that are most represented in para sport. Few articles were

found that directly pertained to athletes, therefore, the

review additionally characterizes literature found in a non-

athlete population. Review of the available literature in

athletes suggests that both male and female athletes with

spinal cord injury demonstrate risk factors for low energy

availability. Bone mineral density may also show

improvements for wheelchair athletes or athletes with

hemiplegic cerebral palsy when compared with a disabled

non-athlete population. However, the prevalence of the

three conditions and implications on the health of para

athletes is largely unknown and represents a key gap in the

sports medicine literature. As participation in para sport

continues to increase, further research is needed to under-

stand the impact of these three interrelated health concerns

for athletes with a disability, accompanied by educational

initiatives targeting athletes, coaches, and health

professionals.

Key Points

The prevalence of low energy availability, menstrual

dysfunction, and impaired bone health in athletes

with a disability is largely unknown.

Susceptibility towards low energy availability and

impaired bone health is dependent on disability type

and severity in many cases.

Participation in Paralympic and community-based

adaptive sport competition is growing at a rapid

pace. Therefore, more research is needed to better

understand the implications of low energy

availability, menstrual dysfunction, and impaired

bone health in athletes with a disability.
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1 Introduction

Nutritional deficits are known to affect many physiological

processes in athletes, and the importance of optimal

nutrition has been recognized by major sports governing

bodies and organizations. The term female athlete triad

(Triad) was initially outlined in 1993 as a syndrome con-

sisting of disordered eating, amenorrhea, and osteoporosis

[1]. In 2007, a position stand from the American College of

Sports Medicine (ACSM) updated the diagnostic criteria

for the Triad, characterizing it as a spectrum ranging from

optimal health to disease for the three following interre-

lated conditions: energy availability, menstrual function,

and bone mineral density (BMD) [2]. It was noted that low

energy availability accounted for both intentional and

unintentional energy deficits that drive symptomatology,

and the diagnostic criteria were also amended to

acknowledge that athletes and active women may experi-

ence one or more of the three components [2]. In 2014,

these definitions were preserved and expanded for purposes

of assigning a risk assessment score and guiding clinicians

making decisions for return to play [3].

Additionally, the impact of energy status on multiple

physiological processes has been recognized by the Inter-

national Olympic Committee (IOC) in a recent consensus

statement, supporting that energy deficiency may con-

tribute to menstrual dysfunction and impaired bone health

[4]. While low energy availability has been shown to alter

metabolic and reproductive hormones in healthy females,

analogous consequences such as hormonal imbalance or

low BMD have been identified in male athletes [5–7].

Although the systemic impact of low energy availability

has been studied rather extensively in able-bodied athletes,

little is currently known regarding its prevalence or effects on

athletes with a disability [4]. It must be recognized that this

population of athletes may have energy requirements, bone

health considerations, and menstrual function differences that

vary from the norms of the general athlete population. These

variations may be multifactorial and attributable to the char-

acteristics of the disability itself, behavioral and training

changes due to the nature of adaptive sports competition, or

both. Additionally, it is important to recognize that sports-

related injury and illness may have heightened functional

consequences for athletes with a disability when compared

with their able-bodied peers [8, 9]. The paucity of literature

available to inform evidence-based practice on the prevention

and treatment of low energy availability, menstrual dysfunc-

tion, and impaired bone health in athletes with disability

means that current standards of care are usually extrapolated

from what is known in the able-bodied population.

Concurrently, participation in community-based adap-

tive sport and Paralympic sport continues to rapidly

expand. Although relatively young in sports history, the

Paralympic movement has grown into significant interna-

tional recognition and is now considered one of the premier

elite sporting events in the world. The London 2012

Summer Paralympic Games featured over 4000 athletes

who competed across 20 sports, a significant increase from

the first official Paralympic games in 1960 [10, 11]. This

sharp increase in elite para sport participation also likely

reflects the accelerated growth of grassroots sports oppor-

tunities for athletes with disabilities. As with able-bodied

athletes, the medical community must be prepared to pro-

vide optimal care to these individuals.

Therefore, the aim of this narrative review is to syn-

thesize the available literature on energy status, menstrual

function, and bone health in female athletes with disability.

We also examine literature that pertains to energy status

and bone health in male athletes with a disability. Where a

paucity of literature exists regarding the athlete population,

information regarding non-athletic individuals with a dis-

ability is provided to create a framework for future inves-

tigations and discuss implications for the athletic

population. This review provides a basis for further

research and the development of clinical assessment tools

and treatment algorithms. In all cases, athletes, coaches,

athletic trainers, physicians, and other support personnel

must be educated about the causes and consequences of

low energy availability in athletes with disabilities to better

recognize and prevent known consequences such as hor-

monal imbalance and low BMD.

