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Published online: October 14,2023  BACKGROUND

Reaching the Selecting Therapeutic Targets in Inflammatory Bowel Disease-11
(STRIDE-II) therapeutic targets for inflammatory bowel disease (IBD) requires an
interdisciplinary approach. Lifestyle interventions focusing on enhancing and
preserving health-related physical fitness (HRPF) may aid in improving subjective
health, decreasing disability, or even controlling inflammation. However, ambi-
guity remains about the status and impact of HRPF (i.e. body composition, car-
diorespiratory fitness, muscular strength, muscular endurance, and flexibility) in
IBD patients, hindering the development of physical activity and physical exercise
training guidelines.
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AIM
To review HRPF components in IBD patients and the impact of physical activity and physical exercise training
interventions on HRPF.

METHODS

A systematic search in multiple databases was conducted for original studies that included patients with IBD,
assessed one or more HRPF components, and/or evaluated physical activity or physical exercise training
interventions.

RESULTS

Sixty-eight articles were included. No study examined the complete concept of HRPF, and considerable hetero-
geneity existed in assessment methods, with frequent use of non-validated tests. According to studies that used
gold standard tests, cardiorespiratory fitness seemed to be reduced, but findings on muscular strength and
endurance were inconsistent. A limited number of studies that evaluated physical activity or physical exercise
training interventions reported effects on HRPF, overall showing a positive impact.

CONCLUSION

We performed a scoping review using a systematic and iterative approach to identify and synthesize an emerging
body of literature on health-related physical fitness in patients with IBD, highlighting several research gaps and
opportunities for future research. Findings of this review revealed a gap in the literature regarding the accurate
assessment of HRPF in patients with IBD and highlighted important methodological limitations of studies that
evaluated physical activity or physical exercise training interventions. This scoping review is a step towards
performing studies and systematic reviews in the future, which was not possible at present given the heterogeneity
in endpoints and designs of the available studies on this topic. Future well-designed studies are required to
determine the optimal training paradigm for improving HRPF in patients with IBD before guidelines can be
developed and integrated into the therapeutic strategy.

Key Words: Inflammatory bowel disease; Physical fitness; Assessment; Intervention; Physical activity; Exercise

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Lifestyle interventions focusing on enhancing and preserving health-related physical fitness (HRPF) may aid in
improving subjective health, decreasing disability, or even controlling inflammation in patients with inflammatory bowel
disease (IBD). This scoping review encompassed a comprehensive exploration of the available literature on the assessment
of HRPF components in patients with IBD, summarized the effects of physical activity and physical exercise training
interventions on these components in this specific patient population, and provided valuable recommendations for future
research directions.

Citation: Demers K, Bak MTJ, Bongers BC, de Vries AC, Jonkers DMAE, Pierik MJ, Stassen LPS. Scoping review on health-related
physical fitness in patients with inflammatory bowel disease: Assessment, interventions, and future directions. World J Gastroenterol
2023; 29(38): 5406-5427

URL: https://www.wjgnet.com/1007-9327/full/v29/i38/5406.htm

DOI: https://dx.doi.org/10.3748/wjg.v29.i38.5406

INTRODUCTION

Inflammatory bowel disease (IBD), including Crohn’s disease (CD) and ulcerative colitis (UC), are chronic inflammatory
diseases of the gastrointestinal tract[1,2]. The disease course is characterized by recurrent episodes of mucosal inflam-
mation. Besides a genetic predisposition, an altered immune response and intestinal microbiota perturbations as well as
psychosocial and lifestyle factors underlie the recurrent inflammation of IBD. As a result, substantial variation exists
between patients for disease course and treatment outcomes. Since the disease course is unfavorable for many patients
and a significant proportion requires surgery to manage the disease or its complications[3], novel drugs have been
introduced and tight control of mucosal inflammation has been added to the traditional treatment goal of steroid-free
clinical remission[4,5]. In addition to intestinal symptoms caused by mucosal inflammation or intestinal complications,
patients frequently experience impaired subjective well-being due to symptoms such as fatigue, or impaired social
functioning or emotional health[6-8]. This often persists even in the absence of mucosal inflammation and contributes to a
high physical and psychological disease burden with a significant impact on quality of life.

The treat-to-target strategy for IBD, according to the Selecting Therapeutic Targets in Inflammatory Bowel Disease-II
(STRIDE-II) recommendations, aims for endoscopic healing, absence of disability, and optimal subjective health, and
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warrants a multidisciplinary treatment approach[9]. Lifestyle interventions involving physical activity or physical
exercise training to improve or preserve physical fitness might improve the outcome of IBD. In general, such
interventions are key factors in health promotion and disease prevention programs[10,11]. Beneficial effects include a
reduced risk of all-cause mortality, reduced risk of developing noncommunicable diseases (e.g. cardiovascular diseases,
diabetes, cancer, neurodegenerative diseases) and postoperative complications, and better mental health and subjective
well-being[12-16]. In addition, the anti-inflammatory benefits of regular physical activity and physical exercise training (
e.g. the release of myokines, reduction in visceral fat, and subsequent decrease of adipokine release) are well documented
[17,18].

The use of standardized nomenclature is necessary to understand and optimally target the concepts of physical fitness,
physical activity, physical exercise training, and their interrelationships. Physical fitness can be considered an integrated
measure of bodily functions involved in daily physical activity. The physical fitness components that have a relationship
with health are referred to as health-related physical fitness (HRPF), which includes body composition, cardiorespiratory
fitness, muscular strength, muscular endurance, and flexibility[19-21]. Physical activity and physical exercise training are
often used interchangeably but are physiologically different, resulting in unique local and systemic responses[19,22-24].
While physical activity is defined as any bodily movement produced by skeletal muscles that requires energy
expenditure, physical exercise training is considered a subcategory of physical activity that is planned, structured, and
repetitive with the final or intermediate purpose of maintaining or improving one or more physical fitness components.

To date, the status of several components of HRPF and their impact on inflammation and subjective health in IBD is
not clear, which hinders the development of (inter)national guidelines regarding physical activity and physical exercise
training for this population. Due to a sedentary lifestyle in general, lack of physical activity as a consequence of illness as
well as corticosteroid use is likely to cause patients with IBD to suffer from an impaired HRPF[25-27]. Furthermore,
malnutrition and the direct effect of proinflammatory cytokines can negatively influence muscle quality and function[28,
29]. The need for such guidelines to improve HRPF is further highlighted by a potential link between impaired
components of HRPF in patients with IBD and subjective well-being in terms of fatigue and health-related quality of life
[30,31].

Accurate assessment of HRPF components is necessary to obtain more insight into the state of HRPF in patients with
IBD as well as to clearly define endpoints in intervention studies to determine whether physical activity or physical
exercise training can improve HRPF components in these patients. Therefore, the first objective of this scoping review
was to provide an overview of studies on the assessment of HRPF components in patients with IBD using a systematic
and iterative approach. As the literature on body composition in patients with IBD was recently reviewed systematically
[32-34], the current review focused on the remaining components of HRPF (i.e. cardiorespiratory fitness, muscular
strength, muscular endurance, and flexibility). The second objective was to review the effects of physical activity and
physical exercise training interventions on HRPF in patients with IBD. The ultimate goal of this scoping review was to
identify and synthesize an emerging body of literature on health-related physical fitness in patients with IBD,
highlighting several research gaps and opportunities for future research.

MATERIALS AND METHODS

This scoping review was performed and reported according to the Preferred Reporting Items for Systematic reviews and
Meta-Analyses Extension for Scoping Reviews guideline[35].

Search strategy

A comprehensive search was performed in MEDLINE, EMBASE, Cochrane Central Register of Controlled Trials
(CENTRAL), CINAHL, Web of Science, and PEDro for articles published through November 5, 2022. The literature search
was performed in collaboration with the medical librarian of Maastricht University. An overview of the search strategy is
presented in Supplementary material.

