International Journal of Chronic Obstructive Pulmonary Disease downloaded from https://www.dovepress.com/

For personal use only.

International Journal of COPD Dove

3

ORIGINAL RESEARCH

Evaluation of the psychometric properties of the
Nighttime Symptoms of COPD Instrument

Michelle Mocarski'
Erica Zaiser?
Dylan Trundell?
Barry | Make?
Asha Hareendran?

'Forest Research Institute, Inc., an
affiliate of Actavis, Inc., Jersey City, NJ,
USA; 2Evidera, London, UK; *National
Jewish Health, Denver, CO, USA

Correspondence: Asha Hareendran

Evidera, Metro Building, 6th Floor,

| Butterwick, London W6 8DL, UK

Tel +44 20 8576 5007

Email asha.hareendran@evidera.com

This article was published in the following Dove Press journal:
International Journal of COPD

6 March 2015
Number of times this article has been viewed

Background: Nighttime symptoms can negatively impact the quality of life of patients with
chronic obstructive pulmonary disease (COPD). The Nighttime Symptoms of COPD Instrument
(NiSCI) was designed to measure the occurrence and severity of nighttime symptoms in patients
with COPD, the impact of symptoms on nighttime awakenings, and rescue medication use. The
objective of this study was to explore item reduction, inform scoring recommendations, and
evaluate the psychometric properties of the NiSCI.

Methods: COPD patients participating in a Phase III clinical trial completed the NiSCI daily.
Item analyses were conducted using weekly mean and single day scores. Descriptive statistics
(including percentage of respondents at floor/ceiling and inter-item correlations), factor analyses,
and Rasch model analyses were conducted to examine item performance and scoring. Test—retest
reliability was assessed for the final instrument using the intraclass correlation coefficient (ICC).
Correlations with assessments conducted during study visits were used to evaluate convergent
and known-groups validity.

Results: Data from 1,663 COPD patients aged 40-93 years were analyzed. Item analyses sup-
ported the generation of four scores. A one-factor structure was confirmed with factor analysis
and Rasch analysis for the symptom severity score. Test—retest reliability was confirmed for
the six-item symptom severity (ICC, 0.85), number of nighttime awakenings (ICC, 0.82), and
rescue medication (ICC, 0.68) scores. Convergent validity was supported by significant correla-
tions between the NiSCI, St George’s Respiratory Questionnaire, and Exacerbations of Chronic
Obstructive Pulmonary Disease Tool-Respiratory Symptoms scores.

Conclusion: The results suggest that the NiSCI can be used to determine the severity of night-
time COPD symptoms, the number of nighttime awakenings due to COPD symptoms, and the
nighttime use of rescue medication. The NiSCI is a reliable and valid instrument to evaluate
these concepts in COPD patients in clinical trials and clinical practice. Scoring recommenda-
tions and steps for further research are discussed.
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Introduction

The evaluation of nighttime symptoms in chronic obstructive pulmonary disease
(COPD) is important in understanding the patient’s experience of COPD. Nighttime
symptoms of COPD have been linked with disturbed sleep, frequent awakenings,
nocturnal airflow obstruction, and nocturnal hypoxemia.! Nighttime dyspnea has
also been found to be a significant predictor of poor prognosis in individuals with
COPD.? There is evidence that COPD symptoms occurring at night can be particularly
bothersome to patients, especially due to their impact on sleep.’ In an internet survey
conducted with COPD patients, 25% said their symptoms were worse at nighttime.
This was even more of an issue in severe COPD patients, with 34% of this population
reporting that their symptoms were worse than usual at night.* This evidence suggests
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that it would be beneficial to have an instrument that can
specifically measure the presence of nighttime symptoms
and the impact they have on patients with COPD.

The Global Initiative for Chronic Obstructive Lung
Disease (GOLD) recommends evaluating symptoms, lung
function, and exacerbations to assess COPD.’ Since the
perception of the severity of symptoms is a subjective
experience, symptom severity is ideally evaluated based
on data collected using patient-reported outcome (PRO)
instruments:

A measurement based on a report that comes directly from
the patient about the status of a patient’s health condition
without amendment or interpretation of the patient’s

response by a clinician or anyone else.®

In diseases such as COPD, where symptoms can vary day
to day, daily diaries are often the method of choice to capture
the severity on each day with minimal recall bias.” This also
facilitates the computation of the average severity and vari-
ability over time, as well as symptom-free periods.