2 Literature Search Methodology

A review of the literature was performed in July–August

2015 using PubMed, cross-linking terms related to energy

availability, menstrual function, and bone health with six

major disability categories: spinal cord injury (SCI), spina

bifida (SB), central neurologic injury [cerebral palsy (CP)

or acquired brain injury], amputee, short stature or

achondroplasia, and visual impairment (Table 1). The

specific search terms used for the literature review are

located in Table 1. These disability categories were

selected given their high prevalence in the population of

athletes with disabilities and to ensure that a breadth of

information regarding various types of impairments was

captured [12]. Given the paucity of data in this area,

original research, reviews, and applicable book chap-

ters were all included in the initial search. This resulted in a

total of 1565 search results, many of which were not

directly applicable to our research scope. References were

then screened by two authors utilizing the following

inclusion criteria: articles were written in English;
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relevance to energy availability, menstrual function, or

BMD; and relevance to one of the six major disability

categories selected in either an athlete or non-athlete

population. This screening process yielded 63 original

research papers, eight reviews, and five chapters, which

were included in the analysis (Table 1). Notably, only five

original research papers and one review article were

specific to athletes (Table 2) [13–18].

2.1 Definitions

2.1.1 Energy Availability

Energy availability is commonly defined as energy intake

(kcal) minus exercise energy expenditure (kcal), divided by

kilograms of fat free mass (FFM) [19]. Energy availability

is a product of three components—energy intake, energy

expenditure, and stored energy—and can be altered by

changes in any of these components. In individuals with a

disability, FFM may change as a result of the impairment,

further increasing the challenge of determining energy

availability in this cohort. Additionally, the term low

energy availability, based on healthy females without

known medical conditions, is defined as a threshold of

30 kcal/kg FFM per day [6], however it remains unclear

how this may change based upon impairment type. Despite

these challenges, it is important to explore what is known

regarding influences of energy status on the overall health

of athletes with disability.

2.1.2 Menstrual Function

Menstrual function is an important aspect of overall health

in females, and menstrual dysfunction is important to

recognize and address in athletes of all backgrounds.

Menstrual dysfunction refers to development of

oligomenorrhea (nine or fewer menstrual periods in

12 months), primary amenorrhea (first menstrual period at

age C15 years) or secondary amenorrhea (defined as ces-

sation of menses for C3 months) [2]. These definitions

apply equally to able-bodied and disabled individuals.

2.1.3 Bone Mineral Density

BMD is a common measure of overall skeletal health. The

ACSM defines ‘‘low BMD’’ in young female athletes

participating in weight-bearing sports as BMD Z scores

between -1.0 and -2.0 with other risk factors [2]. The

International Society for Clinical Densitometry (ISCD)

indicates a Z score below -2.0 as abnormal for pre-

menopausal women and for males [20]. How these

thresholds may vary for athletes with disability is currently

unknown.

3 Findings

3.1 Energy Availability

3.1.1 Spinal Cord Injury

The literature search yielded two articles that examined

dietary habits and nutrient intake among athletes with SCI

(Table 2). One study reported that Canadian athletes with

SCI competing in wheelchair sports may monitor or restrict

food intake to maintain an ideal body weight for elite sport

competition. Of interest, this behavior was found to be

more prevalent in male athletes [14]. In contrast, female

Table 1 Results of literature search on athletes with a disability (six major categories selected) cross-linked with low energy availability,

menstrual dysfunction, and impaired bone health

Disability type Keywords used in the literature search, cross referenced with each disability type

Low energy availabilitya Menstrual dysfunctionb Impaired bone healthc

Spinal cord injury 6 (3G, 3A) 4 (4G) 15 (13G, 2A)

Spina bifida 4 (4G) 0 4 (4G)

Central neurologic injury 5 (5G) 3 (3G) 12 (11G, 1A)

Amputee 5 (5G) 0 2 (2G)

Short stature (achondroplasia) 3 (3G) 0 3 (3G)

Visual impairment/blind 6 (6G) 0 4 (4G)

