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Abstract

Background: Patient-reported outcome measures (PROMS) areincreasingly used to measure patient’s perspective of functional
well-being, disease burden, treatment effectiveness, and clinical decision making. Electronic versions are increasingly feasible
because of smartphone and tablet usage. However, validation of these electronic PROMs (ePROMS) is warranted for justified
implementation. The International Index of Erectile Function (IIEF) 5 and 15 are widely used PROMs in urology to measure
erectile dysfunction. Measurement reliability and validity testing of the [|EF ePROMs are essential before clinical application.

Objective: Theaim of this study was to assess reliability and validity of an ePROM version of both IIEF-5 and 15.

Methods:  This study included 179 patients from our urology outpatient clinic. It aso had a randomized crossover
design—participants completed either apaper and el ectronic 11 EF-5 or 15 or twice completed an el ectroni ¢ version—uwith a5-day
delay. Interna consistency was assessed using Cronbach alpha and Spearman-Brown coefficient, test-retest reliability using the
intraclass correlation coefficient (ICC), and convergent validity using the Pearson and Spearman correlation coefficient.

Results. A total of 122 participants completed the study. Internal consistency was excellent for the electronic IIEF-5 (ICC
0.902) and good to excellent for the domains of the [IEF-15 (1CC 0.962-0.834). Test-retest reliability was excellent for the [|EF-5
(ICC 0.924) and good to excellent for the domains of the IIEF-15 (ICC 0.950-0.778). Convergent validity was excellent for the
I[IEF-5 and I|EF-15, with a correlation of r=0.923 and r=0.951, respectively.

Conclusions: We successfully introduced patient-acceptable ePROM versions of the IIEF-5 and 1I1EF-15. This study’s results
demonstrate that the ePROM versions of the [IEF-5 and I1EF-15 can be reliably implemented, as outcomes are reliable and in
accordance with findings of the paper version.

Trial Registration: ClinicalTrials.gov NCT03222388; https://clinicaltrials.gov/ct2/show/NCT03222388

(J Med Internet Res 2019;21(7):€13490) doi: 10.2196/13490
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: urology to measure erectile dysfunction (ED), applied both in
Introduction dlinical research and in daily clinical practice [1]. The 15-item
Background version was developed by Rosen in 1997, and a 5-item short

) . ) . version followed in 1999 [2,3]. Trandations into over 32
Thg International Index for Erectile Functlon (HEF) IS @ | anguages and validation of these tranglationsfollowed [1,4,5].
patient-reported outcome measure (PROM), widely used in  gectronic PROMSs (€PROMS), the electronic version of PROMS,
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areincreasingly used, astheinternet is easily accessible through
mobile devices. The standard PROM is shifting from
conventional paper and pen toward electronic administration,
making ePROMs the (upcoming) new standard [6]. Attributing
factors are smartphone use and subsequent development of
patient-focused apps. Advantages of electronic administration
are feasibility, automated calculations, reduced missing and
ambiguousdata, and increased compliance[7]. However, simple
digitalization of existing PROMs does not assure reliability of
ePROMs as administration, and subsequently outcomes, may
beatered[6,8]. Therefore, reliability testing is advised to assure
quality of ePROMs[8]. The extent of ePROM testing depends
on the changes made during the PROM to ePROM
transformation. Layout changes, for example, splitting the
format into single questions, can be classified as a moderate
level of modification [8]. For moderate-level modifications, a
formal equivalence assessment of the electronic measure is
advised, to show no significant differencein paper and electronic
PROM scoring [8]. Given the fact that smartphone- and
tablet-feasible ePROM versions of the IIEF-5 and 15 will
probably include layout changes, reliability and validity testing
of the IIEFsis therefore needed to assure outcome quality.

Aim
The primary objective of this study was to develop an ePROM

version of both the IIEF-5 and |1EF-15 and test reliability and
validity in amale population.

