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ABSTRACT

INTRODUCTION. People with rheumatic and musculoskeletal diseases are advised to do aerobic exercise for symptom relief
and to reduce the risk of cardiovascular disease. Continuous exercise at an intensity causing a rate of perceived exertion of 15,
on a 6-20-point Borg scale, exemplifies such exercise. Also, the instruction “Now you need to increase your heart rate” is used
before aerobic exercise. However, the exercise intensity caused by that instruction is unknown. We tested the hypothesis that
intensity during cycling, initiated with the instruction “Now you need to increase your heart rate”, is lower than when
targeting a Borg scale score of 15.

METHODS. Participants (n = 15) with various types of rheumatic and musculoskeletal diseases cycled at a self-selected power
output. Subsequently, we determined the relationship between Borg scale score and exercise intensity (heart rate and power
output), including intensity at a target score of 15. Additionally, intensity was measured during 20 minutes of cycling exercise
executed after the instruction “Now you need…”.

RESULTS. Power output and percentage of maximal heart rate were 89 (± 40) W and 86% (± 9%), respectively, at a Borg scale
score of 15, whereas values were 81 (± 33) W and 81% (± 7%) during the instructed cycling exercise (p < 0.05).

CONCLUSIONS. Intensity, in the form of power output and percentage of maximal heart rate, during cycling exercise, initiated
with the instruction “Now you need to increase your heart rate”, was 8 W and 5 percentage points lower, respectively, than
during cycling targeting a Borg scale score of 15.

FUNDING. None.

TRIAL REGISTRATION. Not relevant.

Persons with rheumatic and musculoskeletal diseases are advised to perform aerobic exercise to relieve
symptoms such as pain, fatigue and reduced joint mobility [1, 2] as well as to reduce the risk of cardiovascular
disease [3].

In a position statement [4] on exercise dosage in rheumatic and musculoskeletal diseases, the following
recommendation on aerobic exercise can be found: “Aerobic training exercise interventions that utilise
intensities of 60-85% of maximum heart rate, a frequency of 3-5 days/week while the time of the exercise session
is 20-45 minutes, elicit significant improvements in multiple health-related outcomes, as early as three months”.
Furthermore, it was stated that engaging in high-intensity exercise is “required to improve cardiovascular health
and reduce fatigue, pain, or activity limitation”. The training load for the patient group in question should be
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built up gradually, in accordance with general training principles [5] to attain progress and prevent
inappropriate overloading. However, in clinics, rehabilitation centres or training facilities, the personʼs maximal
heart rate, just like the actual heart rate, is often not accessible during aerobic exercise. Based on clinical
experience, many people find it uncomfortable to exercise at maximal effort, which is required to obtain the
maximal heart rate and subsequently calculate the relative heart rate. Furthermore, such exercise can be
associated with risks for certain patients. It follows that an alternative method of monitoring, instructing and
performing aerobic exercise that does not include heart rate measurement is often needed.

Continuous exercise at an intensity that brings about a rate of perceived exertion of 15 on a 6-20 point Borg scale
[6] is suggested as a useful example of aerobic exercise [5, 7]. A rate of perceived exertion of 15 entails an
exercise intensity of approximately 85% of the maximal heart rate [8]. The Borg scale is a practical and widely
recognised scale used for subjective ratings of perceived effort during exercise [9, 10].

For comparison, it is common in, e.g., municipal physical training programmes, to use the instruction “Now you
need to increase your heart rate” or in other words “Now you need to raise your pulse” upon initiation of aerobic
exercise. A common way of performing aerobic exercise is by cycling on a cycle ergometer. Unfortunately, we
do not know how intensively persons with rheumatic and musculoskeletal diseases actually exercise when they
are given the instruction “Now you need to increase your heart rate” upon initiation of cycling exercise. It is
possible that the intensity is lower than during cycling at a Borg scale score of 15. Our lack of knowledge about
this challenges our ability to assess and evaluate exercise intensity as well as our ability to achieve quality
exercise.

Therefore, the purpose of the present pilot study was to test the hypothesis that exercise intensity (measured as
power output and heart rate) during cycling, initiated with the instruction “Now you need to increase your heart
rate”, is lower than the exercise intensity during cycling at a Borg scale score of 15.

METHODS

Study design

A crossover design was adopted in this study.

