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Purpose: Patients with advanced-stage COPD often experience severe hypoxemia. Treatment
with long-term oxygen therapy (LTOT) may relieve patients’ symptoms and increase survival.
As COPD is incurable, improving patients’ health-related quality of life is important. The
Chinese version of the Severe Respiratory Insufficiency Questionnaire (SRI) is valid for patients
with hypercapnic COPD undergoing noninvasive positive airway pressure ventilation at home.
However, the reliability and validity of the Chinese SRI for patients with COPD undergoing
LTOT have not been investigated.

Patients and methods: We analyzed reliability using Cronbach’s o coefficient. Construct
validity was assessed with principal, exploratory, and confirmatory factor analysis. Concurrent
validity was evaluated through the correlation between SRI domains and Chronic Respiratory
Disease Questionnaire (CRQ) domains. Content validity was assessed by calculating the cor-
relation between each SRI item score and the total score for the relevant domain.

Results: In total, 161 patients participated in this study. The Cronbach’s o coefficient for all
SRI domains was >0.7, except for the attendant symptoms and sleep domain. Exploratory and
confirmatory factor analysis showed a good model fit for each domain, but the factors extracted
from each domain were correlated. SRI and CRQ domains correlated well with respect to similar
aspects of health-related quality of life, indicating good concurrent validity. Content validity
was indirectly shown by a good correlation between each item score and the total score of the
relevant domain.

Conclusion: The Chinese version of the SRI has a good reliability and validity for patients
with COPD undergoing LTOT in China.

Keywords: severe respiratory insufficiency questionnaire, long-term oxygen therapy, health-
related quality of life, chronic obstructive pulmonary disease

Introduction

COPD is a general, preventable, and treatable disease characterized by sustained
respiratory symptoms and airflow limitation. COPD is the main reason for morbidity
and mortality worldwide.! The overall prevalence of COPD in China is 8.2%,* and it
has become the third most common cause of death.? In addition, the disease burden
in China is expected to increase over the next few decades because of continuous
exposure to risk factors and population aging.

Advanced-stage COPD is characterized by severe hypoxemia and/or hypercapnia
resulting from decreased diffusing capacity, inspiratory muscle fatigue, and alveolar
hypoventilation. Long-term oxygen therapy (LTOT) can relieve patients’ symptoms,
improve health-related quality of life (HRQL), and increase survival.* The management
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of patients with advanced-stage COPD has been receiving
increasing attention. The Global Initiative for Chronic
Obstructive Lung Disease (GOLD) guideline indicates that
advanced-stage COPD is a highly symptomatic disease, and
affected patients’ pulmonary function cannot return to the
basal level.’ Therefore, it is important to relieve symptoms,
slow disease progression, and improve HRQL for patients
with COPD. HRQL questionnaires (generic and disease-
specific) are used to evaluate the everyday quality of life
of patients affected by various diseases.® Currently, various
COPD-specific questionnaires are used to evaluate HRQL
among patients with COPD undergoing LTOT, including
the Chronic Respiratory Disease Questionnaire (CRQ)” and
the St George’s Respiratory Questionnaire.® While these
questionnaires are designed for general patients with COPD,
many important aspects of HRQL for those with advanced-
stage COPD may not be included, resulting in a missing part
in the assessment of quality of life for COPD patients across
the whole spectrum.

The Severe Respiratory Insufficiency Questionnaire
(SRI) has been used for patients undergoing domiciliary
noninvasive ventilation.’ It has been shown that the SRI has
good psychometric properties, and it has been verified in
this patient population. Struik et al'® demonstrated that the
SRI was the best tool for assessing HRQL among patients
with COPD exhibiting chronic respiratory failure. In addi-
tion, Walterspacher et al'' showed that the SRI was valid
for patients with COPD undergoing LTOT. The SRI was
originally developed in German’® and has been translated
into many languages, including English, Spanish, Norwe-
gian, French, Portuguese, Japanese, and Chinese.'>'® Our
team previously translated the SRI into Chinese and showed
that it has a good reliability and validity for patients with
COPD undergoing long-term noninvasive ventilation.'®
To date, no published work has demonstrated whether the
Chinese version of the SRI can be used for patients with
COPD undergoing LTOT. Therefore, the purpose of this
study aimed to evaluate the reliability and validity of the
Chinese version of the SRI in assessing the quality of life
among Chinese patients with COPD undergoing domicili-
ary LTOT.

