
Vol:.(1234567890)

Digestive Diseases and Sciences (2024) 69:4072–4088
https://doi.org/10.1007/s10620-024-08682-5

ORIGINAL ARTICLE

Criterion Validity of Screening Tools and Field‑Based Tests 
for Health‑Related Physical Fitness in Inflammatory Bowel Disease

Karlijn Demers1,2,3,4 · Bart C. Bongers3,5 · Sander M. J. van Kuijk6 · Guy Plasqui5 · Daisy M. A. E. Jonkers4 · 
Marieke J. Pierik2,4 · Laurents P. S. Stassen1,3

Received: 24 July 2024 / Accepted: 4 October 2024 / Published online: 19 October 2024 
© The Author(s) 2024

Abstract
Background Monitoring health-related physical fitness (HRPF) may benefit proactive Inflammatory Bowel Disease (IBD) 
management. However, knowledge regarding HRPF in patients with IBD is limited and gold standard tests are impractical 
for widespread use, necessitating simpler methods.
Aim This study evaluated the criterion validity of screening tools and field-based tests compared to gold standard tests for 
HRPF in patients with IBD.
Methods Adult patients with IBD completed screening tools, field-based tests, and gold standard tests for HRPF. Criterion 
validity was examined through (intraclass) correlation coefficients and Bland–Altman plots. Predictive capacity of the screen-
ing tools was examined with receiver operating curve analysis.
Results Among 53 included patients, screening tools demonstrated poor-to-moderate validity compared to the cardiopul-
monary exercise test (CPET) for cardiorespiratory fitness. Very strong correlations were found for four-site skinfold thick-
ness and multi-frequency bioimpedance analysis (BIA) with deuterium oxide dilution for body fat percentage (ICC = 0.90, 
ICC = 0.93), and between the steep ramp test and CPET (r = 0.95) for cardiorespiratory fitness. The steep ramp test also 
correlated strongly with isokinetic quadriceps (r > 0.75) and hamstring (r > 0.74) strength. Hand-held dynamometry and the 
sit-to-stand test showed strong correlations with hamstring strength (r > 0.80, r > 0.76). Negligible correlations were found 
for field-based tests compared to isokinetic quadriceps and hamstring endurance.
Conclusions Four-site skinfold thickness and BIA showed good agreement with the gold standard for body fat measure-
ment. The steep ramp test demonstrated strong correlations with the gold standard tests for cardiorespiratory fitness and 
quadriceps and hamstring strength, while hand-held dynamometry and the sit-to-stand test showed strong correlations with 
hamstring strength.
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Introduction

Inflammatory bowel disease (IBD) is a chronic inflamma-
tory condition that primarily affects the gastrointestinal 
tract but also has systemic and extra-intestinal implica-
tions, such as fatigue, joint pain, and reduced psychosocial 
functioning, influencing various aspects of overall health 
and well-being [1, 2]. Therefore, comprehensive disease 
control of IBD extends beyond achieving endoscopic 
remission and intestinal symptom relief, necessitating a 
holistic proactive approach [3]. Integrating the assess-
ment of health-related physical fitness (HRPF) parameters 
within the monitoring framework of IBD may offer valua-
ble insights into the patient’s functional capacity and over-
all health status. Early detection of alterations in HRPF 
parameters could enable healthcare providers to intervene 
promptly, tailor interventions to individual needs, and pro-
mote enhanced patient engagement in managing their con-
dition. Ultimately, this approach could potentially improve 
health outcomes and enhance well-being for patients with 
IBD. Yet, the existing evidence on the status and impact of 
HRPF components in patients with IBD remains notably 
limited [4].

HRPF is considered a multidimensional construct that 
includes body composition, cardiorespiratory fitness, mus-
cular strength, muscular endurance, and flexibility [5]. In 
patients with IBD, factors such as a sedentary lifestyle, poor 
nutritional status, chronic inflammation, and medication 
usage may exert adverse effects on these HRPF components 
[6–8]. A critical need exists for a deeper understanding of 
the relevance of HRPF parameters in the context of IBD, 
establishing its correlation with patient- and disease-spe-
cific factors and examining its implications on clinical and 
patient-reported outcomes. This necessitates an accurate and 
structural assessment of HRPF parameters in clinical prac-
tice as well as in interventional studies to additionally be 
able to explore the influence of physical activity and physical 
exercise training on HRPF among patients with IBD.

Unfortunately, the most accurate assessment methods 
(i.e., gold standard tests) for the components of HRPF 
are not always feasible to perform in clinical practice 
because the procedures are time-consuming and neces-
sitate advanced equipment, trained personnel, and medi-
cal supervision. Hence, accurate but less demanding 
assessment methods are warranted to facilitate routine 
assessment of HRPF in clinical practice and deliver more 
practical endpoints for interventional studies. Therefore, 
the objective of this study was to evaluate the criterion 
validity of various screening tools and field-based tests for 
components of HRPF (i.e., body composition, cardiorespi-
ratory fitness, muscular strength, and muscular endurance) 
compared to gold standard tests in patients with IBD.

Materials and Methods

Study Design and Patient Population

We conducted a cross-sectional study in which consecutive 
patients with Crohn’s disease (CD) or ulcerative colitis (UC) 
were recruited at the Gastroenterology outpatient clinic of 
the Maastricht University Medical Center + between August 
2022 and October 2023. Eligible patients were those aged 
18 years or above with an American Society of Anesthesi-
ologists physical status ≤ II, either in remission or exhibiting 
mild-to-moderate clinical disease activity. Clinical disease 
activity was assessed at time of inclusion using the Har-
vey Bradshaw Index (HBI) for CD and the Simple Clinical 
Colitis Activity Index (SCCAI) for UC, both of which are 
diagnostic questionnaires measuring symptom severity (e.g., 
well-being, pain, bowel frequency, bleeding), with higher 
scores indicating greater clinical disease severity [9, 10]. 
Remission was defined as a HBI < 5 or a SCCAI < 3, mild 
disease activity as a HBI 5–7 or a SCCAI 3–5, and moderate 
disease activity as a HBI 8–16 or a SCCAI 6–11. Exclu-
sion criteria were severe clinical disease activity (HBI > 16 
or SCCAI > 11), or injuries, severe (neuro)muscular, rheu-
matic, or orthopedic conditions potentially affecting study 
evaluations. Pregnant or lactating women and (competitive 
or elite) athletes were also excluded. The Physical Activity 
Readiness Questionnaire was administered to identify any 
potential health risks associated with exercise performance 
[11].

Participants completed several questionnaires and per-
formed field-based tests as well as gold standard tests for 
the HRPF components (Fig. 1). Field-based tests and gold 
standard tests were performed on two separate days, allow-
ing a maximum interval of 14 days in between. All tests 
were carried out by a single trained clinical researcher (KD). 
Selection of questionnaires and field-based tests was based 
on a comprehensive review of the literature and expert opin-
ion. The flexibility component was not incorporated in the 
study design since defining a single universally accepted 
gold standard test is difficult due to its high joint-specific 
nature. Instead, field-based tests focusing on different body 
parts are frequently used to provide a comprehensive evalu-
ation of flexibility [12, 13].

