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What is already known about this topic? Asthma symptoms are highly variable, and symptom burden does not correlate
well with clinical parameters. The asthma symptom diary was created with well-documented patient input.

What does this article add to our knowledge? This article documents the psychometric validation of a new valid and
reliable patient-reported outcome asthma symptom measure.

How does this study impact current management guidelines? This study provides an asthma symptom measure that
has well-documented content validity and good psychometric properties.
BACKGROUND: No currently available asthma symptom diary
has sufficient validation to be recommended for use as a core
asthma outcome measure.
OBJECTIVE: The objective of this study was to provide
validation data for the 10-item asthma symptom diary (ASD).
METHODS: Data were collected in a 4-week prospective,
observational study. Subjects completed 3 study visits,
completing the ASD twice daily at home for 28 days. Psycho-
metric properties in terms of dimensionality, reliability, validity,
and responsiveness were assessed.
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RESULTS: Data from 276 subjects were analyzed; mean age was
42.9 (standard deviation [SD] [ 16.4) years, mean asthma
duration was 23.3 (SD [ 16.8) years, and 69.6% were female.
Confirmatory factor and Rasch analysis supported the ASD as
unidimensional and adequately measuring the spectrum of
asthma symptom severity. High Cronbach’s a (0.94) and
intraclass correlation coefficients (0.89-0.95) supported
reliability. A high correlation between the 7-day average ASD
score and the Asthma Control Questionnaire (ACQ) total score
(r [ 0.75) and Asthma Quality of Life Questionnaire total
scores (r [ L0.76), and a moderate correlation with FEV1%
predicted (r [ L0.30) supported convergent validity. Signifi-
cant differences (P < .001) between groups classified by ACQ
scores supported known-group validity. The 7-day average ASD
scores were responsive to change, with significantly higher score
changes (P < .001) in responders versus nonresponders. Mini-
mally important differences were calculated and found to be in
the range of 0.1-0.3.
CONCLUSION: Results of this study indicated that the ASD is
a reliable and valid asthma symptom measure for use in adult
and adolescent asthma patients to evaluate the effect of
treatment on asthma in clinical trials. � 2015 American
Academy of Allergy, Asthma & Immunology (J Allergy Clin
Immunol Pract 2016;4:60-6)
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Asthma is a chronic respiratory illness characterized by airway
remodeling, inflammation, and immunological hyper-
responsiveness to allergens.1 Approximately 300 million people
worldwide suffer from this condition.2 According to data from
the 2011 National Health Interview Survey, asthma affected
17.5 million adults and 7.1 million children in the United States
in 2009—a prevalence of 8.2% that has increased 1.2% annually
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Abbreviations used

ACQ- A
sthma Control Questionnaire
AQLQ- A
sthma Quality of Life Questionnaire

ASD- A
sthma symptom diary

CDF- C
umulative distribution function

CFA- C
onfirmatory factor analysis

CFI- C
omparative fit index

DIF- D
ifferential item functioning
FEV1- F
orced expiratory volume in 1 second

ICC- In
traclass correlation coefficient

MID-M
inimum important difference

PGIC- P
atient global impression of change

PRO- P
atient-reported outcome
RMSEA- R
oot mean square error of approximation

SD- S
tandard deviation
SEM- S
tandard error of measurement

WPAI-W
ork Productivity and Activity Impairment Questionnaire

WRMR-W
eighted root mean square residual
between 2001 and 2009.3 Uncontrolled asthmatics have been
found to experience significantly reduced quality of life, as well as
work productivity.4 As the burden experienced by a patient as a
result of a symptom does not correlate well with clinical mea-
sures,5 direct patient reports, captured through patient-reported
outcome (PRO) measures, are integral to defining asthma sta-
tus and risk.1,4 Asthma symptom diaries are recommended for
research purposes, specifically for use in clinical trials to capture
the variable nature of asthma symptoms. However, no currently
available asthma symptom diary has sufficient evidence of val-
idity to be recommended for use as a core asthma outcome
measure.6 A reliable and valid daily symptom diary may also be
useful in clinical practice for patients with particularly severe or
labile disease as it captures the variable nature of the disease and
the patients’ daily state on treatment.1

The aim of this study was to assess the validation properties of
the Amgen asthma symptom diary (ASD). The original devel-
opment of the ASD, involving qualitative concept elicitation and
cognitive interviews with patients with asthma, is described in
detail elsewhere.7