Patients and methods

This study was part of a multicenter, prospective, randomized
controlled clinical trial to assess the effect of noninvasive
ventilation among patients with chronic hypercapnic COPD
(ClinicalTrials.gov number NCT02499718). Approval for

this study was obtained from the Ethics Committee of the
First Affiliated Hospital of Guangzhou Medical University,
Guangzhou, China. All participating patients provided
written informed consent before the study started.

In total, 161 patients were included in this study
(126 males, 35 females). Patients were required to complete
both the SRI and the CRQ when they were recruited from
the outpatient department. Spirometry (Jaeger, Wuerzburg,
Germany) was accomplished using a standardized process
in line with the guideline of the American Thoracic
Society/European Respiratory Society.! All participat-
ing patients had COPD with stable chronic respiratory
failure, and had experienced no acute exacerbations for
1 month. Acute exacerbations were defined as new onset
or worsening of more than one respiratory symptom last-
ing for =2 consecutive days and leading to any changes
in conventional therapy.? All included patients received
regular optimal pharmacological treatments according to
the GOLD guideline,’ and were required to undergo home
LTOT for >4 weeks before inclusion.!! Exclusion criteria
were LTOT due to other lung/pleural diseases, thoracic
deformities, and other diseases.

HRQL questionnaires
Translation of the Chinese version of the SRI was con-
sistent with the translation and backtranslation procedure
described in our previous study.!® First, the original version
of the SRI was independently translated into Chinese by
two translators. A committee comprising the two translators
and the project manager examined both forward translations
and reconciled them into a single forward translation. Next,
the reconciled translation was backtranslated into German
by a third translator who had not seen the original question-
naire. The committee then examined the back translation to
assure the conceptual equivalence of the translation.

The SRI° (Supplementary materials) contains 49 items

relating to the general condition of the patient during the
previous week on seven domains: respiratory complaints
(RC), physical functioning (PF), attendant symptoms and
sleep (AS), social relationships (SR), anxiety (AX), psycho-
logical well-being (WB), and social functioning (SF). A sum-
mary scale (SS) can be obtained from the mean scores for the
seven domains. Each item is rated on a 5-point Likert scale
(1 = completely untrue, 2 = mostly untrue, 3 = sometimes
true, 4 = mostly true, and 5 = always true). Each domain has
a possible score of 0—100 following transformation of raw
values. Higher scores imply better HRQL.
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The CRQ’ (Supplementary materials) is a COPD-specific
questionnaire used worldwide. The scale comprises 20 items

on four domains: dyspnea, fatigue, emotional functioning,
and mastery. Items are rated on a 7-point Likert scale from 1
(maximum impairment) to 7 (no impairment). Lower scores
indicate worse HRQL.

Statistical analysis

The data analysis was performed with SPSS version 21.0
(IBM Corp., Armonk, NY, USA) and Amos 21.0. Data are
presented as n (%) or mean (standard deviation). A p-value
of <0.05 was considered statistically significant. The per-
centage of patients with maximal or minimal domain or
summary scores was calculated for each questionnaire to
determine floor and ceiling effects. The floor or ceiling effects
were considered high if these percentages were >15%.%' Reli-
ability was determined by analyzing internal consistency as
calculated using Cronbach’s o coefficient. A Cronbach’s o
coefficient of >0.70 was considered good.” Validity was
assessed by measuring construct, concurrent, and content
validity. After examining the scale structure, construct validity
was obtained using principal component analysis (PCA),
exploratory factor analysis (EFA), and confirmatory factor
analysis (CFA). The test and Bartlett’s test were performed
to determine whether the data were amenable to PCA and
EFA. PCA and EFA were performed using SPSS (version
21.0; IBM Corp.), and only factors with eigenvalues greater
than unity (>1) were extracted. CFA, performed with Amos
21.0, was then used to inspect the results obtained through
EFA. If more than one factor was extracted from a domain,
CFA was used to determine whether the factors were related
to each other. Model fit was assessed with the goodness-of-
fit index (GFI) and comparative fit index (CFI). A GFI and
CFI of >0.9 indicate good model fit. The concurrent validity
of the SRI was tested by comparing each SRI domain with
the relevant CRQ domain. Content validity was indirectly
obtained by correlating the score for each item with the total
score for the relevant domain to determine whether each item
reflected the purpose of each domain; R-values of >0.50 and
p-values of <0.05 were considered good.

