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Level of injury is an independent determining factor
of gut dysbiosis in people with chronic spinal cord
injury: A cross-sectional study
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STUDY DESIGN: A cross-sectional study.
OBJECTIVE: To investigate the correlations between gut microbiota and metabolic parameters in people with different levels of
chronic spinal cord injury (SCI).
SETTING: An SCI-specialized rehabilitation facility in a university hospital.
METHODS: Forty-three participants with chronic SCI were recruited. Blood samples of each participant were collected for analysis
of metabolic parameters. Feces were collected after the bowel opening method the patient routinely uses to evaluate fecal
bacterial microbiota using quantitative RT-PCR. Body composition was examined using dual-energy x-ray absorptiometry (DEXA).
Data were analyzed to evaluate the correlations between gut microbiota and other parameters.
RESULTS: Of the 43 participants, 31 people (72.1%) were paraplegic and 12 people (27.9%) tetraplegic. Thirty-two people (74.4%)
were diagnosed with obesity using the percentage of body fat (% body fat) criteria. The mean (SD) ratio of Firmicutes:Bacteroides
(F/B), which represents the degree of gut dysbiosis, was 18.3 (2.45). Using stepwise multivariable linear regression analysis, both
having tetraplegia and being diagnosed with obesity from % body fat evaluated by DEXA were independent positively-correlating
factors of F/B (p < 0.001 and p= 0.001, respectively), indicating more severe gut dysbiosis in people with tetraplegia than
paraplegia.
CONCLUSION: In people with chronic SCI, having tetraplegia and being diagnosed with obesity from % body fat evaluated by
DEXA are independent positive-correlating factors of gut dysbiosis. These results indicate a significant association between gut
microbiota and the characteristics of SCI as well as metabolic parameters.
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INTRODUCTION
Currently, cardiovascular disease (CVD) is the most common cause
of death in people with chronic SCI [1]. Compared with the age-
matched general population, people with chronic SCI also have a
higher prevalence of CVD and its metabolic risk factors, including
obesity, hypertension, diabetes, obesity, and metabolic syndrome
(MetS), especially those with tetraplegia [2]. Recently, gut dysbiosis
or abnormal gut microbiota, the small microorganisms living in
human intestines, has been shown to be associated with the
development of obesity in able-bodied people [3–6]. Gut dysbiosis
is described by an increase in the ratio of gram-positive bacteria in
the phylum Firmicutes to gram-negative bacteria in the phylum
Bacteroidetes (F/B) [7]. This is in addition to an increase in the
percentage of gram-negative lipopolysaccharide (LPS)-producing
bacteria in the family Enterobacteriaceae of the phylum Proteo-
bacteria [8]. Previous studies have demonstrated that people with
SCI have alterations in gut microbiota in comparison to able-
bodied age-matched controls [9, 10]. Another study demonstrated

an association between gut microbiota and serum lipid profiles
[11], and another found a correlation between the microbiota and
neurogenic bowel parameters [12] in males with SCI.
Control of bowel function depends on both the enteric and

autonomic nervous systems [13]. The autonomic nervous system
controls the enteric nervous system by fine-tuning, not by directly
affecting motility and secretory functions [13, 14]. After SCI, axons
that normally control spinal sympathetic neurons are damaged,
resulting in abnormalities in gut motility, mucosal secretions,
vascular tone, and immune function [15]. This impaired home-
ostasis can disrupt the ecological balance of microorganisms in
the gut, resulting in gut dysbiosis [16]. Interestingly, pre-clinical
evidence from an investigation in a mouse model demonstrated
that sympathetic tone of the body was a factor affecting gut
dysbiosis [17]. Therefore, it could be proposed that people with
tetraplegia (neurological level of injury [NLI] at or above C8), who
totally lose the sympathetic control of the entire body, should
have a greater increase in gut dysbiosis when compared with

Received: 15 October 2021 Revised: 27 June 2022 Accepted: 28 June 2022
Published online: 14 July 2022

1Department of Rehabilitation Medicine, Faculty of Medicine, Chiang Mai University, Chiang Mai, Thailand. 2Cardiac Electrophysiology Research and Training Center, Faculty of
Medicine, Chiang Mai University, Chiang Mai, Thailand. 3Division of Nuclear Medicine, Department of Radiology, Faculty of Medicine, Chiang Mai University, Chiang Mai, Thailand.
4Cardiac Electrophysiology Unit, Department of Physiology, Faculty of Medicine, Chiang Mai University, Chiang Mai, Thailand. 5Department of Oral Biology and Diagnostic
Sciences, Faculty of Dentistry, Chiang Mai University, Chiang Mai, Thailand. ✉email: scchattipakorn@gmail.com