Study selection

Eligible studies were those that fulfilled the following criteria: (1) Inclusion of children and/or adults diagnosed with
IBD; and (2) Addressing at least one of the following two elements: Assessing one or more of the four HRPF components (
i.e. cardiorespiratory fitness, muscular strength, muscular endurance, and flexibility); and/or Assessing the effects of any
frequency, intensity, time, and type of physical activity or physical exercise training interventions.

All original studies performed in humans from any geographical setting were eligible for inclusion. Letters, case
reports, study protocols, animal studies, reviews, (conference) abstracts, and studies written in languages other than
Dutch or English were excluded. In cases where the full-text article was not available, the corresponding authors were
contacted. After the removal of duplicates, all unique studies were screened by title and abstract based on the predefined
inclusion criteria by two reviewers (Demers K and Bak MT]J). Subsequently, these reviewers independently evaluated the
full texts of all potentially relevant records to determine eligibility. Any disagreements between the reviewers were
solved through discussion until a consensus was reached. Reasons for exclusion at this stage were documented.
Furthermore, a snowball method was administered for the included studies to identify other relevant studies that were
not identified within the search strategy.

Data extraction
The two independent reviewers extracted data in duplicate. For each study, the following data were collected (if
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applicable) using a standardized registration form: First author; year of publication; study design; study location;
population (number of participants, sex, age, disease entity, disease duration, disease location, disease activity, IBD
medication, previous IBD-related surgery); control group or reference values; assessment methods (e.g. tests, test
protocols) and corresponding outcomes; and physical activity intervention or physical exercise training intervention and
comparator intervention (e.g. frequency, intensity, time, type, compliance, adverse events) and the reported effects.

Data synthesis

First, an overview was provided of the assessment methods used to assess HRPF in the included studies, classified
according to the four different components of HRPF. A distinction was made between gold standard tests (i.e. laboratory-
based tests) and practical field tests. Then, studies that used gold standard tests to assess HRPF were selected and
considered key publications and used to report HRPF outcomes of patients with IBD in comparison with healthy control
subjects or reference values, if applicable. Finally, the effects of physical activity interventions and physical exercise
training interventions on HRPF components were reviewed.

Gold standard tests

The objective assessment of maximal oxygen uptake (VO,max) or oxygen uptake at peak exercise (VO,peak) using the
cardiopulmonary exercise test (CPET), at which the patient performs a maximal effort, is considered the gold standard
measurement method for assessing cardiorespiratory fitness[11,36]. If no true VO,max (i.e. leveling-off of oxygen uptake
despite further increases in exercise intensity) is achieved, the VO,peak is often recorded. In that case, a respiratory
exchange ratio at peak exercise, which represents the ratio of carbon dioxide production and oxygen uptake, > 1.10 is
indicative of a maximal or near-maximal effort. Isokinetic (i.e. dynamic) and isometric (i.e. static) peak torque
measurements performed on an electromechanical dynamometer (e.g. Cybex, Biodex) are considered the most accurate
and the gold standard tests for muscular strength and endurance examination[37-39]. The assessment of a single joint-
specific range of motion using goniometers or fleximeters is considered the gold standard test for testing flexibility.
However, publications describing compound flexibility measures, which involve the assessment of more than one joint,
were also considered key publications[40,41].

RESULTS

Search results

The search yielded 7323 records. After removing duplicates, screening for eligibility, and snowballing, 68 studies were
included in the review (Figure 1) with 4412 unique patients. The median sample size of the included studies was 42
[interquartile range (IQR): 24-77]. In total, 53 studies were conducted in adults and 15 studies in children or adolescents.
Most studies (n = 32) evaluated patients with CD, followed by studies that included both patients with CD and UC (n =
30) and studies that included only patients with UC (n = 6). In total, 59 studies (86.8%) reported on disease activity.
Although definitions varied across studies, 2410 unique patients were considered to be in remission, and 1147 patients
were considered to have active disease, according to 48 studies that reported the number of patients in each group.

In total, 56 studies assessed one or more of the four HRPF components (i.e. cardiorespiratory fitness, muscular strength,
muscular endurance, and flexibility) in a total number of 3949 unique patients with IBD. Physical activity or physical
exercise interventions were evaluated in 22 studies, including 740 unique patients with IBD. Only 10 of these 22 studies
(45.5%) reported the effects of the intervention on one or more HRPF component. The sample size distribution of the
studies included is shown in Figure 2. The median sample size of the studies that assessed HRPF components in patients
with IBD (i.e. assessment studies) was 42 (IQR: 24-75). The median sample size of the studies examining physical activity
or physical exercise training interventions in patients with IBD (i.e. intervention studies) was 34 (IQR: 21-58).

Assessment of HRPF

Of all studies that assessed HRPF (n = 56), none assessed all components of HRPF within its IBD study population, and
no single study assessed flexibility. Most studies (n = 42) examined only one component, including cardiorespiratory
fitness (1 = 13), muscular strength (n = 28), and muscular endurance (n = 1). Two or more components were assessed in 14
studies. Of these, 13 studies assessed two components of HRPF [muscular strength and muscular endurance (n = 8) and
cardiorespiratory fitness and muscular strength (n = 5)]. One study assessed three components of HRPF (cardiores-
piratory fitness, muscular strength, and muscular endurance). In total, cardiorespiratory fitness was assessed in 19
studies, muscular strength in 42 studies, and muscular endurance in 10 studies.

Methods used to assess HRPF

Table 1 shows an overview of the assessment methods used to assess HRPF components in patients with IBD, distin-
guishing between gold standard tests and practical field tests. Significant heterogeneity was observed in the assessment
methodologies applied for the various components of HRPF, with frequent use of non-validated practical field tests such
as a cycle ergometer test or a 6-min walk test for cardiorespiratory fitness, handgrip strength or jumping mechanography
for muscular strength, and handgrip endurance or the chair-stand-test for muscular endurance. Overall, gold standard
tests were used in 19 studies (33.9%). Cardiorespiratory fitness was assessed by CPET performance in eight out of
nineteen studies (42.1%). However, only seven studies reported the gold standard VO,max/VO,peak. Muscular strength
was examined by the gold standard peak torque measurement performed on a dynamometer in 12 out of 42 studies
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Table 1 Overview of methods used to assess health-related physical fitness components in patients with inflammatory bowel disease

Health-related physical fitness Gold standard or

] practical field test Assessment method Outcome Number of studies
Cardiorespiratory fitness Gold standard test CPET on a cycle ergometer ~ VO,max/VO,peak 7[28,43-45,57,59,61]
WRpeak 1[71]
Practical field test Incremental cycle ergometer ~ Submaximal heart rate 2[42,72]
ot WRpeak 1[73]
6-min walk test Distance 2[28,53]
Speed 1[74]
Incremental shuttle walk test Distance 2[75,76]
CAFT step test Estimated VO,max 1[60]
Bruce treadmill stress test Duration of exercise and heart ~ 1[77]
rate recovery index
Rockport 1-mile walk test Estimated VO,max 1[56]
Duke activity status index Points 1[78]
Muscular strength Gold standard test Isometric dynamometry Peak torque 7[30,42,46-49,72]
Isokinetic dynamometry Peak torque 5[28,50-52,79]
Practical field test Handgrip strength Peak torque 31[42,49,51,55,58,72,74-
76,80-101]
Jumping mechanography P axr Finax jump height 4[99,102-104]
Finger pinching strength Peak torque 2[42,72]
Isometric leg-press strength ~ Peak torque 1[98]
Isometric HHD Peak torque 1[58]
Respiratory muscle strength ~ MIP, MEP 1[76]
Peak expiratory flow 1[93]
Muscular endurance Gold standard test Isometric dynamometry Slope of median muscle 1[48]
activation frequency
Decrement in peak torque 1[30]
Practical field test Handgrip endurance Decrement in peak torque 2[86,87]
Mean peak torque 1[98]
Chair-stand test/sit-to-stand ~ Repetitions 1[51]
test
Time 4[49,51,55,74,98]
3-meter walk test Speed 1[55]
Leg-press endurance Mean force 1[98]
Arm-cur] test Repetitions 1[51]
Sit-ups Repetitions 1[54]
Back extensions Repetitions 1[54]
Push-ups Repetitions 1[54]
Squats Repetitions 1[54]
Plank position Time 1[54]
Flexibility N/A N/A 0

CAFT: Canadian aerobic fitness test; CPET: Cardiopulmonary exercise testing; F,  : Maximum force; HHD: Hand-held dynamometry; MEP: Maximal

max*

expiratory pressure; MIP: Maximal inspiratory pressure; N/ A: Not available; P, : Maximum power; VO,max: Maximal oxygen uptake; VO,peak: Oxygen

uptake at peak exercise; WRpeak: Work rate at peak exercise.
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Figure 1 Preferred reporting items for systematic reviews and meta-analyses flow diagram of the literature search and selection process.