The Nighttime Symptoms of COPD Instrument (NiSCI)
was developed to collect data for evaluating the treatment
benefit of interventions that may reduce nighttime symptoms
of COPD in clinical trials and in clinical practice.® It was
developed based on qualitative research with COPD patients
according to the methods outlined in the US Food and Drug
Administration’s “Guidance for industry on patient-reported
outcome measures: use in medical product development to
support labeling claims”.® The instrument is designed as a
self-completed electronic daily diary to measure the occur-
rence and severity of nighttime symptoms in patients with
COPD, nocturnal awakening due to COPD symptoms, and
nighttime rescue medication use. The conceptual framework
for the instrument was developed based on concept elicita-
tion from COPD patients (four focus groups; n=27) about
their experiences of nighttime symptoms of COPD, with
clinical validity supported by the literature, and information
obtained through interviews with expert clinicians. Patient
understanding of the instrument was tested via cognitive
interviews with ten COPD patients. For full details on the
development of the instrument, see Hareendran et al.® Initial
testing was conducted within a clinical trial for a new COPD
maintenance medication.’

The objectives of this study were to reduce the final num-
ber of items, inform scoring, and examine the psychometric
properties of the NiSCI. The aim was to ensure that the
NiSCI is a valid and reliable instrument®!*" for collecting

data about patients’ experience of COPD symptoms during
the night.

Methods
Study design and population

The data used in this study were from a prospective Phase I11,
multicenter, multinational, randomized, parallel-group,
active- and placebo-controlled clinical trial that had a 2-week
run-in period followed by a 24-week treatment period. The
trial was an efficacy and safety study that aimed to investigate
the effects of a new fixed-dose combination bronchodilator
for COPD maintenance treatment (aclidinium and formot-
erol) versus the monotherapy components.’ Participants
aged 40 years or older with moderate-to-severe COPD and
a smoking history of 10 pack-years or more (1 pack-year is
the equivalent of smoking 20 cigarettes every day for 1 year)
were randomized in the trial. Moderate-to-severe COPD was
defined using the GOLD criteria: postalbuterol/salbutamol
forced expiratory volume in 1 second (FEV ) =30% to <<80%
predicted and FEV /forced vital capacity (FVC) <70% pre-
dicted. Patients were excluded from the trial if they did not
maintain regular day/night waking/sleeping cycles (eg, night
shift workers) in order to control for the impact of disturbed
sleep not due to COPD. Only stable patients (who had not
been hospitalized for an acute COPD exacerbation within
3 months prior to visit 1) were included.’

Measures

The e-diary included the NiSCI for completion in the morn-
ing to record any symptoms that occurred during the previ-
ous night and the Exacerbations of Chronic Obstructive
Pulmonary Disease Tool-Respiratory Symptoms (E-RS)™
for completion at night to describe symptoms over that day.
Thus, patients completed questions on an e-diary device
twice a day.

Patients also completed the St George’s Respiratory
Questionnaire (SGRQ)" and the Patient Global Impression
of Change (PGIC) during study visits. Additionally, clinical
trial personnel conducted spirometry tests and administered
the Baseline Dyspnea Index (BDI) during study visits.'®

NiSCI

The NiSCI was completed by patients each morning (7 am to
11 am) using an electronic daily diary (which included skip
patterns). The NiSCI prompts patients to respond to items
describing their experience from the time period between
when they went to bed and the time they woke up and got out
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of bed to start their day. The NiSCI was designed to measure

three concepts of interest in patients with COPD:

1. Occurrence and severity of nighttime symptoms: six
symptoms (“Did you experience any of the following last
night: cough, wheezing, shortness of breath, tightness in
the chest, chest congestion, and difficulty bringing up
phlegm?”) and overall severity of symptoms (“Overall,
how severe were your COPD symptoms last night?”)

2. The impact of these symptoms in terms of nighttime
awakenings: (“Last night, did you wake up because of
your COPD symptoms?”’; “How many times did you
wake up because of your COPD symptoms?”’)

3. Rescue medication use: (“How many puffs of your rescue
medication did you take last night?””)

If patients experienced a specific symptom in the previous
night, they were asked to indicate the severity of the indi-
vidual symptom (eg, “How severe was your cough?”) from
mild to very severe on a four-point scale. Responses were
coded from 1 to 4 (ie, mild=1, moderate=2, severe=3, very
severe=4). If patients indicated that they had woken up due
to COPD symptoms, they were asked to note the number of
times that they had woken up due to these symptoms.

Respiratory symptoms (E-RS)

The E-RS was designed as a standardized respiratory symp-
tom diary and utilizes eleven respiratory symptom items from
the 14-item Exacerbations of Chronic Pulmonary Disease
Tool.'” The E-RS has been demonstrated to be a valid and
reliable measure of symptom severity in COPD patients.'
It yields a total score and three subscale scores, with higher
scores indicating more severe symptoms. Item-level scores
range from four to five points (0-3 or 0—4), which are
summed to yield total and subscale scores. The respiratory
symptoms (RS) total score is an aggregate of three domains:
the RS-chest symptoms domain (derived sum of three items),
the RS-cough and sputum domain (derived sum of three
items), and the RS-breathlessness domain (derived sum of
five items). The E-RS was administered daily as part of an
e-diary during the clinical trial.