Results

In total, 161 patients with COPD characterized by stable
chronic respiratory failure undergoing LTOT were included
in this study. Patients’ mean age was 68.54 years (7.43 years),
and 126 (78.26%) of them were male. All patients had
severe airflow limitation with a predicted mean forced

Table | Baseline demographic data and clinical characteristics

of patients

Characteristics All patients
Male/female 126/35

Age, years 68.54 (7.43)
BMI, kg/m? 20.55 (3.65)
Sa0,, % 90.44 (4.68)
pH 7.39 (0.04)
PaCO,, mmHg 58.10 (5.65)
PaO,, mmHg 65.84 (16.04)
FVC, L 1.54 (0.52)
FVC, % predicted 52.01 (15.43)
FEV, L 0.55 (0.17)
FEV,, % predicted 25.63 (9.59)
FEV /FVC, % 37.99 (13.00)

Note: Data are mean (SD), unless otherwise stated.

Abbreviations: SD, standard deviation; BMI, body mass index; SaO,, arterial
oxygen saturation; PaCO,, arterial carbon dioxide pressure; PaO,, arterial oxygen
pressure; FVC, forced vital capacity; FEV , forced expiratory volume in | second.

expiratory volume in 1 second of 25.63% (9.59%). Detailed
demographic data and clinical features of included patients
are shown in Table 1.

Questionnaire scores

Table 2 shows participants’ SRI and CRQ scores. The mean
scores for the SRI-SS and CRQ-Summary were 56.02 (11.95)
and 4.47 (0.80), respectively. The highest mean domain
scores were found in the SRI-SR and CRQ-Emotion domains.
The SRI-PF and CRQ-Dyspnea domains had the lowest mean
domain scores.

Reliability
The maximum percentage of patients with the maximal
or minimal domain score or summary score was 4.97%,

Table 2 Scores of the SRI and CRQ

Scale Item Mean (SD)
SRI-RC 8 50.12 (13.21)
SRI-PF 6 47.96 (18.46)
SRI-AS 7 59.67 (12.83)
SRI-SR 6 64.29 (15.78)
SRI-AX 5 55.25 (18.10)
SRI-WB 9 63.41 (14.50)
SRI-SF 8 51.48 (17.94)
SRI-SS 7 domains 56.02 (11.95)
CRQ-Dyspnea 5 4.11 (1.00)
CRQ-Fatigue 4 4.15 (1.18)
CRQ-Emotion 7 4.87 (0.95)
CRQ-Mastery 4 4.54 (1.04)
CRQ-Summary 4 domains 4.47 (0.80)

Abbreviations: SRI, Severe Respiratory Insufficiency Questionnaire; CRQ, Chronic
Respiratory Disease Questionnaire; SD, standard deviation; RC, respiratory complaints;
PF, physical functioning; AS, attendant symptoms and sleep; SR, social relationships;
AX, anxiety; WB, psychological well-being; SF, social functioning; SS, summary scale.
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Table 3 Reliability of the SRI

Scale Item Minimum Maximum Cronbach’s a
score, n (%) score, n (%)
SRI-RC 8 0 0 0.77
SRI-PF 6 1 (0.62) 0 0.85
SRI-AS 7 3(1.86) 0 0.68
SRI-SR 6 0 8 (4.97) 0.8l
SRI-AX 5 0 1 (0.62) 0.87
SRI-WB 9 0 0 0.89
SRI-SF 8 0 2 (1.24) 0.87
SRI-SS 7 domains 0 0 0.94

Abbreviations: SRI, Severe Respiratory Insufficiency Questionnaire; RC, respi-
ratory complaints; PF, physical functioning; AS, attendant symptoms and sleep; SR,
social relationships; AX, anxiety; WB, psychological well-being; SF, social functioning;
SS, summary scale.

indicating no floor or ceiling effects were detected in the SRI.
The Cronbach’s o coefficients for the seven SRI domains
ranged from 0.68 to 0.89. The coefficient for the SRI-SS
domain was higher at 0.94 (Table 3).

