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PHARMACOTHERAPY
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Objectives. Test–retest reliability of an asthma paper diary versus an electronic diary (e-diary) with an integrated peak flow meter was investigated.
The equivalence of the two modes was also evaluated.Methods. Prospective, randomized crossover study design in adolescents (12–17 years) and
adults (�18 years). Key inclusion criteria were persistent asthma, Asthma Control Test (ACT) scores �16, use of inhaled corticosteroid with or
without long-acting beta-agonist for�12 weeks, nocturnal awakenings<2 times in the past week, and activity limitations<1 per week. Participants
were randomized to either paper then e-diary or e-diary then paper, to be completed for 14 days each.Results. Forty-seven participants completed all
study visits. Weekly percentage of symptom-free days (SFDs) and rescue-free days (RFDs) were calculated. Intraclass correlation coefficients
(ICCs) ofWeek 1mean SFD and RFD (test) andWeek 2mean SFD and RFD (retest), respectively, were estimated in three groups defined as stable:
(i) minimal changes in asthma symptoms, as measured by the global patient reported symptom change question, (ii) less than 15% change (absolute
value) in 1 second FEV1 at adjacent study visits, and (iii) changes in ACT scores less than three points for each mode. SFD demonstrated acceptable
ICC (�0.70) using all three definitions of asthma stability for bothmodes.Conclusion.Acceptable reproducibility of the percentage of RFD (ICC¼
0.78) was only observed for the e-diary using the FEV1 stability criterion. The ICCs for SFD and RFDwere acceptable, 0.84 and 0.70, respectively,
suggesting better reliability for the e-diary.
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BACKGROUND

Asthma is a chronic condition characterized by wide-
spread, but variable, airflow obstruction that is at least
partly reversible either spontaneously or with treatment
(1). It is a symptom-driven disease in which airway inflam-
mation, in combination with bronchial hyperresponsive-
ness, causes recurrent episodes of dyspnea (shortness of
breath), wheezing, chest tightness, and coughing (2).
Because of the episodic nature of the disease, there is
considerable variability in asthma symptoms (3).
Asthmatic patients represent the best informants of the
frequency and severity of symptoms, as well as their
impacts on sleep quality, the ability to perform routine
activities, and the need for rescue medications to treat
worsening symptoms (4, 5).

In asthma clinical trials, documenting changes in
patient-reported daytime and nighttime symptoms, and
use of rescue medications is integral in order to evaluate
treatment efficacy (6). Twice-daily asthma symptom dia-
ries are most commonly used because they permit trial
participants to document episodes of asthma-associated
morbidity within time frames that are proximal to the
actual occurrence of the events of interest (5, 7).

Historically, asthma symptom diaries have been developed
for self-administration using the paper-and-pencil mode of
administration (8, 9). Symptom data captured using paper
diaries may be less valid due to suboptimal patient adher-
ence with diary completion as well as the “parking lot”
effect, the phenomenon where participants retrospectively
complete diary entries oftentimes before study visits (5).

Electronic platforms have been increasingly used to cap-
ture patient-reported outcomes (PROs) across various indi-
cations, including asthma (10–12). By using electronic data
capture (ePROs), several advantages over paper-based
modes of administration are being offered, including the
inclusion of alarms to remind patients to complete diaries
within specified windows, minimization of missing data
since devices are programmed to prevent the skipping or
exclusion of diary items, as well as time stamps of patient
responses. The migration of a paper-and-pencil diary to an
electronic platform typically warrants minor-to-moderate
changes in the content and layout of diary instructions,
items, and response options. Hence, regulatory authorities
also require empirical evidence, demonstrating the equiva-
lence in psychometric performance of ePROs relative to the
original, paper-and-pencil-administered PRO (13, 14).

The objectives of this study were twofold: (i) to evaluate
the test–retest reliability (reproducibility) of an asthma
symptoms and rescue medication use diary via the paper-
based and electronic modes in clinically stable adolescent
and adult participants with persistent asthma and (ii)
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to examine the measurement equivalence of these modes
of administration.

METHODS

Study Design

This was a prospective, randomized two-group crossover
study. The study sample was recruited from clinics in the
United States. Potential participants were identified by study
sites from their database of patients willing to participate in
clinical studies and contacted during a scheduled study visit
or via telephone to be screened for eligibility based on the
inclusion and exclusion criteria. Participants randomized to
Study Arm 1 completed the twice-daily asthma symptoms
and rescue medication use diary in the paper-and-pencil
mode at home for 14 consecutive days, starting on the
evening of the baseline visit. Participants in Arm 1 returned
to the clinical site with their completed paper diaries approxi-
mately 2 weeks after baseline (Visit 2) and were crossed over
to diary completion using the AM3® (eResearchTechnology
GmbH, Germany), an integrated electronic diary (e-diary)
with peak flowmeter, for 14 consecutive days, starting on the
evening of Visit 2. A final visit occurred approximately 2
weeks after Visit 2, where participants returned their assigned
devices and site personnel uploaded diary data onto study-
specific laptops. By contrast, participants in Study Arm 2
completed the diary migrated to the AM3® (electronic)
between Visits 1 and 2, and the paper-and-pencil diary
from Visit 2 to the final visit. The acceptable window of
deviation for both follow-up visits was 3 days (Figure 1).

