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ABSTRACT The St George’s Respiratory Questionnaire (SGRQ) has been used to measure health-related
quality of life (HRQoL) in patients with idiopathic pulmonary fibrosis (IPF).

This analysis evaluated the psychometric properties of the SGRQ using data from 428 patients with IPF
who participated in a 12-month, randomised, placebo-controlled phase II trial of nintedanib.

Internal consistency (Cronbach’s o) was 0.91 for SGRQ total and >0.70 for domain scores. Test-retest
reliability (intraclass correlation coefficients) was 0.77, 0.77, 0.69 and 0.66 for SGRQ total, activity, impact
and symptoms scores, respectively. Construct validity of SGRQ total and domain scores was supported by
weak to moderate cross-sectional correlations with the Medical Research Council dyspnoea scale (0.32-0.55),
6-min walk test distance (—0.25-—0.34), percentage predicted forced vital capacity (—0.11--0.15) and
measures of gas exchange (—0.26-0.03). There was some evidence that the SGRQ total score was sensitive to
detecting change.

The reliability, construct validity and responsiveness of the SGRQ in patients with IPF suggest that this
is an acceptable measure of HRQoL in patients with IPF.

This article has supplementary material available from erj.ersjournals.com
Received: April 17 2015 | Accepted after revision: Oct 08 2016

Support statement: This study was funded by Boehringer Ingelheim. Funding information for this article has been
deposited with the Open Funder Registry.

Conflict of interest: Disclosures can be found alongside this article at erj.ersjournals.com

Copyright ©ERS 2017

https://doi.org/10.1183/13993003.01788-2016 Eur Respir J 2017; 49: 1601788


http://crossmark.crossref.org/dialog/?doi=10.1183/13993003.01788-2016&domain=pdf&date_stamp=
mailto:swigrisj@njc.org
http://ow.ly/jMjf305bjZ5
http://ow.ly/jMjf305bjZ5
https://doi.org/10.1183/13993003.01788-2016
erj.ersjournals.com
http://www.crossref.org/fundingdata/
erj.ersjournals.com

INTERSTITIAL LUNG DISEASES | J.J. SWIGRIS ET AL.

Introduction

Idiopathic pulmonary fibrosis (IPF) is a fibrosing interstitial pneumonia characterised by progressively
worsening dyspnoea and lung function [1]. In the USA, the annual incidence of IPF has been estimated as
6.8-8.8 cases per 100000 population using narrow case definitions and as 16.3-17.4 cases per 100000
population using broad case definitions [2]. Although IPF has a poor prognosis, with a median survival
time from diagnosis of 2-3 years, the clinical course of IPF is extremely variable [1, 3]. Symptoms interfere
with daily activities, resulting in a loss of independence and inducing fears about the future, thus
impairing patients’ health-related quality of life (HRQoL) [4, 5].

IPF is a progressive disease with no cure; as the disease worsens, patients are forced to readjust their lives
to their declining functional capacity, and this makes HRQoL an important end-point to target in the
clinical and research arenas [6]. The St George’s Respiratory Questionnaire (SGRQ) was originally
developed for use in patients with chronic obstructive pulmonary disease and asthma [7], but it has been
used to assess HRQoL in patients with IPF [8]. The SGRQ is a 50-item questionnaire assessing three
domains of HRQoL: symptoms (frequency and severity of respiratory symptoms), activity (effects of
breathlessness on physical activities and vice versa) and impact (psychosocial impact of the disease). The
SGRQ total score is a composite of the three domain scores. Scores are weighted and range from 0 to 100,
with higher scores indicating a poorer HRQoL. Findings to date suggest that the SGRQ may be useful as a
measure of HRQoL in clinical trials in patients with IPF assessing the effect of treatment on lung function
decline and the preservation of HRQoL [8].

The aim of this analysis was to evaluate the psychometric properties of SGRQ scores in patients with IPF
who participated in a 12-month, international phase II trial of a then investigational therapy: the
TOMORROW trial of nintedanib [9].

Materials and methods

Patient population

Data from an international, randomised, double-blind, placebo-controlled phase II trial investigating the
efficacy and safety of nintedanib (Boehringer Ingelheim, Ingelheim, Germany) as a treatment for IPF
(the TOMORROW trial) were analysed. The design and efficacy and safety results from this trial,
including the effect of nintedanib on SGRQ total and domain scores, have been published [9].

Eligibility criteria for enrolment in the TOMORROW trial included a diagnosis of IPF within 5 years prior
to screening, a forced vital capacity (FVC) >50% predicted, a diffusing capacity of the lung for carbon
monoxide (DLCO) 30-79% predicted and an arterial oxygen tension (Pa0,) >55mmHg (sea level to
1500 m) or 50 mmHg (>1500 m) when breathing ambient air.

