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Summary

Introduction

AIMS: Exercise stress testing is frequently used for the assessment of coronary artery disease. As the validity of the
test result is highly dependent on the patient’s cooperation
and motivation, we hypothesised that virtual group motivation would result in a higher exercise capacity and may
increase the test’s validity.

Exercise testing is a frequently performed diagnostic test
to evaluate symptoms, exercise tolerance or blood pressure
response and to gauge the prognosis of selected patients
(European Society for Cardiology [ESC] Chronic Coronary Syndrome Guidelines 2019 Class I recommendation
[1]). It can also be used to evaluate the probability of the
presence of coronary artery disease if no imaging methods
are available (ESC Chronic Coronary Syndrome Guidelines 2019 Class IIb recommendation [1]). Exercise testing
is a strong and independent predictor of all-cause and cardiovascular mortality [2–7]. It is widely used, inexpensive,
and a negative test result may, in selected patient populations, render further invasive diagnostic tests like coronary
angiography unnecessary [8].

METHODS: 108 patients at a Swiss teaching hospital with
an indication for exercise testing were included in a controlled, open-label trial and randomised 1:1 to treadmill exercise testing whilst either watching a video of a walking
group (video group, n = 43), or watching a static image of
flowers (image group, n = 43). The video showed a group
of five amateur runners, giving the patients the impression
of running within the group. As primary outcomes, the performance achieved and the perceived level of comfort during the test were analysed.
RESULTS: The video group achieved significantly higher
percentages of their age-predicted METs (149 ± 32% vs
135 ± 29%, p = 0.041) and longer exercise durations
(11:12 ± 2:54 min vs 08:54 ± 02:39 min, p <0.001). Levels
of comfort (8.4 ± 1.4 vs 7.5 ± 1.7 analogue scale, p =
0.011) and closeness to their physical limits (8.9 ± 0.8 vs
8.1 ± 1.5, p = 0.005) were rated significantly higher by patients in the video group.
CONCLUSIONS: Patients watching a video of a running
group achieved significantly higher maximum exercise levels and longer test durations. This may have implications
for the test’s validity. Furthermore, the virtual setting enhanced patient comfort. (This trial was formally registered
at clinicaltrials.gov: trial ID NCT03704493.)
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However, the diagnostic accuracy of exercise stress testing
varies and is dependent on the achievement of an adequate
level of stress. Currently, a heart rate of at least 85% of the
age-predicted maximum heart rate is considered an appropriate and required threshold for attaining an adequate level of stress [9, 10]. Furthermore, the maximum exercise capacity derived from exercise tests is a powerful predictor
of cardiovascular events [2–5, 11]. Studies have demonstrated that patients with higher exercise workloads show
a decreased mortality, irrespective of age and gender [2].
The exercise capacity is an even better predictor of all
cause-mortality than established cardiovascular risk factors like pack-years of smoking, history of congestive heart
failure or myocardial infarction [2].
Exercise testing is highly dependent on the patient’s cooperation. Thus, different types of patient encouragement
have been tested in various studies. Verbal encouragement
is one possibility to increase a patient’s motivation. Studies
have shown that verbal motivation during exercise testing
leads to higher maximum exercise levels [12], longer distances, higher final heart rates [13] and longer exercise durations, as well as more pleasure and intensity [14]. Other
studies have examined the effect of exercising in a group at
moderate intensities. It has been suggested that exercising
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with a group results in better adherence [15] and longer exercise durations [16]. Sometimes, however, it might be difficult to find a matching exercise partner. A virtually presented partner could lead to better persistence in exercise
training [17].
In light of this evidence, we examined the effect of a virtual
walking group on treadmill exercise testing. Usually patients exercise alone, supervised by medical staff. The hypothesis of our study was that a virtual walking group
would have a favourable impact on the performance and
comfort of patients.

