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Abstract 
Crohn’s disease (CD) is a long-term inflammatory gastrointestinal disorder, often 

adversely affecting physical, emotional, and psychological well-being. Pharmaceutical 

management is habitually adopted; although medicinal therapies require continuous 

administration, and are often associated with significant side effects and low adherence 

rates. Whole body vibration (WBV) represents a non-invasive technique, that provides 

vibration stimulation to the entire body. As WBV appears to target the physiological 

pathways and symptoms pertinent to CD epidemiology, it may have significant poten-

tial as a novel non-pharmaceutical intervention therapy in CD. This paper presents 

the study protocol for a randomised controlled trial investigating the impact of WBV on 

health outcomes in individuals with CD. This 6-week, parallel randomised controlled 

trial will recruit 168 individuals, assigned to receive WBV and lifestyle education 3 times 

per week compared to control, receiving lifestyle education only. The primary outcome 

of the trial will be the difference from baseline to post-intervention in health-related 

quality of life between the groups, assessed with the Inflammatory Bowel Disease 

Quality of Life Questionnaire. Secondary outcomes will include between-group dif-

ferences in other questionnaires assessing fatigue, anxiety and pain, measures of 

physical fitness, and biological markers for disease activity and inflammation. Statistical 

analyses will follow an intention-to-treat approach, using linear mixed-effects models 

to compare changes between time points and both trial groups. Ethical approval was 

granted by the Nottingham Research Ethics Committee (REC: 24/EM/0106) and the 

study has been registered prospectively as a clinical trial (NTC06211400).
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Introduction
Inflammatory bowel diseases (IBD) are long-term disorders that impact the digestive tract [1]. 
Global incidence of IBD is increasing [2], with its yearly economic burden in the United States 
surpassing $31 billion [3]. Symptoms associated with IBD can have a profound impact on a 
person’s quality of life, influencing their mental health, body image, social connections, and 
relationships with friends and family. Moreover, it can lead to decreased participation in the 
workforce, adding to the financial strain of the disease [4]. The clinical manifestations of IBD 
vary widely, from asymptomatic or mild phases to severe, life-threatening conditions [1].

The most common forms of IBD are ulcerative colitis (UC) and Crohn’s disease (CD) [5]. 
Specifically, CD can lead to inflammation throughout the digestive tract at any location [5]. Key 
symptoms of CD include fatigue, abdominal pain, and diarrhoea [6]. Inflammation in the gut 
wall may impair nutrient absorption, potentially causing reduced bone mineral density and loss 
of muscle mass. Other non-digestive complications, such as osteoarthritis, sarcopenia, uveitis, 
iritis, episcleritis, erythema nodosum, and pyoderma gangrenosum, may also arise [6,7]. This 
broad range of symptoms requires thorough management and support for those affected.

Pharmaceutical intervention is the primary strategy for disease management [8]. However, 
medicinal therapies for CD usually require continuous administration [9], are associated with 
significant side effects [10], and are often linked to low adherence rates [11]. Consequently, 
there is a growing interest in exploring additional treatment approaches for CD [12,13]. 
Research indicates that up to 56% of IBD patients seek alternative or complementary treat-
ment modalities [14]. This trend highlights the need for more diverse and holistic treatment 
options to address the complexities of the disease.

Regular physical activity is increasingly recommended as a complementary therapy for man-
aging CD [15]. Intervention studies have shown that low-to-moderate intensity aerobic exercise 
has several positive effects on individuals with CD, including improving health-related quality of 
life, reducing inflammation, lessening fatigue, increasing bone mineral density, and enhancing 
psychological well-being [16–20], all without causing significant adverse effects [21]. Despite 
these benefits, there is a notable lack of research into the potential advantages of resistance train-
ing [22]. Our research revealed that individuals with CD and UC participate far less in resistance 
exercise compared to aerobic exercise, which appears to stem from a lack of understanding 
regarding the potential benefits of resistance training in this population especially [12]. Although 
the precise biological pathways through which exercise exerts its benefits remain unclear, pos-
sible explanations include changes in gut microbiota and the influence of physical activity on 
immune and inflammatory processes [9]. Despite the evidence supporting the positive role of 
physical activity in CD management, studies have reported that as many as 83% of CD and UC 
patients are physically inactive [23], with a notable reduction in physical activity levels following 
diagnosis [24]. The factors contributing to this low engagement in physical activity are not fully 
understood, with various reasons suggested, including pain and discomfort during exercise, time 
constraints, fatigue, and fears that physical activity could aggravate symptoms such as abdominal 
pain and joint issues [12,15,24].

Whole body vibration (WBV) is a non-invasive treatment method that delivers vibrational 
stimulation to the entire body [25] and can be utilised during resistance exercises like squats. 
Research in humans has demonstrated that WBV can have beneficial effects on inflammation 
[26], fatigue [27,28], heart rate variability [29], bone mineral density [30], muscle strength 
[31], aerobic fitness [32], and pain management [33]. Additionally, studies on animals have 
indicated that WBV may influence immune cell differentiation and alter the composition of 
gut microbiota [34]. Alongside the beneficial effects of WBV, one meta-analysis and sys-
tematic review including 14 trials, reported no adverse events for WBV exercise[35], whilst 
another found that only three (17%) studies reported adverse events [36]. These included 
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redness of the feet, sore feet and headaches, however, it was proposed that these findings were 
closely related to machine settings and participant set up.

Our previous research showed that vibration exercise superimposed on isometric contrac-
tions can generate significantly higher levels of neuromuscular load than static exercise alone 
[37]. Typically, interventions involving WBV are delivered over shorter durations, 4-6 weeks 
compared to traditional aerobic exercise interventions, i.e.,10-12 weeks, and each isolated 
training session is typically of a much shorter duration 10-15 minutes compared to 30 minutes 
of traditional aerobic exercise. As previously discussed, with time constraints, pain and fatigue 
cited as significant barriers to physical activity in patients with CD, WBV may represent a 
more appealing exercise modality. As WBV appears to target physiological pathways [37,38] 
and symptoms known to be pertinent to CD epidemiology; it may have significant potential as 
a novel non-pharmaceutical intervention therapy in CD.

While there seems to be a strong rationale for using WBV in therapeutic interventions [39], 
no trials have yet investigated its effects on CD, and it remains unclear how willing patients 
are to adopt this potential treatment. Our recent study, which included 463 IBD patients (188 
CD patients), showed a high level of interest in trying vibration exercise, indicating significant 
patient engagement for a randomised clinical trial involving WBV [12]. Furthermore, seeking 
public and patient involvement, five adults with CD completed 10 minutes of WBV exercise 
and demonstrated that the approach was well-accepted, with no reported side effects. As a 
result, further investigation into the potential health benefits of WBV for CD patients could 
have both practical and clinical significance. This protocol specifically targets individuals with 
CD, as the pathophysiology differs between UC and CD, and recruiting only CD patients will 
help minimise heterogeneity in the study population.

