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Abstract

Background: Ensuring rapid access to high quality sexual health servicesis a key public health objective, both in the United
Kingdom and internationally. Internet-based testing services for sexually transmitted infections (STIs) are considered to be a
promising way to achievethisgoal. This study will evaluate anascent online ST testing and results servicein South East London,
delivered alongside standard face-to-face ST1 testing services.

Objective: Theaim of thisstudy isto establish whether an online testing and results services can (1) increase diagnoses of STls
and (2) increase uptake of STI testing, when delivered alongside standard face-to-face ST testing services.

Methods: Thisisasingle-blind randomized controlled trial. Wewill recruit 3000 participants who meet the following eligibility
criteria: 16-30 years of age, resident in the London boroughs of Lambeth and Southwark, having at least one sexua partner in
the last 12 months, having access to the Internet and willing to take an STI test. People unable to provide informed consent and
unable to read and understand English (the websites will be in English) will be excluded. Baseline data will be collected at
enrolment. This includes participant contact details, demographic data (date of birth, gender, ethnicity, and sexua orientation),
and sexual health behaviors (last STI test, service used at last STI test and number of sexua partnersin the last 12 months). Once
enrolled, participantswill be randomly alocated either (1) to an online STI testing and results service (Sexual Health 24) offering
postal self-administered ST1 kits for chlamydia, gonorrhoea, syphilis, and HIV; results via text message (short message service,
SMYS), except positive results for HIV, which will be delivered by phone; and direct referralsto local clinics for treatment or (2)
to a conventional sexual health information website with signposting to local clinic-based sexual health services. Participants
will be free to use any other interventions or services during the trial period. At 6 weeks from randomization we will collect
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self-reported follow-up data on service use, STI tests and results, treatment prescribed, and acceptability of STI testing services.
We will also collect objective datafrom participating STI testing services on uptake of STI testing, ST1 diagnoses and treatment.
We hypothesise that uptake of STI testing and ST diagnoses will be higher in the intervention arm. Our hypothesis is based on
the assumption that theintervention islesstime-consuming, more convenient, more private, and incur less stigmaand embarrassment
than face-to-face STI testing pathways. The primary outcome measure is diagnosis of any STI at 6 weeks from randomization
and our co-primary outcome is completion of any STI test at 6 weeks from randomization. We define completion of atest, as
samples returned, processed, and results delivered to the intervention and/or clinic settings. We will use risk ratios to calculate
the effect of the intervention on our primary outcomes with 95% confidence intervals. All analyses will be based on the
intention-to-treat (ITT) principle.

Results: This study is funded by Guy’s and St Thomas' Charity and it has received ethical approval from NRES Committee
London-Camberwell St Giles (Ref 14/LO/1477). Research and Development approval has been obtained from Kings College
Hospital NHS Foundation Trust and Guy’s and St Thomas' NHS Foundation Trust. Results are expected in June 2016.

Conclusions: This study will provide evidence on the effectiveness of an online STI testing and results service in South East

London. Our findings may also be generalizable to similar populations in the United Kingdom.

Trial Registration:

International Standard Randomized Controlled Trial Number (ISRCTN):

13354298;

http://www.isrctn.com/ISRCTN 13354298 (Archived by WebCite at http://www.webcitation.org/6d9x T 2bPj)

(JMIR Res Protoc 2016;5(1):€9) doi:10.2196/resprot.4094

KEYWORDS
sexually transmitted infections; eHealth; Internet; services

Introduction

Sexually transmitted infections (ST1s) are an important cause
of morbidity and mortality worldwide, and a key indicator of
sexua ill hedlth. Globally, incident cases of curable STls
(chlamydia, gonorrhoea, syphilis, and trichomonas vaginalis)
rose from 448.3 million in 2005 to 498.9 million in 2008 [1].
While global incidencerates of HIV infection are on the decline,
preval ence remains significant: UNAIDS estimated 2.3 million
new HIV infectionsin 2012 and that 35.3 million people were
living with HIV [2]. Moreover, HIV/AIDs represents 3.4% of
the total global disease burden and is the seventh leading cause
of al disability-adjusted life years worldwide [ 3].

In England, 448,422 new STI diagnoses were made in 2012,
with higher rates recorded among young heterosexuals, men
who have sex with men, and some black and ethnic minority
groups [4]. Importantly, the patterning of STIs reflects stark
health inequalities. A recent probability sample survey found
that men and women from the most deprived areas of Britain
had greater odds of testing positive for chlamydia (the most
common ST1) than those from wealthier areas (men, adjusted
OR 3.42 (95%Cl, 1.28-9.16), P=.003; women, adjusted OR
4.01(95%Cl, 1.67-9.63), P=.008) [5].

Increasing diagnoses of untreated STIs is a key public health
objective, both in the United Kingdom and internationally, to
reduce onward transmission of infection and prevent long term
health complications [6]. Increasing accessto HIV testing and
ensuring early diagnoses of HIV in high prevalent areas is of
particular concern. In 2013, in the United Kingdom, it was
estimated that a quarter of those living with HIV were unaware
that they were infected and 42% of those diagnosed with HIV
were diagnosed late, after the point at which treatment should
have begun [7].

Internet-based ST testing is considered a promising means for
increasing access to ST testing and reaching high-risk groups

http://www.researchprotocols.org/2016/1/e9/

[8]. Thereare anumber of modelsfor Internet-based ST testing.
For the purposes of this study we focus on a model which
enables users to order a test kit online, take self-administered
samples in their home, return test samples to a laboratory and
receive their results via SMS text messaging (short message
service, SMS), email or phone call. As far as we are aware,
there have been no experimental studies to demonstrate the
effectiveness of Internet-based testing services compared to
standard face-to-face clinical pathways.

Observational studies have been encouraging, reporting high
STI positivity among service users and reaching populations
with a combination of both sociodemographic and behavioral
risk factors. In the United States, Ladd and colleagues found
that out of 205 rectal samples ordered and returned by women
using the “iwantthekit” website between January 2009 and
February 2011, 18.5% were positive for at least one STI [9].
The majority of women in the sample were single (91.2%),
young (mean age 25.8 years) and of African-American ethnicity
(50.0%). Half had never used condoms for rectal sex (48.7%).
A study with male users of the same website found that of 501
STI kitsreturned by men over the age of 14, between September
2006 and May 2009, 21% tested positive for chlamydia,
gonorrhoeaor trichomonas vaginalis[10]. The majority of users
were young (median age 24.5 years), single (84%), and either
white (47%) or black ethnicity (45%). While these studies are
promising, sample sizes have been small and no comparison
has been made with users of face-to-face pathways.

In the United Kingdom there is limited evidence on
Internet-based STI testing. One descriptive study reported trends
in chlamydia testing among 15-24 year olds. It found that
I nternet tests, which have not been widely promoted, represented
5% of al tests within the Nationa Chlamydia Screening
Programme (NCSP) between 2006 and 2010 [11]. A higher
proportion of Internet tests were positive compared to tests
conducted in genera practice services (7.6% vs 5.6%) but
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dightly lower than in community-based sexual and reproductive
health services (7.6% vs 8.2%). Compared to testers in
face-to-face settings, ahigher proportion of Internet testerswere
men, of white ethnicity, and in the upper age group (20-24
years).

Recent exploratory qualitative studies with young peoplein the
United Kingdom suggest that Internet or mobile applications
of sexual health services are likely to be acceptable to this
population, due to ease and convenience. Privacy, trust and
credibility of websites or apps were highlighted as important
considerationsfor service development [12,13]. However, there
is some uncertainty on whether Internet services can reach
marginalized populations. In Scotland, Lorimer and McDaid
[14] found that young men from more deprived areas seemed
more disconnected from Internet technology and stated a
preference for face-to-face services. This echoes findings from
analysis of chlamydia testing data from England (discussed
earlier), which found that ahigher proportion of tests conducted
in face-to-face services (GP and SRH clinics) were from more
deprived areas, compared to Internet tests [11].

Given the limited evidence base it is difficult to draw
conclusions on the effectiveness of Internet-based pathwaysin
diagnosing a range of STIs compared to face-to-face service
pathways.

Sexual Health 24 (SH:24) isan innovative | nternet-based sexual
health service that aims to improve access to sexua health
services in the London boroughs of Southwark and Lambeth
by addressing both supply and demand side barriers to care.
Southwark and Lambeth have some of the highest rates of STIs
in England, as well as high rates of teenage pregnancy and
abortion [15]. Current face-to-face services are unable to meet
demand with the result that many people are turned away from
services.

In November 2014, SH:24 launched its first online product
(minimal viable product 1) - an online STI testing and results
serviceallowing usersto order free postal STI kits, receivetheir
results by SMS text messaging (or by phone in the event of a
positive HIV result), and be referred on to specialist sexual
health clinics for treatment. Over the course of this 4 year
project, SH:24 will build in complexity, gradually adding
increasing layers of functionality to the website, such as
telephone support services and contraceptive services. SH:24
will be fully embedded within local sexual health economies
ensuring that care pathways are integrated with clinical and
other local services: for example by ensuring that users with
acute STls are signposted to face-to-face clinical care.

As an untested intervention, SH:24 has implications for the
commissioning of sexual health services not only in London
but also nationally. In linewith national and international quality
frameworks, SH:24 will be evaluated using a variety of data
sources and methodol ogies to assess whether it delivers a safe,
effective, patient-centered, timely, efficient, and equitable

http://www.researchprotocols.org/2016/1/e9/

Wilson et al

service [16,17]. This study will focus on establishing whether
SH24 delivers an effective Internet-based ST1 testing and results
service compared to face-to-face STI testing services, thus
contributing to the international evidence basein thisfield.

Methods

Study Design

We will carry out a randomized controlled trial (Figure 1).
Participants will be randomly allocated either (1) to a sexua
health website (SH:24) offering free posta STI kits for
chlamydia, gonorrhoes, syphilisand HIV, resultsvia SMS text
messaging (positiveresultsfor HIV will be delivered by phone),
and direct referrals to clinic-based treatment options; or (2) to
a conventiona sexual hedlth information website with
signposting to local clinic-based sexual health services.
Participantswill be freeto use any other service or intervention
during the trial period.

Eligibility

Participantswill be eligibleif they are between 16 and 30 years
of age, resident in the London boroughs of Lambeth and
Southwark, sexually active (at least one sexual partner in the
last 12 months), willing to take an ST test, and have access to
the Internet (owner of amobile phone or ableto accessalaptop,
tablet, personal computer in their own home). Participants will
be excluded if they are unableto read in English asthe websites
will bein English. Those unableto give informed consent, such
as peoplewith severelearning difficulties, will also be excluded.

Recruitment and Consent

This study is being conducted in community settings in the
boroughs of Lambeth and Southwark in South East London.
The study coordinator, together with a team of research
assistants, will approach community networks, organizations,
and ingtitutions such as further education colleges, universities,
patient groups, sexual health advocacy groups, sports centers,
entertainment and | eisure venues and major employersto recruit
participants. We will also utilize socia media sites popular
among our study population. These will include Facebook,
Twitter, and dating applications for gay men such as Scruff and
Grindr.