Four asthma and allergy clinical sites in the United
States (Alexandria, Virginia; Birmingham, Alabama;
Blue Bell, Pennsylvania; and Wheaton, Maryland)
recruited and screened participants for study eligibility.
The study protocols, including recruitment and screening
procedures, were reviewed and approved by the Ethics
Review Committee and Institutional Review Board.

Sample

Individuals who met the following criteria were included in
the study: (i) adolescents (12–17 years, inclusive) or adults
(�18 years); (ii) those who had clinician-diagnosed asthma,
as defined by the American Thoracic Society (ATS) (15) for
at least 6months prior to study screening; (iii) thosewho had
mild, moderate, or severe persistent asthma (16); (iv) those
with total scores of�16 on the self- or telephone interview-
administered versions of the Asthma Control Test (ACT)
(17, 18) at study screening; (v) those who used an inhaled
corticosteroid (ICS)with orwithout long-acting beta-agonist
(LABA) at a stable dose for at least 12 weeks prior to study
screening; and (vi) those who reported activity restrictions
and nocturnal awakenings due to asthma not exceeding once
and twice in the past week, respectively. Individuals who
met any of the following criteria were deemed ineligible for
the current study: (i) those who had comorbid chronic pul-
monary disease or any other condition affecting lung func-
tion; (ii) thosewho reported use of short-acting beta-agonists
(SABAs) to relieve asthma symptoms more than 3 times
within the past 7 days of screening; (iii) those who com-
pleted more than one asthma-related emergency department
(ED) visit in the past 3 months of screening; (iv) those who
reported at least one asthma-related hospitalization in the
past 6 months of screening; (v) those who had acquired
bacterial or viral infections of the lower or upper respiratory
tract within 4 weeks of study screening; (vi) those who had
suboptimal adherence to prescribed ICS regimens based on
clinician judgment; (vii) those who initiated oral corticoster-
oids for the treatment for worsening asthma in the past 4
weeks of screening; (viii) current smoker; and (ix) thosewho
had cognitive impairment that would interferewith complet-
ing self-administered questionnaires.

Study Procedures

Study Visits. At baseline, eligible participants who pro-
vided written informed consent and/or assent (adolescents
only) completed a brief questionnaire to capture demo-
graphic characteristics (age, gender, and race/ethnicity)
as well as recent asthma symptom history and asthma
resource use in the past year. Participants were then rando-
mized to study arms to determine which mode of diary
administration they would complete first. The site-
stratified randomization scheme was generated for each
participant number using Statistical Analysis Software
(SAS®), version 9.3.1 (SAS Institute Inc., Cary, NC,
USA). Sites were provided with sealed envelopes that
contained index cards with the participants’ study arm.
Following successful participant enrollment, the site coor-
dinator or designee opened a randomization envelope

Randomization at baseline visita

Study Arm 1

Paper diary completed
at home

Crossover Visit 2
14 days after baselinea,b

Study Arm 2

Electronic diary completed
at home

End of study
14 days after Visit 2a,b

Crossover electronic diary
completed at home

Crossover paper diary
completed at home

FIGURE 1.—Study design.
aSpirometry performed in accordance with ATS/ERS guidelines; bwindow of
deviation of 3 days was acceptable for follow-up visits.
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containing the study ID number to assign each participant
to a study arm. Deviations from the randomization scheme
were not permitted.

Spirometry was performed as the final assessment at
baseline and repeated at all subsequent study visits in
accordance with the guidelines outlined by ATS/
European Respiratory Society (ERS) (19). At Visit 2,
participants returned the completed diaries from the first
mode of administration and were crossed over to the
second mode of diary administration. At the final study
visit, participants returned the diary in the second mode
and completed the self-administered version of the
ACT. Indicators of potential changes in asthma status,
such as the initiation of oral corticosteroids, urgent asthma
care utilization, or changes in ICS and/or rescue medica-
tion after baseline, were monitored and documented by site
personnel at both Visits 2 and 3.

At-home Assessments. Participants completed two addi-
tional questionnaires between study visits: the ICS
Medication Adherence Questionnaire and the Patient
Global Impression of Change (PGIC) in asthma status.