The current trial will aim to evaluate the effects of six weeks of WBV (performed three 
times weekly) on various health outcomes in patients with CD, relative to a control group. The 
primary objective of the current trial is to assess whether WBV improves health related quality 
of life (HRQoL) using the Inflammatory Bowel Disease Quality of Life Questionnaire (IBDQ). 
Secondary outcomes include examining whether WBV exercise can impact an individual’s 
level of fatigue, perception of pain, anxiety and/or depression in CD patients. Questionnaires 
will include IBD-F for subjective fatigue measures, a pain score questionnaire and HADS for 
assessment of anxiety/depression. In addition to IBD-F questionnaire, objective muscular 
fatigue will be assessed via electromyography (EMG). Further secondary outcomes include 
examining whether WBV can improve overall cardiovascular health, disease activity and 
markers of inflammation. Here, cardiovascular health will be assessed by the Chester Step Test 
and blood and faecal samples will determine disease activity and level of inflammation.

It is hypothesised that WBV will lead to significant improvements in self-reported quality of 
life compared to the control group. Additionally, the researchers anticipate positive changes in 
patient self-reported fatigue, pain and anxiety/depression, alongside peripheral blood biomark-
ers indicating reduced inflammation, and physical fitness compared to the control group.

Methods and materials

Study design
This study follows protocol version 4 dated 9th of December 2024 (S1 File). The current study 
complies with the most current guidelines for reporting parallel-group randomised trials [40]. 
It will be a multi-site, two-arm, individually randomised controlled trial aimed at investigating 
a specific intervention. The current trial will assess the effectiveness of a 6-week supervised 
WBV exercise intervention combined with a lifestyle education program, compared to a con-
trol group that will receive lifestyle education alone (Fig 1 and Fig 2).
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Fig 1. SPIRIT schedule of enrolment, interventions, and assessments.

https://doi.org/10.1371/journal.pone.0319685.g001

https://doi.org/10.1371/journal.pone.0319685.g001
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The current trial will be conducted in collaboration with at least two health trusts in 
England (East and North Hertfordshire NHS Foundation Trust and Bedfordshire Hospi-
tals NHS Trust) and has been adopted by the National Institute for Health Research Clin-
ical Research Network Portfolio, where we are open for additional sites with easy access to 
Hatfield, England. This will help achieve recruitment target. At each site, participants will be 
recruited from gastroenterology clinics and all sessions will be delivered by the University of 
Hertfordshire which is located within the county of Hertfordshire in England.

This study received ethical approval from the Nottingham Research Ethics  
Committee (REC reference: 24/EM/0106) and is formally registered as a clinical trial on 
Clinicaltrials.gov (NTC06211400) with the University of Hertfordshire as the Sponsor 
(research-sponsorship@herts.ac.uk). Any amendments to the protocol will be agreed by the 
Sponsor prior to being submitted to the REC. The Principal Investigator will update all  
relevant parties such as the trial registry and Trial Steering Committee.

Inclusion and exclusion criteria
To qualify for participation in the current trial, individuals must satisfy the following criteria: 
(1) to be aged between 18 and 65 years, (2) have a confirmed clinical diagnosis of CD for a 

Fig 2. Consort diagram describing the study design.

https://doi.org/10.1371/journal.pone.0319685.g002
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minimum of 4 weeks prior to randomization, (3) demonstrate mild to moderate active CD (as 
indicated by a partial Harvey Bradshaw index (HBI) score of 5-16), (4) have a faecal calpro-
tectin (FC) result < 250 mcg/g recorded no longer than four weeks before randomisation, (5) 
be on stable medication for at least 4 weeks before randomization, (6) be capable of provid-
ing written consent, (7) completing the study questionnaires, and (8) be able to travel to the 
research centre for assessment visits and exercise sessions.

The exclusion criteria for the current trial are as follows: (1) having any absolute contra-
indications to exercise testing and training, such as musculoskeletal injury, (2) the pres-
ence of a serious autoimmune disease such as rheumatoid arthritis or systemic sclerosis, 
(3) any major surgery planned within the first 3 months post-randomization, (4) preg-
nancy or intentions to become pregnant within the initial 3 months after randomization, 
(5) poor tolerability to venipuncture or (6) insufficient venous access for necessary blood 
sampling, (7) involvement in another clinical trial where concurrent participation is con-
sidered unsuitable, and (8) any orthopaedic implants (hip, knee, spine). Notably, contra-
indications of WBV were identified and included within this criterion and the screening 
processes for the current trial [41].

Sample size
As no previous literature exists concerning the effects of WBV in CD, a pragmatic sample size 
calculation was undertaken using data summarised in a recent meta-analysis [42], exploring 
the effect of exercise on IBD symptoms. We based our sample size calculation on the mean 
and standard deviation change in HRQoL from the exercise intervention and control arms 
of three studies that most closely matched our exercise intervention and utilised the same 
primary outcome [19,43,44]. Specifically, Cramer et al. [43] reported a mean difference of 
24.30 (SD =  34.20) for the exercise group and 6.80 (SD =  17.40) for the control group; Jones 
et al. [42] reported a mean difference of 4.00 (SD =  10.30) for the exercise group and 0.00 (SD 
=  12.70) for the control group; and Klare et al. [19] reported a mean difference of 28.30 (SD =  
34.50) for the exercise group and 14.50 (SD =  16.10) for the control group. Using these data, 
the necessary sample size based on the aforementioned data from each previously conducted 
study was calculated. We then pragmatically calculated the pooled mean of these calculated 
sample sizes, which showed that to achieve α =  0.05 and β =  80%, a total required sample size 
of 168 participants (84 per group), accounting for an attrition rate of 20% would be necessary. 
This attrition rate was deemed to be appropriate based on our previous exercise studies in 
other clinical populations [15,45].