Data Collection

Baseline characteristics, including sex, age at inclusion, 
Charlson Comorbidity Index, disease entity and duration, 
disease classification according to the Montreal classifica-
tion, medication use, and previous intestinal resections, were 
collected from electronic patient records. In addition, fecal 
calprotectin values were collected if they were available 
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within an 8-week period around inclusion, with levels below 
250 ug/g indicating biochemical remission. Information on 
smoking status was acquired during the study visit.

Gold Standard Tests

The deuterium oxide  (D2O) dilution method was used as 
gold standard test to assess body fat percentage and was 
performed according to the Maastricht protocol [14, 15]. 
This method relies on the principle of dilution, where deu-
terium, a stable isotope of hydrogen, is introduced into the 
body's water compartment. Deuterium evenly disperses in 
body water and allows for the estimation of total body water 
based on the degree of dilution observed in bodily fluids, 
such as urine. The participant collected a background urine 
sample prior to consuming approximately 75 ml of deute-
rium-enriched water in the evening, which resulted in an 
enrichment of 50–150 ppm. After an overnight equilibra-
tion, a urine sample of the second voiding was collected the 
next morning. Isotope enrichment in the urine samples was 
analyzed with isotope ratio mass spectrometry. A hydration 
fraction of fat-free mass of 0.73 was applied to determine 
the total amount of fat-free mass, fat mass, and subsequently, 
body fat percentage [16].

Cardiorespiratory fitness was assessed by measuring 
oxygen uptake at peak exercise  (VO2peak) using a cardiopul-
monary exercise test (CPET) on an electronically braked 
cycle ergometer [17]. Resting values were collected during 

a 2-min seated rest period on the cycle ergometer, followed 
by a 3-min warm-up of unloaded cycling. Subsequently, the 
work rate was continuously increased in a ramp-like manner 
depending on the participant’s estimated fitness level, aiming 
to achieve a maximal effort within eight to twelve minutes. 
Throughout the test, participants had to maintain a pedaling 
frequency of between 70 and 80 revolutions per minute. The 
test was terminated when the pedaling frequency dropped 
below 60 revolutions per minute, despite strong verbal 
encouragement, indicating the point of peak exercise. Dur-
ing the test, participants breathed through an oro-nasal face-
mask (V2 series, Hans Rudolph Inc., Shawnee, KS, USA) 
connected to an ergospirometry system (Vyntus CPX, Vyaire 
Medical Inc., Mettawa, IL, USA) calibrated for respiratory 
gas analysis and volume measurements. Additionally, partic-
ipants were fitted with a 12-lead electrocardiogram (Vyntus 
ECG, Vyaire Medical Inc., Mettawa, IL, USA) to measure 
heart rate and rhythm. Blood pressure was monitored every 
2 min (Tango M2, SunTech Medical Inc., Morrisville, NC, 
US), and continuous monitoring of  SpO2 was conducted at 
the ear (8000Q2 Oximetry Sensor, NONIN Medical Inc., 
Plymouth, Minnesota, USA). Respiratory gas analysis val-
ues at peak exercise were calculated as the average value 
over the final 30 s before test termination. The  VO2peak was 
considered (near-)maximal in case of a respiratory exchange 
ratio at peak exercise  (RERpeak) greater than 1.10 and/or a 
heart rate at peak exercise  (HRpeak) exceeding 85% of the 
predicted maximum heart rate (i.e., 208–0.7 × participant’s 

Fig. 1  Schematic overview of the study design. Created in BioRen-
der. Demers, K. (2024) BioRender.com/h33o532. BMI body mass 
index, CPET cardiopulmonary exercise test, D2O deuterium oxide, 

DASI Duke activity status index, M-DASI modified Duke activity sta-
tus index, BIA bioelectrical impedance analysis, VSAQ veterans-spe-
cific activity questionnaire. *field-based test
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age). In addition, participants needed to show subjective 
signs of maximal effort, such as unsteady cycling, sweating, 
facial flushing, and clear unwillingness to continue despite 
encouragement. The level of perceived exertion before and 
directly after the CPET was assessed with the 6–20 Borg 
rating of perceived exertion scale [18].

Muscular strength and endurance of the quadriceps and 
hamstring muscles of the dominant leg were assessed using 
the Biodex System 4 Pro dynamometer (Biodex Medical 
System Inc, Shirley, NY, US). [19] Prior to the assessment, 
participants engaged in a 5-min submaximal cycling warm-
up on a cycle ergometer. Subsequently, participants were 
positioned in the dynamometer chair using shoulder, leg, 
and abdominal straps to minimize compensatory move-
ments. The dominant leg was fixated to the Biodex system 
just above the ankle joint. Initially, participants performed a 
submaximal isokinetic quadriceps followed by a hamstring 
contraction to acquaint them with the testing procedure. 
Subsequently, participants completed three series of maxi-
mal repetitions, including three repetitions at 60°/s, five at 
90°/s, and 30 at 180°/s, with a 60-s rest period between each 
series. A single repetition was defined as a maximal isoki-
netic contraction of the quadriceps muscles, followed by a 
contraction of the hamstring muscles. Maximal isokinetic 
peak torque, expressed in Newton-meter (Nm) normalized 
for body mass, was determined as the average of the two 
highest peak torques. The evaluation of muscular endurance 
involved two fatigue index methods derived from the per-
formance of 30 repetitions at 180°/s: the peak torque fatigue 
index and the work fatigue index [20, 21]. The peak torque 
fatigue index assesses the decline in peak torque output, pro-
viding insight into the sustainability of maximal strength 
within the muscles, while the work fatigue index measures 
the decline in overall energy output. Employing both peak 
torque and work fatigue indexes allowed for the examina-
tion of diverse facets of muscular endurance. The following 
formulas were used:

Peak torque (in Nm) fatigue index: = 100 –(sum of peak 
torque from last 5 repetitions/sum of peak torque from the 
highest consecutive 5 repetitions) × 100);

Work (in Joule) fatigue index = 100–(work performed 
during last 10 repetitions/work performed during first 10 
repetitions) × 100).

Screening Tools

Patients self-assessed their physical fitness on a numeric rat-
ing scale (NRS), which ranged from 1, indicating 'not fit', 
to 10, signifying 'very fit’. In addition, the Duke Activity 
Status Index (DASI), the Modified DASI (M-DASI), and 
the Veterans-Specific Activity Questionnaire (VSAQ) were 
used as screening tools to estimate cardiorespiratory fitness 
[22–24]. The DASI presents 12 items on daily activities to 

predict  VO2peak. The M-DASI is a modified version of the 
DASI that was developed with four questions identified to 
have dominance in the prognostic significance of the DASI 
[23]. The total score of the M-DASI reflects the number 
of positive responses to each of the questions. The VSAQ 
estimates cardiorespiratory fitness in metabolic equivalents 
of tasks by measuring an individual’s engagement in various 
physical activities based on barriers and limitations that they 
might experience. Subsequently, these metabolic equivalents 
of tasks were translated into estimated  VO2peak, utilizing 
the conversion ratio of one metabolic equivalents of task to 
3.5 ml of oxygen per kilogram of body weight per minute 
(ml/kg/min) [25].