(28.6%). However, in one study, muscular strength was reported as a composite outcome combining dynamometry peak
torque and practical field test results[42]. Muscular endurance was assessed by the gold standard method in two out of
ten studies (20.0%).

HRPF outcomes

Comprehensive descriptions and main outcomes of the included studies assessing cardiorespiratory fitness, muscular
strength, and muscular endurance with the gold standard as well as practical field tests are presented in Supple-
mentary Tables 1-3.

Cardiorespiratory fitness: The seven studies that assessed cardiorespiratory fitness by VO,max/VO,peak measurement
during CPET performance are summarized in Table 2. A true VO,max was reported in one study, while six studies
reported VO,peak. However, the achieved respiratory exchange ratio at peak exercise was only reported in two studies,
indicating maximal achieved performance at the group level in both studies[28,43]. Four studies compared the cardiores-
piratory fitness of patients with IBD to a healthy control group or reference values. All studies showed a diminished VO,
peak in children or adolescents with CD and UC in remission or with mildly active disease[43,44], in adult patients with
CD and UC in remission[28], and in patients with CD and UC awaiting colorectal surgery[45].

Muscular strength: The 11 studies that assessed muscular strength by isokinetic or isometric peak torque measurements
performed on a dynamometer are listed in Table 3. Nine studies compared the muscular strength of patients with IBD to
a healthy control group or reference values, with inconsistent results. However, it is crucial to note that testing methodo-
logies and population characteristics varied throughout these studies, making comparison challenging. Two studies
assessed muscular strength in pediatric and adolescent patients with CD, and seven evaluated adult patients with CD
and/or UC.

Regarding pediatric and adolescent patients, reduced strength of the ankle dorsiflexion muscles was found in a
prospective cohort of CD patients with low bone density in remission or with active disease and in a cross-sectional
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Figure 2 Distribution of sample sizes of the studies that assessed health-related physical fitness components (n = 56) and that
investigated physical activity or physical exercise training interventions (n = 22).

cohort of patients with new-onset CD experiencing moderate-to-severe disease activity[46,47]. However, reduced
strength of the ankle dorsiflexion muscles was not observed in patients with new-onset CD experiencing mild disease
activity in the cross-sectional cohort[47].

Of the seven studies that assessed muscular strength in adult patients with CD and/or UC, three studies showed
reduced muscular strength of the lower limbs, two studies found both decreased and equivalent strength with regard to
different muscle groups, and two studies found an equal strength of the lower limbs as compared to healthy control
groups. The three studies that showed reduced muscular strength of the lower limbs were conducted in CD patients in
remission with prior small bowel resection and musculoskeletal pain or weakness[48], in a cohort of fatigued and non-
fatigued CD and UC patients in remission[28], and in sedentary female patients with UC and varying disease activity
severity[49]. Both a decreased and equivalent strength in different muscle groups was demonstrated by Geerling et al[50]
and Jones et al[51]. Geerling et al[50] showed a diminished strength of the knee flexor muscles but not the knee extensor
muscles in a cohort of patients with longstanding CD, and Jones et al[51] demonstrated a reduced strength of the knee
extensor muscles but no difference in elbow flexor strength in a group of CD patients in remission and with active
disease. An equivalent strength of the lower limb muscles compared to healthy control groups was observed in recently
diagnosed patients with CD and UC and in patients with CD in remission or with active disease[30,52].

Muscular endurance: Two studies assessed muscular endurance of the lower limbs by isometric endurance
measurements on a dynamometer in patients with CD as compared to healthy control groups (Table 3), also with
conflicting results. Salacinski et al[48] showed significantly better endurance of the rectus femoris muscle and an
equivalent endurance of the vastus lateralis muscle in patients with CD in remission with prior small bowel resection and
musculoskeletal pain or weakness as compared to healthy control subjects. van Langenberg et al[30] demonstrated worse
endurance of the knee extensor muscles in patients with CD in remission or with active disease in comparison with a
healthy control group.

Physical activity and physical exercise training interventions

Different types of physical activity and physical exercise training interventions have been published (e.g, walking,
running, cycling, resistance exercises, video gameplay, yoga) ranging from low-intensity to high-intensity. Detailed tables
with the study characteristics and main findings of all interventions are presented in Supplementary Table 4. In total, 10
studies investigated the effect of a physical activity or physical exercise training intervention on one or more HRPF
components (Table 4), of which the majority used non-validated practical field tests. The remaining studies examined
other outcomes, such as feasibility, acceptability, or safety of the interventions as well as their effects on other health
outcomes concerning disease activity and subjective well-being (e.g. quality of life, fatigue, depression, anxiety, sleep,
stress).

Two studies focused on pediatric patients with IBD, and both demonstrated beneficial effects of their intervention on
HRPF components[53,54]. Mdhlmann et al[53] demonstrated that an 8-wk aerobic exercise training intervention with
active video gameplay increased the distance reached on the 6-min walk test, a practical field test for assessing cardiores-
piratory fitness, in children with IBD in remission and with active disease. The effects of a home-based resistance exercise
training program for 6 mo on HRPF components in children and adolescents with IBD in remission were investigated by
Trivi¢ et al[54]. Lean body mass significantly improved, whereas lean body mass age-based and sex-based z-scores did
not. Furthermore, they found a significant improvement in muscular endurance as measured by using various practical
field tests.

Eight studies examined the effect of a physical activity or physical exercise training intervention on HRPF components
in adult patients with IBD - three were randomized controlled trials[51,55,56], four were pilot studies[57-60], and one
involved a secondary analysis[61]. Seven studies included patients in remission or with mildly active disease activity, and
one study included patients in remission as well as patients with mild to severely active disease. Two pilot studies and a
secondary analysis investigated the effects of aerobic exercise and showed favorable effects on cardiorespiratory fitness
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Table 2 Description and main findings of studies examining cardiorespiratory fitness by objective maximal oxygen uptake or oxygen

uptake at peak exercise assessment in patients with inflammatory bowel disease

Study €D, Female Agein . Main findings, mean
. Sample Sample UC, yr, Disease Control .

Ref. design, . sex, L Test protocol (SD), or median

count size (n) features IBD- (%) mean  activity group (IQR)

i um ™ (s0)

Ploeger  Cross-sectional 29 N/A 19, 41% 13.7 Remission ( Healthy Incremental ramp ~ VO,peak: CD, 34.9 (6.5)
etal[43],  study, Canada 10,0 (2.3) n=N/A)or age- cycle ergometer mL/kg/min; UC, 37.8
2011 mildly matched test: Height-based  (7.7) mL/kg/min;

active and sex- increase of work Total, 36.0 (7.0)

disease (n = matched rate every 2 min mL/kg/min; VO,peak

N/A) youth until exhaustion CD, UG, total < VO,
(pedaling peak ref (P <0.05, P <
frequency < 50 0.001)
rpm)