Participants
Participants included will be CD patients, recruited from gastroenterology clinics at hospitals 
within commuting distance from the University of Hertfordshire. A member of the clinical 
team will identify potentially eligible patients using the inclusion/exclusion criteria and pro-
vide information regarding the study. Patients will be asked to consent to share contact details 
with the University of Hertfordshire research team. Once the clinical team have confirmed 
the patient FC and HBI results are within the accepted range, the patient will be contacted 
to book in the initial screening/baseline visit to the University of Hertfordshire. At the 
screening/baseline visit, fully informed consent will be gained, and participants screened and 
randomised. Online database software, Research Electronic Data Capture (REDCap) will be 
used to randomly allocate participants to one of two groups for a total duration of six weeks 
with site stratification. To encourage study adherence all participants will be reimbursed travel 
expenses for any face to face visits to the University of Hertfordshire.
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Intervention group
For the intervention group, allocated participants will have 18 visits to the University of Hert-
fordshire for WBV (20 visits in total (+1 if they engage with the semi structured interviews). 
Participants will be expected to partake in WBV three times a week, for six weeks which 
could be undertaken at their preferred time of day to increase study adherence. The WBV 
will involve performing static squatting on a synchronic vibrating platform by (Power Plate, 
London, United Kingdom). Participants will hold a squatting position with 30˚ of knee flex-
ion, feet about 30 cm apart, barefoot with upper limbs holding the platform bars. Participants 
will hold this static squat for 60 seconds, then rest for 60 seconds, and repeat six times. The 
vibratory stimulus will be at an amplitude of 1.5mm with a frequency of 30 Hz. These settings 
were chosen as earlier findings have shown this amplitude and frequency to be effective in 
improving muscle activity and strength [31,38,46]. During this visit, participants will receive 
10 minutes of the lifestyle education programme, totalling 30 minutes per week. The Lifestyle 
Education Programme is based around the Crohn’s and Colitis UK Patient Information, util-
ising the Pender Health Promotion Model [47] to identify individual experiences, behaviour 
specific cognitions and behaviour outcomes.

The specific educational themes within the lifestyle education programme will be as 
follows:

Week 1 - Healthy Eating (Information from Crohn’s and Colitis UK leaflets) Week 2 - 
Discussing barriers and how to overcome them to Healthy Eating Week 3 - Physical Activity 
for IBD (Utilizing the Crohn’s and Colitis video) Week 4 - Barriers to Physical Activity Week 
5 - Overcoming barriers and positive steps forward to engage in Physical Activity. Week 6 
- Smoking Cessation utilizing National Health Service England (NHSE) smoking cessation 
information and signposting to local services if applicable, or a round-up of the last 5 weeks.

Control group
In the control arm, the aforementioned lifestyle education program will be delivered indi-
vidually via zoom in 30-minute sessions per week over the six week testing period, using the 
specific educational themes described above.

Data collection
Data will be directly entered into REDCap either by the research team or the participant, as 
an electronic tablet will be provided when at the University of Hertfordshire. All baseline 
assessments (anthropometrics, blood pressure, resting heart rate, heart rate variability, fit-
ness testing, EMG for assessment of muscular fatigue, questionnaires and blood sampling) 
will be conducted in Physiology laboratories at the University of Hertfordshire. Partici-
pants will then receive either six weeks of WBV and the lifestyle education programme at 
the University of Hertfordshire, or the lifestyle education programme online if allocated 
to the control. Following this 6-week period, all assessments conducted at baseline will be 
repeated at an exit visit for all participants. Due to the nature of the trial, participants will 
not be blinded from the intervention however the health care professionals and the statisti-
cian will be blinded.

Anthropometrics
Anthropometric data will be collected at both the baseline and exit visit. Body weight (kg) and 
height (m) (without footwear) will be recorded. Height will be determined using a stadiome-
ter, while weight will be assessed using standard weighing scales.
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Blood pressure and resting heart rate
Systolic and diastolic blood pressure, along with resting heart rate, will be taken at both the 
baseline and exit visit. This data will be collected using a non-invasive, automated blood pres-
sure monitor, in accordance with the guidelines set by the European Society of Hypertension 
[48]. Three readings will be recorded, each spaced by a 1-minute interval, with the average of 
the final two readings adopted for analysis.

Fitness testing
Cardiovascular fitness level of participants will be explored via the Chester step test at base-
line and exit visits [49]. Participants will be fitted with a Polar H10 heart rate monitor (Polar 
Electro Oy, Kempele, Finland) and step onto either a 15-cm or a 25-cm step at a rate fixed by 
metronome beats starting with 15 beats per minute. Step height will be determined by physical 
status, 15 cm for those who take little or no physical exercise and 25 cm for those who regu-
larly take physical exercise. The total test time is 10-minutes comprising of five stages lasting 
for 2-minutes each and the step rate is increased by five beats for each incremental stage. Par-
ticipants will rate their perceived exertion using the Borg Scale at the end of every 2-minute 
stage. Physical fitness will be estimated by plotting each participant’s heart rate achieved at the 
end of each stage on the specified Chester step test data record sheet.

Electromyography
For each participant, EMG will be recorded at baseline and exit visits, for assessment of 
muscular fatigue. These EMG recordings will be recorded while participants hold the squat 
position on the vibration plate, both with and without the vibration stimulation. The EMG 
will be recorded with active bipolar, wireless EMG electrodes (Biometrics Ltd, Cwmfelinfach, 
Wales) from two quadriceps muscles (Vastus Lateralis, Rectus Femoris) and two hamstring 
muscles (Biceps Femoris, Semitendinosus), with a sampling frequency of 1 KHz or higher. 
The purpose of recording EMG data is to establish the effects of vibration intervention on 
muscle activation patterns and muscle fatigue.

Questionnaires
All questionnaires will be completed at both baseline and exit visits for all participants. Firstly, 
the Inflammatory Bowel Disease Quality of Life Questionnaire (IBD-Q) is widely used and 
validated for patients with inflammatory bowel disease [50,51]. The IBD-Q consists of 32 items, 
each rated on a 7-point Likert scale, where higher scores (ranging from 32 to 224) indicate better 
quality of life related to IBD. It covers four key domains: bowel symptoms, systemic symptoms, 
emotional well-being, and social functioning. Research has highlighted how the IBD-Q has been 
widely used as a primary outcome for many clinical trials conducted in this population [52].

Secondly, the IBD-F Scale is another validated tool designed to specifically assess fatigue in 
individuals with IBD [53]. It includes two parts: the first part assesses overall fatigue levels using 
five questions, while the second part evaluates the impact of fatigue on quality of life through 
30 questions. Each item is scored from 0 to 4, with a maximum total score of 120, where higher 
scores indicate more severe fatigue and a greater impact on the patient’s quality of life. The third 
questionnaire included is the HADS, which is a validated 14-item scale used to measure symp-
toms of anxiety and depression. It consists of two subscales—one for anxiety and one for depres-
sion, each containing seven items, with individual scores ranging from 0 to 21. Higher scores 
on either subscale reflect increased levels of anxiety or depression, making it a valuable tool for 
assessing mental health in this population [54]. Lastly, a visual analogue scale (VAS) will be used 
to record subjective perceptions of pain. On a scale of 1-10, participants will record their level of 
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pain associated with their CD symptoms. Pain scores will be recorded for a further 6 days (seven 
days total), following both the baseline and exit visit to the University of Hertfordshire. Partici-
pants will receive a link by email, to complete this daily VAS for pain.

