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Asthma Daytime Symptom Diary (ADSD) and ®
Asthma Nighttime Symptom Diary (ANSD):

Measurement Properties of Novel Patient-Reported
Symptom Measures
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What is already known about this topic? Despite the availability of various patient-reported outcome measures, the
absence of standardized measures to evaluate asthma symptom severity has been acknowledged as a barrier to clinical
research and understanding patient responses to treatment.

What does this article add to our knowledge? The Asthma Daytime Symptom Diary and Asthma Nighttime Symptom
Diary are new patient-reported outcome measures developed for adults and adolescents with asthma. Qualified within
Food and Drug Administration’s Clinical Outcome Assessment Qualification Program, evidence supporting reliability and

associated with therapeutic interventions.

validity of Asthma Daytime Symptom Diary and Asthma Nighttime Symptom Diary scores is presented.

How does this study impact current management guidelines? Findings from this quantitative study complement
existing qualitative evidence supporting the validity of the Asthma Daytime Symptom Diary and Asthma Nighttime
Symptom Diary as appropriate measures for evaluating the severity of asthma symptoms and the treatment benefit
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Abbreviations used
AASDS- Adult Asthma Symptom Daily Scales
ACT- Asthma Control Test
ADSD- Asthma Daytime Symptom Diary
ANOVA- analysis of variance
ANSD- Asthma Nighttime Symptom Diary
CFA- confirmatory factor analysis
CFI- comparative fit index
DIF- differential item functioning
FDA- Food and Drug Administration
FEV - forced expiratory volume in 1 second
ICC- intraclass correlation coefficient
IRT- item response theory
NNFI- non-normed fit index
NRS- numeric rating scale
PCA- principal components analysis
PEF- peak expiratory flow
PGIS- Patient Global Impression of Severity
PRO- patient-reported outcome
RMSEA- root mean square error of approximation
WRMR- weighted root mean square residual

BACKGROUND: The Asthma Daytime Symptom Diary
(ADSD) and the Asthma Nighttime Symptom Diary (ANSD)
were developed to meet the need for standardized patient-
reported measures of asthma symptoms to assess treatment trial
outcomes in adults and adolescents.

OBJECTIVE: To determine scoring and evaluate the
measurement properties of the ADSD/ANSD.

METHODS: Adolescents (12-17 years) and adults (18+ years)
with asthma completed draft 8-item electronic versions of the
ADSD/ANSD for 10 days alongside the Adult Asthma Symptom
Daily Scales (AASDS) and a Patient Global Impression of
Severity (PGIS). Using classical and modern psychometric
methods, initial analyses evaluated the performance of ADSD/
ANSD items to inform scoring. Subsequent analyses evaluated
the reliability and validity of ADSD/ANSD scores.

RESULTS: A demographically and clinically diverse sample

(n = 130 adolescents; n = 89 adults) was recruited. Item
performance was generally strong. However, items assessing
chest pressure and mucus/phlegm demonstrated redundancy
and poorer performance and were removed. Principal-
components analysis, confirmatory factor analysis, and item
response theory supported combining items to form 6-item total
ADSD/ANSD scores. Internal consistency (@ = 0.94-0.95) and
test-retest reliability (intraclass correlation coefficient = 0.86-
0.95) were strong. Strong correlations (» = 0.72-0.80) were
observed between ADSD scores and AASDS items assessing
asthma symptom frequency, bother, and impact on activities.
Significant differences (P < .001) in mean ADSD/ANSD scores
were observed between groups categorized by asthma severity
(PGIS), asthma control, inhaler use, nebulizer use, activity lim-
itations, and nighttime awakenings.

CONCLUSIONS: The ADSD/ANSD items and scores
demonstrated strong reliability and validity. Implementation
of the measures in interventional studies will enable the
evaluation of responsiveness and meaningful within-patient
change. © 2021 The Authors. Published by Elsevier Inc. on
behalf of the American Academy of Allergy, Asthma &

Immunology. This is an open access article under the CC BY-
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NC-ND license (http://creativecommons.org/licenses/by-nc-
nd/4.0/). (J Allergy Clin Immunol Pract 2022;10:1249-59)

Key words: Asthma; Patient-reported outcome measure; Clinical
outcome assessment; Reliability; Validity

INTRODUCTION

Affecting more than 300 million people, asthma is the most
prevalent chronic respiratory disease worldwide and among the
most common chronic diseases of children and adolescents. '
Asthma is characterized by recurrent episodes and exacerba-
tions of cough, wheeze, breathlessness, and chest tightness.j
These episodes are associated with variable airflow obstruction,
often reversible spontaneously or with treatment.” Despite ad-
vances in the understanding of asthma and availability of disease
management guidelines, the need for translating scientific prog-
ress into improved outcomes meaningful to patients with un-
controlled asthma remains high.*”