The trial was conducted in accordance with the principles of the Declaration of Helsinki and the
Harmonised Tripartite Guideline for Good Clinical Practice from the International Conference on
Harmonisation, and was approved by local authorities. Written informed consent was obtained from all
participants. In total, 432 patients from 25 countries were randomised to receive one of four doses of
nintedanib (50 mg once a day, 50 mg twice a day, 100 mg twice a day or 150 mg twice a day) or placebo
for 12 months. Four patients were randomised but did not receive treatment. Data from all the treated
patients were pooled (n=428) in the current analysis.

Outcome measures

We used data for FVC % pred, DLCO % pred and resting peripheral arterial oxygen saturation measured by
pulse oximetry (Sp0O,) obtained at baseline and weeks 24 and 52 for our analyses. We used data for Pa0,
and arterial carbon dioxide tension (PaCO,) obtained at baseline and week 52.

For the 6-min walk test, we analysed data obtained from assessments conducted at baseline and weeks 24
and 52. This test measures the distance an individual can walk in 6 min (6-min walk distance (6MWD))
and is considered a reliable measure of functional exercise capacity in patients with IPF [10]. The test was
conducted according to American Thoracic Society criteria [11]; if a patient needed supplemental oxygen
during the baseline test to avoid hypoxaemia, that flow rate was used for all subsequent tests.

Results of the SGRQ and the Medical Research Council (MRC) dyspnoea scale [12], completed at baseline
and weeks 24 and 52, were analysed. The MRC dyspnoea scale comprises five statements that describe the
range of respiratory disability from none (grade 1) to almost complete incapacity (grade 5). Both the
SGRQ and the MRC dyspnoea scale were completed before any other trial-related procedures.

Statistical analysis

Psychometric properties, including internal consistency, test-retest reliability, construct validity, known-groups
validity and responsiveness, were examined. All analyses were exploratory and performed post hoc.
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Internal consistency
Cronbach’s o coefficient was calculated to determine the internal consistency of SGRQ scores at baseline;
values >0.7 are generally considered indicative of a homogeneous scale [13].

Test-retest reliability

The test-retest reliability of SGRQ scores was determined by calculating the intraclass correlation
coefficient (ICC) and effect sizes in patients deemed clinically stable. Stable clinical status was defined as a
change in FVC % pred of <2% from baseline to week 52. We selected a threshold of 2% to define stable
patients based on an estimated minimal clinically important difference for FVC % pred of 2-6% [14]. ICC
values >0.7 are generally considered acceptable for establishing test-retest reliability [15]. We considered a
small effect size (<0.2) to indicate stability of SGRQ scores between baseline and week 52.

Construct validity

Construct validity, both cross-sectional and longitudinal, was evaluated by examining the magnitude of
correlations (Spearman coefficients) between SGRQ scores and the MRC dyspnoea score, S MWD, FVC % pred
and measures of gas exchange (DLCO % pred, Sp0,, PaO, and PaC0,). Cross-sectional assessments were performed
at baseline, while longitudinal assessments were evaluated as change from baseline to week 24 or 52. We
considered the strength of correlations per convention: weak <0.30, moderate 0.30-0.60 and strong >0.60 [16].

Known-groups validity

Although there are no established categories for disease severity in IPF, known-groups validity was assessed by
examining differences in baseline mean SGRQ total scores between patients stratified by FVC % pred (<70%
versus >70%), DLCO % pred (<55% versus >55%) and Composite Physiologic Index (CPI) (<45 versus >45).
Known-groups analyses were assessed by descriptive comparison of SGRQ total scores (box plots) at baseline.

Responsiveness

We used an anchor-based method to assess the responsiveness of the SGRQ. Patients were stratified by
change in FVC % pred from baseline to week 52 (deterioration of >10%, deterioration of >5-<10%,
deterioration of >2-<5%, deterioration or improvement of <2% (stable), improvement of >2-<5%,
improvement of >5-<10 and improvement of >10%) and by change in MRC dyspnoea score from baseline
to week 52 (decrease, no change and increase). The ability to detect change was assessed using ANCOVA
of changes in SGRQ total scores by changes in FVC % pred or MRC dyspnoea score categories at week 52.