www.nature.com/sc

1
2
3
4
5
6
7
8
9
0
()
;,:

http://crossmark.crossref.org/dialog/?doi=10.1038/s41393-022-00832-8&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41393-022-00832-8&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41393-022-00832-8&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41393-022-00832-8&domain=pdf
http://orcid.org/0000-0003-2568-5897
http://orcid.org/0000-0003-2568-5897
http://orcid.org/0000-0003-2568-5897
http://orcid.org/0000-0003-2568-5897
http://orcid.org/0000-0003-2568-5897
https://doi.org/10.1038/s41393-022-00832-8
mailto:scchattipakorn@gmail.com
www.nature.com/sc


people with paraplegia (NLI at or below T1), who partially lose the
sympathetic control of the entire body. A previous clinical study
investigating gut microbiota profiles in acute SCI patients also
demonstrated that the level of SCI was positively correlated with
the degree of gut dysbiosis [18]. However, to date there have been
no clinical studies to investigate the effect of the level of SCI (for
example having tetraplegia or high paraplegia) on gut microbiota
in people with chronic SCI. Therefore, the hypotheses of this study
were that 1) people with tetraplegia have more severe gut
dysbiosis when compared with people with high and low
paraplegia, and 2) the level of SCI is an independent factor
showing a positive correlation with gut dysbiosis after adjusting
for other demographic and lifestyle parameters, and also
metabolic status in people with chronic SCI.

METHODS
Study design
This is a cross-sectional etiologic study with prospective data collection.
The study protocol was approved by the Institutional Ethics Committee of
the Faculty of Medicine, Chiang Mai University, Chiang Mai, Thailand (study
number REH-2561-06025).

Participants
We included participants who: 1) were diagnosed with traumatic spinal
cord injury; 2) were aged between 18-65 years; 3) were able to
communicate; 4) had onset of SCI for more than 1 year. Exclusion criteria
were: people who were diagnosed with or had a history of diagnosis of the
condition which could potentially disturb gut microbiota status, including
coronary artery diseases, cerebrovascular diseases, peripheral arterial
diseases, antibiotic-associated colitis, inflammatory bowel diseases, irrita-
ble bowel syndrome, and malignancy of gastrointestinal tract, having a
history of steroid drug use in any context within the month prior to
enrolment, or currently using antibiotic drugs within the 28 days prior to
the stool collecting date. After performing a pilot study with 6 paraplegic
and 4 tetraplegic people, the mean (SD) of F/B of paraplegic and
tetraplegic people was 20.12 (10.05) and 38.23 (20.34), respectively.
Therefore, the recommended sample size for testing two independent
means [19], was at least 12 people per group.

Study protocol
After informed consent, epidemiologic and medical history data of the
participants were collected in line with the International Spinal Cord Injury
(ISCI) Basic Data Set [20]. Neurogenic bowel dysfunction type and bowel
management data were determined using the ISCI Bowel Data Set [21].
Since a previous study demonstrated that using rectal enema affected gut
microbiota profiles [22], participants were also categorized into an enema-
using group (including both large volume and mini-enema), and a non-
enema-using group (voluntary defecation or manual evacuation). Since
diet and physical activity are known to affect the gut microbiota, a specific
questionnaire intending to explore these two factors was designed and
used (Supplementary Data). Anthropologic parameters, including height
and body weight, were measured then a body mass index was calculated.
Metabolic parameters, including fasting plasma glucose (FPG), lipid profile
(triglycerides, total cholesterol, HDL-C and LDL-C), were evaluated. Feces of
each participant were collected from samples from the bowel opening
method the patient routinely uses to evaluate fecal bacterial microbiota.
Body composition was examined using dual-energy x-ray absorptiometry
(DEXA) within 24 h after the blood and the feces were collected.

Gut microbiota analysis
Feces of each participant were collected then bacterial genomic DNA was
extracted using a commercial genomic DNA isolation kit (QIAGEN,
Germany). Briefly, the fecal sample (0.25 g) was homogenized in QIAGEN
ASL lysis buffer using a Minibeadbeater (BioSpec Products, Bartlesville,
USA). The extraction of bacterial genomic DNA was carried out following
the manufacturer’s instructions. The fractions of the bacterial microbiota
population were quantified using real-time quantitative reverse transcrip-
tion PCR (qRT-PCR) as described previously [23]. Briefly, extracted bacterial
genomic DNA was diluted at 1:10 and 0.04mL was used as the template
for SYBR-Green-based (SensiFAST SYBR Lo-ROX kit, Bioline, Taunton, MA)

