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Abstract
The aim of this review is to offer dietary advice for individuals with spinal cord
injury (SCI) and neurogenic bowel dysfunction. With this in mind, we consider
health conditions that are dependent on the level of lesion including skeletal
muscle atrophy, autonomic dysreflexia and neurogenic bladder. In addition, SCI
is often associated with a sedentary lifestyle, which increases risk for osteoporosis
and diseases associated with chronic low-grade inflammation, including
cardiovascular and chronic kidney diseases. The Mediterranean diet, along with
exercise and dietary supplements, has been suggested as an anti-inflammatory
intervention in individuals with SCI. However, individuals with chronic SCI
have a daily intake of whole fruit, vegetables and whole grains lower than the
recommended dietary allowance for the general population. Some studies have
reported an increase in neurogenic bowel dysfunction symptoms after high fiber
intake; therefore, this finding could explain the low consumption of plant foods.
Low consumption of fibre induces dysbiosis, which is associated with both
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endotoxemia and inflammation. Dysbiosis can be reduced by exercise and diet in
individuals with SCI. Therefore, to summarize our viewpoint, we developed a
Mediterranean diet-based diet and exercise pyramid to integrate nutritional
recommendations and exercise guidelines. Nutritional guidelines come from
previously suggested recommendations for military veterans with disabilities
and individuals with SCI, chronic kidney diseases, chronic pain and irritable
bowel syndrome. We also considered the recent exercise guidelines and position
stands for adults with SCI to improve muscle strength, flexibility and
cardiorespiratory fitness and to obtain cardiometabolic benefits. Finally, dietary
advice for Paralympic athletes is suggested.

Key words: : Neurogenic bowel dysfunction; Body composition; Mediterranean diet;
Food–drug interactions; Microbiota; Paralympic athletes

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Dietary advice for individuals with a spinal cord injury (SCI) and with
neurogenic bowel dysfunction (NBD) must be carefully considered. This advice should
include: (1) Energy and nitrogen balance; (2) Under/over-nutrition; (3) comorbidities
and polypharmacy; and (4) Micronutrient deficiency. Dysbiosis and low-grade
inflammation, typical consequences of SCI, can be reduced by increasing both physical
exercise and fibre intake, but particular fermentable carbohydrates and source of fiber,
can sometimes increase NBD symptoms. Water intake is particularly important for NBD
management and can be critical during and after exercise. Multi-disciplinary
cardiovascular risk reduction programs, including tailored nutrition, strength, aerobic
and flexibility training, and personalized dietary supplementation are recommended for
individuals with SCI and NBD.

Citation: Bernardi M, Fedullo AL, Bernardi E, Munzi D, Peluso I, Myers J, Lista FR, Sciarra
T. Diet in neurogenic bowel management: A viewpoint on spinal cord injury. World J
Gastroenterol 2020; 26(20): 0-0
URL: https://www.wjgnet.com/1007-9327/full/v26/i20/0.htm
DOI: https://dx.doi.org/10.3748/wjg.v26.i20.0000

INTRODUCTION
Spinal cord injury (SCI) may result in motor paralysis and sensory loss below the level
of  the  lesion[1-5]  and impaired  function  of  the  autonomic  nervous  system (ANS)
originating from the spinal cord[6]. The physio-pathological consequences of the SCI
are therefore manifold, including an injury level-dependent impaired function in
thoracic  and  abdominal  organs  and  their  related  tissues[6].  The  lack  of  motor
stimulation below the level of SCI induces changes that can result  in neurogenic
obesity via adipose tissue accumulation[7]. The latter is associated with the release of
proinflammatory  adipokines  that  lead  to  chronic  low-grade  inflammation[7,8].
Although both under-nutrition and over-nutrition can be observed in individuals
with SCI[9],  compared to the guidelines for  general  population,  individuals  with
chronic SCI have lower fibre intake and greater energy intake relative to energy
needs[10]. Among individuals with SCI, daily intakes of whole fruits, vegetables and
whole grains were lower than recommended dietary allowances[11-13].  Appropriate
nutritional recommendations[14] and exercise[7] for individuals with SCI could play an
important  role  in  decreasing  the  risk  of  cardiovascular  disease  (CVD)  and  car-
diometabolic syndrome (CMS).

On the other hand, symptoms of bowel dysfunction, including constipation and
faecal incontinence, have a high impact on quality of life of individuals with SCI[15]. It
has been reported that many characteristics of abdominal pain among patients with
SCI resemble those of able-bodied individuals with chronic idiopathic constipation[16].
Dysmotility and abdominal discomfort have been attributed to the ingestion of certain
carbohydrates  (CHO)  in  individuals  with  gastrointestinal  disorders,  including
irritable bowel syndrome (IBS) and functional constipation[17]. In addition to dietary
advice,  lifestyle  recommendations,  including  exercise,  have  been  suggested  for
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patients with IBS[18], in particular in those with slow or uncoordinated transit[19]. It has
been suggested that exercise may modulate intestinal permeability and motility, stool
transit time and consistency[20].

In this review, considering the above-mentioned issues, we will discuss dietary
management of neurogenic bowel dysfunction (NBD) among individuals with SCI
and suggest a Mediterranean diet (Med-D)-based pyramid and nutritional advice for
Paralympic athletes with SCI.

NEUROGENIC BOWEL DYSFUNCTION IN SPINAL CORD
INJURY
NBD refers to bowel dysfunction consequent to the ANS injury and/or lack of central
nervous system control (mainly from hypothalamus and brainstem)[21].  Although
symptoms of both upper (esophageal[22]/gastroesophageal[23]) and lower (intestinal)
gastrointestinal disorders can occur, the latter are highly prevalent in SCI and include
constipation (prevalence ranging between 56% and 80%) and faecal incontinence
(range 42%-75%)[21]. Colon dysfunction following SCI can be divided into two main
types, depending on the level of the lesion: An upper motor neuron syndrome and a
lower motor neuron syndrome[21]. Typically constipation and incontinence occur for
injury above and below the thoracic (T)11/T12 region, respectively[24]. On the other
hand, given that traumatic SCI usually occurs at the cervical or thoracic levels, the
spinal defecation centre, located in the sacral spinal cord, is typically intact in these
individuals[25].

In  patients  with  motor  complete  SCI,  Vallès  et  al[26]  identified  three  different
neuropathophysiological  patterns.  Pattern  A  is  characterized  by  frequent
constipation, moderate delay in colonic transit time (CTT) and the absence of anal
relaxation during the defecation. Pattern B is characterized by defecatory difficulty,
moderate delay in CTT, increased anal resistance during the defecation and preserved
sacral reflexes;  Pattern C is characterized by severe incontinence associated with
severe delay in CTT and absence of sacral reflexes.

