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Take home message Reference equations for breathlessness intensity are of importance for
research and clinical care. We present the first reference equations for breathlessness during

incremental cycle exercise testing for use to assess and compare breathlessness severity.



ABSTRACT

Background: Exertional breathlessness is commonly assessed using incremental exercise
testing (IET), but reference equations for breathlessness responses are lacking. We aimed to

develop reference equations for breathlessness intensity during IET.

Methods: Retrospective, consecutive cohort study of adults undergoing IET in Sweden.
Exclusion criteria included cardiac or respiratory disease, death or any of the aforementioned
diagnoses within one year of the IET, morbid obesity, abnormally low exercise capacity,
submaximal exertion, or an abnormal exercise test. Probabilities for breathlessness intensity
ratings (Borg CR10) during IET in relation to power output (%opredWmax), age, sex, height,
and body mass were analyzed using marginal ordinal logistic regression. Reference equations
for males and females were derived to predict the upper limit of normal (ULN), and the

probability of different Borg CR10 intensity ratings.

Results: 2,581 participants (43% female) aged 18-90 years were included. Mean
breathlessness intensity was similar between sexes at peak exertion (6.7+£1.5 vs. 6.4+1.5 Borg
CR10 units) and throughout exercise in relation to %predWnmax. Final reference equations
included age, height and %predWnmax for males, whereas height was not included for females.
The models showed a close fit to observed breathlessness intensity ratings across %predWmax
values. Models using absolute W did not show superior fit. Scripts are provided for
calculating the probability for different breathlessness intensity ratings, and the ULN by
%predWax throughout IET.

Conclusion: We present the first reference equations for interpreting breathlessness intensity

during incremental cycle exercise testing in males and females aged 18-90 years.

Keywords: Breathlessness, dyspnea, exercise testing, exercise capacity, reference values,
CPET



INTRODUCTION

Breathlessness is common and a cardinal symptom of cardiac or respiratory disease [1].
Breathlessness is often provoked by physical activity and may, in severe cases, be present

during low-level exertion or at rest [1-3].

Assessment of breathlessness should account for the level of exertion, as people tend to
exercise up to a similar intensity of breathlessness regardless of exercise capacity and/or
health status [4-8]. Therefore, breathlessness intensity measured during daily activities, or
near an individual’s limit of exercise tolerance, may be similar even between healthy
individuals and people with cardiac or respiratory disease [8-11]. In addition, people often
decrease their physical activity to avoid breathlessness, a behavior of avoidance that can lead
to a cycle of reduced physical activity, deconditioning, and worsening activity-related

breathlessness.[12].

Intensity of exertional breathlessness is commonly assessed using a validated scale, such as
Borg’s 0-10 category ratio scale (Borg CR10), during symptom-limited incremental exercise
testing (IET) in relation to a standardized relative exercise intensity [5-7, 13-15]. IET is a key

test for evaluation of breathlessness severity in clinical care and research [6, 8, 14].

Reference equations to predict an individual’s expected normal breathlessness intensity at
different standardized submaximal power outputs during IET are lacking. This is despite
symptom-limited IET being widely used in clinical practice for evaluation of breathlessness
and exercise (in)tolerance [5, 7]. Killian et al. reported reference equations for breathlessness
intensity in 460 healthy individuals aged 20-70 years with normal exercise capacity [16].
Their reference equations were limited by an assumption of normally distributed scores and
predictions using linear regression (yielding predicted scores outside the Borg CR10 scale
range) and have not been adopted in clinical care or research [16]. Neder et al. recently

reported on the breathlessness intensity response to cardiopulmonary cycle exercise testing



(CPET) descriptively (n=275) including the 95™ percentile, which could be used to determine
the upper limit of normal (ULN) breathlessness intensity for a range of absolute power
outputs and levels of minute ventilation. Approximate median values of breathlessness as
well as ULN for breathlessness intensity ratings were also provided as tables. However,
Neder et al. did not provide reference equations to predict probabilities for reporting different
breathlessness Borg CR10 scores, deviation of a breathlessness intensity score from the
predicted reference value, nor the ULN breathlessness response based on readily available
participant characteristics [17]. Reference equations to predict normal and abnormal
breathlessness (>ULN) intensity ratings during IET are important for the evaluation of
breathlessness in research and clinical care, as well as to compare the severity of

breathlessness between individuals or groups.[6, 14].

