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Abstract

Background

Cardiopulmonary exercise testing (CPET) is the gold standard measure of functional exercise capacity. Field walking tests in-
cluding the six-minute walk test (6MWT), incremental-shuttle walk test (ISWT) and endurance-shuttle walk test (ESWT) are 
potential alternative tests for use in clinical practice (quick and simple). However, the validity of these tests compared to CPET 
as the gold standard in patients who have undergone treatment for colorectal cancer is unknown.

Objective

To explore the criterion validity of three walking tests (6MWT, ISWT and ESWT) against the gold standard test (laboratory CPET) 
to measure exercise capacity in colorectal cancer.

Methods

Ten participants with stage I-III colorectal cancer were evaluated within six months following treatment (surgery, chemothera-
py, radiotherapy or targeted treatment). Exercise capacity was assessed by the 6MWT, ISWT, ESWT, and CPET. Additional mea-
sures included hand-grip strength, patient-reported physical function, respiratory function and health-related quality of life.

Results

Distance walked in the 6MWT (r = 0.82, p = 0.003) and ISWT (r = 0.81, p = 0.005) were significantly related to measures of peak 
oxygen consumption obtained by CPET. The 6MWT distance and ISWT distance also correlated highly with physical function (r = 
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0.90, p < 0.01 and r=0.84, p = 0.01, respectively). There was no 
significant association between ESWT time and peak oxygen 
consumption obtained by CPET (r = 0.60, p = 0.07). All walking 
tests were safe (no adverse events) and feasible (less than 15 
minutes to complete each) and required only one assessor.

Conclusion

The 6MWT and ISWT are valid measures of functional exer-
cise capacity in patients with colorectal cancer and are a good 
choice of non-laboratory tests for physiotherapists to use in 
research and clinical practice. Findings need to be confirmed 
in a larger study.
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Abbreviations

HRQoL: Health-Related Quality of Life; 
VO2peak: Peak Oxygen Consumption; 
CPET: Cardiopulmonary Exercise Testing; 
6MWT: 6-Minute Walk Test; 
ISWT: Incremental Shuttle Walk Test; 
ESWT: Endurance Shuttle Walk Tests; 
STROBE: Strengthening the Reporting of Observational Stud-
ies in Epidemiology; 
BMI: Body Mass Index; 
COPD: Chronic Obstructive Pulmonary Disease; 
FVC: Forced Vital Capacity; 
FEV: Forced Expiratory Volume; 
ECOG-PS: Eastern Cooperate Oncology Group Performance 
Status; 
EORTC QLQ-C30 and QLQ-CR29: European Organization for 
the Research and Treatment of Cancer Questionnaire and 
Colorectal Cancer Module

Introduction

Colorectal cancer is the third most commonly diagnosed can-
cer and the fourth leading cause of cancer mortality worldwide 
[1]. The medical treatment for colorectal cancer consisting of 
surgery, chemotherapy, and radiotherapy is associated with 
survival benefits [2], however often patients experience sig-
nificant morbidity following treatment [3]. Morbidity includes 
anxiety, bowel incontinence, sexual dysfunction, poor func-
tional exercise capacity, low levels of physical activity and im-
paired health-related quality of life (HRQoL) [4]. Physiother-
apists play an important role in the management of patients 
who have undergone treatment for colorectal cancer, in order 
to mitigate against loss of functional capacity and maximise 
HRQoL, especially through the use of exercise training [5].  

In colorectal cancer, functional exercise capacity is signifi-
cantly reduced compared to age-matched healthy controls 
even before patients commence treatment [6] and following 
treatment both functional exercise capacity [7] and physical 
activity levels decline further [8]. Functional exercise capacity 

is an important marker in colorectal cancer particularly given 
its close relationship to surgical outcomes and survival [9]. It 
is commonly measured for risk stratification to determine if 
patients are fit for surgery or radical treatment [10] and is also 
an important common target for exercise and physiotherapy 
interventions. As such a simple, inexpensive, feasible and valid 
measure of functional exercise capacity is important for use in 
clinical practice. 