Methods
Study protocol
Between June and September 2014, patients were assessed
for eligibility. Eligible participants were adults, either hospitalised or outpatients, at a Swiss teaching hospital with
an indication for exercise treadmill testing. Every consecutive patient in this time period who did not meet the exclusion criteria and gave their informed consent was included
in the trial. Exclusion criteria were any criteria presenting
a contraindication for exercise testing and the physical inability to perform an exercise treadmill test.
Patients were 1:1 randomised centrally into two groups using a randomisation table. Group A performed an exercise treadmill test while watching a virtual walking group
(video group), while group B watched a static image during exercise (control group). All patients with stress test interruption due to exhaustion were included in the statistical
analysis. Patients with stress test interruption due to other
reasons (such as chest pain or ST-segment changes) were
excluded from the analysis, as we assumed that their test
results would not be susceptible to being improved by encouragement.
The study protocol was approved by the local ethics committee. All patients gave their written informed consent.
The trial was registered post-hoc under the trial ID
NCT03704493.
Endpoints
The primary endpoints were the achieved percentage of
age-predicted exercise capacity, calculated as metabolic
equivalents (METs) and the subjective perceived level of
comfort. Secondary endpoints were the achieved percentage of the age-predicted maximum heart rate (HRmax), the
exercise duration, the number of patients with a peak rate
pressure product (RPP) above 30,000 and the subjective
closeness to their physical limits achieved.

Exercise testing
Exercise testing was performed by attending cardiologists
after a standard 12-lead electrocardiogram (ECG) and after
blood pressure at rest was recorded. The exercise test was
performed on a Schiller MTM-1500 med treadmill
(SCHILLER Reomed AG, Dietikon, Switzerland) using a
ramp protocol. The protocol consisted of one minute of
walking at 1.2km/h without a gradient to allow the patients to get used to walking on a treadmill. Afterwards, the
speed and gradient were increased gradually every three
minutes, as shown in table 1.
Patients were monitored continuously with a 12-lead ECG
(Schiller CS-200) and blood pressure was measured every
two minutes (Schiller BP-200 plus). All patients were verbally encouraged to perform to their maximum.
Exercise termination criteria included significant symptoms, ECG signs of myocardial ischemia (horizontal STsegment depression of more than 3 mm in at least three adjacent ECG leads or ST-segment elevation of more than 1
mm in a non-infarct lead without an abnormal Q wave), a
decrease in systolic blood pressure of at least 10 mm Hg,
systolic blood pressure higher than 250/120 mm Hg, higher graded arrhythmias and the patient’s request to stop.
The maximum age-predicted heart rate was calculated
from the equation HRmax = 220 − age. The age-predicted
maximum exercise capacity was calculated in METs using
the treadmill controller system. The RPP was determined
as the product of maximum heart rate (in bpm) and maximum blood pressure (in mm Hg). The achieved METs
were calculated by the treadmill system using the following formulas:
– speeds <8km/h:
– METs = ((1.675 speed in km/h) + (0.3015 speed in km/
h gradient) + 3.5) / 3.5
– speeds ≥ 8km/h:
– METs = ((3.35 speed in km/h) + (0.15075 speed in km/
h·gradient) + 3.5) / 3.5
which are the accepted formulas of the America College of
Sports Medicine’s Metabolic Calculations Handbook [18].
Study interventions
The peer intervention consisted of a video showing a walking group. The patients in the video group watched it on
a screen (Samsung LED 55”) on the wall in front of the
treadmill during exercise treadmill testing, as shown in figure 1. The video showed five amateur walkers walking on
a path along woods and fields, giving the patient the perspective of a person walking with the group, as shown in
figure 2 and video 1. Sometimes all five walkers are seen

Table 1: Details of the ramp exercise protocol used. After the first minute, the speed and gradient of the treadmill was increased gradually.
Stage

Duration (min)

Speed (km/h)

Gradient (%)

1

01:00

1.2

0.0

2

03:00

2.0

8.0

3

03:00

3.0

12.0

4

03:00

3.0

18.0

5

03:00

4.0

22.0

6

03:00

5.0

22.0

7

03:00

6.0

22.0

8

03:00

7.0

22.0
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in the video; sometimes one or two walkers are only partly
seen or are disappearing sideways from the video, giving
the viewer the impression of walking within the group. The
walking speed of the people in the video correlated with
the walking speed of the treadmill. The control group saw
a static image of lavender flowers.
You will find the video in our channel at Vimeo.

