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Background: Although questionnaires are used frequently with patients to self-report the severity
of dyspnea as related to activities of daily living, the reliability of these instruments has not been
established. The two purposes of this study were to examine the test-retest reliability of three
widely used dyspnea instruments and to compare dyspnea scores at different stages of disease.
Methods: At paired baseline visits, 101 stable patients with COPD were tested; at paired follow-up
visits at 3 months, 89 of these patients were tested. At each visit, patients rated dyspnea with three
instruments presented in random order and then performed post-bronchodilator therapy lung
function tests.
Results: Patient-reported dyspnea scores and lung function were similar at baseline (interval,
6 £ 5 days) and follow-up visits (interval, 4 £ 2 days). Intraclass correlation coefficients at
baseline and at follow-up were 0.82 and 0.82, respectively, for the modified Medical Research
Council scale; 0.90 and 0.84, respectively, for the self-administered computerized versions of the
baseline dyspnea index and transition dyspnea indexes; and 0.95 and 0.89 for the University of
San Diego Shortness of Breath Questionnaire results. Dyspnea ratings were significantly related
to the stage of disease severity based on percent predicted FEV, (p < 0.001).
Conclusions: Test-retest reliability was acceptable for patient-reported dyspnea scores using
three clinical instruments at baseline and at the 3-month follow-up. Our results demonstrate for
the first time that patient-reported dyspnea ratings are related to the stage of disease severity.
(CHEST 2009; 136:1473-1479)

Abbreviations: BDI = baseline dyspnea index; IC = inspiratory capacity; ICC = intraclass correlation coefficient;
mMRC = modified Medical Research Council; MRC = Medical Research Council; SAC = self-administered comput-
erized; SOBQ = Shortness of Breath Questionnaire; TDI = transition dyspnea index; UCSD = University of California
San Diego

more frequently (83%) in the guidelines.! A task
force on outcomes for COPD pharmacologic trials®
concluded that dyspnea, along with mortality and
health-related quality of life, “remain the most im-
portant and robust clinical outcomes in COPD re-
search.”

Various questionnaires® are available that enable

Of 18 clinical practice guidelines for COPD!-4
that have been published since 2000, 78% rec-
ommend that “symptoms/dyspnea” be monitored
routinely in the care of patients with COPD. Only
the monitoring of lung function was recommended
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patients to report the impact of daily activities on
their breathlessness. Of 33 assessments, Bausewein
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et al” found that the Medical Research Council
(MRQ) scale, the baseline dyspnea index (BDI), and
the transition dyspnea index (TDI) were the most
widely used in clinical trials. The MRC scale, along
with the modified MRC (mMRC) scale, and the BDI
can differentiate patients who have more dyspnea
from those who have less dyspnea. The MRC scale
and the TDI also have been used in clinical trials5-12
to assess changes in dyspnea with therapy in patients
with various respiratory diseases. Despite the recog-
nized importance of dyspnea in patients with respi-
ratory disease and the widespread use of the clinical
instruments for patients to report breathlessness, the
test-retest reliability of these dyspnea instruments
has not been established. Test-retest reliability is
an essential criterion of any measurement scale or
instrument,13.14

The primary purpose of the present study was to
investigate the test-retest reliability of the following
three patient-reported measures of dyspnea: the
mMRC scale'”; the self-administered computerized
(SAC) versions of the BDI and TDI®!6; and the
University of California San Diego (UCSD) Short-
ness of Breath Questionnaire (SOBQ).!" A secondary
objective was to examine dyspnea scores based on
the stage of COPD. Preliminary results of this
investigation have been presented in abstract
form.18.19

MATERIALS AND METHODS

This cross-sectional study included a pair of baseline visits and
a pair of follow-up visits 3 months later. Paired visits were
scheduled 3 to 7 days apart. At the same time of day at each visit,
patients completed the dyspnea instruments presented in ran-
dom order and then performed pulmonary function tests. No
changes in maintenance therapy for COPD were made through-
out the study.

Subjects

A total of 101 patients were recruited from the outpatient
clinics at Dartmouth-Hitchcock Medical Center (Lebanon, NH)
[n =62] and St. Francis Medical Center (Hartford, CT)
[n = 39]. The diagnosis of COPD was based on standard crite-
ria.2 Other inclusion criteria were the ability to read and under-
stand English and the presence of clinically stable disease.

