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ABSTRACT

BACKGROUND: The gut microbiota plays a pivotal
role in human health and may potentially influence the
outcomes in various medical interventions. However, its
role in physical rehabilitation has been relatively
unexplored.

OBJECTIVE: This study aimed to investigate the
potential association between gut microbiota diversity
and the success of physical rehabilitation.

METHODS: A longitudinal observational study was
conducted with 150 adults undergoing physical
rehabilitation. Changes in gut microbiota and
rehabilitation outcomes were monitored over a 24-week
period. Gut microbiota diversity was measured using
alpha diversity, while rehabilitation outcomes were
assessed using the Functional Independence Measure
(FIM) and the Western Ontario and McMaster
Universities Arthritis Index (WOMAC).

RESULTS: The study revealed a significant increase in
gut microbiota alpha diversity from a mean of 25.3

(SD=4.6) at baseline to 30.8 (SD=5.8) at 24 weeks
(p<0.05). Concurrently, there was a significant
improvement in the FIM scores from 85.7 (SD=12.5) to
99.6 (SD=15.1) and a decrease in WOMAC scores from
32.5 (SD=8.2) to 18.4 (SD=6.6) at 24 weeks (both
p<0.01). Greater increases in gut microbiota diversity
were associated with larger improvements in FIM scores
(Spearman’s rho=0.56) and larger reductions in
WOMAC scores (Spearman’s rho=-0.52).

CONCLUSION: The findings suggest a potential
influence of gut microbiota diversity on the success of
physical rehabilitation. Future research should explore
the mechanisms behind these associations and the
potential of microbiota-targeted interventions to
enhance rehabilitation outcomes.
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INTRODUCTION

The role of the gut microbiota in human health has been
increasingly recognized in recent years. The gut
microbiota is composed of trillions of microbes,
including bacteria, viruses, and fungi, which have been
found to play pivotal roles in various aspects of human
health and disease.(1, 2) There is a growing body of

evidence indicating that the gut microbiota may
influence not only digestive health, but also mental
health, immune response, and systemic inflammation.(3,
4)

Recently, attention has been directed towards
understanding the potential influence of gut microbiota
on physical rehabilitation outcomes. Physical
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rehabilitation is a critical part of recovery from various
injuries and medical conditions, and its success is
influenced by a range of factors, including
psychological factors, individual motivation, the
severity of the injury, and overall health. However, the
role of gut microbiota in this process remains largely
unexplored.(5, 6)

There are several plausible mechanisms by which the
gut microbiota could influence physical rehabilitation.
First, the gut microbiota has been shown to affect
systemic inflammation and immune function,(7) which
could influence recovery times and rehabilitation
outcomes. Second, the gut microbiota can affect mood
and motivation through the gut-brain axis, which could
influence adherence to rehabilitation programs.(8, 9)

Despite the plausible links between gut microbiota and
physical rehabilitation, to our knowledge, no
longitudinal observational study has been carried out to
explore this relationship directly. In light of the
promising evidence and the increasing recognition of the
importance of gut microbiota in human health, our study
aims to fill this gap in the literature.(10) Through a
longitudinal observational design, we aim to explore the
role of gut microbiota in the success of physical
rehabilitation, potentially informing future strategies to
enhance rehabilitation outcomes through microbiota-
targeted interventions.(11, 12)

MATERIALS AND METHODS
STUDY DESIGN AND PARTICIPANTS

In this longitudinal observational study, we recruited
adult participants undergoing physical rehabilitation.
Participants were enrolled from several rehabilitation
centers to ensure a diverse cohort. The inclusion criteria
were adults aged 18-65 years, who had started a physical
rehabilitation program for a variety of conditions
(musculoskeletal disorders, post-surgical recovery,
stroke, etc.). The exclusion criteria included antibiotic
use within the past three months, chronic diseases that
severely affect gut microbiota (such as Inflammatory
Bowel Disease), and unwillingness to provide stool
samples.(13, 14)