Nguyen  Cross-sectional 7 N/A 7,0, N/A 15.2 Remission ( Healthy Incremental ramp ~ VO,peak: CD, 43.1 (6.5)
etal[44],  study, Canada 0 (2.3) n=7) age- cycle ergometer mL/kg/min; CG, 53.5
2013 matched test: Height-based  (4.6) mL/kg/min; VO,
and sex- increase of work peak CD < VO,peak
matched rate every 2 min CG (P <0.01)
CG (n=7) until exhaustion
(pedaling
frequency < 50
rpm)
Ottoetal Retrospective 100 Patients 54, N/A 411 Active Reference  Incremental ramp  VO,peak: CD, 20.0 (7.9)
[45],2012  study, United awaiting 46,0 (14.9) disease values[105] cycle ergometer mL/kg/min;UC, 21.9
Kingdom colorectal requiring test (8-12 min): (7.1) mL/kg/min;
surgery surgery (n = Work rate Total, 20.9 (7.6)

100) increments based  mL/kg/min; VO,peak
on prediction total; VO,peak ref (P <
quotation and PA  0.0001)
until exhaustion
(pedaling
frequency < 40
rpm)

Vogelaar Cross-sectional 20 With 15,5, 50% 37.3 Remission ( Reference  Incremental ramp  VO,peak: IBD with

etal[28],  study, The fatigue (n 0 (11.4) n =20) values[106] cycle ergometer fatigue, 1.99 (0.44)

2015 Netherlands =10), test (8-12 min): L/min; IBD without
without Work rate starting ~ fatigue, 2.43 (0.75)
fatigue (n at 20 W, which L/min; VO,peak IBD <
=10) increased by 15-20  VO,peak ref (P =N/A)

W /min until

exhaustion

(pedaling

frequency < 60

rpm)
Tew etal Pilot RCT, 36 N/A 36,0, 53% 36.9 Remission ( N/A Incremental ramp VOzpeak]: CD, 28.2
[59], 2019 United 0 (11.2) n =32) or cycle ergometer (8.6) mL/kg/min

Kingdom mildly test: Work rate

active starting at 0 W,

disease (n = which increased

4) by 15-20 W/min
until exhaustion
(pedaling
frequency < 60
rpm)[107]

Bottoms ~ Secondary 25 HIIT 25,0, 60% N/A Remission ( N/A Incremental ramp ~ VO,peak’: N/A for
etal[61],  analysis of Tew group (n= 0 for total 1 =32) or cycle ergometer total sample; CD HIIT
2019 et al[59], 12), MICT sample mildly test: Work rate group, 27.3 (7.7)
United group (n = active starting at 0 W, mL/kg/min; CD MICT
Kingdom 13) disease (n = which increased group, 28.7 (8.6)

4) by 15-20 W/min mL/kg/min
until exhaustion
(pedaling
frequency < 60
rpm)[107]

van Erp  Pilot study, 25 With 21,3, 40% 45(2.6) Remission ( N/A Incremental ramp VOZmax': IBD, 28 (25-

etal[57], The severe 1 n = 25) cycle ergometer 31) mL/kg/min

2021 Netherlands fatigue test: Protocol N/A

!Baseline values are shown.
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CD: Crohn’s disease; CG: Control group; HIIT: High-intensity interval training; IBD: Inflammatory bowel disease; IBD-U: Inflammatory bowel disease
unclassified; IQR: Interquartile range; MICT: Moderate-intensity continuous training; N/A: Not available; PA: Physical activity; RCT: Randomized
controlled trial; ref: Reference; SD: Standard deviation; UC: Ulcerative colitis; VO,max: Maximal oxygen uptake; VO,peak: Oxygen uptake at peak exercise.

Table 3 Description and main findings of studies examining muscular strength and muscular endurance by isokinetic or isometric

strength or endurance assessment on a dynamometer in patients with inflammatory bowel disease

Agein
yr, mean
Study CD, Female (SD), . Main findings,
. Sample Sample mean Disease  Control mean (SD), mean
Ref. design, ) UC sex, . Test protocol
count size (n) features n (%) (95%Cl), activity  group (95%Cl), or
"y ° or median (IQR)
median
(IQR)
Leeetal[47],  Cross- 64 Recently 64, 41% 12.8 (2.7) Remission Healthy  Isometric muscular AD peak torque:
2015 sectional diagnosed 0 to mild subjects (1 strength CD, 14.7 (10.1-18.8)
study, active =264) dynamometry ft/1bs; CG, 17.9
United disease (1 (Biodex): AD peak  (11.2-24.8) ft/1bs;
States =26), torque (20° plantar AD peak torque CD
moderate- flexion) (remission-mild
to-severe activity) = AD peak
active torque CG (P =
disease (1 0.72); AD peak
=38) torque CD
(moderate-to-
severe activity) <
AD peak torque CG
(P =0.05)
Lee et al[46],  Prospective 138 With low bone 138, 52% 14.2(2.8) Remission Healthy Isometric muscular AD peak torque Z-
2018 study, density 0 (n=85), or subjects (n strength score' (relative to
United mild (n= =264) dynamometry age, sex, race,
States 46), or (Biodex): AD peak adjusted for tibia
moderate- torque (20° plantar length): CD, -0.43
to-severe ( flexion) (0.90); AD peak
n=7) torque CD < AD
active peak torque ref (P <
disease 0.0001)
Geerling etal ~ Cross- 32 With 32, 56% 40.0 Remission Healthy  Isokinetic KE peak torque:
[50], 1998 sectional longstanding 0 (34.3- (n=17)or age- muscular strength  CD 60°/s, 123.1
study, The disease 54.0) active matched  dynamometry (27.4) Nm; CD
Netherlands disease (7 andsex-  (CybexII): KEand 180°/s, 81.5 (18.5)
=15) matched  KF peak torque Nm; CG 60°/s,
CG(n= (60°/s,180°/s) 136.5 (53.8) Nm; CG
32) 180°/s, 88.7 (39.7)
Nm; KE peak
torque CD = KE
peak torque CG (P
=N/A); KF peak
torque: CD 60°/s,
71.6 (22.3) Nm; CD
180°/s, 45.6 (15.2)
Nm; CG 60°/s, 87.6
(33.4) Nm; CG
180°/s,59.3 (31.9)
Nm; KF peak
torque CD (60°,
180°/s) < KF peak
torque CG (P <
0.02, P < 0.05)
Geerling etal ~ Cross- 69 Recently 23, 52% 354 Remission Healthy  Isokinetic KE peak torque:
[52], 2000 sectional diagnosed 46 (13.6) (n=61)or age- muscular strength N/ A for total
study, The active matched  dynamometry sample; CD 60°/s,
Netherlands disease (1 andsex-  (CybexII): KEand 127.5(33.4) Nm;
=8) matched  KF peak torque CD 180°/s, 81.5
CG(n= (60°/s,180°/s) (25.7) Nm; CG for
69) CD 60°/s,142.4
(33.2) Nm; CG for
CD 180°/s, 93.2
(37.2) Nm; UC
60°/s, 148.8 (44.6)
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N/A

Remission
(n=19)

N/A

Healthy
age-
matched
and sex-
matched
CG(n=
19)

October 14,2023 | Volume?29 |

Isometric muscular
strength
dynamometry
(Metitur): KE peak
torque (60° knee
flexion), AF peak
torque (90° elbow
flexion)

Isometric muscular
strength
dynamometry
(customized): KE
and KF peak
torque (45° knee
flexion)

Isometric muscular
endurance
dynamometry
(customized):
Slope of median
VL and RF muscle
activation
frequency
measured with
EMG during 60-s
submaximal (60%
of maximum)
contraction (45°
knee flexion)

Nm; UC 180°/s,
96.1 (30.7) Nm; CG
for UC 60°/s, 155.7
(50.0) Nm; CG for
UC 180°/s, 100.5
(38.4) Nm; KE peak
torque CD and UC
= KE peak torque
CG (P=N/A); KF
peak torque: N/ A
for total sample;
CD 60°/s, 74.9
(23.5) Nm; CD
180°/s, 46.8 (25.3)
Nm; CG for CD
60°/s, 86.8 (19.8)
Nm; CG for CD
180°/s, 57.8 (22.0)
Nm; UC 60°/s, 89.7
(31.9) Nm; UC
180°/s, 58.6 (21.3)
Nm; CG for UC
60°/s, 98.5 (37.3)
Nm; CG for UC
180°/s, 64.8 (30.4)
Nm; KF peak
torque CD and UC
= KF peak torque
CG (P=N/A)

