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ABSTRACT
An application (app) for the Severe Respiratory 
Insufficiency Questionnaire (SRI) has been designed and 
developed for mobile devices. In a randomised controlled 
trial comprising 60 patients with chronic respiratory 
failure, the app was compared with the classic paper SRI. 
Thereby, it was shown that the SRI app is a practical tool 
that is well accepted. Missing values can be completely 
avoided by using the SRI app. Finally, reliability, 
convergent and discriminant validities were established. 
Accordingly, for the individual SRI subscales, Cronbach’s 
alpha ranged between 0.56 and 0.81 (app) and between 
0.54 and 0.83 (paper), respectively. The multilingual SRI 
app is accessible free of charge for non- profit research 
purposes.

INTRODUCTION
The Severe Respiratory Insufficiency Question-
naire (SRI) is a specific, well- validated measure of 
health- related quality of life (HRQL).1 It has been 
specifically designed to evaluate HRQL in patients 
receiving long- term non- invasive ventilation (NIV) 
therapy and/or long- term oxygen therapy (LTOT).2 
The questionnaire has originally been developed 
in German and since been professionally trans-
lated into an additional 16 languages. A minimal 
clinically important difference of approximately 
five points for the SRI was recently established.3 
Currently, the SRI is the tool most frequently used 
for assessing HRQL in patients with chronic respira-
tory failure,4 and is also commonly applied in large 
trials investigating the impact of long- term NIV on 
HRQL.5–8 The present trial was aimed at designing, 
developing and testing the SRI app. Thereby, it was 
hypothesised that the SRI app is applicable and has 
acceptable psychometric properties.

METHOD
This trial was conducted as a pilot trial at the 
Lung Clinic, Cologne Merheim Hospital, Witten/
Herdecke University, Germany. The SRI was used 
to assess HRQL in patients with chronic respira-
tory failure who were undergoing LTOT and/or 
long- term NIV therapy. Patients were randomised 
to complete either the classic paper version of the 
questionnaire or the electronic version of the SRI 
using a tablet computer (Apple iPad mini, Model 
A2124). An SRI app was specifically designed and 
developed by a professional app developer (Rebar 
Ahmad). The average time taken to complete each 
version of the SRI (paper vs electronic) was meas-
ured. Finally, those patients who were randomised 
to the app group carried out an evaluation of 

the app using a real- world user- centric statistical 
method known as the User Experience Question-
naire.9 The level of agreement between the elec-
tronic and the paper version of the SRI was assessed 
by comparing the mean difference between the 
respective scores and their 95% CIs. A multivariate 
analysis of variance adjusted for age, gender, body 
mass index, type of respiratory disease, and dura-
tion of NIV, was used. To determine and compare 
internal consistency, Cronbach’s alpha with 95% 
CIs for each group was calculated. In addition, the 
correlation matrix was calculated to assess conver-
gent (correlation of items within the same SRI 
subscale) and discriminant validity (correlation of 
items from different SRI subscales). Missing data 
were imputed using multiple imputation at the item 
level. Statistical analysis was performed using SPSS 
V.25 (IBM SPSS Statistics for Windows, 2017).

RESULTS
Overall, 60 patients were randomised: 30 patients 
(22 with COPD, 3 with neuromuscular disorders, 
2 with idiopathic kyphoscoliosis, 2 with intersti-
tial lung disease and 1 with post acute respiratory 
distress syndrome) filled in the classic paper version 
of the SRI, while 30 patients (24 with COPD, 4 with 
obesity hypoventilation syndrome, 1 with intersti-
tial lung disease and 1 with post- tuberculosis) filled 
in the SRI using the app. Patient characteristics are 
provided in table 1. Overall, the mean duration of 
long- term NIV (N=37) versus LTOT (N=49) was 
33.8±50.4 and 31.9±43 months, respectively.

Accordingly, the adjusted mean difference (∆) in 
the SRI Summary Score was −0.69 (95% CI: −7.70 
to 6.36; p=0.85), whereby a score of 0 to 100 
represents the worst to best HRQL. No relevant 
differences were observed on any of the subscales, 
with the exception of ‘respiratory complaints’ 
(∆−9.90 (95% CI: −19.45 to 0.43; p=0.04). 
The interitem correlation matrix of all variables 
confirmed convergent validity on a subscale level, 
as well as discriminant validity. Accordingly, Eleven 
out of thirty patients in the classic paper SRI group 
demonstrated at least one missing value by either 
skipping single questions or incorrectly marking 
more than one answer per item (which was ulti-
mately counted as a missing value). This led to a 
total of 43 missing items in the paper SRI group. 
In contrast, no missing items were found in the 
SRI app group (p=<0.001). Cronbach’s alpha was 
≥0.54 for all subscales, ≥0.7 for four subscales and 
0.9 for the Summary Score (table 2). The average 
time to completion was 12:30±6:22 min:s for the 
paper SRI group and 11:28±6:20 min:s for the SRI 
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app group (p=0.22). When compared with the existing values 
from a benchmark dataset, the SRI was scored as good or excel-
lent in all categories (figure 1).