The aim of this study was to develop reference equations for breathlessness intensity ratings
(Borg CR10) across submaximal power outputs during symptom-limited IET in a large

cohort of ostensibly healthy adults.
MATERIAL AND METHODS

Study design and participants

This was a consecutive cohort study of people free of clinically apparent disease that was
referred for IET at the Department of Clinical Physiology at Kalmar County Hospital,
Sweden between May 2005 and October 2016. IETs were performed according to the
Swedish protocol for standardized cycle exercise testing [18]. This database is the basis for
the established Swedish reference values for predicted peak power output (Wmax) and

exertional systolic blood pressure response [19-22].

Inclusion criteria were: age > 18 years; normal exercise capacity defined as peak power

output (Wopeax) Within 75 - 125 % of the participant’s predicted Wmax [21]; and a normal IET



as determined by the attending physician. Exclusion criteria were: 1) ischemic heart disease,
heart failure, atrial fibrillation, asthma or chronic obstructive pulmonary disease recorded in
patient records during the five years before the IET; 2) death or any of the aforementioned
diagnoses within one year after the IET; 3) reason for referral to the IET being either
dyspnea, aortic stenosis, post infarction and/or pacemaker; 4) exercise time <5 minutes or
submaximal exertion defined as a rating of perceived exertion (RPE) <16 on Borg’s 6-20
scale at end exercise [23]; 5) body mass index (BMI) >35 kg/m?, i.e., morbid obesity or
higher; and 6) no Borg CR10 breathlessness intensity rating during the last two minutes of
the IET. For participants who performed more than one IET during the study period, the most

recent was included.

Ethical considerations

The study was conducted in accordance with the amended Declaration of Helsinki and was
approved by the Regional Ethical Review Board in Linkdping (DNr: 2018/141-31). As this
was an observational study using data collected from IETSs in routine clinical practice,
individual participant consent was waived. The study is reported in accordance with the
STrengthening the Reporting of OBservational studies in Epidemiology (STROBE) statement

[24].
Exercise test protocol and assessments

The protocol for the standardized symptom-limited IET has been detailed previously [19, 21,
22]. All tests were performed using an electrically braked cycle ergometer (Rodby Inc,
Karlskoga, Sweden). The initial power output and ramp increment of 10, 15 or 20 W/min was
selected depending on the participant’s predicted Wpeax, aiming at an exercise duration of 8-
12 minutes [19, 21, 22]. Differences in power output increment between individuals are

accounted for by the Swedish reference values for Wy [21].



Before IET, resting 12-lead electrocardiogram (ECG), body mass and height were recorded.
The Borg RPE 6-20 and CR10 scales and their anchors (for pain, exertion, and
breathlessness) between the extremes were explained. Participants were invited to rate their
overall intensity of breathlessness on the Borg CR10 scale, which was also shown, from 0=
no breathlessness to 10= the most intense breathlessness that you’ve experienced or could
imagine experiencing [13]. During IET, ECG was recorded continuously, whereas systolic
blood pressure, RPE (Borg 6-20 scale), breathlessness intensity (Borg CR10), and chest pain

(Borg CR10) were measured every 2 minutes.

Statistical analyses

Characteristics were tabulated and compared using descriptive statistics. Associations
between breathlessness intensity (Borg CR10) during IET and potential determinants (W %
of predicted Wnax [%opredWnax], age, sex, height, and body mass) based on the literature [16,
17, 21] were evaluated using heatmaps and locally estimated scatterplot smoothing (LOESS)

curves. Percentiles of calculated breathlessness intensity were plotted across %predW max.