Measures

Asthma Symptoms and Rescue Medication Use Diary. The
asthma symptoms and rescue medication use diary con-
sisted of morning and evening questions. Participants com-
pleted the morning questions upon awakening for the day
and prior to taking their morning doses of ICS. Participants
were instructed to select the response that best described the
impact of cardinal asthma symptoms (chest tightness, short-
ness of breath, cough, and wheeze) on sleep quality in the
last 12 hours. The five response options to this question
were “No symptoms during the night,” “Symptoms causing
me to wake up once (or wake early),” “Symptoms causing
me to wake twice or more (including waking early),”
“Symptoms causing me to be awake for most of the
night,” and “Symptoms so severe that I did not sleep at all.”

By comparison, the evening questions evaluated asthma
symptom impacts on usual activities. Using a recall period
of the last 12 hours, participants reported that they had
either “No symptoms during the day,” “Symptoms for one
short period during the day,” “Symptoms for two or more
short periods during the day,” “Symptoms for most of the
day, which did not affect my normal daily activities,”
“Symptoms for the most of the day, which did affect my
normal daily activities,” or “Symptoms so severe that I
could not go to work or school or perform normal daily
activities.” Participants completed the evening questions
before retiring for bed at night and prior to taking evening
doses of ICS. Of note, both morning and evening assess-
ments include an item to record the total number of puffs of
rescue medications taken in the previous 12 hours.

The paper and electronic (AM3®) versions of the
asthma diary were similar, yet several differences must
be noted. First, the instructions of the e-diary did not
appear on the same screen as the questionnaire items or
response options. Second, the response scale for the symp-
tom items (both morning and evening questions) was

presented horizontally, whereas in the paper diary, it was
vertical. The total number of puffs of rescue medication
used in the previous 12 hours required a quantitative
response. In the paper diary, participants wrote in those
values; however, while completing the e-diary, partici-
pants selected the correct response by “toggling” to the
appropriate integer. Hence, the migration of the paper
diary to the AM3® represented a moderate level of mod-
ification, as described in the International Society for
Pharmacoeconomics and Outcomes Research (ISPOR)
ePRO Task Force guidelines (13).

A pilot studywas conducted to evaluate the usability of the
asthma symptoms and rescue medication use diary migrated
to the AM3® from the patient’s perspective. The findings
from this unpublished study demonstrated that the aforemen-
tioned changes did not affect patient comprehension, per-
ceived ability to respond to diary items, or ease of use.
Finally, the morning and evening questions of the e-diary
were only available for response from 2 am to 1:59 pm and
2:00 pm to 11:59 pm (in the participant’s time zone), respec-
tively. The electronic (AM3®) version of the asthma diary
included acoustic alarms to remind the patient to complete
her/his diary; the alarms sounded from8:30 am to 9:30 am for
the morning session and from 9:00 pm to 10:00 pm for the
evening session. At the end of each session, subjects were
given an option to go back and change their answers, if
required. Participants completing the paper diaries were
instructed to complete the morning and evening questions
within the same time frames but there was no formal mechan-
ism to discourage deviations in the timing of diary completion.

Participant Training. Site personnel provided hands-on
training experience using tutorial AM3® devices and
patient-friendly handouts. The device manufacturer
(ERT; Peterborough, Cambridgeshire, UK), together with
the study team, developed the handout to train participants
to operate the AM3® as well as to complete the diary. After
the completion of this tutorial, participants independently
simulated the completion of the morning and evening
questions. Similarly, site personnel reviewed participants’
instructions inserted in the inside cover of the booklet
containing the paper-and-pencil diary and other PROs.
Site personnel, together with participants, completed sup-
plementary diary worksheets, which outlined the dates
when each diary was to be completed.

Asthma Control Test. The ACT is a validated PRO for self-
and telephone interview-administration to assess the
degree of asthma control (17, 18, 20). Using a recall period
of the past 4 weeks, participants reported the frequency of
activity limitation due to asthma, shortness of breath,
nighttime awakenings, rescue medication use, and the
perception of overall controlled-asthma weeks on a
5-point Likert rating scale, where “1” represented frequent
symptoms or limitations due to asthma symptoms and “5”
indicated no symptoms/limitations. Participant ratings on
the five items were summed to yield scores ranging from 5
to 25, where higher scores were indicative of better asthma
control (20). ACT scores were also used to classify
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participants into one of three categories: (i) well-controlled
asthma (ACT scores �20), (ii) not well-controlled asthma
(scores 16–19), and (iii) very poorly controlled asthma
(scores �15). Persons with changed scores at the final
visit less than the absolute value of three relative to base-
line, the established minimally important difference (MID)
of the ACT (21), were classified as not having clinically
significant changes in asthma control.