METHODS

Study design
This study was a 4-week multicenter, prospective, observational

study, in which treatment was provided at the discretion of the in-
dividual investigator. A total of 276 adult (�18 years) and adolescent
subjects (�12 years) with clinically diagnosed persistent asthma were
recruited. The study objective was to assess the psychometric
properties of the ASD. At each study visit (visit 1 [baseline]: day 1;
visit 2: day 14 � 3 days [ie, day 11-day 17]; visit 3: day 28 � 3 days
[ie, day 25-day 31]), subjects completed the Asthma Control
Questionnaire (ACQ),8 the Asthma Quality of Life Questionnaire
(AQLQ12þ),9 and the Work Productivity and Activity Impairment
Questionnaire: Asthma (WPAI-Asthma).10 At all 3 study visits,
clinical site principal investigators or designees performed spirometry
after the participant completed the ACQ. At visit 1, a baseline
clinical form was completed that captured clinical variables as well as
the clinician’s global impression of control (CGIC). At visits 2 and
3, subjects completed the patient global impression of change
(PGIC) to assess severity of asthma symptoms since the last study
visit. A follow-up clinical form was completed at visits 2 and 3, and
this captured adherence to the ASD, exacerbations, change in
controller medication, and a clinician assessment of change in
asthma control (CAC) since the previous visit (Figure E1, available
in this article’s Online Repository at www.jaci-inpractice.org).
During the study, subjects completed the ASD at home on an
electronic device twice daily (upon awakening before taking asthma
medication and in the evening before retiring to bed), beginning on
the evening of visit 1 (day 1) and continuing until visit 3 (day 28 �
3 days). Further clinical visit details are available in Table E1 in this
article’s Online Repository at www.jaci-inpractice.org. Institutional
Review Board approval was obtained before study initiation.

Description of the asthma symptom diary

The ASD was developed based on concept elicitation and cognitive
interviews with patients with clinically diagnosed persistent asthma.
Five morning questions (denoted as AM items) assess nighttime
symptom severity in relation to wheezing, shortness of breath, cough,
and chest tightness, and the frequency of nighttime awakening. An
additional morning item assessed duration of nighttime awakening
(Table 4 in Globe et al7). However, after an initial analysis of the data,
this item was found to have considerable overlap with the frequency of
nighttime awakening item. This finding was confirmed in the original
qualitative patient interviews, and through consultation with clinical
experts, the item was removed to leave 5 morning items. A further 5
evening questions (denoted as PM items) assess symptom severity in
relation to wheezing, shortness of breath, cough, and chest tightness,
and activity limitation since waking. Items are scored from “0” (no
symptom, no nighttime awakening, or no activity limitation) to “4”
(very severe symptom, unable to sleep, or extreme activity limitation).
A daily ASD score is the mean of the 10 items, and the mean of 7
consecutive daily scores is calculated as the “7-day average ASD score.”
Responses for all 10 items are required to calculate the daily ASD
score; otherwise, it is treated as missing. Compliance was captured
electronically. For the 7-day average asthma symptom score, scoring is
done with no imputation using the mean of at least 4 of the 7 daily
ASD scores as a mean weekly item score. The 7-day average ASD
score ranges from 0 to 4.

Patient global rating of change. The PGIC is a single-item
measure of the perceived change in asthma course since the prior
visit with 7 response categories from “extremely better,” to “no
change,” to “extremely worse.”11,12

Clinician global rating of change. The CGIC is a single-
item measure of the clinician-rated change in the patient’s asthma
since the prior visit with 5 response categories: “much worse,”
“worse,” “no change,” “better,” and “much better.”11

Statistical analyses
Classical test theory13 as well as modern psychometric theory,14

including Rasch analysis, was used to examine the psychometric
properties of the 10-item ASD. Table I describes the statistical
analysis used.

Item performance. The performance of the 10 ASD items was
evaluated by means of descriptive item statistics (mean, standard de-
viation [SD]), percentage of lowest and highest responses (floor and
ceiling effects, respectively), and item frequency distribution at visit 1.

Confirmatory factor analysis. Confirmatory factor analysis
(CFA)15 was conducted using visit 1 data to assess whether the ASD
items fit the hypothesized unidimensional construct using Mplus
software (Muthén & Muthén, Los Angeles, Calif).16 The CFA
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TABLE I. Summary of statistical analysis

Statistical analysis Description

Confirmatory factor analysis Tests whether the data fit a hypothesized measurement model by examining the variance-covariance matrix of
correlated variables. Items of the same scale should all belong to a unidimensional model

Rasch model analysis Use of mathematical models to describe items in terms of item difficulty and discrimination parameters and to
transform the categorical item responses into an interval score scale. The item parameters allow us to examine
whether the items display necessary psychometric properties

Differential item functioning Refers to when people from different groups (eg, gender or ethnicity) with the same latent trait (ability and/or skill)
have different probabilities of selecting the same item response, sometimes also referred to as measurement bias

Reliability (internal consistency
using Cronbach’s a)