Field‑Based Tests

The field-based tests comprised body mass index (BMI), 
body fat percentage measured by using four-site skinfold 
thickness, and multi-frequency bioelectrical impedance 
analysis (BIA), waist circumference and mid-upper arm 
circumference (MUAC) measurements, handgrip strength 
and endurance, quadriceps and hamstring muscular strength 
measured with hand-held dynamometry, the 60-s sit-to-stand 
test, and the steep ramp test.

Body mass was assessed to the nearest 0.1 kg without 
shoes and in lightweight clothing, with emptied pockets, 
utilizing an electronic scale (Seca ghmb & co., Hamburg, 
Germany). Body height was measured to the closest cen-
timeter using a stadiometer (Seca ghmb & co., Hamburg, 
Germany). BMI was calculated as body mass (in kg) divided 
by body height (in m) squared. Skinfold thickness was meas-
ured at four specific sites (biceps, triceps, subscapular, and 
suprailiac) using a Harpenden skinfold caliper (HSB-BI, 
Baty International Ltd, West Sussex, UK). Subsequently, 
the cumulative sum of these measurements was applied in 
the age-specific skinfold prediction equation by Durnin & 
Womersley to estimate body fat percentage [26]. Circumfer-
ence measurements were performed using a flexible, non-
stretchable plastic tape. All measurements were performed 
three times for each site, where after the average of the two 
closest measurements was calculated. Waist circumference 
was measured at the horizontal plane midway between the 
highest point of the iliac crest and the lowest rib at the end 
of a normal expiration. MUAC was measured at the poste-
rior side of the non-dominant mid-upper arm. Evaluation 
of upper arm composition relied on standardized equations 
derived from MUAC and triceps skinfold (TS) measure-
ments: [27]

Total upper arm area  (cm2) = MUAC (cm)2/(4 × π);
Arm muscle area  (cm2) = (MUAC (cm)– (TS (cm) x π))2/

(4 × π);
Upper arm fat area (cm)2 = total upper arm area  (cm2) 

– arm muscle area  (cm2);
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Upper arm fat index = (upper arm fat area/total upper arm 
area) × 100.

Furthermore, body fat percentage was assessed through 
multi-frequency BIA (InBodyS10, InBody Co., Ltd., Seoul, 
Korea) based on the electrical conduction of alternating 
currents through the body, following the manufacturer’s 
guidelines. Participants fasted for a minimum of four hours 
before the analysis and were questioned about alcohol and 
excessive caffeine intake within the past 24 h, recent physi-
cal activity within the last hour, and menstrual status (if 
applicable) prior to the measurement.

The steep ramp test was conducted using an electroni-
cally braked cycle ergometer (Lode Corival Rehab, Lode 
B.V., Groningen, the Netherlands). The test started with a 
3-min warm-up phase of unloaded cycling. Following this, 
the work rate was incrementally increased by 25 W every 
10 s in a ramp-like manner. Participants were instructed to 
keep cycling until exhaustion, with a pedaling frequency of 
70 to 80 rpm. The main outcome of the test was the work 
rate attained at peak exercise  (WRpeak) normalized for body 
mass, marking the moment when the pedaling frequency 
dropped below 60 rpm, despite strong verbal encourage-
ment. Throughout the test, continuous measurements were 
taken for heart rate (Polar H9, Polar Electro Oy, Kempele, 
Finland) and peripheral oxygen saturation  (SpO2) (NONIN 
Onyx Vantage 9590, NONIN Medical Inc., Plymouth, Min-
nesota, USA). Perceived exertion prior to and directly after 
the steep ramp test was measured using the 6–20 Borg scale 
for rating of perceived exertion. [18].

Handgrip strength of the dominant hand was measured 
using the electronic JAMAR dynamometer (5030 J1, Sam-
mons Preston Rolyan, Bollingbrook, IL, US). Participants 
were seated with their shoulders at 0-degree abduction and 
neutral rotation, elbows flexed to 90 degrees, and their fore-
arm and wrist in a neutral position. To measure handgrip 
strength, a maximal isometric contraction was performed 
three times, with the best result counting, expressed in kg 
normalized for body mass. Subsequently, participants were 
instructed to perform a maximal isometric handgrip contrac-
tion and maintain this contraction for as long as possible to 
measure handgrip endurance [28]. The test was terminated 
if the strength declined to less than 50% of their individual 
handgrip strength. The total time was recorded, rounded to 
the nearest 0.01 s. The onset handgrip strength of the endur-
ance test was allowed to deviate by a maximum of 20% from 
handgrip strength.

Muscular strength of the quadriceps and hamstring mus-
cles of the dominant leg was manually assessed using a 
hand-held dynamometer (MicroFET2, Hoggan Scientific 
LLC, Salt Lake City, Utah, US). Participants were seated 
on a bench, with their legs dangling over the end, with knees 
and hips bend to 90 degrees. The hand-held dynamometer 
was held in the palm of the hand of the clinical researcher 

and placed on the participants’ lower limb, just above 
the ankle joint. To ensure a stable position, the clinical 
researcher was positioned with one knee on the ground. 
Participants performed three 5-s maximal isometric con-
tractions for the quadriceps muscles as well as for the ham-
string muscles. Maximal isometric torque was defined as 
the average of the highest two out of three peak torques and 
expressed in Newton normalized for body mass.

The 60-s sit-to-stand test was conducted using a chair of 
standard height (46 cm) and without armrests. Participants 
were instructed to repeatedly stand up and sit down as fast as 
possible within one minute while keeping their arms folded 
across their chest. The total count of repetitions performed 
within one minute was recorded.

Statistical Analyses

Statistical analyses were performed using IBM SPSS Statis-
tics (IBM Corp., Armonk, NY, USA). Patient and clinical 
characteristics were presented using descriptive statistics. 
Continuous variables were presented as mean (standard 
deviation (SD)) or median (1st quartile (Q1), 3rd quartile 
(Q3)), according to normality and the presence of outli-
ers. Criterion validity of the questionnaires and field-based 
tests was evaluated by Pearson’s correlation coefficients or 
Spearman’s rank correlation, according to normality and 
the presence of outliers. The sample size was determined 
according to the rule-of-thumb recommendation for vali-
dation studies, which suggests including a minimum of 50 
participants. [29] Correlation coefficients ranging from 0 
to 0.30 were considered negligible, from 0.30 to 0.50 as 
weak, from 0.50 to 0.70 as moderate, from 0.70 to 0.90 as 
strong, and from 0.90 to 1.00 as very strong [30]. The  R2 was 
calculated to evaluate the variance in the gold standard test 
that could be explained by the field-based test. Additionally, 
when two tests quantified a construct using the same unit, 
agreement was quantified with a two-way mixed Intraclass 
Correlation Coefficient (ICC) and visually inspected using 
a Bland–Altman plot [31]. The predictive accuracy of the 
screening tools for cardiorespiratory fitness was examined 
based on the tool's ability to correctly classify individuals 
as having a  VO2peak below 80% of the predicted value based 
on age- and sex-specific reference values from the Lowlands 
Fitness Registry [32]. A Receiver Operating Characteristic 
(ROC) curve analysis was performed for each screening tool, 
and the Area Under the Curve (AUC) of the ROC was cal-
culated with corresponding 95% confidence intervals (CI). 
To investigate the potential synergistic effects of combining 
multiple screening tools or field-based tests in enhancing 
the predictive accuracy for the gold standard measurements, 
a post hoc analysis was conducted using stepwise multiple 
linear regression analysis. At each step, the screening tool 
or field-based test with the highest p-value was removed 
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from the model. A p-value < 0.05 was considered statisti-
cally significant.