PGIC in Asthma Status

Patient perceptions of current asthma status relative to the
previous week were captured using a two-item PGIC (22).
The PGIC was incorporated into the study in order to quan-
tify the extent of stability, improvement, or deterioration in
asthma symptoms and rescue medication use on the final
days of diary completion, independent of mode of adminis-
tration. Participants could describe their current asthma
symptoms as “Much better,” “Somewhat better,” “A little
better,” “The same,” “A little worse,” “Somewhat worse,” or
“Much worse.” Individuals who described their asthma
symptoms as “A little better,” “The same,” or “A little
worse” were considered as stable with respect to asthma
symptoms. Similarly, response options for perceived changes
in rescue medication use were “Much less often,”
“Somewhat less often,” “A little less often,” “The same,”
“A little more often,” “Somewhat more often,” or “Much
more often.” Persons who used rescue medication with the
same frequency or a little less/more often were categorized as
having minimal changes in rescue medication use.

Inhaled Corticosteroid Adherence Questionnaire

A four-item ICS adherence questionnaire was adapted from
theMorisky scale in order tomonitor weekly changes in ICS
use as participants completed the asthma symptom and
rescue medication use diaries (23). The Morisky scale had
been previously adapted to assess self-reported medication
adherence in asthma patients (24, 25). Participants indicated
howoften in the past 7 days they forgot to take ICS, had been
careless about taking ICS, stopped taking ICS, and used less
ICS than prescribed on a 5-point Likert scale, where “1”
represented “Most of the time” and “5” represented “None of
the time.”Higher scores were indicative of better adherence.
Total adherence scores are themean ratings on the four items
and higher scores are suggestive of better asthma mainte-
nance medication adherence.

Statistical Analyses

Scoring of Diary. Symptom-free days (SFDs), based on the
24-hour period, were calculated from participant ratings on
the morning and evening questions of the diary. If the
participant reported having “no symptoms during the
night” and “no symptoms during the day,” he or she was
categorized as having an SFD; otherwise, it was a non-
SFD. Of note, if a participant had missing data for both the
morning and evening symptom questions, their data were
coded as missing for that day. Similarly, if data were
missing for one question, it was also coded as missing
unless the participant endorsed having significant

symptoms with the other symptom question. A similar
approach was undertaken to calculate RFDs (24-hour per-
iod). Weekly percentages of SFDs and RFDs were calcu-
lated for each diary mode.Week 1 andWeek 2 percentages
of SFDs were calculated as the number of SFDs from Days
1–8 and Days 9–15, respectively, (numerator) divided by
the number of days with non-missing data during the
corresponding intervals (denominator), multiplied by 100.
The same algorithm was applied to calculate the percen-
tages of RFDs for Weeks 1 and 2 for each mode.

Lung Function Parameters. Predicted values for lung func-
tion parameters were derived from the National Health and
Nutrition Examination Survey (NHANES) III reference
values with race corrections when appropriate (26).

Descriptive Analyses. Descriptive statistics of participant
demographic and clinical characteristics, as well as asthma-
related health service utilization, were performed. Counts
and proportions of participants with poorly controlled, not
well-controlled, and well-controlled asthma at study screen-
ing were calculated. Descriptive statistics for lung function
parameters, by study visit, were also computed. The propor-
tion of respondents who reported changes in asthma
resource use (asthma-related ED visits and hospitalizations,
initiation of oral steroids, and changes in ICS or rescue
medications) between (i) baseline and Visit 2 and (ii) Visit
2 and the final visit were computed.

Evaluation of Order and Mode Effects. Before calculating
test–retest reliability of the outcome measures of interest,
repeated general linear regression models were estimated
to evaluate whether there were order and mode effects
(27). Mean weekly SFDs or RFDs were the dependent
variables, and covariates for both models included study
week, mode of administration (binary variable), study arm
(binary variable), and an interaction term for week, mode,
and study arm. Statistical significance of any covariates
(p < .05) was indicative of order and/or mode effects.

Test–retest Reliability. Intraclass correlation coefficients
(ICCs) of the mean percentage of SFDs for Week 1(test)
and Week 2 (retest) for the paper-and-pencil mode as well
as e-diary administration were estimated in participants
meeting the following stability definitions: (i) participants
who reported minimal changes in asthma symptoms, as
measured by the symptom item of the PGIC, (ii) those who
had less than the absolute value of 15% change in forced
expiratory volume in 1 second (FEV1) at the study visit
when diary mode was returned, relative to the visit where
the diary was assigned, and (iii) those who did not experi-
ence clinically significant changes in asthma control
(e.g., Changes in ACT scores less than the absolute value
of three points). Similarly, the ICCs for the mean RFDs for
Week 1 and Week 2 were calculated using the same
stability definitions except the rescue medication item of
the PGIC-classified participants with minimal changes in
rescue medication use. ICCs equal to or greater than 0.70
are indicative of acceptable test–retest reliability (28).
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Measurement Equivalence. ICCswere estimated to evaluate
the equivalence of mean weekly SFD and RFD variables
across the paper-and-pencil and e-diary modes of adminis-
tration. For these analyses, the stable group comprised parti-
cipants who had less than 15% (absolute value) change in
FEV1. Acceptable measurement equivalence was determined
from ICCs between the modes of administration. ICCs
greater than 0.70 were indicative of equivalence (13).