In a long (19-year, 1996-2015) follow up study on living with SCI, no significant
changes in  quality  of  life  and faecal  incontinence were found,  whereas a  higher
prevalence (from 19% to 31%) of the population with SCI considered themselves to be
constipated and increased with time the use of oral laxatives[27].

It  has been suggested that  constipation is  a  major cause of  abdominal  pain or
discomfort after SCI, rather that neuropathic pain, with pain considered more intense
and unpleasant among individuals with chronic idiopathic constipation compared to
patients with SCI[16]. Furthermore, there was no association between neurological level
of SCI and abdominal pain as 79% of individuals with cervical and thoracic SCI and
86% with lumbar SCI had pain[16].

Sensory stimuli below the injury level due to bowel management are among the
common triggers for  autonomic dysreflexia (AD),  which is  a  complex syndrome
characterized by sudden episodic high vasoconstriction-induced hypertension and
resulting symptoms due to massive sympathetic ANS activity deriving from the lack
of hypothalamus and brainstem control. AD generally occurs among individuals with
SCI at or above the T6 level[6], above splanchnic sympathetic outflow.

Inskip et al[28]  found that in a group of about 150 individuals with SCI at T7 or
above,  74% experienced at  least  one  AD symptom during bowel  care  including
“goosebumps, spasticity, flushing and sweating” in about half population, along with
general  unwellness  (43%)  and  headache  (38%)”.  “Heart  palpitations,  irregular
heartbeats, or a feeling of fluttering in the chest” globally considered as symptoms of
arrhythmia consequent to AD were found in 45 of 141 (32%) individuals with SCI at
or above T7[28]. Longer durations of bowel care due to SCI and more severe AD were
associated with lower quality of life[28].

The NBD score has been identified as a condition-specific tool to assess quality of
life as "subjective well-being" among individuals with SCI[29].  NBD score includes
frequency of bowel movements (0-6 points), headache, perspiration or discomfort
before or during defecation (0-2 points), tablets and drops against constipation (0-2
points  each),  time  used  for  each  defecation  (0-7  points),  frequency  of  digital
stimulation or evacuation (0-6 points), frequency of faecal incontinence (0-13 points),
medication against faecal incontinence (0-4 points), flatus incontinence (0-2 points)
and perianal skin problems (0-3 points)[30]. According to Krogh et al[30] a severe NBD
score is ≥ 14, moderate an NBD score of 10-13, minor an NBD score of 7-9 and very
minor an NBD score of 0-6. Liu et al[31] reported that differences in NBD scores were
dependent on both completeness and level of injury. Severe NBD was observed in
71.1% of individuals with American Spinal Injury Association (ASIA) classification A
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(loss of motor and sensory function at S4-5 level), whereas lower percentages were
found in patients with incomplete SCI (prevalence of 32.4%, 24.2% and 27.1% in ASIA
classifications  B,  C and D,  respectively)[31].  Furthermore,  a  higher  percentage  of
individuals with cervical (48.2%) and thoracic (40.0%) SCI had severe NBD, compared
to those with lumbar SCI (14.3%)[31]. Other factors, including use of laxatives and fibre
intake,  affect  NBD  score  among  individuals  with  traumatic  SCI  and  minor  to
moderate bowel dysfunction (NBD Score: 8.01 ± 4.49), whereas neither the use of
anticholinergics  nor  opioid agents  were significantly  associated with NBD[32].  In
conclusion, living with SCI and NBD has an impact on dietary intake (amount or type
of  foods)  and  habit  (time  restricted  or  skip  meal)[33],  with  potential  effects  on
nutritional status.

DYSBIOSIS IN SPINAL CORD INJURY: POTENTIAL TARGET
FOR FIBRE, DIETARY INTERVENTIONS AND EXERCISE
TRAINING
Antibiotic treatment, due to recurrent infections, and altered CTT significantly alter
the composition of gut microbiota in individuals with SCI[34]. The use of antibiotics
decreases microbial diversity by 25% and increases the Bacteroidetes/Firmicutes ratio[35].
In the “Guidelines for Management of Neurogenic Bowel Dysfunction in Individuals
with Central Neurological Conditions” of the Multidisciplinary Association of Spinal
Cord Injured Professionals[36], it is concluded that there is some evidence that the use
of probiotics may help to restore colonic flora after antibiotic treatment.

Several clinical studies have evaluated the intestinal microbiota among individuals
with SCI and all have reported decreased Firmicutes compared to healthy controls[37-39].
Furthermore, the reduced microbial diversity in individuals with SCI[37,38] has been
associated with unfavourable metabolic profiles[37]. At the phylum level, Bacteroidetes
and  Firmicutes  were  negatively[38]  and  positively  correlated  with  high  density
lipoprotein  cholesterol  (HDL)[37],  respectively,  and  Firmicutes  were  negatively
correlated with serum glucose (GLU)[38].  Exercise[40,41]  and Med-D[42]  are known to
improve metabolic (serum GLU and lipids) markers and cardiorespiratory fitness was
reported to be significantly correlated to both microbial diversity[20,43,44] and Firmicutes
to Bacteroidetes ratio in healthy adults[45]. Animal-based diets increased the abundance
of  Bacteroides [46,47]  and  decreased  Firmicutes  which  metabolize  dietary  plant
polysaccharides[47]. Prevotella[48] abundance was associated with long-term fibre intake,
estimated using the Diet History Questionnaire[48]. In individuals with SCI, GLU was
negatively  correlated with  Prevotella[38]  and Megamonas[37,38]  (more  abundant  in  a
healthy group than in groups with SCI)[37-39]. Although, Megamonas and Prevotella may
have a positive effect on CHO metabolism, they were positively correlated with the
NBD score, probably due to gas and short-chain fatty acids (SCFA), the end products
of microbial fibre fermentation[38]. In IBS, discomfort, constipation and altered faecal
consistency  can  be  influenced  by  the  presence  of  dietary  fibre  and fermentable
oligosaccharides, disaccharides, monosaccharides, and polyols (FODMAP)[18,49].

Reported mean fibre intake, ranging between 15.0 g/d[11] and 16.9-17.6 g/d[10], met
the Academy of Nutrition and Dietetics Evidence Analysis Library minimum target
range for individuals with SCI (which starts at a minimum of 15 g/d and increases up
to  30  g/d as  tolerated)[50].  Stoffel  et  al[51]  reviewed studies  on  neurogenic  bowel
management and reported that a high-fibre diet prolonged constipation and increased
CTT  and  NBD  score  in  persons  with  SCI  and  suggested  that  clinicians  may
recommend a low-fibre diet to reduce CCT. In a recent systematic review, Yeung et
al[52] concluded that consumption of about 15 g/d of dietary fibre could be beneficial
in managing neurogenic bowel in SCI, whereas an increase in fibre intake from 25 g/d
to 31 g/d increased CTT and evacuation time.