Handling of missing data

If the entire questionnaire was missing at baseline, or if the only assessment was at baseline, then the
patient was excluded from the analysis for all aspects of the questionnaire. Otherwise, “last observation
carried forward” (LOCF) methodology was applied for the entire questionnaire. If an individual domain
was missing at baseline, or if the only assessment was at baseline, then the patient was excluded from the
analysis for all aspects of the questionnaire. If there were more than two, four or six missing items in the
symptoms, activity or impact domains, respectively, then the domain was set to missing. Otherwise, LOCF
methodology for the individual domain was applied.

Results
Patients
Patient demographics and baseline characteristics are summarised in online supplementary table S1.

Reliability

Internal consistency

Cronbach’s o coefficients were >0.83 for the SGRQ total, activity and impact scores, and 0.75 for the
symptoms score (table 1).

TABLE 1 Internal consistency of St George's Respiratory Questionnaire (SGRQ) scores

SGRQ score Cronbach’s a (standardised)
Total 0.91
Activity domain 0.84
Impact domain 0.83
Symptoms domain 0.75
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TABLE 2 Correlations (Spearman coefficients) between St George’s Respiratory Questionnaire
(SGRQ) scores and Medical Research Council (MRC) dyspnoea scores

SGRAQ score MRC dyspnoea score

Baseline  Change from baseline to week 24  Change from baseline to week 52

Total 0.55%** 0.32%** 0.35%**
Activity domain 0.58*** 0.34%** 0.39***
Impact domain 0.50%** 0.23*** 0.26***
Symptoms domain 0.32%** 0.22%*** 0.25%***
***. p<0.001.

Test-retest reliability

Test-retest reliability over a 52-week period was acceptable for the SGRQ total and activity scores (ICC 0.77
for both scores) in patients with stable disease. The ICCs for the SGRQ impact score (0.69) and symptoms
score (0.66) were close to, but did not meet the threshold of >0.7. For patients with stable disease, the
corresponding effect sizes for change in SGRQ scores from baseline to week 52 were small (—0.092, 0.148,
—0.142 and —0.058 for the symptoms, activity, impact and total scores, respectively).

Validity

Construct validity

All cross-sectional correlations between SGRQ scores and the MRC dyspnoea score were moderate, in the
expected direction and statistically significant (table 2). Correlations between changes in SGRQ total
and activity scores and change in the MRC dyspnoea score were moderate, in the expected direction and
statistically significant. Correlations between the changes in SGRQ impact and symptoms scores and
change in the MRC dyspnoea score were weak, but statistically significant and in the expected direction.

Correlations between SGRQ scores and 6MWD, FVC % pred and gas exchange analysis are presented in
tables 3, 4 and 5. Cross-sectional correlations between the SGRQ total, activity and impact scores and the
6MWD were moderate, but the correlation between 6MWD and the symptoms score was weak. All
correlations between changes in SGRQ scores and 6MWD were weak. All correlations between SGRQ
scores and FVC % pred or gas exchange analysis were weak except for correlations between changes in
SGRQ scores and FVC % pred at week 52, which were moderate.

TABLE 3 Correlations (Spearman coefficients) between St George’s Respiratory Questionnaire
(SGRQ)J scores and 6-min walk distance (6MWD])

SGRAQ score 6MWD

Baseline  Change from baseline to week 24  Change from baseline to week 52

Total —0.34%** —0.27%** —0.17**
Activity domain —0.35*** —0.18*** —0.17**
Impact domain —0.30%** —0.15** —0.16**
Symptoms domain  —0.25*** —0.20%** -0.09

**. p<0.01; ***: p<0.001.

TABLE 4 Correlations (Spearman coefficients) between St George’s Respiratory Questionnaire
(SGRQ) scores and forced vital capacity (FVC) % pred and gas exchange analysis at baseline

SGRAQ score FVC % pred DLco % pred Spo, Pao, Paco,
Total —0.15** —0.23*** —0.12* —0.17*** —-0.05
Activity domain —0.11* —0.26*** —-0.09 —0.19*** —0.13*
Impact domain —0.14** —0.19** —0.13* —0.17*** —-0.02
Symptoms domain —0.14** —0.15%* —0.06 —0.04 0.03

Dico: diffusing capacity of the lung for carbon monoxide; Spo,: arterial oxygen saturation measured by pulse
oximetry; Pa0,: arterial oxygen tension; Paco,: arterial carbon dioxide tension. *: p<0.05; **: p<0.01; ***: p<0.001.
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TABLE 5 Correlations (Spearman coefficients) between changes in St George's Respiratory Questionnaire (SGRQ) scores and
changes in forced vital capacity (FVC) % pred and gas exchange analysis at weeks 24 and 52

SGRAQ score Drco % pred FVC % pred
Change from Change from Change from Change from
baseline to week 24 baseline to week 52 baseline to week 24 baseline to week 52
Total —0.20*** —0.19** —0.29*** —0.38***
Activity domain —0.15** —0.16** —0.271%** —0.35***
Impact domain 0.19*** —0.17** —0.24%** —0.33***
Symptoms domain —0.08 -0.12 —0.26*** —0.31***

Dvrco: diffusing capacity of the lung for carbon monoxide. **: p<0.01; ***: p<0.001.