Forced expiratory volume in 1 second (FEV;) and peak expira-
tory flow (PEF) typically serve as standard measurements of airway
function in clinical studies.” Eradication of or a reduction in the
frequency and severity of symptoms is an indicator of asthma control
and a goal of asthma management.””* However, there is a poor
correlation between objective measures of disease severity (eg, FEV,
and PEF) and patients’ self-reported experience of asthma symp-
toms.”'" Asthma symptom severity can only be evaluated by the
patients themselves and, as such, well-developed patient-reported
outcome (PRO) measures are necessary for characterizing these
experiences in clinical studies.

In 2012, the National Institutes of Health stated that “asthma
clinical research will highly benefit from standardization of major
outcomes in terms of definition and assessment methodology.”'”
Well-established standards exist for the development and testing
of PRO measures intended for use in clinical research and
practice.'””'® However, many PRO measures historically used to
assess asthma symptoms fail to meet these expectations.'” In
particular, strong evidence supporting the content validity (the
extent to which the PRO measure assesses the concept of in-
terest, ie, asthma symptom severity) and measurement properties
(reliability, validity, and ability to detect change) of existing
measures in adolescents and adults is generally lacking,”**!

To fill this gap, the PRO Consortium’s Asthma Working
Group at the Critical Path Institute sponsored the development
of 2 new PRO measures designed to assess the severity of the core
symptoms of asthma among adolescents (12 through 17 years)
and adults (18 years and older). Formerly referred to collectively
as the Asthma Daily Symptom Diary,”” the Asthma Daytime
Symptom Diary (ADSD) and the Asthma Nighttime Symptom
Diary (ANSD) were both developed according to recommen-
dations and scientific best practices outlined in Food and Drug
Administration (FDA) guidances'”'” and published literature.'*
' The ADSD/ANSD were qualified by the FDA within its
Clinical Outcome Assessment Qualification Program in 2019.”
The qualification statement supports the ADSD/ANSD as
measures of asthma symptoms in drug development.”*

Results of qualitative research conducted to inform ADSD/
ANSD developmentand provide evidence for content validity of the
measures were reported previously.”” In this study, quantitative data
were collected from participants using the ADSD/ANSD to evaluate
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TABLE I. Summary of analyses conducted to finalize the ADSD and ANSD conceptual frameworks, to develop preliminary scoring al-
gorithms, and to evaluate the reliability and validity of resulting scores

Measurement property

Analysis performed

Summary of analysis

Stage 1: Item-level analyses
Quality of completion

Item performance

Determining inter-item relationships

Instrument structure (dimensionality)

Frequency of missing data

Item distribution and floor and ceiling effects

Empirical item curves and stacked histograms

Inter-item correlations

Principal component analysis (PCA)

Confirmatory factor analysis (CFA)

Item response theory (IRT)

Frequency of missing data for the ADSD and the ANSD (at
the form and item level) over the 10-day study period was
evaluated.

The frequency and percentage of each response option of the
ADSD and the ANSD was described.

Floor effects and ceiling effects were assessed for each item
to determine the appropriateness of ADSD and ANSD
item response scales for the population and likelihood of
detecting changes in symptom severity over time.

Using PGIS responses, these analyses explored whether
ADSD and ANSD item response categories covered the
entire range of asthma symptom severity, were ordered
and distinct, and were able to distinguish between
participants with different asthma severity levels.

Computed using polychoric correlation coefficients (a
measure of agreement between ordinal variables)”’
defined between each pair of ADSD/ANSD items at Day
3 to ensure that items were providing distinct information.

Polychoric correlation coefficients between participant
responses to ADSD items (Day 3) and responses to
equivalent ANSD items (Day 4) were calculated to
evaluate concordance between daytime and nighttime
symptoms.

PCA was performed on ADSD and ANSD items at Day 3
using polychoric correlations to provide insight into the
grouping of similar items together into summary scores
for the ADSD and the ANSD.

CFA of all ADSD and ANSD items loading onto a single
underlying factor was performed on the basis of data
collected at Day 3 using polychoric correlations, the
asymptotic covariance matrix, and robust weighted least
squares estimation (ie, diagonally weighted least squares
or weighted least squares with a mean and variance
correction).