real-time polymerase chain reaction using the corresponding primers. The
gene copy numbers of each bacterial population were determined based
on standard curves that were generated from fragments of bacterial 16 S
rRNA genes; Eubacteria: Ruminococcus. productus (ATCC 27340 D),
Clostridiales: Ruminococcus. productus (ATCC 27340 D), Lactobacillales/
Bacillales: Lactobacillus acidophilus (ATCC 4357 D), Bacteroidetes/Actino-
bacteria: Bacteroides fragilis (ATCC 25285 D), and Enterobacteriaceae:
Escherichia coli K-12 (TOP10) cloned into pCR2.1 (TOPO TA cloning kit,
Invitrogen, Carlsbad, CA) as templates [23]. The percentage of Firmicutes
was calculated from qPCR as a combination between Clostridiales and
Lactobacillales/Bacillales using standard curves that were generated by
pSW192 and pSW193. The percentage of each bacterial phylum was
determined by dividing the gene copy number of each bacterial phylum
by the total gene copy number determined using the universal primers
previously described [23].

Dual-energy X-ray absorptiometry
The Nebula model of Hologic DEXA machine (Marlborough, Massachusetts,
USA) was used to measure body composition in all participants. Every
effort was taken to mimic the positioning of the original participants on
the scanner for all measurements [24]. Obesity was diagnosed using the
following criteria: % body fat ≥ 25% in males or % body fat ≥ 32% in
females [25].

Diagnosis of metabolic syndrome
In accordance with the American Heart Association (AHA)/The National
Cholesterol Education Program (NCEP) III Guidelines for Diagnosis of
Metabolic Syndrome, MetS was diagnosed when three or more of the
following criteria were met: hypertension (blood pressure [BP] more than
or equal to 130/85mmHg, or using antihypertension medication), central
obesity [waist circumference > 40 inches/102 cm in men or > 35 inches/
88 cm] in women, impaired fasting glucose [FPG more than or equal to
100mg/dl, or use of medication for treating hyperglycemia], fasting
hypertriglyceridemia TG more than or equal to 150mg/dl, and low high-
density lipoprotein cholesterol [HDL-C < 40mg/dl in men or < 50mg/dl in
women] [26]. In males, central obesity was also diagnosed using the SCI-
specific cut-off level (86.5 cm), which was proposed by Gill, et al. (2020)
[27]. MetS was also diagnosed using data of central obesity categorized
using the SCI-specific criteria.

Statistical analysis
Categorical variables were described using frequency and percentages.
Normally-distributed numerical variables were presented using arithmetic
means and standard deviations (SD). Non-normally distributed variables
were modified by taking a natural logarithm and then were presented
using geometric mean and SD. The correlations between gut microbiota
(continuous parameters) and each demographic, SCI-related, metabolic
parameter were determined using univariable linear regression analysis.
The multivariable linear regression analysis was then used to determine
whether being tetraplegic is an independent correlating factor of gut
microbiota by controlling all other demographic, SCI-related, and
metabolic confounding metabolic parameters. Statistical analyses were
performed using SPSS version 24.0 for Windows (SPSS Inc., Chicago, IL,
USA). A p-value of less than 0.05 was considered statistically significant.

RESULTS
Demographic parameters of all participants
Table 1 shows the demographic data of the participants. Out of
the 60 people with chronic SCI preliminarily recruited in this study,
43 people had complete data of all the blood and stool samples,
and from DEXA testing. Therefore, only data from these 43 people
were analyzed. Of the 43 participants, 28 people (65%) were male;
the mean (SD) age was 44.4 (11.1) years; the median (IQR) duration
of the SCI of the participants was 13 (19) years and 25 (58%)
people had been living with SCI for more than 10 years. Regarding
the characteristics of SCI, 31 people (72%) had paraplegia and 12
people (28%) had tetraplegia. Thirty-two people (74%) had
complete SCI and 11 people (26%) had incomplete SCI.
Comparison of the participants with tetraplegia and those with
paraplegia, showed that the tetraplegic group was younger, and
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the duration of having SCI was shorter. In addition, there were
more people with complete injury in the tetraplegic group when
compared with the paraplegic group.

