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Abstract

Background: The use of the Internet to administer questionnaires has many potential advantages over the use of pen-and-paper
administration. Yet it isimportant to validate Internet administration, as most questionnaireswereinitially developed and validated
for pen-and-paper delivery. While some have been validated for use over the Internet, these questionnaires have predominately
been used amongst the healthy general population. To date, information is lacking on the validity of questionnaires administered
over the Internet in patients with chronic diseases such as heart failure.

Objectives:  To determine the validity of three heart failure questionnaires administered over the Internet compared to
pen-and-paper administration in patients with heart failure.

Methods: We conducted a prospective randomized study using test-retest design comparing administration via the Internet to
pen-and-paper administration for three heart failure questionnaires provided to patients recruited from a heart failure clinic in
Toronto, Ontario, Canada: the Kansas City Cardiomyopathy Questionnaire (KCCQ), the Minnesota Living with Heart Failure
Questionnaire (MLHFQ), and the Self-Care Heart Failure Index (SCHFI).

Results:  Of the 58 subjects enrolled, 34 completed all three questionnaires. The mean difference and confidence intervals for
the summary scores of the KCCQ, MLHFQ, and SCHFI were 1.2 (Cl -1.5 to 4.0, scale from 0 to 100), 4.0 (CI -1.98 to 10.04,
scale from O to 105), and 10.1 (Cl 1.18 to 19.07, scale from 66.7 to 300), respectively.

Conclusions: Internet administration of the KCCQ appears to be equivalent to pen-and-paper administration. For the MLHFQ
and SCHFI, wewere unable to demonstrate equival ence. Further research is necessary to determineif the administration methods
are equivalent for these instruments.

(J Med Internet Res 2009;11(1):€3) doi: 10.2196/jmir.1106
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Introduction

Using the Internet as ameansto hel p manage patientswith heart
failure may improve quality of life and reduce health care costs
[1-5]. It isimportant to further evaluate Internet-based disease
management, and its eval uation may be facilitated by using the
Internet to administer questionnaires. Indeed, Internet
guestionnaire administration may have advantages over
pen-and-paper administration including being easier for
participants to complete, improving completeness of data, and
eliminating data entry errors that occur with the transcription
of paper questionnaires [6,7]. However, it is important to
consider that most questionnaires have been developed and
validated for pen-and-paper administration, and there may be
important differences between pen-and-paper administration
and Internet administration that can affect data quality [8].
Responses of Internet questionnaires may differ from
pen-and-paper questionnaires due to issues such as a
participant’s computer anxiety or differences in display on a
participant’s computer [9]. Whether Internet administration
providessimilarly valid results asthe traditional administration
of questionnaires should not be assumed, and it has been
recommended that each questionnaire be validated for Internet
administration [7,10].

There is some data on the administration of questionnaires via
the Internet compared to pen-and-paper administration. Overall,
the data implies that Internet administration of questionnaires
is associated with lower completion rates but less missing data
compared to traditional administration of questionnaires [6].
There is also some evidence concerning whether Internet
administration provides similar participant responses as
pen-and-paper administration. They appear to be equivalent
based on quality-of-life measuresin adol escents, health-related
guestionnaires completed by Internet volunteers, and trauma
survey in healthy college volunteers[11-13]. However, to date,
there is little data on the equivalence of responses in patients
with heart failure or other chronic complex medical conditions.
Patientswith heart failure differ from patientsin previous survey
samples by being older and by having more co-morbidities[14].

Sinceimproving quality of lifeisrecognized as one of themain
goals of managing heart failure [15], validating questionnaires
which assess this parameter isimportant. We hypothesized that
Internet administration would provide similar results as
pen-and-paper administration in a cohort of patients with heart
failure. We tested this by evaluating equivalency using the
test-retest study design of three heart failure questionnaires.