Internal consistency reliability explores the degree to which the items are associated with each other. Items assessing
the same concept should show high internal consistency

Reliability (test-retest reliability) Stability of scores over time when no change is expected in the concept of interest. A measure is said to have high
test-retest reliability when the scores are stable over time

Concurrent validity Strength of correlation between the study measure and other measures of the same concept. The validity of the study
measure is supported when its score is highly correlated with other similar measures

Known-groups validity Known-groups validity assesses the degree to which the measure can distinguish among groups of subjects
hypothesized to be different in the concept of interest, such as level of disease severity

Responsiveness Evidence that a measure can identify differences in scores over time in individuals or groups who have changed with
respect to the measurement concept

Minimally important difference Estimate of the smallest change in a treatment outcome that a patient would identify as important

Responder definition Estimate of the individual patient score change over a predetermined time period that should be interpreted as a
meaningful improvement
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model fit was assessed with the comparative fit index (CFI > 0.90),
root mean square error of approximation (RMSEA < 0.05), and
weighted root mean square residual (WRMR close to 1).

Rasch model analysis. Rasch model analysis, using
RUMM2030,17 was conducted using visit 1 data to evaluate
whether the ASD items fit to the hypothesized unidimensional
measurement model. The overall model fit was determined by the
overall c2

fit statistic. The item fit was evaluated through nonsig-
nificant item-level c2

fit statistics (following adjustment for multiple
comparisons) and item fit residuals between �3.0 and 3.0. The
analysis was also used to assess whether the item response categories
were appropriately ordered, as indicated by nonoverlapping category
threshold parameters.

Differential item functioning. Differential item functioning
(DIF) analysis using ordinal logistic regression18 was conducted
using SAS (SAS Institute, Cary, NC) to evaluate whether the items
in the ASD performed differently between male and female subjects
while controlling for total ASD scores. DIF by sex for an item was
indicated by a significant c2 statistic (following adjustment for
multiple comparisons).

Reliability. Cronbach’s coefficient a19 and a summary of a levels
with each constituent item deleted were used to report the internal
consistency reliability for the ASD. Reproducibility of the ASD was
examined assessing test-retest reliability by an intraclass correlation
coefficient (ICC) within stable subjects (defined by “no change” on the
PGIC; FEV1 absolute percent change< 8%; and ACQ change< 0.5).

Construct validity. We tested construct validity specifically by
evaluating convergent validity and known-groups validity, as rec-
ommended in the Food and Drug Administration (FDA) Guidance
document.20 Convergent validity of the ASD was assessed at baseline
using a Spearman correlation with ACQ, AQLQ12þ (overall and
domain scores), WPAI-Asthma (overall work impairment and ac-
tivity impairment), and FEV1% predicted. Known-groups validity
was examined by the analysis of covariance comparing the mean of
the 7-day average ASD scores at baseline by clinician global
impression of asthma control (“well-controlled,” “not well-
controlled,” and “very poorly controlled” asthma), by the ACQ score
(�0.75, between >0.75 and <1.5, and �1.5), and by the
AQLQ12þ score (above and below the median).

Responsiveness. Responsiveness is a key criterion for measures
used in clinical trials. Given the observational study design, a change
was evaluated in subsets of patients in whom predefined changes
occurred. The ASD’s ability to detect a change was assessed by
comparing changes in 7-day average ASD scores from visit 1 to visit 3
between responders and nonresponders. Responders versus non-
responders were defined in 3 ways: clinician rating of CAC (responders
defined as subjects with clinician rating of asthma control as “better”
and “much better” at visit 3; nonresponders defined as subjects with
clinician ratings of asthma control as “no change,” “worse,” or “much
worse” at visit 3); PGIC ratings (responders defined as subjects with
PGIC ratings of “extremely better,” “moderately better,” or “a little
better” at visit 3; nonresponders defined as subjects with all other rat-
ings, eg, “no change” to “extremely worse”); and a change in the ACQ
score (responders defined as subjects with a decrease in the ACQ score
� 0.5 from visit 1 to visit 3; nonresponders defined as subjects with an
increase in ACQ score or a decrease in the ACQ score < 0.5).

Exploratory analysis of minimum important differ-

ence and responder definition. Both anchor-based and
distribution-based methods were used to explore a preliminary
minimum important difference (MID). For anchor-based methods,
3 external anchors for MID from visit 1 to visit 2 and from visit 2 to
visit 3 were used: (1) subjects rated as “better” controlled by their
clinician; (2) subjects who self-rated themselves as “a little better” by
the PGIC; and (3) subjects with an ACQ change score � 0.5 but <
0.75.21,22 Two distribution-based methods were used: (1) a 0.5 SD
and (2) 1 standard error of measurement (SEM) of the 7-day average
ASD score at visit 1.23 The percentage of subjects meeting the
various MID definitions was calculated.