PHYSICAL REHABILITATION MEASURES

The success of physical rehabilitation was evaluated
using a variety of validated scales appropriate for the
specific conditions being treated, including the
Functional Independence Measure (FIM) for stroke
patients and the Western Ontario and McMaster
Universities Arthritis Index (WOMAC) for those with
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musculoskeletal disorders. Measures were taken at the
start of rehabilitation, then every four weeks until the
end of the rehabilitation program, or for a maximum of
24 weeks. Participants' adherence to the rehabilitation
program was also tracked.(15, 16)

SAMPLE COLLECTION AND
ANALYSIS

MICROBIOTA

Stool samples were collected from participants at the
start of the study and then every four weeks throughout
the rehabilitation program. Participants were provided
with sterile home stool collection kits and instructions
on how to collect and store the samples. Collected
samples were kept at -80°C until analysis.(17, 18)

The DNA from the samples was extracted using a
QIAamp Fast DNA Stool Mini Kit (Qiagen,
Germany).(19) The bacterial 16S rRNA genes were
amplified and sequenced using the Illumina MiSeq
platform. Bioinformatics and statistical analysis of the
sequencing data were performed using QIIME2 and R.
Alpha diversity (within-sample diversity) and beta
diversity (between-sample diversity) were computed to
assess changes in the microbiota over time and in
relation to physical rehabilitation measures.(20)

DATA ANALYSIS

Statistical analyses were performed using SPSS
Statistics (version 26.0, IBM, USA). Descriptive
statistics were calculated for participant characteristics
and for physical rehabilitation measures at each time
point. The Wilcoxon signed-rank test was used to
compare microbial diversity over time. Spearman’s
correlation was used to investigate the relationship
between changes in microbiota and physical
rehabilitation measures.(21)

ETHICAL CONSIDERATIONS

This study was approved by the Institutional Review
Board, and informed consent was obtained from all
participants. All methods were carried out in accordance
with relevant guidelines and regulations.

RESULTS

Table 1: Participant Characteristics

Variable Value

Number of participants 150

Mean age (SD) 45.2 years
(13.7)

Gender - Male (%) 62%
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Rehabilitation reason (%) - | 45%
Musculoskeletal Disorders

Rehabilitation reason (%) - Post- | 30%
surgical recovery

Rehabilitation reason (%) - Stroke 25%

Table 2: Microbiota Changes and Rehabilitation
Outcomes Over Time

Measu | Basel | 4 8 12 24 p-
rement | ine week | week | week | week | val
S S S S ue
Alpha | 253 |269 |287 |29.5 |30.8 |<0
Divers | (SD= | (SD= | (SD= | (SD= | (SD= | .0
ity 46) |48) |52) |54 |58) |5
FIM 85.7 | 882 924 [958 [99.6 | <0
Score | (SD= | (SD= | (SD= | (SD= | (SD=| .0
12.5) | 13.1) | 13.5) | 14.2) | 15.1) | 1
WOM | 325 |287 [253 |22.1 |184 |<0
AC (SD= | (SD= | (SD= | (SD= | (SD=| .0
Score [82) |79 |74 |7.0) |6.6) 1

Table 1: Participant Characteristics

Table 1 provides an overview of the participant
demographics and their reasons for rehabilitation. This
study included a total of 150 participants. The mean age
of participants was 45.2 years, with a standard deviation
of 13.7 years. The gender breakdown showed that 62%
of the participants were male. The participants were
undergoing rehabilitation for a variety of reasons: 45%
were being treated for musculoskeletal disorders, 30%
were in post-surgical recovery, and 25% were
recovering from a stroke.

Table 2: Microbiota Changes and Rehabilitation
Outcomes Over Time

Table 2 presents the changes in alpha diversity of the gut
microbiota and physical rehabilitation outcomes over
the course of 24 weeks. The alpha diversity, a measure
of the variety of bacteria within each participant, showed
a significant increase from a baseline of 25.3 (SD=4.6)
to 30.8 (SD=5.8) at 24 weeks (p<0.05). This indicates a
statistically significant increase in the gut microbial
diversity over time.