Participants

Participants in the present study were persons with rheumatic and musculoskeletal diseases (n = 15) who
attended inpatient interdisciplinary rehabilitation at the Danish Rheumatism Association's Rehabilitation
Centre, Sano, Denmark. The participants were recruited during a period of one month, and tests were completed
during a period of six weeks. The participants suffered from various types of rheumatic diseases, including
rheumatoid arthritis, juvenile idiopathic arthritis as well as osteoarthritis of the hip, knee, hand and/or neck.
Persons with fibromyalgia were excluded. The maximal heart rate was estimated for each participant, according
to equation 1, developed earlier [11]:

Maximal heart rate (in beats × min-1) = 208 – (0.7 × age in years) (Eq. 1)

Testing

All testing was performed as part of the routine exercise activities that participants engaged in during their
rehabilitation at the rehabilitation centre.

The participants reported to the test facility for three sessions on three different days. The three sessions were
labelled as familiarisation, reference, and exercise, respectively. The order of the last two sessions was
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counterbalanced.

In the familiarisation session, the participant was instructed in using the Borg scale. Furthermore, the
participant became accustomed to cycling on the Monark 928 G3 cycle ergometer (Monark Exercise AB,
Vansbro, Sweden), the test facilities, the personnel and the procedure of the two subsequent test sessions. To
avoid a deliberate influence on the results, the participant was not informed of the exact aim of the study,
including the hypothesis.

In the reference session, patients cycled for a total of 20 minutes. Initially, the participant performed two
minutes of cycling at an intensity targeted to produce a perceived exertion of 7 on the Borg scale. To do this, the
participant adjusted the power output of the cycle ergometer, as preferred. Without delay, this was followed by
two minutes of cycling aimed at reaching a score of 8 on the Borg scale. In the same manner, this gradual
procedure was continued until the test concluded with two minutes of cycling targeted at a score of 16 on the
Borg scale. During the cycling, the heart rate was measured with a Polar H9 chest belt, which transmitted data to
an iPad with a Polar Team app (Polar Electro Oy, Kempele, Finland) installed. Power output and cadence, as
revolutions per minute (rpm), were measured by the cycle ergometer. Heart rate, power output and cadence
were noted at the end of each two-minute period. The participant was blinded to the heart rate. The key data
from the reference session were power output and heart rate during exercise at a score of 15 on the Borg scale.
The rest of the data may be considered supplementary.

In the exercise session, the participant performed 20 minutes of cycling exercise, which was initiated by the
instruction “Now you need to increase your heart rate”. During the cycling, the participant adjusted the power
output of the cycle ergometer as preferred. Heart rate, power output and cadence were documented every two
minutes. Again, the participant was blinded to the heart rate. The key data were average values of power output
and heart rate, calculated across the exercise session.

Statistics

Data were assessed not to be different from a parametric distribution by the Shapiro-Wilks test performed in
SPSS 29.0 (IBM Corporation, IBM SPSS Statistics, Armonk, NY, USA). The Studentʼs paired two-tailed t-tests and
calculation of 95% CI were performed in Excel 2016 (Microsoft Corporation, Bellevue, WA, USA) and used to
evaluate differences. Results are presented as mean (± standard deviation (SD)), unless otherwise indicated. A p
< 0.050 was considered statistically significant. A sample size estimation resulted in 15 participants [12]. The
estimation was performed on one of the primary outcomes of exercise intensity: heart rate as a percentage of
maximal heart rate. The estimation was based on a paired t-test to be performed with an alpha value of 0.05, an
expected mean difference of 4% (± 5%) and a power of 0.80.

Ethical consideration

Written informed consent was obtained from all participants. The study conformed to the standards in the
Declaration of Helsinki and the procedures proposed by the Danish National Centre for Ethics. In Denmark,
quality assurance or quality control studies do not require approval by a research ethics committee.

Data sharing: DOI: 10.6084/m9.figshare.26063350.

Trial registration: not relevant.

RESULTS

Characteristics of the participants are presented in Table 1.

DANISH MEDICAL JOURNAL

Open Access under Creative Commons License CC BY-NC-ND 4.0 3/9



The reference session produced data for heart rate and power output, which are illustrated in Figure 1. Mean
values of heart rate, calculated as percentage of maximal heart rate during cycling targeting Borg values of 7, 8,
and so on to 16, amounted to 67% (± 7%), 69% (± 7%), 72% (± 9%), 75% (± 9%), 77% (± 9%), 78% (± 9%), 83% (±
9%), 86% (± 9%) and 92% (± 9%), respectively. Mean values of cadence, at Borg values of 7, 8, and so on to 16,
were 70 (± 11), 71 (± 13), 73 (± 15), 73 (± 15), 74 (± 17), 74 (± 18), 75 (± 18), 78 (± 20), 77 (± 21) and 78 (± 23) rpm,
respectively. Key data from the reference session, namely average values of power output and heart rate during
cycling targeting Borg values of 15, are reported in Table 2.
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The exercise session produced data for power output, heart rate and cadence, which are illustrated in Figure 2,
which shows a trend for power output to increase across the 20 minutes of cycling. At the same time, there was a
trend for heart rate to increase throughout the cycling session (Figure 2 B). Key data from the exercise session,
specifically the average values of power output and heart rate, as calculated over the 20 minutes of cycling
exercise, are reported in Table 2.
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Regarding a comparison between the reference session and the exercise session: the mean values of power
output, heart rate and heart rate as a percentage of maximal heart rate during the 20 minutes of exercise in the
exercise session were 7% (± 13%, 95% CI: –14-0), 5% (± 7%, 95% CI: –9-–1) and 5 (± 6, 95% CI: –8-–2) percentage
points, respectively, lower than the corresponding values during cycling at a targeted Borg scale score of 15 in
the reference session. For p values, please see Table 2.