A athletes, G general population
a Low energy availability, energy expenditure, energy requirements, energy availability, disordered eating, eating disorder, dieting, energy

deficiency
b Menstrual dysfunction, oligomenorrhea, amenorrhea, menstrual function, menstrual irregularity
c Impaired bone health, osteopenia, osteoporosis, bone health, bone mineral density, stress fractures
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athletes with SCI may be at particular risk for other nutrient

deficiencies. A second study reported that more than 25%

of female athletes with SCI had a daily dietary intake that

did not meet the estimated average requirement in the

general population for nutrients, including calcium, mag-

nesium, folate, and vitamin D [13]. Furthermore, one

review article indicated that, for both males and females,

energy expenditure of individuals with SCI is typically

reduced by between 25 and 75% during exercise when

compared with able-bodied individuals, with the greatest

energy expenditure reduction in athletes with tetraplegia or

those participating in static wheelchair sports [17, 21].

The reason for this reduction is likely multifactorial. In

the non-athlete population of individuals with SCI, it has

been noted that basal metabolic rate and energy expendi-

ture are significantly affected by SCI and vary according to

lesion level and whether the injury is complete or incom-

plete [22]. For example, energy needs are reduced for

individuals with SCI because everyday movements use a

smaller muscle mass, particularly in individuals who are

primary wheelchair users [23]. Additionally, in the pres-

ence of a spinal cord lesion, the amount of sympathetic

nervous system activation that is stimulated and available

for use during exercise varies. In athletes with higher levels

of injury (i.e., upper thoracic or cervical SCI), this may

result in cardiovascular blunting or a reduction in peak

heart rate, blood pressure, and maximal oxygen uptake

(VO2max) during exercise, ultimately decreasing energy

expenditure [17, 24].

3.1.2 Spina Bifida

No sources were identified that pertained to energy avail-

ability and SB in a para athlete population. Therefore, we

describe literature found in a non-athlete population.

Individuals with SB who are primary wheelchair users

likely have considerations regarding reduced basal meta-

bolic rate and daily energy requirements, similar to indi-

viduals with paraplegia due to SCI. However, for those

with SB who ambulate either with or without an assistive

device, energy requirements are proportionally higher than

that of the general population due to inefficiency of gait

[25, 26]. Additionally, studies have noted that psychosocial

and functional factors associated with SB may put young

women at increased risk for an eating disorder. One survey

reported that 8% of young women with SB met clinical

Table 2 Key literature (we defined key papers as original research or reviews that specifically examined the intersection of EA, MD, or BMD

with one of the six major disability categories in a para athlete population) describing the intersection of disability type (six major categories

selected) with energy availability, menstrual dysfunction, and bone mineral density in an athletic population

References Year Cross-

referencea
Study

design

Participants Summary

Krempien

et al.

[14]

2012 SCI/EA Cross-

sectional

study

32 elite athletes with SCI (24 male; 8

female)

Elite para athletes with SCI may monitor or restrict

food intake to restrict body weight for their sport.

Males were more likely to exhibit this behavior than

females

Krempien

et al.

[13]

2011 SCI/EA Cross-

sectional

study

32 elite athletes with SCI (24 male; 8

female) in both a training camp and

non-training camp setting

Elite para athletes with SCI, particularly women, had

nutrient intakes below the estimated average

requirement. Elite para athletes with SCI may be at

risk for nutrient inadequacies

Price [17] 2010 SCI/EA Review

article

Energy expenditure in athletes with SCI is sport

dependent, with static sports and athletes with

tetraplegia having the least energy expenditure.

Decreased resting energy expenditure in individuals

with SCI is thought to be due to reduced muscle mass

and sympathetic nerves

Miyahara

et al.

[15]

2008 SCI/

BMD

Cross-

sectional

survey

26 male wheelchair athletes, 28 able-

bodied athlete controls

Independent of age or sport, a faster return to sport

following SCI was associated with higher BMD in

the legs and trunk

Goktepe

et al.

[16]

2004 SCI/

BMD

Cross-

sectional

study

17 male paraplegic wheelchair

basketball players, 17 male

paraplegic controls

Wheelchair athletes had higher BMD in the distal

radius than non-athlete paraplegics. BMD was the

same below the level of injury

Runciman

et al.