Methods

This observational study was conducted in a tertiary medical
center, the Amsterdam University Medical Centers (UMCs),
location Amsterdam Medical Center. The study received an
ethics review waiver from the Institutional Review Board
(W17.281), and the study was registered on Clinical Trial.gov
(NCT03222388).

Study Population

Male patients visiting the outpatient clinic of the urologic
department wereeligiblefor participation, patientswere enrolled
during a 6-month period, from July 2017 to December 2017.
Screening for study eligibility (eg, inclusion and exclusion
criteria and general health status) was based on information in
the electronic patient file. Screening was performed by amedical
doctor (RK, the primary author). Eligible patients were
approached at the outpatient clinic before consultation. When
interested, patients were informed about the study, and written
informed consent was obtained. Inclusion criteria comprised
males 240 years of age, in possession of an electronic device
(smartphone/tablet/laptop), and fluent in Dutch. Exclusion
criteria were adjustment of treatment during consultation
(especially ED treatment), unable to provideinformed consent,
or unfit according to the medical doctor (eg, poor genera health
status).

https://www.jmir.org/2019/7/€13490/
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International Index for Erectile Function 5 and 15

ThellEF-15 comprises 15 itemsdivided into 5 domains: erectile
function, orgasmic function, sexua desire, intercourse
satisfaction, and overall satisfaction, respectively. The IIEF-5
comprises5itemsfrom the [IEF-15, 4 from the erectilefunction
domain, and 1 from intercourse satisfaction. Response options
for each item ranged from 1 to 5, and occasionally the option
“0,” depicting no sexua stimulation/intercourse. Scores are
summed. Both versions have official Dutch trandations [2,4].

Study Design

A total of 179 participants were randomly assigned by the
database management system (DMS) to the IIEF-5 or I1EF-15.
Participants were hereafter randomly assigned to 2 groups:
electronic version followed by electronic version (EE) or paper
version and electronic version (PE). Primarily, participants in
the PE group would randomly fill out either the paper or
electronic I1EF to correct for order effects. This resulted in 6
different groups: (1) IIEF-5 paper electronic, (2) IIEF-5
electronic paper, (3) IIEF-5 eectronic, (4) IIEF-15 paper
electronic, (5) IIEF-15 electronic paper, and (6) IIEF-15
electronic. Participants were stratified on the basis of age <60
or =60, to improve group homogeneity on the basis of expected
experience with internet/maobile devices.

Study Methods

Participants assigned to a group with paper |1EF received this
PROM in a sealed envelope during inclusion. The paper |IEF
was returned to the researcher by an included return envelope
with a stamp. Received paper || EFs were coded and data were
entered in the DMS. In case of missing data, the input was | eft
blank. Participants received 2 emails containing a link to the
ePROM, which could be completed at home at any convenient
moment. The first invitation was sent 1 day postinclusion. A
second invitation was sent 5 days after completion of the first
ePROM. Reminders were sent twice, with a 3-day delay. If
necessary, a personal reminder followed. The emails contained
alink that redirected to a Web-based questionnaire. The first
guestionnaire started with several general questions, followed
by either instructions for paper IIEF administration or the
ePROM [IEF. Thissecond questionnaire started with instruction
or ePROM, followed by several evaluation questions.

Electronic Patient-Repor ted Outcome M easure System

The electronic questionnaire system for IIEF administration
was built as part of the DMS (available for specific users at
ts-innovations.com) [9]. The system was equipped with an
ePROM module and automated invitations. The system worked
as a Web-based environment with an identical interface across
platforms (eg, Safari, Chrome, computer, and smartphone). The
system displayed one PROM item at atime, and the patient had
to click for the next question. This made it possible to display
almost al information on the screen, without the need for
scrolling. A system preview is presented in Figure 1.
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Figure 1. Screenshots of the ePROM displayed in a browser (Safari, left) and on a mobile device (iPhone, right).
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Erectie: hieronder wordt verstaan minstens enige zwelling en hardheid van de penis.
Seksuele activiteit: hiertoe behoort onder meer strelen, kussen, masturbatie en

geslachtsgemeenschap.

