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Characteristics of gut microbiome between sitting and standing classes in para-sport
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Abstract : Deterioration of physical condition causes not only decreased physical fitness but also
immunodeficiency, digestive dysfunction, and gastrointestinal complaints (abdominal pain,
diarrhea, constipation, etc.). Patients with abnormalities in lower leg have been in trouble about
defecation and gut dysbiosis, which related to some symptom such as fatigability, mood
disturbance, and metabolic disorder. However, it is not understood the gastrointestinal condition
and gut microbiome in the sitting category para-athlete. The aim of the present study was to
investigate the stool status and microbiome in the sitting category para-athlete. Eighteen para-
athletes were participated in the study and were divided to the performing with wheelchair sitting
category group and without wheelchair standing category group. The participants were evaluated
their stool status and gut microbiome. Principal component analysis and dendrogram analysis
revealed the sitting group have a specific cluster of gut microbiomes. Especially, the abundance of
Bacteroides genes was significantly higher and Prevotella genus was significantly lower in the
sitting group than that of the standing group. The diversity of gut microbiome was correlated with
immune function and diarrhea pattern. These findings suggested that sitting category para-athlete
have a specific gut microbiome composition and diversity related to stool pattern. Therefore,
gastrointestinal status may be important factor for maintaining physical condition in sitting category

with wheelchair para-athletes.
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Tablel. The characteristics of the subjects.

Sitting Standing P value
n (men:women) 11 (8:3) 7 (6:1) 0.518
Years of sport, yrs 12 + 11 15 + 11 0.286
Years of disabilities, yrs 26 + 11 25 £ 8 0.368
Nature of disabilities, n (%) 0.109
Cervical spinal cord injury 0 0) 1 (14)
Thoracic spinal cord injury 2 (18) 1 (14)
Lamber spinal cord injury 1 ) 0 (0)
Spina bifida 3 (27) 0 0)
Lower bilateral amputation/defect 4 (36) 0 )
Lower unilateral amputation/defect 1 ) 1 (14)
Upper unilateral amputation/defect 0 0) 2 (29)
Cerebral palsy 0 0) 1 (14)
Visually impaired 0 0) 1 (14)
Locomotion in daily life, n (%) <0.001
Walking by myself 0 0) 6 (86)
Walking with prosthesis 3 (27) 1 (14)
Wheelchair 8 (73) 0 (0)
Pathogenesis, n (%) 0.684
Injury 5 (45) 3 (43)
Disease 1 ) 0 (0)
Congenita 5 (45) 4 57

Data are expressed as means * SD or number (percentage) .
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Table2. The macronutrients, training volume, and saliva parameters in the sitting and the standing groups.

Sitting Standing P value
Total intake per body weight
Energy, kcal/kg 35.1 + 109 [58.1-17.9] 29.5 + 10.6 [47.9-13.2] 0.151
Protein, g/kg 14 + 05 [0.6-2.5] 1.3 £ 06 [0.6-2.1] 0.296
Fat, g/kg 12 + 04 [0.8-2.3] 1.1 + 05 [0.5-2.1] 0.238
Carbohydrate, g/kg 44 + 1.7 [1.9-8.6] 36 + 1.4 [1.4-5.2] 0.165
Total fiber, g/kg 02 + 0.1 [0.1-0.3] 03 + 0.2 [0.1-0.5] 0.326
Training periodization, n (%) * 0.136
Transition period 3 27 1 (14)
Preparatory period 4 (36) 6 (86)
Competitive period 3 27 0 0)
Specific sport training
Duration, min 199 + 127 [0-480] 200 + 35 [0-240] 0.494
Frequency, day/wks 52 [0-7] 5 +2 [0-6] 0.472
Aerobic training
Duration, min 63 + 26 [30-120] 91 + 72 [30-240] 0.138
Frequency, day/wks 3 £2 [1-6] 4 £ 2 [1-6] 0.211
Resistance training
Frequency, day/wks 3 £ 1 [2-5] 4 £ 1 [1-4] 0.184
Saliva parameters
SIgA, pg/min 171 + 105 [99-412] 161 + 75 [86-291] 0.421
Cortisol, pg/dL 12 + 8 [7-31] 14 + 8 [7-31] 0.382

Data are expressed as means = SD [min-max]. SIgA; secretary immunoglobulin A. * one subject missed an answer

the training periodization form (n=17).
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Table3. The defecation status and stool condition in the sitting and standing group.

Sitting Standing P value
Main technique for defecation, n (%) 0.493
1.Normal 6 (55) 7 (100)
2.Abdominal pressure 1 ) 0 0)
3.Disimpaction 1 ) 0 0)
4.Enema 1 9 0 0)
5.Intestinal lavage 1 ) 0 (0)
6.Laxative 1 ) 0 0)
Medication, n (%) 0.44
1.None 7 (64) 6 (86)
2.0ral 2 (18) 1 (14)
3.Suppository 2 (18) 0 (0)
Toilet style, n (%) 0.168
1.Japanese 3 27 5 (45)
2.Western 7 (64) 2 (18)
3.Accessible 1 ) 0 0)
Defecation frequency, times/week 6 2 6 2 0.428
Gastrointestinal complaints
Diarrhea, n (%) 0.566
1.Always (>5 times/week) 1 ) 1 (14)
2.0ften (2-4 times/week) 3 27 1 (14)
3.Sometimes (1-4 times/mo) 7 (64) 4 (57)
4.Seldom (<1 times/mo) 0 0) 1 (14)
Constipation, n (%) 0.76
1.Always (>5 times/week) 2 (18) 1 (14)
2.0ften (2-4 times/week) 1 ) 2 (29)
3.Sometimes (1-4 times/mo) 2 (18) 1 (14)
4.Seldom (<1 times/mo) 6 (55) 3 (43)
Abdominal pain, n (%) 0.812
1.Always (>5 times/week) 0 0) 0 0)
2.0ften (2-4 times/week) 3 27) 1 (14)
3.Sometimes (1-4 times/mo) 4 (36) 3 (43)
4.Seldom (<1 times/mo) 4 (36) 3 (43)

Data are expressed as means * SD or number (percentage) .
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Figure 1. The compositional and diversity of gut microbiome. (A) Individual relative abundance of gut microbiome

at genus level, (B) cluster dendrogram, and (C) alpha diversity (evenness) between the sitting and standing
groups. “P<0.05 vs Standing group.
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Figure 3. Boxplot with the median and interquartile range of the gut microbiome relative abundance at the genus
level in the sitting and standing groups. *indicates a significant difference (P<{0.05) between the sitting and
standing groups.

Table 4. Multiple regression on alpha diversity

95% CI
B P
Lower Upper

Model 1 R*=0.357 (P =0.015)

SIgA 0.597 0.015 0.00004 0.00034
Model 2 R*=0.562 (P =0.005)

SIgA 0.622 0.005 0.00007 0.00033

Class 0.454 0.028 0.00323 0.04798
Model 3 R*=0.691 (P =0.002)

SIgA 0.664 0.001 0.00010 0.00033

Class 0.493 0.010 0.00795 0.04764

Diarrhea -0.363 0.045 -0.02568 -0.00034

SIgA; secretary immunoglobulin A
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