Modeling the reference equations involved the following considerations. Usual inferential
statistics, such as p-values and confidence intervals were considered less useful, since we
were not interested in making statements regarding any particular estimand. The aim was also
not to produce the best prediction possible for each individual, but to describe the distribution
among a group of people free of clinically apparent disease with similar characteristics. Thus,

the calibration of the model was considered as the most important measure.

The reference equations for breathlessness intensity ratings were modeled using marginal
ordinal logistic regression with a cumulative logit link [25], estimated by generalized
estimating equations (GEE). This approach was chosen due to breathlessness being rated on

the discrete Borg CR10 scale, and hence models assuming continuous, conditionally



normally distributed values are unsuitable and may yield predictions outside the 0 — 10 scale
range. Instead, the current model predicted the probability of rating each score on Borg’s
CR10 scale by %predWmax and values of the other covariates. Initially, we included age,
height, body mass and %predWnmax in separate models for males and females, with all
variables as natural/restricted cubic splines [26] with knots placed at the 5™, 35", 65™ and
95™ percentiles. After evaluation, height was excluded from the model for females and kept
as a linear variable for males, as this resulted in an improved quasi-information criterion
(QIC) [27] for the models (supplemental Table Al). Furthermore, we included the linear
interaction between age and %predWnax, as plots indicated a lack of fit in the upper age
ranges, which improved model QIC. Body mass was excluded, even though it improved QIC
slightly for men, as calibration was affected negatively in the upper range (supplemental
Figure Al). We also conducted all analyses by including %W peax instead of %predWpay in
the models, which resulted in similar findings without any improvements in model fit. We
investigated the proportional odds assumption by comparing the odds ratios from the
proportional odds model to odds ratios calculated by binary logistic regression models for
each cut-point (i.e. setting the outcome to breathlessness rating <i for i=1,..10). We found no

major violations of the assumption (supplemental Figure A2).

From the regression models, we calculated the probability of having a specific Borg CR10
breathlessness rating, as well as the probability of having an equal or greater breathlessness
rating (interpreted as the percentage of the population having an equal or greater value). Z-
scores, reflecting the deviation of the observed breathlessness rating from the predicted
reference rating, expressed in standard deviations (SDs), were calculated by entering the
probability of having a rating less than the observed value into the standard normal quantile
function. The ULN value for breathlessness intensity was calculated using linear interpolation

of the linear predictor of the responses closest to below and above a probability of 0.95.



Model fit was evaluated using calibration curves, a LOESS curve of the observed proportion
having a specific Borg CR10 breathlessness intensity rating versus the predicted probabilities
of the model (supplemental Figure A3). Ideally, these should be identical; for example, 20%
of the participants with a predicted probability of 0.2 having a breathlessness intensity rating
of 7 Borg CR10 scale units should have that rating observed. The analyses showed that the
models were well calibrated. Coefficients for the final models are presented in supplemental
Table A2 and the knots used for splines in supplemental Table A3. In addition, predicted
breathlessness intensity ratings for each participant were plotted against %predWpax, With

loess curves of both predicted and observed breathlessness intensity ratings.

As a first step towards validation of the model, the total population was randomly split into a
70% and 30% group. The model was then re-estimated using the larger subgroup with the

smaller group used as a validation sample.

RESULTS

A total of 2,581 participants (43% female) aged 18-90 years were included (Table 1). Nearly
all were refereed to IET for either suspect stable coronary syndrome (n=1,844), occupational
reasons (n=269), suspect arrhythmia (n=226) or determination of exercise capacity (n=186).
The mean = SD age was 46.6 + 14.5 years for males and 54.0 + 13.7 years for females. By
design, all participants had an exercise capacity within the normal predicted range (defined as
a Wpeak 75-125% of expected Wax) [21], with males and females achieving a Weax 0f 241 +
44 W (98 £ 12 % predicted) and 142 + 28 W (99 + 13 % predicted), respectively.
Breathlessness intensity ratings at peak exercise were similar between males and females, 6.7

+1.5vs. 6.4 + 1.5 Borg CR10 scale units.