After potential participants have been assessed for their
eligibility, they will be provided with detailed verbal and written
information about the study, and given the opportunity to ask
any questions. If the participant agrees to participate, we will
ask them to provide consent via the trial website (eg, using a
mobile phone) or via paper-based forms. If potential participants
would like more time to consider their involvement, we will
give them the contact details of the study coordinator so that
they can talk through any queries or doubts. Potential
participants will also be able to access the study website
independently, for example via social media sites.
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Figure 1. Consolidated Standards of Reporting Trials (CONSORT) flow chart.
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STI test STI test

Allocation

Participants will be asked to enter baseline data directly onto
the trial website or using paper-based forms. After baseline
information has been submitted, an independent computer-based
randomi zation program will generate a unique research number
and allocate participants to either the intervention or control
group. Participants will be sent a SMS text message with the
URL of their allocation.

We will allocate by minimization, taking into account gender
(male, female), age (16-19, 20-24, 25-30), number of sexual
partners (1, 2+) and sexual orientation (men who have sex with
men [MSM], al other groups), where al factors have equal
weight in determining marginal imbalance. To introduce a
random element, allocation will be weighted toward the
underrepresented group using a probability of .8. In all other
instances, participants will be allocated in a 1:1 ratio.

Due to the nature of the intervention, participants will know to
which arm they have been allocated. Laboratory staff carrying
out STI testswill process the tests as per routine care, and will
be unaware that samples are linked to arandomized controlled

http://www.researchprotocols.org/2016/1/e9/
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trial. Researchers assessing the outcomes will be blind to the
treatment allocation.

I ntervention Group

Through a design-led and user-centered approach, SH:24 has
created an appropriate | nternet-based sexual health service with
the aim of improving access to sexua health services in the
boroughs of Southwark and Lambeth.

Participants in the intervention group will be directed to a
website which will offer them: sexua health risk assessment;
the opportunity to order self-administered sample collection
kitsfor HIV, chlamydia, syphilis, gonorrhoea; results given by
SMS text message and by phone (positive HIV result only);
direct referral to local clinics for treatment; health promotion
information; signposting to clinic and other social services.

Participants who test positive for chlamydia, syphilis or
gonorrhoeainfection will be sent a SM Stext message with their
result and details of local sexual health clinics where they will
be able to obtain treatment. Participants who test positive for
HIV will be informed by phone by a health professional.
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Control Group

Participants in the control group will be directed to a sexual
health information website with signposting to clinic-based
services. These include the Camberwell Sexual Health Centre,
the Burrell Street Sexual Health Centre, the Lloyd Clinic and
arangeof local community-based sexual and reproductive health
services in Lambeth and Southwark, where they can obtain an
STI test in person. The information website will provide the
address, contact details, and location of the clinics (viaagoogle
map image), alongside the URL link to the clinic website.

Textbox 1. Secondary outcomes.

Wilson et al

All participants will be free to use any other services or
interventions during the trial period.

Outcomes

Our primary outcomes will be the proportion of participants
diagnosed with at least one STI in each arm at 6 weeks from
randomization, and the proportion of participants who complete
at least one STI test in each arm at 6 weeks from randomization.
The secondary outcomes are listed in Textbox 1.

 The proportion of STI tests that are positive in each arm

* The proportion of participants who are prescribed treatment in each arm
« Time from randomization to completion of an STI test in each arm

* Time from randomization to treatment in each arm

« Time from diagnosis to treatment in each arm

face-to-face services

» The proportion of the intervention group who agree that Internet-based STI testing is acceptable
« The proportion of the intervention group who adhere to the prescribed Internet-based testing pathway, without seeking additional support from

Data Collection

Eligibility datawill include age, postal code, independent access
to the Internet (owner of mobile phone or accessto tablet, laptop
or computer at home), at least one sexual partner in the last 12
months, willingnessto take an ST test.

Participants will be asked to enter their baseline data directly
onto the trial website or using paper-based forms. We will
collect the following: contact details including first name,
surname, main mobile number, email address, and primary
postal address, demographic dataincluding date of birth, gender,
ethnicity, and sexual orientation; sexual health behaviors
including last STI test, service used at last ST test, and number
of sexual partnersin the last 12 months

Self-reported follow up data at 6 weeks will be collected by
post or online, according to the preference of participants. We
will assess whether Internet-based testing was acceptable to
participants and collect dataon service use, STI testsand results,
and whether treatment was prescribed. We will also collect
objective data on STI tests, results, and treatment from SH:24
and local sexual health services, with participants’ prior consent.

Lab Processing

The Doctors Laboratory (TDL) will processall returned samples
for the intervention group and the results will be captured by
SH:24 data systems. Samplestaken in face-to-face settings will
be processed as per routine care. The study coordinator will
contact the local services and SH:24 to obtain participants’ test
results and treatment details, with prior consent. These datawill
be anonymized and uploaded into the secure trial website.

Follow-Up

Wewill utilize evidence-based methodsidentified in systematic
reviews to minimize losses to follow up [18]. These include
providing incentivesto all participants, contacting respondents

http://www.researchprotocols.org/2016/1/e9/

prior to sending questionnaires and contacting nonresponders
using phone call, texting, email, and post. The research team
will verify participant addresses at enrolment or shortly after,
and attempt to contact participants who have provided an
incomplete or unknown address.

To maximize participation and response rates we will provide
an incentive (such as alollipop or chocolate) at enrolment and
an unconditiona incentive of £5 at 6 weeks when we send out
the follow-up questionnaire. Participants will then receive a
further £5, on receipt of their completed questionnaires. They
will beinformed of the incentives at enrolment. Our incentives
will not exceed a monetary value of £15 per participant.

Sample Size

The study is powered for the first of our primary outcome
measures which isthe proportion of participants diagnosed with
at least one ST in each arm. Two factors determine the number
of participants needed for thistrial: the estimated proportion of
participants with an ST1 and the size of the treatment effect.

Our estimates are based on the following data:

The Greenwich sexual health service has demonstrated a 50%
return rate among users who order test kits online (personal
communication Dr David Pinson, Health Improvement Principal,
Royal Borough of Greenwich). Eligibility for this study is
restricted to peoplewho arewilling to take an ST test. However,
not all of those allocated to the intervention group are likely to
order a test kit. We estimate that 30% will not complete this
first step. Among the 70% who order akit, we assume that 50%
will return the kit for analysis, based on the Greenwich data.
Following these assumptions, 35% of the intervention group
arelikely to complete an STI test.

There are no available data which would give us an estimate of
the likely numbers that will get tested in the control group.
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However, we assume that far fewer people (10%) are likely to
seek atest in clinic-based settings.

Chlamydia is the most commonly diagnosed STI of the four
STlsof interest in this study both at the national level (England)
and at thelocal authority level (Lambeth and Southwark) [4,15].
We based our preval ence estimates on the proportion of positive
chlamydia tests among 15-24 year olds in general practice
settings in Lambeth and Southwark, which was 6% in 2012
[19].

We based our estimated |ossesto follow up on previous eHealth
studiesin the United Kingdom which have achieved 90% follow
up [20].

A sample size of 3000 would have 90% power (two-sided
alpha=5%) to detect arelativerisk of 3.5, (2.1%risk of diagnosis
in theintervention group vs0.6% risk of diagnosisin the control
group), alowing for 10% losses to follow up. This equates to
10% of the control group being tested, with a 6% probability
of infection as in general practice settings and 35% of the
intervention tested with a 6% probability of infection as in
genera practice settings.

With regard to our co-primary outcome measure, with 3000
participants we would have 99% power (two-sided alpha=5%)
to detect an absol ute difference of 25% between the proportion
of participants who complete a test in the intervention group
versus the proportion who complete atest in the control group
(35% versus 10%).

Statistical M ethods

The analysis of data will adhere to the prespecified statistical
analysis plan outlined below. The analyses of the co-primary
outcomes are described in detail; analyses for other outcomes
follow the same principles unless otherwise specified.

There are no planned interim analyses and so no rules for
stopping early. Analyses comparing theinterventionswill follow
the ITT principle asfar as possible [21]. Analyses will include
participants with no missing outcome data in their randomized
groups. Any estimate described below will be accompanied by
95% confidence intervals.

The primary analysis of the first co-primary outcome (STI
diagnosis) will estimate the proportion of STI diagnosesfor the
SH:24 vs conventiona sexual health services via arisk ratio.
Treatment allocation balances gender, age, number of sexual
partnersin thelast 12 months, and sexual orientation, and these
need to be reflected in the analysis. This will be done by
weighting on the inverse propensity score (estimated by logistic
regression) to reduce the variance of estimates and obtain
confidence intervals of the correct width [22].

Some outcome data are expected to be missing. Missing data
may occur if participants do not complete a 6-week follow-up
guestionnaire and attend a different sexual health service (ie,
not alocal clinic or SH:24) . The principle analysiswill assume
that the distribution of STI diagnoses among these participants
is identica to those with observed data, conditional on
propensity scores-missing at random—and so will be based on
theweighted analysis of the complete cases. Sensitivity analyses
assuming departures from missing at random will proceed via
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multiple imputation of outcome, using inverse probability
weighting on the estimated propensity score and with allocated
group asthe only covariate. Assuming “ missing not at random”
mechanisms, the odds of ST diagnoses for missing participants
will be varied to be %, %, 2 and then 4 times larger than in the
missing at random (MAR) analysis. This will be done in a
factorial manner, separately for each arm. We judge these
fractions to be reasonable, though a value of % in one arm and
4 in the other (or vice versa) is at the boundary of what is
plausible. The risk difference (rather than ratio), weighted by
theinverse propensity score, and the proportion of ST1 diagnoses
in each arm will aso be presented. Finaly, the proportion of
STI tests taken that are positive will be summarized by arm,
though no comparison of the groups will be given because this
analysis excludes individuals based on a variable that will be
heavily influenced by randomization.

The primary analysis of the second co-primary outcome
(completion of an ST test) and secondary outcome (prescribed
treatment) will follow the same principles as above. Again, the
risk ratio, risk difference, and proportions in each arm will be
reported.

The time from randomization to (1) test completion and (2)
treatment are of interest. Therefore, for each measure we will
estimate the restricted-mean survival time (RMST) ineach arm,
setting the restricted mean time t* =6 weeks for time to test and
t*=3 monthsfor time to treatment. Thiswill be estimated from
a “3df/1df” Royston-Parmar model and the difference in
restricted-mean survival time estimated [23]. The median
survival time from diagnosisto treatment in each arm will also
be summarized. No comparison will be made between groups
as this analysis excludes individuals based on a variable (STl
diagnosis) that is heavily influenced by randomization.

For the SH:24 group, the proportion of participants who deem
Internet-based testing to be acceptable will be summarized, as
will the proportion who adhere to the SH:24 testing pathway.