Health status (SGRQ)

The SGRQ, a validated measure of impaired health in dis-
eases of chronic airflow limitation that has been widely used
in clinical trials in COPD,'>'® contains 50 items divided into
three subscales: symptoms, activity, and impacts. A score is
calculated for each section and a total score is also calculated.
In each case, the lowest possible value is 0 and the highest

is 100. Each item has an empirically derived weight, with
the lowest equal to 0 and the highest equal to 100. Scores
for each subsection are calculated by dividing the summed
weights by the adjusted maximum weights for that com-
ponent, and the results are then expressed as a percentage.
Higher values correspond to greater impairment of quality
of life. The SGRQ was administered on an electronic device
during study visits: at baseline, week 4, week 12, and week 24
of the clinical trial.

PGIC

The PGIC assesses the patient’s perspective on how their
nighttime COPD symptoms have changed since the start
of the study. The PGIC has a seven-point response grade
ranging from “very much worse” to “very much improved”.
The PGIC provides a subjective summary index of patients’
perception of their degree of improvement (or worsening).
The PGIC was administered on an electronic device during
study visits: at baseline, day 4, week 4, week 12, week 18,
and week 24 of the clinical trial.

Spirometry

The largest value of three technically satisfactory forced
exhalation efforts measuring forced FEV, and FVC was
used. FEV, measures the volume of air that can be forcibly
expirated in 1 second. FVC is the volume (in liters) of air that
can be expirated after full inspiration. These two pulmonary
function tests are standardized measurements that are com-
monly used to assess patients with respiratory disorders.

Dyspnea (BDI)

Measurement of dyspnea was recorded at baseline using
the BDL.” The evaluation of dyspnea was performed by an
independent interviewer experienced in taking histories of
respiratory disease. The BDI can generate scores on three
domains: functional impairment, magnitude of task, and
magnitude of effort, as well as a total focal score.

Statistical analyses

A statistical analysis plan was created a priori for conduct-
ing the psychometric analyses. The intention was to conduct
secondary analyses of blinded data pooled across all treat-
ment groups. The analyses were conducted in two phases:
the item analyses and scoring definitions phase followed by
a phase testing the psychometric properties of the instrument.
The PRO analytic sample was defined as subjects in the
intention-to-treat population from the trial who had baseline
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(before study medication) PRO assessments, including the
NiSCI and clinical data required for analyses. Statistical
analyses were performed using statistical analysis system
software SAS version 9.1° (Cary, NC, USA). For analysis
of the week score (a 7-day average), a minimum of four (of
seven) diary entries during the 7-day period were required,
following the approach of Junghard and colleagues.”

Two random split-half samples were created based on
data pooled across the treatment groups. The first split-half
sample was used for item evaluation, item reduction, and
development of scoring algorithms. Once the final version
of the NiSCI was created and the scoring algorithms were
determined, reliability and validity were examined using data
from the second split-half sample.

Item analysis and psychometric validation were con-
ducted using the average of the 7 days leading up to and
including the day of randomization (referred to in this manu-
script as baseline week) and a single day score 7 days before
randomization (referred to as baseline day).

Item reduction and scoring algorithm

development

Items were analyzed to determine if any items could be
removed, if they were redundant, or if they had poor
psychometric characteristics. Item descriptives and item-
to-item correlations were conducted to examine the dis-
tributional characteristics of the individual NiSCI items.
The following criteria were considered for flagging items
as poorly performing: items that show a floor (mini-
mum response >30% of patients) or ceiling (maximum
response >30% of patients) effect; item—item correla-
tions >0.80; factor loadings <0.3 or misfit to the Rasch
model; a high negative (<-3.0) residual number, which
suggests an overfitting item (meaning that the information
provided by this item does not add any new information to
the measurement); or a high positive (>3.0) residual num-
ber, which suggests that the item is underfitting (indicating
that the item has a poor fit to the model and the response
categories are underdiscriminating or not discriminating dif-
ferences in severity). The following statistics and threshold
values were used to evaluate the model fit: comparative fit
index =0.90,2! root mean square error of approximately
=0.08, and root mean square residual number =0.05. The
results from the confirmatory factor analysis (CFA) and
Rasch model analysis were used to inform item deletion or
retention of items through an iterative process and to deter-
mine the scoring algorithm for the measure.