KE peak torque:
UC preoperative,
475 (187) N; UC 4-6
yr postoperative,
532 (179) N (P =
0.080); AF peak
torque: UC
preoperative, 258
(93) N; UC 4-6 yr
postoperative, 275
(83) N (P =0.017)

KE peak torque/KE
peak torque
normalized to BW:
CD, 75.2 (45.4)
Nm/0.06 (0.03)
Nm/kg; CG, 105.6
(40.7) Nm/0.07
(0.03) Nm/kg; KE
peak torque CD <
KE peak torque CG
(P=0.013,
normalized to BW
P =0.039); KF peak
torque/KF peak
torque normalized
to BW: CD, 27.2
(10.7) Nm/0.02
(0.01) Nm/kg, CG,
53.7 (27.3) Nm/0.09
(0.02) Nm/kg; KF
peak torque CD <
KF peak torque CG
(P =10.001,
normalized to BW
P =0.022)

RF fatigue rate: CD,
-0.069 (0.06) Hz/s;
CG, -0.142 (0.09)
Hz/s; RF fatigue
rate CD <FR
fatigue rate CG (P =
0.015); VL fatigue
rate: CD, -0.028
(0.042) Hz/s; CG, -
0.027 (0.085) Hz/s;
VL fatigue rate CD
= VL fatigue rate
CG (P =0.969)
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van
Langenberg et
al[30], 2014

Zaltman et al
[49], 2014

Subramaniam
et al[79], 2015

Vogelaar et al
[28], 2015

Jones et al
[51], 2020

Jaishideng®

Cross- 27
sectional

study,

Australia

Case-control 23
study, Brazil

Prospective 19
study,
Australia

Cross- 20
sectional

study, The
Netherlands

RCT, United 47
Kingdom

N/A

Sedentary

Starting with
IFX

With fatigue (n
=10), without
fatigue (n = 10)

N/A
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27,

0,
28

19,
0

155,
5

47,
0

56%

100%

42%

50%

68%

43 (38,
48)

439
(10.0)

332
(10.7)

37.3
(11.4)

493
(13.0)

5416

Remission Healthy
(n=19)or age-
active matched
disease (7 and sex-
=8) matched
CG(n=
22)
Remission Healthy
(n=38), age-
mild (n =  matched,
9), or sex-
moderate ( matched,
n=>5), or and BMI-
severe (n = matched
1) active CG(n=

disease 23)

Active
disease (1
=19)

N/A

Remission Reference

values

Remission Healthy
(n=31)or age-

October 14,2023 | Volume?29 |

Isometric muscular
strength
dynamometry
(Biodex): KE peak
torque (60° knee
flexion)

Isometric muscular
endurance
dynamometry
(Biodex): Fatigue
rate as decrement
of KE peak torque
from maximal
peak torque
(repetition 2 or 3)
to peak torque at
the end of 30
maximal
contractions (at 60°
knee flexion)

Isometric muscular
strength
dynamometry
(IsoTeste): KE peak
torque (angle
N/A)

Isokinetic
muscular strength
dynamometry
(Cybex/HUMAC
Norm): KE peak
torque (30°/s,
60°/5,90°/s)

Isokinetic
muscular strength
dynamometry
(Biodex): KE and
KF peak torque
(60°/s,180°/s)

Isokinetic
muscular strength

KE peak torque:
CD 60°, 148.8 (130,
168) Nm; CG 60°,
133.6 (111, 156)
Nm; KE peak
torque CD = KE
peak torque CG (P
=0.29)

KE fatigue rate: CD,
-5.2(-8.2,-2.2)
Nm/min; CG, -1.3
(-3.9, 1.4) Nm/min;
KE fatigue rate CD
> KE fatigue rate
CG (P =0.047)

KE peak torque:
UC, 38.6 (4.4) Kgf;
CG, 41.0 (1.1) Kgf;
KE peak torque UC
< KE peak torque
CG (P =0.012)

KE peak torque':
CD 30°/s left leg,
166.5 (93.4) Nm,
right leg 184.8
(96.6) Nm; CD
60°/s left leg, 172.8
(103.5) Nm, right
leg 183.5 (116.4)
Nm; CD 90°/s left
leg, 128.5 (55.9)
Nm, right leg 139.4
(54.4) Nm

KE peak torque:
N/ A for total
sample; IBD with
fatigue 60°/s, 107.1
(25.4) Nm; IBD
with fatigue 180°/s,
60.7 (12.3) Nim; IBD
without fatigue
60°/s,123.7 (38.0)
Nm; IBD without
fatigue 180°/s, 73.5
(21.4) Nm; KE peak
torque IBD with
and without fatigue
< KE peak torque
ref (P =N/A); KF
peak torque: N/A
for total sample;
IBD with fatigue
60°/s,51.7 (14.3)
Nm; IBD with
fatigue 180°/s, 31.1
(8.0) Nm; IBD
without fatigue
60°/s, 63.0 (20.1)
Nm; IBD without
fatigue 180°/s, 38.9
(14.2) Nm; KF peak
torque IBD with
and without fatigue
< KF peak torque
ref (P =N/A)

KE peak torque':
CD 60°/s, 72.6
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mild matched, dynamometry (33.3) Nm; CD
active sex- (Biodex): KE peak  180°/s, 46.2 (23.0)
disease (7  matched, torque (60°/s, Nm; CG 60°/s, 94.6
=16) PA- 180°/s), EF peak (46.6) Nm; CG
matched, torque (60°/s, 180°/s, 60.1 (34.9)
BMI- 120°/s) Nm; KE peak
matched, torque CD < KE
and peak torque CG (P
ethnicity- =0.001, P =0.011);
matched EF peak torque’:
CG(n= CD 60°/s,25.4
33) (11.2) Nm; CD

120°/s,22.3 (9.1)
Nm; CG 60°/s, 26.0
(12.4) Nm; CG
120°/s,22.2 (11.2)
Nm; EF peak
torque CD = EF
peak torque CG (P
=0.664, P = 0.747)

1Baseline values are shown.
95%CI: 95% confidence interval; AD: Ankle dorsiflexor; AF: Arm flexor; BMI: Body mass index; BW: Body weight; CD: Crohn’s disease; CG: Control group;
EF: Elbow flexor; EMG: Electromyography; IBD: Inflammatory bowel disease; IFX: Infliximab; IQR: Interquartile range; KE: Knee extensor; KF: Knee flexor;
N/ A: Not available; PA: Physical activity; RCT: Randomized controlled trial; RF: Rectus femoris; ref: Reference; SD: Standard deviation; UC: Ulcerative
colitis; VL: Vastus lateralis.

[59-61].

A 12-wk walking program in physically inactive patients with CD resulted in a significant improvement in cardiores-
piratory fitness as determined by a practical field test[60]. Improvements in cardiorespiratory fitness, as measured by VO,
peak during CPET, were also observed in patients with CD who completed a 3-mo program of high-intensity interval
training (HIIT) or moderate-intensity continuous training[59]. A greater increase in VO,peak was found in CD patients
who followed the HIIT program than in CD patients who followed the moderate-intensity continuous training program
compared with CD patients who received usual care. A secondary analysis of this study showed that the work rate at
peak exercise increased only in those patients who underwent the HIIT program[61].

The effect of resistance training on HRPF components was studied by two randomized controlled trials[51,55]. Jones et
al[51] found that a 6-mo impact (e.g. rope skipping, jumps) and resistance training program in patients with CD
significantly improved upper and lower limb muscular strength as measured with gold standard tests (i.e. knee extensor
and elbow flexor muscular strength testing with isokinetic dynamometry) as well as upper and lower limb muscular
endurance measured with practical field tests (i.e. handgrip strength, chair-stand test, and arm-curl test). In contrast, Zhao
et al[55] did not observe significant changes in various practical field tests for muscular strength and muscular endurance
after an 8-wk resistance training program with either protein supplementation or placebo in patients with IBD diagnosed
with sarcopenia.