Root mean square error of approximation < 0.06,
comparative fit index > 0.95, non-normed fit index >
0.95,30 weighted root mean square residual < 1.0,3 Iand
factor loadings > 0.40°* were considered indicative of
good model fit.

IRT (a latent variable modeling approach) was used to gain
further insight into the appropriateness of the response
categories and item discrimination. Data on the ADSD
and ANSD items from Days 3 and 10 (separately) were
analyzed using the graded response model in
FlexMIRT. "

Item-person maps were used to evaluate the range along the
underlying domain of asthma severity that the set of
ADSD and ANSD items is able to reliably measure. If the
ADSD and ANSD provide reliable measurement both for
severe asthma and for mild or controlled asthma, the item-
person map should show that the set of item thresholds
produces ample information across the range of the x-axis.
A curve showing the expected reliability of scores
produced at any point along the x-axis was included in the
plot. The curve should exceed the traditional threshold of
0.70 across most of the x-axis where participants are
likely to be located.*

(continued)
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Measurement property Analysis performed

Summary of analysis

Stage 2: Score-level analyses

Reliability Internal consistency reliability

Test-retest reliability

Differential item functioning (DIF)

Construct validity Construct validity correlations

Known-groups method

Handling of missing data Item-level missing data

Form-level missing data

The internal consistency of the ADSD and ANSD composite
scores (ie, the extent to which items belong to the same
scale) was investigated using the Cronbach « coefficient
based on data at Day 3 (Cronbach o > 0.70, indicating
that a set of items has enough in common to justify
grouping together).”*

Test-retest reliability of ADSD and ANSD scores was
assessed among participants whose responses to the PGIS
were the same on Day 3 and Day 10 using the intraclass
correlation coefficient (ICC) as calculated using a 2-way
mixed-effect model with the interaction (Shrout and
Fleiss’s equation 2*° and McGraw and Wong Case 3
ICC(A,1))*° with absolute agreement for single
measures.’

Ordinal logistic regression models were used to explore DIF
for the ADSD and ANSD items at Day 3 according to (1)
participants’ age (adolescents vs adults), (2) sex (male vs
female), (3) race (White vs Black/African-American/
Other), (4) ethnicity (Hispanic vs non-Hispanic), and (5)
education level (some high school and below vs college
or higher for adults).*®

Assessed by examining correlations of the ADSD and
ANSD scores with similar concepts (ie, convergent
validity) and dissimilar concepts (ie, discriminant
validity) on the AASDS on Day 3.

t-tests and ANOVA used to evaluate the ability of ADSD
and ANSD scores to differentiate between participants
according to disease-related variables including asthma
severity, asthma control, inhaler use, nebulizer use,
nighttime awakenings, and activity limitations. #-tests and
ANOVA were used because they have been shown to be
robust to violations of normality.*”*

To inform the number of items within the ADSD and the
ANSD that may be missing, and a reliable score still be
produced, the Cronbach alpha-if-item-deleted approach
was used.”’

To inform the number of days across which scores should be
averaged to produce a reliable score, the Spearman-
Brown prophecy formula was used.*

the cross-sectional measurement properties (eg, reliability and
construct validity) of individual items and summary scores.

METHODS
Study sample

A sample of 200 participants with asthma was targeted with
representation sought from 4 distinct age groups: 12 to 14 years
(n = 80), 15 to 17 years (n = 40), 18 to 45 years (n = 40), and 46
years or older (n = 40). Sample size estimations sought to ensure a
minimum of 10 participants per item’’ and were based on the
assumption of subgroup analyses being performed in 2 groups: ad-
olescents (12-17 years) and adults (18 years and older). An over-
representation of adolescents (12-14 years) was targeted at FDA’s
request to evaluate item performance and the reliability and validity
of ADSD/ANSD scores in this subpopulation.

Participants were recruited via referrals from primary care physi-
cians/general practitioners or respiratory specialists from 10
geographically diverse sites throughout the United States (between

August and October 2015). Eligibility criteria for this study reflect
those typically used in asthma clinical trials and were consistent with
criteria implemented in the qualitative research conducted during
the development of the ADSD/ANSD.*” Notably, participants were
required to have a clinician-confirmed diagnosis of asthma for at least
a year, to have received/filled a prescription for an asthma controller
medication in the past year, and to have experienced asthma
symptoms during the past 3 weeks.

To ensure recruitment of a diverse sample of participants, quotas for
participant characteristics, including age, sex, ethnicity, race, education
level, asthma control, recent exacerbation history (per American

2 and

Thoracic Society/European Respiratory Society definitions)
medication use following stepwise medication categories (as outlined by

the Global Initiative for Asthma 2015 guidelines)8 were implemented.