Functional exercise capacity (defined as the maximal perfor-
mance in a given domain) [11] can be measured directly by de-
termining the peak oxygen consumption (VO2peak) or estimat-
ed from the highest treadmill or cycle work rate achieved [12]. 
The VO2peak is one of the gold standard outcomes in the as-
sessment of exercise tolerance [13]. Cardiopulmonary exercise 
testing (CPET) with continuous gas exchange analysis during 
incremental exercise is the only test that measures VO2peak 
directly [14]. Previous studies have reported that CPET may 
allow for a more accurate evaluation of pre and postoperative 
performance capability in patients with colorectal cancer [15]. 
However, CPET as a laboratory-based test usually requires ex-
perienced technicians and is complex, time consuming and ex-
pensive [16]. As such this is often not a practical test to be used 
in physiotherapy clinical practice.

Field walking tests are walking tests performed to measure 
functional exercise capacity in a clinical and non-laboratory 
setting. The three most commonly used tests are the 6-min-
ute walk test (6MWT) [17], incremental shuttle walk test 
(ISWT), and endurance shuttle walk tests (ESWT) [18]. As 
alternatives to CPET, these tests are easy to perform in clin-
ical settings, time efficient, inexpensive and require minimal 
portable equipment. These tests are commonly used in other 
patient populations, with established validity for patients with 
chronic respiratory disease (6MWT, ISWT, ESWT) [19], lung 
cancer or mixed cancer diagnoses (6MWT and ISWT) [20-22] 
and post-colorectal surgery [23]. However, the validity of these 
tests as measures of functional exercise capacity in colorectal 
cancer is not well understood. As the validity of an instrument 
or test is purpose-, setting- and population-specific [24], it is 
important to assess the applicability and validity of these mea-
sures with respect to the characteristics of the colorectal can-
cer population. Therefore the primary aim of this pilot study 
was to explore the criterion validity of three field walking tests 
(6MWT, ISWT and ESWT) against the gold standard test (lab-
oratory CPET) to measure functional exercise capacity in pa-
tients who had undergone treatment for colorectal cancer. The 
secondary aims were to investigate the relationships of 6MWT, 
ISWT, ESWT, and CPET to patient-reported physical function, 
respiratory function, hand grip strength, and HRQoL, and 
to determine the clinical applicability and practicality of the 
tests. We hypothesized that all three field walking tests would 
be moderately and positively correlated with VO2peak mea-
sured by CPET, and that 6MWT, ISWT, ESWT, and CPET would 
be moderately correlated with patient-reported physical func-
tion, respiratory function, hand grip strength, and HRQoL. 
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ly-paced incremental field walking test, was performed around 
a 10-meter course according to published guidelines [18]. Par-
ticipants were asked to pace according to an incremental walk-
ing speed dictated by an audio signal, and the distance in me-
ters was measured. The test finished when the participant was 
unable to maintain the required speed or limited by dyspnoea 
or a heart rate >85% predicted maximum [18]. The ISWT was 
performed twice to account for the learning effect and the best 
test result was used in analyses [29]. A previous systematic 
review has reported good reliability in patients with various 
diseases [30]. 

Endurance Shuttle Walk Test (ESWT)

The ESWT, an externally-paced field walking test of endurance 
capacity, was performed along the same course as the ISWT 
[31] and performed according to published guidelines [31]. 
The walking speed was pre-set at the pace equivalent to 85% 
of the calculated VO2peak from the ISWT [32]. Participants 
were instructed to walk for as long as possible until they were 
unable to maintain the required speed or became breathless, 
and the endurance time in seconds was recorded. The cut-off 
time was 20 minutes, but patients were unaware of the time 
limit. A single ESWT was performed as no learning effect is re-
ported for ESWT [29]. 

Laboratory-Based Exercise Test

Cardiopulmonary Exercise Testing (CPET)

Cardiopulmonary Exercise Testing was performed to deter-
mine VO2peak using a Sensormedics Vmax Encore, 229D (Sen-
sormedics, Yorba Linda, Ca, USA) exercise system and a Ergo-
line Via Sprint 150P cycle ergometer (Lindenstrabe 5, 72475 
Bitz, Germany) [26]. The test started with two minutes of rest 
followed by cycling with the workload increments selected us-
ing the equations from Jones [33], and the test continued to the 
point of symptom-limitation [34]. Heart rate, blood pressure, 
and oxygen saturation were monitored with a 12-lead electro-
cardiogram using a GE Cardiosoft Version 6.51 electrocardiog-
raphy system (GE Healthcare, GE Marquette Medical Systems, 
8200 West Tower Ave, Milwaukee, WI 53223. USA), a sphyg-
momanometer, and a pulse oximeter throughout the test and 
during recovery. The CPET data were calculated by averaging 
the results every 30 seconds, and the percentage of predicted 
VO2peak was calculated according to normative equations by 
Jones [33]. Maximal patient effort was indicated by evidence of 
exhaustion, attaining predicted maximal heart rate, and attain-
ing predicted minute ventilation [34]. 