Heart rate variability
Heart rate variability (HRV) will be assessed for a total of 36 hours (from 7am until 7pm) over 
a 72-period following the baseline visit, and again for 36 hours after the exit visit. Following 
both visits, participants will be set up, sent away with the Polar H10 and Polar watch, and pro-
vided instructions on use for the 72-hour period. Linear HRV will be recorded using a Polar 
H10 sensor chest strap device and connected to a Polar Advantage V3 watch (Polar Electro 
Oy, Kempele, Finland). The purpose of recording HRV is twofold. First as a psychophysiolog-
ical marker of pain because standard deviation of NN intervals, low frequency (LF)-HRV, high 
frequency (HF)-HRV and HF/LF Ratio parameters of HRV are acceptable objective indicators 
of pain [55]. Second as a psychophysiological marker of health and wellbeing because resting 
HRV (ms), root mean square of successive RR interval differences and HFnu (%) are accept-
able markers of healthy functioning and wellbeing [56].

Blood sampling
Venous blood samples (10 mL) will be drawn from the antecubital vein and immediately 
placed into VACUETTE serum separator clot activator blood collection tubes (Greiner 
Bio-One, Kremsmünster, Austria). The collected blood will be left to clot for 30 minutes 
before separating the serum through centrifugation at 1500 × g. The separated serum will be 
aliquoted and stored at − 80°C until further analysis. A custom panel (Legend Plex, Bioleg-
end, London, UK) will be developed for a multiplex assay, which will be carried out using 
a BD FACS CANTO II flow cytometer (Becton Dickinson, Wokingham, UK) as per the 
instructions for the Legend Plex setup. This approach will allow us to measure the Crohn’s 
Disease Activity Index [57] and assess both pro-inflammatory cytokines such as TNF-α, 
IL-6, IL-17A, IL-12/IL-23 and anti-inflammatory cytokines like IL-10 and TGF-beta [58]. 
C-reactive protein levels will also be assessed, given that it is the most widely used biomarker 
for inflammation status [59] and exercise has been shown to increase anti-inflammatory 
cytokines and lower pro-inflammatory ones [60]. In addition, serum P1NP will be measured 
as an indicator of bone health [61].

Faecal samples and HBI
Faecal sampling will be conducted by the clinical team at each NHS site. To detect biological 
variations in the levels of intestinal inflammation, faecal samples will be collected from both 
groups at the start of the study and again after the 6-week treatment period. These samples 
will be analysed for faecal calprotectin, which is the most used biomarker for assessing intesti-
nal inflammation and subsequent, disease activity [59,62]. The IBD clinical team responsible 
will collect samples, and the results will be shared with the research team at University of 
Hertfordshire for further analysis. Additionally, partial HBI assessment will be carried out by 
a qualified clinician at each NHS site at the start of the study only. These will be used as part of 
the inclusion criteria, as they are markers of disease activity.

Participant semi structured interviews
Fifteen participants from the intervention arm will be invited to undertake a semi structured 
interview. This will provide granular qualitative data on how they found the intervention, 
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whether they enjoyed it and whether it caused any discomfort. The interviews will explore 
whether WBV is an activity they will continue to do, and whether they are likely to have access 
to WBV following completion of the study. Data will be analysed via thematic analysis [63].

Safety reporting
Throughout the study, adverse events (AEs) and/or serious adverse events (SAEs) that may 
occur as a result of participation or lead to study withdrawal will be recorded and documented 
within REDCap. Procedures for AEs and SAEs outlined within the safety management plan and 
protocol will be followed, to ensure prompt severity, causality and expectedness grading. Appro-
priate medical care will be provided by the participant’s medical team. Should modifications 
to the study protocol be necessary, the Trial Steering Committee (TSC) will be notified. The 
committee will be made up of two members from the Trial Management Group, a statistician, 
two people with lived experience, a General Practitioner, an exercise specialist, an IBD clinician 
and will be independent from the funder. If required, data collection will be temporarily halted. 
Although non-serious adverse events do not meet the criteria for serious medical issues, they 
will still be thoroughly documented and reviewed. This proactive monitoring process ensures 
that any potential risks are continuously evaluated and appropriately managed throughout the 
trial, emphasising participant safety whilst maintaining study integrity. As the trial is a low-risk 
intervention, the TSC will take on the role and responsibilities for a data monitoring and ethics 
committee. Central monitoring has been considered appropriate by the Clinical Trials Support 
Network and each site will have at least one monitoring visit during the trial. An audit visit may 
be conducted by the Sponsor at their request and is not required by the funder.

Data management
Data collection and storage procedures will comply with the Data Protection Act 2018. Data 
entry, including electronic consent, will be managed using the REDCap system, ensuring 
confidentiality and accuracy. Participant information will be anonymised for analysis. After 
study completion, all data will be transferred to the University of Hertfordshire’s Research 
Data Archive (UHRA), where they will be securely stored for seven years, following legal and 
ethical guidelines. During this period, the data will remain protected and accessible only to 
authorised personnel such as the trial manager and trial statistician. After seven years, the data 
will be disposed of according to the university’s data management policies, ensuring proper 
confidentiality and security.

Statistical analysis
For continuous measurements, means and standard deviations will be reported. The analy-
sis for the intervention will follow an intention-to-treat method. To evaluate the effect of the 
intervention on the outcome measures, we will compare the changes observed from baseline to 
the 6-week follow-up between the two groups. This comparison will be conducted using linear 
mixed-effects models, employing restricted maximum likelihood estimation and compound 
symmetry techniques. Trial group assignment will be treated as a fixed factor, with random 
intercepts assigned to individual participants [64]. The effect sizes for differences between 
groups over the 6-week period will be calculated using Cohen’s d, based on the guidelines of 
McGough and Faraone [65], where a value of 0.2 represents a small effect, 0.5 indicates a moder-
ate effect, and 0.8 denotes a large effect [66]. In accordance with recommendations [67], missing 
data will be inputted using multiple imputation, employing a fully conditional specification 
approach. All statistical analyses will be performed using SPSS software version 29 (IBM Inc., 
SPSS, Chicago, IL, USA), and statistical significance will be defined as P ≤ 0.05.
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Timelines
Recruitment will commence in February of 2025 until September of 2026.The proposed trial 
end date is September 2027.

Discussion

Expected results
Anticipated results of this study are expected to demonstrate notable enhancements in self- 
reported quality of life for participants engaging in the WBV intervention when compared 
to the control group. Furthermore, we foresee favourable outcomes in various health-related 
questionnaires, a reduction in inflammation as reflected by peripheral blood biomarkers. 
Should these hypotheses be validated, the findings could provide valuable clinical insights. 
Considering the challenging nature of CD, along with its significant healthcare costs and 
detrimental effects on quality of life and mental health, these outcomes could have substantial 
implications for improving the management and treatment of CD through the incorporation 
of WBV interventions. The potential benefits could lead to enhanced patient well-being and 
more effective therapeutic strategies.