Ethical Statement

This study was conducted in compliance with the Dec-
laration of Helsinki and was approved by the Medical 
Ethical Committee of the Maastricht University Medical 
Center + (registration no. 22–012). All patients gave writ-
ten informed consent.

Results

Study Population

In total, 53 patients were included in this study, whose 
patient and clinical characteristics are presented in Table 1. 
Of these, 29 (54.7%) were diagnosed with CD and 24 
(45.3%) with UC. The mean age of the study population 
was 43.8 years and 45.3% were female. The majority of 
patients were in remission, with 75.5% in clinical remission 
and 85.4% in biochemical remission. Biologic agents were 
the predominant form of treatment, used by 58.5% of the 
patients. A prior intestinal resection was reported in 41.4% 
of the patients with CD, while none of the patients with UC 
had a prior resection.

Outcomes of Screening Tools and Field‑Based Tests

Table 2 presents the results of the screening tools, field-
based tests, and gold standard tests for the assessment of 
HRPF. The screening tool self-perceived fitness was missing 
in 3 patients. In addition, one assessment of body fat per-
centage with  D2O was excluded due to the patient's failure to 
comply with the urine collection protocols, and the  VO2peak 
data from another patient was excluded due to the inability 
to achieve a maximal effort at the CPET. Additional out-
comes of the steep ramp test and the CPET can be retrieved 
from Supplemental Table 1.

Validity and Predictive Capacity of the Screening 
Tools for Cardiorespiratory Fitness

The ICC for the DASI-estimated  VO2peak and the VSAQ-esti-
mated  VO2peak with the CPET  VO2peak were low (ICC 0.27 
(95% CI 0.00–0.51) and ICC 0.35 (95% CI − 0.08–0.65), 
respectively), indicating a poor agreement between these 
questionnaires and CPET measures of cardiorespiratory fit-
ness (Table 3). Spearman’s correlation coefficients showed a 
weak positive association for self-perceived physical fitness 
(r = 0.32) and moderate positive associations for the DASI 
(r = 0.51), the M-DASI (r = 0.52), and the VSAQ (r = 0.62) 

with CPET. Scatterplots showing the relationship between 
the screening tools and CPET  VO2peak can be found in Sup-
plemental Fig. 1. The VSAQ demonstrated the highest pre-
dictive accuracy for identifying individuals with a  VO2peak 
less than 80% of the predicted value with an AUC of 0.727 
(Fig. 2) compared to the other screening tools.

Bland–Altman plots were created to visualize the agree-
ment between the estimated  VO2peak from the DASI and 
VSAQ and CPET-VO2peak (Fig. 3). For the DASI, a mean 
(SD) bias of − 0.62 (8.65) ml/kg/min was observed with 
signs of systematic bias compared to CPET. The DASI 
tended to overestimate at lower  VO2peak values and under-
estimate at higher  VO2peak values. The 95% limits of agree-
ment ranged widely from − 17.58 to 16.34 ml/kg/min, 
indicating substantial variability. For the VSAQ, a mean 
(SD) bias of 11.29 (9.56) ml/kg/min was found, indicating 
a general tendency for the VSAQ to overestimate  VO2peak 
values without signs of systematic bias. The 95% limits of 
agreement also varied substantially, ranging from − 7.45 to 
30.02 ml/kg/min.

Validity of the Field‑Based Tests

Criterion validity of the field-based tests for the components 
of HRPF are displayed in Table 4, while scatterplots visual-
izing these relationships can be retrieved from Supplemen-
tal Figs. 1–6. With regard to body composition, both BIA 
and four-site skinfold thickness showed good agreement 
in the measurements of body fat percentage in relation to 
 D2O dilution (BIA: ICC 0.93, 95% CI 0.82–0.97; four-site 
skinfold thickness: ICC 0.90, 95% CI 0.84–0.94), with a 
very strong linear relationship and high degree of explained 
variance (BIA: r = 0.95,  R2 = 0.90; four-site skinfold thick-
ness: r = 0.90,  R2 = 0.82). Bland–Altman plots demonstrated 
a minor negative mean bias using both four-site skinfold 
thickness and BIA (− 0.61% and − 1.80%, respectively) as 
compared to  D2O dilution, without signs of systematic error 
(Fig. 4). The limits of agreement for four-site skinfold thick-
ness ranged from − 8.31% to + 7.08%, whereas for BIA they 
were narrower, ranging from − 7.54% to + 3.93%. Strong 
linear correlations were also observed for upper arm fat 
index (r = 0.80,  R2 = 0.63) and upper arm fat area (r = 0.76, 
 R2 = 0.58). BMI showed a moderate correlation (r = 0.60, 
 R2 = 0.36), while weak correlations were observed for waist 
circumference (r = 0.47,  R2 = 0.23) and MUAC (r = 0.42, 
 R2 = 0.18).

For cardiorespiratory fitness, a very strong linear correla-
tion was found between the  WRpeak attained at the steep ramp 
test and  VO2peak achieved during CPET (r = 0.95, R2 = 0.89). 
Additionally, a moderate correlation was observed for the 
60-s sit-to-stand test (r = 0.69, R2 = 0.48).

Regarding quadriceps muscular strength, strong linear 
correlations were identified between the  WRpeak achieved 
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Table 1  Patient and clinical 
characteristics of included 
patients

CD Crohn’s disease, HBI Harvey Bradshaw Index, IBD inflammatory bowel disease, Q1 1st quartile, Q3 
3rd quartile, SCCAI simple clinical colitis activity index, SD standard deviation, UC ulcerative colitis
a Clinical disease activity according to the HBI for CD and the SCCAI for UC: remission was defined as 
HBI < 5 or SCCAI < 3, mild disease activity as HBI 5–7 or SCCAI 3–5, and moderate disease activity as 
HBI 8–16 or SCCAI 6–11;
b Available in n = 48; remission was defined as fecal calprotectin < 250 ug/g;

Patient and clinical characteristics Total (n = 53) CD (n = 29) UC (n = 24)

Age at inclusion, mean (SD) 43.8 (14.9) 42.2 (13.6) 45.7 (16.3)
Sex, female, n (%) 24 (45.3) 14 (48.3) 10 (41.7)
Charlson Comorbidity Index, n (%)
 0 31 (58.5) 16 (55.2) 15 (62.5)
 1–2 19 (35.8) 13 (44.8) 6 (25.0)