Throughout the field walking tests and laboratory-based ex-
ercise test, patient safety was monitored. Before and after the 
test, participants’ heart rate and oxygen saturation were re-
corded with a portable pulse monitor (Datex-Ohmeda TuffSat 
handheld pulse oximeter (Fairfield, CT, USA). Dyspnoea and leg 
fatigue were measured with the Modified Borg Scale (10-point 

Materials and Methods

Study Design, Setting and Participants

This prospective observational cohort pilot study was conduct-
ed at a tertiary metropolitan hospital in Melbourne, Australia 
from May 2014 to February 2016. The study was approved by 
the Melbourne Health Human Research Ethics Committee, and 
written informed consent was obtained from all participants. 
This study was conducted and is reported according to the 
Strengthening the Reporting of Observational Studies in Epi-
demiology (STROBE) guidelines [25]. Participants were eligi-
ble for the study if they had histologically confirmed diagnosis 
of colorectal cancer; received treatment (surgery, chemother-
apy, and/or radiotherapy) within the past six months; and had 
an Eastern Cooperate Oncology Group Performance Status 
(ECOG-PS) score of 0-2. Exclusion criteria included co-morbid-
ity preventing exercise testing; insufficient English language 
skills to participate; and a contraindication to CPET as recom-
mended by the American Thoracic Society [26]. 

Procedure

Ten individuals were recruited from the colorectal outpatient 
clinics between May 2014 and August 2015, and tested with-
in six months of their last treatment (surgery, chemotherapy 
and/or radiotherapy). Each participant completed the 6MWT, 
ISWT, ESWT, CPET, hand-grip strength test, and study ques-
tionnaires on the same day. The order of testing was managed 
pragmatically. Participants rested for at least one hour before 
CPET. In between field walking tests, participants were given 
a minimum of 15 minutes rest to ensure they had recovered 
(assessed by return to resting heart rate) prior to completing 
the next test. No treatment occurred in between tests.

Measures

Socio-demographic and medical variables were collected. Par-
ticipants were asked if they had any limitations to walking. The 
ECOG-PS was used to measure participants’ physical function 
[27].

Field Walking Tests

Six Minute Walk Test (6MWT)

The 6MWT, a self-paced field walking test, was performed ac-
cording to the published American Thoracic Society guidelines 
[17]. Participants were asked to walk as far as possible over 
a 30-meter course in 6 minutes. The total distance walked in 
meters (m) was documented. The 6MWT was performed on 
two occasions to account for the learning effect, and the best 
test result was used in analyses [28]. In patients with cancer, 
the 6WMT is a reliable measure [21].

Incremental Shuttle Walk Test (ISWT) The ISWT, an external-
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scale, with 0 as ‘nothing at all’ and 10 as ‘maximal’ breathing 
difficulty or leg fatigue) [35]. Participant stability between 
tests was assessed by the differences in the pre-test Borg 
scores. The time and number of assessors required to conduct 
each test, and any adverse events were recorded.

Additional Measures

Hand-grip strength was measured using a Jamar hydraulic 
hand-grip dynamometer [36]. The participant was tested in 
the position recommended by the American Society for Hand 
Therapists [37], and the best of three measures was taken. 
Health-related quality of life was evaluated by the European 
Organization for the Research and Treatment of Cancer ques-
tionnaire and colorectal cancer module (EORTC QLQ-C30 and 
QLQ-CR29). All scale/single item measures range in score from 
0-100. A high score on the functional and the global quality of 
life scale represents a high level of functioning and high quality 
of life, while a high score on the symptom scale represents a 
high level of symptomatology [38,39]. 