Increased stool  consistency (looser stool  with high transit  time) was inversely
related to microbiota diversity and positively associated with Bacteroidetes/Firmicutes
ratio  and  increased  CCT[46].  SCFA  can  increase  levels  of  serotonin,  triggering
contraction of the smooth muscle in the gastrointestinal tract[46] and SCFA levels have
been negatively correlated with CTT[53].

On the other hand, individuals with metabolic syndrome (Met-S) had reduced
SCFA[54] and SFCA were positively correlated with adherence to the Med-D pattern[55].
Triglycerides  (TG)  in  individuals  with  SCI  were  negatively  correlated  with
Eubacterium_rectale, a butyrate-producing bacterial genus[37]. Dialister (decreased in
SCI)[37,39]  was negatively correlated with low density  lipoprotein cholesterol  and
positively correlated with HDL.

Gungor et al[39] found that, compared to healthy controls, there was a preferential
decrease in Marvinbryantia in the upper motor neuron group, whereas in the lower
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motor  neuron group,  Roseburia  was  decreased[39].  Gungor  et  al[39]  suggested  that
although the identity of the genera that are dysregulated in both groups may differ,
the reduction of butyrate (a SCFA) production would be expected to be similar. High
fat  diets  decrease butyrate  levels  and can induce gut  dysbiosis,  dysmotility  and
constipation[46].  On  the  other  hand,  physically  fit  individuals  had  increased
abundances of key butyrate-producing taxa, including Roseburia[43].

SCFA are also involved in gut-brain signalling implicated in the regulation of
metabolic and immune homeostasis[53]. Sympathetic noradrenergic nerves innervate
the vasculature and tissue parenchyma of the gut-associated lymphoid tissues[56].
Norepinephrine released by sympathetic post-ganglionic nerve terminals binds to
beta  (β)-adrenergic  receptors  on  innate  and  adaptive  immune  cells  leading  to
suppression of their antimicrobial functions[56].

In pre-clinical SCI models, intestinal epithelial cell permeability is increased and is
associated  with  enhanced  bacterial  translocation  and  endotoxemia  [increased
lipopolysaccharide (LPS)][56]. Data from animal models suggest that gut dysbiosis, LPS
and gut-associated lymphoid tissues[57] lead to the chronic low-grade inflammation
associated with Met-S after SCI[53,56].  LPS elicits strong inflammatory responses by
binding to extracellular toll-like receptor 4. In mouse studies, gut dysbiosis, free fatty
acids, and the activation of toll-like receptor 4 are associated with enteric neuronal
death, damaged function of the enteric nervous system and delayed transit time[46]. In
this  context,  LPS was negatively associated with adherence to the Med-D[55]  and
cardiorespiratory  fitness  was  negatively  correlated with  LPS[43].  Therefore,  both
exercise and diet could reduce endotoxemia and inflammation induced by dysbiosis
in individuals with SCI.

DIETARY ADVICE AND MEDITERRANEAN DIET-BASED
PYRAMID FOR INDIVIDUALS WITH SPINAL CORD INJURY
Individuals with SCI experience significant skeletal muscle atrophy mainly below the
level of injury[58], which may contribute to decreases in resting energy expenditure[59].
On the other hand, the immune system is an energy consumer and during chronic
inflammation re-allocation of energy-rich fuels to the activated immune system, called
"energy appeal reaction", can lead to inadequate energy regulation, muscle protein
breakdown, low vitamin D levels, cachectic obesity, insulin resistance, dyslipidaemia,
Met-S and inflammation-related anaemia and osteopenia[60,61].

The SCI-SCREEN, a nutritional screening model developed in a neurorehabilitation
unit, incorporated the Lagerström’s proposed body mass index (BMI) cut-offs for SCI
patients, differentiating between individuals with paraplegia (estimated muscle mass
reduction of 7.5%) and those with tetraplegia (estimated muscle mass reduction of
12.5%)[62]. On the other hand, the “Guidelines for Identification and Management of
Cardiometabolic Risk after Spinal Cord Injury” of the Consortium for Spinal Cord
Medicine expert panel suggested definitions of obesity as: > 22% of fat mass (FM) or
BMI ≥ 22 kg/m2, given that waist circumference is not a validated proxy for obesity in
SCI[63].

Recommendations for energy intake in individuals with SCI in the subacute and
community living phases were 22.7 kcal/kg and 27.9 kcal/kg of body mass (BM) for
individuals with tetraplegia and paraplegia, respectively[50]. Recommendations for
protein intakes did not differ between individuals with tetraplegia and paraplegia,
amounting to 0.8-1 g/kg (of BM)[50].  Higher energy and protein recommendations
were suggested for individuals with pressure ulcers[50] and for Paralympic Athletes[64].
Wheelchair athletes have been reported to have low energy availability, low protein
consumption and CHO intakes near the lower limit of the recommended range (3.0-
12.0 g/kg)[65]. This suggests that wheelchair athletes could be at risk of post-exercise
ketosis. The latter (about 0.5-1.0 mM in response to 2 h of exercise performed in an
overnight  fasted  state)  depends  on  the  intensity  and  duration  of  the  exercise
performed, as well as on the nutritional status and on the ketone body uptake by
skeletal muscle, which are able to extract about 50% of circulating ketone bodies when
concentrations are low (0.1-0.5 mM)[66]. In a case report, a 36-year-old man, wheelchair
bound secondary to genetically confirmed spinal muscular atrophy, presented to an
emergency department with epigastric pain and vomiting due to ketoacidosis, and
reported decreased food intake in the preceding week in an attempt to lose weight,
with a diet consisting mainly of proteins and vegetables with minimal CHO in the 48
h prior to his presentation[67]. The authors suggested that the severity of the ketosis,
which seemed inconsistent with moderate starvation alone, could be due to other
factors, including low muscle mass[67].

On the other hand, the sublesional muscle atrophy with SCI significantly reduces
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the primary storage site for CHO, promoting increased circulating GLU and risk of
type 2 diabetes[14]. The reduction in fat free mass (FFM) and the increase in FM are key
features in people with SCI that could increase the risk for CMS[14]. In an environment
of reduced mobility,  energy needs are reduced, and there is  an increased risk of
obesity-related chronic diseases, making energy balance a critical and fundamental
issue in SCI[68]. The spinal nutrition screening tool has been validated for patients with
SCI to assess the malnutrition risk[9]. The spinal nutrition screening tool assesses eight
criteria:  History  of  recent  weight  loss,  BMI,  age,  level  of  SCI,  presence  of  com-
orbidities, skin condition, appetite and ability to eat[9]. These authors reported that
patients with paraplegia were less likely to be malnourished (33.7%) than those with
tetraplegia (66.1%) and readmitted patients had a lower incidence of under-nutrition
(41.6%) than newly injured patients (50%)[9]. On the other hand, a 67% of individuals
with SCI were at potential  risk of over-nutrition (BMI > 22 kg/m2)[9].  It  has been
reported that  the components of  CMS (abdominal  obesity,  hypertension,  insulin
resistance, and dyslipidaemia) are not equally weighted; sarcopenic obesity is a highly
prevalent finding after SCI and appears to be the most relevant risk factor, followed
by insulin resistance[63].