Two studies investigated interventions that included both aerobic and resistance training for the duration of 8 wk and
12 wk[56,57]. Cronin et al[56] demonstrated favorable changes in body fat and lean tissue mass as well as in cardiores-
piratory fitness measured by the Rockport 1-mile test in physically inactive patients with IBD after an 8-wk intervention
as compared to physically inactive patients with IBD receiving usual care. However, the intervention study by van Erp et
al[57], conducted in severely fatigued patients with IBD, failed to demonstrate improvements in the gold standard
outcome for cardiorespiratory fitness (i.e. VO,max achieved during CPET) after 12 wk. Yet, they did report an
improvement in work rate at peak exercise. The effects of aerobic exercise and resistance exercise were compared in a
randomized pilot study by Seeger et al[58]. After 12 wk, both patients with CD who performed aerobic exercise and
patients with CD who performed resistance exercise showed a gain in muscular strength as determined by practical field
tests.

DISCUSSION

This scoping review aimed to provide an overview of studies on the assessment of HRPF components in patients with
IBD and to review the effects of physical activity and physical exercise training interventions on HRPF components in
patients with IBD. Accurate measurement of the HRPF concept is the first step towards the investigation and
implementation of targeted physical activity or physical exercise training interventions to improve clinical outcomes and
patient-reported outcomes in IBD. The findings of this scoping review indicated a shortcoming in the present literature
regarding the accurate assessment of the HRPF concept, as most studies considered only one or two HRPF components,
and no single study assessed flexibility. In addition, large heterogeneity existed in assessment methods, with frequent use
of non-validated tests. According to limited studies that used gold standard tests, cardiorespiratory fitness seemed to be
reduced in patients with IBD, but findings on muscular strength and endurance were inconsistent. An overall positive
effect on HRPF components was present for physical activity or physical exercise training interventions. Important
insights and research gaps that resulted from the thematic mapping of the evidence are outlined below, along with
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Table 4 Description and main findings of studies examining the effect of physical activity and physical exercise training interventions on health-related physical fitness components in patients with

inflammatory bowel disease

Study €D, Female Agein . Healthy
. Sample Sample uc, yr, Disease . Comparator, HRPF components
Ref. design, . sex, L. control Intervention, IG Effect on HRPF components
B size,n features IBD-U %) mean  activity TS CG assessed
o
(n) (SD)
Mihlmann  Pilot study, 21 Pediatric patients 12,7,3 48% 13.88 Remission (1~ Age-matched Moderate-intensity N/A Cardiorespiratory fitness ~ Distance reached in 6 min increased in
et al[53], Switzerland =14) or active and sex- aerobic exercise with 6-min walk test patients with active disease from 655
2017 disease (n = matched HC  training with active (practical field test) at wk 8 (95%CI: 542-769) m to 758 (95%CI: 610-
7) (n =23) video gameplay (n = 906) m, and in patients in remission from
21), 5 sessions/wk (30 655 (95%CI: 542-769) m to 758 (95%CI:
min) for 8 wk 610-906) m, and in CG from 678 (95%CI:
640-715) m to 727 (95%CI: 74-93) m,
without between-group differences (P =
N/A)
Trivicetal Intervention 42 Pediatric patients 22,18,2 40% N/A Remission (7 N/A Personalized home- ~ N/A Body composition (LBM)  Improvement in LBM from 37.12 (SD:
[54],2022  study, Croatia for total = 42) based structured with DEXA; muscular 1.43) kg to 38.75 (SD: 1.61) kg, (P = 0.012)
sample resistance training (n endurance 30 s sit-ups, but not in LBM z-score. Improvement in
=42), 3 sessions/wk push-ups, back extensions, muscular endurance tasks: Number of sit-
for 6 mo squats, and holding a up repetitions from 19.32 (SD: 5.82) to
plank position for as long ~ 21.00 (SD: 6.53) (P = 0.024), back
as possible (practical field  extension repetitions from 27.39 (SD:
tests), all at 6 mo 12.09) to 38.27 (SD: 16.10) (P < 0.001),
push-up repetitions from 17.37 (SD: 6.67)
to 24.59 (SD: 7.58) (P < 0.001), squat
repetitions from 22.10 (SD: 4.87) to 24.88
(SD: 6.23) (P < 0.001), and time holding
the plank position from 81.0 (SD: 46.26) s
to 114.34 (SD: 74.06) s (P < 0.001)
Loudonet  Pilot study, 16 Sedentary adult  16,0,0 83% 383 Remissionor N/A Supervised indoor N/A Cardiorespiratory fitness ~ Improvement in estimated VO,max from
al[60], 1999 Canada patients (7.5) mild active (group) walking with CAFT step test 30.6 (SD: 4.7) mL/kg/min to 32.4 (SD:
disease (n = program, 3 (practical field test) at wk ~ 4.8) mL/kg/min (P = 0.0013)
N/A) sessions/wk (of 20-35 12
min) for 12 wk
Bottoms et Secondary 25 Adult patients 25,0,0 60% N/A Remissionor N/A HIIT (n =13) or MICT N/A Cardiorespiratory fitness  Increase in WRpeak after HIIT from
al[61],2019  analysis of for total mild active (n=12),3 with CPET (gold standard  baseline to week 4 with mean difference
Tew et al[59], sample disease (1 = sessions/wk for 3 mo test) at week 4, 8, and 12 of 20.5 (SD: 10.8) W (P = 0.03), and from
United N/A) week 4 to week 12 with 12.30 (SD: 6.32)
Kingdom W, (P = 0.02); No change in WRpeak after
MICT
Cronin etal Cross-over 17 Physically N/A N/Afor 25(6.5) Remission(n N/A Combined aerobic Usual care (1 Body composition (body  Total body fat decreased in the IG with
[56],2019  RCT, Ireland inactive adult for total =17) and resistance =7) fat and lean tissue mass) 2.1% (IQR: -2.15 to -0.45) but increased in
patients total sample exercise program (n = with DEXA, cardiores- the CG with 0.1% (IQR: -0.4-1), (P =
sample 13, of which 7 piratory fitness with 0.022); total lean tissue mass increased in
crossed-over), 3 Rockport 1-mile walk test  the IG with 1.59 (IQR: 0.68-2.69) kg but
sessions/wk (of 60 (practical field test), all at ~ decreased in the CG with 1.38 (IQR: -2.45-
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[59],2019  United

Kingdom
Jones et al RCT, United
[51], 2020 Kingdom
Seeger et al  Pilot RCT,
[58], 2020 Germany
Van Erpet Pilot study,
al[57],2021 The

Netherlands
Zhaoetal  RCT, China
[55], 2022

JRaishideng®

36

47

45

25

28

Adult patients 36,0,0 53%
Adult patients 47,0,0 68%
Adult patients 45,0,0 63%
Adult patients 21,3,1 40%
with severe

fatigue

Adult patients N/A 31%
with low

nutritional risk
state [RT + WP
intervention (n =
15), RT + placebo
intervention (n =
13)]
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36.9
11.2)

493
(13.0)

N/A
for total
sample

45 (2.6)

441

Remission (n
=32) or
mildly active
disease (n =
n)

Remission (n
= 31) or mild
active disease
(n=16)

Remission or
mild active
disease (n =
N/A)

Remission (n
= 25)

Remission (n
=3), or mild (
n=12),

moderate (n =

9), or severe (
n = 4) active
disease

N/A

Age-
matched, sex-
matched, PA-
matched,
BMI-
matched, and
ethnicity-
matched HC
(n=33)

N/A

N/A

N/A

5419

min) for 8 wk

HIIT (1 = 13) or MICT
(n=12),3
sessions/wk for 3 mo

Usual care (1
=11)

Combined impact
and resistance
exercise training (n =
23), 3 sessions/wk (of
60 min) for 6 mo

Usual care (n
=24)

Moderate endurance
training (n =17, only
n =9 were analyzed),
or moderate muscle
training (n = 15, only
n =13 analyzed), 3
sessions/wk (of 30-40
min) for 12 wk