Methods

Study Design

This was a prospective trial comparing pen-and-paper
administration to Internet administration using classic test-retest
design. Between June 2006 and May 2007, we randomized
participants to first complete either the pen-and-paper
guestionnaire or the Internet questionnaire. We then retested
the participants two weeks later with the alternate method of
administration. The interval of two weeks between retesting
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was considered short enough to minimize clinical change yet
long enough to reduce recall bias.

Participants

We enrolled patients from the Heart Function Clinic at Toronto
General Hospital, University Health Network, Toronto, Ontario,
Canada. The Heart Function Clinic is a tertiary care,
multidisciplinary heart failure clinic. Patients were eligible for
inclusion in the study if they were diagnosed with heart failure,
aged 18 years or older, able to access the Internet, able to read
and comprehend English, and ableto provideinformed consent.
Participants were given information describing the study at the
time of their clinic appointment. For those people interested in
participating, the research associate initiated the process of
informed consent. Ethics approval was obtained from the
research ethics board at the University Health Network. Since
thistrial did not have anintervention, it was not registered with
arandomized trial registry.

Randomization and Allocation

A computer-generated randomized schedule was prepared by
the study biostatistician and then stored and securely concealed
until allocation was assigned. For those patients meeting the
inclusion criteriaand providing informed consent, the research
assistant assigned the next randomization sequence according
to the schedule. Patients were first allocated to either
pen-and-paper or Internet administration. Neither blinding of
participants nor the research assistant was possible due to the
study design.

Data Collection

If the participant was randomized to the pen-and-paper version
first, they either completed the questionnaires in the clinic or
completed them at home and then returned them by mail. If
they were initially randomized to the Internet version, they
either completed them online at a computer in the clinic or at
home. Two weeks later, participants were retested by the
alternate method. After one week, email reminders were sent
to any participants who had not completed either set of testing.

Instruments

We administered the following surveys, none of which had been
previously validated for use on the Internet:

- KansasCity Cardiomyopathy Questionnaire (KCCQ) [16].
The KCCQ consists of 23 items measuring the impact of
heart failure. Including the overall summary score, there
are 10 summary scores measuring the dimensions of a
patient’s physical function, symptoms, social limitation,
self-efficacy, and quality of life. The overall summary score
ranges from O to 100 with higher scores representing better
quality of life. The KCCQ hasbeen validated, used inlarge
randomized controlled trials, and found to be highly
responsive[16-19]. A change of over 5 pointson the KCCQ
summary score is considered to be a clinically significant
change in heart failure status [17].

- Minnesota Living with Heart Failure Questionnaire
(MLHFQ) [20]. The MLHFQ is a questionnaire that
provides a patient’s self-assessment of how heart failure
affects his or her daily life. It consists of 21 items, each
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with the same O - 5 Likert scale. The range of scoresisO -
105 with higher scores representing worse quality of life.
Subscoresinclude physical and emotional dimensions. The
MLHFQ has been validated and is commonly used as a
measure of health-related quality of life of heart failure
patientsin large randomized controlled trials [21-23]. The
minimal clinically important differenceis considered to be
5 - 7 points on the total score[24,25].

« Sdf-Careof Heart FailureIndex (SCHFI) [26]. The SCHFI
is a 15-item questionnaire measuring self-care. It consists
of three subscales: management, maintenance, and
self-confidence. The range of scores for each subscale is
16.7 - 100, 25 - 100, and 25 - 100, respectively, with higher
scores representing more self-care. The range of the
summary scale is 66.7 - 300. While it has been validated,
the minimal clinically significant difference is not yet
known [26].

Outcomes

Our primary outcome of interest was the difference in scores
between Internet and pen-and-paper administration of themain
summary scores for each of the threeinstruments. Outcomes of
secondary interest were the differences in the subscores of the
three questionnaires and a so whether the order of administration
affected participants’ responses.

