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 ONLINE SUPPLEMENT 

S1. THE MDP PAGE BY PAGE 
Administration of the MDP.  Written instructions are provided for each section. These can be read by the 

subjects themselves with the examiner on hand to answer questions, or read to the participants by the examiner. 
Instruct the subject to focus on a particular period (e.g., "the last 30 seconds of the intervention you just 
experienced," “how your breathing feels now”, or “how your breathing felt when you decided to come to the 
emergency department”). Remind the subject of this focus period when starting each page. The instructions 
should be repeated if the MDP is re-administered after a lengthy interval, but this is usually not necessary 
within a single experimental session or patient visit. Use a non-directive approach. Emphasize that you are 
interested in the subject’s personal experience, and there are no “right” or “wrong” answers. Avoid the 
temptation to coach subjects or impose the point of view or expectations of the examiner. You may debrief after 
administration of the MDP to add further information on how the subject was feeling (e.g. “ I was mostly rating 
my need to cough” or “my discomfort was mostly about the unpleasantness of the mouthpiece and nose clip”).  

Combination with other instruments. Some investigators may wish to use other instruments in addition to 
the MDP. These should be not be interspersed with the MDP items, but should be administered separately, to 
preserve the integrity of the instrument. If the MDP is the primary measure, it should be administered first. 

Page 1 – Immediate Unpleasantness/Discomfort (A1) 
Script: The “Radio Analogy” used in the script was derived from prior pain research to distinguish sensory 

intensity from unpleasantness [1]. Subjects rate overall unpleasantness on this page and will rate the sensory 
intensity of different sensory qualities on page 3.   

A1 rating scale:  The scale on this page requires the subject to rate breathing discomfort or unpleasantness.  
This global rating is congruent with the ATS definition of dyspnea [2]. Breathing sensations can range from 
unpleasant to pleasant. The pleasant direction is indicated at the left end of the scale to orient the subject to this 
dimension. This scale is intended to measure dyspnea, which is unpleasant by definition, so the numeric scale 
for pleasant sensation is omitted.   

The ATS [2], the ACCP [3] and the Canadian Thoracic Society [4] recommend that dyspnea be assessed in 
all patients, much as is done in current practice for pain. In situations where time is of the essence and only a 
global rating is feasible, the A1 scale can be used.  

Pages 2 & 3 – Sensory Qualities (SQ) 

In the MDP there are both rating scales and choices for 5 qualities of respiratory sensation.  Three of the 
sensory qualities assessed in the MDP correspond to the three sensory modalities of breathing discomfort that 
have been shown to have different afferent mechanisms, i.e., 'air hunger/unsatisfied inspiration', 'excessive 
work/effort', and 'tightness' [5]. There are also choices and scales for two sensory qualities that are not 
necessarily uncomfortable but that often accompany dyspnea – the awareness that breathing is increased, and 
the sense of having to ‘concentrate’ on one’s breathing. 

Page 2 - Step 1: The subject is required to decide which descriptors of sensory quality express what s/he 
felt during the focus period. Synonymous descriptive words are grouped. The grouping of words was derived by 
combining data from many subjects, but may not fit every individual’s language.  It should be emphasized to 
the subject or patient that if any one of the descriptors in a grouping is applicable, the subject should choose that 
descriptor grouping.  Sometimes subjects may wish to cross out a descriptor that does not fit (e.g., a subject 
might comment “both ‘not getting enough air’ and ‘hunger for air’ describe what I felt, but' smothering' does 
not really apply”). This is permissible and does not alter scoring.  

Page 2 - Step 2: After choosing all the descriptors that apply, the subject is required to make a selection of 
just one that most accurately describes what s/he felt (this was sometimes called the ‘best descriptor’ in past 
research, but some subjects were confused about applying the word 'best' to a negative sensation.). The only 
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time a subject need not choose the most accurate descriptor is when s/he has not chosen any of the descriptors in 
Step 1. 

Page 3: On this page, the subjects rate the intensities of the sensory qualities presented as binary choices on 
page 2.  The script reminds subjects of the ‘radio analogy’.  The scale on this page is anchored differently than 
the A1 scale – it extends from ‘none’ to ‘as intense as I can imagine’, rather than from ‘neutral’ to ‘unbearable’. 
It is not unusual for a subject to give a nonzero rating even for descriptors that s/he indicated ‘does not apply’ 
on the preceding page. It is likely that this reflects the subject’s decision criterion or threshold for affirmative 
responses to binary choices; the level of the sensation must reach the subject’s ‘decision criterion’ to provide a 
'yes' answer. There is also a blank space for subjects to volunteer a descriptor if none of the provided descriptors 
fits their experience. However, subjects seldom find the need to volunteer additional terms. 