Dissemination
Following data analysis, participants will receive a newsletter summarising study outcomes. 
The main dissemination of the trial findings will be through publications in peer-reviewed 
academic journals and presentations at both national and international conferences. As part 
of a comprehensive dissemination strategy, study results will be communicated to a broad 
audience at local, national, and international levels. A key feature of this strategy includes the 
involvement of a CD patient in the Trial Steering Committee, ensuring patient representation 
and participation in decision-making throughout the trial. Once the study concludes, find-
ings will be shared with local IBD support groups. To extend the reach of this information, 
we will collaborate with patient representatives and regional authorities on patient and public 
engagement initiatives. A detailed informational article summarising study outcomes will 
be distributed to relevant organizations. Furthermore, peer-reviewed journal articles will be 
produced and presentations delivered at international conferences. These steps will guarantee 
results reach a wide range of stakeholders, including healthcare professionals, policymakers, 
and the patient community.

Supporting information
S1 File.  Protocol V4. 
(PDF)

Author contributions
Conceptualization: Lindsay Bottoms, Johanne Brooks-Warburton, Amit N. Pujari, Matthew 

Jewiss, Charlotte Lawson, Simon Anderson.
Funding acquisition: Lindsay Bottoms, Jonathan Sinclair, Johanne Brooks-Warburton, Amit 

N. Pujari, Matthew Jewiss, Charlotte Lawson, Simon Anderson.
Methodology: Lindsay Bottoms, Jonathan Sinclair, Johanne Brooks-Warburton, Lauren 

Baker, Amit N. Pujari, Matthew Jewiss, Charlotte Lawson, Simon Anderson.
Project administration: Johanne Brooks-Warburton, Lauren Baker.

http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0319685.s001


PLOS ONE | https://doi.org/10.1371/journal.pone.0319685 March 19, 2025 12 / 15

PLOS ONE VECTOR

Writing – original draft: Lindsay Bottoms, Jonathan Sinclair, Johanne Brooks-Warburton, 
Lauren Baker, Amit N. Pujari, Matthew Jewiss, Charlotte Lawson, Simon Anderson.

Writing – review & editing: Lindsay Bottoms, Jonathan Sinclair, Johanne Brooks-Warburton, 
Lauren Baker, Amit N. Pujari, Matthew Jewiss, Charlotte Lawson, Simon Anderson.

References
 1. Chan D, Robbins H, Rogers S, Clark S, Poullis A. Inflammatory bowel disease and exercise: results 

of a Crohn’s and Colitis UK survey. Frontline Gastroenterol. 2013;5(1):44–8. https://doi.org/10.1136/
flgastro-2013-100339

 2. Burisch J, Munkholm P. Inflammatory bowel disease epidemiology. Current Opinion in Gastroenterol-
ogy. 2013;29(4):357–62. https://doi.org/10.1097/mog.0b013e32836229fb

 3. Mehta F. Report: economic implications of inflammatory bowel disease and its management. Ameri-
can Journal of Managed Care. 2016;22:51–60.

 4. Bianco AM, Girardelli M, Tommasini A. Genetics of inflammatory bowel disease from multifactorial to 
monogenic forms. World J Gastroenterol. 2015;21: 12296–12310. https://doi.org/10.3748/WJG.V21.
I43.12296

 5. Fakhoury M, Negrulj R, Mooranian A, Al-Salami H. Inflammatory bowel disease: clinical aspects and 
treatments. J Inflamm Res. 2014;7: 113. https://doi.org/10.2147/JIR.S65979

 6. Bilski J, Brzozowski B, Mazur-Bialy A, Sliwowski Z, Brzozowski T. The role of physical exercise in 
inflammatory bowel disease. Biomed Res Int. 2014;2014: 429031. https://doi.org/10.1155/2014/429031

 7. Gajendran M, Loganathan P, Catinella AP, Hashash JG. A comprehensive review and update on 
Crohn’s disease. Dis Mon. 2018;64: 20–57. https://doi.org/10.1016/j.disamonth.2017.07.001

 8. Chumanevich AA, Chaparala A, Witalison EE, Tashkandi H, Hofseth AB, Lane C, et al. Looking for the 
best anti-colitis medicine: A comparative analysis of current and prospective compounds. Oncotarget. 
2017;8: 228–237. https://doi.org/10.18632/oncotarget.13894

 9. Engels M, Cross RK, Long MD. Exercise in patients with inflammatory bowel diseases: current per-
spectives. Clin Exp Gastroenterol. 2017/12/22. 2018;11: 1–11. https://doi.org/10.2147/CEG.S120816

 10. Atreya R, Neurath M, Siegmund B. Personalizing treatment in IBD: hype or reality in 2020? Can 
we predict response to anti-TNF?. Frontiers in Medicine. 2020;7:575231. https://doi.org/10.3389/
fmed.2020.00517

 11. Kane SV, Cohen RD, Aikens JE, Hanauer SB. Prevalence of nonadherence with maintenance 
mesalamine in quiescent ulcerative colitis. Am J Gastroenterol. 2001;96: 2929–2933. https://doi.
org/10.1111/J.1572-0241.2001.04683.X

 12. Sinclair J, Brooks-Warburton J, Bottoms L. Perceptions, behaviours and barriers towards exercise 
practices in inflammatory bowel disease. PLoS One. 2024;19: e0299228. https://doi.org/10.1371/
JOURNAL.PONE.0299228

 13. Sinclair J, Dillon S, Bottoms L. Perceptions, beliefs and behaviors of nutritional and supplemen-
tary practices in inflammatory bowel disease. Sport Sci Health. 2022;18(4):1301–10. https://doi.
org/10.1007/s11332-022-00901-8

 14. Weizman AV, Ahn E, Thanabalan R, Leung W, Croitoru K, Silverberg MS, et al. Characteri-
sation of complementary and alternative medicine use and its impact on medication adher-
ence in inflammatory bowel disease. Aliment Pharmacol Ther. 2012;35: 342–349. https://doi.
org/10.1111/J.1365-2036.2011.04956.X

 15. Tew GA, Leighton D, Carpenter R, Anderson S, Langmead L, Ramage J, et al. High-intensity interval 
training and moderate-intensity continuous training in adults with Crohn’s disease: A pilot randomised 
controlled trial. BMC Gastroenterol. 2019;19. https://doi.org/10.1186/s12876-019-0936-x

 16. D’Incà R, Varnier M, Mestriner C, Martines D, D’Odorico A, Sturniolo G. Effect of moderate exercise 
on Crohn’s disease patients in remission. Ital J Gastroenterol Hepatol. 1999;31(3):205–10.