For the final models, the relationship between increasing breathlessness intensity ratings and

increasing power outputs during IET by age and sex for the whole cohort are shown in



Figure 1 (absolute power output in W is used instead of %predW . for comparability with,
for example, the study by Neder et al) [28]. Breathlessness intensity ratings increased with
increasing power output during IET across all groups, with younger participants and males
reaching a higher mean absolute Wpea than older participants and females, respectively.
Breathlessness intensity in relation to %predWmax was similar between males and females

(Figure 2).

The final reference equations incorporated age, height (males), and %predW .. Predicted
breathlessness intensity ratings generated by the models showed a close fit with observed

breathlessness ratings throughout the IET (Figure 2).

The split group validation resulted in similar estimates (regression coefficients) as when
running the model on the whole population. The model was well calibrated when used in the
test sample with a close fit with observed breathlessness intensities (supplemental Figure

Ad).

A script of the model and an excel file are provided as a supplement (Supplement 2) for
calculation of: 1) probabilities for different breathlessness intensity ratings by %predWyax,
age, sex (and height in males); and 2) the ULN for breathlessness intensity ratings across
different %predWnax values. As an illustration, Figure 3 shows the ULN for breathlessness
intensity ratings across %predWmax for males or females aged 70 years with a height of 180
cm. The ULN for breathlessness intensity ratings in relation to %predWmax was similar for
other ages, but tended to be slightly lower with increasing age. Including %W peax instead of
%predWax in the model resulted in an inferior model fit (lower QIC) and calibration as

compared to %predWmax,

DISCUSSION

Main findings



This study presents the first reference equations that enable prediction of the normal and
ULN for breathlessness intensity (Borg CR10) ratings at different %predW . values during
IET based on readily available participant characteristics. Our findings are based on a large
Swedish cohort that forms the basis for the Swedish reference values for exercise capacity

(Wmax) and systolic blood pressure response during IET [19-22].

These reference equations can be used to calculate: 1) the ULN for breathlessness intensity,
for a given %predWnax; 2) probabilities for reporting each breathlessness Borg CR10 score,
and 3) deviation of a breathlessness intensity score from the predicted reference value. The
equations enable breathlessness evaluation throughout levels of exertion and using

submaximal tests.

We used %predWax in the models, to facilitate comparisons between people and groups. We
suggest that Wnax should be calculated using the most representative reference material for
the individual and/or population under investigation. This approach is similar to spirometry
reference values, where lung function can be graded and compared (as % predicted) using the
best reference material for each individual and/or population. Although this cannot be
inferred from our study, we think a similar approach for exertional breathlessness assessment
could facilitate comparisons of symptom severity between populations and should be
validated in future studies. It is sometimes suggested that breathlessness intensity should be
evaluated in relation to the person’s achieved peak power output (%Wpeax) during the IET.
However, as the achieved Wy is influenced by the underlying health status, assessing
breathlessness severity in relation to Wpea is less informative than in relation to the predicted
maximal power output. This is especially the case for tests that are symptom-limited, where
most people discontinue exercise at breathlessness intensities of 6-8 Borg CR10 units,
similarly across healthy people and those with illness [4, 9, 11]. In the current study, although

males and females stopped exercising at significantly different Wpeax, the temporal



breathlessness intensity response in relation %predWnmax Were similar between males and
females. Using %predWpax instead of %W eax in our models resulted in superior model fit
(QIC) and better calibration, while also making differences in breathlessness intensity easier

to visualize.