Itispossiblethat differences between groupswill vary according
to age, level of deprivation, sexuality, ethnicity, and gender.
Subgroup analyses will be done for these characteristics and
interaction testswill be performed. These will have low impact
as we anticipate any interactions will be small. Further, these
analyses will be regarded strictly as hypothesis-generating.

Ethical Arrangements

I nformed Consent

All participants recruited into the trial will be provided with
information about the study (online or in hard copy) and given
the opportunity to ask questions and clarify queries at the time
of recruitment and subsequently with the study coordinator by
email or by phone. The recruiting staff will check that
participants are aware that consenting to participate means that
they will be encouraged to undertake an STI test.

Participants Rights

Participantswill be ableto contact thetrial co-ordinating center
at Kings College London by email or by phone with any queries
or doubts for the duration of the trial. If they request to be
withdrawn from the study their status will be changed to
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“withdrawn” on the study website and they will be excluded
from participant lists for follow up.

Personal detailswill be stored on apassword protected computer
held on a secure server at Kings College London. This
information will be stored separately from any anonymized
research data, and will be deleted at the end of the study.

Participants in the intervention arm who report symptoms of
STlswill be advised to see ahealth professional in aclinic-based
setting. If they wish to continue with the Internet-testing
pathway they will be allowed to do so. Participants in the
intervention arm will be informed about any positive resultsfor
chlamydia, gonorrhoea, and syphilisby SM S text message and
they will be texted information of local clinics where they can
receive treatment. Participants who test positive for HIV will
be informed by telephone by atrained health professional and
will be referred on to specialist HIV services.

Participants Safety

Theintervention provides an opportunity to obtain apostal STI
kit, notification of STI diagnoses, and opportunities for STI
treatment. It isunlikely to cause any harmful effects. Participants
who lack privacy in their home or participants who are in
abusive interpersonal relationships may risk possible
consequences if they participate in Internet-based STI testing.
However, this risk will be minimized as we will ensure that at
recruitment participants have sufficient privacy to participate

Table 1. Trial timeline.

Wilson et al

inthetrial. Furthermore, the website can be accessed viadevices
such as mobile phones and postal test kits will be sent out in
packages that do not have any identifying features. Other large
scal e studies using I nternet-based testing have not reported any
related safety concerns[24]. Theintervention website will also
provide clear signposting to counselling services for violence
aswell as contraception and abortion services.

All sexual health services participating in this trial routinely
deliver test results via SM S text message. Thereisasmall risk
that friends and partners may see participants' resultsif phones
are shared. However, as in routine care, if participants are
concerned about their privacy they can opt to receive their
results via different methods (eg, via post). The intervention
delivers the results via SM'S text message (except in the case
of a positive result for HIV, which is delivered via phone).
However, thisismade very clear on the website and participants
can choose not to order an STI test kit online, if they are
concerned about their privacy.

Retention of Trial Documentation
We will retain the trial documentation for 10 years.

Results

By April 21, 2015, 1405 participants were randomized. We are
currently recruiting and a timeline of our trial is included in
Table 1.

Timeline

Tasks

Months 1-6 (April-September 2014)

By month 6 (September, 2014)

By month 16 (July, 2015)
By month 22 (January 2016)
By month 24 (March, 2016)
By month 27 (June, 2016)

Trial setup

Intervention website user tested and finalized (to be devel oped and finalized
by SH:24)

Completed and user tested trial database and randomization system
Recruitment strategy designed and completed

Recruitment to the trial completed
All follow up completed
Data cleaned, trial database closed

Anaysis of trial results completed
Paper submitted for publication

Discussion

This trial will provide a robust and rigorous evaluation of a
nascent online STI testing service in an area of South East
London, characterized by poor levels of sexual health relative
to the rest of the country. It will assess the added contribution
of this service with respect to two distinct but interrelated
outcomes:. diagnoses of STIs and uptake of STI testing.
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We envision that our findings will be highly policy-relevant
and will be well-placed to inform decision-making for the
effective commissioning and delivery of STI testing services
in London. Our findings may also be generalizable to similar
populations in the United Kingdom.

To our knowledge, this is the first RCT of an Internet-based
testing service, which makes a direct comparison with standard
face-to-face care. The findings from this study will therefore
make a timely contribution to the international evidence base
inthisfield.
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Abstract

Background: Hepatitis C virus (HCV) infection is a growing problem among people who inject drugs. Strategies to reduce
disease transmission (eg, syringe exchange programs) and facilitate HCV screening and linkage are available but are under-utilized
in many communities affected by injection drug use. Novel approaches to increasing the use of these strategies are needed.

Objective: The goals of this project are to (1) develop and pilot test a computerized tailored intervention for increasing HCV
screening and decreasing risky drug use behavior among peoplewho inject drugs and (2) determine the feasibility of disseminating
such an intervention using peer-based referrals in the setting of a community-based syringe exchange program.

Methods: This 2-arm, randomized pilot study is being conducted in a large-volume, multisite syringe exchange program in
southern Wisconsin. A social network—based strategy was used to recruit atotal of 235 adults who reported past-month injection
of opioids, cocaine, or methamphetamine. Network recruiters were identified among clients requesting services from the syringe
exchange program and were enlisted to refer eligible peersto the study. All participants completed a computer-adapted questionnaire
eliciting information about risk behaviors and their knowledge, attitudes, and prior experiencesrelated to HCV screening. Subjects
were then randomly assigned to receive usual care, consisting of standard counseling by syringe exchange staff, or the Hep-Net
intervention, which provides algorithm-based, real-time tailored feedback and recommendations for behavior changein the style
of motivational interviewing. Changes in drug use behaviors and attitudes will be assessed during a second session between 90
and 180 days after the baseline visit. Frequency of repeat HCV testing and HCV incidence will be assessed through a database
search 1 year after study completion.

Results: Recruitment for this study was completed in April 2015. Follow-up of enrolled participants is expected to continue
until March 2016. Network recruiters were enrolled who referred a total of 195 eligible peers (overall N=235). At baseline, the
median age was 34 years; 41.3% (97/235) were non-white; and 86.4% (203/235) reported predominantly injecting heroin. Most
participants (161/234, 68.8%) reported sharing injection equipment in the past and of these, 30.4% (49/161) had never been tested
for HCV.

Conclusions:  This study will provide preliminary evidence to determine whether incorporating computerized behavioral
interventions into existing prevention services at syringe exchange programs can lead to adoption of healthier behaviors.
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Trial Registration: ClinicalTrials.gov NCT02474043; https://clinicaltrial s.gov/ct2/show/NCT02474043 (Archived by WebCite

at http://www.webcitation.org/6dbjUQG7J)

(JMIR Res Protoc 2016;5(1):e15) doi:10.2196/resprot.4830
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Introduction

Objectives

The overall goal of this project isto explore whether deploying
acomputer-adapted behavioral intervention coupled with onsite,
rapid hepatitis C virus (HCV) screening is a feasible and
acceptabl e approach to reducing transmission risk behavior and
improving HCV case detection in the setting of a syringe
exchange program. The intervention described in this paper
incorporates lessons from formative research conducted with
the target population [1] and prior experience implementing
social network strategies for HIV  testing  within
community-based prevention agencies [2]. In this manuscript,
we describe the development of the Hep-Net intervention and
its implementation and evaluation through a pilot randomized
controlled trial (RCT). We present baseline data describing the
participants enrolled and discuss chalenges encountered
disseminating the intervention using peer-based referrals.

Background

Epidemiologic studies suggest that HCV transmission is
increasingly driven by injection drug use among young adults
in rural and suburban settings. A cluster investigation in 6
contiguous rural counties in northern Wisconsin found that the
number of HCV infectionsreported annually increased by more
than 200% between the periods 2004-2008 and 2009-2010 [3].
Among individuals newly diagnosed with HCV in this outbresak,
94% reported a history of sharing needles or other drug
preparation equipment. In this investigation and in similar
outbreaks in Massachusetts [4], rural Indiana [5], and several
Appalachian states [6], many young adults described a history
of injecting prescription opioid medications for several years
before transitioning to injecting heroin or methamphetamine.
These sharp increases in HCV incidence concentrated in
communities with traditionally poor access to prevention
services highlight the need for evidence-based, targeted
interventionsto reduce HCV transmission and coordinate efforts
toincrease HCV testing and linkage to treatment for those who
areinfected [7].

Syringe exchange programs are awidely used strategy to reduce
harm related to injection drug use. Numerous observational
studies support the effectiveness of syringe programs for
reducing behaviors leading to transmission of HIV and viral
hepatitis and increasing entry into drug treatment programs
[8-11]. Ensuring the availahility of sterile syringes and other
drug injection equipment, while a necessary component of
disease prevention for people who inject drugs, is only one of
several strategies that can be implemented through syringe
exchange programs [12,13]. Other important components of
risk reduction include linkage to addiction treatment, overdose

http://www.researchprotocols.org/2016/1/e15/

prevention, and testing and linkage to care for HIV, vira
hepatitis, and sexually transmitted infections. However, resource
limitations pose challenges to consistently delivering
multicomponent services that meet the diverse needs of people
who inject drugs. Syringe exchange programs face resource
limitations that are driven by social and political factors such
as prohibitions on federal funding and local opposition. Many
syringe exchange programs have insufficient resources to
provide adequate syringe coverage or deliver afull package of
preventative services to their clients [14]. Further, even when
prevention services are available in the community and are of
no cost to clients, many high-risk individuals still cannot or do
not access syringe exchange programs due to myriad
environmental and psychosocial barriers. As a result, many
peoplewho inject drugs are not regularly engaged in prevention
services [15].

Novel Approaches

Computerized I nterventions

Computer-based interventions deployed in syringe exchange
programs or other community-based settings may represent a
promising, low-cost strategy for delivering tailored health
information that is specific to the needs of people who inject
drugs. Studies examining computer-tailored interventions (CTIs)
have shown positive behavior changes in a wide range of
contexts, including acohol reduction in college students,
preconception care in women, and HIV prevention among
juvenile offenders and drug users [16-19]. A meta-analysis of
88 CTls showed a significant effect size for behavior change
in smoking cessation, mammography, physical activity, and
dietary practices, indicating CTls have a clinically significant
impact on rates of behavioral risk factors[20].

CTls assess individual behavior, environmental barriers, and
psychosocial determinants of positive behavior change. They
then use data-driven decision guidelinesto construct automatic,
tailored feedback providing each individual with apersonalized
approach to risk reduction. CTls are mobile, user-friendly, and
brief. As such, CTls may have an advantage in engaging
transient, hard-to-reach populations in resource-constrained
prevention settings such as syringe exchange programs.

Extending Prevention Services Through Social Networks

Strategies to increase engagement in prevention services must
address environmental barriers such as  geographic
inaccessibility and psychosocia barriers related to individual
motivation and behavioral skills. Socia network-based
strategies, which have been developed and implemented in
many US cities to increase HIV testing, may facilitate
dissemination of prevention services through both of these
domains. In a demonstration project funded by the Centers for
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Disease Control and Prevention (US Department of Health and
Human Services) conducted in 7 US cities, 5.6% of clients
recruited through peer referrals were HIV positive compared
to aprevalence of approximately 1% who self-referred [21-23].
Programs to promote HIV testing have taken advantage of
existing socia networks and the meaningful influence of peers
by enlisting high-risk clients to recruit, refer, or otherwise
encourage their associates to participate in testing. Adaptation
of this strategy to deliver HCV testing and prevention services
to people who inject drugs was one of the factors motivating
the devel opment of this project.