Lifestyle parameters
Table 1 shows lifestyle parameters including the neurogenic
bowel dysfunction status of the participants. Regarding the type
of neurogenic bowel dysfunction, 28 people (66.1%) had a reflexic
bowel and 15 people (34.9%) had the areflexic type. Twenty-four
(56%) used a rectal mini enema for bowel opening management,
whereas 17 participants (40%) used voluntary defecation or
manual evacuation, and 2 participants (5%) had a colostomy. No
participants used suppository medication as a bowel opening
method. Regarding the use of oral laxatives, 10 participants (23%)
regularly used senna laxative medications at least once a week,
whereas 33 participants (77%) did not. No participant reported
using other laxative medication. With regard to the frequency of
bowel opening, 15 people (35%) opened their bowels every day
whereas 28 people (69%) did not. Focusing on diet consumption,
the most common type of diet the participants consumed was
carbohydrate-based (45.2%), followed by protein (22.9%), vege-
tables and fruits (22.4%), and fat (9.4%). Regarding independent
mobility, 27 participants (63%) could be independently mobile, as
indicated by being able to walk independently or manually propel
a wheelchair, whereas 16 participants (37%) could not. Predictably,
there was a significantly higher frequency in the paraplegic group
with lower motor neuron type neurogenic bowel dysfunction in
comparison to the tetraplegic group.

Metabolic parameters
Table 2 shows the metabolic parameters of the participants. The
mean % body fat of the participants was 31.8% (SD= 7.4).
According to the guidelines for the diagnosis of obesity from
% body fat, 32 people (74%) were diagnosed as obese (75% male
and 73% female participants). The mean (SD) body mass index of

the participants was 21.05 (4.34). According to the guidelines for
the diagnosis of obesity from the BMI in people with chronic SCI
(BMI more than 22.0 kg/m2) [28], 15 people (35%) were diagnosed
with obesity. According to the AHA/NCEP III Guidelines for
Diagnosis of Metabolic syndrome, 5 people (12%) were diagnosed
with hypertension, 11 people (26%) were diagnosed with central
obesity, 9 people (21%) were diagnosed with impaired fasting
glucose, 8 people (19%) were diagnosed with fasting hypertrigly-
ceridemia, 17 people (40%) were diagnosed with low HDL
cholesterol, and 10 people (23%) were diagnosed with MetS.
When using the SCI-specific cut-off level for diagnosing central
obesity in males, 13 participants (30%) were diagnosed with
central obesity and 12 participants (28%) were diagnosed with
MetS. It is noteworthy that there are no detectable differences in
metabolic parameters between the tetraplegic group and the
paraplegic group.

Profiles of gut microbiota and their correlations to the other
parameters
The most prevalent gut microbiota of people with chronic SCI in
this study was Firmicutes (mean percentage= 83.9%, SD= 6.3),
followed by Bacteroides (mean percentage = 7.7%, SD= 6.2). The
geometric mean (SD) of the ratio between Firmicutes:Bacteroides
(F/B) was 18.3 (2.45). The geometric mean (SD) of the percentage
of the Enterobacteriaceae-family bacteria was 0.017 (0.013)%.
Focusing on the correlations between F/B and other parameters,
using univariable analysis, people with tetraplegia had signifi-
cantly higher F/B when compared with those with paraplegia
(p= 0.003; linear regression analysis) (Fig. 1). People with chronic
SCI and obesity indicated by % fat from DEXA (% body fat ≥ 25%
in males or % body fat ≥ 32% in females [25]) also had significantly
a higher F/B when compared with those without obesity
(p= 0.003; linear regression analysis) (Fig. 2). People who regularly
used laxative medications had significantly higher F/B when
compared with those who did not use them (p= 0.015; linear

Table 1. Demographic, neurogenic bowel, and lifestyle parameters of the participants.