The present study extends the methodology used in the studies by Killian and Satia [16, 29],
only requiring basic characteristics and yielding only predictions within the Borg CR10 scale
range. Neder et al. recently reported data for 275 healthy adults performing incremental cycle
CPET [28], including breathlessness intensity ratings (Borg CR10) by Wheak, absolute
ventilation (L/min), age and sex. Tables with approximate median values as well as ULN for
breathlessness intensity ratings were provided. We build on this by developing reference
equations to predict individual breathlessness intensity ratings based on readily available
participant characteristics at any point during IET, from lowest to maximal exertion. The
trajectories of breathlessness intensity ratings during symptom-limited incremental cycle
CPET reported by Neder et al. in healthy people [28] closely mirror those in the present

study.
Strengths and limitations

Strengths of the present study include its use of a large database of males and females across
a wide age-span (18-90 years), with standardized measurement of breathlessness intensity
using Borg’s CR10 scale. Our reference equations only incorporate widely available data —
age, sex, height — and do not require lung function assessment. As breathlessness intensity
may be assessed at any %predWnax, evaluation is possible even without maximal exertion,
which is important in many clinical populations. The reference equations showed a very good
fit with observed values throughout exercise as shown in Figure 2. There was a small
deviation towards the extremes of breathlessness intensity likely caused by relatively few

included participants reaching these high workloads. As an example, this results in a small



overestimation of predicted breathlessness intensity for older males, and a small
underestimation for younger males at the highest relative workloads (supplemental Figure
Ab5). This will likely not have any practical implications when using the normal values as the

deviation is small and only applies to few individuals.

A limitation is that the database was not derived from a random healthy population sample.
However, the database has been extensively validated and forms the basis for the current
Swedish reference values for Wax and systolic blood pressure response during IET [19, 21].
An extensive set of exclusion criteria was applied to restrict the sample to people with normal
Weak and without known or likely disease. We did not have information on the presence of
possible mental health comorbidities such as anxiety and/or depression that might influence
the perception of, and risk of developing, breathlessness [30, 31]. However, any reference
material must always be put into a clinical context with individual assessment of whether its
applicable to a specific person. Physiological data were limited, with no access to data on
pulmonary function tests, ventilation or gas exchange, limiting our ability to ensure that
participants provided maximal effort during the IET (i.e., respiratory exchange ratio).
However, mean peak heart rate was within 2% of the predicted maximal value and mean peak
Borg RPE ratings were 17-18 implying maximal effort [23]. Further, we had no data on
smoking or heart function. An independent Swedish database of Borg CR10 scale
breathlessness intensity ratings during IET in people without known disease for external
validation was not available. Internal validation using a split sample approach, demonstrated
good fit and robustness of the models. In addition, the intensity ratings of exertional
breathlessness were similar to reports on healthy people undergoing symptom-limited
incremental cycle CPET [28]. However, external validation of the reference values would be
valuable. Lastly, our results from cycle IETs (non-weight bearing exercise) are likely not

applicable to exercise tests performed on a treadmill (weight bearing exercise) given known



differences in cardiac, metabolic and ventilatory responses between the two modes of
exercise as well as greater difficulty quantifying external power output during treadmill

compared with cycle exercise [32, 33].
Importance and future directions

Reference values for intensity ratings of breathlessness during IET are important for research
and clinical care as they allow: (a) determination of the normality of a reported breathlessness
intensity during IET; (b) unmasking of abnormally high burden of exertional breathlessness,
which may not be apparent at rest or during daily activities, particularly when assessed using
task-based questionnaires such as the modified Medical Research Council dyspnea scale [34]
or when the level of exertion is not standardized (e.g., six-minute walk test); ¢) comparison of
the level of exertional breathlessness between individuals and/or between populations; and d)
selection and stratification of participants for clinical trials based on their severity of
exertional breathlessness. The prognostic and clinical implication of having a breathlessness

intensity-%predWax response to IET >ULN should be evaluated in further work.