  > 2 3 (5.7) 0 (0) 3 (12.5)
Disease duration (years), median (Q1, Q3) 11.3 (7.0, 22.7) 11.3 (7.2, 25.4) 11.1 (5.9, 17.9)
Montreal age at diagnosis, n (%)
 A1: ≤ 16 years 7 (13.2) 5 (17.2) 2 (8.3)
 A2: 17–40 years 36 (67.9) 19 (65.5) 17 (70.8)
 A3: > 40 years 10 (18.9) 5 (17.2) 5 (20.8)

Montreal disease location [CD], n (%)
 L1: ileal 10 (34.5)
 L2: colonic 4 (13.8)
 L3: ileocolonic 15 (51.7)
 Perianal disease 7 (13.2)
 Upper gastrointestinal disease 3 (10.3)

Montreal disease behavior [CD], n (%)
 B1: non-stricturing, non-penetrating 14 (48.3)
 B2: stricturing 6 (20.7)
 B3: penetrating 9 (31.0)

Montreal disease extension [UC], n (%)
 E1: proctitis 1 (4.2)
 E2: left-sided colitis 9 (37.5)
 E3: pancolitis 14 (58.3)

HBI score [CD], median (Q1, Q3) 3 (2, 5)
SCCAI score [UC], median (Q1, Q3) 1 (0, 1)
Clinical disease  activitya, n (%)
 Remission 40 (75.5) 20 (69.0) 20 (83.3)
 Mild disease activity 12 (22.6) 8 (27.6) 4 (16.7)
 Moderate disease activity 1 (1.9) 1 (3.4) 0 (0)

Fecal calprotectin (μg/g), median (Q1, Q3) 38.0 (16.0, 158.3) 68.5 (26.5, 222.5) 22.5 (14.9, 46.8)
Biochemical disease  activityb, n (%)
 Remission 41 (85.4) 21 (80.8) 20 (90.9)
 Active disease 7 (14.6) 5 (19.2) 2 (9.1)

Current smoking status, n (%)
 Smokes daily 4 (7.5) 3 (10.3) 1 (4.2)
 Smokes occasionally 3 (5.7) 2 (6.9) 1 (4.2)
 Ex-smoker 21 (39.6) 10 (34.5) 11 (45.8)
 Never smoked 25 (47.2) 14 (48.3) 11 (45.8)

Current IBD medication, n (%)
 None 10 (18.9) 7 (24.1) 3 (12.5)
 Mesalazine only 5 (9.4) 2 (6.9) 3 (12.5)
 (Topical) corticosteroids 2 (3.8) 1 (3.4) 1 (4.2)
 Immunomodulators 5 (9.4) 2 (6.9) 3 (12.5)
 Biologic agents 31 (58.5) 17 (58.6) 14 (58.3)

Prior intestinal resection, n (%) 12 (22.6) 12 (41.4) 0 (0)
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during the steep ramp test and quadriceps isokinetic peak 
torque at 60°/s, 90°/s, and 180°/s, with r ranging from 
0.75 to 0.81 and  R2 ranging from 0.56 to 0.65. In addition, 
moderate correlations were found for the 60-s sit-to-stand 
test (r = 0.66–0.70,  R2 = 0.43–0.49), handgrip strength 
(r = 0.59–0.68,  R2 = 0.35–0.46), and hand-held dynamom-
etry quadriceps peak torque (r = 0.58–0.61,  R2 = 0.34–0.38). 

For hamstring muscular strength, strong correlations were 
found between hamstring peak torque measured with hand-
held dynamometry and hamstring isokinetic peak torque 
at 60°/s, 90°/s, and 180°/s (r = 0.80–0.81,  R2 = 0.65–0.66). 
Strong correlations were also found for the 60-s sit-to-
stand test (r = 0.76–0.77,  R2 = 0.57–0.60) and the steep 
ramp test (r = 0.74–0.79,  R2 = 0.54–0.62), while moderate 

Table 2  Main outcomes of gold standard tests, screening tools, and field-based tests for components of health-related physical fitness

BMI body mass index, CD Crohn’s disease, CPET cardiopulmonary exercise test, D2O deuterium oxide, DASI Duke activity status index, IBD 
inflammatory bowel disease, M-DASI modified Duke activity status index, METs metabolic equivalent of tasks, BIA bioelectrical impedance 
analysis, MUAC  mid-upper arm circumference, Q1 1st quartile, Q3 3rd quartile, SD standard deviation, UC ulcerative colitis, VO2peak oxygen 
uptake at peak exercise, VSAQ veterans-specific activity questionnaire, WRpeak work rate at peak exercise
a Available in n = 52
b Available in n = 50

Total (n = 53) CD (n = 29) UC (n = 24)

Gold standard tests
  D2O dilution-derived body fat (%)a, mean (SD) 30.6 (9.1) 31.7 (10.0) 29.2 (7.9)
 CPET  VO2peak (ml/kg/min)b, mean (SD) 33.1 (9.7) 31.0 (9.6) 35.8 (9.3)
 CPET  VO2peak percentage of predicted (%)b, mean (SD) 84.6 (17.8) 79.3 (16.9) 91.4 (16.8)
 Quadriceps peak torque, 60°/s (Nm/kg), mean (SD) 1.8 (0.6) 1.8 (0.6) 1.8 (0.6)
 Quadriceps peak torque, 90°/s (Nm/kg), mean (SD) 1.6 (0.5) 1.7 (0.5) 1.6 (0.5)
 Quadriceps peak torque, 180°/s (Nm/kg), mean (SD) 1.2 (0.4) 1.2 (0.4) 1.2 (0.3)
 Hamstring peak torque, 60°/s (Nm/kg), mean (SD) 1.0 (0.3) 1.1 (0.3) 1.0 (0.3)
 Hamstring peak torque, 90°/s (Nm/kg), mean (SD) 1.0 (0.3) 1.0 (0.3) 0.9 (0.3)
 Hamstring peak torque, 180°/s (Nm/kg), mean (SD) 0.8 (0.2) 0.8 (0.2) 0.8 (0.2)
 Quadriceps peak torque fatigue index, median (Q1, Q3) 33.5 (28.8, 40.8) 35.9 (29.9, 45.6) 30.4 (26.2, 33.7)
 Hamstring peak torque fatigue index, median (Q1, Q3) 25.6 (18.0, 30.5) 27.0 (22.4, 33.4) 21.7 (17.8, 29.2)
 Quadriceps work fatigue index, median (Q1, Q3) 40.1 (30.8, 46.7) 42.4 (35.3, 50.0) 33.4 (29.2, 41.9)
 Hamstring work fatigue index, median (Q1, Q3) 33.8 (25.7, 39.9) 37.4 (30.1, 43.4) 30.6 (22.6, 35.9)

Screening tools
 Self-perceived fitness (NRS)b, median (Q1, Q3) 7.0 (6.0, 7.0) 6.5 (6.0, 7.0) 7 (6.25, 7.0)
 DASI-estimated  VO2peak (ml/kg/min), median (Q1, Q3) 34.6 (30.3, 34.6) 34.6 (29.1, 34.6) 34.6 (31.4, 34,6)
 M-DASI (points), median (Q1, Q3) 4 (3, 4) 4 (3, 4) 4 (3, 4)
 VSAQ-estimated  VO2peak (ml/kg/min), median (Q1, Q3) 45.0 (36.3, 54.7) 39.6 (35.9, 52.0) 49.0 (36.9, 56,2)