Procedure
The institutional review board at each clinic approved the
study, and each patient provided written informed consent.

mMRC scale

The patients read the 5-point mMRC scale presented on a
piece of paper and circled the grade (0 to 4) that most closely
matched his or her breathlessness.!> Higher scores represent
more breathlessness.
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SAC Versions of the BDI and TDI

The SAC versions were presented on a desktop computer. For
the BDI (visits 1 and 2), the patient selected grades for each of
the three components, which were summed to obtain a total
score (0 to 12).516 Lower scores represent more breathlessness.
Using the TDI (visits 3 and 4), patients reported changes in
breathlessness from baseline for each component by adjusting
the length of a bar along a bidirectional visual analog scale.5'6
The three scores were summed and divided by 2 to obtain a total
score (—9 to +9). A negative score indicates deterioration,
whereas a positive score indicates improvement.

UCSD SOBQ

Patients circled a number on a 6-point scale to rate shortness
of breath for each of 24 items.'” The scores were summed to
obtain a total score (0 to 120). Higher scores represent more
breathlessness.

Lung Function

At each visit, the patient performed spirometry and inspiratory
capacity (IC) maneuvers using standard equipment (Collins
model CPL; Warren E. Collins; Braintree, MA) 20 min after the
inhalation of two puffs (180 wg) of albuterol through a metered-
dose inhaler. Predicted values for spirometry were taken from
Morris et al?® and were calculated for IC as the predicted total
lung capacity minus predicted functional residual capacity from
Crapo et al 2!

Statistical Analysis

Data are presented as the mean = SD. Paired ¢ tests were used
to compare results between test sessions, and the intraclass
correlation coefficient (ICC) was used to evaluate test-retest
reliability.'314 A sample size of 100 patients was considered
adequate based on an expected ICC of = 0.75 for each dyspnea
instrument.'® The Pearson product-moment correlation was used
as a measure of the relatedness among variables. For nonpara-
metric variables, such as the mMRC scale and the SAC BDI,
Spearman rank correlation was calculated. Analysis of variance
was used to compare results among the different stages of
disease. Post hoc testing was performed to compare specific
stages of disease, using Bonferroni correction.

Differences in dyspnea scores for the mMRC scale and the
UCSD SOBQ at visits 3 and 4 were compared with baseline score
by subtracting the values obtained at visit 1 for each patient. The
SAC TDI is itself a “difference” score that is based on the
patient’s self-assessment of any change in dyspnea at visits 3 and
4 compared with visit 1.

RESULTS

A total of 110 patients completed testing at visit 1.
Nine of these patients did not return for visit 2.
Eighty-nine of the initial 101 patients returned for
follow-up testing (93 * 6 days after visit 1) at both
visits 3 and 4.

Baseline

The characteristics of patients at visits 1 and 2 are
presented in Table 1. The mean interval between
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Table 1—Patient Characteristics at Visit 1 for Each Site and Outcomes at Visits 1 and 2 for all Subjects

Visit 1

T
DHMC Patients SFMC Patients

1
All Patients Visit 2 All Patients

Characteristics (n =62) (n = 39) (n = 101) (n =101) 1CC (95% CI)
Gender, No.
Female 32 20 52
Male 30 19 49
Age. yr 66 = 10 67+9 66 =9
Height, cm 167+ 9 168 = 11 167 =9
Weight, kg 76 + 18 83 + 26 78 = 21
FEV,
L 1.24 = 0.41 1.32 = 0.57 1.27 = 0.47 1.29 *+ 0.50 0.97 (0.95-0.98)
% predicted 52+ 17 54 = 16 53 = 16 53 = 16 0.96 (0.94-0.97)
FVC
L 3.03 = 0.81 2.62 = 0.88 2.86 + 0.85 2.93 + 0.81 0.96 (0.93-0.97)
% predicted 87 * 16 75+ 18 82 = 17 84 = 16 0.92 (0.88-0.94)
1C
L 2.06 = 0.53 1.90 = 0.65 1.99 = 0.58 2.02 = 0.60 0.95 (0.92-0.96)
% predicted 77+ 19 75+ 16 76 £ 19 76 = 19 0.92 (0.89-0.95)
mMRC scale* 21*1.0 1.8*+09 2.0x0.9 19*+09 0.82 (0.74-0.88)
SAC BDIt 58+22 6.8+ 2.1 6.2 +22 6.3+22 0.90 (0.85-0.93)
UCSD SOBQ¢ 52.5 214 46.2 + 24.6 50.1 £ 23.1 50.6 = 24.9 0.95 (0.93-0.97)

Values are presented as the mean = SD unless otherwise indicated. Lung function values are postbronchodilator. p > 0.05 for paired ¢ tests
comparing results of all variables at visits 1 and 2. DHMC = Dartmouth-Hitchcock Medical Center; SFMC = St. Francis Medical Center.