Conclusion

Reference equations are presented for breathlessness intensity and the ULN (Borg CR10) for

different %predWnax during IET in Swedish males or females aged 18-90 years.
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TABLES

Table 1. Baseline characteristics and incremental exercise test variables

Males Females
N = 1,483 (57%) N = 1,098 (43%)
Age 46.6 +14.5 54.0 +13.7
Height (cm) 180+ 7 165+ 6
Body mass (kg) 84.7+11.6 69.4 +10.8
Body mass index (kg/m?) 26.1+3.1 25.4 + 3.7
IET values at peak exercise
Power output (W) 241 + 44 142 + 28
Power output (%opredWmax) 98 + 12 99 +13
Breathlessness (Borg CR10) 6.7+15 6.4+15
Exertion (Borg RPE) 176 +0.9 174 +0.9
Heart rate (beats/min) 171+ 17 162 + 16
Heart rate (% of 220-age) 98.7+7.3 97979
Exercise time (minutes) 115+26 10.8+2.6

Data presented as means + standard deviation. Abbreviations: IET = Incremental Exercise
Test; Borg CR10 = Borg Category-ratio scale (0-10); %predWmax = W % of predicted Wax;
Borg RPE = Borg rating of perceived exertion scale (6-20); W = Watt.



SUPPLEMENTAL MATERIAL

Supplement 1.

Supplemental figures and tables.

Supplement 2.

Excel file for calculation of predicted breathlessness intensity ratings, upper limit of normal
(ULN) and probabilities for different breathlessness intensity ratings by %predWmax, age,
sex (and height in males).



Men 18-39 years Men 40-59 years

Borg GR10 Breathiessness
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80 100 120 140 160 180 200 220 240 260 280 300 30 30 360 380
Power output (W)

Men 270 yoars.

Borg CR10 Breathiessness
Borg CR10 Breathiessness
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Power output (W)

Women 18.39 years

Borg CR10 Breathlessness

Borg GR10 Breathlessness

20 0 120 o w0
Power output (W)

Women 6069 years Women 2 70 years

Borg CR10 Breathiessness
Borg CR10 Breathiessness

Power output (W)

Figure 1. Breathlessness intensity (Borg CR10) during IET related to power output (W), by sex and age.
Females: n =1098; males: n = 1483; 18-39 years: n = 657; 40-59 years: n = 1244; 60-69 years: n =
485; =70 years: n =195.
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Figure 2 a. Fit of the model in males and females separately. Loess fit of predicted breathlessness intensity
and observed breathlessness intensity (Borg CR10) plotted against %predWmax (W % of predicted Wmax)
in @) males, and b) females. Grey points are individual predicted values.
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Figure 2 b. Fit of the model in males and females separately. Loess fit of predicted breathlessness intensity
and observed breathlessness intensity (Borg CR10) plotted against %opredWmax (W % of predicted Wmax)
in @) males, and b) females. Grey points are individual predicted values.
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Figure 3. Upper limit of normal (ULN) for breathlessness intensity in relation to power output %predWmax
by sex. Breathlessness intensity (Borg CR10 scale) is presented for a 70-year-old, 180 cm tall male and
female. The ULN values were calculated using linear interpolation of the linear predictor of the responses
closest to below and above a probability of 0.95 using marginal ordinal logistic regression, estimated by

generalized estimating equations (GEE).



SUPPLEMENTAL MATERIAL 1

Reference equations for breathlessness during incremental cycle exercise

testing

Table Al. Quasi Information Criterion for different models of breathlessness. Restricted cubic splines
with knots placed at the 5™, 35" 65" and 95™ percentiles are written as f(x), i.e. f(age) denotes the
restricted cubic spline of age. Lower values indicate a better fitting model (bold).

Variables in model QIC Men | qic Women
f(%predWmax) 25165 16911
f(%predWmay)+ f(age) 25011 16626
f(%predWpay) + f(age)+f(height) 24963 16643
f(%predWpnay) + f(age) + height 24957 16632
f(%predWay) + f(age) + height + weight 24962 16632
f(%predWay) + f(age) + height + f(weight) 24953 16635
f(%predWpay) + f(age) + height + f(weight) + 24935 16618
%predW . *age

f(%predWpmay) + f(age) + height + %predW,.*age 24939 16614
f(%predWpmay) + f(age) + %predWay*age 24993 16608




Table A2. Parameter estimates.