DISCUSSION
The present study clinically tested and assessed the psychometric 
properties of an SRI app that was designed and developed for mobile 
electronic devices. The main results are as follows: First, the SRI 
app is a practical tool that is well accepted by patients with severe 
chronic respiratory failure. Second, in contrast to the classic paper 
SRI, the usage of the SRI app completely prevents the occurrence 
of missing values. Third, calculation of Cronbach’s alpha suggested 

Table 1 Demographic data, lung function parameters and daytime 
blood gases

Characteristics SRI app (N=30) SRI paper (N=30)

Age (years) 66.9 (±10.3) 69.4 (±9.4)

Female sex(%) 40 40

FEV1 after bronchodilation (%pred) 37.4 (±19.8) 37.2 (±14.3)

FVC (%pred) 54.5 (±23.5) 58.1 (±19.4)

FEV1/FVC ratio (%pred) 52.6 (±19.6) 49.5 (±16.2)

TLC (%pred) 99.9 (±23.1) 102.6 (±31.5)

RV (%pred) 161.1 (±60.8) 179.3 (±78.2)

BMI (kg/m2) 27 (±8.3) 28.3 (±7.9)

pH 7.43 (±0.04) 7.42 (±0.04)

PaO2 (mm Hg) 68.6 (±16) 61 (±10.7)

PaCO2 (mm Hg) 45 (±7.1) 47.7 (±6.1)

HCO3
− (mmol/L) 28.7 (3.4) 28.9 (±3.2)

LTOT (in %) 66.7 70.0

NIV (in %) 56.7 63.3

ARDS, Acute respiratory distress syndrome; BMI, body mass index; COPD, Chronic obstructive 
Pulmonary disease; FEV1, forced expiratory volume in one second; FVC, forced vital capacity; 
HCO3

−, arterial standard hydrogen carbonate; LTOT, long- term oxygen therapy; NIV, non- 
invasive ventilation; PaCO2, arterial partial pressure of carbon dioxide; PaO2, arterial partial 
pressure of oxygen; RV, residual volume; SRI, Severe Respiratory Insufficiency Questionnaire; 
TLC, total lung capacity.

Table 2 Mean interitem correlation for items within a subscale and between items outside of the investigated subscale.

Scale
Mean r
(within subscale)

Mean r
(outside subscale) Adjusted mean difference 95% CI P value Cronbach’s alpha

App:
SRI- RC

0.319 0.19 −9.9 (−19.5 to 0.43) 0.04 0.79

Paper:
SRI- RC

0.215 0.152 0.69

App:
SRI- PF

0.175 0.15 4.67 (−6.6 to 15.9) 0.41 0.56

Paper:
SRI- PF

0.438 0.154 0.83

App:
SRI- AS

0.191 0.181 −6.8 (−15.8 to 2.2) 0.14 0.63

Paper:
SRI- AS

0.144 0.059 0.54

App:
SRI- SR

0.274 0.152 −1.4 (−10.3 to 7.6) 0.76 0.7

Paper:
SRI- SR

0.261 0.134 0.63

App:
SRI- AX

0.47 0.194 4 (−8.5 to 16.6) 0.53 0.81

Paper:
SRI- AX

0.263 0.128 0.64

App:
SRI- WB

0.284 0.205 −0.5 (−9.9 to 8.9) 0.92 0.78

Paper:
SRI- WB

0.204 0.15 0.7

App:
SRI- SF

0.233 0.201 5.1 (−4.4 to 14.6) 0.29 0.7

Paper:
SRI- SF

0.185 0.143 0.63

r, correlation coefficient; SRI, Severe Respiratory Insufficiency Questionnaire; SRI- AS, SRI subscale “attendant symptoms and sleep”; SRI- AX, SRI subscale “anxiety”; SRI- PF, SRI subscale “pulmonary 
functioning”; SRI- RC, SRI subscale “respiratory complaints; SRI- SF, SRI subscale “social functioning”; SRI- SR, SRI subscale “social relationships”; SRI- WB, SRI subscale “psychological well- being”.

Figure 1 The results of the User Experience Questionnaire categories 
for the Severe Respiratory Insufficiency Questionnaire (SRI) Application 
(app) in comparison to benchmark data. The black line represents the 
mean values of results generated by the 30 study patients who filled in 
the SRI on the app. Coloured columns represent benchmark testing of 
over 18 483 datasets,10 with the following definitions: Excellent: within 
the range of the top 10% of results; Good: 10% of the results were 
better, 75% of the results were worse.
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the reliability of the app, while convergent and discriminant validity 
could also be suggested, even though further assessment is neces-
sary, since non- significant p values in the correlation matrix could 
be due to lacking sample size calculation resulting in a lack of the 
statistical power. Here, differences in subscale scores between the 
paper and electronic SRI might exist due to less missing items when 
using the electronic version.

The time taken to fill in the SRI was comparable in both the 
classic paper SRI and SRI app groups. Thus, patients with severe 
disabilities and chronic respiratory failure—such as those included 
in the present study—are able to use modern electronic devices if 
the device is as intuitively designed as the SRI app. From a tech-
nical perspective, the SRI app was rated as good or excellent by 
patients when compared with average benchmark product testing.10 
Moreover, according to the conceptual framework of the SRI app, 
only one answer can be given per item. In addition, patients are 
also reminded to fill in all missing items prior to finalising the ques-
tionnaire; therefore, this clearly explains how missing values are 
completely avoided by using the app.

Based on these positive findings, researchers are encouraged 
to use the multilingual SRI app, which can be downloaded free 
of charge from either the App store or the homepage of the 
German Airway League (Deutsche Atemwegsliga e.V.): https://
www. atemwegsliga. de/ en- sri. html.
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