Statistical Analyses

Data analyses were performed using the SPSS Windows Ver-
sion 22.0 (SPSS, Chicago, IL, USA). Data were assessed for 
normality and homoscedasticity (equality of variance) using 
the Shapiro-Wilk test, and bivariate scotterplot, residual plot, 
and Levene’s tests, respectively [40,41]. Descriptive statistics, 
such as mean and standard deviation (SD) and number and 
percentage were used to summarise data. Participant exercise 
stability was assessed by comparing Borg dyspnoea scores and 
Borg leg fatigue scores before each test (6MWT x 2, ISWT x 2, 
ESWT and CPET) using paired t-tests. Pearson’s correlation co-
efficients were calculated between 6MWT distance (meters), 
ISWT distance (meters), ESWT time (seconds) and CPET VO-
2peak (ml∙kg-1∙min-1) to assess criterion validity [42]. Con-
struct validity was examined by investigating the relationships 
between field walking tests, CPET, respiratory function, physi-
cal function (ECOG-PS), hand-grip strength, and HRQoL phys-
ical function and global health domain scores using Pearson’s 
correlation coefficients. The strength of the correlation was 
determined by the correlation coefficient values (0.00–0.30 = 
negligible; 0.30–0.50 = low positive correlation; 0.50–0.70 = 
moderate positive correlation; 0.70–0.90 = high positive cor-
relation; and 0.90–1.00 = very high positive correlation) [43]. 
The relationships between the CPET and field walking tests 
were further analysed using simple linear regression with the 
CPET VO2peak as the dependent variable, and 6MWT distance, 
ISWT distance or ESWT time as the independent variables. The 
differences in the test results between people with or without 
self-rated walking limitations (to determine discriminant va-
lidity) were compared using the independent t-test. The test 
floor and ceiling effects were calculated as the percentage of 
participants scoring at the lowest [6MWT = 0 m, ISWT= 0 m, 
ESWT= 0 s] or the highest [ISWT = 1020 m, ESWT = 1200 s] 
possible results, respectively. The level of significance was set 
at p < 0.05.
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Results

A total of 103 patients were screened between July 2013 and 
August 2015. Thirty-five (n = 35/103) were eligible and ap-
proached (Figure 1). Twenty-five patients declined to partici-
pate; the consent rate was 29% (n = 10/35). The main reasons 
for decline were “not interested” 24 % (n = 6/25) and “initially 
agreed but failed to attend” 20 % (n = 5/25). A total of 10 pa-
tients with colorectal cancer were enrolled in the study (Figure 
1). The mean age of the study cohort was 56.2 ± 15.5 years, and 
70% were female. Socio-demographic and medical variables 
including age, sex, body mass index (BMI), social situation, ed-
ucation, and employment status, cancer stage, treatment type/
status, smoking history, and comorbidities measured with the 
simplified Colinet comorbidity score [44] of the enrolled par-
ticipants are shown in Table 1. Table 2 presents the test results. 

Participant Stability between Tests

In the pre-test phase, no significant difference was found in the 
Borg leg fatigue scores between each test (p > 0.05) suggesting 
patients had returned to baseline before proceeding with the 
subsequent test. The pre-test Borg dyspnoea score was also 
not significantly different between first and second 6MWT 
(p > 0.05). However, there was a significant difference in the 
pre-test Borg dyspnoea score between first and second ISWT 
(mean difference = -0.35 points, p = 0.045) although this differ-
ence is not considered to be clinically significant [45]. 

Criterion Validity

The associations between VO2peak obtained by CPET and 
distance walked in the 6MWT and ISWT were significant 
(R2=0.68, p = 0.003; R2=0.65, p = 0.005) (Figure 2). No signif-
icant association was found between ESWT time and CPET 
VO2peak (R2=0.36, p = 0.07) (Figure 2). Although a strong  
relationship was found between ISWT predicted VO2peak and 
CPET VO2peak (ml∙kg-1∙min-1) (R2=0.65, p = 0.005, data not in 
Table), the ISWT tended to under-predict VO2peak in compari-
son to VO2peak measured using CPET (Table 2). 

Construct Validity

The distance walked in the 6MWT was significantly correlated 
with ISWT (r = 0.93, p < 0.001) (Table 3) and the HRQoL phys-
ical function domain score (r = 0.90, p < 0.01) (Table 3). High 
correlation also existed between the ISWT and HRQoL physical 
function domain score (r=0.84, p = 0.01) (Table 3). No signif-
icant correlations were found between ESWT time and other 
field walking test results, respiratory function, physical func-
tion, hand-grip strength, and HRQoL. The CPET VO2peak sig-
nificantly correlated with respiratory function (FVC and FEV1) 
(Table 3) and dominant hand-grip strength, and correlated 
moderately with HRQoL physical function domain score (Table 
3).
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Figures 

Figure 1. STROBE flow chart of the study. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

 

Consented (n = 10) 

Assessed for eligibility  (n = 103) 

Analyzed 
 

 6-minute walk test (n = 10) 
 Incremental shuttle walk test (n = 10) 
 Endurance shuttle walk test (n =10) 
 CPET (n =10) 