Parameter
Interceptl
Intercept2
Intercept3
Interceptd
Intercept5
Intercept6
Intercept?7
Intercept8
Intercept9
Interceptl0
%predSpl_1
%predSpl_2
%predSpl_3
AgeSpl_1
AgeSpl_2
AgeSpl 3
Height

lastW_of pred*Age

Table A3. Spline knots

Variable
Age

%predW ax

Men
Estimate
7.105994524
8.466031224
9.825848726
11.61099378
12.82448793
13.9804337
14.54650183
15.83592933
16.66525731
18.4985691
-0.109693986
-0.000438626
0.002369292
0.046027134
-0.001408948
0.004509744
-0.025396237
-0.000302552

Men

Women
Estimate
2.823125
4.014411

5.44524

7.29478

8.37268
9.643334
10.10118
11.62911
12.36298
13.74351
-0.10982
-0.00041
0.002344
0.039811
0.001028
-0.00237

-0.0004

21.92,40.20, 52.33, 69.03

36.54, 62.51, 83.25, 108.84

See Hastie, et al 2009 for calculation of splines.

Women

27.57,48.37,59.21, 73.48

36.75, 62.28, 83.70, 110.73



Figure A1. Comparison of the final model and the model with the lowest QIC for men. Calibration was
indistinguishable between models for x=1-4 and is not shown.

Figure A2. Odds ratios for log(%predWmax) for men. DYSP_PO is from the proportional odds model, the
remaining shows binary logistic regression with different cut points. The proportional odds assumption
was evaluated by calculating the odds ratio using binary logistic regression for each possible cut-point
(i.e. setting the outcome to dysp<i for i=1,..10). For ease of interpretation, we modelled age and
log(%predWmax) as linear rather than splines. Figure A2 shows the odds ratios for log(%predWmax) for
men. Plots for other parameters looked slightly better, with the exception of the confidence interval for
Dysp<10 being narrower in some cases, indicating the proportional odds assumption may be
questionable for the highest value of breathlessness. We do not consider this a major problem, as we
have few observations of Dysp=10.

Figure A3. Calibration plots for the final models for men and women separately. Calibration plots were
created by plotting a loess smoother of the observed Dysp=x vs the predicted probability of Dysp=x.
Calibration suffers for larger probabilities of larger x, but the number of observations are relatively
small, e.g. only 319 men and 65 women had a predicted probability larger than 0.25 of having Dysp=8.

Figure A4 a Males. Fit of the reference equations modelled on the random 70% subgroup, compared
with the 30% validation sample in males and females separately.

Figure A4 b Females. Fit of the reference equations modelled on the random 70% subgroup, compared
with the 30% validation sample in males and females separately.

Figure A5 a Males. Fit of the model in males and females separately, by age group.
Figure A5 b Females. Fit of the model in males and females separately, by age group.
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Calculation of reference values for breathlessness intensity (Borg CR10)

during incremental exercise testing (1)
0.4

Females

To be filled in before/after exercise test

Age (years) 40
W as percentage of predicted 55 03
Observed breathlessness 3

0.25
P(breathl =observed breathl : 0.47
Upper Limit Normal breathl 4.90 :
Expected breathlessness 2.37 .

0.1
0 1 _ .
0 1 2 3 4 5 6

7

Probability
°
<

=3
o
@

=)

1. ElmbergV, Schiéler L, Lindow T, Hedman K, Malinovschi A, Lewthwaite H, Jensen D, Brudin L, Ekstrom M. Reference equations for

breathlessness during incremental cycle exercise testing. ERJ Open Research 2023. Breathlessness Borg CR10



Calculation of reference values for breathlessness intensity (Borg CR10)

during incremental exercise testing (1)