TABLE II. Subject demographic and clinical characteristics at visit
1 (N ¼ 276)

Characteristics Visit 1

Age, y

Mean (SD) 42.9 (16.4)

Median (min, max) 46.0 (12.0-70.0)

(Q1, Q3) (29.5, 57.5)

Adolescent (aged 12-17), n (%) 26 (9.4%)

Adult (aged 18þ), n (%) 250 (90.6%)

Gender n (%)

Female 192 (69.6%)

Ethnicity, n (%)

Hispanic or Latino 30 (10.9%)

Not Hispanic or Latino 246 (89.1%)

Race, n (%)

African American and/or African Heritage 59 (21.4%)

American Indian or Alaskan Native 7 (2.5%)

Asian 4 (1.4%)

Native Hawaiian or other Pacific Islander 2 (0.7%)

White or Caucasian 195 (70.7%)

Other 5 (1.8%)

Not checked 19 (6.9%)

Highest level of education, n (%)

Elementary and/or primary school 16 (5.8%)

Secondary and/or high school 63 (22.8%)

Some college 59 (21.4%)

College degree 83 (30.1%)

Postgraduate degree 29 (10.5%)

Technical or vocational school 25 (9.1%)

Other 1 (0.4%)

BMI

Mean (SD) 29.7 (7.2)

Median (min, max) 28.7 (16.5-57.4)

(Q1, Q3) (24.7, 34.3)

Duration with asthma, y

Mean (SD) 23.3 (16.8)

Median (min, max) 20.0 (1.0-66.0)

(Q1, Q3) (9.5, 37.0)

Number of asthma exacerbations
during the past 12 mo

Mean (SD) 1.5 (2.7)

Median (min, max) 0.0 (0.0-24.0)

(Q1, Q3) (0.0, 2.0)

�1 135 (48.9%)

Clinician rating of asthma severity, n (%)

Mild (1 controller) 51 (18.5%)

Moderate (2 controllers) 134 (48.6%)

Severe (3 or more controllers) 91 (33.0%)

Clinician rating of asthma control, n (%)

Well-controlled 65 (23.6%)

Not well-controlled 105 (38.0%)

Very poorly controlled 106 (38.4%)

FEV1% predicted

Mean (SD) 79.5 (20.9)

Median (min, max) 79.0 (25.8-165.6)

(Q1, Q3) (65.1, 90.9)

(continued)

TABLE II. (Continued)

Characteristics Visit 1

< 60% 47 (17.0%)

60%-80% 95 (34.4%)

> 80% 132 (47.8%)

Missing 2 (0.7%)

BMI, Body mass index; FEV1, forced expiratory volume in one second; SD, standard
deviation.
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A responder definition was explored by plotting cumulative dis-
tribution function (CDF) graphs based on clinician rating of CAC,
PGIC, and ACQ.

RESULTS

Study sample
A total of 276 subjects enrolled and completed baseline as-

sessments. Demographic and clinical data are presented in
Table II and showed that a broad range of asthma patients were
recruited.

Item performance
The means of the individual ASD items ranged from 0.4 to

0.8 with no notable ceiling effects (all less than 25%) at visit 1.
However, a large floor effect (>25%) was found, ranging from
39.3% (for PM item 7) to 67.7% (AM item 5) (Table III). A post
hoc analysis was conducted examining the weekly floor effect
defined as endorsing “no problem” (ie, no symptoms, activity
limitation, or nighttime awakening) responses for 7 consecutive
days (days 1 to 7); the floor effect ranged from 23.1% (PM item
7) to 44.9% (PM item 10) that was much smaller than the daily
floor effect. Furthermore, the percentage of subjects who re-
ported not experiencing any problems between days 1 and 7 was
also examined, equating to the 7-day average ASD score,
resulting in only 7 (6.4%) such subjects. These analyses indicated
that subjects experienced different issues related to their asthma
on different days and, moreover, that the single day item floor
effects reflected no problems with a specific issue on a particular
day, rather than a floor effect on the ASD instrument.

CFA, Rasch model analysis, and DIF

CFA confirmed a unidimensional construct for the 10 ASD
items, with CFI ¼ 0.95, RMSEA ¼ 0.17, WRMR ¼ 1.31, and
all item standardized regression coefficients > 0.80.

Rasch model analysis also supported the unidimensionality of
the ASD. All items had correctly ordered response categories, and
no misfitting items were identified (P c2 > .05 for all items). The
overall fit to the Rasch model was good (c2 ¼ 24.55; P ¼ .74).
No item was identified as exhibiting DIF by gender (P> .005
for all items).

Reliability
A Cronbach’s a of 0.94 indicated good internal consistency.