Field-based tests
 BMI (kg/m2), mean (SD) 26.3 (4.4) 27.4 (5.1) 25.1 (2.9)
 Waist circumference (cm), mean (SD) 91.3 (12.4) 93.4 (14.0) 88.6 (9.7)
 Upper arm anthropometry
   MUAC (cm), mean (SD) 30.6 (3.4) 31.3 (3.7) 29.7 (2.9)
   Total upper arm area  (cm2), mean (SD) 75.2 (17.0) 78.9 (18.8) 70.7 (13.6)
   Arm muscle area  (cm2), mean (SD) 53.0 (12.4) 54.7 (11.4) 50.9 (13.4)
   Upper arm fat area  (cm2), mean (SD) 22.2 (12.4) 18.6 (14.7) 19.8 (8.70
   Upper arm fat index, mean (SD) 28.7 (11.6) 29.2 (12.2) 23.5 (11.0)

 Four-site skinfold thickness-derived body fat (%), mean (SD) 29.9 (8.7) 30.7 (9.5) 28.8 (7.7)
 BIA-derived body fat (%), mean (SD) 28.6 (9.3) 30.1 (10.5) 26.8 (7.4)
 Handgrip strength (kg/kg), mean (SD) 0.5 (0.1) 0.5 (0.1) 0.5 (0.1)
 Handgrip endurance (s), mean (SD) 27.7 (15.3) 27.0 (11.9) 28.6 (18.9)
 Hand-held dynamometry quadriceps peak torque (N/kg), mean (SD) 4.6 (1.0) 4.5 (0.9) 4.7 (1.1)
 Hand-held dynamometry hamstring peak torque (N/kg), mean (SD) 2.9 (0.7) 2.9 (0.7) 2.9 (0.7)
 60-s sit-to-stand test (repetitions), mean (SD) 42.9 (12.4) 41.2 (12.8) 46 (10.9)
 Steep ramp test  WRpeak (W/kg), mean (SD) 4.3 (1.0) 4.2 (1.1) 4.5 (1.0)
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correlations were found for handgrip strength (r = 0.53–0.58, 
 R2 = 0.27–0.34). Negligible correlations, with r ranging 
from − 0.07 to 0.18, were identified for handgrip endur-
ance, the 60-s sit-to-stand test, and the steep ramp test in 
relation to both indices of quadriceps and hamstring mus-
cular endurance.

Post Hoc Analysis of Combined Screening Tools 
and Field‑Based Tests

Considering the very strong correlations from single field-
based tests for body composition and cardiorespiratory fit-
ness, this analysis focused on examining the predictive value 
of combining screening tools for cardiorespiratory fitness 
and field-based tests for muscular strength and endurance. 
Combining various screening tools to predict cardiores-
piratory fitness resulted in a modest enhancement of the 
explained variance  (R2), which rose from 31.6% with the use 

of the VSAQ alone to 41.1% when multiple screening tools 
were used (Supplemental Table 2). For quadriceps muscu-
lar strength, the combination of tests demonstrated limited 
additional value with a marginal increase of less than 5% in 
the explained variance when combining multiple tests com-
pared to the singular use of the steep ramp test (Supplemen-
tal Table 3). For hamstring muscular strength, the explained 
variance increased from 64.7 to 66.2% when solely utilizing 
hand-held dynamometry to 71.1–73.0% when incorporating 
both hand-held dynamometry and the sit-to-stand test, fur-
ther rising to 71.6–75.3% with the inclusion of all four tests 
(Supplemental Table 4). The predictive capacity of the field-
based tests remained extremely low for indices of muscular 
endurance (Supplemental Table 5–8).

Discussion

The purpose of this study was to evaluate the criterion valid-
ity of various field-based tests for assessing the components 
of HRPF in patients with IBD. Substantial agreement or 
correlations between several field-based tests and estab-
lished gold standard tests were found for body composition, 
cardiorespiratory fitness, and muscular strength, but not for 
muscular endurance.

For body composition, both BIA and four-site skinfold 
thickness exhibited good agreement and very strong correla-
tions with the  D2O dilution method in determining body fat 
percentage. In the assessment of cardiorespiratory fitness, 
 WRpeak attained at the steep ramp test was very strongly 
correlated with the gold standard CPET  VO2peak. Moreo-
ver, the steep ramp test also exhibited strong correlations 
in evaluating quadriceps and hamstring muscular strength, 
as compared to the gold standard of isokinetic peak torque 

Table 3  Intraclass correlation coefficients and Spearman’s correla-
tion coefficients between cardiorespiratory fitness estimated from 
the screening tools  (estimated   VO2peak) and cardiorespiratory fitness 
assessed at the CPET  (VO2peak)

CI confidence interval, CPET cardiopulmonary exercise test, DASI 
Duke activity status index, ICC intraclass correlation coefficient, 
M-DASI modified Duke activity status index, UC ulcerative colitis, 
VO2peak oxygen uptake at peak exercise, VSAQ veterans-specific activ-
ity questionnaire

Screening tool ICC (95% CI) Spearman’s rho

Self-perceived physi-
cal fitness

– 0.32

DASI 0.27 (0.00–0.51) 0.51
M-DASI – 0.52
VSAQ 0.35 (− 0.08–0.65) 0.62

Fig. 2  ROC curve analysis 
showing the predicative accu-
racy of the of VSAQ (yellow 
line), DASI (green dotted line), 
M-DASI (red dotted line), and 
self-perceived physical fitness 
(blue line) in detecting a CPET 
 VO2peak < 80% of  predicteda. 
AUC  area under the curve, CI 
confidence interval, DASI Duke 
activity status index, M-DASI 
modified Duke activity status 
index, ROC receiver operating 
characteristic, VSAQ veterans-
specific activity questionnaire, 
aVO2peak reference values from 
the Lowlands Fitness Registry
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dynamometry, highlighting its effectiveness in simultane-
ous evaluation of both cardiorespiratory fitness and muscu-
lar strength parameters. For quadriceps muscular strength, 
combining tests yielded minimal added value, with less than 
a 5% increase in explained variance compared to the steep 
ramp test alone, making the additional effort dispropor-
tionate to the limited improvement in predictive accuracy. 
Additionally, strong correlations with hamstring muscular 
strength were also observed for hand-held dynamometry 
and the 60-s sit-to-stand test, with further improvements in 
explained variance when tests were combined. However, this 
study identified a noteworthy limitation in the efficacy of 
both individual and combined field-based tests for assessing 
muscular endurance, as shown by the negligible correlations 
that were found with gold standard measures. Furthermore, 
poor-to-moderate validity was found for the individual 
patient-reported screening tools (self-perceived physical 
fitness, DASI, M-DASI, and VSAQ) as well as for their 
combined use in assessing cardiorespiratory fitness (CPET 

 VO2peak). This underscores a limitation in the validity of 
these self-reported measures and highlights the importance 
of utilizing objective and precise testing methods to accu-
rately identify areas of HRPF that may need improvement 
or closer monitoring.