Among the dietary strategies there is the “adaptability of the diabetes prevention
program”  (DPP)  for  SCI,  consisting  of  a  24-wk  energy-restricted  Med-D[14].
Preliminary data in men with chronic SCI who were obese and pre-diabetic, showed
that a therapeutic lifestyle intervention including diet, exercise, patient education and
professional support, resulted in BM reduction that exceeded the DPP criterion (7%).
The intervention also demonstrated improvements in insulin resistance and lipid
profile  (HDL  increase  and  TG  decrease)[14].  A  systematic  review  of  dietary
interventions in adults with SCI emphasized the potential of diet in conjunction with
exercise  in  minimizing  CVD  risk[69],  whereas  the  “Consortium  for  Spinal  Cord
Medicine” noted success in weight loss using the Med-D in the DPP[63]. Med-D has
been suggested for Veterans with disabilities[70], patients with chronic kidney disease
(CKD)[71] and individuals with chronic pain[72]. Furthermore, Allison et al[73], recently
reported that in individuals with SCI, a 3-mo anti-inflammatory diet similar to the
Med-D plus supplementation decreased fat  intake and proinflammatory dietary
components (trans fatty acids, caffeine and sodium) and increased protein intake and
some nutrients with established anti-inflammatory properties, including vitamins A,
C, and E, and omega (ω)-3 polyunsaturated fatty acids (PUFA), with no change in
CHO or energy intake[73].  Significant reductions in the proinflammatory cytokines
interferon-γ,  interleukin-1β,  and  interleukin-6  were  observed  and  several
proinflammatory  mediators  were  negatively  correlated  with  anti-inflammatory
nutrients, including vitamin A, carotenoids, ω-3 PUFA, and zinc, whereas the change
in  total  calories  as  well  as  individual  macronutrients  were  not  shown  to  be
significantly correlated with any inflammatory mediator[73]. Obesity in SCI results in a
state  of  chronic  low-grade  inflammation  primarily  due  to  proinflammatory
adipokines secreted from excess  adipose tissue[7].  Accordingly,  individuals  with
chronic motor complete SCI, severe lower extremity spasticity and lower FM had
lower leptin and fasting GLU than patients with SCI with no or mild spasticity[74]. On
the other hand, no differences in bone mineral density (BMD), low density lipoprotein
cholesterol, HDL, TG and glycosylated haemoglobin were observed between the two
groups[74]. Although it has been reported that protein intake is negatively associated
with BMD of lumbar vertebrae in women with SCI[75], in a cross-sectional study, no
significant relationships were found between BMD and intakes of protein, calcium,
vitamins D and or serum 25(OH)D in individuals with chronic SCI (94% male, lesions
from C1 to T12). However, significant associations were found between BMD at the
femoral neck and lumbar spine with visceral adipose tissue, insulin and leptin[76].
Leptin enhances both arterial and venous thrombosis by promoting platelet adhesion,
activation and aggregation[77] and it has been recently observed that some Paralympic
athletes with SCI had a higher platelet-derived CVD risk rather than CMS risk[78].
Caffeine can increase platelet aggregation, which may be associated with an elevated
risk of thrombosis[79]. Conversely, among natural dietary compounds and functional
foods of the Med-D with antiplatelet activities (including ω-3 PUFA, olive oil, garlic,
onions and tomatoes)[80],  O'Kennedy et  al[81]  reported that a water-soluble tomato
extract,  having  antiplatelet  anti-angiotensin-converting  enzyme  and  anti-
inflammatory activities, became the first product in Europe to obtain an approved
health claim[82,83].

Vitamins A, B5, B7, B9, D, E, potassium, and calcium are deficient compared to the
USDA guidelines in individuals with SCI[10]. Many of these micronutrients are linked
to CHO, lipid, and/or vascular dysfunction, whereas recommendations for pressure
ulcer management suggest evaluation for vitamins A and C, zinc and iron[50].

It  has  been  reported  that  level  and  completeness  of  lesion,  injury  duration,
mobility,  FM%, time spent outdoors and comorbidities were not associated with
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plasma 25(OH)D,  whereas  in  a  multivariable  model  (adjusting for  age,  planned
exercise,  sex,  race,  wine consumption,  and smoking status)  supplement (but not
dietary) intake was significantly associated with increased 25(OH)D[84]. Similarly, in a
univariable model, stretching, range of motion, or physical therapy was not associated
with higher 25(OH)D level,  whereas other planned exercise was associated with
higher 25(OH)D levels[84].

A systematic review emphasized the potential of diet in conjunction with exercise
in minimizing CVD risk in SCI[69], whereas the Consortium for Spinal Cord Medicine
did not recommend a single nutritional intervention but noted success in weight loss
using  the  Med-D  in  the  DPP[63].  Med-D  has  been  suggested  for  Veterans  with
disability[70], patients with CKD[71] and individuals with chronic pain[72].

In a recent meta-analysis, 86% and 43%-74% of individuals with chronic SCI had
excessive intake of CHO, and 43%-74% had excessive intake of proteins[10].  These
authors[10]  also  reported a  mean of  57  kcal/d from alcohol  and pointed out  that
participants were also likely to underreport their true alcohol consumption given its
effects on weight and health and the stigma that is often associated with alcohol
consumption. In a study that included only overweight and obese individuals (BMI >
22 kg/m2, mean 30.5 ± 6.33 kg/m2 with a range from 22.44 kg/m2 to 49.91 kg/m2)
with SCI (50% with paraplegia and 50% with tetraplegia),  although participants’
intakes were within the recommended range of amounts for all macronutrients, they
were on the low end of the recommended range for protein and on the high end for
total fat[11]. Furthermore, individuals with SCI report excess intake of added sugars,
sodium and saturated  fat  and  inadequate  intake  of  healthy  fats,  seafood,  plant
protein,  fruits,  vegetables  and  whole  grains,  considering  the  2015-2020  Dietary
Guidelines for Americans[11]. Yeung et al[52] concluded that further studies are required
because it  is  unclear from the available studies the extent to which confounding
factors,  such as age, gender,  physical activity,  level of injury, time since SCI and
comorbidities  affect  outcomes.  The  prevalence  of  polypharmacy  is  expected  to
increase with age and concurrent urological  management must be considered in
individuals with SCI.