*mMRC scale range, 0 to 4.
tSAC BDI range, 0 to 12.
1UCSD SOBQ range, 0 to 120.

baseline visits was 6 = 5 days. Anthropometric sta-
tus, lung function, and dyspnea scores were similar
between the two test sites; therefore, data were
combined for the final analysis. As a group, the
patients exhibited a wide spectrum of lung impair-
ment (stage II, n = 56; stage III, n = 33; and stage
IV, n = 12) and dyspnea associated with activities of
daily living.

There were no significant differences for any
variable measured at visits 1 and 2 (p > 0.05). The
ICC:s for all measures of lung function were = 0.92
(Table 1). The ICC was 0.82 for the mMRC scale,
0.90 for the SAC BDI, and 0.95 for the UCSD
SOBQ. These correlations were consistent across
disease severity based on percent predicted FEV.
Correlations among the dyspnea scores on the
three instruments at visits 1 and 2 were —0.61 and
—0.65, respectively, for the mMRC scale com-
pared with the SAC BDI; —0.68 and —0.74,
respectively, for SAC BDI compared with the
UCSD SOBQ; and 0.52 and 0.71, respectively, for
the mMRC scale compared with the UCSD SOBQ
(p < 0.001 for all comparisons).

Among the three stages of COPD (stages II, III,
and 1IV), the percent predicted values for IC
(p = 0.002) were progressively lower, whereas pa-
tients reported more dyspnea (p < 0.001 for each
instrument) with advanced stages of disease (Table
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2). The distributions of dyspnea scores are displayed
as tertiles in Figures 1, 2, and 3 for the different
stages of disease severity.

Testing at 3 Months

Forty-six men and 43 women (mean age, 67 * 8
years) completed testing at visits 3 and 4; the mean
interval between visits was 4 = 2 days. There were
no significant changes in lung function and in dys-
pnea scores at visits 3 and 4 compared with baseline
values (Table 3). The ICC values were = 0.85 for all
measures of lung function, 0.82 for the mMRC scale,
0.84 for the SAC TDI, and 0.89 for the UCSD
SOBQ. Correlations among the difference scores for
changes in dyspnea at visit 3 compared with visit 1
were —0.12 (p = 0.28) for the mMRC scale and the
SAC TDI; —0.36 (p = 0.001) for the SAC TDI and
UCSD SOBQ; and 0.26 (p = 0.01) for the mMRC
scale and UCSD SOBQ.

Di1scussioN

The major findings of this study in patients with
COPD are that test-retest reliability is acceptable at
baseline and for any changes in dyspnea at follow-up
for all three instruments, and that patients with
advanced stages of disease report more dyspnea

CHEST /136 /6 / DECEMBER, 2009 1475



Table 2—Patient Characteristics

and Outcomes Based on Stage of Disease

Variables Stage II (n = 56) Stage III (n = 33) Stage IV (n = 12) F Statistic (ANOVA) 95% CI p Value
Gender
Female 31 16 5
Male 25 17 7
FEV,, L 1.52 + 0.42%% 0.96 = 0.22 0.68 = 0.14 42.3 < 0.001
% predicted 62 = 8*f 40 = 5% 25 + 2 193.2 32-43* < 0.001
1927+
9-21t
FVC, L 3.03 = 0.80 2.75 = 0.96 249 + 0.75 2.3 0.106
% predicted 88 * 14*t 78 = 19 65 + 14 10.8 10-35%* < 0.001
1-19%
IC, L 2.17 = 0.58%*¢t 1.80 = 0.52 1.64 = 0.40 6.9 0.002
% predicted 80 = 19* 72 + 14 64 12 5.5 3-31% 0.005
mMRC scale 1.7 = 0.9* 2.1 0.9 3.0£0.8 10.1 0.6-2* < 0.001
0.2-24
SAC BDI 6.6 £ 2.2% 5.9+ 2.0¢ 4.0 * 2.0 7.0 1-4* < 0.001
0.1-4%
UCSD SOBQ 42.3 = 22.8%¢t 58.5 = 16.0 71.8 = 17.5 12.6 13-46* < 0.001
5-28+1

Values are from visit 1. All lung function values are postbronchodilator. The stages of disease are based on guideline recommendations.?
ANOVA = analysis of variance; Stage IT = FEV, 50% to 79% predicted; Stage III = FEV, 30% to 49% predicted; Stage IV = FEV, < 30%

predicted.