Methods
Study Design

The Hep-Net I ntervention: Overall Objectives

Thisproject hastwo main objectives. First, it aimsto determine
whether a CTI is a feasible and acceptable approach to
increasing readiness to engage in various health-promoting
behaviors among people who inject drugs. It targets 4 different
behavioral domains: (1) undergoing regular HCV screening,
(2) using clean works for every injection, (3) taking steps to
prevent opioid overdose, and (4) reducing and ultimately ceasing
injection drug use. The second objective is to determine the
feasibility of using socia networks to expand delivery of
computerized prevention interventions to hard-to-reach people
who inject drugs.

Theoretical Frameworks

Hep-Net isgrounded in behavior change theory and motivational
interviewing techniques. The guiding behavioral theory is the

Figure 1. The Integrative Model (adapted from Fishbein [24]).
Belief
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integrative model of behavior change, which is schematized in
Figure 1 [24,25]. The integrative model and its historical
predecessors, the theory of planned behavior [26] and the theory
of reasoned action [27], are supported by evidence acrossawide
array of health behaviors and populations [28-31]. The
integrative model expands the scope of the theory of planned
behavior and the theory of reasoned action by acknowledging
theimportance of skills, abilities, and environmental constraints
as moderators of the relationship between behavioral intention
and action [32].

Hep-Net isalso guided by the transtheoretical model (ie, stages
of change), which assumes that behavior change should be
considered a continuum rather than a dichotomy [33,34].
Specifically, behavior change occurs through a series of stages
in which individuals can move back and forth. In the
precontemplation stage, individuals are not yet considering
behavior change. In the contemplation stage, individuals may
be considering change but have not yet taken steps toward
behavioral change. Contemplation is followed by preparation,
action, and maintenance. Although the stages are considered
serial, one may skip particular stages (eg, planning/preparation)
and, at any point in the continuum, one may digressto aprevious
stage of readiness (ie, from action to preparation). The Hep-Net
system uses motivational interviewing techniques, which are
founded on the transtheoretical model, to assess readiness for
change with respect to safe injection practices, substance use
reduction, and overdose prevention. The model aso informed
the types of specific feedback and risk reduction activities
suggested to participants, as described below in the discussion
of therisk reduction exercise.

Direct

Variables M Intentions Behavior
easures Measures
Previous -
HCV testing Behavioral
behavior beliefs & N i .
A outcome Attitudes Skills
: / i
I_Dercewed , evaluations
risk of HCV /
;" Injunctive and |
Fegr of H_CV C descriptive Normative Intention to HCV testing
diagnosis . normative pressure be tested
\ beliefs
Perceived \
stigma \\
y  Efficacy Environmental
Benefit of beliefs | Self efficacy constraints
knowing
HCV status

Formative Research and I ntervention Devel opment

Using theintegrative and transtheoretical models asthe guiding
frameworks, the system assesses participants’ risks and
protective behaviors; preferences for behavior change domain
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(eg, decreasing risky injection practices, reducing opioid use,
overdose prevention); and attitudinal, normative, and efficacy
beliefs. The system then tailors the content of the intervention
totheindividuals' stage of readinessfor change, salient beliefs,
and the chosen behavioral target (eg, safer injection practices).
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To develop appropriate questionnaire items and
health-promotion messages that address relevant beliefs held
by the target population, we analyzed formative data collected
through an anonymous cross-sectional survey of 553 syringe
exchange clients [1]. Health promotion messages specifically
tailored to individual stages of readiness to change were
developed collaboratively by a research team of investigators
with expertise in heath communications, counseling
psychology, and clinical medicine. Draft messages were
discussed at in-person meetings and later pilot tested with
several end-users who were current or previous clients of the
syringe exchange program to elicit feedback to inform further
refinement of messages.

Therisk assessment survey and tailored behavioral computerized
intervention were delivered using an Internet-based,
customizable, interactive software tool devel oped in consultation
with DatStat Inc (Seattle, WA). DatStat performed all necessary
programming for creation of theintervention. Thetool provided
a patient-driven counseling experience similar to those used in
other studies of high-risk populations[35,36]. Theintervention
simulated a motivational interview, asking contextually
appropriate questions, and was intended to capture the essence
of apatient clinical experience on acomputer. In rea time, the
program synthesized patient responses about risks, knowledge,
and beliefs; presented a list of risk factors to the participant
based on those responses; and then guided the participant in
developing an individualized risk reduction plan.

After developing and pilot testing the intervention with a small
number of volunteers, we proceeded to recruitment and
enrollment in the pilot RCT. The study protocol was reviewed
and approved as a minimal risk study by the Health Sciences
Ingtitutional Review Board a the University of
Wisconsin-Madison.

Study Population, Recruitment, Eligibility, and
Screening

Enroliment in the study began in September 2014, and all
baseline assessmentswere completed by April 2015. Participants
in the study were either clients of an established, multisite
syringe exchange program operating in southern Wisconsin or
peers recruited from the social networks of these clients.
Eligibility criteriaincluded age 18 years or older, injection drug
use in the past 30 days, and willingness to provide contact

Table 1. Examples of questions based on the integrative model.

Westergaard et a

information for the 3-month follow-up. Pregnant women and
people who did not speak English were excluded. As one goal
of the study isto conduct outreach among high-risk popul ations
who do not regularly use prevention services, we used socia
network—based referrals to recruit the majority of the study
sample. Syringe exchange clientswere informed about the study
and screened for eligibility during a routine encounter at the
syringe exchange program. Upon completion of the baseline
visit, study participants received referral coupons and were
encouraged to refer eligible peers. Coupons were marked with
aunique code number used to track referral chains. Participants
received US $10 in cash as compensation for time spent
completing the baseline study encounter and an additional US
$10 for each eligible peer they referred (up to 5) who enrolled
in the study.

Baseline Study Assessment

At theinitial study encounter, participants were encouraged to
get arapid HCV antibody test unless they had had a positive
HCV antibody test in the past or had gotten a rapid HCV test
within the last 3 months. Receiving an HCV test was not a
requirement for participation in the study; itisastandard service
offered to all syringe exchange clients. The computerized survey
was designed to last 20 to 30 minutes. For those consenting to
HCV testing, the baseline assessment was administered after
participants provided afingerstick blood specimen for therapid
HCV test, allowing them time to complete most of the baseline
assessment while awaiting the test results. The complete baseline
guestionnaire is reproduced in Multimedia Appendix 1.

Question items were devel oped based on the integrative model
to evaluate attitudes, norms, and self-efficacy beliefs relevant
to each of thetargeted health behaviors. Table 1 displays sample
guestionitems ng therelevant constructsin theintegrative
model for the behavior of HCV testing. Response options to
each of these questionswere a5-point Likert scale ranging from
“strongly disagree” to “strongly agree.” Participants rated their
readiness to make changes toward each of 4 behavioral goals:
(1) “I will cut down on my drug use or quit using drugs
completely,” (2) “I will use clean needles, cottons, and cookers
every time | inject drugs,” (3) “I will get tested for hepatitis C
every 6 months for as long as I'm using,” and (4) “I will get
trained to give naloxone (or Narcan) in case someone | amwith
has an overdose”

Survey question

Integrated model domain

“1 am confident that if | really wanted to, | could get tested for hepatitis C every six months,

for aslong as | am shooting drugs”

“Most people who are important to me think | should get tested for hepatitis C.”

“Most people who are similar to me have been tested for hepatitis C.”

“Getting tested for hepatitis C isimportant to me.”

Self-efficacy

Injunctive normative beliefs
Descriptive normative beliefs

Attitudes

Using the transtheoretical model, we assessed readinessto adopt
specific healthy behaviors using the visual analog scale shown
in Figure 2. Each behavior was characterized as a health-rel ated
goal that aperson who injects drugs may have, and respondents

http://www.researchprotocols.org/2016/1/e15/

were asked to characterize their readiness to adopt the behavior
by selecting a statement on the spectrum of “I am not even
thinking about this goal” (precontemplation stage) to “I have
reached this goal” (maintenance stage). For the intervention
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group, the stage of change reported by respondents during the
baseline session was used in the algorithms to determine what
tailored content would be displayed in the subsequent risk
reduction intervention.

The baseline questionnaire included basic demographic and
locator information, including multiple means of electronic
communication (eg, text messaging, email, Facebook) to
facilitate coordination of follow-up. Additional sectionsincluded
a risk behavior questionnaire assessing addiction severity,
overdose risk, and injection-related and sexua behaviors
associated with transmission of HCV. To maximize accurate

Westergaard et a

disclosure of high-risk and sensitive behaviors, both the baseline
guestionnaire and the tailored intervention used audio
computer-assisted self-interview. As an enhancement designed
to better simulate a motivational interviewing session,
photographs of amaodel portraying acounsel or were embedded
in the survey program to accompany the audio-recorded
instructions, survey questions, and, if applicable, tailored
feedback messages. At the beginning of the session, participants
selected 1 of 3 female avatars that appeared to have varying
racial/ethnic backgrounds. The avatar selected by the participant
would be displayed throughout the baseline session and the
subsequent follow-up assessment 3 months later.

Figure 2. Assessment of readiness to change based on the Transtheoretical Model.

eoce
8 https://live.datstathost.com/Hepnet-collector/Survey.ashx

4

Baseline questicnnaire

“It is common for people to think they should change
something about their drug use, but not everyone is ready
to start making a change right now. | am going to read to
you several goals that some people have set for
themselves in order stay safer when using drugs.

Listen to each goal and then indicate how ready you are
to make changes in your life to reach it.”

P 1 will get tested for hepatitis C every six months for as long as | am using.

| am thinking about
changing but haven't
decided

| am not even thinking
about this goal

| have plans to change
but not yet working on it

| have started making

changes to reach this goal | | have reached this goal

Randomization

After completion of all required sections of the baseline survey,
participants were randomly assigned to receive the risk reduction
intervention or be in the control group, in which the computer
session terminated after completion of the survey. Both the
intervention and control groups received individualized
prevention counseling per standard of care at the syringe
exchange programs. Challengesrel ated to data synchronization
across multiple sites and the need for offline data collection in
rurd communities made stratified, block randomization
infeasible. Therefore, simple randomization was used to place
participants to either group using the survey software during
the baseline session.

I ntervention Content

Overview

Participants assigned to receive the risk reduction intervention
were presented with aseries of screens featuring text and audio
content summarizing the participant’s risk behaviors and
delivering health-promotion messages. Components of the
tailored intervention consisted of an overall risk synthesis,

http://www.researchprotocols.org/2016/1/e15/

RenderX

selection of behavioral goal, and individualized risk reduction
exercise and assessment of self-efficacy related to risk reduction
plan. An example of the series of content screens displayed for
a participant in the precontemplation stage with respect to
overdose prevention is reproduced in Multimedia Appendix 2.