1. Excluded (n = 68) 
o Insufficient English language skills (n = 9) 
o Extensive skeletal / visceral metastases (n = 12) 
o Not colorectal cancer (n = 7) 
o Co-morbidity preventing exercise test (n = 12) 
o Stage IV disease post-surgery (n = 2) 
o Diceased (n = 1) 
o Currently receiving chemotherapy (n = 3) 
o Medically unsafe to participate in CPET (n = 6) 
o Unable to contact (n = 4) 
o Past inclusion date (n = 12) 
 
2. Declined (n = 25), reasons: 
o Travel (n = 3) 
o Not interested (n = 6) 
o Work commitments (n = 4) 
o Time commitments (n = 3) 
o Fatigue (n = 1) 
o Patient reported they are too unwell (n = 3) 
o Initially agreed but failed to attend (n = 5) 

Completed testing session 1 (n = 10) 
 

Completed testing session 2 (n = 10) 

Figure 1. STROBE flow chart of the study.



 
Figure 2. Relationship between 6MWT distance (R2=0.68, p=0.003) 
(A), ISWT distance (R2=0.65, p=0.005) (B), and ESWT time (R2=0.36, 
p=0.07) (C) with CPET VO2peak.

 
Table 1. Medical and social demographics (n = 10)
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Variables Mean ± SD or n (%) 
Age, years 56.2 ± 15.5 
Sex, female:male 7 (70) : 3 (30) 
Body mass index, kg/m2 24.6 ± 4.5 
Colinet comorbidity score 1.2 ± 2.4 
Smoking status, never smoker:ex-smoker 4 (40) : 6 (60) 
Cancer site, colon:rectum 3 (30) : 7 (70) 
Cancer stage, stage I:stage II:stage III 3 (30) : 2 (20) : 5 (50) 
Adjuvant treatment  
Chemotherapy and radiotherapy 3 (30) 
Chemotherapy only 5 (50) 
No adjuvant treatment 2 (20) 
Type of colorectal surgery  
Colectomy 3 (30) 
Anterior resection 5 (50) 
Abdomino-perineal excision of rectum 2 (20) 
Time since operation, days 271.6 ± 92.3 
ECOG-PS, patient rated  
Fully active 6 (60) 
Walking but only light work 4 (40) 
Self-reported limitation to walking 3 (30) 
Use of a gait aid 1(10) 
Physical activity levels  
Sedentary (0 min/week) 1 (10) 
Insufficient (1–149 min/week) 7 (70) 
Sufficient (150+ min/week) 2 (20) 
Time spent watching television, 
hours/day 

3.9 ± 3.4 

Social situation  
Home with family 7 (70) 
Home alone, independent 1 (10) 
Home with supports 1 (10) 
Nursing home-high level care 1 (10) 
Employment status  
Working full time 2 (20) 
Working part time 1 (10) 
Sick leave/leave of absence-temporary 1 (10) 
Retired 5 (50) 
Home duties 1 (10) 
Highest level of education  
Some primary schooling 1 (10) 
Some secondary or high school 3 (30) 
Completed secondary or high school 3 (30) 
Some university 1 (10) 
Completed Bachelor’s degree 2 (20) 
 

 

 

 

A

B

C



 
 
Table 2. Test results

Discriminant validity is shown in Table 4. There was a signif-
icant difference in the ESWT time (p = 0.04) when the cohort 
was dichotomized on the basis of self-rated walking limitation 
into people with and without walking limitation. The mean 
difference was significant between people with or without 
self-rated walking limitations on the ESWT time (mean differ-
ence = -431.43 seconds, p = 0.04) (Table 4). 

Clinical Applicability

6MWT

No floor effect was observed in the 6MWT. The 6MWT distance 
ranged from 270-654 meters. From pre- to post-6MWT, there 
were statistically significant increases in dyspnoea (mean dif-
ference = 2.0 points, p = 0.001) and leg fatigue (mean differ-
ence = 1.8 points, p = 0.01) (Table 5). The mean ± SD time re-

quired to perform one individual 6MWT (including set-up and 
instruction) was 8.5 ± 2.4 minutes. 

Table 3. Pearson’s correlations between CPET VO2peak, 6MWT  
distance, ISWT distance, ESWT time, respiratory function, hand-grip 
strength, ECOG-PS, and HRQoL physical function and global health 
domain scores (N=10) 

*p < 0.05 level (2-tailed). 
** p < 0.01 level (2-tailed).