Males

To be filled in before/after exercise test

Age (years) 38
Height (cm) 180
W as percentage of predicted 40
Observed breathlessness 5
P(breathl bserved breathl 0.006
Upper Limit Normal breathl 3.51

Expected breathlessness

1.151462457

Elmberg V, Schiéler L, Lindow T, Hedman K, Malinovschi A, Lewthwaite H, Jensen D, Brudin L, Ekstrom M. Reference equations for
breathlessness during incremental cycle exercise testing. ERJ Open Research 2023.
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0 55) 89 167 8 0.002122743 0.004830043 0.021495495 0.12847959 0.1966459 0.307321658 404424  0.179259805 3094176 0.024276078 0.008430233 8.397039908 5.143076365 0.032706311
1 56 105 185 8 0.000458631 0.001325979 0.00513157 0.032939969 0.0827141 0.184816156 0.131348369 0.300718517 0.127289008 0.109266104 0.023991566 9.584724254 6.500088818 0.13325767
1 57 62 179 8 0.033730887 0.085998874 0.226608462 0.413167363 0.154493 0.057236485 0.01222794 0.011927012 0.002593222 0.001693783 0.000322996 5.502596255 2.87894873 0.00201678
1 58 120 191 8 0.00022221 0.000643039 0.002496891 0.016348971 0.0436664 0.113561509 0.097710939 0.304252763 0.180169282 0.192632201 0.048295763 9.980106219 7.171193676 0.240927964
1 5 102 174 8 0.000748546 0.002161732 0.008331925 0.052226888 0.1222401 0.234432996 0.140527013 0.261820276 0.091443707 0.071233616 0.014833159 9.317351867 6.033519591 0.086066775
0 60 98 159 8 0.001427876 0.00325638 0.014618348 0.091903176 0.1576209 0.298283487 0.10723777 0.230805685 0.046953828 0.035402465 0.01249013 8.938302563 5.50832398 0.047892595
0 61 72 162 8 0.018716183 0.040351473 0.148877083 0.417373044 0.2053097 0.115243428 0.019189841 0.027144695 0.004037552 0.002809624 0.000947332 6.182820603 3.359893157 0.003756956
0 62 66 157 8 0.04522524 0.089648698 0.259800372 0.41095158 0.1184973 0.053352723 0.008155453 0.011215387 0.001637055 0.001134521 0.000381673 5.349980973 2.737421276 0.001516193
0 63 54 170 8 0.217319058 0.260177876 0.315117274 0.167853265 0.025719 0.009897892 0.001434867 0.001941446 0.000280359 0.000193849 6.51321E-05 3.867071111 1.573175761 0.000258981
1 88 74 180 9 0.035044571 0.088918503 0.231386308 0.411309051 0.1503998 0.055261853 0.011774246 0.011473719 0.00249326 0.001628221 0.00031047 5.468366948 2.852193011 0.00031047
0 87 124 5 0.000666361 0.001523496 0.006905106 0.046034824 0.091228 0.232875476 0.112028239 0.325262375 0.086110374 0.070958994 0.026406756 9.519797209 6.22331511 0.620766737




How to use the reference values

Alt:

Choose Female or Male (sheet)

Input the required information in the green box:

Age, years

Height, centimeters (if male)

W as percentage of predicted peak power output (point to evaluate breathlessness intensity at), %Pred
Observed breathlessness intensity (at the specific %Pred), Borg CR10

Upper limit of normal (ULN) and most likely breathlessness intensity for the specific %Pred is shown in the box below
If observed breathlessness >ULN, breathlessness is considered abnormally increased

Probabilities for different breathlessness intensity ratings is shown in the graph to the right

The sheet "Multiple measurements" allows pasting of data (into the blue columns) from multiple individuals when working with larger volumes of data

Most expected breathlessness intensity and upper limit of normal is shown in the green columns. It is important to not input data directly into the green columns
as that will break the functionality