An item analyses meeting, which included participation
of the PRO tool developers, statisticians, and a COPD clini-
cal expert, was conducted following an initial item evalua-
tion, factor analysis, and Rasch model analysis. Attendees
at the meeting included four of the authors of this paper, as
representatives of the PRO tool development team (MM,
AH, EZ) and a COPD clinical expert (BM). In addition, two
expert statisticians attended to provide statistical advice and
interpretation, and another clinician involved in drug devel-
opment attended to provide clinical advice on the conceptual
importance of items. The meeting involved iterations of item
analyses and the CFA and Rasch model analyses to ensure
that a mixed method, including information from psychomet-
ric, PRO tool development, and clinical relevance perspec-
tives, was considered for evaluating the content validity of
the instrument and for determining its scoring.

Validity and reliability testing was conducted for the
scores on the final instrument (scored using the algorithm
finalized at the item analysis meeting). Internal consistency
was assessed using Cronbach’s coefficient alpha, with
>().70 considered to indicate good reliability.? Test—retest
reliability was primarily assessed by an intraclass correla-
tion coefficient (ICC) within a prespecified subset of stable
patients (those who selected “no change” in nighttime
symptoms on the PGIC between the baseline week data and
average scores from the week leading up to and including
study visit 4, termed visit 4 data). It was expected that there
should be no significant differences in NiSCI scores when
there is no change in the concept of interest (in this case,
nighttime symptoms). An ICC =0.7 would indicate good
test-retest reliability, scores between 0.4 and 0.7 indicate
moderate reliability, and scores <0.4 indicate low test-retest
reliability.?2*

The construct validity (ie, the extent to which a scale
actually measures what it is hypothesized to measure) of
the NiSCI was tested by examining its correlation with
other indicators of similar/related constructs®* (SGRQ total
for health status and symptom subscale scores, E-RS total
score for RS, and trough morning predose FEV | value for
lung function). All relationships were assessed using the
Spearman rank order correlation coefficients: scores indica-
tive of greater incidence and impact of nighttime symptoms
were expected to be associated with worse health status
and more severe symptoms. Moderate correlations were
expected (£0.50). Lower correlations were expected with
lung function, as COPD symptoms have been shown to have a
poor relationship with such physiological parameters.? It was
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anticipated that construct validity would be supported when
the NiSCI scores are substantially correlated (>0.40) with
items or scales measuring similar concepts.?

Known-groups validity (ie, the extent to which scores
from an instrument are distinguishable from groups of
subjects that differ by a clinically relevant marker or other
indicator) was examined by exploring the relationship of
NiSCI scores to clinical measures of disease status:?’2
GOLD spirometry severity stage (I-IV), SGRQ total score
(= sample median versus > sample median), SGRQ symp-
toms score (= sample median versus > sample median),
and E-RS total score (= sample median versus > sample
median). Analysis of variance models were used to assess the
significance of the differences in mean scores on the NiSCI
at baseline week for each of the groups described.

Results

Sample description

Sociodemographic characteristics

A total of 1,663 participants were enrolled in this study, with
a mean age of 63.918.9 years (range: 40-93 years); 46.8%
(n=778) of the sample were female. Participants had a mean
predose FEV, 0f 1.3840.52 L and FVC 0f 2.77£0.85 L, with
each of the means increasing postdose (FEV : 1.49£0.53 L;
FVC: 2.9740.88 L). The mean percentage predicted FEV,
at baseline was 49.0%=14.0%. Most participants were cat-
egorized as GOLD stage 11 (n=946; 56.9%) or III (n=696;
41.9), with only four participants classified as GOLD
stage 1 (0.24%) and 12 as GOLD stage IV (0.72%). Partici-
pants had a mean BDI of 6.412.2, and the most common
COPD-related concomitant medication was a short-acting
[2-adrenergic agonist (n=940; 56.5%), followed by inhaled
corticosteroids (n=549; 33.0%) and systemic corticosteroids
(n=243; 14.6%). Participants had an average SGRQ total
score of 46.5, an SGRQ symptom score of 65.1, and a 9.6
on the E-RS. The key patient demographics and clinical
characteristics at day 1/screening are presented in Table 1.
Further details of the sample are provided in the published
clinical trial (NCT01437397).6

Patients’ experience of COPD symptoms at
nighttime

During the night before the baseline day, 771 (50.3%) partici-
pants experienced coughing, 609 (39.7%) experienced wheez-
ing, 702 (45.8%) experienced shortness of breath, 427 (27.8%)
experienced tightness in their chest, 471 (30.7%) experienced
chest congestion, and 321 (20.9%) experienced difficulty