Sample Size

As the KCCQ has been found to be more responsive than the
MLHFQ [16], thisinstrument was used to cal cul ate the sample
size. In the original validation of the KCCQ, the authors
performed atest-retest validation of the KCCQ over a 3-month
period [16]. Over the 3-month period, the mean clinical
summary score changed by -2.1 in “stable patients’ with a
P-value of .36. This equated to a standard deviation of 14.2.
Assuming that half of the variance observed was true change
and half was due to measurement error, the standard deviation
of change scores due to measurement error would be 10.01. We
assumed that any change in the KCCQ over 5 was significant.
Using an alphaerror of .05 and beta error of .20, we calculated
the desired sample size for an equivalence study to be 35
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subjects per group and then assumed two groups, resulting in
a total of 70 subjects. In retrospect, this calculation likely
overestimated our desired sample size, since the analysis was
based on paired differences of a single group [27]. Thus, the
true sample size required was 35 subjects. Due to slower than
expected enrollment, the study was terminated at one year,
before the planned enrollment of all 70 subjectswas compl eted.

Analysis

Mean paired differences between delivery methods were
calculated for the summary scores and subscores for each of
the three questionnaires. To determine whether the Internet and
pen-and-paper administration methods were equivalent, we
calculated one-sided confidenceintervals. Since astatistical test
for an equivalence hypothesisis statistically equivalent to apair
of one-sided hypothesis tests, one-sided confidence intervals
were reported as they can be more informative than P-values.
Given that an acceptable equivalence margin is not precisely
known for most of the scales considered, the confidenceinterval
approach provides more detailed information concerning how
close the results are between administration methods [28,29].
If one-sided confidence intervals were less than the minimal
clinically important difference, the administration methodswere
considered equivalent for the KCCQ and MLHFQ. Since the
minimal clinically important difference was not known for the
SCHFI, the mean paired difference and one-sided confidence
intervals were calculated to provide information about
equivalence.

To determine whether order of administration affected
responses, we performed at test on the paired summary scores
and sub-scores.

Results

From the start of the study in June 2006 until its completion in
May 2007, there were a total of 58 participants enrolled. Of
these participants, 28 received the paper version first and 30
received the Internet version first (Figure 1). The average age
was 51, ranging from 24 to 80 years (Table 1).
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Figurel. Flow of study participants
Randomized {n = 58)
/_-'-"-
.:-"'-FF -\-"\-\.‘_\\h‘-
Allecated to pen-and-paper Allocated to Intemeat
questionnaires first (n = 28) questionnaires first (n = 30)
Received allocated Inter-ention Received allocated interention
(n= 28) (n= 30}
I
Lost to follow-up (n = 10) Lost to follow-up (n = 14)
Withdrew prior to completing pen wWithdrew prior to completing
and paper questionnaires (n = &) Internet questionnaires (n = 10)
Withdrew after completing pen withdrew after completing Internet
and paper questionnaires (= 2) Questionnaires (n= 4}
Analyzed (n=18) Analyzed (n=18)
Table1l. Demographics of participants
Paper First Internet First Completed Both Total
n 28 30 34 58
Agein Years (SD) 50 (13.3) 52 (15.1) 49 (14.2) 51(14.2)
Female 7 (25%) 12 (40%) 11 (32%) 19 (33%)
Highest education achieved
Some High School 0 (0%) 0 (0%) 0 (0%) 0 (0%)
High School Graduate 7 (25%) 5 (17%) 7 (21%) 12 (21%)
Some University/College 4 (14%) 4 (13%) 6 (18%) 8 (14%)
University/College Graduate 14 (50%) 19 (63%) 19 (56%) 33 (57%)
Post-graduate 1 (4%) 1(3%) 1(3%) 2 (3%)
Undetermined 2 (7%) 1(3%) 1(3%) 3(5%)

There were 34 participants who completed both Internet and
pen-and-paper questionnaires. Of these 34 subjects, 18
completed paper questionnairesfirst, and 16 completed I nternet
guestionnaires first. There were 4 participants who completed
Internet questionnaires but did not complete pen-and-paper
guestionnaires. Conversely, 2 completed pen-and-paper
guestionnaires but did not complete Internet questionnaires.