ISWT

No floor or ceiling effects were observed in the ISWT. The 
ISWT distance ranged from 110-890 meters, and the predict-
ed VO2peak from this test ranged from 6.9-26.4 ml∙kg-1∙min-1. 
Significant increases were found from pre-ISWT dyspnoea and 
leg fatigue to post-ISWT dyspnoea (p < 0.0005) and leg fatigue 
(p = 0.001) (Table 5). The mean ± SD time required to perform 
one individual ISWT was 10.6 ± 3.5 minutes.

ESWT

Although no floor effect was seen in the ESWT, a ceiling effect 
was found with 70 % (n = 7/10) of participants reaching the 
end of the test (1200 seconds). The ESWT time ranged from 
220-1200 seconds. The ESWT was performed on the ESWT 
tape levels ranging from 3–16. From pre- to post-ESWT, there 
were statistically significant increases in dyspnoea (mean dif-
ference = 2.6 points, p < 0.0005) and leg fatigue (mean differ-
ence = 2.3 , p = 0.002) (Table 5). The mean ± SD time required 
to perform the ESWT was 13.1 ± 4.9 minutes. 

CPET

In comparison, the time required to perform the CPET was 
48.1 ± 9.4 minutes. No adverse events were observed during 
the CPET. The increase in dyspnoea and leg fatigue from pre- to 
post-CPET were mean difference 5.0 points (p < 0.0005) and 
5.4 points (p < 0.0005) respectively (Table 5). Only one asses-
sor was required to perform the field walking tests, whereas 
the CPET required two to three assessors.
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Variables Mean ± SD 
Field walking tests  
6MWT distance, m 545.0 ± 115.2 
ISWT distance, m 580.0 ± 217.7 
ISWT predicted VO2peak, ml∙kg-1∙min-1 18.7 ± 5.4 
ESWT time, seconds 698.0 ± 318.1 
ESWT level, completed 13.9 ± 4.3 
CPET – resting  
Heart rate, beats/min 81.3 ± 14.7 
Systolic blood pressure, mmHg 117.5 ± 11.8 
Diastolic blood pressure, mmHg 74.0 ± 8.1 
Oxygen saturation, % 97.2 ± 1.4 
CPET - peak  
Heart rate, beats/min 158.3 ± 22.3 
Systolic blood pressure, mmHg 153.0 ± 15.1 
Diastolic blood pressure, mmHg 78.0 ± 10.3 
Oxygen saturation, % 96.4 ± 1.8 
VO2peak, ml∙kg-1∙min-1 22.8 ± 6.5 
VO2peak, ml∙kg-1∙min-1, % predicted 82.1 ± 19.7 
VO2peak, L/min 1.5 ± 0.5 
VO2peak, L/min, % predicted 72.0 ± 16.7 
VE, L/min 66.9 ± 20.5 
Work 104.0 ± 41.0 
Respiratory function  
FEV1, litres 2.6 ± 0.8 
FEV1 % predicted 109.8 ± 17.2 
FVC, litres 3.4 ± 1.2 
FVC, % predicted 120.6 ± 17.1 
Dominant hand-grip strength, 
kilograms 

 

Female 10.3 ± 9.0 
Male 23.3 ± 6.1 
HRQoL  
Global quality of life domain 75.0 ± 21.5 
Physical function domain 90.7 ± 16.7 
 

 
6MWT 
distance, m 

 
ISWT 
distance, m 

ESWT time, 
seconds 

CPET 
VO2peak, 
ml∙kg-1∙min-1 

6MWT distance, m - 0.93** 0.53 0.82** 
ISWT distance, m 0.93** - 0.49 0.81** 
ESWT time, seconds 0.53 0.49 - 0.60 
CPET VO2peak, ml∙kg-

1∙min-1 0.82** 0.81** 0.60 - 

FVC, litres 0.36 0.31 0.22 0.70* 
FEV1, litres 0.45 0.45 0.41 0.75* 
FEV1/FVC 0.17 0.30 0.45 -0.07 
Dominant hand grip 
strength, kg 

0.50 0.60 0.32 0.82** 

HRQoL Global quality of 
life domain 

0.15 0.13 -0.44 -0.23 

HRQoL Physical function 
domain 

0.90** 0.84** 0.29 0.64* 

ECOG-PS -0.61 -0.58 0.09 -0.33 
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Tests People with 

walking limitation 

(mean ± SD) 

People without 

walking limitation 

(mean ± SD) 