Furthermore, the deletion of any individual item resulted in a
decrease in the overall Cronbach’s a value (range: 0.927-0.934).

The 7-day average ASD score showed good to excellent test-
retest reliability, with ICC values of 0.95 for the stable group
defined by PGIC, 0.93 for the stable group defined by ACQ
change scores, and 0.89 for the stable group defined by the FEV1

absolute percent change.



TABLE III. Descriptive characteristics for the asthma symptom diary at visit 1: symptom items

Item N* Mean – SD Median Range N (%) Floor N (%) Ceiling Item-total Spearman correlation

AM item 1—wheezing 260 0.6 � 0.9 0 0.0-4.0 143 (55.0%) 3 (1.2%) 0.74

AM item 2—shortness of breath 260 0.7 � 0.8 0 0.0-4.0 135 (51.9%) 1 (0.4%) 0.73

AM item 3—cough 260 0.7 � 0.9 1 0.0-4.0 129 (49.6%) 2 (0.8%) 0.78

AM item 4—chest tightness 260 0.6 � 0.8 0 0.0-4.0 149 (57.3%) 1 (0.4%) 0.72

AM item 5—night symptoms 260 0.4 � 0.6 0 0.0-3.0 176 (67.7%) 0 (0.0%) 0.72

PM item 6—wheezing 257 0.7 � 0.9 0 0.0-3.0 130 (50.6%) 0 (0.0%) 0.80

PM item 7—shortness of breath 257 0.8 � 0.8 1 0.0-3.0 101 (39.3%) 0 (0.0%) 0.81

PM item 8—cough 257 0.8 � 0.9 1 0.0-4.0 121 (47.1%) 2 (0.8%) 0.72

PM item 9—chest tightness 257 0.7 � 0.8 0 0.0-3.0 132 (51.4%) 0 (0.0%) 0.76

PM item 10—limitations 257 0.7 � 0.9 0 0.0-4.0 149 (58.0%) 2 (0.8%) 0.75

SD, Standard deviation.
*N differed across items owing to differing numbers of missing morning or evening diary sessions.

TABLE IV. Known-groups validity: 7-d average ASD score after visit 1† by assessment of asthma control, ACQ rating, and AQLQ12þ
Criteria measures 7-d average ASD score Mean – SD (n) Overall F valuez (P value) Pairwise comparison

Clinician assessment of asthma controlx
Well-controlled 0.1 � 0.2 (n ¼ 61) 19.30 (<.001) 1**** 2**** 3***

Not well-controlled 0.6 � 0.6 (n ¼ 98)

Very poorly controlled 0.9 � 0.6 (n ¼ 98)

ACQ scorek
ACQ � 0.75 0.2 � 0.2 (n ¼ 63) 26.84 (<.001) 1* 2**** 3****

0.75 < ACQ <1.5 0.4 � 0.4 (n ¼ 56)

ACQ � 1.5 0.9 � 0.6 (n ¼ 138)

AQLQ12þ score

< Median 1.0 � 0.6 (n ¼ 121) 38.34 (<.001) N/A

� Median 0.3 � 0.3 (n ¼ 136)

ACQ, Asthma Control Questionnaire; AQLQ, Asthma Quality of Life Questionnaire; ASD, asthma symptom diary; N/A, not available; SD, standard deviation.
†Day 2 to day 8.
zAn analysis of covariance model adjusting age, sex and visit 1 FEV1% predicted.
xP values *<.05, **<.01, ***<.001, and ****<.0001; 1: well-controlled vs not well-controlled, 2: well-controlled vs very poorly controlled, 3: not well-controlled vs very
poorly controlled.
kP values: *<.05, **<.01, ***<.001, and ****<.0001; 1: ACQ � 0.75 vs 0.75 < ACQ <1.5, 2: ACQ � 0.75 vs ACQ � 1.5, 3: 0.75 < ACQ <1.5 vs ACQ � 1.5.
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Construct validity
The convergent validity was good with other PRO measures,

with Spearman correlations ranging from 0.36 (WPAI-Asthma
Absenteeism) to 0.79 (AQLQ12þ Asthma Symptoms). Corre-
lations with AQLQ12þ Overall, AQLQ12þ Activity Limita-
tion, and ACQ were also high (r � 0.70). The correlation with
FEV1% predicted was 0.30.

The ASD was able to show significant differences between
groups defined by clinician assessment of asthma control, ACQ,
and AQLQ12þ (P < .001 in each case), providing evidence of
good known-groups validity. Furthermore, all pairwise compar-
isons were statistically significant (Table IV).