Geslachtsgemeenschap: hieronder wordt verstaan het binnengaan van de penis in de vagina van

de partner.

Seksuele verlangens: hieronder wordt verstaan de wens om een seksuele activiteit te hebben, of |

het hebben van een onbevredigend gevoel door gebrek aan seks.

Seksuele stimulatie: hieronder verstaan we bijv. erotisch spel met uw partner, erotische

afbeeldingen bekijken etc.

1. Hoe vaak kon u de afgelopen 4 weken een erectie krijgen terwijl u seksueel actief was?

Niet seksueel actief geweest.
Bijna nooit of nooit.
Een paar keer (veel minder dan de helft van de tijd).
Soms (ongeveer de helft van de tijd).
Meestal (veel meer dan de helft van de tijd).
Bijna altijd of altijd.
Selecteer a.ub. één antwoord

< Terug Volgende >

o |
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Electronic Patient-Reported Outcome M easure User
Experience and Feasibility

After completion of the study, participants were asked about
their willingness and preference to complete either only the
PROM or ePROM or both. In addition, participants were asked
to rate the overall ePROM quality on ascale of 1 to 10.

Statistical M ethods

Descriptive analyses were used for comparison of patient
characteristics and feasibility outcomes. A 2-sided alpha level
of .05 was considered statistically significant. Statistical analyses
were performed using SPSS version 24.0 (SPSSinc).

Sample Size

A total sample size of 172 participants was calculated for this
study.

Sample Size: Paper Version and Electronic Version
Groups

A 2-sided 95% CI was computed using the large sample normal
approximation for an intraclass correlation on the basis of 2
PROMSs, and it will extend about 0.100 from the observed
intraclass correlation when the expected intraclass correlation
is 0.800. This resulted in a sample size of 51. Anticipating a
20% dropout resulted in a sample size of 61 participants per
PROM, thus resulting in 122 participantsin total.

https://www.jmir.org/2019/7/€13490/
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| Erectie: hicronder wordt verstaan minstens enige welling en

| hardheid van de penis.

Seksuele activiteit: hicrtoe behoort onder meer strelen, kussen,
masturbatic en geslachtsgemeenschap,

q o p: hi der wordt verstaan het binnengaan
van de penis in de vagina van de partner,

Seksuele verlangens: hi der wordt verstaan de wens om cen
seksuele activiteit te hebben, of het hebben van een onbevredigend
gevoel door gebrek aan seks.

Seksuele stimulatie: hieronder verstaan we bijv. erotisch spel met
uw partner, erotische afbeeldingen bekijken ete.

I. Hoe vaak kon u de afgelopen 4 weken een erectie krijgen
terwijl u seksuecel actiel was?”
D Niet seksueel actiel geweest.
D Bijna nooit of nooit.
() Een paar keer (veel minder dan de helft van de tijd).
() soms (ongeveer de helft van de tijd).
I () Meestal (veel meer dan de helft van de tijd).
O Bijna altijd of altijd.
Selecteer a.ub. één antwoord
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Sample Size: Electronic Version Followed by Electronic
Version

A 2-sided 95% CI was computed using thelarge sample normal
approximation for an intraclass correlation based on 2 PROMs,
and it will extend about 0.100 from the observed intraclass
correlation when the expected intraclass corréelation is 0.880.
Thisresulted in asample size of 21. Anticipating a20% dropout
resulted in asample size of 25 participants, thus resulting in 50
participants in total. The expected ICC of .88 was extracted
from the Dutch I1EF-5 translation [4]. All sample sizes were
calculated with the nQuery advisor software, provided by the
Amsterdam UMC.