Usual care (n
=13)

Aerobic and
progressive resistance
training, 3
sessions/wk (of 60
min) for 12 wk

N/A

Unsupervised
resistance training (n
= 28), 3 sessions/wk
for 8 wk
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week 8

Cardiorespiratory fitness
with CPET (gold standard
test) at 3 mo

Muscular strength and
endurance with isokinetic
dynamometry (gold
standard test) as well as
with HGS, chair-stand test,
and arm-curl test (practical
field tests), all at 6 mo

Muscular strength with
HGS and isometric HHD
(practical field tests) at
week 12

Cardiorespiratory fitness
with a CPET (gold
standard test) at week 12

Muscular strength with
HGS and muscular
endurance with 3-m walk
speed and 5-time chair-
stand-test (all practical
field tests), all at week 8

October 14,2023 | Volume29 |

0.26) kg, (P = 0.003); improvement of
estimated VO,max in the IG from 43.41
mL/kg/min to 46.01 mL/kg/min, (P =
0.03)

Change in VO,peak from 27.3 (SD: 7.7)
mL/kg/min to 29.7 (SD: 8.2) mL/kg/min
after HIIT. Change in VO,peak from 28.7
(SD: 8.6) mL/kg/min to 29.3 (SD: 6.6)
mL/kg/min after MICT. Change in VO,
peak from 28.6 (SD: 10.0) mL/kg/min to
28.5 (SD: 9.2) mL/kg/min after usual
care. Mean change in VO,peak from
baseline to 3 mo relative to the usual care
was greater following HIIT than MICT
(+2.4 vs +0.7 mL/kg/min) (P =N/A)

Improvement of all muscular strength
and endurance tests in the IG compared
to the CG: mean difference KE peak
torque 60°/s, 22.4 (95%Cl: 12.1-32.8) Nm;
KE peak torque 180°/s, 16.8 (95%ClI: 9.0-
24.5) Nm; EF peak torque 60°/s, 6.8
(95%CI: 3.9-9.6) Nm; EF peak torque
180°/s, 6.3 (95%ClI: 3.3-9.3) Nm; HGS, 8.3
(95%CI: 6.2-10.5) kg; Chair-stand test, 4
(95%CI: 3-6) repetitions; arm-curl test, 7
(95%CI: 5-8) repetitions; All P < 0.001

Improvement of HGS and QS in both
endurance training IG (P = 0.01, P =
0.035) and muscle training IG (P = 0.01, P
=0.002), while HGS decreased and QS
did not change in CG (P = 0.01, P = 0.23)

No significant change in VO,max. A
significant change in WRpeak from 2.4
(SD: 0.5) W/kg to 2.7 (SD: 0.5) W/kg (P =
0.002)

HGS changed from 36.7 (SD: 10.8) kg to
42.6 (SD: 8.4) kg in the RT + WP group
and from 31.7 (SD: 12.6) kg to 32.9 (SD:
12.5) kg in the RT + placebo group. 3-m
walk speed changed from 1.0 (SD: 0.3)
m/s to 0.9 (SD: 0.1) m/s in the RT + WP
group and from 1.1 (SD: 0.2) m/s to 1.0
(SD: 0.2) m/s in the RT + placebo group.
Time to perform the 5-time chair-stand
test changed from 7.0 (SD: 1.5) s to 6.2
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(SD: 1.4) s in the RT + WP group and

from 6.6 (SD: 1.6) s to 6.2 (SD: 1.3) s in the

RT + placebo group. All are not statist-

ically significant (P = N/A)

95%CI: 95% confidence interval; BMI: Body mass index; CAFT: Canadian aerobic fitness test; CD: Crohn’s disease; CG: Control group; CPET: Cardiopulmonary exercise test; DEXA: Dual-energy X-ray absorptiometry; EF: Elbow flexor;
HC: Healthy controls; HGS: Handgrip strength; HHD: Hand-held dynamometry; HIIT: High-intensity interval training, HRPF: Health-related physical fitness; IBD-U: Inflammatory bowel disease unclassified; IG: Intervention group;
IQR: Interquartile range; KE: Knee extensor; LBM: Lean body mass; MICT: Moderate-intensity continuous training; N/ A: Not available; PA: Physical activity; QS: Quadriceps strength; RCT: Randomized controlled trial; RT: Resistance

training; SD: Standard deviation; UC: Ulcerative colitis; VO,max: Maximal oxygen uptake; VO,peak: Oxygen uptake at peak exercise; WP: Whey protein; WRpeak: Work rate at peak exercise.
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recommendations for future research.

Current evidence for an impaired HRPF in patients with IBD is limited, which is partially attributable to a lack of
accurate assessment methodology in a significant proportion of the studies as well as the inclusion of small sample sizes
and different populations. Cardiorespiratory fitness, as determined by direct measurement of VO,max/VO,peak, seems
to be reduced in pediatric and adult patients with IBD. However, this is based on only four studies that made
comparisons with healthy control subjects or reference values. Controversial findings emerged from studies that assessed
muscular strength and endurance by gold standard assessment methods. This might indicate that it depends on, for
example, the specific muscle group examined, test protocol, patient- or disease-specific factors, and/or the control group
or reference values used for comparison, as to whether muscular strength and endurance are affected. Better-designed
studies are warranted to objectively assess the components of HRPF in patients with IBD and to subsequently investigate
their associations with patient-specific and disease-specific factors as well as with clinical and patient-reported outcomes
to ascertain whether any particular components are insufficient or below normal values (e.g. in certain patient subgroups)
and could be improved with appropriate interventions. Due to the heterogeneity of the disease, large patient populations
are required for these studies to ensure that relevant patient subgroups are adequately represented.

This review showed substantial heterogeneity in assessment methods used for the different components of HRPF in
the included studies. As gold standard assessment methods are often too complex to implement on a large scale, there is a
need for less demanding alternative assessment methods. To enable the assessment of HRPF in routine clinical practice
and to perform studies in large populations with long-term follow-up, future research should focus on determining the
validity and reliability of screening instruments and easily applicable practical field tests for HRPF within the IBD
population. It is crucial to investigate these aspects, as patients with IBD frequently experience fatigue or joint arthralgia,
which may limit the capacity to undertake exercise tests, or patients may avoid or give up exercise for fear of exacerbating
bowel symptoms[62]. For instance, clinical implementation of a validated practical patient-reported screening tool (e.g.
the Duke activity status index for cardiorespiratory fitness) may serve in identifying patients at risk for impaired HRPF
[63]. These patients could then be offered a comprehensive objective assessment using validated practical field tests by
dedicated physical therapists or exercise physiologists to evaluate the specific intolerance with regard to the different
components of HRPF. Subsequently, a personalized physical exercise training program may then be proposed to those
patients with an impaired HRPF.

Overall, a positive effect of physical activity or physical exercise training interventions on HRPF components was
present in patients with IBD in remission or with mild active disease. However, these findings should be interpreted with
caution given the important methodological limitations of the studies. Studies were often underpowered to detect true
statistically significant effects. Even though pilot research is necessary to explore the feasibility, acceptability, and safety
of an intervention preliminary to the subsequent implementation of a full-scale trial, large high-quality methodology
randomized controlled trials or quasi-experiments are warranted to establish the benefits of physical activity or physical
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exercise training in patients with IBD. In addition to high methodological quality, future trials should also consider the
quality of the exercise therapy program to ensure therapeutic potential. Quality of the exercise therapy program involves
patient selection, type and timing of the outcome assessment, the dosage and type of the exercise program, trained
supervision, safety, and adherence[64].