Responsiveness

The 7-day average ASD change scores between visits 1 and 3
were significantly higher for the responder group than the
nonresponder group regardless of which criterion was used to
define responders (clinician rating of CAC, ACQ, and PGIC; P
< .001 in all cases). The mean 7-day average ASD change for
responders ranged from �0.2 to �0.3, compared with �0.1 to
0.0 for nonresponders (Table V). These results showed that the
7-day average ASD score has the ability to detect a symptomatic
change in these asthma subjects.
Exploratory analysis of aminimal important difference

and responder definition for the ASD
Using anchor-based methods, the MIDs indicated by clinician

rating of “better” asthma control, “a little better” by PGIC, and
as having a decrease in ACQ (indicating improvement) of �0.5
to <0.75 were �0.2, �0.1, and �0.1, respectively, based on
visit 1 to visit 2 data, and �0.1, �0.1, and �0.2, respectively,
based on visit 2 to visit 3 data. The distribution-based methods
also suggested that the MID for the 7-day average ASD scores
should be between �0.1 and �0.3. The percentage of subjects in
the study sample who exceeded the MID at visit 2 ranged from
13.2% (based on 1/2 SD) to 34.6% (based on PGIC, ACQ, and
SEM); the percentage of subjects who exceeded the MID at visit
3 ranged from 10.3% (based on 1/2 SD) to 31.3% (based on
clinician rating, PGIC, and SEM).

The CDF plots of the change scores of the 7-day ASD
average score for responder and nonresponder groups all sup-
port the use of the ASD for measuring daily asthma symptoms.
The separation between the responder and nonresponder
groups in terms of the percentage of patients (y-axis) reaching the
change scores (x-axis) across the scale was especially marked based
on ACQ change scores from visit 2 to visit 3 (see Figure 1). These



FIGURE 1. CDFs based on the ACQ score between visit 2 and visit 3. Responder defined as ACQ change scores decreased more than or
equal to 0.5, vs nonresponder defined as the change score decreased less than 0.5 or the change score increased from visit 2 to visit 3.
ACQ, Asthma Control Questionnaire; ASD, asthma symptom diary; CDF, cumulative distribution frequency.

TABLE V. Responsiveness: asthma symptom diary 7-d average ASD score change from visit 1* to visit 3† by clinician rating of asthma
control, ACQ, and PGIC

Criteria measures

7-d average ASD change score Mean – SD (n)

OverallF value{ (P value)Responders Nonresponders

Clinician rating of asthma controlz �0.3 � 0.4 (n ¼ 32) �0.1 � 0.3 (n ¼ 192) 9.77 (<.001)

ACQx �0.3 � 0.3 (n ¼ 54) 0.0 � 0.3 (n ¼ 170) 11.21 (<.001)

PGICk �0.2 � 0.3 (n ¼ 65) 0.0 � 0.3 (n ¼ 159) 9.20 (<.001)

ACQ, Asthma Control Questionnaire; ASD, asthma symptom diary; PGIC, patient global impression of change; SD, standard deviation.
*Visit 1: day 2 to day 8.
†Visit 3: 7 d before visit 3 date.
zResponders are defined as subjects with clinician rating of asthma control as “better” and “much better” at visit 3. Nonresponders are defined as subjects with clinician ratings
of asthma control as “no change,” “worse,” or “much worse” at visit 3.
xResponders are defined as subjects with an ACQ decrease score �0.5 from visit 1 to visit 3. Nonresponders are defined as subjects with an increase in ACQ score or an ACQ
decrease score <0.5.
kResponders are defined as subjects with PGIC ratings of “extremely better,” “moderately better,” or “a little better” at visit 3. Nonresponders are defined as subjects with all
other ratings (ie, “no change” to “extremely worse”).
{An analysis of covariance model adjusting age, sex, FEV1% predicted, and asthma symptom diary visit 1 score.
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CDFs supported a responder definition in the range �0.3 to �0.1
where the separation appeared to be the largest.

DISCUSSION
This was a prospective cohort study conducted to determine

the psychometric properties of the ASD, as well as the perfor-
mance of the individual items. The instrument was assessed for
reliability, construct validity, and ability to detect a change, and a
preliminary MID and responder definition were established. The
findings from this study provide strong evidence of content and
construct validity of the ASD, facilitating the inclusion of the
measure in upcoming clinical trials.

The study population consisted of currently treated adolescent
and adult asthmatic subjects across a wide range of asthma
severity and sociodemographic characteristics. A range in
subjects’ asthma severity (18.5% mild, 48.6% moderate, and
33.0% severe) and control (25% well-controlled, 22% not well-
controlled, and 54% very poorly controlled by ACQ) was
important to ensure that changes in asthma symptoms could be
measured across the entire severity spectrum.

The final ASD (Figure E2, available in this article’s Online
Repository at www.jaci-inpractice.org) was shown to be unidimen-
sional, a prerequisite for a summary asthma symptom score to be
used in clinical trials, by both the CFA and the Raschmodel analysis.
DIF analysis indicated no items performed differently by gender.