Table | Sociodemographic and clinical characteristics

Characteristics Overall sample day

12(n=1,663)
Age, mean (SD) 63.9 (8.9)
Sex female, n (%) 778 (46.8)
Race/ethnicity, n (%)
American Indian/Alaskan native 7 (0.4)
Asian 6 (0.4)
Black or African American 95 (5.7)
Native Hawaiian/Pacific Islander 2 (0.1)
White 1,550 (93.2)
Other 3(0.2)
FEV , mean (SD), L 1.4 (0.5)
FEV,, % predicted, mean (SD) 49.0 (14.0)
FVC, mean (SD), L 2.77 (0.85)
SGRQ,* n 1,648
Total score, mean (SD) 46.5 (18.5)
Symptoms domain score, mean (SD) 65.1 (21.4)
Activity domain score, mean (SD) 60.6 (22.3)
Impacts domain score, mean (SD) 32.7 (19.4)

E-RS total,“mean (SD; n)
GOLD stage, n (%)
| 4(0.2)
1] 946 (56.9)
11} 696 (41.9)
v 12 (0.7)

Notes: *For patients who were missing the NiSCI diary entry on day | (day of
randomization), data from the closest day before day | were used. *SGRQ scores
range from 0 to 100; higher score=more severe health status. “The E-RS total score
is an aggregate of three domains identified on the E-RS. Scores range from 0 to 40;
higher score=more severe respiratory symptoms.

Abbreviations: SD, standard deviation; FEV , forced expiratory volume in | second;
FVC, forced vital capacity; SGRQ, St George’s Respiratory Questionnaire; E-RS,
Exacerbations of Chronic Obstructive Pulmonary Disease Tool-Respiratory
Symptoms; GOLD, Global Initiative for Chronic Obstructive Lung Disease; NiSCI,
Nighttime Symptoms of COPD Instrument.

9.6 (6.30; 1,658)

bringing up phlegm. On baseline day, 311 (20.3%) participants
had awoken due to COPD symptoms the previous night. On
average, participants took 1.50+1.80 puffs of rescue medica-
tion the previous night. The mean scores from the symptom
severity items during baseline week are presented in Table 2.

Item analyses for item reduction

Most item-to-item correlations were significant. High cor-
relations were found between the overall severity of COPD
symptom item and the severity of shortness of breath item at
both baseline day (0.79) and baseline week (0.80). The prede-
termined cutoff for identifying potential item redundancy was
a correlation of 0.80, a threshold reached at baseline week for
these items. Excluding the correlation between these items,
the correlations between NiSCI items ranged from 0.14 to
0.72 (baseline day) and from 0.11 to 0.73 (baseline week).
The high item-to-item correlation potentially demonstrates
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Table 2 Patients’ experience of chronic obstructive lung disease symptoms at nighttime evaluated using the NiSCI: baseline week®

NiSCI items n Mean (SD) Median Range
Cough severity® 1,630 0.77 (0.76) 0.57 0-3.8
Wheezing severity® 1,630 0.61 (0.74) 0.29 0-3.8
Shortness of breath severity® 1,630 0.76 (0.81) 0.50 0-3.8
Tightness in chest severity® 1,627 0.43 (0.65) 0 0-3.8
Chest congestion severity® 1,627 0.47 (0.70) 0 0-3.8
Difficulty with bringing up phlegm severity® 1,630 0.41 (0.76) 0 0-4.0
Overall nighttime symptoms severity® 1,630 1.03 (0.70) | 0-3.8
Number of nighttime awakenings* 243 2.03 (1.06) 1.8 1-=10
Nighttime puffs of rescue medication 1,630 1.39 (1.49) | 0-94

Notes: *Baseline week: 7 days up to and including randomization day. ®0=no symptoms; |=mild; 2=moderate; 3=severe; and 4=very severe. ‘Nighttime awakening is censored
at ten times. Only those who answered “yes” to a question on if they woke up due to nighttime symptoms were included.
Abbreviations: NiSCI, Nighttime Symptoms of COPD Instrument; SD, standard deviation.

the importance of shortness of breath as a driver of symptom
severity, and hence it was not considered for deletion.

The overall symptom severity item was retained as a sum-
mary of the patients’ overall experience of COPD symptoms,
which may include factors other than the six symptoms spe-
cifically noted in the NiSCI. When a Rasch model analysis
using the overall symptom severity item and the six specific
symptom items was conducted, the overall symptom sever-
ity item did not fit the model, as indicated by chi-square
probability <0.001 (fit residual: —3.63). This is likely due to
redundancy between the six symptom items and the overall
symptom severity item. A second Rasch model analysis was
conducted using just the six symptom items.