Patients in remission or with mild disease activity have been the main focus of the current intervention studies, often
excluding patients with moderate to severe disease. In addition, research on the effectiveness of physical activity or
physical exercise training in the context of preoperative optimization in patients with IBD is virtually absent[65]. Since
preoperative optimization of cardiorespiratory fitness and muscular strength has been shown to reduce postoperative
complications and enhance recovery in unfit patients undergoing abdominal surgery, it seems likely that patients with
IBD would benefit from these interventions as well[66,67]. Future trials involving participants with moderate to severely
active disease or those awaiting surgery are warranted. Furthermore, current studies were limited by a lack of proper
preselection based on the pre-existing fitness level of participants receiving an intervention. Patient selection based on
HRPF components that align with the purpose of the study is required to evaluate the true effectiveness of the
intervention. For instance, if the intervention purpose is to improve cardiorespiratory fitness, then those patients with
reduced cardiorespiratory fitness should be included to ensure optimal effects of the intervention[64]. Current studies are
frequently limited by the inclusion of patients who have adequate cardiorespiratory fitness or muscular strength, leaving
little opportunity for improvement.

The type and timing of the primary outcome assessment is another major limitation among current intervention
studies. The majority of studies lack accurate assessment of HRPF components over time with validated assessment
methods as a primary endpoint, making it difficult to assess the true effects of the intervention. Only 10 of 22 studies
reported the effects of the intervention on HRPF components, with frequent use of non-validated practical field tests.
Physical exercise training is, by definition, intended to improve components of HRPF, in contrast to physical activity.
Hence, an accurate assessment of HRPF is imperative to ascertain the true effects of physical exercise training in patients
with IBD. Since not all studies reported a clear rationale towards the (direct or indirect) improvement of HRPF
components within the purpose of the study, which is an important part of the definition of physical exercise training in
contrast to physical activity, it was not possible to differentiate between physical activity interventions and physical
exercise training interventions in this review. To study the effects of both types of interventions separately from one
another, future studies should provide a more detailed description of the chosen interventions, along with the congruent
outcome measure. Furthermore, future trials should also include longer follow-ups to determine whether these potential
beneficial effects persist after the intervention.

Other frequently reported endpoints were quality of life, fatigue, depression, anxiety, and stress, which are
multifactorial by origin and often influenced by other factors such as social support, medication use, and bowel
symptoms. Especially for subjective outcomes, the Hawthorn effect (i.e. change due to received attention or assessment)
instead of the intervention under examination can explain the observed effects of these trials[68]. A better understanding
of the exact mechanism by which physical activity or physical exercise training may help to improve such parameters of
subjective well-being (e.g. as an indirect effect of the improvement of HRPF components) is warranted.

Large variability was observed in the dosage and type of physical activity and physical exercise training programs in
the included studies. To ensure high therapeutic potential of an intervention in patients with IBD, the underlying
framework of the intervention (i.e. the ‘Frequency, Intensity, Time, Type” principle) should be based on a potential or
proven rationale (based on anatomical, physiological, or behavioral relevance) towards the purpose of the intervention,
and should preferably be individually tailored to a patient’s needs[64]. Most studies implemented interventions of low-
to-moderate intensities and showed that these were feasible and well tolerated in patients with IBD in remission or with
mild disease activity. In general, high-intensity training is usually not recommended in patients with IBD as this may lead
to an increase in inflammation and an exacerbation of symptoms[69]. However, existing evidence does not provide much
support for these recommendations.

Only one study examined the effect of a high-intensity training intervention in patients with IBD as compared to
moderate-continuous training[59]. The findings of this study showed that neither mode of training intensity increased
bowel symptoms and that high-intensity training caused a greater change in cardiorespiratory fitness than moderate-
continuous training. Furthermore, Ploeger et al[70] showed that a single bout of HIIT did not cause an acute exacerbation
of inflammation parameters in youth with CD. More research on the safety and efficacy of different training dosages and
types for patients with IBD is needed to elucidate the optimal training paradigm.

Many studies conducted physical activity or physical exercise training interventions that were (partly) home-based and
unsupervised. Although interventions under the supervision of trained professionals can positively influence the impact
of the intervention by encouraging adherence, unsupervised interventions might better reflect non-research contexts
where supervised programs will not always be feasible due to expense or a lack of trained personnel.

To our knowledge, this is the first review dedicated to HRPF in pediatric and adult patients with IBD, with an
emphasis on the assessment of the various HRPF components and the effect of physical activity and physical exercise
training interventions on HRPF components. The major strengths of this review were its broad scope and the extensive
systematic search across multiple databases. This review revealed a large volume of research and identified several
research gaps that give rise to new research opportunities. This review also had some limitations. First, the classification
of studies to the different components of HRPF that were assessed was based on the researchers’ judgment and thus may
have been influenced by their interpretation. Second, as a traditional scoping review approach was used, all published
literature was considered, regardless of study quality. This precluded the weighting of higher-quality studies vs lower-
quality studies in formulating conclusions.
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CONCLUSION

This review revealed a gap in the present literature concerning the assessment of the complete HRPF concept as well as
significant heterogeneity in assessment methods used to assess the components of HRPF. Cardiorespiratory fitness seems
to be diminished in patients with IBD, yet conflicting evidence exists with regard to muscular strength and endurance.
More well-designed large-scale studies are warranted to assess the status of the various components of HRPF in patients
with IBD using validated assessment methods and to subsequently investigate their association with patient-specific and
disease-specific factors as well as clinical and patient-reported outcomes. Furthermore, an overall favorable impact of
physical activity and physical exercise training interventions on HRPF components was present. However, important
methodological limitations were identified. Future well-designed studies on the effect of such interventions on disease
outcomes are required to determine the optimal training paradigm before (inter)national guidelines regarding physical
activity and physical exercise training can be integrated into the holistic therapeutic care for patients with IBD.

ARTICLE HIGHLIGHTS

Research background

Reaching the Selecting Therapeutic Targets in Inflammatory Bowel Disease-II (STRIDE-II) therapeutic targets for inflam-
matory bowel disease (IBD) requires an interdisciplinary approach. Lifestyle interventions to enhance and maintain
health-related physical fitness (HRPF) could potentially aid in improving subjective health, decreasing disability, or even
controlling inflammation. However, ambiguity remains about the status and impact of HRPF (encompassing body
composition, cardiorespiratory fitness, muscular strength, muscular endurance, and flexibility) in IBD patients, hindering
the development of physical activity and physical exercise training guidelines.

Research motivation

Accurate evaluation of HRPF components is imperative for a deeper understanding of the state of HRPF in IBD patients
as well as to clearly define endpoints in intervention studies to determine whether physical activity or physical exercise
training can improve HRPF components in patients with IBD. Hence, accurate assessment of the HRPF concept is the
initial step toward investigating and implementing targeted physical activity or physical exercise training interventions,
aiming to improve clinical outcomes and patient-reported outcomes in IBD.

Research objectives

The primary objective of this scoping review was to provide an overview of studies on the assessment of HRPF
components in patients with IBD. The second objective was to review the effects of physical activity and physical exercise
training interventions on HRPF in patients with IBD.

Research methods
A systematic search was conducted in multiple databases for original studies that included patients with IBD, assessed
one or more HRPF components, and/or evaluated physical activity or physical exercise training interventions.

Research results

Sixty-eight articles were included. No study examined the complete concept of HRPF, and considerable heterogeneity
existed in assessment methods, with frequent use of non-validated tests. According to studies that used gold standard
tests, cardiorespiratory fitness seemed to be reduced, but findings on muscular strength and endurance were inconsistent.
A limited number of studies that evaluated physical activity or physical exercise training interventions reported effects on
HRPF, overall showing a positive impact.

Research conclusions

The findings of this scoping review indicated a shortcoming in the present literature regarding the accurate assessment of
the HRPF concept, as most studies considered only one or two HRPF components, and no single study assessed
flexibility. Important methodological limitations of studies that evaluated physical activity or physical exercise training
interventions were identified.

Research perspectives

More well-designed large-scale studies are warranted to assess the status of the various components of HRPF in patients
with IBD using validated assessment methods and to subsequently investigate their association with patient-specific and
disease-specific factors as well as clinical and patient-reported outcomes. Furthermore, more research on the effect of
physical activity or physical exercise training interventions on disease outcomes is required to determine the optimal
training paradigm before (inter)national guidelines regarding physical activity and physical exercise training can be
integrated in the holistic therapeutic care for patients with IBD.
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