 17. Loudon CP, Corroll V, Butcher J, Rawsthorne P, Bernstein CN. The Effects of Physical Exercise on 
Patients With Crohn’s Disease. American Journal of Gastroenterology. 1999;94(3):697–703. https://
doi.org/10.1111/j.1572-0241.1999.00939.x

 18. Ng V, Millard W, Lebrun C, Howard J. Low-Intensity Exercise Improves Quality of Life in Patients 
With Crohn’s Disease. Clinical Journal of Sport Medicine. 2007;17(5):384–8. https://doi.org/10.1097/
jsm.0b013e31802b4fda

https://doi.org/10.1136/flgastro-2013-100339
https://doi.org/10.1136/flgastro-2013-100339
https://doi.org/10.1097/mog.0b013e32836229fb
https://doi.org/10.3748/WJG.V21.I43.12296
https://doi.org/10.3748/WJG.V21.I43.12296
https://doi.org/10.2147/JIR.S65979
https://doi.org/10.1155/2014/429031
https://doi.org/10.1016/j.disamonth.2017.07.001
https://doi.org/10.18632/oncotarget.13894
https://doi.org/10.2147/CEG.S120816
https://doi.org/10.3389/fmed.2020.00517
https://doi.org/10.3389/fmed.2020.00517
https://doi.org/10.1111/J.1572-0241.2001.04683.X
https://doi.org/10.1111/J.1572-0241.2001.04683.X
https://doi.org/10.1371/JOURNAL.PONE.0299228
https://doi.org/10.1371/JOURNAL.PONE.0299228
https://doi.org/10.1007/s11332-022-00901-8
https://doi.org/10.1007/s11332-022-00901-8
https://doi.org/10.1111/J.1365-2036.2011.04956.X
https://doi.org/10.1111/J.1365-2036.2011.04956.X
https://doi.org/10.1186/s12876-019-0936-x
https://doi.org/10.1111/j.1572-0241.1999.00939.x
https://doi.org/10.1111/j.1572-0241.1999.00939.x
https://doi.org/10.1097/jsm.0b013e31802b4fda
https://doi.org/10.1097/jsm.0b013e31802b4fda


PLOS ONE | https://doi.org/10.1371/journal.pone.0319685 March 19, 2025 13 / 15

PLOS ONE VECTOR

 19. Klare P, Nigg J, Nold J, Haller B, Krug AB, Mair S, et al. The Impact of a Ten-Week Physical Exercise 
Program on Health-Related Quality of Life in Patients with Inflammatory Bowel Disease: A Prospec-
tive Randomized Controlled Trial. Digestion. 2015;91(3):239–47. https://doi.org/10.1159/000371795

 20. Robinson RJ, Krzywicki T, Almond L, Al–Azzawi F, Abrams K, Iqbal SJ, et al. Effect of a low-impact 
exercise program on bone mineral density in Crohn’s disease: A randomized controlled trial. Gastro-
enterology. 1998;115(1):36–41. https://doi.org/10.1016/s0016-5085(98)70362-2

 21. Bottoms L, Leighton D, Carpenter R, Anderson S, Langmead L, Ramage J, et al. Affective and 
enjoyment responses to 12 weeks of high intensity interval training and moderate continuous training 
in adults with Crohn’s disease. PLoS ONE. 2019;14(9):e0222060. https://doi.org/10.1371/journal.
pone.0222060

 22. de Souza Tajiri GJ, de Castro CLN, Zaltman C. Progressive resistance training improves muscle 
strength in women with inflammatory bowel disease and quadriceps weakness. Journal of Crohn’s 
and Colitis. 2014;8(12):1749–50. https://doi.org/10.1016/j.crohns.2014.09.001

 23. Tew GA, Jones K, Mikocka-Walus A. Physical Activity Habits, Limitations, and Predictors in Peo-
ple with Inflammatory Bowel Disease: A Large Cross-sectional Online Survey. Inflamm Bowel Dis. 
2016;22: 2933–2942. https://doi.org/10.1097/MIB.0000000000000962

 24. Gatt K, Schembri J, Katsanos KH, Christodoulou D, Karmiris K, Kopylov U, et al. Inflammatory Bowel 
Disease [IBD] and Physical Activity: A Study on the Impact of Diagnosis on the Level of Exercise 
Amongst Patients With IBD. J Crohns Colitis. 2019;13: 686–692. https://doi.org/10.1093/ECCO-JCC/
JJY214

 25. Merriman H, Jackson K. The Effects of Whole-Body Vibration Training in Aging Adults: A 
Systematic Review. Journal of Geriatric Physical Therapy. 2009;32(3):134–45. https://doi.
org/10.1519/00139143-200932030-00009

 26. Jawed Y, Beli E, March K, Kaleth A, Loghmani MT. Whole-Body Vibration Training Increases Stem/
Progenitor Cell Circulation Levels and May Attenuate Inflammation. Mil Med. 2020;185: 404–412. 
https://doi.org/10.1093/MILMED/USZ247

 27. Lopes-Souza P, Dionello CF, Bernardes-Oliveira CL, Moreira-Marconi E, Marchon RM, Teixeira-Silva 
Y, et al. Effects of 12-week whole-body vibration exercise on fatigue, functional ability and quality of 
life in women with systemic lupus erythematosus: A randomized controlled trial. Journal of Bodywork 
and Movement Therapies. 2021;27191–9. https://doi.org/10.1016/j.jbmt.2021.01.015

 28. Alentorn-Geli E, Padilla J, Moras G, Haro CL, Fernández-Solà J. Six Weeks of Whole-Body Vibration 
Exercise Improves Pain and Fatigue in Women with Fibromyalgia. The Journal of Alternative and 
Complementary Medicine. 2008;14(8):975–81. https://doi.org/10.1089/acm.2008.0050

 29. Wong A, Figueroa A. Effects of whole‐body vibration on heart rate variability: acute responses and 
training adaptations. Clin Physio Funct Imaging. 2018;39(2):115–21. https://doi.org/10.1111/cpf.12524

 30. de Oliveira RDJ, de Oliveira RG, de Oliveira LC, Santos-Filho SD, Sá-Caputo DC, Bernardo-Filho 
M. Effectiveness of whole-body vibration on bone mineral density in postmenopausal women: a sys-
tematic review and meta-analysis of randomized controlled trials. Osteoporos Int. 2022;34(1):29–52. 
https://doi.org/10.1007/s00198-022-06556-y

 31. Marín PJ, Rhea MR. Effects of Vibration Training on Muscle Strength: A Meta-Analysis. Jour-
nal of Strength and Conditioning Research. 2010;24(2):548–56. https://doi.org/10.1519/
jsc.0b013e3181c09d22

 32. Cardim AB, Marinho PE, Nascimento JF Jr, Fuzari HK, Dornelas de Andrade A. Does Whole-Body 
Vibration Improve the Functional Exercise Capacity of Subjects With COPD? A Meta-Analysis. Respi-
ratory Care. 2016;61(11):1552–9. https://doi.org/10.4187/respcare.04763

 33. Dong Y, Wang W, Zheng J, Chen S, Qiao J, Wang X. Whole Body Vibration Exercise for Chronic Mus-
culoskeletal Pain: A Systematic Review and Meta-analysis of Randomized Controlled Trials. Arch Phys 
Med Rehabil. 2019;100: 2167–2178. https://doi.org/10.1016/J.APMR.2019.03.011