A cross-sectional analysis[85]  showed that over 1 out of 3 Veterans with SCI had
CKD and in a 14-year retrospective cohort study[86], individuals with SCI and CKD
had  a  significantly  shorter  survival  time  (10.13  mo  vs  10.97  mo),  higher  1-year
mortality (17.65% vs  8.54%), and higher risk of mortality than those with SCI but
without  CKD (adjusted hazard ratio,  2.25).  It  has  been reported that  the overall
prevalence of CKD was 8.0% and 22.4%, by serum creatinine-based and cystatin-C-
based  estimated  glomerular  filtration  rate,  respectively,  and  was  greater  in
individuals with neurogenic bladder (NB)[87]. However, serum creatinine was not able
to detect the early deterioration of renal function in NB patients because they present
muscle  wasting  due  to  disuse  and/or  denervation[87].  Comorbid  diabetes,  small
bladder  volume,  recurrent  urinary  tract  infection  (UTI)  and  proteinuria  were
significantly associated with CKD in the multivariable analysis[87]. Key findings from
the Committee of the “Joint SIU-ICUD Consultation on Urologic Management of the
Spinal Cord Injured Patient” include: (1) Renal function deterioration can occur early
but  can  also  occur  at  later  stages  following  SCI,  and  can  be  related  to  ageing,
obstruction, stone disease (due to calcium mobilization from bones, reduced mobility
and  UTI,  with  urea-splitting  organisms);  (2)  SCI  patients  have  higher  rates  of
prescribed  medications  from  multiple  high-risk  classes  (analgesic–narcotics,
anticonvulsants, antidepressants and skeletal muscle relaxants); (3) Osteoporosis and
complete sensory or motor injuries are associated with higher risk of fractures; and (4)
Clinicians should screen SCI patients for malnutrition and obesity[88]. Patients with SCI
most frequently used products to treat pain (68%), constipation (42%), muscle spasm
(42%), hypertension (42%), and depression (37%). When including natural health
products, vitamins and minerals, polypharmacy was present in 74% of patients with
SCI[88]. In particular, NB can be observed in individuals with SCI treated with drugs
metabolized by CYP3A4 (oxybutynin,  solifenacin and darifenacin)[89].  Therefore,
caution has been recommended when simultaneously consuming grapefruit juice
during treatment with these drugs[89]. Other citrus fruit juices, cruciferous vegetables
(broccoli, cabbage, and daikon radish sprouts), soy foods (soy milk, veggies slices,
tofu, and roasted soy nuts), tea and cranberry and pomegranate juices can induce
adverse food-drug interactions and should be avoided in individuals in treatment for
comorbidity[70,90].  Individuals  with  SCI  are  at  increased  risk  of  developing
symptomatic  UTI[91].  The  use  of  cranberries  (particularly  juice)  is  widely
recommended to prevent and treat UTI[92], although evidence related to the prevention
of UTI are inconsistent[93]. On the other hand, the European Food Safety Authority
Panel  on  Food  Additives  and  Nutrient  Sources  Added to  Food,  considered  the
possible association between the consumption of (-)-epigallocatechin-3-gallate (EGCG,
the most relevant catechin in green tea) and hepatotoxicity[94]. Catechins from green
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tea  infusion  (prepared  in  a  traditional  way  and  reconstituted  drinks  with  an
equivalent composition to traditional green tea infusions: EGCG from 90 mg to 300
mg), are in general considered to be safe[94]. However, doses equal or above 800 mg
EGCG/d have been shown to induce a significant increase of serum transaminases[94].
Furthermore, human studies have reported that consumption of polyphenol-enriched
oolong tea (750 mL for 10 d)[95] or a beverage containing black tea polyphenols (55 mg,
3  times/d for  10  d)[96]  increased faecal  lipid  excretion.  Catechins  are  among the
antinutrient  antioxidants  that  can have pharmacological  effects[97],  including the
inhibition of lipase[98]. The pharmacological inhibition of lipase was associated with
the excretion of the inflammatory marker faecal calprotectin in healthy individuals[99].
Spices to flavour dishes and other comfort food and beverages (sweet, cocoa, coffee,
tea) should be limited and alcoholic drinks should be avoided by individuals with
SCI[100], due to the potential interactions of phytochemicals and alcohol with drugs
and/or the effect on bowel motility, water and energy balances.

Some  foods  and  beverages,  including  alcohol,  caffeine,  tea,  coffee,  cola  and
chocolate, prunes, figs and sorbitol containing foods, can overstimulate bowel activity
or draw excessive fluid into the colon resulting in very watery stools[36]. On the other
hand, individuals with SCI and NBD often have an increase in CCT, resulting in
excessive fluid reabsorption and the formation of hardened stools[50]. Therefore, the
recommendations for fluid intake are 1/ml fluid per kcal of estimated energy needs
plus 500 mL or 40 mL per kg BM plus 500 mL[50] (Figure 1).

For all  the above-mentioned reasons,  we propose a Med-D-based and exercise
pyramid for  individuals  with SCI (Figure 1).  This  should be integrated with the
previous indications for veterans[70], the available recommendations/suggestions for
individuals with SCI with or without NBD[14,36,50,63,69,73], CKD[71], chronic pain[72] and IBS
(including low FODMAP)[18], and the exercise guidelines for adults with SCI[101], along
with  the  position  statement  on  exercise  and  SCI  of  Exercise  and  sports  science
Australia[102].  This approach is likely to be effective in improving muscle strength,
flexibility and cardiorespiratory fitness, and to obtain cardiometabolic benefits.

DIETARY ADVICE FOR PARALYMPIC ATHLETES
Applying sports nutrition plans is  essential  for athletes with an impairment and
represents an aid when sport and exercise are practiced[103].  This is important as a
component for both therapy and rehabilitation[104] in particular for individuals with
SCI[101,105,106].  Paralympic  athletes  exhibit  higher  quality  of  life  and  health  status
associated with their opportunities to practice physical activities and to participate in
sport  competitions[107],  and these  opportunities  increased considerably  in  recent
decades[104,108]. Their levels of performance and physical fitness are increased vs. non-
athletes with SCI, and many Paralympic athletes are now engaged in intense training
sessions that require highly demanding nutritional needs. For example, Gerrish et
al[109] reported mean energy intakes of elite Canadian and American athletes with SCI,
categorized by level of injury that were above the recommendations for sedentary
individuals  with  SCI  [22.7  kcal/(kg·d)  in  tetraplegia  and  27.9  kcal/(kg·d)  in
paraplegia,  see  Figure  1][50].  These  Authors,  indeed,  found the  following energy
intakes among athletes with SCI: 26 ± 7.9 kcal/(kg·d), 28 ± 14 kcal/(kg·d), 36 ± 14
kcal/(kg·d)and 36 ± 16 kcal/(kg·d) for athletes with levels cervical, from T1 to T6,
from T7 to T12 and lumbar, respectively[109].