Figure 1: The treadmill positioned in front of a screen showing a
scene from the video.

Questionnaire
After the exercise test, patients were asked to score their
perceived comfort level and their subjective level of physical exertion achieved during the test on a 10-point scale.
Statistical analysis
Statistical analysis was done using PRISM 6 (GraphPad
Software). Student’s t-test was used to compare normally
distributed data; a Wilcoxon-Mann-Whitney test was performed to compare non-normal data. To test for significant
differences in categorical variables between the groups,
Pearson’s chi-square test was used. Between-group differences were considered significant if p ≤0.05.

Results
The study flow chart is shown in figure 3. Of the 109 patients assessed for eligibility, 108 patients were enrolled in
the study and randomised. One patient was excluded before randomisation because of recent abdominal surgery.
Forty-three patients in both groups ended the test because
of exhaustion and were included in the final study analysis.
In the video group, six patients were excluded because of
chest pain, one because of significant ST-segment changes,
one because of severe hypertension and three patients because of leg weakness. In the control image group, one patient had to be excluded because of missing exercise testing data, in one patient the reason for test interruption was
not specified, seven patients ended the test due to chest
pain and one patient because of a decrease in systolic blood
pressure and leg weakness. Thirty-eight in the video group
and 36 in the control group were patients of the outpatient
clinic. Baseline characteristics were evenly distributed between both groups (table 2).
The main study results are shown in table 3. The patients
in the video group performed significantly better and
achieved a higher exercise capacity (percentage of age-predicted peak METs) compared to the image group (148.6 ±
Figure 2: A scene from the video shows the group of five amateur runners, giving the patient the perspective of a person walking within the
group.
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32.0% vs 135.0 ± 28.9%, p = 0.041). Moreover, the patients in the video group scored significantly higher levels
of comfort on the 10-point scale compared to those in the
image group (8.4 ± 1.4 vs 7.5 ± 1.7, p = 0.011).
Further analysis showed that patients in the video group
exercised for significantly longer. The average test duration was 11:12 ± 2:54 min in the video group versus 8:54
± 2:39 min in the image group (p <0.001). The analysis
of the questionnaire showed significantly higher subjective
closeness to their physical limits in the video group (8.9 ±
0.8 vs 8.1 ± 1.5, p = 0.005). There was no difference in
the number of patients who reached a peak rate pressure
product above 30,000 (27 patients in the video vs 21 in the
image group, p = 0.19). Thirty-eight patients in the video
group (88%) and 33 patients in the image group (77%)
achieved heart rates above 85% of the age-predicted maximum (p = 0.26).

Discussion
The aim of this randomised controlled trial was to examine
the effect of a virtual walking group in exercise treadmill

testing on the performance and comfort of patients. We
showed that patients watching a virtual walking group
while exercising on a treadmill achieved significantly
higher exercise capacity, performed for longer, felt more
comfortable and achieved higher self-rated closeness to
their physical limits than patients looking at a static image.
This demonstrates the potential impact of a virtual walking
group in treadmill exercise testing and its potential to increase test validity.
Exercise testing is a well-established tool to evaluate heart
conditions and is a strong and independent predictor of allcause and cardiovascular mortality [2–7]. In the new ESC
guidelines for Chronic Coronary Syndromes, exercise testing now has a class IIb recommendation for the evaluation of possible coronary artery disease, but it is still widely used for assessing symptoms, blood pressure response
and exercise tolerance [1]. Exercise testing is, in contrast to
many other diagnostic tests, an inexpensive, widely available, non-invasive technique, and is often well appreciated by patients, which emphasises its importance in clinical
practice.