DISCUSSION

This study confirmed the hypothesis that exercise intensity (measured as power output and heart rate) during
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cycling, initiated with the instruction “Now you need to increase your heart rate”, is lower than the exercise
intensity during cycling at a Borg scale score of 15.

The present study identified a difference between the exercise intensity that is self-selected following the
instruction “Now you need to increase your heart rate” and the intensity resulting from targeting a value of 15 on
the Borg scale for perceived exertion, with the former being significantly lower. The consequence of this deficit
was that exercise intensity (measured as percentage of maximal heart rate) following the instruction “Now you
need to increase your heart rate” could be described as moderate, whereas exercise intensity targeting a value of
15 on the Borg scale could be described as high [5]. According to the textbook referenced, the demarcation
between moderate and high intensity is 82% of the maximal heart rate. The observed difference in exercise
intensity is likely to have consequences for the result of the exercise. Presumably, in this case, exercising at high
rather than moderate intensity will result in better adaptations, including an increase in the maximal oxygen
uptake [13]. Aerobic exercise in itself has been reported to relieve pain [14].

Our findings point towards a number of clinical perspectives and considerations. For example, instruction
regarding intensity during aerobic exercise is important. Nonspecific instructions may lead to an intensity that
differs from the target intensity, which may, in turn, have consequences for the desired effect of the exercise.
The present study highlights a potential for optimising aerobic exercise during continuous cycling. When a Borg
scale with a designated target of 15 is used, the exercise intensity is likely to be higher and more effective than if
the instruction “Now you need to increase your heart rate” is applied.

According to a guideline on physical training as treatment for osteoarthritis [15], there is a high level of evidence
that aerobic training, strength training and coordination training or functional training play a role in treating
people with osteoarthritis. It is recommended to use aerobic training and/or strength training/coordination
training, or functional training to reduce pain and improve physical function. Besides, it is recommended that
home and self-training always start with a supervised course to teach participants how to train most
appropriately. To achieve an effect on pain and physical function, it is recommended that the supervised
training be performed two to three times a week for at least six weeks [15].

The present findings are limited to the studied group of participants with rheumatic and musculoskeletal
diseases who attended inpatient interdisciplinary rehabilitation. In other words, we cannot directly extrapolate
the results to other groups of persons. There may have been a healthy selection bias that caused the current
participants to be less affected by their diseases than is usually the case for persons with the same conditions. As
an example, the result might turn out to be different if the present study is repeated with persons with
Parkinsonʼs disease. The reason is that Parkinsonʼs disease is a central nervous system movement disorder,
presenting itself with bradykinesia, tremors and latency, resulting in reduced coordination and activation of
movement and balance [16]. Presentations that differ from those of rheumatic and musculoskeletal diseases may
affect the interplay between the understanding of an exercise instruction and the self-selected intensity during
aerobic exercise. Besides this, the relatively small number of participants and their sex composition should be
considered when interpreting the present results. Thus, it cannot be excluded that a study with more
participants would yield a different result. However, it seems unlikely that our findings of a lower power output
and heart rate during cycling initiated with the instruction “Now you need to increase your heart rate” should
represent a type 1 error. The assessment is supported by the magnitude of the mean differences and the
corresponding 95% CI. Finally, if this study is replicated, it would be valuable to expand the test regimen with yet
another session in which the participant is instructed to perform cycling exercise for 20 minutes at a Borg scale
target value of 15. This would make it possible to confirm that the intensity, which we found during cycling
targeting a Borg scale score of 15 in our reference session is the same if the participant is instructed to perform
cycling exercise for 20 minutes at a Borg scale value of 15.
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CONCLUSIONS

Exercise intensity – in the form of power output, heart rate and percentage of maximal heart rate – during
aerobic cycling exercise, initiated with the instruction “Now you need to increase your heart rate”, was about 8

W, eight beats × min-1, and five percentage points lower than the intensity during cycling targeting a Borg scale
score of 15.
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