Risk Synthesis

The risk synthesis was introduced with 1 screen displaying
positively framed feedback messages emphasizing behaviors
reported by the participant that can reduce risk of HCV
transmission and/or opioid overdose. A subsequent screen

displayed tailored feedback regarding specific behaviors
associated with increased risk reported by the participant.

Selection of Behavioral Goal

In the second portion of the intervention, participants chose a
behavioral goal they would like to work on over the next 3
months (HCV testing, Narcan training, use of clean needles or
works, or reducing or suspending drug use) and selected action
stepstailored to the participants’ assessed stage of change within
that one risk category. The relevant stage of change was
determined by responses to questions addressing the risk
reduction goals.

JMIR Res Protoc 2016 | vol. 5 | iss. 1 [e15 | p.20
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS

After selecting a behavioral risk reduction goal, participants
received a message introducing the activity that wastailored to
their self-reported stage of readiness to change, relevant to that
particular risk category. Participants were then guided through
aseriesof screenswhich gavefeedback and educational content
(eg, the opportunity to view abrief video) tailored to the types
of risk behaviors and stage of readiness to change. Messages
were designed to encourage movement along the stages of
change in the direction of action/maintenance.

Individualized Risk Reduction Exercise

Thefinal intervention component was an interactive activity in
which participants were asked to create a risk reduction plan.
Participants were presented with a list of 10 to 12 possible
suggested action steps related to the risk reduction goal they
selected. The content of these lists was informed by the
transtheoretical model, encouraging incremental changethrough
concrete actions that could be taken. Participants were asked to
select 3 to 5 of the steps they felt they would be able to do in
the ensuing 3 months. After participants selected the steps, their
individualized risk reduction plan was read back to them. They
were asked to confirm their selected steps and given an
opportunity to go back and change their choices. Finally,
participants were asked to answer aseries of questionsassessing
confidence in their ability to complete their plan.

Follow-Up Assessments and Outcome Measures

Upon completion of the baseline session, participants were
reminded of the need to return for a follow-up assessment 3
months after the baseline session. The second study visit uses
an | nternet-based survey designed to assess the same behavioral
and attitudinal domains captured through the baseline
guestionnaire. Thisalows usto evaluate any temporal changes
in the frequency of substance use, injection risk behaviors,
overdoserisk, and HCV testing. The foll ow-up assessment al so
evaluates self-reported readiness to change, attitudes, and
perceived norms, providing an opportunity to detect whether
thetailored intervention may influence outcomes through these
intermediate variables.

In addition to repeating the assessment of baseline variablesfor
longitudinal analysis, the follow-up questionnaire captures
information on participant perceptions about whether they met
any of the health goals discussed in the baseline session. For
participants determined to be HCV-infected at baseline, the
survey assesses whether they received any follow-up testing or
medical care for HCV since receiving their test result. Finally,
it evaluates usability and acceptability of the intervention
through a series of questions delivered to participantswho were
randomized to the active study arm. The additional questionnaire
items used during the follow-up assessment are presented in
Multimedia Appendix 3.

There are multiple behavioral outcomes of interest in this
project. Accurate assessment of drug use behaviors may be
limited because it relies on participant self-report and may be
biased due to losses to follow-up. HCV testing behavior may
be captured with greater validity because it will be ascertained
by searching HCV testing data collected and reported by all
agencies receiving funding from the Wisconsin Division of
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Public Health. For participants who have received a reactive
HCV screening test result, we will determine whether any
follow-up testing was performed, including confirmatory HCV
RNA or HCV genotype tests, which would indicated that the
participant was linked to evaluation and/or treatment of HCV.

Sample Size and Power

Demonstrating efficacy of the intervention through detection
of a statistically significant effect size was not a primary goal
of the project. However, we considered it plausible that the
intervention might significantly influence participants’ decisions
to receive HCV testing even after a single session. While
planning the pilot trial, we calculated a target sample size that
would be sufficient to detect what we considered to be a
meaningful difference in the proportion of participants who
undergo HCV testing within 12 months after enrollment.
Assuming that approximately 10% of participants would be
known to have HCV infection at enrollment and accounting for
expected losses to follow-up, we estimated that a sample size
of 408 would provide 90% power to detect adifference of 0.15
in the proportion of participants who voluntarily returned for
an HCV test within ayear of enrollment.

We believed that achieving a target sample size of 408 was
feasible and justified based on data from the pilot survey
conducted in 2012 reporting that 69.4% of syringe exchange
clients had an HCV test in the prior 12 months and 14.9% of
clients had ever had a positive HCV test [1]. Because this
intervention was targeting people who inject drugs but may not
beregular users of the syringe exchange program, we anticipated
that the number reporting prior HCV testing would be lower.
We believed an effect size of this magnitude was reasonable
based on prior meta-analyses of tailored communication
interventions, which provide support for moderate mean
intervention effect sizes[20] acrossavariety of health behaviors,
including addiction-related behaviors (eg, smoking) and HIV
risk-related behaviors [37]. Notably, findings suggested effect
sizes increased with the number of behaviors intervened upon,
with mean effect size of g=.24 (95% ClI 0.18-0.31) for
interventions focused on 3 behaviors [20].

Data Analysis

Descriptive statistics reported here were cal cul ated for baseline
variables using SAS 9.3 (SAS Institute Inc). Differences in
participant characteristics were assessed using a Wilcoxon
rank-based general linear model approach for continuous
variables and Pearson chi-square or Fisher exact tests for
differencesin categorical variables.

To evaluate the effectiveness of the risk reduction intervention,
we will test within-group changes from baseline to follow-up
(eg, change in frequency of needle-sharing) using the
matched-pair Wilcoxon rank-sumtest. Similarly, binary outcome
changes will be examined using either the McNemar test or
Fisher exact test.

To assess the independent role of the intervention in improving
screening for HCV, we will use a logistic regression model on
the binary outcome of having an HCV test within the 12-month
period postintervention. Again, aWilcoxon general linear model
framework will be used for analysis of Likert scale outcome
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measures. Indicators pertaining to individual level outcomes
within intervention and control groupswill be measured among
the sameindividuals at baseline and follow-up.

To avoid potential sampling biastoward individualswith larger
networks, we will adjust regression models using inverse
probability weights based on individual recruitment network
sizes [33]. To account for correlation between recruiter and
recruited, we will create avariable indicating who the recruiter
of each subject was and use it as a cluster variable using
generalized estimating equations. An exchangeable correlation
structure within each cluster will be assumed (ie, correlation
between any 2 subjects recruited by the same recruiter will be
assumed to be the same). For all tests, a2-sided P value of less
than .05 is considered statistically significant.

Table 2. Baseline characteristics by intervention group (N=235).

Westergaard et a

Results

Between September 2014 and April 2015, 235 people compl eted
the baseline survey. Baseline descriptive characteristics of the
sample are displayed in Table 2. The racial/ethnic breakdown
was reflective of the general population of the region, with
non-Hispanic whites comprising 60.3% (129/232) of the sample
and those self-described as black or African American
comprising 28.1% (66/235). The median agewas 35 years (range
18-63 years). While most participants who provided a valid
address (131/219, 59.8%) lived in the city of Milwaukee, about
one-third (70/219, 29.0%) of participants resided in a
municipality with a population less than 50,000 residents,
including 17.8% (39/219) who lived in acity with a population
less than 5,000. Comparison of the control and intervention
groups with respect to baseline characteristics demonstrated no
statistically significant differences, assuming a 2-sided alpha
of .05.

Characteristics Category Control Intervention
(N=126) (N=109)
Age, years, median (IQR) 35 (28-46) 33(27-44)
Gender, n (%) Male 92 (73.0) 89 (81.7)
Female 34(27.0) 20(18.3)
Race, n (%) White 79 (63.0) 59 (54.1)
Black 32 (25.0) 34(31.2)
Other or multiple 15 (12.0) 16 (14.7)
Ethnicity, n (%) Non-Hispanic/Latino 112 (90.3) 102 (94.4)
Hispanic/Latino 12 (9.7) 6 (5.6)
Highest education level, n (%) Less than high school 17 (13.5) 7(6.4)
HS diploma or GED 61 (48.4) 51 (46.8)
Some college or vocational school 45 (35.7) 47 (43.1)
College degree 3(24) 4(3.7)
Currently employed, n (%) No 92 (73.0) 69 (64.0)
Yes 34(27.0) 39(36.0)
Legal incomein last year, n (%) None 31(26.0) 30(27.5)
US $1-11,500 62 (51.0) 49 (45.0)
More than US $11,500 28 (23.0) 30(27.5)
Homeless during the past year, n (%) No 58 (46.0) 52 (48.0)
Yes 68 (54.0) 56 (52.0)
Incarcerated during the past year, n (%) No 82 (66.0) 63 (59.0)
Yes 42 (34.0) 44.(41.0)
Has health insurance, n (%) No 20(16.0) 11 (10.0)
Yes 105 (84.0) 98 (90.0)
Has primary care provider, n (%) No 53 (42.4) 39 (36.0)
Yes 72 (57.6) 69 (64.0)

Of the 235 participants who compl eted the baseline assessment,
80 (34.0%) agreed to receive arapid HCV test, and 14 (17.5%)
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(36/155, 23.2%), did not want to or did not feel ready to be
tested (22/155, 14.2%), dready knew he or she was
HCV-positive (17/155, 11.0%), and did not have enough time
(13/155, 8.0%).

Drug use characteristics of the baseline sample are displayed
in Table 3. Heroin was the drug most frequently injected by
participants and nearly half (105/235, 44.7%) reported that they

Table 3. Drug use characteristics by intervention group (N=235).
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inject on a daily basis. Most participants (161/234, 68.8%)
reported they had shared syringes, cotton filters, or cookerswith
other peoplewhileinjecting drugsin the past. Of those reporting
sharing injection equipment in the past, 44.1% (71/161) had
shared syringes, cottons, or cookers during the past 3 months,
and 30.4% (49/161) reported they had never been tested for
HCV.

Characteristics Category Control Intervention
(N=126) (N=109)
n (%) n (%)
Drugsinjected in past 30 days Heroin 111 (88.1) 92 (84.4)
Prescription opioids 26 (20.6) 21(19.3)
Cocaine 36 (28.6) 35(32.1)
Methamphetamine 1(0.8) 6 (5.5)
Frequency of drug injecting in past 30 days Lessthan dally 67 (53.2) 63 (57.8)
Every day 59 (46.8) 46 (42.2)
Has shared needles, cottons, or cookers No 37 (29.6) 36 (33.0)
Yes 88 (70.4) 73(67.0)
Has had an opioid overdose No 75 (60.5) 70 (64.2)
Yes 49 (39.5) 39(35.8)

Using social networksto recruit participants allowed usto reach
a population that may have otherwise not been reached. In the
first phase of the study, prevention staff recruited 40 individuals
to participate who were existing clients of the syringe exchange

program. These participants referred 195 peers who were
determined to be eligible and were enrolled in the study. As
shownin Figure 3, linking participantsviareferral chainsallows
visualization of 2 large networks and several smaller ones.