The first step in providing nutritional advice for both health purposes and sports
performance  is  to  estimate  daily  energy  requirements,  an  estimate  that  is  often
difficult to assess in Paralympic athletes. Grams et al[110],  in wheelchair basketball
athletes, calculated energy expenditures using values provided by Collins et al[111],
Abel  et  al[112]  and Bernardi  et  al[113],  and found a high variability in energy intake
relative to BM [ranging from 25 kcal/(kg·d) to 64 kcal/(kg·d)].

Existing equations that estimate energy expenditure at  rest  are based on able-
bodied populations and include variables that are difficult to measure accurately in
athletes  with  SCI,  such  as  height  or  total  BM[64].  The  approach  of  Collins  and
collaborators is preferred in this context[111]. The daily energy requirement should be
estimated by measuring the energy expenditure in basal conditions[111] and during
actual sport activities[113] and training[114]. Simulations of training and competitions
should be assessed on the field[114] and physiological profile of athletes determined in
the laboratory[115], testing athletes repetitively to evaluate the effects of training[116]. In
order  to  have  a  complete  energy  expenditure  assessment,  all  other  activities
performed during the day which cannot be actually measured should be taken into
account  converting  the  data  using  at  least  three-days  of  activity.  Various
questionnaires for energy expenditure can be used, including Ainsworth’s tables[117],
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Figure 1

Figure 1  Mediterranean diet based and exercise pyramid for individuals with spinal cord injury. Dietary advice from the previous indications for veterans[70],
individuals with spinal cord injury with or without neurogenic bowel dysfunction[14,36,50,63,69,73], chronic kidney disease[71], chronic pain[72] and irritable bowel
syndrome[18]. 1Limit/avoid: Potential undeliverable effects[11,36,79,94-96]; 2Exercise recommendations, derived from the integration of two recent papers[101,102] devoted to
adults with spinal cord injury, are aimed to improve muscle strength, cardiorespiratory fitness, flexibility and cardiometabolic health. As a general rule, the exercise
intensity should progress with time from moderate to vigorous at a rate (weeks-months) dependent from the initial level of fitness of the individual. However,
personalized training is deliverable associated with sport-type-targeted nutritional recommendations (including timing and supplementation) for Paralympic athletes[64];
3Personalized energy and nitrogen balance[50,64]: Ideal body mass 10%-15% and 5%-10% lower that for quadriplegia and paraplegia, respectively; Energy: 22.7
kcal/(kg·d) and 27.9 kcal/(kg·d) for quadriplegia and paraplegia, respectively and 30-40 kcal/(kg·d) in the presence of pressure ulcers; Proteins: Stage II pressure
ulcers: 1.2-1.5 g/(kg·d), Stage III and IV pressure ulcers: 1.5-2.0 g/(kg·d); Paralympic athletes: 1.2-1.7 g/(kg·d); 4Low fermentable oligosaccharides, disaccharides,
monosaccharides, and polyols: Banana, blueberry, strawberry, grape, melon, kiwi, cucumber, eggplant, green beans, lettuce, spinach, chives, pumpkin, tomato,
zucchini. Cranberry juice may be associated with reduced urinary tract infection but could induce food-drug interactions, which can be observed also with other foods
and beverages (conditional exclusion)[70,90]. BM: Body mass; w-3 PUFA: Omega-3 polyunsaturated fatty acids; CHO: Carbohydrates; FODMAP: Fermentable
oligosaccharides, disaccharides, monosaccharides, and polyols.

or by using accelerometers, the Physical Activity Scale for Individuals with Physical
Disabilities  and  the  Veterans  Administration  Physical  Activity  Questionnaire
modified for SCI[118].

Paralympic  athlete's  diet  must  be  appropriate  for  both  the  physical  activity
performed and the characteristics of the individual’s body composition, monitored
over time. Assessment of body composition of athletes with impairments is therefore
crucial  to  evaluate  the general  health status and monitor  adaptation to diet  and
training[119,120], but in individuals with a great loss of metabolically active tissue and an
asymmetric distribution of fat above and below the spinal lesion, this assessment may
not be accurate[103] and can make it difficult to identify small to moderate changes in
physique traits[65].

In athletes with SCI, as already pointed out in sedentary individuals with SCI, a
reduction in resting energy expenditure, which depends on the level of the spinal
lesion  and  the  consequent  loss  of  actively  controllable  musculature,  is  often
observed[111].  Male  and  female  athletes  with  SCI  generally  have  lower  energy
requirements  compared  to  able-bodied  athletes.  Despite  lower  energy  needs,
Paralympic athletes may still be consuming too few calories[65,121,122]. Aside from taking
into account the previously mentioned issues and respecting an appropriate energy
balance[114], in general dietary recommendations for athletes with impairments should
not differ from those for able-bodied athletes[64].
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Depending  on  the  type  of  sport  practiced,  i.e.,  skill  sports,  power  sports,
intermittent  (aerobic  and anaerobic  alternate  metabolism) sports  and endurance
sports[123],  because  energy  expenditure  can  vary  widely[113],  food  intake  and  in
particular energy requirements need to be tailored precisely to optimize performance.
In particular, in endurance sports, such as Nordic sitting skiing, which requires a high
energy expenditure,  the competition strategy is  similar,  in spite of  the long race
duration (45-50 min) to that of an "all-out" exercise in which the highest speed is
maintained from the start to the end[124].  Indeed, successful athletes need not only
possess a high aerobic power but also a very high glycolytic capacity[125]. Diet and
consequently GLU stores (glycogen) can become a major performance limiting factor
of these competitive performances. An adequate CHO intake is essential to maintain
training  intensity,  combat  fatigue,  protect  immune  function,  sustain  training
adaptations and provide a key fuel for the brain and central nervous system[126-128].
Although some Paralympic athletes (such as Nordic sitting skiers) had mean FM%
ranging from 14.1 (best performers) to 15.1 (others), athletes competing in power and
intermittent sports, had FM% (20.9 in Alpine sitting skiers and 20.9 in Para Ice Hockey
players)[125] similar to those of non-athletic able-bodied men[129]. In male individuals
with a normal BMI (18.5-24.9 kg/m2) and age between 20 and 79 years, Shea et al[129]