Parameters Overall (N= 43) Tetraplegia (n= 12) Paraplegia (n= 31) p-value

Demographic parameters

Age (years) [Mean (SD)] 44.4 (11.1) 38.2 (12.2) 46.7 (9.9) 0.022*

Sex, male [n (%)] 28 (65) 8 (67) 20 (64) 0.894

Duration of SCI (years) [Median (IQR)] 13 (19) 9 (7.2) 16 (10.8) 0.035*

Duration ≤ 10 years, yes [n (%)] 25 (58) 6 (50) 19 (61) 0.516

Complete SCI [n (%)] 32 (74) 6 (50) 5 (16) 0.022*

Neurogenic bowel dysfunction parameters

Type of NB (UMNL:LMNL) [n (%)] 28:15 (66:35) 12:0 (100:0) 16:15 (52:48) 0.003*

Using rectal enema, yes [n (%)] 24 (56) 8 (67) 16 (52) 0.373

Having colostomy, yes [n (%)] 2 (5) 0 (0) 2 (7) 0.368

Using oral laxatives, yes [n (%)] 10 (23) 4 (33) 6 (19) 0.330

Opening bowel daily, yes [n (%)] 15 (35) 0 (0) 15 (48) 0.178

Lifestyle parameters

Being physically active†, yes [n (%)] 27 (63) 1 (9) 26 (84) <0.001*

% fat intake [Mean (SD)] 9.4 (2.7) 10.2 (2.1) 9.2 (2.9) 0.327

% carbohydrate intake [Mean (SD)] 45.2 (9.1) 45.4 (7.8) 45.2 (9.6) 0.935

% protein intake [Mean (SD)] 22.9 (8.5) 20.4 (1.4) 23.87 (9.8) 0.065

% fruit and vegetable intake [Mean (SD)] 22.4 (9.3) 24.2 (8.2) 21.8 (9.8) 0.458

p-value was calculated using a chi-square test for n (%), independent t-test for mean (SD), and Mann-Whitney U test for median (IQR); SD Standard deviation,
IQR Interquartile range, N Total number, n Group number, SCI Spinal cord injury, NB Neurogenic bowel, UMNL Upper motor neuron lesion, LMNL Lower motor
neuron lesion.
*Bold values indicate statistical significance p < 0.05.
†Being physically active was described when participants could independently walk or manually propel the wheelchair.
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regression analysis). Physically inactive people had significantly
higher F/B when compared with those who were physically active
(p= 0.009; linear regression analysis). There were no significant
correlations between F/B and age, or with percentage of fats,
carbohydrates, proteins, and fruit/vegetable intake (all p > 0.05;
linear regression analysis). No significant difference in F/B was
found between each of the following comparisons: 1) males and
females with chronic SCI; 2) those who had a complete and
incomplete lesion; 3) those who had reflexic and areflexic type of
neurogenic bowel dysfunction; 4) those who used rectal enema
and did not use on; 5) those who had a colostomy and did not
have one; 6) those who opened their bowel every day against less
frequent than every day; 7) those who had SCI less than or equal
to 10 years against more than 10 years; 7) those who were
diagnosed and who were not diagnosed with hypertension,
impaired fasting glucose, fasting hypertriglyceridemia, low HDL
cholesterol, or central obesity, and who were diagnosed with MetS
and were not diagnosed with MetS by both the AHA/NCEPIII and
the SCI-specific criteria (p > 0.05; linear regression analysis in each
comparison). Focusing on the correlations between the percen-
tage of the Enterobacteriaceae-family bacteria and the other
parameters, no significant correlation was found (all p > 0.05,
linear regression analysis). Table 3 demonstrates the correlations
between F/B and demographic, lifestyle, and metabolic
parameters.
Using a stepwise multivariable linear regression analysis

adjusted for sex, age, level of SCI, the completeness of SCI, type
of neurogenic bowel dysfunction, use of oral laxative medications,
being physically inactive, using rectal enema as a bowel opening
method, diagnosis of hypertension, impaired fasting glucose,
fasting hypertriglyceridemia, low HDL cholesterol, central obesity,

obesity by using BMI criteria, and MetS by both the NCEPIII and
the SCI-specific criteria, having tetraplegia was still an indepen-
dently positive-correlating factor of F/B (p < 0.001), together with
being diagnosed with obesity from % body fat by DEXA
(p= 0.001) (Unstandardized coefficient [B]= 0.93 with 95% CI
0.44–1.41; standardized coefficient [β]= 0.470 and B= 0.88 with
95% CI 0.38–1.374; β= 0.433, respectively).

DISCUSSION
The major findings of this study were that, in people with chronic
SCI, the level of the injury (having tetraplegia or paraplegia) is an
independent positive-correlating factor of gut dysbiosis indicated
by an increased fecal F/B after adjusting for all demographic and
lifestyle parameters, as well for metabolic status. A second factor is
being diagnosed with obesity from % body fat by DEXA. These
results indicate a significant relationship between gut microbiota
and the characteristics of SCI as well as metabolic parameters.
However, some interesting points need to be discussed before
translating these findings into daily clinical practices.

The correlation between the level of SCI and profiles of gut
microbiota
We found that having tetraplegia was positively correlated with a
higher F/B, which indicates a higher degree of gut dysbiosis. To all
our knowledge, our study is the first study to demonstrate this
correlation in people with chronic SCI. Our findings are compatible
with those results from a previous clinical study which demon-
strated the severity of SCI, using the level and American Spinal
Injury Association (ASIA) Impairment Scale (AIS) to be subcategor-
ized as severe SCI (motor complete tetraplegia and motor

Table 2. Metabolic parameters of the participants.