Figure 3. Network diagram of peer referral chains by hepatitis C virus testing history.
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Discussion

Main Findings

The overarching goa of this pilot RCT was to determine if a
computerized, tailored intervention was feasible and acceptable
to implement in an syringe exchange program. Though its
potential impact inincreasing HCV testing, overdose prevention,
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and use of clean syringes and works will be reviewed after all
follow-up assessments and HCV testing follow-up data are
collected, the data collected to date demonstrate that the
approach is feasible overall. There was a high level of
willingnessto participate, and many participants referred peers,
indicating acceptability of this type of intervention.
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Unanticipated Challenges

Throughout the initial period of enrollment and completion of
baseline assessments, the study staff encountered several
unanticipated challenges. Scheduling appointments for
enrollment and completion of study assessments proved to be
difficult; participants preferred to drop in at a time that was
convenient for them. Often, individuals forgot about their
appointments, did not have transportation to make it to their
scheduled appointment, and could not be reminded via phone
or text because they did not own acell phone or have minutes.
Both study sites amended their procedures and became
accessible for drop-in appointments to accommodate the
difficulties faced by people who inject drugs in keeping
scheduled appointments.

The Hep-Net study was designed as a pragmatic intervention
trial rather than a highly controlled clinical trial, which would
have required more resources and been less generalizable to
other settings. Prevention staff had numerous responsibilities
that superseded the tasks they were asked to complete for the
research project, such as obtaining informed consent and
administering the computerized survey. Balancing these
competing demands required communication and an effective
partnership among the research team, the existing prevention
staff, and administrators of the syringe exchange program.
Within 2 months of enrolling the first participants, study site
staff began to identify the best time periods for survey visits
and how to best fit the intervention into routine prevention
services. When the study team and prevention staff determined
how to best achieve balance between research and service
activities, it became obvious that the most appropriate rate of
accruing new subjectswould not allow recruitment of asample
as large as originaly planned. The target sample size was
modified after several months for this reason to the more
realistic goal of 120 subjects per group.

Computer literacy was another unanticipated challenge
experienced by study staff. Many participants had little
background using computers and struggled to understand how
to answer questions and advance the program. Although site
staff made themselves available for computer questions and
aided participantsin computer fluidity, several participantstook
over an hour to compl ete the survey rather than the anticipated
half hour.

Finally, Internet connectivity and a private space to screen and
deliver the survey were difficult barriers to overcome. Neither
syringe exchange program had readily available WiFi, so
Ethernet accessibility was imperative in collecting and

Westergaard et a

synchronizing survey data. Private spaces with Ethernet
accessibility were difficult to keep consistently vacant of other
prevention services, which made data collection more difficult.
Furthermore, a substantial number of study assessments were
completed via mobile syringe exchange outreach where no
Internet connectivity was available. The remote data collection
feature in the DatStat software package was used for these
surveys, which added a layer of complexity causing some
frustration among participants and staff.

The main limitation of this study isits lack of generalizability
to other cities and states and other local epidemics. While
Hep-Net may be feasibly used in the context of Wisconsin's
opioid epidemic, it may not apply to other geographical areas
targeting the same population. This CTl used existing
preliminary data from a pilot study of over 500 Wisconsinites
to tailor the intervention content to a specific population.
Additionally, our sample was subject to selection bias because
individuals using a syringe exchange program tend to be a
healthier, higher-functioning subset of peoplewho inject drugs.
Although the computerized approach to data collection was
designed for complete anonymity to reduce socia desirability
bias, participants may have answered questions to please
researchers.

A magjor strength of this study is the use of well-established
syringe exchange programs as home to Hep-Net. The
community-based prevention specialistswho implemented this
project are highly regarded among community members and
have built trust over years of service. Without their involvement,
acceptability of the intervention would likely have been much
lower.

Conclusion

If effective, Hep-Net has the possibility to facilitate a more
comprehensive approach to prevention and linkage to care
within syringe exchanges and other community-based programs.
Syringe exchange programs, while shown to be effective, are
already understaffed and lack resources. Hep-Net's role is to
fill in the gaps presented by agency challenges to provide
behavioral careto asubset of acommunity that is substantially
underserved. To disseminate the intervention, busy syringe
exchange programs could present Hep-Net to clients or use the
Internet to reach rural or immobile populations. We hope the
resultswill lead toimplementation of aCTI in community-based
settings. If the study hypotheses are confirmed, the proposed
solution can be tailored to specific cities and states and
disseminated to reduce the impact of hepatitis C among people
who inject drugs.
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Abstract

Background: Thereisademand to make first-line treatments, including cognitive behavioural therapy (CBT) for adolescent
anxiety disorders, more widely available. Internet-based CBT is proposed to circumvent access and availability barriers and
reduce health care system costs. Recent reviews suggest more evidence is needed to establish the treatment effects of I nternet-based
CBT in children and adolescents and to determine related economic impacts.

Objective: Thispilot trial aimsto collect the necessary data to inform the planning of afull-scale RCT to test the effectiveness
of the Internet-based CBT program Breathe (Being Real, Easing Anxiety: Tools Helping Electronically).

Methods: We are conducting a 27-month, 2-arm parallel-group, pilot randomized controlled trial (RCT). Outcomeswill inform
the planning of a full-scale RCT aimed to test the effectiveness of Internet-based CBT with a population of adolescents with
moderate to mild anxiety problems. In the pilot RCT we will: (1) define a minimal clinically important difference (MCID) for
the primary outcome measure (total anxiety score using the Multidimensional Anxiety Scalefor Children); (2) determineasample
sizefor the full-scale RCT; (3) estimate recruitment and retention rates; (4) measure intervention acceptability to inform critical
intervention changes; (5) determine the use of co-interventions; and (6) conduct a cost-consequence analysis to inform a
cost-effectiveness analysis in the full-scale RCT. Adolescents aged 13-17 years seeking care for an anxiety complaint from a
participating emergency department, mobile or school-based crisis team, or primary care clinic are being screened for interest
and eligibility. Enrolled adol escents are being randomly allocated to either 8 weeks of Internet-based CBT with limited telephone
and e-mail support, or acontrol group with accessto a static webpage listing anxiety resources. Adolescents are randomly assigned
using a computer generated allocation sequence. Data are being collected at baseline, treatment completion, and at a 3-month
follow-up.

Results: Currently, adolescents are being enrolled in the study. Enrolment is taking place between March 2014 and February
2016; data collection will conclude May 2016. We expect that analysis and results will be available by August 2016.
Conclusions: In many communities, the resources available for front-line anxiety treatment are outweighed by the need for

care. Thispilot RCT isan essential step to designing arobust RCT to eval uate the effectiveness of an Internet-based CBT program
for adolescents with moderate to mild anxiety problems.
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Introduction

Anxiety disorders are the most common mental disorders
diagnosed in adolescence, with prevalence before age 18
reported as greater than 30% [1,2]. The median age of onset is
11 years, making these disorders some of the earliest to develop
[3]. Early onset disorders often follow a chronic course [4] and
can significantly interfere with interpersonal relationships,
academic performance and daily functioning [5-7]. Anxiety
disorders range in severity and specific symptomology, but the
more frequently diagnosed disorders in adolescents include
social anxiety disorder (socia phobia) [8-10], generalized
anxiety disorder [8,11,12], and specific phobia[8,12]. The most
prevalent is social anxiety disorder, with studies showing a
two-fold increase in the prevalence of this disorder during
teenage years [13,14]. The high prevalence of social anxiety
disorder in adolescence can be understood in the context of
developmental and environmental transitions (eg, puberty,
dating, new schools, peer experiences) [9]. Undetected or
undertreated, these disorders present significant future risk for

adult anxiety disorders, educational underachievement,
suicidality, depression, substance abuse and future

hospitalization [5-7,15-19].

Cognitive behavioral therapy (CBT) asafirst-line treatment for
anxiety disordersin children and adolescentsiswell established
[20,21,22] and supported by meta-anaytic work [23,24,25].
CBT combines systematic exposure to feared situations with
skills training and the learning of activities to help replace
anxious thoughts about feared situations with more adaptive
thoughts [20,21]. These treatment elements are based on the
premise that repeated exposure to feared situations results in
desensitization, reducing anxiety and avoidant behaviors, and
improving functioning. Relaxation strategies, such as imagery
and deep breathing, are included in skills training to provide
ways to manage discomfort during repeated exposures [21].

Trained mental health professionals havetraditionally delivered
CBT, but the structured and sequential nature of CBT translates
well to computer-based delivery. Within this approach, the use
of the Internet as a delivery mode provides researchers with
unobtrusive ways to capture data and examine access patterns,
compliance, and usability issues [26]. Internet-based delivery
also circumvents multiple barriers to receiving in-person CBT
including: socia stigma, direct and incidental costs (eg, time
out of school), lack of trained deliverers, and inconvenient
servicetimesand locations[27]. Thisdelivery method may also
increase the number of young people seeking professional help.
A published paper in 2002 reported that over a one-year
timeframe, only 8.3% of young peopl e with recent onset anxiety
and 21.4% with chronic anxiety had sought professional help

http://www.researchprotocols.org/2016/1/e18/

[28]. While Internet-based CBT is considered |ower-intensity
than in-person treatment, the majority of adolescents with
anxiety disorders experience mild to moderate distress and
impairment, making treatment availability paramount. Thus,
Internet-based CBT is proposed to reduce demand for therapy
delivered in-person, introduce cost savings, and increasetimely
access to recommended treatment [29].

Three recent systematic reviews of the literature have shown
that self-led, computer-based and computer-assisted CBT, in
combination with in-person or therapist-guided care, areviable
and effective treatment approachesfor children and adolescents
[30,31,32]. Studies of treating adolescents using I nternet-based
CBT arelimited to two [33,34], but provide important evidence
and methodological considerations for other treatment studies.
In a study targeting social fears (mainly centered on public
speaking) in high school studentswho met the diagnostic criteria
for social anxiety disorders, Tillforset al. found that significant
reductions in anxiety symptoms and improvements to mood
were achieved post-intervention and maintained at one-year
follow-up [34]. These treatment effects were noted as
comparable to those achieved through traditional face-to-face
CBT. Focusing on the treatment of adolescents who had a
“markedly disturbing/disabling” anxiety disorder (predominantly
generalized anxiety disorder and socia phobia), Spence et a.
also found that Internet-based CBT with minimal therapist
support was equally efficacious as face-to-face CBT delivery
in reducing anxiety symptoms post-intervention and up to
one-year post-treatment [33]. The parents of participating
adol escents al so took part in thisonline program. In both studies,
methods to improve treatment compliance, and the impact of
compliance on treatment outcome, were noted as issues that
required further investigation. Tillfors et al. reported that, of
nine online modules available to complete within a 9-week
period, the average number of completed moduleswas 2.9[34].
Spence et a. noted that on average, adolescents and parents
completed 7.5/10 and 4.48/5 sessions, respectively [33].