Mean difference [95%CI] p-value 

6MWT 

distance, m 

532.67 ± 104.33 550.29 ± 127.18 17.62 [-176.31-211.55] 0.84 

ISWT 

distance, m 

553.33 ± 176.73 591.43 ± 245.32 38 .10 [-328.05-404.25 ] 0.82 

ESWT time, 

seconds 

1000.00 ± 346.41 568.57 ± 215.92 -431.43 [-837.03-25.83 ] 0.04 

CPET 

VO2peak, 

ml∙kg-1∙min-1 

22.93 ± 9.41 22.71 ± 5.76 -0.22 [-11.13-10.69 ] 0.96 

 Table 4. Discriminant validity: Difference between people with or without self-rated walking limitations in all walking tests

Test Pre-test 

mean ± SD 

Post-test 

mean ± SD 

Mean difference 

[95%CI] 

p-value 

Dyspnoea     

6MWT 0.4±0.7 2.4±1.4 2.0 [1.1-2.8] 0.001 

ISWT 0.4±0.4 3.1±1.0 2.8 [2.1-3.4] <0.0005 

ESWT 0.6±0.4 3.2±1.4 2.6 [1.7-3.5] <0.0005 

CPET 0.8±1.6 5.8±1.5 5.0 [3.7-6.3] <0.0005 

Leg fatigue     

6MWT 0.8±1.2 2.6±1.3 1.8 [0.5-3.0] 0.010 

ISWT 0.7±0.8 3.1±1.9 2.4 [1.4-3.4] 0.001 

ESWT 0.9±0.5 3.2±1.8 2.3 [1.1-3.4] 0.002 

CPET 0.5±1.0 5.9±2.8 5.4 [3.3-7.4] <0.0005 

 Table 5. Changes in BORG scores with each test



Discussion

This is the first study to explore the association of three com-
mon field walking tests with CPET, the gold standard measure 
of functional exercise capacity, in patients with colorectal can-
cer. Our results demonstrate significant relationships between 
the distance walked in both the 6MWT and the ISWT and the 
VO2peak achieved on the CPET. This result corresponds to find-
ings reported in previous studies in patients with mixed can-
cer diagnoses (26% colorectal cancer) [21] and non-small cell 
lung cancer [46], and suggests that 6MWT and ISWT are both 
valid tests for assessing functional exercise capacity in patients 
with colorectal cancer. As well as the similarity of our findings 
with previous studies in cancer populations [21,46,47], the 
criterion validity of the 6MWT and ISWT in our study is also 
comparable to the studies in people with COPD [48], pulmo-
nary arterial hypertension [49], and obesity [50]. Therefore, 
both 6MWT and ISWT are useful tools for the evaluation of 
functional exercise capacity in cancer and non- cancer popu-
lations. Given the broad applicability and simplicity of 6MWT 
and ISWT, our study adds further evidence to support their use 
by physiotherapists in the clinical and research settings world-
wide. There was no significant relationship between ESWT 
and CPET. This could be expected since CPET is a test of ex-
ercise response involving cardiorespiratory, musculoskeletal, 
neuropsychological, and haematological systems [26], while 
ESWT measures physical endurance only. Further, there was 
a large ceiling effect (70%) for the ESWT [51] and these find-
ings indicate that the ESWT is not an appropriate alternative 
to CPET and limited for use in this cohort. Therefore, our find-
ing, which showed a significant difference in the ESWT time 
between people with or without walking limitation, should be 
interpreted with caution. Further studies with larger sample 
size are warranted to confirm this.

Although VO2peak measured by CPET is the gold standard for 
cardiorespiratory fitness [26], it is not commonly measured 
in colorectal cancer; whereas, despite lack of proven validity 
to date, 6MWT is the most commonly used field walking test 
in colorectal cancer research [52,53]. Our results showed that 
compared to CPET, 6MWT and ISWT required less time to com-
plete (less than 15 minutes), fewer personnel to conduct the 
test (only one assessor needed), and were safe for the patients. 
The 6MWT and ISWT may be useful and simpler alternatives 
to CPET in terms of the time, costs and the equipment required 
in a clinical setting. 

Furthermore, the 6MWT and ISWT measure a similar construct 
to each other as shown by the high correlation between them. 
Nevertheless, use of CPET provides more accurate physiolog-
ical data and would be needed in some settings. For example, 
preoperative use of  CPET allows identification of patients with 
colorectal cancer at high risk of requiring postoperative criti-
cal care unit admission [54]. Moreover, our findings showed 
that VO2peak was moderately to highly correlated to respirato-

ry function, dominant hand-grip strength, and HRQoL physical 
function domain, which is consistent with previous studies in 
population with cardiopulmonary disease [55-57].