http://www.jmir.org/2009/1/e3/
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The summary scores and subscores for the KCCQ, MLHFQ,
and SCHFI are shownin Table 2. For the KCCQ, the one-sided
confidence limits of both overall and clinical summary scores
were within the equivalence margin of 5, demonstrating that
the Internet and pen-and-paper versions are equivalent; for the
MLHFQ, the one-sided 95% confidence intervals were larger
than the minimally clinical important difference of 5 - 7; and
for the SCHFI, there were wide ranges in the one-sided
confidence intervals.
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Table 2. Paired differences and one-sided confidence intervals for the overall and sub-domain scores for the three questionnaires

Internet Paper Difference 95% One-sided Cls
n Mean Score  SD n Mean Sb n Mean SD Lower  Upper
Score Paired
Score
KCCQ
Overall Summary Score 38 71.8 199 ¥H 701 220 # 12 9.5 -15 4.0
Clinical Summary Score 38 78.0 18.3 H 779 191 # -01 13.7 -4.1 38
Physical Limitation® 37 755 234 ¥H 757 22.6 B -0.76 218 -7.19 5.68
Symptom Stability 38 54.6 163 ¥ 556 19.0 A -0.74 17.9 594 447
Symptom Frequency 38 79.8 194 PH 782 20.9 # 196 133 -1.91 5.83
Symptom Burden 38 80.9 194 ¥ 819 18.4 # -147 131 -5.26 2.32
Total Symptom Score 38 80.4 18.3 ¥ 801 19.0 # 025 12.0 -3.23 3.72
Self-Efficacy 38 83.9 174 ¥H 823 21.6 # 110 15.8 -3.48 5.69
QoL 38 63.8 23.7 ¥H 60.2 271 # 245 131 -1.34 6.24
Social Limitation? 37 66l 272 P 643 209 B 221 131 -166 608
MLHFQ
Overdll 38 393 25.6 ¥H 364 26.3 # 40 20.70 -1.98 10.04
Physical 38 185 118 ¥ 153 11.5 A 38 8.65 1.28 6.31
Emotional 38 7.1 6.0 ¥ 81 6.5 # -0.88 5.98 -2.62 0.85
SCHFI
Overdll 36 224.2 34.9 # 2157 315 3 101 294 1.18 191
Maintenance 38 734 116 3 710 12.4 A 28 8.3 0.39 5.20
Management? 37 78.0 18.6 # 733 16.6 3 57 19.2 -0.21 115
Confidence® %6 714 74 % 713 180 R 14 156  -331 605

3N ote that sample size for some subscores is less than total sample size due to different responses, not due to missing data.

With respect to order of administration, Table 3 summarizes not adjusted for multiple testing. We observed no difference
the difference between Internet and pen-and-paper due to the order of administration.
administration for the three questionnaires. The P-values were
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Table 3. Effect of order of administration on mean paired differences for the three questionnaires
Paper First Internet First P value
n Mean Score  SD n Mean SD
Score
KCCQ
Overal Summary Score 18 4.0 9.1 16 -2.0 9.2 .07
Clinical Summary Score 18 29 125 16 -35 145 .18
MLHFQ
Overdll 18 0.9 14.0 16 75 264 .38
Physica 18 33 6.3 16 4.3 10.9 .76
Emotional 18 -2.2 55 16 0.6 6.3 A7
SCHFI
Overdll 172 158 30.9 14 33 26.8 .24
Maintenance 18 33 8.0 16 22 8.8 .69
Management 17@ 7.1 17.2 14 39 219 .66
Confidence 18 4.9 190 14 -3.1 84 A2

N ote that sample size for some subscores is less than total sample size due to different responses, not due to missing data.

To determine whether there was atrue clinical change over the
test-retest interval, we examined the responses to the symptom
stability question from the KCCQ: “Compared with 2 weeks
ago, have your symptoms of heart failure (shortness of breath,
fatigue or ankle swelling) changed?’. Of the respondents, 79%
reported no change or no symptoms (n = 27), 15% reported
dight changes (h =5), and 6% (n = 2) reported their symptoms
were much better.