Study procedures
This study was conducted per the Declaration of Helsinki, and

ethical approval for the study was obtained from the Copernicus
Group Independent Review Board (approval code ADE2-14-418).
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12 through 14y 15 through 17 y 18 through 45 y 46+ y Total sample

Sample demographic and clinical data (n = 88) (n = 42) (n = 45) (n = 44) (N = 219)
Age (y)

Mean 12.9 16.1 31.3 55 25.8

Min, Max 12, 14 15, 17 18, 45 46, 74 12, 74
Sex, n (%)

Male 46 (52.3) 18 (42.9) 16 (35.6) 19 (43.2) 99 (45.2)

Female 42 (47.7) 24 (57.1) 29 (64.4) 25 (56.8) 120 (54.8)
Ethnicity, n (%)

Hispanic or Latino (of any race) 33 (37.5) 16 (38.1) 13 (28.9) 14 (31.8) 76 (34.7)

Non-Hispanic or Latino 55 (62.5) 26 (61.9) 32 (71.1) 30 (68.2) 143 (65.3)
Race, n (%)

Asian or Pacific Islander 3 (3.4) 4 (9.5) 4 (8.9) 1(2.3) 11 (5.0)

Black/African American 26 (29.5) 12 (28.6) 14 (31.1) 13 (29.5) 65 (29.7)

Hispanic/Latino (provided as individual’s race as well 12 (13.6) 3(7.1) 3(6.7) 3 (6.8) 21 (9.6)

as ethnicity)

Other 12 (13.6) 3(7.1) 4 (8.9) 2 (4.5) 24 (11.0)

White 34 (38.6) 20 (47.6) 22 (48.9) 22 (50.0) 98 (44.7)
Highest level of education, n (%)

Some high school — — 11 (24.4) 19 (43.2) 30 (33.7)

College or higher — — 33 (73.3) 25 (56.8) 58 (65.2)

Missing data — — 12.2) — 1(1.1)
ACT, n (%)

Well-controlled (>20) 33 (37.5) 14 (33.3) 15 (33.3) 18 (40.9) 80 (36.5)

Not well-controlled (16-19) 24 (27.3) 16 (38.1) 14 (31.1) 11 (25.0) 65 (29.7)

Very poorly controlled (<15) 31 (35.2) 12 (28.6) 16 (35.6) 15 (34.1) 74 (33.8)
Experience of an exacerbation in the 2 wk before

screening according to physician,”® n (%)

No exacerbation 59 (67.0) 23 (54.6) 34 (75.6) 26 (59.1) 142 (64.8)

Moderate exacerbation 26 (29.6) 16 (38.1) 8 (17.8) 16 (34.1) 66 (30.1)

Severe exacerbation 334 3(7.1) 2 (4.4) 3 (6.8) 11 (5.0)
Medication step as prescribed by physician,® n (%)

Step 1 32 (36.4) 10 (23.8) 10 (22.2) 8 (18.2) 60 (27.4)

Step 2 18 (20.5) 10 (23.8) 10 (22.2) 9 (20.5) 47 (21.5)

Step 3 17 (19.3) 9 (21.4) 9 (20.0) 9 (20.5) 44 (20.1)

Step 4 16 (18.2) 9 (21.4) 11 (24.4) 14 (31.8) 50 (22.8)

Step 5 5(.7) 4(9.5) 5 (11.1) 4 (9.1) 18 (8.2)

Informed consent (parental/guardian permission and assent for
participants 12 -17 years) was obtained for all participants before
entry into the study.

All eligible participants attended an initial visit with site staff
(within 5 working days of screening) during which they received
training on how to operate a handheld device (HTC H2 smart-
phone) on which the study outcome measures were completed and
to explain study requirements. A short interview was conducted with
each participant to ensure they understood the training.

During the study, participants were expected to complete the 8
ADSD items every evening and the 8 ANSD items every morning
for 10 days. Alongside the ADSD/ANSD, participants completed
items assessing limitations in physical activities (evening only),
nighttime awakenings (morning only), and rescue inhaler/nebulizer
use (morning and evening). Additional PRO measures completed
during the 10-day study period included a Patient Global Impression
of Severity (PGIS) item and the Adult Asthma Symptom Daily
Scales (AASDS).”” Alerts and alarms were programmed into the
devices to remind participants to complete assessments at the

relevant time points. Automated alerts informed study investigators
of consecutive missed assessments (to follow-up with participants).
Participants missing 2 consecutive assessment days (2 full days or 4
consecutive assessments) were excluded from the analyses. Skipping
of individual items was allowed, but participants were asked to
confirm they wished to proceed without providing an answer as a
means of monitoring intentional skips.