Parameters Overall (N= 43) Tetraplegia (n= 12) Paraplegia (n= 31) p-value

Fat mass (kg) [Median (IQR)] 36.29 (12.13) 37.64 (10.18) 33.01 (9.04) 0.068

Lean mass (kg) [Mean (SD)] 35.70 (6.96) 34.49 (6.28) 36.17 (7.25) 0.485

Percentage of body fat [Mean (SD)] 31.8 (7.4) 30.5 (5.5) 32.4 (8) 0.463

Obesity from % body fat, yes [n (%)] 32 (74) 9 (75) 23 (74) 0.957

Body mass index (BMI) (kg/m2) [Mean (SD)] 21.05 (4.34) 19.51 (2.68) 21.65 (4.74) 0.071

Obesity from BMI, yes [n (%)] 15 (35) 2 (17) 13 (42) 0.119

Blood pressure (mmHg) [Mean (SD)] 112 /70 (30/20) 106/66 (28/18) 114/72 (32/20) 0.891

Fasting plasma glucose (mg/dl) [Mean (SD)] 94 (30) 89 (21) 96 (33) 0.502

Fasting plasma triglyceride (mg/dl) [Mean (SD)] 116 (77) 117 (80) 116 (77) 0.973

Serum LDL-C [Mean (SD)] 121 (30) 125 (31) 119 (29) 0.548

Serum HDL-C [Mean (SD)] 48 (12) 45 (11) 49 (12) 0.313

Waist circumference (cm) [Mean (SD)] 82 (13) 74 (8) 84 (12) 0.084

Hypertension, yes [n (%)] 5 (12) 0 (0) 5 (12) 0.139

Impaired fasting glucose, yes [n (%)] 9 (21) 1 (8) 8 (26) 0.206

Fasting hypertriglyceridemia, [n (%)] 8 (19) 3 (25) 5 (16) 0.503

Low HDL-C, yes [n (%)] 17 (40) 6 (50) 11 (36) 0.383

Central obesity (AHA/NCEP III criteria), yes [n (%)] 11 (26) 1 (8) 10 (32) 0.107

Central obesity (SCI-specific criteria) yes [n (%)] 13 (30) 2 (16) 11 (35) 0.288

Metabolic syndrome (AHA/NCEP III criteria), yes [n (%)] 10 (23) 1 (8) 9 (29) 0.105

Metabolic syndrome (SCI-specific criteria), yes [n (%)] 12 (28) 2 (17) 10 (32) 0.184

Firmicutes:Bacteroides ratio [Geometric Mean (SD)] 18.3 (2.45) 27.74 (2.37) 11.36 (2.16) 0.001*

Percentage of Enterobacteriaceae [% (SD)] 0.017 (0.013) 0.016 (0.012) 0.017 (0.013) 0.546

p-value was calculated using a chi-square test for n (%), independent t-test for mean (SD), and Mann-Whitney U test for median (IQR); SD Standard deviation,
IQR Interquartile range, N Total number, n Group number; % body fat Percentage of body fat, BMI Body mass index, LDL-C Low-density lipoprotein cholesterol,
HDL-C High-density lipoprotein cholesterol, AHA/NCEP III American Heart Association/The National Cholesterol Education Program III.
*Bold values indicate statistical significance p < 0.05.
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complete high paraplegia) and less severe SCI (motor complete
low paraplegia and motor incomplete SCI), was correlated with
gut microbiota profiles [18]. We have also subcategorized the
participants into 4 groups, specifically complete tetraplegia,
incomplete tetraplegia, complete paraplegia, and incomplete
paraplegia. However, the sample size of 3 out of the 4 groups is
very small (7 for complete tetraplegia, 5 for incomplete
tetraplegia, 26 for complete paraplegia, and 5 for incomplete
paraplegia). Therefore, no significant difference in F/B between
those with complete and incomplete tetraplegia, as well as those
with complete and incomplete paraplegia could be confidently
accepted (p > 0.05; one-way ANOVA followed by Turkey post-hoc
analysis). Increasing the sample size in each group would be
essential in any future study to confirm the present findings. We

propose two rationales to explain our findings. First, there is a
significant difference in physical activity between those with
tetraplegia and paraplegia. Evidence shows that the level of
physical activity showed a negative correlation with the degree of
gut dysbiosis, indicated by increased F/B [29, 30]. However, when
adjusted by the physical activity factor using specific criteria
(independently mobile - walking or manual propelling a wheel-
chair as a main mobility method), having tetraplegia was still an
independently positive-correlating factor of F/B. Therefore, levels
of physical activity alone could not be completely responsible for
the effect having tetraplegia had on gut dysbiosis. Noteworthy in
this study is we did not directly assess the level of physical activity
and using the term independently mobile might be confounded
by the completeness of injury factor since people with incomplete

Fig. 1 Comparison of gut microbiota parameters between people with tetraplegic and paraplegic chronic spinal cord injury.
A Comparison of the percentage of each phylum of gut microbiota. B Comparison of the Firmicutes:Bacteroides ratio of gut microbiota;
*p < 0.05 by independent t-test.