Page 4 – Emotional responses (A2) 
On this page, subjects are asked to rate the magnitude of 5 emotional responses (A2) evoked by their 

breathing sensations.  In laboratory subjects, and in patients not dyspneic at rest, the baseline values are usually 
near zero, so it is clear in such situations that the emotions accompanying respiratory discomfort are attributable 
to respiratory discomfort. Although many patients may have other symptoms contributing to their emotional 
state (e.g., pain in addition to dyspnea), the instructions specifically relate the emotion ratings to ‘how your 
breathing sensations made/make you feel.’ No emergency department patients reported difficulty with these 
instructions in our study. 

 

S2. Changes between development versions and the release version (v7) 
We have published several papers using earlier versions of the MDP [6-9].  As a result of these studies, 

several improvements have been made in the instrument.  We have retained as many essential features as 
possible of Version 1.0, the only version thus far to be used in large-scale validation studies [7, 8].  In this 
section, we comment on the reasons for the changes and on validation issues. 

Global Sensory Intensity Rating (SI) Eliminated  
In Version 1.0 of the instrument, the subject was presented with 2 global rating scales: 1) to rate 'overall 

sensory intensity' (SI) of breathing sensations and 2) to rate ‘overall unpleasantness’ of breathing sensations 
(instructions were: “… rate the intensity or strength of your breathing sensations, how much sensation …” and 
“… rate the unpleasantness of your breathing sensations, how good or bad your breathing feels”). This approach 
was patterned after a validated pain instrument [10].  

It became clear from subject debriefings that some found it difficult to rate global intensity of breathing 
sensations (SI), because it required summing quite different sensations, akin to adding brightness to loudness.  
In contrast, subjects found it easy and intuitive to rate both global breathing discomfort (A1) and the intensity of 
particular sensory qualities (SQ) of dyspnea. 

Secondary analysis of data from 154 emergency department patients [7] demonstrated that the global 
intensity item was redundant and added no information beyond what was captured by unpleasantness and 
sensory quality ratings (Immediate Perception domain). Specifically, the global SI item had consistently lower 
component loadings (i.e., the correlation of the item with the domain) compared with other items in the 
Immediate Perception domain. When the global SI rating was removed, there was little difference in internal 
consistency of the remaining set of Immediate Perception domain items (Cronbach’s alpha .927 without SI vs. 
.930 with SI) or in item variance accounted for by the domain (40% to 43% without SI vs. 40%-45% with SI).  
Based on these considerations, we deleted the global SI rating from subsequent versions of the MDP, retaining 
the rating of sensory intensity of individual sensory qualities. 
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Eliminated intermediate word labels on unpleasantness scale (A1).  
In Version 1.0, intermediate words were placed along the numbered A1 VAS to emphasize the affective 

nature of the global unpleasantness scale in contrast to the global intensity scale. The need for this distinction 
was obviated after the global intensity item was deleted. Verbal reports revealed that some subjects didn’t feel 
the words were correctly placed. Indeed, pain scales have shown similar problems: Word choices for 
unpleasantness/discomfort were less useful than scaling, especially in the lower range of pain stimulus intensity 
[11]. 

Added new page for sensory quality descriptor selection (SQ choice) 

In Version 1.0, subjects rated sensory qualities and then chose the most appropriate or “best” descriptor on 
the same page. We found in several studies that both subjects and experimenters had a tendency to forget the 
task of choosing the best descriptor.  In addition, in the clinical setting, asking which was “best” was ambiguous 
and confusing to some participants (e.g., if all are bad, does best mean most characteristic or least bad?). To 
address these problems, the release version of the MDP now has a separate page on which subjects mark the 
descriptors that apply and that do not apply to their breathing, and then choose the descriptor that “most 
accurately describes” their breathing.  Pilot testing in an ongoing study have shown this to be successful in 
reminding subjects and experimenters to complete the descriptor choice task. This page of the MDP has not yet 
undergone rigorous psychometric testing, but it follows a long history of using multiple descriptor choices for 
dyspnea assessment and then asking subjects to choose 1 to 3 descriptors that were the most apt [12-15]. 

SQ descriptor for “breathing a lot” altered.   
In Version 1.0, the SQ descriptor ‘breathing a lot’ was accompanied by helper descriptions in parentheses 

(breathing rapidly, deeply or heavily).  Subjects in the laboratory commented that these were confusing – e.g., a 
subject might be breathing rapidly but not deeply. Because these descriptions were not particularly helpful, we 
eliminated these helper descriptions, leaving just ‘breathing a lot’ to capture a sense of increased ventilation. 

S3. Psychophysical and Psychometric approaches to validation 
Initial testing of the MDP has been carried out with both psychophysical and classical psychometric testing 

approaches to examine reliability, validity, and responsiveness.   