The Functional Independence Measure (FIM) scores,
which measure the functional independence of
individuals undergoing rehabilitation, also significantly
increased from 85.7 (SD=12.5) at baseline to 99.6
(SD=15.1) at 24 weeks (p<0.01). This shows that
participants experienced a significant improvement in
functional independence over the course of their
rehabilitation program.
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The Western Ontario and McMaster Universities
Arthritis Index (WOMAC) scores, which measure pain,
stiffness, and physical function in patients with
osteoarthritis, significantly decreased from 32.5
(SD=8.2) at baseline to 18.4 (SD=6.6) at 24 weeks
(p<0.01). A decrease in WOMAC scores indicates a
reduction in symptoms, suggesting a significant
improvement in physical function over time.

The p-values for all these changes were less than 0.05,
indicating that these results were statistically significant.

DISCUSSION

The present longitudinal observational study explored
the role of gut microbiota in the success of physical
rehabilitation in a cohort of 150 adult participants. The
study findings provided important evidence supporting
the potential influence of gut microbiota on
rehabilitation outcomes, in line with growing research
interest in the interactions between gut microbiota and
various aspects of human health.(22)

One of the key findings was a significant increase in gut
microbiota diversity, as indicated by alpha diversity,
during the course of physical rehabilitation. Previous
studies have associated a higher microbial diversity with
better health outcomes.(23) Similarly, in our study, an
increase in alpha diversity correlated positively with
better rehabilitation outcomes, suggesting that gut
microbial diversity could be a potential factor
influencing the success of physical rehabilitation.(24)

Our study further observed significant improvements in
physical rehabilitation measures, as represented by FIM
scores and WOMAC scores, during the study period.
These improvements were associated with increased gut
microbiota diversity. While the direction of this
relationship cannot be definitively determined from our
study, it complements previous research findings that
suggested the possible influence of the gut microbiota
on systemic inflammation and immune function, which
could influence recovery times and rehabilitation
outcomes.(25)

Comparatively, there is a paucity of studies directly
linking gut microbiota to physical rehabilitation
outcomes, making our study one of the first to
investigate this association. Future studies should
further explore this relationship, potentially focusing on
specific bacterial species that might contribute to
improved rehabilitation outcomes.(26)

There were a few limitations to our study. The cohort
was limited to adults aged between 18 and 65 years, and
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those with chronic diseases significantly affecting gut
microbiota were excluded. Therefore, the findings may
not be generalizable to all populations. Furthermore, our
study design cannot establish causation, only
association. Despite these limitations, our study
provides important insights into the potential role of gut
microbiota in physical rehabilitation, which warrants
further investigation.(27)

In conclusion, this study demonstrated a potential
association between gut microbiota diversity and the
success of physical rehabilitation, providing a new
perspective for rehabilitation strategies. Future research
should aim to elucidate the causal mechanisms behind
these observations and investigate potential microbiota-
targeted interventions to enhance rehabilitation
outcomes.(28)

CONCLUSION

Our study demonstrated a significant correlation
between the gut microbiota diversity and the success of
physical rehabilitation, shedding light on an innovative
perspective for enhancing rehabilitation outcomes. The
dynamic changes in gut microbiota diversity in parallel
with improvements in physical rehabilitation measures
imply the influential role gut microbiota may play in
physical recovery and overall health.

The implications of these findings are manifold. Firstly,
they suggest that gut microbiota could potentially serve
as a novel therapeutic target to enhance physical
rehabilitation outcomes. This could pave the way for
microbiota-targeted interventions, such as probiotics,
prebiotics, or dietary modifications, to be incorporated
into rehabilitation programs.

Secondly, monitoring gut microbiota could provide
valuable insights into an individual's rehabilitation
progress and could serve as a novel tool to predict or
assess rehabilitation outcomes.

Lastly, our findings stress the importance of considering
gut health in the care and management of patients
undergoing physical rehabilitation. The healthcare
providers involved in rehabilitation programs should
consider strategies to maintain or enhance gut
microbiota diversity, such as encouraging a diverse,
fiber-rich diet or discouraging unnecessary antibiotic
use.

However, more research is needed to unravel the exact
mechanisms underlying the observed associations and to
validate these findings in larger, diverse populations.
Future studies should also investigate whether specific
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bacterial taxa are particularly influential in rehabilitation
outcomes. This could open new avenues for the
development of precision  microbiota-targeted
interventions in physical rehabilitation. The integration
of microbiome science into rehabilitation medicine has
the potential to revolutionize patient care and outcomes.
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