While most items were identified as having correctly
ordered response categories, one item (“how severe was
the difficulty with bringing up phlegm?”) was identified as
having incorrectly ordered response categories (suggesting
that the “mild” response option is redundant), indicted by
the threshold parameters. All of the items were identified
as fitting the model (chi-square probability >0.001) and
fell within the acceptable —3.0 to 3.0 fit residual range. The
overall model-fit chi-square was 81.42 (P<<0.002). The mis-
ordering of the item threshold parameters for the item “how
severe was the difficulty with bringing up phlegm?” was
likely caused by a small percentage of subjects who chose
the response option “mild”, relative to the large percentage
who indicated they did not experience difficulty bringing
up phlegm at all (5.6% vs 79.0%, respectively). Given the
small percentage of respondents choosing “mild”, it is not
advisable to drop the response option based on the Rasch
results, especially considering its inclusion in the other
items (where consistency between items in their response
options will likely reduce patient burden). A summary
of the item analyses for decision making can be found in
Table 3.

Determining scoring

The results of the Rasch analysis and CFA suggested that the
overall symptom severity item should be scored separately
from the other symptom severity items. Therefore, it was
proposed that two scores would be generated to describe
patients’ experiences of severity of symptoms at night: 1) a
six-item symptom severity score including the six NiSCI
COPD symptom-specific severity items and 2) an overall
symptom severity score based on the NiSCI overall COPD
symptom severity item. The revised conceptual framework
reflecting these changes is shown in Figure 1. A decision
was made that the NiSCI items on the number of nighttime
awakenings and rescue medication use would be examined
separately as individual items, as they conceptually define the
impact of symptoms as in the original conceptual framework.
These four provisional NiSCI scores — six-item symptom
severity score, overall symptom severity score, rescue medi-
cation score, and number of nighttime awakenings score —
were tested for their psychometric properties.

Psychometric properties

Reliability

Internal consistency reliability (assessed using Cronbach’s
alpha) was 0.85 for the six-item symptom severity score,
indicating good internal consistency, as the individual items
are highly related to each other and to the scale as a whole,
without evidence of redundancy. Furthermore, Cronbach’s
alpha values decreased slightly when individual constituent
items were deleted (range: 0.821-0.847).

Good test—retest reliability (ICC: >0.7) was demon-
strated for all NiSCI scores (ICC range: 0.82—0.85) except
the rescue medication score (ICC: 0.68), which showed
moderate reliability. There was strong agreement between
the ICC and the concordance correlation coefficient for all
scores.
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Items

Cough severity

Wheezing severity

Shortness of breath severity

Difficulty bringing up phlegm
severity

Tightness in chest severity

‘ Chest congestion severity }7

OR

verall nighttime symptoms

Symptom concepts

A

Impact concepts

Severity of nighttime symptoms
——» (6-item symptom severity score or

overall symptom severity score)

severity

Nighttime puffs of rescue

Use of rescue medication at night

Number of nighttime

v

(rescue medication score)

Nighttime awakening due to COPD

‘ medication

awakenings

Figure | Final conceptual framework.
Abbreviation: COPD, chronic obstructive pulmonary disease.

Validity

Results of the analyses of convergent validity are presented
in Table 4. Moderate-to-strong correlations (>0.4) were
demonstrated for the NiSCI six-item symptom severity and
overall symptom severity scores with the SGRQ (symptom
and total) scores and E-RS total score. A stronger correlation
was identified between the NiSCI six-item symptom severity
score and the SGRQ symptom domain score (0.66) than with
the other SGRQ domain scores (0.55-0.58). Significant cor-
relations were also found between all the NiSCI scores and
the E-RS total score (0.35-0.50). No significant correlations
were found between the NiSCI scores and trough FEV .

Known-groups validity

All NiSCI scores differentiated between known groups
of SGRQ total and symptom domain scores (Figures 2
and 3, respectively) and between the E-RS total score groups

v

(number of nighttime awakenings score)

(Figure 4). Due to the small sample sizes of patients in
GOLD stage I (n=4) and GOLD stage IV (n=12), the only
meaningful pairwise comparison between GOLD stages
was between GOLD stages II and III. The overall symptom
severity and rescue medication scores differed in these two
groups (P<<0.001; Figure 5).

Discussion

Since COPD symptoms at night can have a significant impact
on patients’ quality of life, especially when symptoms disrupt
sleep, nighttime COPD symptoms are important to evaluate
in both clinical practice and clinical trials.! However, there
is no standardized, reliable, and valid outcome measure that
can be used to evaluate nighttime symptoms of COPD. While
there is evidence about the content validity of the NiSCI,?
this paper presents the first evidence to support the scoring
of the instrument and its psychometric properties.