[18]

2016 CP/BMD Cross-

sectional

study

6 male Paralympic track athletes with

hemiplegic CP

There was no difference in BMD for the affected vs.

unaffected side, despite a significant difference in fat-

free soft tissue mass, potentially indicating a positive

effect of para athletics on BMD

BMD bone mineral density, CP cerebral palsy, EA energy availability, MD menstrual dysfunction, SCI spinal cord injury
a Physiologic category: EA, MD, BMD; disability category: SCI, CP
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criteria for presence of an eating disorder compared with

0.5–2% of the general female population [27]. Although it

is likely that multiple complex factors contribute to this

disparity, one report suggested young women with SB may

be at an increased risk for disordered eating when weight

loss is promoted as a means of increasing daily mobility

and easing exertion with functional tasks (e.g., wheelchair

transfers) or the care provided by others for activities of

daily living [27]. An increased focus on weight control

may, in some cases, evolve into disordered eating as a

means of compensation for neurological disability [28].

3.1.3 Central Neurologic Injury

While no literature was identified describing energy

availability in a para athlete population, the energy needs

and expenditures of individuals with a central neurologic

injury such as CP or traumatic brain injury (TBI) vary

greatly because of the wide range of associated func-

tional impairment related to activities such as ambula-

tion and daily self-care. Inefficiencies in ambulation and

the presence of athetosis, spasticity, or ataxia, may all

increase energy requirements, while decreased oral

motor function may reduce oral intake [29, 30]. This

may create a paradigm in which individuals with CP

develop low energy availability. Conversely, one study

found that total energy expenditure (TEE) for individuals

with CP was lower than that of able-bodied individuals,

even though TEE for each individual varied widely [31].

Ambulatory status was found to be the only significant

predictor of energy expenditure [31]. Finally, individuals

with CP may experience low energy availability in cir-

cumstances where weight control or weight reduction is

desired to make self-care or receiving care from others

easier [30].

In individuals with TBI, a combination of reduced

energy needs, metabolic changes, and increased food

intake may result in weight gain [32, 33]. Hyperphagia and

subsequent weight gain can be present in the early stages

after the initial injury and may persist for years [32]. For

example, one longitudinal study reported that 42% of

individuals with TBI gained weight over the initial

38 months post injury, whereas only 28% lost weight [33].

3.1.4 Amputees

No studies were found that examined the prevalence or

impact of low energy availability in an amputee para ath-

lete population. However, in the general amputee popula-

tion, individuals who ambulate with use of a prosthesis

may have a higher energy expenditure than the general

population due to the inefficiency of movement caused by

gait asymmetry, and inefficient ambulation may place

amputees at increased risk for low energy availability

[34, 35]. In this context, it is important to note that bilateral

amputations and more proximal lower extremity amputa-

tions are likely to result in higher energy expenditure

during ambulation [36, 37]. Other factors that affect

nutritional and energy requirements within this population

include dermatologic illness involving the residual limb

such as rashes, infections, or wounds, most commonly at

the site of prosthetic contact. Such conditions may result in

a hypermetabolic state, thus increasing systemic energy

needs [38].

3.1.5 Short Stature

There is limited research on the unique energy require-

ments of individuals with short stature (SS), and no

research is available in an athlete population. It has been

assumed that, compared with the general population,

energy needs are likely similar per kilogram of body

mass [39]. That said, previous studies have revealed an

elevated resting metabolic rate in individuals with

achondroplasia, thought to be due to alteration in organ

mass or mitochondrial differences [40, 41]. Of note, an

earlier study revealed that, although both male and

female individuals with achondroplasia had significantly

higher resting metabolic rates, the prevalence of obesity

in this population was almost twice as high as that of

peers of normal stature, likely due to reduced total

caloric needs in the setting of a smaller body habitus

[40, 41].

3.1.6 Visual Impairment

Although little is reported in the literature, with no sources

available from a para athlete population, intuitively, the

energy requirements of individuals with visual impairment

(VI) should not vary greatly from that of the sighted pop-

ulation. However, some research suggests that, more

globally, this population has a higher level of body satis-

faction and engages in less dieting than sighted women

[42, 43]. This may highlight the influence of sight and

visualization of body image on eating behaviors [42, 43].

Conversely, several case reports do cite the occurrence of

eating disorders in females with VI [42–47].

3.2 Menstrual Function

Of note, our review characterizes menstrual function in

female individuals with a disability more generally, as no

literature was available to characterize menstrual function

in an athlete population. In addition, the literature review

yielded no sources describing menstrual dysfunction in

amputee, SS, SB, or VI disability categories.