The ASD is administered twice daily to capture the symptom-
related impact of asthma during the night, as well as during the
day. A daily score is the average of 10 items (5 morning and 5
evening items). Performance testing of the ASD daily score
showed strong internal consistency and excellent reproducibility.

http://www.jaci-inpractice.org
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The morning and evening diaries also include items to evaluate
the use of rescue inhaler and/or nebulizer use during the previous
day or night. These items are not included in the ASD scoring,
but can be used to aid the interpretation of scores.

A 7-day average ASD score is calculated when at least 4 of 7
consecutive daily scores have been captured. The 7-day average
ASD score correlated highly with other relevant measures identi-
fied a priori, including the ACQ and AQLQ12þ, and moderately
with FEV1% predicted indicating that the ASD measured the
intended construct. The ASD also showed known-groups validity
with significant differences in scores between groups based on
clinician-rated asthma control, ACQ and AQLQ12þ scores.
There is also substantial evidence that the ASD can detect a
change with significant differences in 7-day average ASD scores
between responders and nonresponders. MIDs were calculated
using both anchor-based and distribution-based models and found
to be in the range of 0.1-0.3. The examination of CDF plots
suggested a preliminary responder definition in the same range.
Confirmatory evidence from randomized clinical trials can lend
further insights into the measurement properties of the ASD. Such
data may also provide the opportunity to explore further the op-
timum strategy for scoring the diary.

One limitation of the study is the relatively small sample size of
the adolescent subjects. However, the qualitative interviews, per-
formed in adults and adolescents, indicated that there was no
difference between how adolescents and adults perceived their
asthma symptoms.7 A future study with more adolescent partici-
pants should further support the use of the ASD in this age group.
The lack of Hispanic representation in the sample, a lower per-
centage of males as well as the lack of subjects with a low edu-
cation level also have implications for generalizability of the
findings. However, the DIF analysis did not suggest that the items
in the ASD performed differently in males versus females. The use
of only one country in the validation phase is an additional lim-
itation. Finally, this was a stand-alone, noninterventional obser-
vational study and, as would be typically expected, there were
relatively few subjects who demonstrated symptomatic changes
over the study period. Given this, the MID and responder defi-
nition analyses were exploratory and must be considered pre-
liminary. Even though the assessment of response to treatment
data is missing, the ability of the ASD to detect a change as re-
ported by patients and clinicians has been established. Once the
ASD has been implemented in clinical trials, responsiveness to a
change in relation to treatment will be formally evaluated.

The ASD was devised to capture asthma symptoms compre-
hensively. Qualitative evidence indicates that asthma symptoms
are highly variable and change frequently, and therefore a twice
daily assessment, as with the ASD, is better able to capture these
fluctuations. In addition, the ASD focuses on asthma symptoms
and the scoring is devised to capture asthma symptoms
comprehensively. The use of daily symptom diaries, preferably
using an electronic mode of administration, is strongly recom-
mend by FDA and considered desirable for asthma outcome
studies sponsored by the National Institute of Health (NIH).6

The ASD is the first asthma diary, developed following FDA
Guidance,20 to undergo comprehensive psychometric evaluation
and appears to be both reliable and valid in a range of patients
with asthma. The ASD thus meets the needs identified by Reddel
et al1 and the NIH asthma outcome workshop6 for a robust and
valid measure for the daily assessment of asthma symptoms.
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Clinician Assessment of Asthma Control at Baseline (CAC) 
7. Ask the participant the following five questions about their asthma burden:

a. During the past week, how many days did you experience asthma symptoms?  Please 
think about asthma symptoms that you had after waking up to start your day and 
before going to bed.

____Days/ week
b. During the past week, how many nights did you wake up because of your asthma 

symptoms? 
____Nights/week

c. During the past week, how many days did you use your rescue inhaler for worsening 
asthma symptoms? 

_____Days
d. If during the past week you used your rescue inhaler all 7 days, how many times a 

day did you use it on most days? 
_____Times/Day

e. During the past week, how much did your asthma symptoms limit your ability to 
perform your usual activities?

Not limited at all
Some limitation
Extremely limited

Using the participant’s responses to questions 7a to 7d, select the corresponding cell for 
each column in Table A.  