Table 4 Correlation?® of NiSCI scores with SGRQ, E-RS total, and FEVIb at baseline week

Six-item symptom

Overall symptoms

Number of nighttime Rescue medication

severity score® severity score? awakenings score score
SGRQ total score 0.58%k 0.57°%kk 0.45%#k 0.3 5%k
SGRQ symptoms score 0.66%%* 0.60%#* 0.45%%* 0.39%%*
SGRQ impacts score 0.55%k Q.53 0.45%#* 0.35%k
E-RS total score 0.76%** 073 0.50%#* 0.36%**
FEV, (trough)® -0.01 -0.04 0.01 —-0.06

Notes: *Spearman rank order correlation coefficients: **P<0.0001. ®"Morning predose value. ‘Average score of six symptom severity items (cough, wheezing, shortness
of breath, tightness in your chest, chest congestion, and difficulty bringing up phlegm). “Single item on overall nighttime symptoms severity.
Abbreviations: NiSCI, Nighttime Symptoms of COPD Instrument; SGRQ, St George’s Respiratory Questionnaire; E-RS, Exacerbations of Chronic Obstructive Pulmonary

Disease Tool-Respiratory Symptoms; FEV,, forced expiratory volume in | second.
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2.0

Mean = SE

6-item symptom
severity score

Overall symptom
severity score

B SGRAQ total score < sample median

Figure 2 NiSCI scores by SGRQ total score at baseline week.

*kk

1.73
(1.46)

Rescue
medication score

Number of
nighttime
awakenings score

I SGRAQ total score > sample median

Notes: Values above bars indicate the mean (standard deviation) for each. Error bars represent standard error of the mean. Significance level for comparison: **P<0.0001;

sample median 47.48.

Abbreviations: NiSCI, Nighttime Symptoms of COPD Instrument; SGRQ, St George’s Respiratory Questionnaire; SE, standard error.

The results of this research confirm that the nine items in
the NiSCI can be used to collect data about nighttime symp-
toms of COPD and to generate four scores: 1) the six-item
symptom severity score, 2) the overall symptom severity
score, 3) the rescue medication score, and 4) the number of
nighttime awakenings score. CFA and Rasch model analysis
confirmed the one-factor structure of the six-item symptom
severity score based on the six COPD symptom severity
items. The score exhibited good internal consistency and
test-retest reliability. Test-retest reliability was also con-
firmed for the three other NiSCI scores. It is recommended
that the four scores should be used separately, as there is no
empirical evidence to support a total score.

Convergent validity was confirmed, with evidence of
predicted correlation between the four NiSCI scores and the
scores on other PRO instruments measuring similar concepts
(ie, SGRQ total and symptom scores and E-RS total scores).
As expected, none of the scores on the NiSCI was correlated
with FEV . Previous research has also shown that symptoms
and lung function parameters are often not correlated in
COPD.* This further highlights the importance of collect-
ing data using PRO instruments (in addition to pulmonary
function outcomes) in order to understand COPD patients’
experiences, for monitoring patients, and for evaluating the
outcomes of interventions.

All four NiSCI scores differentiated between groups
that differed in their SGRQ total (P<<0.0001) and symptom
scores (P<<0.0001) and E-RS total scores (P<<0.0001 for all
except for rescue medication item, P<<0.001). Differences
between known groups of patients defined as GOLD stage I1
or GOLD stage III could be observed on all four scores and
were significant for the single-item overall symptom sever-
ity score (P<<0.001) and the single-item rescue medication
score (P<<0.001). However, differences between other GOLD
stages could not be examined, due to the small samples for
these stages in the clinical trial data. It would be beneficial
in future research to examine the differences between other
GOLD severity stages.

The NiSCI also provides a simple measure of COPD
symptom severity with the single item about overall symptom
severity. Similar overall assessment of severity of symptoms
has been used in both COPD and asthma; for example, use
of short-acting beta-agonists is commonly assessed in COPD
trials, and both number of puffs of albuterol and number of
symptom-free days have been reported as outcomes.” The
American Thoracic Society (ATS) statement on endpoints
for evaluating asthma control recommends that for evaluat-
ing the number of “symptom-free days” in asthma, a general
question about symptoms (rather than several questions about
individual symptoms) is most appropriate.>* Symptom-free

International Journal of COPD 2015:10

submit your manuscript

483

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Mocarski et al Dove

*kk

2.0+ 1.74

Mean = SE

6-item symptom Overall symptom Number of Rescue
severity score severity score nighttime medication score
awakenings score

B SGRQ symptom score < sample median M SGRQ symptom score > sample median

Figure 3 NiSCl scores by SGRQ symptom score at baseline week.

Notes: Values above bars indicate the mean (standard deviation) for each. Error bars represent standard error of the mean. Significance level for comparison: **P<<0.0001;
sample median 69.46.