Fig. 2 Comparison of gut microbiota parameters between people with chronic spinal cord injury who were diagnosed with and without
obesity. A Comparison of the percentage of each phylum of gut microbiota. B Comparison of the Firmicutes:Bacteroides ratio of gut
microbiota; *p < 0.05 by independent t-test.
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SCI have a higher probability of being able to walk independently
when compared with those with complete SCI. Another possible
explanation of this result is the difference in the loss of
sympathetic control of the entire body, which is compatible with
the results of the pre-clinical evidence [17]. Since we investigated
only some parameters of gut microbiota (e.g., F/B) and did not
compare gut microbiota profiles between people with SCI and
able-bodied subjects, our results should not be over-interpreted as
there was no gut dysbiosis in people with paraplegia.

The correlation between metabolic parameters and profiles of
gut microbiota
Secondly, the positive correlation between the obesity and F/B is
comparable with the results from previous studies in both animal
[31] and clinical models [7, 32]. For example, Kolida et al. (2017)
demonstrated that people in the general population who had F/B
more than or equal to 1 had a significantly higher risk of being
overweight with an odds ratio of 1.33 [7]. Previous in vivo studies
also demonstrated an increase in the Firmicutes:Bacteroides ratio
in feces from high-fat diet-induced obese-insulin resistant rats
when compared with those from non-obese rats [31]. However, to

our knowledge, our study is the first to demonstrate a correlation
between obesity and gut dysbiosis in people with chronic SCI.
Although the correlations between the percentage of Enter-

obacteriaceae and metabolic parameters are indicated in studies
in able-bodied subjects, there is no correlation between the
percentage of Enterobacteriaceae and metabolic parameters, as
well as SCI characteristics in this study. The cause of these
surprising findings is unknown, but it might be due to the
confounding factors which are presented exclusively in people
with SCI. For example, a previous study showed increased
colonization of Klebsiella pneumoniae, which is a member of the
Enterobacteriaceae Family, in the urethra and perineum of people
with chronic SCI [33]. This abnormal translocation of gut
microbiota might change the characteristics of the Enterobacter-
iaceae gut microbiota resulting in an absence of the correlation
between Enterobacteriaceae and other parameters in people with
SCI. In addition, the present study has only the results of
bacterial phylum, a further metagenomic study to investigate
the details of profiles in gut microbiota at levels of families, genus,
orders, and species of bacteria is warranted to confirm these
findings.

Table 3. Univariable analyses for determining the correlation between the Firmicutes:Bacteroides ratio of gut microbiota and metabolic parameters.

Parameters Correlations to ln (Firmicutes:Bacteroides ratio)

Significance (p-value) Unstandardized coefficient (95% CI) (if significant)

Age 0.876

Sex: male vs female 0.819

Duration of SCI 0.570

Duration ≤ 10 years 0.360

Level of SCI - being tetraplegic, yes vs no 0.001* 0.24 (0.10–0.38)

Severity of SCI: complete vs incomplete 0.700

Type of NB: UMNL vs LMNL 0.206

Using rectal enema: yes vs no 0.200

Having colostomy: yes vs no 0.905

Using oral laxatives: yes vs no 0.015* 0.18 (0.04–0.32)

Opening bowel daily: yes vs no 0.631

Being physically inactive: yes vs no 0.009* −0.21 (−0.37 to −0.06)

% fat intake 0.329

% carbohydrate 0.315

% protein intake 0.066

% fruit and vegetable intake 0.704

Fat mass 0.232

Lean mass 0.757

Percentage of body fat 0.398

Obesity from BMI: yes vs no 0.707

Hypertension: yes vs no 0.943

Impaired fasting glucose: yes vs no 0.814

Fasting hypertriglyceridemia: yes vs no 0.472

Low HDL-C: yes vs no 0.555

Central obesity (AHA/NCEP III criteria): yes vs no 0.891

Central obesity (SCI-specific criteria): yes vs no 0.764

Metabolic syndrome (AHA/NCEP III criteria): yes vs no 0.854

Metabolic syndrome (SCI-specific criteria): yes vs no 0.687

Obesity from % body fat by DEXA 0.003* 0.22 (0.08–0.36)

p-value was evaluated by using univariate linear regression analysis; ln, natural logarithm; SD Standard deviation, IQR Interquartile range, N Number, NB
Neurogenic bowel; 95% CI 95% Confident interval, UMNL Upper motor neuron lesion, LMNL Lower motor neuron lesion, BMI Body mass index, HDL-C High-
density lipoprotein cholesterol, DEXA Dual-energy x-ray absorptiometry, AHA/NCEP III American Heart Association/The National Cholesterol Education
Program III.
*Bold values indicate statistical significance p < 0.05.
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With regard to the mechanisms explaining the positive
correlation between F/B and obesity, this might be due to the
difference in energy production properties between Firmicutes
and Bacteroides bacteria. Previous studies demonstrated that
Firmicutes had a more pronounced ability for metabolizing
undigested, non-absorptive carbohydrates into absorptive,
energy-rich molecules such as short-chain fatty acids (SCFAs)
than Bacteroides [34, 35]. Since Firmicutes and Bacteroides are the
two most common phyla of bacteria in the gut, responsible for
80–90% of the colonic microbiota [36], a change in the ratio
between them might produce a pronounced effect on the host
metabolism.