Validity
Construct validity

The Kaiser—Meyer—Olkin test values for the seven SRI
domains were >0.7. Bartlett’s test showed statistically sig-
nificant differences (p<<0.01), indicating that all domains
were suitable for PCA and EFA. One factor was extracted
from SRI-PF; two factors from SRI-RC, SRI-AS, SRI-SR,
SRI-AX, and SRI-SF; and three factors from SRI-WB.
The proportion of the total variance that accounted for the
extracted factors in the seven domains varied from 56.70%
to 77.00% (Table 4). Based on these results, CFA was per-
formed to confirm validity. Table 5 shows that the GFI and
CFI of each domain were >0.9, indicating a good model
fit for each domain. However, the extracted factors in each
domain were correlated (r-values of 0.22—0.79).

Table 4 PCA and EFA

Scale Item Factor (n) Variance (%)
SRI-RC 8 2 56.70
SRI-PF 6 | 57.86
SRI-AS 7 2 61.35
SRI-SR 6 2 77.00
SRI-AX 5 2 7061
SRI-WB 9 3 75.23
SRI-SF 8 2 66.17

Abbreviations: PCA, principal componentanalysis; EFA, exploratory factor analysis;
SRI, Severe Respiratory Insufficiency Questionnaire; RC, respiratory complaints; PF,
physical functioning; AS, attendant symptoms and sleep; SR, social relationships; AX,
anxiety; WB, psychological well-being; SF, social functioning.

Concurrent validity

The correlation matrix of the SRI and CRQ is shown in
Table 6. The SRI-SS was well correlated with all CRQ
domains. The best correlations were between SRI-WB and
CRQ-Emotion (r=0.78) and between SRI-SS and CRQ-
Summary (#=0.77). SRI-AS and SRI-SR were not correlated
with CRQ-Dyspnea. Overall, the SRI and CRQ domains were
well correlated with respect to similar aspects of HRQL.

Content validity

Table 7 shows that good content validity was indirectly
proven by calculating the correlation between each item score
and the total score on the relevant domain. The correlation
coefficients were >0.5 among 46 items (93.88%). All cor-
relations were significant (p<<0.05).

Discussion

This study is the first to validate the Chinese version of the
SRI among patients with COPD exhibiting chronic respira-
tory failure undergoing LTOT. Our data indicated the Chinese
version of the SRI had good reliability and validity.

In this study, the percentage of patients with a maximal
or minimal domain score for a respective domain ranged
from 0% to 4.97% (all <15%), indicating no floor or ceiling
effects in the SRI. Cronbach’s o coefficients for all domains
except SRI-AS were >0.7 (range 0.68—0.94). However, the
Cronbach’s o coefficient for SRI-AS approximately reached
0.7, which was acceptable and higher compared with other
versions of the SRI.*!*"!8 Moreover, a previous study dem-
onstrated that the Cronbach’s o coefficients for the German
SRI ranged from 0.69 to 0.93 when used for COPD patients
with LTOT,!" which was similar to our study. The differences
between that study and our study were that our sample size
was larger and all of our patients were both hypoxemic and
hypercapnic.

We assessed construct, concurrent, and content validity.
Construct validity was obtained through PCA, EFA, and
CFA. PCA and EFA extracted one factor from one domain,
two factors from five domains, and three factors from the
remaining domain. Subsequent CFA demonstrated a good
model fit for each domain (GFI and CFI for all domains
were >0.9). For example, in SRI-WB, one factor represented
patients’ anger, another factor represented sorrow, and the
remaining factor represented self-perception. The factors
extracted from each domain were correlated and not inde-
pendent; therefore, the primary structure of the SRI could
be retained. The CRQ’ is used worldwide to assess HRQL
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Table 5 CFA

Item SRI-RC SRI-PF SRI-AS SRI-SR SRI-AX SRI-WB SRI-SF
GFl 0.96 0.92 0.95 0.93 0.98 0.97 0.90
CFI 0.98 0.90 0.94 0.95 0.97 0.96 0.91
Correlation 0.35 NA 0.22 0.42 0.72 0.37-0.79 0.69

Abbreviations: CFA, confirmatory factor analysis; SRI, Severe Respiratory Insufficiency Questionnaire; RC, respiratory complaints; PF, physical functioning; AS, attendant symptoms
and sleep; SR, social relationships; AX, anxiety; WB, psychological well-being; SF, social functioning; GFl, goodness-of-fit index; CFl, comparative fit index; NA, not applicable.