All statistical analyses were performed on SAS/STAT®

version 9.1.3 (SAS Institute Inc.). All statistical tests used a
two-sided significance level of 0.05 unless otherwise noted.

RESULTS

Disposition of Participants

Seventy-five individuals were screened for study eligibil-
ity, of which one-third (n ¼ 25) were screen failures. The
primary reasons for exclusion from the current study were

(i) smoking status (current smoker or recent history of
smoking), (ii) use of SABA to relieve asthma symptoms
more than 3 times in the past 7 days of study screening, and
(iii) no use of ICS for 12 weeks or longer, prior to study
screening. Fifty participants provided written informed
consent and/or assent and completed the baseline visit.
Forty-nine participants completed Visit 2; one Study
Arm 2 participant was lost to follow-up after the baseline
visit. Two participants (one from each study arm) com-
pleted Visit 2 but did not crossover to the second mode of
diary administration nor complete the final visit. A total of
47 participants completed all three study visits.

Descriptive Analyses

The mean age for the sample was 36.5 � 17.5 years
(Table 1). Table 1 also summarizes characteristics of the
sample in both study arms. Almost two-thirds (66%) of the
sample were females and the majority of participants
described their race as White (62%). Of note, other racial

TABLE 1.—Baseline sociodemographic and clinical characteristics.

Characteristic Study Arm 1 (n ¼ 25) Study Arm 2 (n ¼ 25) Overall sample (n ¼ 50)

Mean age, years (SD) 36.4 � 20.0 36.5 � 15.1 36.5 (17.5)
Female participants, n (%) 17 (68.0) 16 (64.0) 33 (66.0)
Adolescent participants, n (%) 8 (32.0) 5 (20.0) 13 (26.0)
Race, n (%)
White 14 (56.0) 17 (68.0) 31 (62.0)
African-American 10 (40.0) 7 (28.0) 17 (34.0)
Asian 2 (8.0) 2 (8.0) 4 (8.0)
Othera 2 (8.0) 0 2 (4.0)

Mean age at clinician-confirmed diagnosis of asthma, years (SD) 14.4 (13.6) 16.9 (14.0) 15.7 (13.7)

Current controller medicationb, n (%)
Corticosteroids 6 (24.0) 9 (36.0) 15 (30.0)
Montelukast 6 (24.0) 6 (24.0) 12 (24.0)
Combination products—ICS þ LABA 21 (84.0) 16 (64.0) 37 (74.0)
Not specified 1 (4.0) 0 (0.0) 1 (2.0)

Asthma symptom severity levelc, n (%)
Mild persistent 5 (20.0) 6 (24.0) 11 (22.0)
Moderate persistent 17 (68.0) 17 (68.0) 34 (68.0)
Severe persistent 3 (12.0) 2 (8.0) 5 (10.0)

Asthma control based on scores on the ACTd, n (%)
Not well-controlled asthma 4 (16.0) 6 (24.0) 10 (20.0)
Well-controlled asthma 21 (84.0) 19 (76.0) 40 (80.0)

Experienced asthma symptoms, past week, n (%)
Shortness of breath 11 (44.0) 13 (52.0) 24 (48.0)
Chest tightness 5 (20.0) 5 (20.0) 10 (20.0)
Wheezing 5 (20.0) 3 (12.0) 8 (16.0)
Coughing 5 (20.0) 8 (32.0) 13 (26.0)

Mean FEV1 predicted, L (SD) 2.8 (0.9) 2.8 (0.6) 2.8 (0.8)
Mean number of missed school/work days, past week (SD) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)
Mean number of asthma-related emergency department visits, past year (SD) 0.1 (0.3) 0.1 (0.4) 0.1 (0.3)
Mean number of asthma-related hospitalizations, past year (SD) 0.0 (0.2) 0.0 (0.0) 0.0 (0.1)

Comorbid conditions, n (%)
Allergies 24 (96.0) 24 (96.0) 48 (96.0)
Eczema 5 (20.0) 5 (20.0) 10 (20.0)
Esophageal reflux or gastroesophageal reflux 5 (20.0) 10 (40.0) 15 (30.0)
Hay fever 8 (32.0) 11 (44.0) 19 (38.0)
Rhinitis 13 (52.0) 14 (56.0) 27 (54.0)
Sinusitis 5 (20.0) 8 (32.0) 13 (26.0)