Abbreviations: NiSCI, Nighttime Symptoms of COPD Instrument; SGRQ, St George’s Respiratory Questionnaire; SE, standard error.

days may be an important end point for trials evaluating  that the six-item symptom severity and overall symptom

interventions for milder forms of COPD. severity scores together provide the most comprehensive

The qualitative research used to support the development  picture of COPD patients’ symptoms at nighttime and
of the NiSClI indicated that all six symptoms measured inthe  advise that, when possible, the two scores should both be
instrument were experienced by COPD patients. We suggest  used. If there are limitations to the study, the authors would

*%

2.0- 1.73
(1.47)
*kk

Mean = SE

6-item symptom Overall symptom Number of Rescue
severity score severity score nighttime medication score
awakenings score

M E-RS < sample median m E-RS > sample median

Figure 4 NiSCl scores by E-RS score at baseline week.

Notes: Values above bars indicate the mean (standard deviation) for each. Error bars represent standard error of the mean. Significance level for comparison: **P<<0.001;
*##P<0.0001; sample median | 1.

Abbreviations: NiSCI, Nighttime Symptoms of COPD Instrument; E-RS, Exacerbations of Chronic Obstructive Pulmonary Disease Tool-Respiratory Symptoms; SE, standard
error.
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2.0+
1.8+

*%*

1.13
(0.67)

0.96

16
14-
1.2
1.0
0.63

0.52 (0.59)
(0.56)

0.8

Mean = SE

0.6
0.4-
0.2+

severity score

B GOLD severity stage Il

Figure 5 NiSCI scores by GOLD severity stages Il and Il at baseline week.

6-item symptom  Overall symptom
severity score

*kk

1.62
(1.58)

0.37 0.40
(0.85) (0.73)

Rescue
medication score

Number of
nighttime
awakenings score

I GOLD severity stage llI

Notes: Values above bars indicate the mean (standard deviation) for each. Error bars represent standard error of the mean. Significance level for comparison: **P<<0.001;

*¥p<0.0001.

Abbreviations: NiSCI, Nighttime Symptoms of COPD Instrument; GOLD, Global Initiative for Chronic Obstructive Lung Disease; SE, standard error.

recommend using the six-item severity score, as it would
provide a more precise measurement of change in the most
relevant nighttime symptoms of COPD. If needed, due to
study constraints (eg, patient burden), the overall score could
be used on its own to measure symptom severity or to cal-
culate symptom-free days. While there is evidence that the
overall symptom severity score is robust, the properties of this
single-item score were evaluated in the context of its applica-
tion along with the six individual symptom severity questions
in the daily diary. Further testing of this single item score on
its own is recommended to confirm these findings.

Study limitation and directions for future

research

This validation work was limited to a sample population
taken from a clinical trial with a largely homogenous popula-
tion, particularly in regards to race, as the majority (93%) of
patients were white. One limitation to this study is that it did
not include a more representative sample of the population.
As a result, the validity of the NiSCI outside of this popula-
tion is still uncertain and must be examined further.

In addition, the sample population was primarily made
up of patients classified as GOLD stage II or III COPD.
Sample sizes of patients classified as GOLD stage I or IV
COPD were not large enough to be meaningfully analyzed.
Therefore, future validation work with the NiSCI should
aim to evaluate the measure’s appropriateness among other

populations with varying degrees of COPD severity accord-
ing to the GOLD criteria.

Previous research has suggested that there is a weak relation-
ship between FEV and COPD symptoms. The results of this
study are in line with those findings. Nevertheless, because the
sample is somewhat homogenous, it is possible among patients
with very severe (versus mild) COPD that the relationship
between FEV | and nighttime symptoms may differ. However,
the sample was not large enough to test this question.

Further information is required on the responsiveness
of the NiSCI, and minimally important differences should
be established for each of the four scores. This additional
information is particularly important for determining whether
or not to include the NiSCI as an end point in an interven-
tional trial.

Conclusion

The results of the assessment of the measurement properties
suggest that the NiSCI is a reliable and valid instrument to
evaluate nighttime COPD symptoms. The NiSCI can help
provide data about patients’ experience of nighttime symp-
toms of COPD, which other instruments do not currently
measure. While the NiSCI was designed primarily to collect
data to support labeling claims in clinical trials, the instru-
ment may also be useful in clinical practice and other research
studies, and can help in making decisions about treatment
options. Using the instrument during clinical consultations
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could help clinicians and patients make decisions, for
example, about the timing of maintenance medication for
treating nighttime symptoms. Additional work is currently
being conducted to define responders and to evaluate the
responsiveness of the NiSCI to interventions for COPD.
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