On completion of the 10-day study period, participants attended
a second study site visit to return the study device.

Study outcome measures

The ADSD and ANSD are PRO measures designed to assess self-
reported severity of the core, defining symptoms of asthma. Draft
ADSD/ANSD versions completed during this study had 8 items
each assessing the following symptoms: difficulty breathing,
wheezing, shortness of breath, chest tightness, chest pressure, chest
pain, cough, and mucus (phlegm).”” The ADSD is designed to be
completed before going to bed and asks respondents to rate the
severity of the asthma symptoms during the day. Conversely, the
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CFA factor loadings and fit statistics for the ADSD and the ANSD (at Day 3)

TABLE lIl.

ANSD (n = 197)

ADSD (n = 196)

Final (6-item) Original (8-item) Final (6-item)

Original (8-item)

Unidimensional Unidimensional Unidimensional

Unidimensional

Fit statistics factor Fit statistics factor Fit statistics factor Fit statistics
RMSEA = 0.144 RMSEA = 0.165 RMSEA = 0.135

RMSEA = 0.226

factor

Item

0.924 0.941 0.945 0.954

1. Difficulty breathing

2. Wheezing

0.932

0.924

0.935

0.880

0.930

0.855

CFI = 0.996

0.947

CFI = 0.992

CFI = 0.994

0.984

CFI =

0912

3. Shortness of breath

0.963

0.967

4. Pressure (heavy feeling) on chest

5. Chest tightness

6. Chest pain
7. Cough

NNFI = 0.994

0.896
0.903

NNFI = 0.989

0.950

NNFI = 0.990

0.857

NNFI = 0.978

0.928

0.898

0.861

0.855

WRMR = 0.618

0.818

WRMR = 0.982

0.826
0.779

0.655

WRMR

0.828

WRMR = 1.303

0.861

0.828

8. Mucus/phlegm

CFI, Comparative fit index; RMSEA, root mean square error of approximation; NNFI, non-normed fit index; WRMR, weighted root mean square residual.

Bolded values indicate fit statistics within accepted thresholds for good model fit.
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ANSD is designed to be completed on waking and asks respondents
to rate the severity of the asthma symptoms during the night. The
ADSD and ANSD ask respondents to rate the severity of their
asthma symptoms at their worst using a 0 to 10 numeric rating scale
(NRS) ranging from “None” to “As bad as you can imagine.”

At the inidal site visit, all participants completed the Asthma
Control Test (ACT) on paper to provide an independent measure of
asthma control. For this study, levels of asthma control were char-
acterized according to empirically confirmed cutoffs: well-controlled
asthma (ACT score, >20); not well-controlled asthma (ACT score,
16-19); and very poorly controlled asthma (ACT score, <15).%®

The PGIS was completed by participants every day using the
study device (once in the morning and once in the evening)
throughout the 10-day study period. The PGIS is a single item that
asks respondents to rate their asthma symptoms (“Overall, please rate
your asthma symptoms since you went to bed last night/since you
got up this morning.”) using a 0 to 10 NRS (0 = “No symptoms” to
10 = “As bad as you can imagine”).

The AASDS was completed by participants on Day 3 and Day 10
on the study device. The AASDS was selected because it has been
previously implemented in clinical studies and includes both a day-
time symptom scale with 4 items (frequency of asthma symptoms,
bother associated with asthma symptoms, levels of activity, and impact
of symptoms on activity) and a nocturnal scale (composed of a single
item assessing nighttime awakening due to asthma symptoms).”” All
daytime symptom items are assessed using a 0 to 6 NRS.

Statistical analyses

Analyses were conducted in 2 distinct stages. During Stage 1,
item-level analyses were conducted to assess the performance of in-
dividual ADSD/ANSD items and the relationships between items to
finalize measure content and develop preliminary scoring algorithms.
In Stage 2, score-level analyses were conducted to evaluate the reli-
ability and validity of ADSD/ANSD scores.

Following Stage 1, a meeting was convened to make decisions
regarding ADSD/ANSD item content (including the deletion of
pootly performing or redundant items) and scores to be evaluated
during Stage 2. This meeting was held on January 28, 2016, and
attended in-person by representatives from the Critical Path Insti-
tute, the clinical expert panel, sponsor firms, and the instrument
development team; FDA representatives joined via teleconference.