Note: aIndividuals who self-reported their race/ethnicity as Native Hawaiian, Pacific Islander, American-Indian, or Alaskan Native were collapsed into the “Other” category due to small
sample size.
bParticipants could select more than one response. The total percentages may be greater than 100.
cAsthma symptom severity levels were assessed by clinicians in accordance with the guidelines outlined in the National Asthma Education and Prevention Program Report.
dPersons with ACT scores �20 were labeled as having “well-controlled asthma”; those with scores between 16 and 19, inclusive, had “not well-controlled asthma.”
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groups, including African-Americans (34%) and Asians
(8%), were also represented within the sample (partici-
pants could self-report more than one race/ethnicity).
Clinician-confirmed diagnoses of asthma occurred, on
average, when participants were adolescents. Slightly
more than two-thirds (68%) of the sample had moderate
persistent asthma. Four out of every five participants had
well-controlled asthma. Shortness of breath was the most
common cardinal asthma symptom experienced by parti-
cipants within the past week of baseline (48%), followed
by coughing (26%). The mean baseline FEV1 was 2.79 �
0.78 L (range: 1.16–4.93 L).

Asthma resource use within the past year was extremely
low in this sample as indicated by the reported number of
asthma-related ED visits and hospitalizations. Further,
participants did not experience any school or work limita-
tions due to asthma in the week preceding the visit. Almost
all participants (96%) reported comorbid allergies; how-
ever, concomitant conditions were also prevalent within
this sample, including rhinitis (54%), hay fever (38%),
esophageal reflux or gastroesophageal reflux (30%), sinu-
sitis (26%), and eczema or atopic dermatitis (20%).

Participants were adherent to the ICS medications
throughout the study, with median ICS medication adher-
ence scores at Weeks 1 and 2 for each mode of adminis-
tration of 5.0 (the highest overall score), thereby
suggesting that sample participants were compliant with
their prescribed asthma controller medications. No study
participant reported urgent, asthma-related visits between
the baseline visit and Visit 2. However, one participant
initiated a round of oral steroids and modified their ICS
dose between Visit 2 and the final visit. Mean lung func-
tion parameters at Visit 2 and the final visit were similar to
those at baseline (mean FEV1: Visit 2, 2.78 � 0.79 L
(range: 1.16–4.93); final visit, 2.75 � 0.78 L (range:
1.29–4.95)).

Diary Compliance

Interesting trends were observed with respect to compli-
ance to diary completion. Daily compliance rates with
morning questionnaire administered as a paper-based

diary ranged from 96% to 100%, whereas this range was
lower with the AM3® (76–96%). Similar trends were
observed for the evening questionnaire (range: paper, 96–
100%; AM3®, 56–96%).

Outcome Variables

Table 2 summarizes the mean percentages of SFDs and
RFDs by study arm and week within each mode of diary
completion. Mean weekly SFDs ranged from 49.8 �
35.0% (Week 1 of Study Arm 2) to 71.0 � 26.9% (Week
2 of Study Arm 1). Similarly, mean weekly RFDs ranged
from 78.7 � 28.6% (Week 1 of Study Arm 2) to 89.5 �
17.9% (Week 1 of Study Arm 1).

Evaluation of Order and Mode Effects

In the mixed models for repeated measures, no significant
study arm, mode of diary administration, or interaction
terms were observed for SFDs and RFDs. In light of
these findings, diary data were pooled across study arms
for test–retest reliability analyses.

Test–Retest Reliability

The ICCs for SFD for both the paper-and-pencil and elec-
tronic modes among participants who reported having
minimal changes in asthma symptoms, as measured by
the PGIC, exceeded 0.75 (ICC: paper, 0.77; electronic,
0.75), thereby demonstrating acceptable test–retest relia-
bility (Table 3). By contrast, the ICCs for RFDs among
persons with stable rescue medication as determined by the
PGICwere somewhat lower (paper, 0.60; electronic, 0.63).
Among persons who had less than the absolute value of
15% change in FEV1 between consecutive study visits, the
reproducibility of the SFDs using paper-and-pencil and
electronic modes was also acceptable (ICC: paper, 0.74;
electronic, 0.71). The ICCs for RFDs for the e-diary met
the criterion for acceptable test–retest reliability, having an
ICC of 0.78; however, this result was not observed for the
paper diary (ICC ¼ 0.67).

Among the 47 participants who completed all study
visits, 11 participants experienced clinically meaningful

TABLE 2.—Mean percentages of SFD and RFD by study arm and weeks.