Energy, Menstrual, and Bone Health Status in Athletes with a Disability 1701
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3.2.1 Spinal Cord Injury

Although experiencing an SCI may affect the hypothala-

mic–pituitary axis in the acute phase after injury, thus

impacting the menstrual cycle, the majority of research

supports no significant long-term impact on menstrual

function or reproductive health in females with SCI [48]. In

one study, young females who sustained an SCI before

menarche experienced an age of onset consistent with their

non-injured mothers and individuals who sustained an SCI

post menarche [49]. Acute SCI may result in transient

amenorrhea; however, normal menstruation typically

resumes in an average of 5 months following injury [50].

Women with SCI were also found to complete successful

pregnancies, although women with adult-onset incomplete

paraplegia reported more pregnancies overall than women

with complete quadriplegia or women injured at a younger

age [50, 51]. Of note, the average age of athletes competing

at the 2012 Paralympic games was 30.9 compared with an

average age of 26 for the 2012 Olympic games [52, 53]. No

studies to date have examined impaired fertility as a con-

sequence of low energy availability in this athlete cohort,

which may have heightened consequences given the

slightly older para athlete population.

3.2.2 Central Neurologic Injury

Although dependent on severity, almost half of all females

experienced menstrual dysfunction including amenorrhea

lasting up to 5 years post TBI [54]. For individuals with

TBI, severity of the injury was found to be predictive of the

duration of amenorrhea. Shorter periods of amenorrhea

were significantly associated with higher scores on global

outcomes, community participation, and health-related

quality of life [54, 55]. Once the menstrual cycle resumed,

women with TBI were found to have normal fertility

compared with controls [54]. Although little is reported in

the literature regarding potential differences in menstrual

cycles in individuals with CP, one study reported that

29.4% of adolescents with CP experienced menstrual

dysfunction [56].

3.3 Bone Mineral Density

3.3.1 Spinal Cord Injury

One preliminary investigation of the effects of sports

activity on BMD in athletes with SCI noted that a timely

return to sport following SCI is correlated with higher

BMD in the legs, trunk, and total body independent of age

and type of sport, and may even help to attenuate bone loss,

although further studies are needed [15]. Another study

found that athletes participating in wheelchair basketball

had increased BMD in the distal radius compared with

sedentary individuals with paraplegia [16] (Table 2). No

studies to date have directly compared BMD between able-

bodied athletes and athletes with SCI. Although the

aforementioned studies show the potential positive effect

of sports participation on BMD in the upper extremities of

athletes with SCI, persistent deficits in the lower extremi-

ties are likely in those with reduced weight-bearing status.

Research in the general population of individuals with

SCI notes that osteoporosis is seen in virtually all indi-

viduals with SCI due to reduced skeletal loading over time

[57]. Females with SCI are at a particularly increased risk

for osteoporosis as the effect of SCI has been shown to be

greater than that of the typical bone health decline asso-

ciated with estrogen loss in able-bodied women [58]. The

combination of these two factors leads to particular vul-

nerability for compromised bone health in women with

SCI, with associated increased risk for low energy fracture

[59]. In the majority of individuals with SCI, osteoporotic

fractures most commonly affect the distal femur and

proximal tibia [59–62]. Although many of these fractures

are low impact, they are often associated with a variety of

other clinical complications [63].

Evidence suggests that temporal patterns exist for

declining bone health in individuals of both sexes with SCI.

In adults with complete injuries who remain non-weight

bearing, significant loss of BMD in the proximal femur has

been identified within 1 year post injury and frequently

reaches the fracture threshold within 1–5 years [64].

Although the negative relationship between time since

injury and bone health have been clearly demonstrated in

the literature, reports of precise temporal relationships vary

and depend upon factors such as the bone health of the

individual prior to injury and weight-bearing status post

injury [64–68]. Given this dramatic, accelerated rate of

bone loss post injury, focused early intervention within the

first year after SCI may help preserve BMD, at least to

some extent [67]. Interventions used may include a com-

bination of pharmacological interventions in addition to

physical interventions such as weight bearing (when pos-

sible) or the use of standing frames. For example, early

participation in intensive loading activities was shown to

attenuate bone loss of the tibia in individuals with SCI [69].

3.3.2 Spina Bifida

No studies examining BMD in athletes with SB were

available for review. Similar to observations from the SCI

population, individuals with SB frequently have signifi-

cantly lower BMD than their able-bodied counterparts,

increasing the risk for fracture [70–72]. BMD is most

dramatically reduced in individuals who are wheelchair

users for their daily mobility compared with those with
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limited or full ambulation [70, 71, 73]. Females with SB

also show trends toward lower BMD compared with males

[70].