While the reported treatment effects of Internet-based CBT for
treating adolescent anxiety are promising [33,34], published
systematic reviews highlight important methodol ogical issues
that future studies must consider, in order to mature the evidence
base [30,31,32]. Two reviews reported that the overall quality
of the outcomes reported by studies of computerized CBT,
including Internet-based CBT for adolescents, was low to very
low [30,32]. Key limitations of the evidence base that were
identified included: small sample sizes, intervention and
comparator (waitlist or active control) differences between
studies, and inconclusive treatment effects when anxiety was
self-rated (versus clinician rated) [30,31,32]. Many of these
limitations were aso noted in the Tillfors and Spence studies

JMIR Res Protoc 2016 | vol. 5 | iss. 1 [e18 | p.29
(page number not for citation purposes)


http://dx.doi.org/10.2196/resprot.4428
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS

[33,34]. Reviewsto date have recommended that higher quality
evidence is needed to firmly establish the treatment effects of
computerized CBT, and that the study of associated economic
impactsis needed [30,31,32].

We designed a pilot randomized controlled trial (RCT) that
addresses several of the limitations highlighted in the literature
to date. This pilot trial aims to collect the necessary data to
inform the planning of afull-scale RCT to test the effectiveness
of the Internet-based CBT program Breathe (Being Real, Easing
Anxiety: Tools Helping Electronically). In the pilot RCT we
will (1) define a minimal clinically important difference
(MCID), as defined by adolescents, for the primary outcome
measure, (2) determine a sample size for afull-scale RCT, (3)
estimate recruitment and retention rates to determine the number
of study sites needed, (4) measure intervention acceptability to
inform critical intervention changes, (5) determine the use of

Figurel. Tria flow diagram.

Newton et d

co-interventions, and (6) conduct a cost-consequence analysis
to inform a cost-effectiveness analysis for afull-scale RCT.

Methods

Study Design

We are conducting a27-month, 2-arm parallel-group, pilot RCT.
Eighty adolescentswill be randomly assigned to either 8 weeks
of Internet-based CBT with telephone and e-mail support (the
Breathe program), or a control (minimal intervention) group
with 8 weeks of access to a static webpage with general anxiety
resources and information. Study enrolment istaking placefrom
March 2014 to February 2016; data collection will conclude
May 2016. Details of the study design areillustrated in Figure
1. The study has been approved by host institutions' Research
Ethics Boards.

160 adolescents assessed for eligibility
Screening: SCARED, ASQ, other eligibility criteria
Demography collected: Date of birth, sex, place of residence, ethnicity/race, co-

morbidities, etc.

o e e e e e e = = = = =

Document exclusions following screening*:
adolescents who didn't meet exclusion criteria (n=);
adcolescents who needed a higher level of care (n=);
declined study participation (n= ); other reasons (n=)

Document®:
adolescents allocated to

3
ESD adolescents enrolled into the RCT. Websit&j

login provided and adolescent randomized to
receive either:

* *

interventions (n= );
adolescents who received
allocated intervention (n= );
adolescents who did not

over 8 weeks
(40 adolescents)

for use over 8 weeks
(40 adolescents)

[ Breathe modules completedl [Resource webpage available}

receive allocated intervention
(with reasons; n= );

adolescents lost to follow-up
(with reasons; n= );

adolescents who discontinued

Breathe (after which session

Baseline Data Collection: MASC2 J

', and for what reason; n= ) . [

L L ]

Post-Intervention Data Collection at the
completion of Breathe module 8 (B weeks post

enrolment)

{1) MASC2, (2) MCID, (3) Satisfaction, (4)

Resource use and costs

Administrative data: Treatment adherence

Post-Intervention Data Collection at 8
weeks post enrolment

Adolescent self-report via IRIS

(e-mail reminder to complete measures):
(1) MASC2, (2) Resource use and costs

Administrative data: Number of website

3

visits

3-month follow-up Data Collection

Adolescent self-report via IRIS

(e-mail reminder to complete measure).

MASC2

* Values not yet available/predicted.
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Participants

Participants are adolescents from three Canadian provinces
(Alberta, Ontario, and Nova Scotia) seeking care from a
pediatric emergency department, mobile or school-based mental
health team, or primary care setting that is participating as a
study recruitment site. Study inclusion criteriaare: (1) ages 13
to 17 years, (2) self-reported mild to moderate anxiety, (3)
ability to read and write English, (4) regular access to a
telephone and a computer system with high speed Internet
service, and (5) ability to use a computer to interact with web
material. Adolescents aged 13 to 14 years must also have a
consenting parent.

Adolescents are screened for study inclusion criteriaviaasecure
onlinerecruitment process or tel ephone-based recruitment phone
call. Demography is collected during the screening process to
characterize adolescents who meet and do not meet clinica
eligibility. Screening criteria (1), (3), (4), and (5) are assessed
through yes/no answers. We are using the Screen for Child
Anxiety Related Emotional Disorders (SCARED) [35] to screen
for mild-to-moderate anxiety symptoms (eligibility criteria#2).
The SCARED is a41-item self-report screen for symptoms of
panic disorder, socia phobia and anxiety disorder, and general
anxiety disorder in clinical and community adolescent samples,
based on DSM-1V criteria [36,37,38]. Adolescents can report
any experience of anxiety (ie, responds to any of the 41 items
of anxiety symptoms/experiences as being
“Somewhat/Sometimes True” or “Very/Often True’) to be
considered eligible for study participation.

We are also screening for risk of suicide using the Ask
Suicide-Screening Questions (ASQ) [39]. The ASQ is a brief
4-item instrument originally validated for use in emergency
departments with high sensitivity for identifying the risk of
suicide [39]. A “yes’ response to questions 1 (“In the past few
weeks, have you wished you were dead?’), 2 (“In the past few
weeks, have you felt that you or your family would be better
off if you were dead?’) or 4 (“Have you ever tried to kill
yourself?’) on the ASQ involves a safety-follow up phone call
from a research team member to evaluate
intent/severity/immediacy of risk before deciding on adol escent
eligibility. Adolescents who respond “yes’ to question 3 on the
ASQ (“In the past week, have you been having thoughts about
killing yourself?") are excluded from the study and receive brief
telephone based support from a research team member to
evaluate intent/severity/immediacy of risk and encourage the
adolescent to seek further mental health care/crisis care.

http://www.researchprotocols.org/2016/1/e18/
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Procedure and Randomization

Potentially eligible participants (and their parents) can receive
oral, written, and/or online information about the study. In the
Canadian provincesinvolved in this study, thereis no specified
age of consent. A minor’sability to consent or assent isdecided
after assessing capacity to consent. In this study, 15 to 17
year-olds will be allowed to consent to the study on their own
behalf. We will require parental consent for adolescents aged
13 to 14 years. This decision was not based on any age of
consent law; we want to acknowledge the role that parents have
in their younger adolescent’s activities and their ability to
provide perspective on their child's potential participation in
the study. Requiring parental consent will provide us with a
formal mechanism to engage with parents before study
enrolment. We will seek assent from adolescents aged 13 to 14
years even if they were assessed as being able to consent.

Randomization takes place after informed consent/assent is
obtained. Adolescents are randomly assigned using a
computer-generated allocation sequence. Participants are
randomly allocated to one of two treatment conditions and
receive this alocation information via e-mail from a graduate
student trainee affiliated with the project. The e-mail aso
provides|ogin/websiteinformation to the allocated intervention.
Given the study objectives, the pilot was designed as open-label.

M easures

Primary Outcome Measure

Change in anxiety symptoms in adolescents will be measured
using the total score from the Multidimensional Anxiety Scale
for Children (MASC2; 50 items). The MASC2 is one of the
most widely used self-report measures in clinical trials in
adolescents with anxiety disorders. It assesses physical
symptoms, social anxiety, harm avoidance, separation/panic,
and total anxiety, and has excellent 3-month test-retest reliability
[40] and excellent validity [41,42]. Adolescent self-report is
desirable because of the internalizing nature of anxiety [43].
The MASC?2 is administered online via Intelligent Research
Intervention Software (IRIS) to adolescents in the treatment
group at three data collection time points. baseline
(pre-treatment), 8 weeksend of 8"Breathe module
(post-treatment) and 3 months post-treatment (follow-up).
Adolescents in the control group complete the MASC2 at
baseline and 8 weeks after study enrolment via IRIS. Table 1
outlines screening and outcome measurement time points.
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Table 1. Outcome measurement schedule.

Newton et d

Study time points

Study €eligibility Baseline 8 weeks 20 weeks (3- End of study enrol-  End of data collec-
screening (postintervention) month follow-up) ment period (22 tion period (27
months from trial months from trial
start) start)
Demography
SCARED
ASQ
Co-intervention use/costs X
MASC2 X X X
MCID X
Treatment satisfaction X
Treatment adherence X
Number of adolescents X
screened
Number of adolescents en- X
rolled
Number of adolescentsre- X

tained at 3-month follow-up

Secondary Outcome Measures

All secondary outcome data are collected via self-report using
IRIS. The MCID will be determined for the primary outcome
measure following module 8 completion (post-intervention).
Adolescents alocated to the trestment condition are asked to
indicate the minimum change in anxiety for which they would
consider treatment participation. Wewill usethe MCID to guide
interpretation and application of outcome changein afull-scale
RCT. To estimate the MCID, we will use adolescents’ global
ratings of change on a 10-point Likert scale (-5 to +5), a
commonly used anchor [44,45].

Satisfaction will be measured in adolescents allocated to the
treatment condition at the end of module 8 (post-intervention)
to infer intervention acceptability. A 12-item instrument
developed by the research team will measure satisfaction based
on the adolescent’s report of the program’s engagement and
sense of safety/privacy, expectations and usefulness,
communication, and technical (intervention) management. For
10 statements, a 5-point Likert response format ranging from
strongly agree (score 5) to strongly disagree (score 1) will be
used. Scores range from 10 to 50 with scores of 40 or greater
indicating higher acceptability. Two open-ended questions to
inform the larger trial will allow adolescents to identify
challenges or barriersthat were faced in taking part in the trial,
and the extent to which adolescents used the skills |earned.

Treatment adherence will be measured at 8 weeks to further
evaluate intervention acceptability. Adherence is measured by
documenting the number of treatment modules and homework
tasks completed. We will aso record the number of tailored
modul es compl eted by each participant (treatment arm) and site
visits (control arm). These data are being collected through
IRIS.

http://www.researchprotocols.org/2016/1/e18/

Health care resource use will be detailed for a preliminary
cost-consequence analysis [46,47]. The following are being
reviewed: (1) software development and maintenance costs, (2)
training and personnel costs for the treatment arm, (3) health
care utilization data (eg, visits to the emergency department,
hospital admission), and (4) other costs reported by adol escent
(ie, time off from work/school). Adolescents will be asked at
the post-intervention assessment to report on the use of
co-interventions during the study period (eg, emergency
department visits, other treatments, medication) and reasonsfor
this use (eg, unmet need, medication prescribed before the
study).