Mean SFD (SD)

First diary mode of administration Second diary mode of administration

Study arm Week 1 (n) Week 2 (n) Week 1 (n) Week 2 (n)

Study Arm 1 (paper then electronic) 71.0 (26.9) (n ¼ 25) 68.2 (33.0) (n ¼ 25) 64.5 (33.9) (n ¼ 24) 70.1 (31.2) (n ¼ 24)
Study Arm 2 (electronic then paper) 49.8 (35.0) (n ¼ 24) 55.5 (38.5) (n ¼ 24) 60.9 (39.9) (n ¼ 23) 58.6 (35.6) (n ¼ 23)

Mean RFD (SD)

First diary mode of administration Second diary mode of administration

Study arm Week 1 (n) Week 2 (n) Week 1 (n) Week 2 (n)

Study Arm 1 (paper then electronic) 89.5 (17.9) (n ¼ 25) 82.1 (26.3) (n ¼ 25) 82.7 (27.7) (n ¼ 24) 80.9 (27.8) (n ¼ 24)
Study Arm 2 (electronic then paper) 78.7 (28.6) (n ¼ 24) 81.2 (25.1) (n ¼ 23) 80.9 (27.7) (n ¼ 23) 78.9 (29.5) (n ¼ 23)
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changes in asthma control, as indicated by the achievement
of the ACTMID at the final visit. The ICCs for SFD using
this stability definition for the paper-and-pencil and elec-
tronic modes were 0.73 and 0.70, respectively. The ICCs
for RFDs did not meet the acceptable thresholds for either
mode (paper, 0.57; electronic, 0.58).

Measurement Equivalence

The ICC between modes of administration for SFDs
(Weeks 1 and 2) was high (ICC¼ 0.84) (Table 4), thereby
suggesting equivalence between the paper-and-pencil and
electronic modes of administration. The ICC for RFDs was
acceptable (ICC ¼ 0.70). Further, the t-tests showed no
significant differences in mean scores between modes.

DISCUSSION

In a recent systematic review of randomized, double-blind,
placebo-controlled trials published from 2004 to 2006,
Dinan and colleagues found that symptom diaries were
the most common PRO used in asthma clinical trials
(29). This finding may be attributable, in part, to evidence

requirements outlined by regulatory agencies. The
European Medicines Agency, for example, recommends
the supplementation of lung function end points with
patient-reported symptom data in order to evaluate the
efficacy of asthma medications (30). As described pre-
viously, there is considerable variability in asthma symp-
toms. Twice-daily diaries represent an optimal approach to
balance the competing demands of minimizing patient
burden while simultaneously collecting reliable and valid
retrospective symptom data in clinical trials (6, 14).
Technological features of asthma symptom diaries
migrated to electronic devices may further enhance data
quality. For example, questionnaires can be programmed
so that participants can complete diaries at specific time
intervals. Further, alarms remind participants to complete
diaries, thereby improving diary compliance.

In this study, the test–retest reliability of the percentage
of SFDs, as captured by both the paper-and-pencil diary
and AM3®, met or exceeded the threshold of acceptable
reproducibility with all three definitions of asthma stabi-
lity. Similarly, adequate reproducibility of the percentage
of RFDs was observed in the AM3® diary using the stabi-
lity definition of the change in FEV1 between adjacent

TABLE 3.—Test–retest reliability of the percentages of SFDs and RFDs by stability definition and diary mode of administration.

Week 1 mean Week 2 mean Mean difference (p) Pearson correlationa ICC

PGICb

Paper-and-pencil
SFD (n ¼ 37) 64.5 65.6 1.1 (0.78) 0.76 0.77
RFD (n ¼ 40) 87.5 82.9 �4.6 (0.17) 0.62 0.60
AM3®

SFD (n ¼ 41) 57.0 64.5 7.5 (0.05) 0.76 0.75
RFD (n ¼ 41) 80.9 82.9 2.0 (0.56) 0.64 0.63

<�15% Change in FEV1
b,c

Paper-and-pencil
SFD (n ¼ 44) 65.6 64.5 �1.1 (0.76) 0.73 0.74
RFD (n ¼ 44) 84.9 80.4 �4.5 (0.15) 0.69 0.67
AM3®

SFD (n ¼ 42) 56.3 60.6 4.4 (0.31) 0.71 0.71
RFD (n ¼ 41) 83.0 80.7 �2.3 (0.39) 0.79 0.78

Nonachievement of MID for the ACT at final visitb

Paper-and-pencil
SFD (n ¼ 36) 71.9 66.3 �5.5 (0.16) 0.73 0.73
RFD (n ¼ 36) 88.9 82.0 �6.9 (0.06) 0.61 0.57
AM3®

SFD (n ¼ 36) 61.2 69.8 8.6 (0.04) 0.73 0.70
RFD (n ¼ 36) 81.5 83.4 1.8 (0.64) 0.58 0.58

Note: ap < 0.0001 for all correlations except calculated for RFD using the electronic mode of administration in participants who did not achieve the MID on the ACT at the final visit
(p < 0.001).
bThree definitions of stability were employed for these analyses: (1) having minimal changes in asthma symptoms or rescue medication based on the PGIC, (2) <�15% change in FEV1,
and (3) Changes in ACT scores at the final visit (relative to baseline) <�3 points.
cThe participant who initiated the round of oral steroid and changed ICS medications during the study met the stability definition based on lung function. However, the authors decided to
exclude this person from these analyses.