reported that both medium (FM = 15.3%-20.7%) and high (FM ≥ 20.8%) percentages of
FM  groups,  had  a  significantly  greater  proportion  of  metabolically  abnormal
phenotypes (12.7% and 26.6% respectively), compared to individuals with low (FM ≤
15.2%) percentage of FM, in whom this prevalence was equal to 6.2%. From that, a
possible low total FFM can expose Paralympic athletes with SCI to a risk of both post-
exercise ketosis (due to low ketone bodies uptake by skeletal muscles)[66,67] and type 2
diabetes (due to reduction of muscle CHO storage)[14]. Therefore, in endurance and
high energy expenditure intermittent sports, CHO in Paralympic athletes with SCI is
an energy source more important  than in able-bodied athletes.  From the above-
mentioned reasons, CHO with low glycaemic index (i.e., Med-d cereals) should be
preferred in the habitual diet. Adequate intake of sugars before and during exercise
and sport should compensate for the low muscle glycogen stores (upper suggested
range), whereas after exercise, GLU needs should be lower (lower suggested range)
than  able-bodied  athletes.  Before  competition,  boiled  potatoes,  which  have  a
glycaemic index (78 ± 4) comparable to those of white bread (75 ± 2) and white rice
boiled (73 ± 4) and higher than white spaghetti (49 ± 2)[130], could be a favourable GLU
source. We therefore summarize the ACSM nutritional guidelines for able-bodied
athletes[131] related to the CHO intake in table 1 that indicates the quantities (ranges)
and timing of intake to provide high CHO availability for designated training or
competition sessions according to athlete's BM and session characteristics. Unlike the
Position statement of  the International  Society of  Sports Nutrition regarding the
timing of macronutrients in highly trained individuals, CHO re-feeding [1.2 g/(kg·h)]
with a preference towards CHO sources that have a high (> 70) glycaemic index for
rapid restoration of glycogen is required (< 4 h of recovery time)[132] must be evaluated
on the light of possible co-morbidity in SCI[85,87,133].

Paralympic  athletes’  dietary  protein  intake  necessary  to  support  metabolic
adaptations, repair, remodelling, and for protein turnover, generally ranges from 1.2
g/(kg·d) to 1.7 g/(kg·d)[64] (Table 1). In cases of energy restriction, sudden inactivity
as occurs as a result of injury, or in athletes competing in weight lifting sports (where
classes depends on BM range),  elevated protein intakes typically range from 2.0
g/(kg·d)  to  2.3  g/(kg·d)[64,126,131]  for  a  limited  period  of  time  (2  wk),  may  be
advantageous in preventing FFM loss[134,135]. Mettler et al[135], after a week of habitual
diet (week 1, run-in) and a week of isocaloric diet with a macronutrient energy intake
composition of 50% carbohydrate, 15% protein, and 35% fat (week 2), compared two
energy-restricted diets: one with 15% protein [about 1 g/kg, control group (CP)] and
one with 35% protein [about 2.3 g/kg, high-protein group (HP)] for 2 wk (weeks 3
and  4).  Decreases  in  BM  (-3.0  ±  0.4  kg  and  -1.5  ±  0.3  kg  for  the  CP  and  HP,
respectively)  and lean BM (-1.6 ± 0.3 kg and -0.3 ± 0.3 kg) were larger in the CP
compared to those in the HP and similar FM loss were observed[135]. However, urea
was higher in the HP group (8.0 ± 0.4 mmol/L and 7.9 ± 0.5 mmol/L in week 3 and 4,
respectively) compared to the CP group (5.3 ± 0.4 mmol/L and 5.4 ± 0.5 mmol/L in
week 3 and 4, respectively)[135]. The authors concluded that because body composition
data indicate that there was no protein accretion but still a slight loss of lean BM,
some of the proteins must have been metabolized, causing increased urea values[135].
Considering the risk of CKD typical among individuals with SCI[85,87], protein intakes
over 2.0 g/(kg·d) should not be recommended in Paralympic athletes with SCI, even
for limited period of time.

Timing is also important for proteins (Table 1). For example, co-ingestion of CHO
with protein during the recovery period resulted in improved net protein balance
post-exercise.  Ingesting  protein  (approximately  20  g  to  30  g  total  protein,  or
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Table 1  Suggested intakes and timing of carbohydrate and protein for paralympics[64,131,132]

Nutrients Food sources Quantity Timing

Carbohydrate Pasta, rice, cereals, breads, legumes,
potatoes, fruit, sugar

Light: Low intensity or skill-based
activities: 3-5 g/(kg·d); Moderate:
Exercise program (1 h/d): 5-7
g/(kg·d); High: Endurance program
(1-3 h/d moderate to high-intensity
exercise): 6-10 g/(kg·d); Very high:
Extreme commitment (> 4-5 h/d
moderate to high-intensity exercise):
8-12 g/(kg·d)

Before or during the exercise session,
during recovery from a previous
session; extended (> 60 min) bouts of
high intensity (> 70% VO2max): CHO
at a rate of about 30-60 g of CHO/h
in a 6%-8% CHO electrolyte solution
(6-12 fluid ounces) every 10-15 min
throughout the entire exercise bout

Proteins Beef, fish, poultry, eggs, and dairy
products (high biological value
sources), legumes

From 1.2 g/(kg·d) to 1.7 g/(kg·d) After exercise, co-ingestion of CHO
with a high-protein recovery snack is
recommended to help restore muscle
glycogen effectively; Post-exercise
ingestion (immediately to 2-h post) of
high-quality protein sources
stimulates robust increases in muscle
protein synthesis; Protein-rich
foods/fluids (such as milk or cheese)
before bed promotes muscle protein
synthesis overnight

CHO: Carbohydrate; VO2max: Maximum oxygen uptake; >: Major.

approximately  10  g  essential  amino acids,  especially  from high biological  value
sources, like beef, fish, poultry, eggs, and dairy products[64]  during exercise or the
recovery period (post-exercise)  led to increased whole body and muscle  protein
synthesis as well as improved nitrogen balance[136,137].

The  IOS 2018[136,137]  stated that  protein  supplements,  usually  low in  CHO and
providing 20-50 g protein per serving from high quality sources (whey, casein, milk,
egg) or vegetables (e.g., soy), may contain other ingredients, some of which are not
evidence-based and may increase the risk of contamination. For these reasons, protein
supplements should be taken with caution.

All athletes with SCI should be encouraged to hydrate adequately (2-2.5 L/d unless
other indications)[138]. Indeed, athletes with SCI are sensitive to hydration problems, in
particular wheelchair-bound athletes tend to reduce their intake of liquids to avoid
the  complexity  associated  with  toilet  hygiene[139].  Moreover,  thermoregulatory
function may be impaired in Paralympic athletes and individuals with SCI[6,107,140]. In
hot  conditions  poor  thermoregulation  due  to  impaired  sweat  rate  can  lead  to
overheating which can be treated by hand cooling, foot cooling, ice vests and spray
bottles[102,141,142]. The fluid plan that suits most able-bodied athletes and athletic events
consist of an intake of 0.4 L/h to 0.8 L/h[131], although this should be customized to the
athlete’s tolerance, thermoregulatory function, and opportunities for drinking fluids.
Monitoring changes in BM (before and after exercise) is an easy method to evaluate
fluid needs[103,139]. Electrolyte replacement supplements (50-60 mM sodium, 10-20 mM
potassium and low CHO 2-4 g/100 mL) can be used for rapid rehydration following
large sodium losses during ultraendurance activities, and sport drinks (containing
5%-8%  CHO,  10-35  mM  sodium,  3-5  mM  potassium)  during  exercise  has  been
identified to be useful for post-exercise rehydration and CHO refuelling by the IOS
2018[136,137].  Although caffeine is among the few supplements (including buffering
agents and nitrate) that have been shown to favourably affect performance[136,137],
energy drinks containing caffeine should be avoided by athletes with SCI and NBD[36]