Table A. Assessment of Asthma Control2

LEVEL OF ASTHMA CONTROL

Indicators Well-Controlled Not Well-
Controlled

Very Poorly 
Controlled

Frequency of Asthma 
Symptoms

≤ 2 days/week > 2 
days/week 

Daily

Frequency of Nighttime 
Awakenings due 
Asthma

< 1/ week ≤ 3x/week ≥ 4x/week 

Interference with 
Activity due to Asthma 
Symptoms (Participant 
rating to item 7d)

None Some 
Limitation

Extremely 
limited

Frequency of use short-
acting beta2-agonist use 
for symptom

≤ 2 days/week > 2 
days/week

3 or more
times/ day

FIGURE E1. Clinician assessment of asthma control at baseline.
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Morning questions 

1. How severe was your wheezing from the time you went to bed last night until you woke up this 
morning?   

0 – No wheezing at all
1 – Mild
2 – Moderate 
3 – Severe 
4 – Very Severe

2. How severe was your shortness of breath from the time you went to bed last night until you woke up 
this morning?   

0 – No shortness of breath at all
1 – Mild 
2 – Moderate 
4 – Severe 
5 – Very Severe 

3. How severe was your cough from the time you went to bed last night until you woke up this morning?   

0 – No cough at all
1 – Mild 
2 – Moderate 
3 – Severe 
4 – Very Severe 

4. How severe was your chest tightness from the time you went to bed last night until you woke up this 
morning?   

0 – No chest tightness at all
1 – Mild 
2 – Moderate 
3 – Severe 
4 – Very Severe

5. How often did you wake up because of your asthma during the night?  

0- Did not wake up
1- Woke up 1 or 2 times
2- Woke up 3 or 4 times
3- Woke up 5 times or more
4- Unable to sleep because of asthma

Asthma Symptom Diary TM

Asthma Symptom Diary TM © 2012 Amgen Inc. All rights reserved.

FIGURE E2. Asthma Symptom Diary TM ª 2012 Amgen Inc. All rights reserved.
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Evening questions 

1.  How severe was your wheezing from the time you woke up this morning until now?

0 – No wheezing at all
1 – Mild 
2 – Moderate 
3 – Severe 
4 – Very Severe

2. How severe was your shortness of breath from the time you woke up this morning until now?

0 – No shortness of breath at all
1 – Mild 
2 – Moderate 
3 – Severe 
4 – Very Severe

3. How severe was your cough from the time you woke up this morning until now?  

0 – No cough at all
1 – Mild 
2 – Moderate 
3 – Severe 
4 – Very Severe 

4. How severe was your chest tightness from the time you woke up this morning until now?  

0 – No chest tightness at all
1 – Mild 
2 – Moderate 
3 – Severe 
4 – Very Severe 

5. How much did your asthma symptoms limit your activities from the time you woke up this morning until 
now?  

0 – Not at all
1 – A little 
2 – Moderately 
3 – Quite a bit
4 – Extremely  

Asthma Symptom Diary TM

Asthma Symptom Diary TM © 2012 Amgen Inc. All rights reserved.

FIGURE E2. (CONTINUED).
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TABLE E1. Details of each clinical visit

Baseline

visit

Second

visitz
Final

visitx

Clinician completed

Baseline clinical form* X

Change in asthma control (CAC) X X

Spirometry X X X

Patient completed

Written informed consent X

Sociodemographic Questionnaire X

PGIC X X

AQLQ12þ X X X

ACQ X X X

WPAI-Asthma X X X

ASD X† X†

Diary Burden Questionnaire X

ACQ, Asthma Control Questionnaire; AQLQ12þ, Asthma Quality of Life Ques-
tionnaire; ASD, asthma symptom diary; PGIC, patients’ global impression of change
(in severity of asthma symptoms since the last study visit); WPAI-Asthma, Work
Productivity and Activity Impairment Questionnaire-Asthma.
*Baseline clinical form included the clinician global impression of change (CGIC).
†Participant completes the daily electronic diary at home in the morning and
evening.
zThe second visit was scheduled 14-18 d after completion of the baseline visit.
xThe final visit was scheduled 14-18 d after completion of the second visit.

J ALLERGY CLIN IMMUNOL PRACT
JANUARY/FEBRUARY 2016

66.e4 GLOBE ETAL



Reproduced with permission of the copyright owner. Further reproduction prohibited without
permission.


	Psychometric Properties of the Asthma Symptom Diary (ASD), a Diary for Use in Clinical Trials of Persistent Asthma
	Methods
	Study design
	Description of the asthma symptom diary
	Patient global rating of change
	Clinician global rating of change

	Statistical analyses
	Item performance
	Confirmatory factor analysis
	Rasch model analysis
	Differential item functioning
	Reliability
	Construct validity
	Responsiveness
	Exploratory analysis of minimum important difference and responder definition


	Results
	Study sample
	Item performance
	CFA, Rasch model analysis, and DIF
	Reliability
	Construct validity
	Responsiveness
	Exploratory analysis of a minimal important difference and responder definition for the ASD

	Discussion
	Acknowledgments
	References
	Online Repository Data