Known-groups validity

Although there was overlap in the distribution of SGRQ scores between the subgroups defined by FVC %
pred, mean SGRQ total score was higher in patients with more impaired lung function at baseline (FVC %
pred <70%) than in those with less impaired lung function at baseline (FVC % pred >70%) (figure 1).
Similarly, although the distribution of SGRQ scores overlapped between the groups, mean SGRQ total
score was higher in patients with DLCO % pred <55% than >55% at baseline (figure 2) and in patients
with CPI >45 than <45 at baseline (online supplementary figure S1).

Responsiveness

In general, there was a trend for greater changes in SGRQ total scores with greater absolute changes in FVC
% pred, suggesting that SGRQ scores were sensitive to detecting change in patients whose health status
declined or improved (figure 3 and online supplementary table S2). However, changes in SGRQ total score
were only statistically significant versus the stable group for the subgroups showing deterioration in FVC %
pred. The mean changes in SGRQ total score in patients with minimal or moderate deterioration in FVC %
pred suggested that increases of 3-4 points over 52 weeks represented a meaningful deterioration (online
supplementary table S2). No conclusion could be drawn about a meaningful improvement in SGRQ total
score. There were significant differences between changes in SGRQ total score between patients reporting
improvement or deterioration versus no change according to the MRC dyspnoea score (online supplementary
table S3). The mean changes in SGRQ total score in patients with improvement or deterioration according to
the MRC dyspnoea score suggested that changes of 8-9 points over 52 weeks represented meaningful
improvement or deterioration (online supplementary table S3).

Discussion
In this study, we examined certain psychometric properties of the SGRQ in a cohort of patients with IPF
who were participating in a clinical trial of a then investigational therapy. We found the SGRQ total score

100 ~ Mean difference 6.67
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p=0.0003
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q
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FIGURE 1 St George's Respiratory Questionnaire (SGRQ) total score by forced vital capacity (FVC) % pred
category at baseline. The circles denote the mean values, the midline of the boxes indicate the median values,
and boundaries denote 25th and 75th percentiles; whiskers are the minimal and maximum values in the
lower fence (1.5 interquartile range above 75th percentile] and upper fence (1.5 interquartile range below
25th percentile). Outliers are depicted as boxes outside the whiskers.
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FIGURE 2 St George's Respiratory Questionnaire (SGRQ) total score by diffusing capacity of the lung for
carbon monoxide (DLco) % pred category at baseline. The circles denote the mean values, the midline of the
boxes indicate the median values, and boundaries denote 25th and 75th percentiles; whiskers are the
minimum and maximum values in the lower fence (1.5 interquartile range above 75th percentile) and upper
fence (1.5 interquartile range below 25th percentile).

to possess high internal consistency, suggesting relatively precise scores in this population. The test-retest
reliability in patients with stable disease was acceptable, particularly given the 52-week trial duration. Tests
of construct validity demonstrated weak to moderate correlations with four other measures of disease
severity: a patient-reported outcome designed to provide a global perception of dyspnoea, a measure of
exercise tolerance, FVC % pred and gas exchange analysis.

The finding that SGRQ total, activity and impact scores had high internal consistency, and that the symptoms
scores had acceptable internal consistency, is in agreement with data from a randomised, placebo-controlled,
phase III trial of another drug (bosentan) investigated as a potential therapy for IPF [17, 18]. As in the current
study, these analyses reported high internal consistency for SGRQ total, activity and impact scores, but a lower
internal consistency for the symptoms score. This is likely due to certain items within the domain lacking

80 9 Mean difference Mean difference Mean difference Mean difference Mean difference Mean difference
70 | versus stable 14.82  versus stable 5.47 versus stable 6.72 versus stable 1.00  versus stable -5.64  versus stable -3.64
o (95% C1 10.14-19.51) (95% CI1 0.81-10.14) (95% CI 1.66-11.79) (95% Cl -4.58-6.58) (95% CI -12.14-0.87) (95% CI -11.81-4.54)
§ 60 p<0.001 p=0.022 p=0.010 p=0.725 p=0.089 p=0.382
s 50 T
2 40 A I
£
% 30+ o
5 o
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2 10-
& 0 -
3
c -10 H
§ -20
& -30 L B
c — o
2 40 o
&)
50 4
-60
Deterioration Deterioration Deterioration Stable Improvement Improvement Improvement
>10% >5-<10% >2-<5% (deterioration or >2-<5% >5-<10% >10%
n=56 n=57 n=43 improvement <2%) n=32 n=21 n=12
n=70