among patients with COPD. The correlation matrix of the
SRI and CRQ showed that the best correlation (»=0.78) was
between domains focused on emotion (SRI-WB and CRQ-
Emotion). This finding is consistent with previous studies2*
and indicates that emotion accounts for a large part of both the
SRI and CRQ. Moreover, SRI-SS and CRQ-Summary were
well correlated, and the same finding was obtained when the
SRI and CRQ captured similar HRQL characteristics, indicat-
ing the SRI had good concurrent validity. However, there was
no correlation between the SRI-AS/SRI-SR domains and the
CRQ-Dyspnea domain. This may be explained by the fact
that the SRI-AS and SRI-SR items did not focus on patients’
dyspnea. Therefore, different domains that focused on dif-
ferent aspects were not significantly correlated, consistent
with previous studies.”!'>1*1617 We also observed that the
correlations between each SRI domain and CRQ-Dyspnea
were not high when compared with other domains. This may
be because the SRI was originally designed for patients with
chronic respiratory failure, whereas the CRQ was designed
for general use in patients with COPD. Furthermore, the
SRI focuses on the effect of dyspnea on patients’ daily life,
whereas the CRQ is concerned with the degree of dyspnea.
Good content validity was demonstrated through the relation-
ship between each item score and the relevant domain total
score. The r-values of all (except three) items were >0.5.
However, these three items’ r-values were approximately

>0.4, indicating good correlations between these items and
the relevant domains.

Several previous studies comparing the effect of non-
invasive ventilation and LTOT for patients with COPD
produced controversial results with respect to improvement
in HRQL.>2 Moreover, evidence that LTOT can improve
HRQL is lacking.**-! This may be because different ques-
tionnaires were used to evaluate HRQL, some of which only
partly appraise HRQL.

Limitations

This study had two main limitations. First, we only included
patients with COPD; we did not evaluate patients requiring
LTOT for other diseases. Second, some patients could not
stop oxygen therapy before taking arterial blood gas analysis
because of the severity of their disease condition.

Conclusion

The Chinese version of the SRI has good reliability and valid-
ity for patients with COPD undergoing LTOT in China. The
validated SRI is capable of evaluating the HRQL of these
patients and can be incorporated in future clinical trials.
In future studies, Chinese version of the SRI is needed to
evaluate the COPD patient’s HRQL of overseas Chinese, and
more versions of the SRI in different languages are needed
to evaluate patient’s HRQL in other countries.

Table 6 Correlation analysis (Spearman) between the SRl and CRQ score

Scale CRQ-Dyspnea CRQ-Fatigue CRQ-Emotion CRQ-Mastery CRQ-Summary
SRI-RC 0.37 0.50 0.54 0.54 0.62

SRI-PF 0.40 0.56 0.55 0.53 0.66

SRI-AS - 0.42 0.42 0.47 0.43

SRI-SR - 0.44 0.56 0.51 0.53

SRI-AX 0.26 0.39 0.49 0.53 0.51

SRI-WB 0.17 0.58 0.78 0.66 0.72

SRI-SF 0.24 0.51 0.54 0.49 0.58

SRI-SS 0.32 0.64 0.73 0.70 0.77

Notes: “~” indicates no correlation between SRI-AS and SRI-SR. Only significant correlations (p<<0.05) are shown in the table.

Abbreviations: SRI, Severe Respiratory Insufficiency Questionnaire; CRQ, Chronic Respiratory Disease Questionnaire; RC, respiratory complaints; PF, physical functioning;
AS, attendant symptoms and sleep; SR, social relationships; AX, anxiety; WB, psychological well-being; SF, social functioning; SS, summary scale.
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Table 7 Correlation analysis (Spearman) between each item
score and the total score on the relevant domain

Scale 1 12 13 14 15 16 17 18 19
SRI-KRC 059 070 051 070 065 055 052 047
SRI-PF 072 085 0.76 0.85 082 036

SRI-AS 054 055 054 071 044 054 05l

SRI-SR 076 076 064 082 067 063

SRI-AX 080 077 078 084 0.78

SRI-WB 079 073 079 065 073 066 067 065 0.6l
SRI-SF 076 063 052 083 080 054 065 077

Note: p-values were all <0.05.

Abbreviations: |, Item; SRI, Severe Respiratory Insufficiency Questionnaire;
RC, respiratory complaints; PF, physical functioning; AS, attendant symptoms and
sleep; SR, social relationships; AX, anxiety; WB, psychological well-being; SF, social
functioning.
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