For evaluating body fat percentage, both BIA and four-
site skinfold thickness demonstrated good agreement with 
the  D2O dilution method, aligning with existing research, 
generally considering these methods as valid alterna-
tives to assess body composition [33]. Nonetheless, prior 
research showed the overall validity and reliability of 
these methods is influenced by a variety of factors such as 
individual differences (e.g., hydration status, fat distribu-
tion), technical aspects (e.g., operator skills and technique, 
protocol variability), and environmental conditions (e.g., 
room temperature) [33, 34]. In our study, although the 
mean biases were minor (− 0.61% for four-site skinfold 
thickness and − 1.80% for BIA), the 95% limits of agree-
ment were notably broad (− 8.31% to 7.08% for four-site 

Fig. 3  Bland–Altman plots 
showing the agreement between 
DASI-estimated  VO2peak versus 
CPET  VO2peak (graph A) and 
VSAQ-estimated  VO2peak 
versus CPET  VO2peak (graph 
B). The solid line indicates the 
mean bias, and the dotted lines 
indicate 95% limits of agree-
ment. DASI Duke activity status 
index, VO2peak oxygen uptake 
at peak exercise, VSAQ veteran 
specific activity questionnaire, 
SD standard deviation
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skinfold thickness and − 7.54% to 3.93% for BIA). These 
wide limits of agreement indicate considerable individ-
ual variability, suggesting that such methods should be 
interpreted with caution when used for precise individual 
assessments, despite their general effectiveness for popu-
lation-level assessment. Furthermore, strong linear cor-
relations were also observed in our study for upper arm 
fat area and upper arm fat index. However, its validity and 
reliability in other populations remains relatively unknown 
in the current literature. While BMI and circumference 
measurements are commonly used due to their simplicity 
and cost-effectiveness, both this study and prior research 
showed their limitations as indicators of body composition 
due their inability to distinguish between different types 
of body tissues [35].

The very strong correlation found between steep ramp 
test performance  (WRpeak) and  VO2peak achieved during 
CPET in this study also align with previous study findings, 
underscoring the high validity of the steep ramp test as a 
proxy for measuring cardiorespiratory fitness across var-
ied demographic groups and clinical conditions [36]. Our 
findings demonstrating a moderate correlation between the 
60-s sit-to-stand test and CPET  VO2peak are also consist-
ent with observations made in other patient populations, 
in which various adaptations of the 60-s sit-to-stand test 
were adopted, including the 30-s and the 5-repetition vari-
ant [37–39]. The steep ramp test’s higher correlation with 
CPET  VO2peak in comparison with the sit-to-stand test can 
be attributed to its greater similarity with CPET in exercise 
modality and higher cardiovascular and muscular demand. 

Fig. 4  Bland–Altman plots 
showing agreement between 
body fat percentage obtained 
from four-site skinfold thickness 
versus  D2O dilution (graph 
A) and body fat percentage 
obtained from BIA versus  D2O 
dilution (graph B). The solid 
line indicates the mean bias, 
and the dotted lines indicate 
95% limits of agreement. D2O 
deuterium oxide, BIA bioelec-
trical impedance analysis, SD 
standard deviation
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The high muscular demand of the steep ramp test is further 
underscored by its strong correlation with quadriceps and 
hamstring peak torque in our study, although the validity of 
the steep ramp test for assessing muscular strength has not 
yet been investigated in other populations. As the steep ramp 
test is designed to rapidly increase the intensity of exercise, 
it challenges both the cardiovascular system and the muscle 
groups involved in cycling, with the quadriceps being cru-
cial for the downstroke, and the hamstring for the upstroke 
phase of the pedaling action. This highlights the potential of 
the steep ramp test as a multifaceted tool for assessing both 
cardiorespiratory fitness and muscular strength.

In our study, the 60-s sit-to-stand test showed a moderate 
correlation for quadriceps peak torque, but strong correlation 
with hamstring peak torque. Although studies assessing the 
validity of the 60-s sit-to-stand test in other populations are 
limited, comparable findings were seen for various adapta-
tions of the 60-s sit-to-stand test for quadriceps muscular 
strength in patients with chronic obstructive pulmonary 
disease and in healthy individuals [39, 40]. Stronger cor-
relations between the 60-s sit-to-stand test and hamstring 
strength as compared to quadriceps strength in our study 
could be attributed to the greater involvement and functional 
demand placed on the hamstrings during the test, including 
their involvement in hip extension, eccentric control dur-
ing descent, and stabilization of the pelvis and lower back. 
In our study, a moderate correlation was observed between 
handgrip strength and isokinetic peak torque of both the 
quadriceps and hamstring muscles. Previous research 
has demonstrated varying correlations between handgrip 
strength and lower limb strength, with correlations ranging 
from weak to strong across different populations [41–44]. 
This variability highlights the challenges in interpreting the 
relationship between handgrip strength and the strength of 
lower body muscles, as it can be affected by, for instance, 
characteristics of the population studied and the method-
ologies used for testing. Additionally, comparing these two 
muscle groups is complex due to their physiological dif-
ferences. Specifically, the muscles involved in handgrip are 
smaller and designed for fine motor skills, whereas lower 
body muscles, such as the quadriceps and hamstring, are 
larger and built for power and stability in weight-bearing 
and physical activities. In examining the criterion validity 
of hand-held dynamometry in assessing muscular strength, 
we noted a moderate correlation with quadriceps strength 
and a strong correlation with hamstring strength. This sug-
gests a decrease in measurement validity as muscle strength 
increases, a finding that aligns with prior research. A sys-
tematic review by Stark et al. showed that the majority of 
the 19 included studies showed moderate-to-good reliabil-
ity of hand-held dynamometry when compared to isokinetic 
dynamometry, however the lack of homogeneity in testing 
procedures (e.g. patient positioning, force application, tester 

technique) made comparisons challenging [45]. In addition, 
weaker muscle groups (such as those involved in upper body 
strength or the plantar and dorsiflexion of the ankle) tend to 
yield higher correlation and reliability compared to stronger 
muscle groups, such as the knee extensors [46, 47]. Hereby, 
the strength of the testing practitioner plays a significant 
role in influencing the validity of hand-held dynamometry 
outcomes and should be considered when applying this test, 
particularly in the context of stronger muscle groups.

We found negligible correlations, with Spearman’s rho 
ranging from − 0.07 to 0.18, between the  handgrip endur-
ance, the 60-s sit-to-stand test, and the steep ramp test and 
indices of quadriceps and hamstring muscular endurance, 
indicating that these field-based tests may not serve as relia-
ble indicators for assessing endurance of these muscles. This 
raises questions regarding the gold standard test protocol 
for measuring muscular endurance. Although various test-
ing protocols have been investigated in the literature, there 
seems to be a lack of clear consensus on the most effec-
tive method [20, 21]. Muscular endurance, often referred 
to as the concept of muscle fatigue, is thought to vary sig-
nificantly depending on the specific activity or task being 
performed, with different activities stressing the muscles 
in unique ways, leading to various forms of fatigue [48]. 
Moreover, the perceived sense of effort and actual perfor-
mance, a psychophysiological phenomenon, can influence 
motor performance, highlighting the role of cognitive and 
psychological factors in muscle fatigue. There is a need for 
more research into the accurate assessment of muscular 
endurance in patients with IBD and its relevance in relation 
with clinical disease outcomes and subjective well-being, 
taking the potential specific physical challenges faced by 
patients with IBD into account.