The analyses used to evaluate item performance and cross-sectional
measurement properties of the ADSD/ANSD were conducted using
classical and modern psychometric methods. An overview of analyses
involved in each stage is provided in Table I. Unless specified other-
wise, all analyses were conducted on the cross-sectional analysis sample
(ie, participants with available data at Day 3). Day 3 was selected to
allow participants the first 2 days to familiarize themselves with the
ePRO device and study measures, also providing an opportunity for
any issues with completion (should they arise) to be resolved. No
imputations were performed for item-level missing data. All statistical
analyses were performed using SAS version 9.4 (SAS Institute Inc.,
Cary, NQ),* Mplus (Muthen & Muthen, Los Angeles, CA),* and
FlexMIRT (Vector Psychometric Group, Chapel Hill, NC).”?

RESULTS
Participants’
characteristics
A total of 219 adolescents (n = 130) and adults (n = 89) with
mild to severe persistent asthma were enrolled. All prespecified
recruitment quotas (excluding step 5 medications) were met, as

sociodemographic and clinical
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FIGURE 1. Item response theory item-person maps for ADSD and ANSD at Day 3 (n = 196).
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FIGURE 2. ADSD and ANSD conceptual frameworks.

reflected in the sample’s diverse sociodemographic and clinical
characteristics (Table II).

Stage 1 (item-level analyses)

Quality of completion. Levels of completion for the ADSD/
ANSD were high, with missed completions at the form level of
less than 10% of the sample for each day. The frequency of
missing data at the item level was also very low, with more than
98% of participants completing all items of the ADSD/ANSD at
each scheduled assessment. No evident patterns were observed

among those participants who missed completions or skipped
items.

Item performance. Response frequency distributions for
each ADSD/ANSD item across Days 3 to 10 highlighted a
substantial proportion of participants (>35%) scoring at the
ceiling (ie, selecting 0 or “None”). Ceiling effects were generally
higher for the ANSD (reflecting on nighttime symptoms) than
for the ADSD (reflecting on daytime symptoms). However,
despite the presence of ceiling effects, observation of participant
responses to items highlighted endorsement of response
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TABLE IV. Construct validity: Pearson correlations between the
6-item ADSD and ANSD with AASDS items on Day 3 (n = 212)

AASDS item ADSD ANSD

How often did you experience symptoms today? 0.721 0.538

How much did your asthma symptoms bother you 0.802 0.489
today?

How much activity could you do today? 0.479 0.231

How often did your asthma affect your activities today? 0.750 0.518

Did you wake up with asthma symptoms? 0.375 0.528

categories across the NRS continuum. The proportion of par-
ticipants selecting each response option among adult and
adolescent subgroups was similar.

Empirical item curves and stacked histograms indicated that
individual response categories for each item of the ADSD/
ANSD were generally distinct and responses to the items were
generally consistent with reports of symptom severity (based on

PGIS).

Inter-item relationships. Polychoric correlation coefficients
between pairs of items within the ADSD/ANSD at Day 3
revealed a well-related set of items, with all correlations exceeding
0.6. Correlations between item 4 (“Pressure (heavy feeling) on
your chest”) and item 5 (“Chest tightness”) were very high (» >
0.93), suggesting redundancy. Correlation coefficients between
items on the ANSD (15 of 28 inter-item correlations exceeding
0.8) were generally stronger than for the ADSD (9 of 28 inter-
item correlations exceeding 0.8). Moderate to strong (r = 0.6-
0.8) correlations were observed between responses to the ADSD
on Day 3 and the ANSD on Day 4, indicating concordance
between daytime and nighttime symptoms.

Instrument structure. Principal-component analysis (PCA)
for the ADSD/ANSD indicated a single dimension as best
capturing the variability in responses at Day 3 (dominant eigen-
values of 6.42 and 6.62 compared with the next largest values of
0.52 and 0.48 for the ADSD and ANSD, respectively). Confir-
matory factor analysis (CFA) conducted separately for the ADSD/
ANSD indicated that all items loaded strongly onto the single
factor (>0.70). Factor loadings for each measure were strongest for
item 4 (“Chest pressure”) and weakest for item 8 (“Mucus/
phlegm”) (Table III). Some model fit statistics indicated good
model fit for the ADSD/ANSD, although some model fit statistics
did not meet prespecified thresholds and suggested room for
model improvement. Modification indices for 2-item combina-
tions, item 4 (“Chest pressure”) with item 5 (“Chest tightness”)
and item 7 (“Cough”) with item 8 (“Mucus/phlegm”), exceeded
the prespecified threshold, which may indicate item redundancy.