*p < 0.05 between stages IT and IV.
tp < 0.05 between stages IT and III.
ip < 0.05 between stages III and IV.

related to activities of daily living, whereas IC is
lower. Test-retest reliability indicates the amount of
measurement error and is considered a requisite
quality for any instrument used in assessing out-
comes.'>1* To be valid, a measurement system also
must be reliable.?? Test-retest reliability is a specific
type of reliability that can reflect observations or
reports by patients on different occasions separated
by an interval of time.!? Although the original MRC
scale was published in 1959,23 to our knowledge,

only one previous report has examined the reliability
of questionnaires used to quantify breathlessness. In
1995, Eakin et al>* reported the responses of 41
patients with either asthma or COPD who com-
pleted six different dyspnea questionnaires. Al-
though the initial assessment was performed at the
study site, the retest session was conducted during a
telephone conversation several days later (mean
interval, 2 days). The investigators found test-retest
correlations of 0.72 for the mMRC scale, 0.76 for the
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FIGURE 1. Distribution of scores for the mMRC scale in 101
patients with COPD at visit 1. Three categories for mMRC scores
were selected based on similarities in activities that provoked
breathlessness (category 1, 0 or 1; category 2, 2; category 3, 3 or 4).
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SAC BDI

FIGURE 2. Distribution of scores for the SAC BDI in 101 patients
with COPD at visit 1. Three categories were selected based on
tertiles of possible SAC BDI scores (category 1, 9 to 12; category
2, 5 to 8; category 3, 1 to 4).
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FIGURE 3. Distribution of scores for the UCSD SOBQ in 101
patients with COPD at visit 1. Three categories were selected
based on tertiles of possible UCSD SOBQ scores (category 1, 0
to 40; category 2, 41 to 80; category 3, 81 to 120).

interviewer-administered BDI, and 0.94 for the
UCSD SOBQ. The limitations of the study were that
the instruments were not administered in random
order, patients repeated the questionnaires at home
with an investigator providing assistance over the
telephone, and the stability of disease was not veri-
fied by repeat lung function results.

Our patients with COPD exhibited stable lung
function at paired baseline visits separated by a mean
interval of 6 =5 days. The test-retest reliability of
the mMRC scale, the SAC BDI, and the UCSD

Table 3—Values for Lung Function and Changes in
Dyspnea at Visits 3 and 4

Variables Visit 3 Visit 4 1CC (95% CI)
Gender, No.
Female 46
Male 43
Age, yr 67+8
Height, cm 167 =9
Weight, kg 79 + 20
FEV,
L 1.26 = 0.50 1.27 =048  0.98 (0.97-0.99)
% predicted 53 + 18 53 + 17 0.95 (0.92-0.97)
FVC
L 2.80 = 0.82 2.85+0.84 0.95(0.92-0.97)
% predicted 82 = 17 83 £ 16 0.85 (0.77-0.91)
1C
L 1.98 = 0.58 1.98 = 0.62  0.96 (0.94-0.97)
% predicted 76 + 20 76 = 20 0.95 (0.92-0.97)
mMRC scale* —-0.04 £ 0.7 —=0.09 =09 0.82 (0.72-0.88)
SAC TDI -0.1=*x25 —-0.1=*x19 0.84 (0.76-0.90)
UCSD 02+ 14.3 —0.1+149 0.89(0.84-0.93)
SOBQ*

Values are presented as the mean + SD, unless otherwise indicated.
*Differences in dyspnea scores compared with values at visit 1. A
negative value for dyspnea scores indicates worse dyspnea.

www.chestjournal.org

SOBQ was acceptable based on an ICC value of
= (0.75.13 The 95% CIs showed that the ICCs were
robust. As expected in this observational study, lung
function and dyspnea scores were stable over 3
months. At follow-up visits, patients selected re-
sponse options for both the mMRC scale and the
UCSD SOBQ based on their current status. To
assess any changes in dyspnea with these instruments
compared with baseline, we subtracted the scores at
visit 1 from patient-reported values at visits 3 and 4
(Table 3). In contrast, for the SAC TDI, patients
report any change in breathlessness using a bidirec-
tional visual analog scale that compares their initial
and baseline conditions.® Even with the different
approaches used to obtain a measure of change in
dyspnea over 3 months, the reliability of each of the
three instruments was acceptable at paired follow-up
visits (Table 3). These results are the first to
examine the reliability of clinical instruments that
assess changes in dyspnea related to activities of
daily living.