Absolute change in FVC % pred

FIGURE 3 Change from baseline in St George's Respiratory Questionnaire (SGRQ) total score at week 52 by absolute change in forced vital
capacity (FVC) % pred at week 52 (deterioration of >10%, deterioration of >5-<10%, deterioration of >2-<5%, deterioration or improvement of <2%
(stable), improvement of >2-<5%, improvement of >5-<10% and improvement of >10%). The circles denote the mean values, the midline of the
boxes indicate the median values, and boundaries denote 25th and 75th percentiles; whiskers are the minimum and maximum values in the lower
fence (1.5 interquartile range above 75th percentile] and upper fence (1.5 interquartile range below 25th percentile). Outliers are depicted as
boxes outside the whiskers.
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clinical relevance for patients with IPF. The major symptoms experienced by patients with IPF are cough and
dyspnoea [5]; however, the symptoms domain examines a range of respiratory symptoms, many of which may
apply to only a few patients with IPE. These off-target items may result in greater measurement error, reflected
in the lower internal consistency of the symptoms domain, and weaken the association between its score and
other clinical measures of disease severity in patients with IPF [8]. This could also introduce a conservative bias
in clinical trials, making it more difficult to observe treatment effects. The limitations of the SGRQ in patients
with IPF may partly be addressed by the use of IPF-specific questionnaires such as the SGRQ-I [18], but further
data from prospective studies are needed to evaluate the specificity and responsiveness of such tools.

No data on the test-retest reliability (reproducibility) of the SGRQ in patients with stable IPF has
previously been reported. In this study, SGRQ total scores were stable in patients whose FVC % pred did
not change by >2% over 52 weeks. Although test-retest reliability is traditionally evaluated over a much
shorter time period (e.g. 2 weeks), this analysis examined reproducibility over 52 weeks, which is more
consistent with the typical duration of clinical trials in patients with IPF.

The validity of SGRQ total and domain scores was supported through moderate, statistically significant,
cross-sectional correlations with the MRC dyspnoea score and 6MWD, which were in the hypothesised
direction. Moderate correlations suggest that these tests are measuring related but different aspects of the
symptomatology and impact of IPF. This is preferable to “perfect” correlations, which would suggest that
the SGRQ is redundant as an assessment of health status, as other measures would suffice [4]. Several
studies conducted in patients with IPF have reported moderate to strong correlations between SGRQ total
and domain scores and pulmonary-specific patient-reported outcomes, including the Baseline Dyspnoea
Index [19-21], the Cough Quality of Life Questionnaire [22], the King’s Brief Interstitial Lung Disease
Questionnaire [23] and the University of California San Diego Shortness of Breath Questionnaire [24].
Previous studies in patients with IPF have found that correlations with 6MWD tend to be moderate to
strong for SGRQ total, activity and impact scores, and weak to moderate for the symptoms score [10, 18,
21, 25-27]. In this study, weak correlations were observed between SGRQ scores and pulmonary function
tests. This is consistent with the results of other studies [18, 19, 21, 25, 26, 28] and, although causation
cannot be inferred from correlation analyses, suggests that it is not only lung function that affects how a
patient with IPF feels day to day.

There was also some evidence that the SGRQ was sensitive to detecting change in patients whose health
status declined or improved according to change in FVC % pred and according to change in self-reported
dyspnoea. These data support the results of a previous study in which investigators observed that changes
in SGRQ score were sensitive to changes in disease status in patients with IPF over 6 months [17].

Limitations of this study include that these analyses were post hoc. Further assessment of the SGRQ in
patients with IPF is needed. Generating prospective data on the psychometric properties of the SGRQ in
larger clinical trials will allow for a more accurate assessment of its utility in this patient population.
Additional data on the responsiveness of the SGRQ in patients with IPF are needed to inform
interpretation of the scores in patients whose pulmonary function deteriorates or improves over time.
Based on the eligibility criteria for the TOMORROW trial, few patients with severe lung function
impairment were included in our analyses and more data are needed in such patients.

In conclusion, in a sample of 428 patients with IPF participating in a clinical trial, the SGRQ was found to
perform well on tests of internal consistency, construct validity and reliability, and to be sensitive to
detecting change. These results suggest that although it was not developed for use in patients with IPF, the
SGRQ is an appropriate patient-reported outcome to measure HRQoL in clinical trials in patients with IPE.
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