The results of this exploratory study demonstrate a significant 
relationship between 6MWT and ISWT, with the physical func-
tion domain of the EORTC QLQ-C30, suggesting that greater 
functional exercise capacity is associated with better self-re-
ported physical function. Our findings are in line with previ-
ous studies, which found significant correlations between 
6MWT distance and HRQoL physical well-being in colorectal 
cancer survivors [53], and ISWT distance and physical func-
tioning domain of the Short Form-36 health survey in patients 
with heart disease [58]. As the primary goal of physiotherapy 
is frequently to assist patients to restore normal function or 
maximise residual function in order to prevent limitations in 
activities of daily living in the long term [59], our findings sup-
port physiotherapists to confidently use 6MWT and ISWT in 
their assessment of function in colorectal cancer population in 
clinical practice. Although not assessed in our study, the 6MWT 
and ISWT are known to be sensitive and responsive to phys-
iotherapy intervention in cardiorespiraotry diseases [19,60]; 
therefore, we hypothesize this may be the case in colorectal 
cancer. Further studies are needed to investigate this. The re-
sults of our study may also inform future studies to examine 
the effects of a physiotherapy program (e.g. a cardiopulmonary 
rehabilitation program) in patients following surgery for col-
orectal cancer [5].

Physical function measured with ECOG-PS has been found to 
be the only predictor of functional exercise capacity assessed 
by 6MWT in patients with colorectal cancer [61]. Eastern Co-
operate Oncology Group Performance Status is frequently used 
by clinicians to determine eligibility for treatment and progno-
sis of various types of cancer [62,63]. However, our findings 
showed that there was no significant relationship between 
ECOG-PS and field walking tests, or CPET measures, which 
suggests that ECOG-PS is not interchangeable with these tests. 
Therefore, field walking tests or CPET are needed for accu-
rate assessment of functional exercise capacity. Furthermore, 
it should be noted that the ECOG-PS was patient-rated in our 
study; whereas, it has often been scored by clinicians in clin-
ical practice and research trials [64]. The lack of congruency 
between patient-rated and physician-rated ECOG-PS has been 
documented in the literature [65]. As better performance sta-
tus at diagnosis is related to better survival in patients with 
colorectal cancer [66], the relationships between ECOG-PS 
and functional exercise capacity in colorectal cancer should be 
clearly elucidated by future studies with a larger sample size.

Our study is strengthened by robust methodology performed 
following STROBE guidelines [25], conduct of testing over a 
full day (ensuring patients are stable) and the assessment of 
participant stability between each test. In addition, tests were 
performed according to published guidelines [17,18,26,31,67]. 
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As an exploratory study, the small sample size is our primary 
limitation. A larger trial is warranted to confirm the validity 
of the field walking tests in colorectal cancer. Moreover, there 
were more females and patients who had undergone treat-
ment for rectal cancer in our study, which affects the generaliz-
ability of our findings. Due to the lack of randomisation of the 
testing order, an order bias must be considered, however we 
assessed stability between tests to account for this. Although 
rest periods were provided between tests, there was a small 
statistically significant difference in pre-ISWT Borg dyspnoea 
between the first and second ISWT; this may have impacted 
upon the test results. 

Despite the limitations, this preliminary evidence has clinical 
implications for health care professionals working with the col-
orectal cancer population. In view of reducing the burden for 
patient, researcher and clinician, the 6MWT and ISWT would 
be potentially valid, feasible, and applicable to measure the 
functional exercise capacity in patients with colorectal cancer. 
Our results also provide a rationale for using the field walking 
tests in future studies in colorectal cancer, and inform further 
exploration into the potential effectiveness of post-operative 
cardiopulmonary rehabilitation in this population.

Conclusion

The 6MWT and ISWT appear to be feasible alternative tests 
to CPET in the evaluation of functional exercise capacity in 
patients with colorectal cancer. The distances walked in both 
the 6MWT and ISWT are significantly associated with CPET 
VO2peak and highly-correlated with HRQoL physical function 
domain. Both 6MWT and ISWT are simple, quick and safe to 
perform; and do not have a floor or ceiling effect in colorectal 
cancer population. However, further studies involving larger 
sample sizes are required to confirm the findings of this pilot 
study.
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