3.3.3 Central Neurologic Injury

To date, one study has examined BMD Z-scores and fat-

free soft tissue mass among Paralympic track athletes with

hemiplegic CP (Table 2). The study showed no difference

in BMD on the affected and unaffected sides, despite

asymmetry in fat free soft tissue mass in the upper and

lower limbs [18]. In a non-athlete population, studies have

shown that, because the level of impairment and function

varies in individuals with central neurologic injury, the

prevalence of reduced BMD can also vary. For example,

children with CP display a wide range of BMD, which

typically averages one standard deviation below the aver-

age for age-matched peers [74]. In several studies, ambu-

latory status and nutritional status were the most significant

predictors of BMD in individuals with CP [74–76].

Grossberg et al. [77] noted a positive correlation between

low weight and reduced BMD, further supporting the fact

that poor nutritional intake, a common feature of CP, may

also lead to alterations in bone health. When classified by

ambulatory status, individuals who did not ambulate were

found to have lower BMD in the femur than those who

ambulated regularly [78].

On an individual basis, the severity and subtype of CP

have also been found to be important factors affecting

BMD. Adults with spastic CP, associated with muscular

hypertonicity and decreased neuromuscular control, had

lower BMD Z-scores at the femur than adults with dyski-

netic CP [78]. Another recent study of adults with CP

found that BMD at the lumbar spine and hip were corre-

lated with Gross Motor Function Classification System

(GMFCS) levels, noting that individuals with the lowest

mobility showed the lowest associated BMD values [76].

Supporting these findings, one longitudinal study showed

that lower BMD correlated with increased severity of CP as

defined by difficulty feeding and poor growth and nutrition

[79]. In children with moderate to severe CP and resultant

reduced BMD, an increased risk of fracture was noted

[80, 81]. Finally, additional medical issues observed in

individuals with CP, such as seizure activity requiring

long-term use of anticonvulsants, have also been found to

impact BMD [82–84].

3.3.4 Amputees

No studies examining BMD in an amputee para athlete

population were available for review. For non-athletes, one

study revealed that cortical and total BMD were signifi-

cantly lower at the hip on the side affected by lower

extremity amputation when compared with the native leg

[85]. Supporting this finding, in a cohort of nine below-

knee amputees, Royer and Koenig [86] noted that proximal

tibia and femoral neck BMD values were significantly

lower in the leg affected by limb loss than in the native leg.

3.3.5 Short Stature

No studies examining BMD in the population of para

athletes with SS were available for review. Although evi-

dence is limited in the general population of individuals

with SS, one study analyzed BMD Z-scores in a cohort of

18 individuals with achondroplasia and four individuals

with hypochondroplasia. Researchers found that spinal

BMD was below average for both groups, with an average

Z score of -1.1 [87]. A recent case series examined dual

energy X-ray absorptiometry (DXA) scans of the lumbar

region (L1–L4) in individuals with achondroplasia aged

25–53 years and revealed that 5 of 11 patients had low

BMD (defined as Z score below -2.0). Of the five indi-

viduals with low BMD, four were male and one was female

[88]. The mechanism of impaired bone health for indi-

viduals with achondroplasia is not well understood; how-

ever, a recent case report noted that this may result from

bone suppression and remodeling as a result of the

achondroplasia in and of itself [89].

3.3.6 Visual Impairment

In a non-athletic population, there is a significant rela-

tionship between VI and the incidence of hip fracture due

to an increased risk of falls and trauma related to impaired

vision [90–92]. These studies additionally noted the risk of

hip fracture to be higher in females with VI than in males

with VI [90–92]. Little information is available on the

relationship between VI and BMD. One study suggested

that individuals with VI who lead sedentary lifestyles may

be at higher risk for reduced BMD, noting that BMD in the

weight-bearing proximal femur of women with VI was 8%

lower than in age-matched sighted women, whereas BMD

at the distal radius did not vary between the two groups

[93].

4 Discussion

Results from our literature review reveal a paucity of

research directly investigating the prevalence and impact of

low energy availability, menstrual dysfunction, and low

BMD on athletes with a disability. As the number of ath-

letes competing in para sports from the grassroots to elite

levels continues to expand rapidly, this is an area signifi-

cantly in need of further research. Although prior work
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acknowledges the physiological differences between indi-

viduals with a disability and their able-bodied counterparts

with regard to these three interrelated conditions, how these

changes may impact an individual athlete’s risk of injury or

illness has not previously been addressed.