TABLE 4.—Score equivalence of the SFD and RFD for Weeks 1 and 2 between paper-and-pencil and AM3® in stable participants, as determined by <�15%
change in FEV1 between consecutive study visits.

Variable Paper-and-pencil mean AM3® mean Mean difference (p) Pearson correlationa ICC

SFD (n ¼ 41) 63.3 57.9 �5.4 (0.06) 0.84 0.84
RFD (n ¼ 41) 82.9 81.9 �1.1 (0.72) 0.70 0.70

Note: ap < 0.0001 for all correlations.
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study visits. These findings were achieved despite the fact
that the number of patients included in the analytic samples
was comparatively small.

RFDs via the paper-and-pencil diaries did not yield
acceptable test–retest reliability with any stability defini-
tion (ICC < 0.67), suggesting that the timely completion
and higher data quality yielded by using the AM3® device
delivers a more reliable assessment of RFD recordings,
albeit in only one of the three groups tested, that is, stability
defined as <�15% change in FEV1. The asthma symp-
toms and rescue medication use diary migrated to the
AM3® demonstrated equivalence with the mean percen-
tage of SFDs (ICC ¼ 0.84) and RFDs (ICC ¼ 0.70)
captured by the paper-and-pencil diary. This finding was
consistent with a meta-analytic review evaluating the
equivalence of paper and electronic PROs (10).

In this study, compliance to diary completion was
somewhat higher for participants completing the paper-
and-pencil mode relative to the diary in the AM3® device.
While participants could complete the paper-and-pencil
diaries outside of the protocol-delineated time frames
(including immediately prior to study visits), participants
who completed the diary on the AM3® device could not go
back and add their entries at a later time point, as they were
limited to completing the diary within the 12-hour win-
dows in the morning and evening. While time stamps were
not available for the paper diaries, to confirm our assump-
tions about paper diary completion patterns, in a sample of
adults with chronic pain, Stone and colleagues found that
while participants reported completing diaries on a regular
basis as instructed, the rates of true diary adherence, as
determined by photosensors, were much lower (7).

Because the purpose of the study was to assess test–
retest reliability in addition to documenting the concor-
dance between paper and electronic modes of administra-
tion, the patients included had to be in a stable phase of
their condition as defined by study inclusion and exclusion
criteria. Hence, even though two-thirds of the patients had
moderate to persistent asthma, the study population is not
representative of an average asthma population. Another
potential limitation of the study was the absence of proce-
dures to mitigate learning effects between the two modes
of administration, as there was no gap between the two
assessment periods and a new baseline was not reestab-
lished. However, the evaluation of sequence and mode of
administration had showed no significant study arm, mode
of diary administration, or interaction terms for SFDs and
RFDs. Additional psychometric evaluation must also be
undertaken to examine the construct validity (cross-
sectional and longitudinal) and responsiveness of the
diary migrated to the AM3® platform.

By contrast, several study strengths should be high-
lighted. This study conformed with many of the recom-
mendations outlined in the ISPOR ePRO Good Research
Practices Task Force Report, including usability testing to
confirm that participants were able to complete the e-diary,
implementation of a randomized crossover design to eval-
uate measurement equivalence of the paper-and-pencil and
AM3® diaries, and statistical testing of potential order and

mode effects (13). This study was also noteworthy because
it employed three definitions of stable asthma patients for
the test–retest analyses, two of which were informed by
PRO measures, namely, the PGIC and ACT, even though
the results provided stronger support for SFD than
RFD. The precedence of using subjective participant rat-
ings to measure changes in health states and the inclusion
of a recall period that was easily understood by patients
represented some of the advantages of using the PGIC to
classify stable asthma patients in this study (31). Further,
Schatz and colleagues documented that change scores
greater than the absolute value of three were indicative of
clinically significant changes in asthma status, thereby
differentiating stable from unstable asthma patients (21).

In addition, slightly more than three-quarters of the
sample had moderate or severe persistent asthma, thus
mimicking the distribution of symptom severity levels in
asthma trial populations.

Purposeful deliberation was given to the study design.
For example, clinicians together with health outcome
researchers collaborated to create stringent participant
inclusion and exclusion criteria in order to enroll partici-
pants with active asthma who would maintain the same
level of symptom frequency throughout the study. ICS
adherence and urgent asthma-related resource utilization
were captured to document whether participants experi-
enced moderate-to-severe asthma exacerbations while
enrolled in the study. As such, the authors were able to
discern that one participant initiated a round of oral ster-
oids and changed his or her ICS medication sometime
between baseline and Visit 2.

In conclusion, the asthma symptoms and rescue medi-
cation use diary migrated to the AM3® have adequate test–
retest reliability and measurement equivalence with the
paper-and-pencil version of the diary.
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