Limitations
The limitations of this study are the relatively small sample size,
the interview bias, and the cross-sectional study design but also,
as previously mentioned, we only evaluated gut microbiota to
phylum level, which would potentially have too low a sensitivity to
detect a change in family, order, or genus level. A further study
investigating gut microbiota at family, order, or genus level by
using more advanced technology such as sequencing targeting
the V3-V4 region of the 16 S ribosomal RNA (rRNA) gene or
metaproteomics [10, 37], might bring us further understanding of
the function of microbes to develop targeted microbiome
treatments in clinical settings. Previously, Zhang, et al. reported
a significant correlation between defecation time and gut
microbial community structure [11], as well as describing a
significant correlation between serum lipid profile and the gut
microbiota genera Faecalibacterium, Megamonas, and Prevotella,
and between glucose levels and the gut microbiota genus
Lactobacillus in males with SCI [10]. Differences in the study
populations (both sexes in this study compared with solely males
in the other studies), as well as differences in the levels of gut
microbiota detection (phylum level in this study vs genus level in
the other studies), might be responsible for any inconsistency.
Another limitation of this study is the questionable accuracy of

the tools for detecting dietary and physical activity data, which
might be responsible for an absence of the significant correlations
between dietary lifestyles and gut microbiota profiles despite
being described in many studies [31, 38, 39]. There are validated
tools for the evaluation of dietary data [40], and physical activity
[41, 42]. Since dietary and physical activity data are affected by
cultures, some parameters (such as choices of diet) in the Western
country-developing questionnaires are not understandable in a
Thai context, as well as some parameters being missed. At present,
there has been no validated cross-cultural translation of these
standard tools for evaluation of dietary and physical activity in our
language. Therefore, we decide to refrain from using these
standard questionnaires and use our specifically developed
questionnaire for the collection of dietary data, as well as using
more observable data (having the ability to walk independently or
manually propel a wheelchair) and report them as the ability to be
independently mobile. Although this parameter was not a valid
surrogate outcome for detecting physical activity levels, it was the
only parameter related to physical activity, which is one of the
determining factors of gut microbiota in this study.
Next, gut dysbiosis is only a surrogate outcome of cardiovas-

cular and metabolic problems, not a true clinical endpoint. Further
prospective cohort studies, aiming to compare gut microbiota,
rate, and time to developing cardiovascular events between
people with SCI and a control group of able-bodied people
matched for other characteristics, are needed especially in
people with tetraplegia who are at the highest risk of developing
CVD and gut dysbiosis. Also, further studies are needed to
investigate whether these correlations contribute to the prema-
ture development of cardiovascular and metabolic diseases in
people with SCI.

Clinical Implications
Gut dysbiosis can be defined as an increase in the ratio of gram-
positive bacteria in the phylum Firmicutes to gram-negative
bacteria in the phylum Bacteroidetes (F/B) [7]. Our study
demonstrated an increased F/B in people with SCI who lived with
tetraplegia or were diagnosed with obesity. Therefore, among the
chronic SCI population, people with chronic tetraplegia have the
highest risk of gut dysbiosis, which might contribute to the
premature development of cardiovascular risk factors and
diseases. Another risk of gut dysbiosis demonstrated in this study
is obesity. Therefore, people with SCI, especially those with
tetraplegia should act appropriately to prevent and treat obesity
to avoid additional risks of gut dysbiosis. Other risks of gut
dysbiosis, including alcohol intake, smoking, and antibiotic over-
use [43], should also be avoided in people with SCI who live with
tetraplegia with or without obesity. Future studies to prove the
efficacy of available treatment, such as the use of probiotics and
prebiotics, for attenuating gut dysbiosis and/or the development
of cardiovascular risks and events in the SCI population are
needed.

CONCLUSION
In people with chronic SCI, being tetraplegic and being diagnosed
with obesity from % body fat by DEXA are independent positively-
correlating factors of gut dysbiosis indicated by increased F/B.
These results indicate a significant association between gut
microbiota and the characteristics of SCI as well as metabolic
parameters.
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