The use of patient-reported measures to stratify patients 
at risk of low cardiorespiratory fitness levels appears prom-
ising, as it allows for the prioritization of patients who may 
benefit most from further diagnostic evaluation or targeted 
interventions. However, we found suboptimal validity of 
such patient-reported measures, including self-perceived 
physical fitness, the (M-)DASI, and the VSAQ, which aligns 
with previous research. Our study revealed a weak correla-
tion (r = 0.32) between self-perceived fitness, rated by the 
patient on an NRS from 1 to 10, and CPET-derived  VO2peak. 
This is in line with results from a Danish population-based 
cohort study, which found correlation coefficients of 0.40 
for women and 0.37 for men. [49] Although the Danish 
study utilized a slightly different method by asking patients 
to rate their fitness in comparison to others of the same age 
and sex, based on a set of five predefined categories, these 
consistent findings might indicate that patients' perception 
of fitness does not align well with objectively measured fit-
ness. With regard to the DASI and VSAQ, moderate validity 
was observed compared to CPET  VO2peak in the validation 
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phase for both questionnaires [22, 24]. Moreover, wide 95% 
limits of agreement and substantial bias were found for both 
questionnaires in more recent studies [50, 51]. Furthermore, 
the screening tools showed suboptimal ability to detect a 
 VO2peak < 80% of predicted based on age- and sex-specific 
reference values, with AUC values ranging from 0.634 
for self-perceived physical fitness to 0.727 for the VSAQ. 
This indicates that these patient-reported measures have a 
limited ability to accurately distinguish between adequate 
and inadequate levels of cardiorespiratory fitness compared 
to the objective CPET testing. A notable limitation of the 
VSAQ is its reliance on activities such as basketball and 
cross-country skiing, which are less commonly performed in 
the Netherlands. To address this, the FitMáx©-questionnaire 
was recently developed as a self-reported questionnaire to 
estimate  VO2peak in the Dutch population, based on more 
locally relevant activities like walking, stair climbing, and 
cycling [52]. The FitMáx©-questionnaire showed better 
agreement and correlation with CPET-VO2peak in a heteroge-
neous patient population and in a cohort of cancer survivors 
[52, 53]. This suggests that it could be a more effective tool 
for estimating  VO2peak, however, its validity within the IBD 
population warrants further investigation. For current appli-
cation, we recommend using such screening tools with cau-
tion in patients with IBD and not as direct replacements for 
comprehensive objective assessments in clinical or research 
settings.

Patients with IBD often experience impaired subjective 
disease control and debilitating symptoms such as fatigue or 
persistent abdominal pain, even in the absence of mucosal 
inflammation [54]. Achieving the long-term treatment objec-
tives recommended by the STRIDE-II consortium, which 
aim for the absence of disability and the restoration of 
quality of life, necessitates a holistic approach that extends 
beyond medical or surgical treatment alone [3]. Incorpo-
rating assessment of contributing factors into routine care, 
such as physical fitness, is warranted to identify patients who 
may benefit from targeted interventions, which in turn may 
contribute to better overall patient and disease outcomes. 
This proactive approach aligns with the P4 (Predictive, Pre-
ventive, Personalized, and Participatory) health concept, 
reflecting healthcare approach that is proactive, personal-
ized, and patient-centered [55]. Yet, existing evidence on the 
status HRPF components in patients with IBD is limited and 
a recent scoping review revealed a lack of use of validated 
assessment methods in the available interventional studies 
[4]. Therefore, findings of the current study hold significant 
clinical relevance, especially in situations where the utiliza-
tion of advanced gold standard tests for assessing HRPF 
components is not feasible. The strong correlations observed 
between field-based tests and gold standard measures for 
various HRPF components suggest that these simpler, and 
less resource-intensive tests may serve as valid alternatives 

for the assessment of HRPF. However, other psychomet-
ric properties, such as reliability (i.e., the consistency of 
test results across repeated assessments) and responsive-
ness (i.e., the ability of the test to detect changes over time), 
were not evaluated in this study and should be explored in 
future studies prior to their implementation in clinical and 
research settings for individuals with IBD. Furthermore, 
future research is warranted to determine the clinical utility 
and interpretability of these field-based assessments, which 
could ultimately enhance the evidence base regarding the 
relevance of HRPF parameters within the context of IBD. 
This entails establishing the relationship with patient- and 
disease-specific factors, but also examining its implications 
on clinical and patient-reported outcomes. Besides, this 
assessment should extend to interventional studies that delve 
into the influence of physical activity and physical exercise 
training on these HRPF components in patients with IBD.

A limitation of this study is that our population primar-
ily consisted of patients in remission or with mild disease 
activity, limiting the generalizability of our findings to the 
broader IBD population, especially those with moderate to 
severe disease. Therefore, caution is advised when apply-
ing these results to the wider IBD population, highlight-
ing the need for further validation across varying levels of 
disease severity. Next, all measurements were conducted by 
a single researcher. While this ensured consistency in test-
ing procedures, the agreement and correlations observed in 
our study may differ when these measurements are applied 
by multiple practitioners with varying levels of expertise 
and technique, as inter-rater variability could potentially 
impact the outcomes of these tests. Additionally, agreement 
between tests was assessed only for a subset of screening 
tools and field-based tests that measured constructs using the 
same units, whereas for other tests, correlation coefficients 
were reported, providing no information on systematic bias 
between the tests. Furthermore, the selection of field-based 
tests in this study was based on a comprehensive review 
of the literature, expert opinions, and expected practical 
applicability. This implies that there may be other potential 
field-based tests and methods for assessing HRPF compo-
nents in patients with IBD that were not considered in this 
study. Furthermore, this study focused only on evaluating 
the criterion validity of the screening tools and field-based 
tests and did not investigate other psychometric properties.

Conclusion

This study evaluated the criterion validity of various screen-
ing tools and field-based tests for assessing components of 
HRPF compared to gold standard tests in patients with IBD. 
Four-site skinfold thickness and BIA showed good agree-
ment with the gold standard for body fat measurement. The 
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steep ramp test demonstrated strong correlations with the 
gold standard tests for assessing cardiorespiratory fitness 
and muscular strength, while hand-held dynamometry and 
the sit-to-stand test showed strong correlations with ham-
string strength. However, future research is warranted to 
explore additional psychometric properties, such as reli-
ability, responsiveness, and their clinical interpretation to 
better understand the usefulness of these tests in clinical 
and research settings. This may pave the way for integrat-
ing HRPF assessments within the monitoring framework of 
IBD, enhancing the understanding of the role of HRPF in 
IBD management, and ultimately leading to the development 
of more holistic and proactive management strategies.
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