The psychophysical approach relates the subject’s reports of perceived sensation to standardized 
quantitative physical stimuli (e.g., PETCO2). This approach allows us to precisely test the construct validity and 
to assess test-retest reliability of the scales, because stimuli can be replicated on different occasions. The 
disadvantages of the psychophysical approach are that 1) practical considerations confine it to a relatively small 
set of subjects, and 2) it can only examine models of dyspnea that can be controlled and measured; 
pathophysiological processes are not amenable to precise control and measurement. 

The psychometric approach complements psychophysical methods, allowing us to examine performance of 
the instrument in real-world clinical settings. In clinical settings, there is no ‘gold standard’ measure of the 
intensity of the stimulus imposed by disease. Validity must therefore be assessed indirectly by analyzing 
information internal to the instrument (e.g., factor structure and intraclass correlations for internal consistency 
and test-retest reliability) or by comparison with other instruments (concurrent validity estimates performance 
by correlation with related measures under the same conditions). Reliability can be assessed by repeated 
measures when the same recalled time point is rated on different occasions, or when there is good reason to 
believe that the target construct or underlying pathophysiology is stable. 

S4. Comparison of MDP A1 scale with Borg Scale in exercising pulmonary rehab patients  
Fourteen patients with obstructive or restrictive lung disease (COPD or pulmonary fibrosis) who were 

undergoing pulmonary rehabilitation based on a structured exercise program (6 men, 8 women) were studied 
during 3 to 6 progressive exercise bouts on a treadmill (40 runs) or pedal ergometer (20 runs) as part of the 
routine clinical program. Subjects periodically responded to a ‘Modified Borg scale’ routinely used in this clinic 
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to assess "shortness of breath" during exercise; the Modified Borg scale is an accepted unidimensional measure 
of dyspnea [16]. Immediately after exercise, subjects completed the MDP focusing on the last minute of 
exercise. (These data have not been previously published.) 

We compared Borg scale ratings and MDP A1 ratings obtained at rest and in the final minute of treadmill 
and bike ergometer exercise. Breathing discomfort as measured by MDP A1 was very well-correlated with Borg 
rating of shortness of breath (r2 = 0.644, p<.0001).  See Figure S1. 

 

 
Figure S1. MDP A1 rating is convergent with Borg rating at end point of exercise in pulmonary rehab 
patients. There were 5 to 12 data points per subject.  Patients tended to rate with integer values, resulting 
in up to 16 overlapping data points.  The area of each bubble represents the number of overlapping points 
at the center of the bubble. To assure ourselves that unequal weighting and subject selection were not 
determinants of outcome, we also ran analyses with data equally weighted for each subject; the effect on 
r2 was negligible (.644 vs .659).  

 

S5. Examples of usefulness of the MDP 

a) MDP allows comparison across studies and settings 
Use of a standardized multidimensional dyspnea instrument can allow for interesting comparisons across 

settings and studies (see Fig S3). Using the MDP, we studied the affective component of dyspnea experienced 
by COPD patients (GOLD stage 2-3) in the lab and in daily life [9]. We concluded that the affective component 
of dyspnea experienced by COPD patients during daily activities such as walking, could be reasonably 
approximated by a moderate laboratory air hunger stimulus. In both settings the dyspnea was predictable, and 
the patient had control over how much dyspnea s/he would experience. The authors speculated that this might 
produce lower anxiety than an unexpected and uncontrollable increase in dyspnea. A study using the MDP to 
characterize patients presenting to the Emergency Department (ED) with a chief complaint of dyspnea indeed 
showed proportionally higher anxiety. At the time the patients decided to go to the ED, the unpleasantness or 
discomfort of dyspnea (A1) was similar to that experienced by COPD patients during a strong laboratory air 
hunger stimulus (i.e., nearly intolerable). However, there was a difference in anxiety and fear; these emotions 
were markedly higher in patients seeking emergent treatment compared with laboratory subjects experiencing 
similar discomfort. Treatment in the ED lowered the discomfort to a level similar to that experienced by COPD 
patients during ADL, but anxiety and fear remained substantially higher. [7-9] 
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Figure S2. Anxiety and Fear relative to breathing discomfort in different settings.  Open circles represent 
data from 10 COPD patients during a laboratory stimulus (limited ventilation at two levels of hypercapnia). 
Closed circle represents data from the same 10 patients during activities of daily living that evoked 
shortness of breath.  Triangles represent data from 151 patients with a chief complaint of dyspnea in the 
emergency department, showing the transition from before treatment (high ratings) to treatment underway. 
All values mean ±SE.   

b) MDP reveals unexpected treatment effect 
A recent study of the effect of i.v. morphine on laboratory-induced dyspnea in healthy subjects showed that 

a relatively small dose of morphine had a profound effect on breathing discomfort. This effect might have been 
predicted by a careful reading of the clinical literature. However, an unexpected finding was that morphine 
reduced anxiety disproportionately to its effect on breathing discomfort – although morphine is not generally 
thought of as an anxiolytic. This finding would have gone undetected with unidimensional measurement.  
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