M easurement Properties

The measurement properties were tested by the following
methods:

1. Theinternal consistency isameasure of the extent to which
itemsin aquestionnaire scales and subscales are correl ated,
thus measuring the same concept [10]. The internal
consistency was calculated for both paper and electronic
[IEF data from the PE groups by Cronbach alpha or
Spearman-Brown coefficient for 2-item subscales. An apha
>.9 reflected an excellent internal consistency, .9> apha>
.8 reflected good consistency, and .8> alpha 2.7 reflected
acceptable internal consistency.
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2. Thetest-retest reliability isthereliability of atest over time.
The agreement between 2 repeated measurements was
addressed with use of the | CC. Theseresultswere calculated
based on the EE group resullts.

3. Convergent validity was also assessed. Support for thistype
of validity is provided if the total scale score and the
subscale scores of the electronic version correlate
substantially with the concerning scores of the original
paper version. Convergent validity was analyzed using the
Pearson correlation coefficient (r) or, when appropriate,
Spearman rank correlation coefficient (rs) to determinethe
strength of the association between the paper and el ectronic
IEF.

For the ICC, a 2-way mixed-effect model, single measurement,
and absol ute agreement model was used. An1CC =0.9 reflected
an excellent reliability, 0.9> ICC =0.75 reflected good reliability,
and 0.75> ICC =0.5 reflected acceptable reliability, and <0.5
reflected poor reliability [11]. Pearson values r >0.5 reflected
strong correlation, 0.5> r>0.3 reflected moderate correlation,
and a0.3> r>0.1 reflected weak correlation. A rank correlation
of rs 20.5 reflected strong correlation, 0.5> rs >0.3 reflected
moderate correlation, and 0.3> rs>0.1 reflected weak correlation
[12].

van Kollenburg et a

Data Safety

Data safety was guaranteed, as the emailed link redirected
participants to a safe, validated, secured, Web-based
environment. Information was directly stored in the DMS. No
information was saved on the device itself, and all
communication with the DM Swas viaan encrypted connection.
The DM Swas certified to store medical data (1SO9001, 14001,
27001:2013, and NEN7510). This was in line with Dutch
guidelines and law concerning electronic collection of medical
information.

Results

Participant Characteristics

A total of 179 men were included in this study. A total of 122
participants completed the study and were included in the final

analysis. Figure 2 provides an overview of participant allocation
over groups, number of participants who completed the study,

and numbers and reasons for participant exclusion. The overall

mean agewas 61.3+9.5 years (range 41-81 years). An extensive
overview of participant characteristicsisavailablein Multimedia
Appendix 1. The mean time between (€)PROM compl etion was
7.26+4.23 days, ranging from 5 to 32.

Figure2. Participant inclusion and group allocation criteria (dark grey boxes). In the white boxes, the boxes contain the number of included participants
per group. In the red boxes, the boxes contain excluded participants with reasonsfor exclusion. The green boxes show the number of included participants
in the final analyses. EE: electronic version followed by electronic version; I1EF: International Index of Erectile Function; PE: paper version and

electronic version; PROM: patient-reported outcome measure.

Included, n=179

IIEF-5PE IIEF-5EE
N=61 N=29
Not started Not started
N=10 N=2
Second PROM Second PROM
[— notcompleted — notcompleted
N=0 N=2
Paper missing
N=9
Missing answers
N=1
Completed Completed
N=41 N=25

IIEF-15 PE IIEF-15 EE
N=61 N=28
Notstarted Notstarted
N=13 N=3
Second PROM Second PROM
—— notcompleted —— notcompleted
N=2 N=3
Paper missing
N=9
Missinganswers
N=2
k. k.
Completed Completed
N=34 N=22

e —

Total completed, n=122 (68%)

Internal Consistency

Theinternal consistency of the IIEF-5 is excellent for both the
paper and electronic version (Table 1). Theinternal consistency

https://www.jmir.org/2019/7/€13490/

for the paper IIEF-15 domains is good to excellent, ranging
from 0.846 to 0.971.
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Table 1. Internal consistency measured by Cronbach alpha or Spearman-Brown coefficient.