The unidimensional graded response item response theory
(IRT) models also indicated good marginal fit for each item on
the ADSD/ANSD, suggesting that each item is a good measure
of asthma symptoms and the response categories are appropri-
ately spaced. Similar to the CFA, some potential item redun-
dancy was identified via several pairs of items exceeding pre-
specified thresholds for local dependence. Item-person maps
developed as part of the IRT analysis indicated that the reliability
of scores among asymptomatic participants was low (with this
being more pronounced for the ANSD), making it difficult to
distinguish between participants with no symptoms and those
with mild symptoms (which may have important implications
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for deriving certain endpoints, eg, “symptom-free days”). Reli-
ability among moderate to severe participants was high
(Figure 1).

Item finalization and development of scoring
algorithms

Following review of evidence from the item-level (Stage 1)
analyses, the previous qualitative research, and discussion with
FDA, the consensus decision was to remove item 4 (“Chest
pressure”) and item 8 (“Mucus/phlegm”) from the ADSD/
ANSD. Reasons for the removal included item redundancy (item
4 with item 5 assessing chest tightness and item 8 with item 7
assessing cough); poor item performance (eg, CFA factor load-
ings and modification indices); sparse evidence of importance of
concepts to patients (ie, few participants spontaneously
mentioning concepts and reporting concepts to be relevant
during qualitative interviews); and inadequate clinical relevance.
Furthermore, chest pressure is considered more indicative of
cardiac issues, and mucus/phlegm is not regarded as a “core”
symptom of asthma.

Based on observed differences between ratings of daytime and
nighttime asthma symptoms (nighttime symptoms typically of
lesser severity than daytime symptoms), there was consensus that
separate scores should be calculated for the ADSD and the
ANSD. In both cases, it was agreed that an average score across
all 6 remaining items ranging from 0 to 10 would be calculated,
with each symptom contributing equally to the measurement of
overall asthma symptom severity (Figure 2).

For this study, summary scores were derived and tested using
an average of ADSD/ANSD scores across multiple days (ie, Days
3 to 10) to reflect weekly asthma symptom severity. The
Cronbach alpha-if-item-deleted approach highlighted that even
when the 2 least reliable items of the ADSD (item 2 wheezing
and item 5 chest tightness) and ANSD (item 5 chest tightness
and item 7 cough) were evaluated, internal consistency reliability
was acceptable (@ > 0.7). Internal consistency reliability was
strongest when 3 or more items were considered (o > .85).
Scores from a single day were also found to provide reliable
approximations of mean ADSD/ANSD scores from Days 3
through 10 (intraclass correlation coefficient > 0.7). However,
reliability increased markedly when data from 2 days were
considered (intraclass correlation coefficient > 0.8) and was even
stronger when 4 or more days were considered (intraclass cor-
relation coefficient > 0.9). Based on these reliability estimates, a
greater than 50% rule was used in this study, with scores
calculated only if data for 4 or more items were available in a day
and, subsequently, if 4 or more days data were available across
Days 3 to 10.

Stage 2 (score-level analyses)

Instrument structure. PCA for the revised 6-item ADSD/
ANSD again indicated a single dimension as best capturing the
variability in responses at Day 3 (dominant eigenvalues of 4.88
and 5.12 compared with the next largest values of 0.37 and 0.32
for the ADSD and ANSD, respectively). Component CFA factor
loadings indicated that all 6 items of both the ADSD and the
ANSD loaded strongly (>0.8) onto the single factor. Fit statistics
for the ADSD/ANSD were generally supportive of good model
fit and improved compared with the original 8-item versions of

both (Table III).
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FIGURE 3. Summary of construct validity of ADSD and ANSD scores using the known-groups method (P < .05 for all comparisons within

variable categories).

IRT marginal item fit statistics for the ADSD/ANSD were
again supportive of model fit. Some item pairs still exceeded pre-
specified thresholds for local dependence. Although this suggests
item redundancy, these elevated fit statistics generally corre-
sponded to pairs of breathing symptoms (eg, difficulty breathing
and wheezing) or chest symptoms (eg, chest pain and chest
tightness), where some relationship would be expected.

Reliability. Internal consistency of scores for the 6-item
ADSD/ANSD was high (Cronbach « 0.94 and 0.95,
respectively). In addition, scores for the 6-item ADSD/ANSD
demonstrated “good” test-retest reliability (intraclass correlation
coefficient = 0.86 [95% CI, 0.78-0.91] and 0.95 [95% CI,
0.92-0.97], respectively) based on participants defined as stable
between Day 3 and Day 10 according to PGIS ratings (ie, par-
ticipants who selected the same severity rating at each time
point).