4.1 Summary of Key Findings

Several important findings from this literature review

warrant specific discussion. Our summative review of the

literature identifies the following key findings which,

although they are primarily based on literature investigat-

ing individuals with disabilities more broadly, are also

likely to impact the health and performance of athletes

(Table 3).

First, it is very important to note that no data are cur-

rently available regarding what constitutes low energy

availability or energy deficit in female athletes with varied

types of disability or the prevalence of energy deficit within

this population. As low energy availability represents the

cornerstone of Triad-related illness, with resultant down-

stream effects on multiple body systems, this constitutes an

important gap in knowledge that must be addressed.

Additionally, in able-bodied athletes of both sexes, bone

density is typically higher in physically active people than

in inactive peers, especially those participating in activities

involving high-impact loading [94]. In contrast, sports

involving muscle activity without ground reaction forces,

such as swimming, do not consistently improve bone health

[94]. The absence of impact loading in many adaptive

sports may lead to suboptimal benefits of sports partici-

pation on skeletal health. Additionally, the disability-

specific impacts of reduced weight-bearing status, impaired

nutrition (including reduced energy availability or reduced

intake of calcium and vitamin D) and changes in menstrual

function may all negatively influence skeletal health.

For individuals with altered weight-bearing status, such

as SCI and SB, overall energy needs are reduced

[17, 21, 23]. This is particularly the case for those with

cervical or high thoracic SCI who may also experience

cardiovascular blunting [17]. Although these individuals

may experience a reduced propensity for low energy

availability, they are generally at much higher risk of bone-

related injury due to early-onset osteoporosis from reduced

weight-bearing status [64–68]. The risks are most profound

for those who do not ambulate at all, such as athletes who

are reliant on wheelchairs for daily mobility as well as

sports participation [64]. Additionally, given that the

presence of SCI or SB does not alter the menstrual cycle

dramatically, oligomenorrhea or amenorrhea should serve

as an important early warning sign of reduced energy

availability, as it would for any female athlete.

For individuals with central neurologic injury such as CP or

TBI, energy requirements are more challenging to estimate

because of the heterogeneity of functional impairment based

on the severity of injury. Those with more severe injuries, and

thus a greater level of mobility impairment, are likely to have

reduced energy needs as well as reduced BMD due to altered

weight-bearing over time [31]. An exception exists in indi-

viduals with aberrant movement patterns, such as severe

Table 3 Summary of findings regarding the interaction of disability type (six major categories selected) with energy expenditure, menstruation,

and bone mineral density

Disability

type

Energy expenditurea,b Menstruationa Bone mineral densitya

Spinal cord

injury

Reduced (wheelchair users) or

increased (ambulatory—due to

gait inefficiency)

Minimal variance beginning

approximately 5 months

post-injury

Severely reduced in lower extremities (paraplegia,

wheelchair users) or both upper/lower extremities

(tetraplegia, wheelchair users)

Spina bifida Reduced (wheelchair users) or

increased (ambulatory—due to

gait inefficiency)

Unknown Reduced in lower extremities (wheelchair users)

Central

neurologic

injury

Reduced (wheelchair users) or

increased (ambulatory—due to

gait inefficiency)

Menstrual dysfunction may

be present in severe

injuries

Reduced (wheelchair users, those with poor nutritional

status and/or higher gross motor function classification

system score)

Amputee Increased due to asymmetry of gait Unknown Reduced in limb affected by amputation

Short stature Minimal variance or increased

(achondroplasia)

Unknown No variance or reduced (achondroplasia)

Visual

impairment

Minimal variance Unknown No variance or reduced in sedentary individuals

a Findings herein represent patterns noted in the majority of individuals within each disability category, noting that individual variance may be

attributable to factors such as severity of disability, functional status, type of mobility, and genetics, among others
b The term ‘‘energy expenditure’’ is utilized here, recognizing that estimated energy expenditure accounts for both metabolic activity and total

energy requirements due to level of physical activity. Energy availability cannot be accounted for in this table given its definition: energy intake

(kcal) minus exercise energy expenditure (kcal) divided by kilograms of fat free mass or lean body mass [19]
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dyskinetic CP, for whom dyskinetic movement may lead to

higher energy expenditures [29, 30]. Additionally, in females

with a central neurologic injury, menstrual dysfunction can

exist because of baseline alterations of the hypothalamic–pi-

tuitary axis, indicating that the presence of amenorrhea or

oligomenorrhea may or may not be a pathologic representa-

tion of low energy availability [54–56]. It is notable that, in the

study by Burke et al. [56], 29.4% of adolescents with CP

experienced menstrual dysfunction. This can be compared

with the able-bodied population, for which Hoch et al. [95]

reported menstrual dysfunction in 21% of adolescents.