Measure Paper Electronic
IIEF5 954° .902°
IIEF-15 974" .840P
Erectile function 955P o62P
Orgasmic function 0.971¢ 0.937°
Sexud desire 0.887° 0.848°
Intercourse satisfaction 935 a7
Overall satisfaction 0.890° 0.924°
3|EF: International Index for Erectile Function.
BFor Cronbach pha.
®For Spearman-Brown coefficient.
Table 2. Reliability of the electronic International Index for Erectile Function, calculated with the intraclass correlation coefficient.
Measure Intraclass coefficient (95% Cl) P value
IIEF:5 EE P (n=25) 0.924 (0.837-0.966) <.001
[1EF-15 EE (n=22)
Erectile function 0.933 (0.847-0.971) <.001
Orgasmic function 0.778 (0.501-0.905) <.001
Sexual desire 0.823 (0.619-0.923) <.001
Intercourse satisfaction 0.950 (0.883-0.979) <.001
Overall satisfaction 0.878 (0.733-0.947) <.001

41EF: International Index for Erectile Function.
BEE: electronic version followed by electronic version.

Test-Retest Reliability Electronic International 1ndex
for Erectile Function

Thetest-retest reliability of the electronic version of the I|EF-5
was excellent with an |CC of 0.924 and 95% ClI of 0.837-0.966
(Table 2). For the l| EF-15, the test-retest reliability was excellent
for the domains erectile function and intercourse satisfaction,
with an ICC of 0.933 and 0.950, respectively. The domains
orgasmic function, sexual desire, and overall satisfaction were

https://www.jmir.org/2019/7/€13490/

RenderX

good with an ICC of 0.778, 0.823, and 0.878, respectively. All
calculated correlation coefficients were significant (P<.001).

Convergent Validity

The convergent validity for the IIEF-5 calculated by Pearson
correlation coefficient was r=0.923 (Table 3). The overall
correlation for the IIEF-15 scale was excellent, r=0.951. The
correlations for the I1EF-15 subdomains ranged from 0.987 to
0.900. All calculated correlations were excellent and significant
(P<.001).
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Table3. Concurrent validity acrossthe paper and electronic International Index for Erectile Function, cal culated with the Pearson correl ation coefficient

and Spearman rank correlation coefficient.

Measure Correlation P vaue
EF25 PE P (n=41) 0.923° <.001
IIEF-15 PE (n=34) 0.951¢ <.001
Erectile function 0.987° <.001
Orgasmic function 0.9479 <.001
Sexual desire 0.9004 <.001
Intercourse satisfaction 0.973° <.001
Overall satisfaction 09179 <.001
3|EF: International Index for Erectile Function.
bpE: paper version and electronic version.
CFor Pearson correlation coefficient.
dFor Spearman rank correlation coefficient.
Table 4. Feasibility outcomes.
Evaluating question 1IEF3-5 I1EF-15 P value

Willingnessto complete either paper, electron-

ic, or both IIEF Both 27 (69%)

Preference to complete either the paper or
electronic IIEF (15%)

Electronic I|EF: overall rating 7.8 (SD 1.3; range 4-10)

Only eectronic 6 (15%); Only paper 6 (15%);

Electronic 25 (64%); Paper 8 (21%); None 6

Only electronic 8 (26%); Only paper 1 .81
(3%); Both 22 (71%)

Electronic 18 (58%); Paper 8 (26%); None .52
5 (16%)

7.8 (SD 1.0; range 6-10) b

31EF: International Index of Erectile Function.
BNot applicable.

Feasibility

Participants preferred an electronic version of the IIEF. After
completion of both the PROM and ePROM |IEF, 69% of the
IIEF-5 and 71% of the IIEF-15 participants were willing to
complete both paper and electronic versions (Table 4). A vast
majority preferred of the electronic versionswith 64% and 58%,
respectively. These numbers are similar to other studies [8].
Overall rating was 7.8 for both the IIEF-5 and | IEF-15.