 34. Song N, Liu X, Feng Q, Xu M, Lan X, Li M, et al. Whole body vibration triggers a change in the mutual 
shaping state of intestinal microbiota and body’s immunity. Frontiers in Bioengineering and Biotech-
nology. 2019;7:377. https://doi.org/10.3389/fbioe.2019.00377

 35. Qiu CG, Chui CS, Chow SKH, Cheung WH, Wong RMY. Effects of Whole-Body Vibration Therapy 
on Knee Osteoarthritis: A Systematic Review and Meta-Analysis of Randomized Controlled Trials. J 
Rehabil Med. 2022;54: jrm00266–jrm00266. https://doi.org/10.2340/JRM.V54.2032

 36. Shaw L, O’Leary K, Stewart S, Poratt D. Whole-body vibration training protocols for people with 
cerebral palsy: a systematic review of randomised controlled trials. Advances in Neurodevelopmental 
Disorders. 2024;8:222–34. https://doi.org/10.1007/S41252-023-00331-8

https://doi.org/10.1159/000371795
https://doi.org/10.1016/s0016-5085(98)70362-2
https://doi.org/10.1371/journal.pone.0222060
https://doi.org/10.1371/journal.pone.0222060
https://doi.org/10.1016/j.crohns.2014.09.001
https://doi.org/10.1097/MIB.0000000000000962
https://doi.org/10.1093/ECCO-JCC/JJY214
https://doi.org/10.1093/ECCO-JCC/JJY214
https://doi.org/10.1519/00139143-200932030-00009
https://doi.org/10.1519/00139143-200932030-00009
https://doi.org/10.1093/MILMED/USZ247
https://doi.org/10.1016/j.jbmt.2021.01.015
https://doi.org/10.1089/acm.2008.0050
https://doi.org/10.1111/cpf.12524
https://doi.org/10.1007/s00198-022-06556-y
https://doi.org/10.1519/jsc.0b013e3181c09d22
https://doi.org/10.1519/jsc.0b013e3181c09d22
https://doi.org/10.4187/respcare.04763
ttps://doi.org/10.1016/J.APMR.2019.03.011
https://doi.org/10.3389/fbioe.2019.00377
https://doi.org/10.2340/JRM.V54.2032
https://doi.org/10.1007/S41252-023-00331-8


PLOS ONE | https://doi.org/10.1371/journal.pone.0319685 March 19, 2025 14 / 15

PLOS ONE VECTOR

 37. Pujari AN, Neilson RD, Cardinale M. Effects of different vibration frequencies, amplitudes and contrac-
tion levels on lower limb muscles during graded isometric contractions superimposed on whole body 
vibration stimulation. https://doi.org/10.1177/2055668319827466

 38. Pujari AN, Neilson RD, Cardinale M. Fatiguing effects of indirect vibration stimulation in upper limb 
muscles: pre, post and during isometric contractions superimposed on upper limb vibration. R Soc 
open sci. 2019;6(10):190019. https://doi.org/10.1098/rsos.190019

 39. Cardinale M, Wakeling J. Whole body vibration exercise: are vibrations good for you? Br J Sports 
Med. 2005;39: 585–589. https://doi.org/10.1136/BJSM.2005.016857

 40. Moher D, Hopewell S, Schulz KF, Montori V, Gotzsche PC, Devereaux PJ, et al. CONSORT 2010 
Explanation and Elaboration: updated guidelines for reporting parallel group randomised trials. BMJ. 
2010;340(mar23 1):c869–c869. https://doi.org/10.1136/bmj.c869

 41. Al-Mohandes HA, Abd-Elmonem AM, Nahla;, Ibrahim M. Whole Body Vibration Therapeutic Appli-
cation in Physical Therapy: Review Article. Egypt J Hosp Med. 2024;97(1):3634–9. https://doi.
org/10.21608/ejhm.2024.386174

 42. Jones K, Kimble R, Baker K, Tew GA. Effects of structured exercise programmes on physiological and 
psychological outcomes in adults with inflammatory bowel disease (IBD): A systematic review and 
meta-analysis. PLoS ONE. 2022;17(12):e0278480. https://doi.org/10.1371/journal.pone.0278480

 43. Cramer H, Schäfer M, Schöls M, Köcke J, Elsenbruch S, Lauche R, et al. Randomised clinical trial: 
yoga vs written self-care advice for ulcerative colitis. Aliment Pharmacol Ther. 2017;45: 1379–1389. 
https://doi.org/10.1111/APT.14062

 44. Jones K, Baker K, Speight RA, Thompson NP, Tew GA. Randomised clinical trial: combined impact 
and resistance training in adults with stable Crohn’s disease. Aliment Pharmacol Ther. 2020;52: 
964–975. https://doi.org/10.1111/APT.16002

 45. Howlett N, Bottoms L, Chater A, Clark AB, Clarke T, David L, et al. A randomised controlled trial of 
energetic activity for depression in young people (READY): a multi-site feasibility trial protocol. Pilot 
Feasibility Stud. 2021;7: 6–25. https://doi.org/10.1186/s40814-020-00734-7

 46. Pujari AN. Development and evaluation of vibration apparatus and method for neuromuscular stimula-
tion. PhD Thesis, University of Aberdeen. 2016.

 47. Pender NJ. Health promotion and illness prevention. Annual Review of Nursing Research. 
1984;2:83–105.

 48. O’Brien E, Asmar R, Beilin L, Imai Y, Mallion J-M, Mancia G, et al. European Society of Hypertension 
recommendations for conventional, ambulatory and home blood pressure measurement. Journal of 
Hypertension. 2003;21(5):821–48. https://doi.org/10.1097/00004872-200305000-00001

 49. Buckley JP, Sim J, Eston RG, Hession R, Fox R. Reliability and validity of measures taken during 
the Chester step test to predict aerobic power and to prescribe aerobic exercise. Br J Sports Med. 
2004;38(2):197–205. https://doi.org/10.1136/bjsm.2003.005389

 50. Guyatt G, Mitchell A, Irvine EJ, Singer J, Williams N, Goodacre R, et al. A new measure of health 
status for clinical trials in inflammatory bowel disease. Gastroenterology. 1989;96(3):804–10. https://
doi.org/10.1016/0016-5085(89)90905-0

 51. Moradkhani A, Beckman LJ, Tabibian JH. Health-related quality of life in inflammatory bowel disease: 
Psychosocial, clinical, socioeconomic, and demographic predictors. Journal of Crohn’s and Colitis. 
2013;7(6):467–73. https://doi.org/10.1016/j.crohns.2012.07.012

 52. El-Matary W. Patient-reported outcome measures in inflammatory bowel disease. Can J Gastroenterol 
Hepatol. 2014;28(10):536–42. https://doi.org/10.1155/2014/792386