(Figure 1).
Nitrates are popular supplements for prolonged submaximal exercise and high-

intensity, intermittent, short-duration efforts. Increasing nitric oxide and enhances
muscle blood flow, but potential risks for gastrointestinal upset in susceptible athletes
have been suggested[136,137]. High nitrate-containing foods include leafy green and root
vegetables, including spinach, rocket salad, celery, and beetroot[136,137].  It has been
suggested  that  beetroot  juice  (among  functional  beverages)  may  improve
performance[143,144].  However,  the positive effects  of  beetroot  juice  seen in young
individuals were not observed in older adults[145]. In a recent randomized (placebo-
controlled) cross-over study in upper body trained able-bodied individuals and Para-
cyclists with SCI (lesion level between C4 and L4), Para-cyclists showed higher nitrate
concentrations after beetroot juice, whereas no differences were found in performance
in either group[146].  Although a meta-analysis reported nitrate-independent blood
pressure lowering effects of beetroot juice[147]  and we found only a case report of
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interaction with methotrexate[148], supplementation in patients with in CKD requires
further studies[149]. Furthermore, caution with chronic use of beetroot juice to enhance
sports performances has been suggested due to increases in carcinogenic N-nitroso
compounds in urine after consumption[150].

In general, an analysis of a Paralympic athlete’s sweat loss and dietary intakes is
recommended to evaluate fluids, carbohydrate, protein, iron, and vitamin D status to
detect nutrient insufficiencies that greatly impact athletic performance[64].  Indeed,
Paralympic  athletes  often  fail  to  meet  the  recommended dietary  allowances  for
vitamin  D,  vitamin  E,  pantothenic  acid,  magnesium,  potassium,  iron  (females),
calcium (females), vitamin A (males) and folate (males)[151]. Many Paralympic athletes
are at higher risk of low bone density and osteoporosis; therefore, it is important to
optimize all the nutrients and factors that support bone health. Calcium-rich foods
such as dairy products, fish with soft bones, and calcium-fortified foods should be
encouraged, as athletes with impairments are often found to consume insufficient
calcium[64]. But since Paralympic athletes are also at high risk of being deficient in
vitamin D due to the nature of their health conditions or inadequate micronutrient
intakes, and vitamin D can impact morphology and functionality of human skeletal
muscles, testing for vitamin D status is highly recommended. In addition, promotion
of safe exposure to the sunlight and vitamin D–rich food sources, such as oily fish and
eggs is recommended[64]. In addition, supplementation should be provided in cases of
deficiency.

Commonly consumed supplements by Paralympic athletes are vitamin D, protein
powder, sport bars, and sport drinks[151,152]. In a recent study, elite athletes with SCI
improved  handgrip  strength  after  a  supplementation  protocol  based  on  initial
25(OH)D concentrations, whereas no change in 20-m wheelchair sprint performance
was observed[153]. Vitamin D is among the nutraceuticals with moderate evidence of
efficacy for immune health in athletes, along with vitamin C and probiotics[136,137].
However, according to the “IOC Consensus Statement: Dietary Supplements and the
High-Performance Athlete” (IOC 2018) careful monitoring is necessary to avoid its
toxicity[136,137].

The dietary recommendations, in addition to taking into account the requirements
related  to  training  and  sport  type,  require  careful  consideration  of  the  specific
characteristics and physiopathology of the athlete to accommodate the unique issues
of individual athletes regarding health status, nutrient needs, performance goals,
physique characteristics (i.e., age, gender, stage of development, body composition),
practical challenges, food preferences, and environmental conditions. Similar to able-
bodied athletes there is no "one size fits all" approach. Nutrition plans need to be
personalized to the individual athlete to take into account the nature of the health
condition and the consequent impairment and its impact on functional capacity, the
use of medications, and any coexisting medical conditions and responses to various
strategies.  Special  nutrition  recommendations  are  needed  since  athletes  with
impairments  and  in  particular  those  with  SCI  are  at  major  risk  of  medical
complications, including low bone density and osteoporosis, epithelial wound and
pressure ulcers, urolithiasis and UTI, and chronic constipation.

DISCUSSION
Bowel  function,  as  codified  by  the  International  Classification  of  Functioning,
Disability and Health is frequently compromised after SCI.  Among International
Classification of Functioning, Disability and Health ICF domains, the greatest impact
of  NBD is  on personal  and environmental  factors,  with 45.3% reporting need of
assistance, 45.3% in emotional health and 46.9% in loss of privacy[154].

Relationships among inflammation, fatigue pain and behaviour aspects have been
discussed[155].  Although a  3-mo anti-inflammatory  diet  with  increased  intake  of
vitamins A, C, and E, and ω-3 PUFA and reductions in trans fatty acids, caffeine and
sodium, reduced chronic inflammation in individuals with SCI[73], barriers to adhering
to this diet have been reported[156]. Among the reasons for low compliance are the
reported increase in NBD Score after high fibre intake[51,52]. On the other hand, exercise
training, reducing constipation and restoring eubiosis, can improve quality of life in
individuals with SCI and NBD. Moreover, exercise improved semen quality[106] and
upper limb aerobic training increased aerobic fitness[116] and reduced inflammatory
cytokines[8] and oxidative stress[105]. Different sport activities have different effects on
physical fitness components[113,125]. In the “Veterans Exercise Testing Study”, Myers et
al[157] demonstrated that fitness is inversely related to overall health care costs among
veterans.

Paralympic athletes, like individuals with SCI, had low diet quality, in terms of
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fruits, vegetables, legumes and cereals and there is a need for nutrition education for
this population[158].  Due to a reported low nutritional knowledge[159],  personalized
nutrition and education related to different macro and micronutrients requirements
compared to able-bodied athletes is recommended. Furthermore, mixed (outdoors
and indoors) training programs[160] could improve vitamin D status[161]. Concerning
sport-related muscle pain[162], we included in our Med-D-based and exercise pyramid
(Figure 1) the suggestions from the Med-D for individuals with chronic pain[72].

CONCLUSION
The present review suggests dietary advice for individuals with SCI and NBD and
underscores  that  multidisciplinary  risk  reduction  programs,  including  dietary
advice[114] and exercise[118], are recommended, as depicted in the Med-D-based and
exercise pyramid for individuals with SCI (Figure 1).  Finally,  we agree with the
recently suggested systematic control needed to re-adapt nutritional programs for
wheelchair athletes[163].
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