Participant Dropout

The actua number of participant dropout was higher than
expected during sample size calculation. The actual number is
57 (32%), compared with the expected number of 28 (20%). A
considerable number of participant dropout was a consequence
of participants not starting at al (n=28, 49%) and paper IIEF's
not received by the authors (n=19, 33%). All reasonsfor dropout
and missing data are shown in Figure 2.

Discussion

Principal Findings

The objective of this study was to develop ePROM versions of
the IIEF-5 and 15 and test reliability and validity. The findings
from this study demonstrated that both the electronic IIEF-5
and the Il EF-15 showed good-to-excellent internal consistency,

https://www.jmir.org/2019/7/€13490/

test-retest reliability, and convergent validity to their paper
version.

Comparison With Literature

Outcomes of this study are in line with outcomes of previous
validation studies of related PROMs. Reliability outcomes are
in accordance with literature. The ICC of 0.924 for the I|EF-5
isin line with the ICC of 0.960 found in earlier research on
electronic testing [13]. The ICC outcomes for the IIEF-15
ranging from 0.950-0.778 are in line with expectations of
descriptive literature [8]. Findings are also in line with other
review articles that compared ePROM validation outcomes
[6,7]. It can be argued that the electronic || EF-5 validation was
redundant, asit was already shown on personal digital assistant
(PDA) by Matthew et al [ 13]. However, asmartphone/computer
differs from a PDA interface, and the study of Matthew at al
used an interval of 30 min, whereas awashout period of at |east
2 days is advised [8]. Therefore, we decided to include the
IIEF-5 aswell. Feasihility outcomes show that participantswere
willing tofill both versions, with apreferencefor the electronic
version. Thisisin linewith theincreasing interest for ePROMs
and their validation.

Strengths and Limitations

The strengths of this study are the time between administrations,
inclusion of the test-retest group, and administration at home.
As other studies complied with atime delay of 30 min between
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administration moments, this study had a 5-day delay [6]. This
reduced carryover effects, and this thus improved quality and
reliability of the outcomes [8]. Furthermore, we decided to
include a group that administrated the questionnaire twice
electronically, hereby we could show the test-retest reliability
of the electronic versions. A last strength of this study is the
moment of administration. As invitations were sent via email,
participants could complete the I1EF at home. This resulted in
a standardized administration environment, which is identical
to future administration factors; thisimproved the data quality.
The limitations of this study concern the included population
and dropout numbers. For this study, we chose the general
population of our outpatient clinic. This resulted in a more
heterogeneous population than specifically men with
consultation for possible ED, theintended |1 EF population. Men
who are not sexually active were also included. We reasoned
that this would not be a problem, as the objective was to show
reliability and validity of the electronic IIEF version. Other

Acknowledgments
This work was supported by a grant from Cure for Cancer.

Conflictsof Interest
None declared.

Multimedia Appendix 1
Complete overview of all participant characteristics.

[DOCX File, 54K B-Multimedia Appendix 1]

Multimedia Appendix 2

van Kollenburg et a

issues that need to be addressed are the dropout numbers. The
actua dropout number was higher (n=57, 32%) than anticipated
(20%). All factors are shown in Figure 2. However, it is
reasonable to assume that the missing data would not have
significantly impacted the study outcome, asthe obtained results
were significant and in line with literature. The outcomes of
this study are useful, as ePROM s are becoming more important
indaily practice. For urology, it islikely that the ePROM version
of the IIEFswill be used in clinical and research settingsin the
near future. Outcomes of this study are representable for [1EF
application as ePROM as long as item presentation is in a
similar, sequential manner.

Conclusions

This study, with arandomized crossover design, demonstrated
that the electronic IIEF-5 and 1I1EF-15 showed equivalence to
the paper version. Electronic versions can therefore be used
reliably in clinical and research settings. Outcomes arereliable
and in accordance with findings of the paper version.

All individual items of the paper-electronic and test-retest groups of the IIEF-5 and 1| EF-15. 1| EF: International Index of Erectile

Function.
[PDE File (Adobe PDF File), 40K B-Multimedia Appendix 2]
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