Differential item functioning. Differential item func-
tioning (DIF) was not observed for any of the ADSD items
according to the explored parameters. DIF was also not observed
for any ANSD items according to participant age, sex, ethnicity,
or education. Uniform DIF was evident for item 6 (“Chest
pain”) on the ANSD when participants were categorized ac-
cording to race. Because the total number of DIF analyses ele-
vates the probability of Type 1 error occurring by chance alone,
this small amount of observed DIF is considered acceptable.

Construct validity. Table IV presents correlations between
ADSD/ANSD items and AASDS items. Strong correlations were
observed, as expected, between the ADSD and the AASDS items

relating to frequency (r = 0.72), asthma symptom bother (» =
0.80), and impact on activities (» = 0.75). Correlations between
the ANSD and AASDS items assessing similar concepts were
slightly weaker (» = 0.49-0.54), which may be explained by
differences in the recall periods implemented by the measures
(“since you went to bed last night” and “today,” respectively).
Statistically significant differences (P < .001) in mean ADSD/
ANSD scores were observed between groups categorized ac-
cording to self-reported asthma severity (PGIS), asthma control,
inhaler use, nebulizer use, activity limitations, and nighttime
awakenings (Figure 3). This indicates that the ADSD/ANSD can
distinguish between groups that are known to differ.

DISCUSSION

Patient-reported evaluations of asthma symptom severity are
important outcomes in asthma treatment research. Study spon-
sors have used various PRO measures to evaluate symptom
severity. However, the limitations of PRO measures historically
implemented in clinical trials have precluded the selection of a
standardized measure that can be used by study sponsors across
clinical programs, limiting the interpretation of symptom-based
endpoints and the ability to compare data across studies.'” The
ADSD/ANSD were developed as part of a multi-sponsor
collaboration, alongside clinical experts and in discussion with
FDA to fill that measurement gap.

Findings from this quantitative study complement existing
qualitative evidence supporting the content validity of the
ADSD/ANSD.”>** Strong support was found for the reliability
and validity of ADSD/ANSD items and scores derived from both

measures. In seeking to develop standard measures for use across
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clinical trials in patients with a clinical diagnosis of mild persis-
tent through severe persistent asthma, care has been taken to
ensure involvement and testing of the ADSD/ANSD in socio-
demographically (eg, age, sex, race, ethnicity, and education
level) and clinically (eg, asthma severity and medication use)
diverse samples.

Establishing cross-sectional measurement properties is an
important milestone for newly developed PRO measures to
provide confidence that measures perform as intended. The
ADSD/ANSD are being administered over time in multinational
clinical studies to generate additional evidence of their longitu-
dinal measurement properties (including further evidence of
quality of completion, compliance, item response/score distri-
butions, reliability, and construct validity). Data collected in
these interventional settings will also be used to evaluate the
ability of ADSD/ANSD scores to detect changes in symptom
severity and to determine the amount of within-patient change
that is clinically meaningful. Furthermore, the implementation of
“washout periods” in clinical studies provides the opportunity to
explore measurement properties among participants generally
expected to be more severe (ie, greater proportion on step 5
medications) and to have greater variability in asthma severity
than those typically recruited into a non-interventional study.

As the ADSD/ANSD are used in clinical studies it will be
necessary to consider how they may be used to derive efficacy
endpoints. The ADSD/ANSD could be used to derive symptom-
free days, a concept commonly used in clinical trials but for
which there are concerns regarding lack of standardization and of
sensitivity to change (due to floor/ceiling effects) in participants
with severe and mild asthma.'” However, by providing a more
comprehensive and detailed means of assessing asthma symptom
severity, they could also be used to derive alternative endpoints
potentially of greater relevance and more meaningful to patients
(eg, meaningful reduction in symptom severity). Ultimately, the
endpoints derived from the ADSD/ANSD may differ depending
on the context in which the measures are to be used (eg, pop-
ulation, trial design, and investigational product).

CONCLUSIONS

Strong evidence supports the reliability and validity of ADSD/
ANSD items and scores. Endorsed by FDA as measures of
asthma symptom severity in drug development, the ADSD/
ANSD are currently being implemented in clinical studies.
Future research will seek to generate evidence regarding the
responsiveness and meaningful within-patient score change,
which will be important for establishing the use of the ADSD/
ANSD as standardized efficacy endpoint measures in confirma-
tory studies.
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