Figure 3: Flow diagram of the patient enrolment, allocation and analysis.
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In order to improve the sensitivity of the test, patients
should receive an adequate level of exercise stress, commonly measured using the achieved heart rate as a percentage of the age-predicted maximum. These peak exercise parameters depend on the patient’s motivation and on
the examining health professional encouraging the patient
[19]. Often, patients do not reach their maximum performance level because of a lack of “adequate” motivation.
Our study showed that the intervention of presenting a
video during cardiac exercise testing, giving the patient the
impression of exercising within a group, may lead to higher performance (14% higher age-predicted peak METs)
and longer exercise duration (more than two minutes).
Therefore, the video intervention may improve the sensitivity of cardiac exercise testing. This is especially relevant
for the evaluation of coronary artery disease, where adequate cardiac exercise stress is needed to provoke electrocardiographic or clinical signs of ischemia.

In the questionnaire, patients in the video group rated their
subjective levels of physical exertion achieved as significantly higher. High levels of subjective physical exertion
indicate that patients have exceeded the ventilatory threshold and have performed to their individual maximum [20].
This may further support our hypothesis that the video intervention can lead to a higher validity of the test results.
Interestingly, although the patients in the video group performed for longer and achieved higher subjective and objective performance levels, they also felt more comfortable
during the test.
No differences in the achieved percentage of age-predicted
heart rate or the number of patients with a high peak rate
pressure product were found, which might be due to the
fact that all patients achieved relatively high percentages
of age-predicted heart rate. Heart rate increases almost linearly with exercise intensity, but the slope flattens close to
the maximum heart rate.

Table 2: Baseline characteristics of the patients.
Characteristics

Video group
(n = 43)

Image group
(n = 43)

p-value

Age, yr.

60.6 ± 16.3

60.4 ± 15.1

0.97

Female sex, n (%)

13 (30.2)

12 (27.9)

0.81

BMI, kg/m2

27.0 ± 4.2

27.1 ± 5.1

0.89
0.32

Medical history, n (%)
– CAD

13 (30.2)

9 (20.9)

– Hypertension

23 (53.5)

23 (53.5)

1

2 (4.6)

6 (13.9)

0.14

– Diabetes mellitus
– Pacemaker

4 (9.3)

2 (4.6)

0.40

61 ± 5.4

58 ± 8.8

0.05

– Beta-blocker

15 (34.8)

20 (46.5)

0.27

– Aspirin

15 (34.8)

15 (34.8)

1

– ACE inhibitor or ARB

17 (39.5)

25 (58.1)

0.08

– Statin

18 (41.8)

16 (37.2)

0.66

– Never smoked

27 (62.8)

31 (72.1)

0.36

– Current smoker

15 (34.9)

11 (25.6)

0.35

– Former smoker

1 (0.02)

1 (0.02)

1

159.0 ± 16.6

158.9 ± 15.0

0.99

– LVEF, %*
Medication, n (%)

Smoking, n (%)

Exercise testing
– Maximum age-predicted heart rate, beats/
min
– Age-predicted peak METs

7.6 ± 1.3

7.7 ± 1.4

0.56

Outpatient, n (%)

38 (88.4)

36 (83.7)

0.54

5 (11.6)

7 (16.3)

0.54

Inpatient, n (%)

ACE = angiotensin-converting enzyme; ARB = angiotensin receptor blocker; BMI = body mass index; CAD = coronary artery disease; LVEF = left ventricular ejection fraction;
METs = metabolic equivalents. Plus-minus values are means ± standard deviations. * LVEF was available for 34 patients in each group.
Table 3: Results.
Results

Video group (n=43)

Image group (n=43)

p-value

Percentage of age-predicted peak METs, %

149 ± 32

135 ± 29

0.041

Level of comfort

8.4 ± 1.4

7.5 ± 1.7

0.011*

Primary endpoints

Secondary endpoints
>85% of age-predicted maximum heart rate, n (%)

38 (88%)

33 (77%)

0.155

Exercise duration, min:sec

11:12 ± 02:54

08:54 ± 02:39

<0.001

Peak RPP ≥30,000, n (%)

27 (63%)

21 (49%)