Most paradigms for classifying the severity of
COPD use the percent predicted value for postbron-
chodilator FEV,.2-4 Although the threshold values
selected for the different stages of disease were
established by expert opinion, subsequent studies
have validated this approach. For example, disease
severity in COPD patients based on spirometric
classification is related to health status, utilization
of health-care resources, development of exacerba-
tions, and mortality.>2627 Although cross-sectional
studies®16:2829 show modest correlations between
measures of lung function and dyspnea ratings,
previous investigators27-30-32 have not shown signifi-
cant differences in MRC dyspnea scores with differ-
ent stages of COPD. Our results are the first to
demonstrate that patient-reported dyspnea ratings
on three different instruments are significantly re-
lated to the stage of disease severity based on
percent predicted FEV, in patients with COPD.

Post hoc testing of dyspnea scores among patients
with specific stages of disease demonstrated that
differences were not consistent across all stages. For
example, differences in scores for the mMRC scale
and the SAC BDI were significant between stages 11
and IV and between stages III and IV, but not
between stages II and III. For the UCSD SOBQ,
significant differences in scores were observed be-
tween stages IT and IV and between stages IT and 111,
but not between stages III and IV. We believe that
statistical differences would be evident for compar-
isons among all stages of disease severity with a
larger patient population.

In addition, our patients demonstrated lower IC
values with progressive airflow obstruction. IC is the
inhaled volume of air from the end of exhalation to
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total lung capacity and can provide an estimate of the
end-exhalation lung volume. As airflow obstruction
progresses, patients with COPD are unable to com-
pletely exhale the air from their lungs. This process
results in an increase in end-expiratory lung volume
(ie, hyperinflation) with a consequent decrease in IC.
Hyperinflation at rest and with physical activity
contributes to the breathlessness experienced by
patients with COPD.3?> Our findings confirm the
previous results of Di Marco et al.>

There are some limitations of our study. First, of
the 101 patients, only 12 had stage IV disease. We
attempted to recruit additional patients with very
severe airflow obstruction (ie, FEV, <30% pre-
dicted) to participate in this study. However, many
patients with stage IV COPD declined to participate.
These individuals typically explained that their
breathlessness with activities made multiple return
visits over 3 months difficult, illustrating the chal-
lenge of collecting data repeatedly in patients with
advanced lung disease. The second limitation relates
to the categorization of COPD severity according
to percent predicted post-bronchodilator therapy
FEV,. Although the boundaries or cutoffs of the
different stages of COPD were established by expert
opinion, gradations in other outcomes provide sup-
port for this approach.®26 Third, to optimally assess
the test-retest reliability of instruments that reflect
changes in patient-reported dyspnea, a treatment or
intervention would have been incorporated as part of
a randomized clinical trial.

Although the classification of COPD severity is
based on lung function, guideline recommenda-
tions>? suggest that the selection of therapy should
be based on the patient’s symptoms and clinical
presentation. Accordingly, the severity of dyspnea
has been recommended+27 as an alternative or com-
plementary approach to staging COPD. A panel
representing the Canadian Thoracic Society* has
suggested that a dual stratification system, which
includes the severity of dyspnea (ie, disability) and
the impairment of lung function, be used to catego-
rize the stages of COPD. In addition, Celli et al>*+3>
proposed that a multidimensional grading system,
which includes BMI, percent predicted FEV,, the
mMRC scale, and 6-min walking distance, be used to
assess the comprehensive severity of COPD. At the
present time, dyspnea along with exercise perfor-
mance, frequency of and time to an exacerbation,
and health status are considered as important clinical
outcomes that have been shown to improve with
various treatments for patients with COPD.?

In summary, our results demonstrate acceptable
and comparable test-retest reliability at baseline and
3-month follow-up for three widely used instruments
that reflect the impact of dyspnea on activities of
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daily living in patients with COPD. These findings
are clinically important because reliable instruments
that quantify dyspnea are essential for achieving
guideline recommendations that symptoms be mon-
itored and that decisions on therapy be guided by the
severity of symptoms.2-42536 We encourage further
investigation into the development of a staging sys-
tem for COPD that includes the severity of dyspnea.
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