For individuals with primary musculoskeletal disability

such as amputees, the prevalence and characteristics of low

energy availability, menstrual dysfunction, and impaired

bone health may not vary greatly when compared with their

able-bodied counterparts, keeping in mind several key

points. For example, individuals who utilize a prosthesis

are likely to have higher baseline energy needs that place

them at risk for low energy availability by increasing

estimated energy expenditure, particularly if both lower

limbs are affected, such as with double amputees [34–37].

In unilateral amputees, the affected limb may also exhibit

reduced BMD, placing it at greater risk for injury [85, 86].

Finally, it is important to note that individuals with

disability due to SS or VI may not experience dramatic

physiologic alterations that influence energy status, men-

struation, or bone health when compared with able-bodied

counterparts [39]. However, VI may increase the risk of

falls, and therefore, fractures [91–93].

Across disability types, the presence of a more signifi-

cant functional impairment, with resultant reliance on

others for personal care needs, may place an individual at

greater risk for disordered eating and thus reduced energy

availability [27, 28, 32]. This may be due to altered eating

patterns and/or concern for abnormal weight gain that

would increase the burden for caregivers, and may lead to

an increased risk of injury or illness [32]. This point is

germane, given that competitive opportunities for athletes

with high support needs are rapidly increasing throughout

the Paralympic movement [96].

Our review is limited by the paucity of literature

describing energy availability, BMD, and, in female ath-

letes, menstrual function within an athlete population.

Although male athletes may also experience reduced bone

density and nutritional deficits, alterations of the neuroen-

docrine axis including the suppression of sex hormones

have not been characterized in this population.

4.2 Research Priorities for the Future

Further research is needed to investigate the impact of low

energy availability, menstrual dysfunction, and low BMD

on athletes with a disability. Based on the findings of this

narrative review, the authors recommend that the following

research priorities be considered:

1. Assessment of the prevalence of low energy availabil-

ity (with or without disordered eating), menstrual

dysfunction, and low BMD in female athletes from

various disability categories. In addition, it is impor-

tant to assess the combined prevalence of the afore-

mentioned conditions in this athletic population.

2. Assessment of knowledge regarding these three inter-

related conditions, optimal energy status for health and

performance, and the influence of energy availability

on risk of injury and illness among athletes with

disabilities and key stakeholders (coaches, athletic

trainers, healthcare providers, and other members of

the athlete entourage).

3. Characterization of energy needs for athletes of

various disability types and within various sport

disciplines. For example, although the available liter-

ature has described the reduced energy needs of

individuals with SCI, little is known regarding how

this may vary for athletes based on factors such as

level of injury and engagement in sports competition.

4. Characterization of normative BMD values in individ-

uals and athletes with SCI, SB, or central neurologic

injury for whom reduced weight bearing over time

may lead to an increased risk for fracture from low

energy trauma. Given that low BMD is a health

consequence of disability, it is important to character-

ize what DXA measurements should be of particular

concern for predicting increased risk of fracture during

sports participation.

5. Finally, sex-specific differences in the relationship

between energy status, hormonal function and bone

health in athletes with disabilities are important to

explore and should be used to guide effective

management for all athletes who participate in sports,

both male and female alike [7].

5 Conclusions

Although energy availability, menstrual function, and

BMD have been studied rather extensively in able-bodied

female athletes, very few studies have investigated the

prevalence, effects, and cumulative impact of the three

conditions in athletes with a disability. Our review high-

lights that female individuals within the major classifica-

tions of disability germane to the Paralympic movement

have baseline physiological impairments in energy status,

menstrual function, and bone health that could be further

negatively impacted through sports participation, as seen in

able-bodied individuals. Further research is needed to
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assess the prevalence of the three conditions in female

athletes with a disability, beginning with the establishment

of baseline energy requirements for both male and female

individuals of various impairment types, thus enabling a

more detailed understanding of how low energy availabil-

ity may affect this population. Finally, it is critical to

educate athletes with a disability, as well as their coaches,

medical providers, and the entire athlete entourage, on the

performance and health-related implications of low energy

availability, low BMD and, in female athletes, menstrual

dysfunction. Only through raising awareness of these

conditions can we ultimately implement prevention and

treatment strategies appropriately tailored to athletes with a

disability.
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