Discussion

Principal Results

In patients with heart failure, we found that Internet
administration was equivalent to pen-and-paper administration
for the Kansas City Cardiomyopathy Questionnaire, a
guestionnaire that is known to be valid and responsive, as well
as an independent predictor of poor prognosis[18,19,30].

We were unable to show that Internet administration was
equivalent to pen-and-paper administration for the Minnesota
Living with Heart Failure Questionnaire and the Self-Care of
Heart Failure Index. The MLHFQ was not originally intended
to be self-administered; rather, the intention was that research
personnel would administer it. This may have affected both
pen-and-paper and I nternet responses. Indeed, it has been found
that who administers the questionnaires (ie, whether
self-administered or administered via interview) may have
greater effectsthan how it isadministered [8]. Whilethe SCHFI
had a larger absolute mean difference and greater confidence
intervals than both the MLHFQ and KCCQ, this is likely
attributable mostly to the greater range of the summary scale.
For the SCHFI, further research to establish the minimal
clinicaly important difference would help to determine if
delivery methods are indeed equivalent.

http://www.jmir.org/2009/1/e3/

Limitations

Therewere several study limitations of note. Firstly, enrollment
was slow and, after one year of recruitment, we did not achieve
our desired sample size. While our sample size was much
smaller than previous validation studies, thismay be dueto the
fact we studied people with a chronic disease as opposed to
people from the healthy population [11-13]. In any case, dueto
an overestimation of our sample size, we achieved sufficient
power to show equivalence for the KCCQ. Secondly, Internet
access was a requirement which may have created a hiased
selection of those who were highly educated and relatively
young. Indeed, the average age of our sample was 51 years,
much younger than the 72 years which is the average age of
patients admitted to our hospital with heart failure [31]. With
respect to the level of education, 60% of those enrolled had
completed auniversity or college degree, compared to the 52%
possessing the same level of education in the general population
of our province [32]. Thirdly, survey completion rate was an
issue. Of all who consented and were enrolled in the study, only
58% completed al parts. However, thisissimilar to other studies
comparing pen-and-paper to Internet administration [33].
Finally, we examined three questionnaires but did not randomize
the order of the three questionnaires. While our designissimilar
to other evaluations of Internet questionnaires[13,33], bias may
have been introduced because questionnaires that were
administered last may be less valid due to participant fatigue.
Fatigue increases the chance that participants will provide an
answer which is not accurate and may result in adifferencein
test-retest scores. The order of the questionnaireswas asfollows:
KCCQ, SCHFI, and MLHFQ for paper questionnaires and
SCHFI, MLHFQ, and KCCQ for Internet questionnaires. Asa
result of the order applied, fatigue effectswould be least for the
SCHFI, moderate for the KCCQ, and most for the MLHFQ.
We are reassured by the fact that the KCCQ was still found to
be equivalent despite any bias from fatigue.
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Comparison With Prior Work

Previous literature suggests that pen-and-paper administration
of questionnaires is equivalent to Internet administration
[12,13,33]. To date, these studies have been limited to healthy,
younger populations. This study adds to the literature,
demonstrating the equivalence between pen-and-paper
administration and Internet administration for the KCCQ in
patients with heart failure.

Summary

In summary, Internet administration of the KCCQ appears to
be equivalent to pen-and-paper administration. For the MLHFQ

Wuetd

and SCHFI, we were unable to demonstrate equivalence, and
further research is necessary to determine if the administration
methods are equivalent for these instruments.

Our research suggests that one cannot presume eguivalency
between results from the same questionnaire administered over
the Internet and by the pen-and-paper method in individuals
with chronic disease. Therefore, it is important that such
guestionnaires are validated before being used online. Future
research should confirm these findings and examine why such
differences exist.
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