0.192

Subjective closeness to physical limits achieved

8.9 ± 0.8

8.1 ± 1.5

0.005*

METs = metabolic equivalents; RPP = peak rate pressure product Values are means ± standard deviations. Percentage of age-predicted METs refers to the percentage of the
age-predicted peak METs achieved by the participants. Student’s t-test was used to compare normally distributed data; a Wilcoxon-Mann-Whitney test was performed to compare
non-normal data. To test for significant differences in categorical variables between the groups, Pearson’s chi-square test was used. Between-group differences were considered
significant if p ≤0.05. * indicates non-normally distributed data.
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Our findings are in line with previous studies which assessed the effects of encouragement and distraction during
exercise testing. Older trials led to the assumption that at
least part of muscle fatigue is developed within the central
nervous system by showing that mental activity or cheering can diminish the feeling of muscle fatigue [21, 22].
Previously established linking models describe the relationship between attention focus and physical effort, showing that at low exercise intensities the attention focus can
be either associative (focusing on bodily sensations) or dissociative (focusing on other tasks not related to the physical activity) [23, 24]. Music and video can thus lead to a
more dissociative attention focus during physical exercise
and lower ratings of perceived exertion [25]. These findings were more pronounced at low and moderate exercise
intensities, whereas at high exercise intensities physiological signals seem to predominate the attention focus [24].
However, Chow et al. showed that a combination of video
and music leads to lower ratings of perceived exertion even
at high exercise intensities [25]. In this trial, the perceived
attention focus was not rated by the patients. Nevertheless,
it is likely that the shown video led to some kind of distraction and reduced potential discomfort during the exercise
test, as shown by the higher comfort ratings of the patients
in the video group.
Other studies have assessed the effects of group-based exercise programs in different settings. It has been shown that
adults who exercised in a group-based exercise program
did so for a longer time than adults who exercised alone
[16, 26]. This group motivation effect may be attributable
to social interaction taking place. However, even virtually presented exercise partners have a positive impact on
the performance and persistence of patients during physical activity. Studies have demonstrated that an internet
partner leads to longer exercise durations [27] and a virtually presented partner in an exergame improves patients’
persistence [17]. Harden et al. stated that “the group” as a
specific mode of intervention is efficient in most populations and settings [28]. It must be noted that these trials assessed group effects in training sessions, which might differ from maximum exercise testing. However, exercising
in a group can support feelings of competence and relatedness and thereby contribute to one’s intrinsic motivation.
Moreover, walking together has an element of companionship [29] and increases the participant’s feeling of safety
[30]. A slightly superior partner can lead to longer exercise
durations, which is explained by the participant’s attempts
to match or exceed the performances of their more capable partner [31]. The video gives the patient the impression of exercising as part of a group, which could generate
the ambition of keeping up with the other athletes, thereby
leading to higher performance. Also, the video might have
made verbal encouragement easier, as it was possible, for
example, to encourage the patient to keep walking/running
until the house seen in the distance.

patients during the predefined study period was planned.
A double-blinded study design was not possible, because
of the visible screen and the fact that the examiner has
to be close to the patient. However, all examiners were
instructed to always encourage the patient to perform to
their maximum irrespective of the study group. The patients in our study achieved rather high percentage METs,
which could indicate a selection bias towards fit or motivated patients. Furthermore, it is unclear whether the examiners encouraged the patients more than usual, knowing
that the exercise test was part of a trial. Nevertheless, comparing the baseline characteristics of our patients with data from the Swiss “Gesundheitsstatistik 2019” [32] and the
Swiss Heart Foundation 2016 [33], our patient population
seems to have similar characteristics to the same age group
among the general population, except for a higher percentage of patients with hypertension. In this trial, subjective
outcome measures were assessed. There is no well-validated tool for the assessment of subjective ratings. However,
a 10-point scale is a widely used and accepted rating tool.
In conclusion, a virtually presented exercise group during
exercise treadmill testing may lead to higher achieved exercise levels and longer test durations and may thereby
improve the validity of the test results. Furthermore, a
virtually presented walking group may be an easy and costefficient way to enhance patient comfort during exercise
testing. The results of this small, open-label study need to
be confirmed in a larger trial.
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