 53. Varbobitis I, Kokkotis G, Gizis M, Perlepe N, Laoudi E, Bletsa M, et al. The IBD-F Patient Self- 
Assessment Scale Accurately Depicts the Level of Fatigue and Predicts a Negative Effect on the 
Quality of Life of Patients With IBD in Clinical Remission. Inflamm Bowel Dis. 2021;27: 826–835. 
https://doi.org/10.1093/IBD/IZAA201

 54. Bjelland I, Dahl AA, Haug TT, Neckelmann D. The validity of the Hospital Anxiety and Depression 
Scale: An updated literature review. J Psychosom Res. 2002;52: 69–77. https://doi.org/10.1016/
S0022-3999(01)00296-3

 55. Matylda L, Joseph S, Frédérike BL, Fadi T, Aneet J, Darlington PJ, et al. Pain catastrophizing in ath-
letes correlates with pain and cardiovascular changes during a painful cold pressor test. J Athl Train. 
2020 [cited 30 Jan 2025]. https://doi.org/10.4085/16-20

 56. Tang S, Xiong L, Fan Y, Mok VCT, Wong KS, Leung TW. Stroke Outcome Prediction by Blood Pres-
sure Variability, Heart Rate Variability, and Baroreflex Sensitivity. Stroke. 2020;51: 1317–1320. https://
doi.org/10.1161/STROKEAHA.119.027981

https://doi.org/10.1177/2055668319827466
https://doi.org/10.1098/rsos.190019
https://doi.org/10.1136/BJSM.2005.016857
https://doi.org/10.1136/bmj.c869
https://doi.org/10.21608/ejhm.2024.386174
https://doi.org/10.21608/ejhm.2024.386174
https://doi.org/10.1371/journal.pone.0278480
https://doi.org/10.1111/APT.14062
https://doi.org/10.1111/APT.16002
https://doi.org/10.1186/s40814-020-00734-7
https://doi.org/10.1097/00004872-200305000-00001
https://doi.org/10.1136/bjsm.2003.005389
https://doi.org/10.1016/0016-5085(89)90905-0
https://doi.org/10.1016/0016-5085(89)90905-0
https://doi.org/10.1016/j.crohns.2012.07.012
https://doi.org/10.1155/2014/792386
https://doi.org/10.1093/IBD/IZAA201
https://doi.org/10.1016/S0022-3999(01)00296-3
https://doi.org/10.1016/S0022-3999(01)00296-3
https://doi.org/10.4085/16-20
https://doi.org/10.1161/STROKEAHA.119.027981
https://doi.org/10.1161/STROKEAHA.119.027981


PLOS ONE | https://doi.org/10.1371/journal.pone.0319685 March 19, 2025 15 / 15

PLOS ONE VECTOR

 57. Van Assche G, Dignass A, Panes J, Beaugerie L, Karagiannis J, Allez M, et al. The second European 
evidence-based Consensus on the diagnosis and management of Crohn’s disease: Definitions and 
diagnosis. J Crohns Colitis. 2010;4: 7–27. https://doi.org/10.1016/j.crohns.2009.12.003

 58. Katsanos KH, Papadakis KA. Inflammatory Bowel Disease: Updates on Molecular Targets for Biolog-
ics. Gut Liver. 2017;11: 455–463. https://doi.org/10.5009/gnl16308

 59. Sands BE. Biomarkers of Inflammation in Inflammatory Bowel Disease. Gastroenterology. 2015;149: 
1275-1285.e2. https://doi.org/10.1053/J.GASTRO.2015.07.003/ASSET/F7598957-83ED-4D3D-AA6B-
1C3B5D8A1580/MAIN.ASSETS/GR1.JPG

 60. Baker KA, Miller TD, Marino FE, Hartmann TE. The exercise-induced inflammatory response 
in inflammatory bowel disease: A systematic review and meta-analysis. PLoS ONE. 
2022;17(2):e0262534. https://doi.org/10.1371/journal.pone.0262534

 61. Karatzoglou I, Yavropoulou MP, Pikilidou M, Germanidis G, Akriviadis E, Papazisi A, et al. Postpran-
dial response of bone turnover markers in patients with Crohn’s disease. World Journal of Gastroen-
terology: WJG. 2014;20: 9534. https://doi.org/10.3748/WJG.V20.I28.9534

 62. Costa F, Mumolo MG, Bellini M, Romano MR, Ceccarelli L, Arpe P, et al. Role of faecal calprotectin as 
non-invasive marker of intestinal inflammation. Dig Liver Dis. 2003;35: 642–647. Available: http://www.
ncbi.nlm.nih.gov/pubmed/14563186

 63. Braun V, Clarke V. Using thematic analysis in psychology. Qualitative Research in Psychology. 
2006;3(2):77–101. https://doi.org/10.1191/1478088706qp063oa

 64. Sinclair J, Dillon S, Allan R, Brooks-Warburton J, Desai T, Lawson C, et al. Health Benefits of Mont-
morency Tart Cherry Juice Supplementation in Adults with Mild to Moderate Ulcerative Colitis: A 
Protocol for a Placebo Randomized Controlled Trial. Methods Protoc. 2023;6. https://doi.org/10.3390/
MPS6050076

 65. McGough J, Faraone S. Estimating the size of treatment effects: Moving beyond p values. Psychiatry 
(Edgmont). 2009;6:21.

 66. Cohen J. Statistical power analysis for behavioural sciences. Second. Hillsdale, NJ: Lawrence Earl-
baum Associates. Hillsdale, New Jersey: Lawrence Erlbaum Associates; 1998.

 67. Tan PT, Cro S, Van Vogt E, Szigeti M, Cornelius VR. A review of the use of controlled multiple impu-
tation in randomised controlled trials with missing outcome data. BMC Med Res Methodol. 2021;21: 
1–17. https://doi.org/10.1186/S12874-021-01261-6/TABLES/4

https://doi.org/10.1016/j.crohns.2009.12.003
https://doi.org/10.5009/gnl16308
https://doi.org/10.1053/J.GASTRO.2015.07.003/ASSET/F7598957-83ED-4D3D-AA6B-1C3B5D8A1580/MAIN.ASSETS/GR1.JPG
https://doi.org/10.1053/J.GASTRO.2015.07.003/ASSET/F7598957-83ED-4D3D-AA6B-1C3B5D8A1580/MAIN.ASSETS/GR1.JPG
https://doi.org/10.1371/journal.pone.0262534
https://doi.org/10.3748/WJG.V20.I28.9534
http://www.ncbi.nlm.nih.gov/pubmed/14563186
http://www.ncbi.nlm.nih.gov/pubmed/14563186
https://doi.org/10.1191/1478088706qp063oa
https://doi.org/10.3390/MPS6050076
https://doi.org/10.3390/MPS6050076
https://doi.org/10.1186/S12874-021-01261-6/TABLES/4
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