Sample Size

We have been conservative in estimating our ability to enroll
and retain participants, by assuming that 50% will refuse to
participate and 50% of enrolled adolescents will drop out. A
total of 160 adolescents are being invited to participate with the
expectation that we will enroll 80 adolescents (40 assigned to
each study arm) and retain 40 adolescents (20 per arm) by
module 8 completion (post-intervention). In keeping with the
standard goals of a pilot RCT, a sample size of 40 adolescents
at post-intervention (20 per arm) will provide sufficient dataon
the primary outcome to calculate a sample size based on 90%
power for afull-scale RCT [48,49].

Treatment Condition

Essential Clinical Components

Consistent with published CBT treatment recommendations
[20,21,22], the Breathe program consists of 8 core CBT
treatment modul es (8 weeks of treatment; Figure 2) that involve
(1) multi-media based education about anxiety problems and
approachesto overcoming anxiety (eg, reviewing why exposure
exercises are important), (2) self-assessment activities to
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determine level of treatment and safety needs (Figure 3), (3)
activities to teach adolescents about anxiety sensitivity, how to
identify anxiousthoughts, and how to devel op realistic thinking
about anxiety-producing situations (Figure 4), (4) coping and
relaxation skill activities with self-assessment of performance
and rewards, (5) development of ahierarchy of feared situations
and stepsfor gradual and repeated exposureto feared situations
(using imagery and in vivo activities), (6) contingency
management (examining the function of anxiety from a
reinforcement perspective) and modeling (viewing videos of
others confronting feared situations), and (7) skills for
maintenance and relapse prevention. Animations, embedded
video, audio playback, graphic novel style vignettes, image
maps, timed prompts and on screen pop-ups provide an

Figure 2. A screenshot of the Breathe program home screen.

My Progress

Resource Content
Program Progress  pssessment
Assessment

Resource Content

Breathe Content

Program Progress  yjgegs

Newton et d

interactive and multimodal experience to promote sustained
engagement with the treatment content across modules.

Adolescents are instructed at the beginning of the tria to use
the program weekly. Adolescents who do not log in for one
week receive an e-mail encouraging them to log in to complete
their weekly module. During the program, adolescents have
access to an Ask the Expert feature where they can e-mail a
trained research team member with questions regarding the
program and/or treatment. Breathe successfully underwent
iterative usability testing cycles with five clinicians and five
adolescents prior to the pilot study to ensure adherenceto CBT
therapeutic principles, developmental appropriateness for the
target age group, sdatisfaction, and engagement with the
multi-media content.

Resource Content

MASC Mod 1 Mod 2 Mod 3 Mod 4 Mod 5 Mod 6 Mod 7 Mod 8
Tutorial Videos
Assessment
Module 1
Module 2
Module 3
Module 4
Module 5
Module &
Module 7
Module 8
Figure 3. A screenshot of aweekly self-assessment activity.
.
Anxiety Check-In
— —
MODULE 1
Every module we do a quick Anxiety Check-In. This helps us be sure you're at a level of anxiety that Breathe
can best help you with.
DISCOVER
Consider your level of anxiety recently. In the past week, how have things been:
CHECK-OUT

TRY OUT SET UP At school?

TRY OU Better than usual

MODULE 2 About the same as usual
Worse than usual
MODULE 3

Much werse than usual
MODULE 4
MODULE 5
MODULE 6

MODULE 7

In the past week, have you thought about

MODULE 8 harming yourself?
Yes

Mo

At home?

Better than usual
About the same as usual
Worse than usual

Much worse than usual

With friends?

Better than usual
About the same as usual
‘Worse than usual

Much worse than usual

In the past week, have you thought about
harming others?

Yes

No
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Figure4. A screenshot of alearning activity.
TUTORIAL VIDEOS

ASSESSMENT

MODULE 1 you're trying to avoid this situation?

MODULE 2

MODULE 3 Check all that apply to you:

MODULE 4 not talk with new people

not go to parties
MODULE 5

work out all the time

CHECK-IN leave

Iy

CHECK-OUT
not share details about yoursell
TRY OUT SET UP skip school

TRY OUT not spend time with parents

MODULE 6

MODULE 7

MODULE 8
put off getting out of bed

fake being sick
avoid doing homework

Other

se Lo stay away from an ev

wear sunglasses 1o not make eye contact
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How Have I Been Avoiding?

hink about a situation that you tend to avoid because of anxiety. What kind of things do you do when

As you work on facing your fears remember that you CAN break avoidance habits. Facing your fears bit by

bit will build your confidence and make your life more free.

Persuasive Design Mechanisms

Breatheisdelivered viathe Internet-based platform IRIS, which
supports the integration of persuasive design mechanisms [50]
for Internet-based interventions that are proven to encourage
user engagement. Through the adaptive informatics architecture
of IRIS, Breathe personalizes the program for adolescents via
three primary mechanisms: tailoring content (ie, providing
custom information and feedback to the adolescent based on
their actions); self-monitoring (ie, enabling the adolescent to
track their own behavior toward intended outcomes); and
automated suggestions/reminders (ie, providing adolescents
with information at the right time and the right context to help
them keep on track). For example, an adolescent who indicates
issueswith acohol or other drug use would receive material on
these topics, while an adol escent who indicates alcohol or other
drug use is not an issue would not. Breathe also engages the
adolescent’s parent(s) by sending e-mails with educational
materials about the nature of adolescent anxiety and highlights
of key topics their child is working on in the program.
Adolescents are given the choice asto whether they want parents
to receive these e-mail updates.

Safety Monitoring

The risks for adolescents participating in this pilot trial are
considered minimal, but those in the treatment group are
monitored each time they start and finish a module in the
intervention program, to assessclinical functioning. Adolescents
complete a check-in and check-out whereby they answer
guestions related to anxiety symptoms and indicate whether
they are having thoughts of self-harm or harming others. This
check-in/check-out isatypical clinical feature of CBT programs.
The research team monitors the adolescents' answers through
automated indicators built into the IRIS program. If IRIS flags
a safety issue (eg, decompensation in anxiety symptoms,
thoughts of self-harm), a research team member contacts the

http://www.researchprotocols.org/2016/1/e18/

adolescent and their parent(s) by phone follow-up within 36
hours and directs them to emergency servicesif the adol escent
requires more immediate care. Additionally, the adolescent is
automatically directed onscreen to a safety video on self-harm
and a pop-up box appears in the program encouraging the
adolescent to notify a parent/guardian of their thoughts and to
seek immediate help. Access to the Ask the Expert feature in
Breathe and e-mail contact also allow adolescents to identify
distressing issues that may be activated during treatment. Such
adolescents are re-assessed to determine if continuing in the
study isadvisable. Those adolescents not able to use the program
independently or who are struggling with additional mental
health issues may be referred to a higher level of care. Any
serious adverse event will be reported to the institutional ethics
board according to the standard operating procedures.
Adolescents randomized to the control group are provided with
contact information for local emergency resources (crisislines,
emergency department and/or other crisis mental health
resources).

Control (Minimal Intervention) Condition

Adolescents assigned to the control group are provided with
accessto a static webpage that houses suggested anxiety-related
trade publications, print-based workbooks for adolescents, and
the names of organizations and websites where the adolescent
might find support. Thereis no interactivity or personalization
included in the webpage. Adolescents assigned to the control
group are provided with the option to use the Breathe program
at the end of their 8-week control group participation. At that
time, the study will follow the same processesto monitor safety
and support adolescents who may require additional help, as
detailed above.

Statistical Analyses
Adolescent reports of anxiety, intervention acceptability and
adherence, use of co-interventions, recruitment and retention

JMIR Res Protoc 2016 | vol. 5 | iss. 1 |e18 | p.34
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS

rates, and demography will be described by numerical
summaries (mean, frequency, range, and standard deviation
[SD]). The mean difference in primary outcome change scores
(and SDs) from baseline to the completion of module 8
(post-intervention) will be calculated with 95% Cls. SD values
from the primary outcome change scores will be used to guide
the full-scale RCT sample size calculations [51]. Adolescent
global ratings of change (within the ranges of +2to +3 or -2 to
-3 for reported change using the 10-point Likert scale) will serve
asthe estimate for the MCID value[52]. The study recruitment
rate (number of adolescents enrolled during the study
recruitment period) and the retention rate (number of adolescents
retained at the 3-month follow-up as indicated by MASC2
completion) will be calculated. These rates will be used to
determine the number of study sites and time period needed for
afull-scale RCT. Frequencies and proportions (with 95% Cls)
will be used to describe categorical variables (eg, gender). We
will summarize characteristics of completers (>75% of modules)
and non-compl eters, and conduct tests of association to identify
particular adolescents (eg, by gender) that may benefit from
additional measures to maintain engagement, and will explore
potential confounders (eg, age, sex, co-morbidity) that may be
adjusted for in the full-scale RCT. Mean costs (and SDs) will
be calculated (with 95% Cl s) using published recommendations
[46,47]. To account for the amortization of intervention use
after upfront costs, we will distribute the investment costs over
a 3- to 5-year investment time duration using a 5% societal
interest rate and using 3% and 0% rates in the sensitivity
analysis. Costs for reported co-interventions (health care
services) will be estimated using Alberta costing and using
2015-dollar values.

Results

Currently, adolescents are being enrolled in the study. Enrolment
is taking place between March 2014 and February 2016; data
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collectionwill conclude May 2016. We expect that analysisand
results will be available by August 2016.

Discussion

Ascurrent systems-based model s of health carelook to enhance
local community resource capacity, stepped care options and
improved access to mental health services for adolescents are
needed. Recent systematic reviews have shown that self-led,
computer-based and computer-assisted CBT are viabletreatment
approaches for adolescents, but suggest that maturation of the
evidence base is needed [30,31,32]. This pilot RCT is an
essential step to designing a robust RCT to evaluate the
effectiveness of Internet-based CBT for adolescents with
moderate to mild anxiety problems. Asafirst step, satisfaction
and treatment adherence results will indicate whether we need
to make any critical intervention changes prior to a full-scale
RCT.

We will use our pilot RCT results to develop a protocol for a
full-scaletrial. Thistrial will be designed to test the effectiveness
of the Breathe program compared to a web-based, minimal
control intervention providing psychoeducation (static webpage)
in reducing anxiety symptoms in adolescents with moderate to
mild anxiety problems. The MCID, sample calculation, and
co-intervention use determined from the pilot RCT will inform
full-scaletrial methodology. Our sample calculation will ensure
the full-scale trial is adequately powered, and will address
sample size limitations noted in the literature to date [30]. The
use of the MCID in the full-scale trial may also help to clarify
inconclusive self-rated treatment effects reported across similar
trials [30]. Our cost-consequence analysis will inform a
cost-effectiveness analysis in the full-scale RCT. Finally, we
will use the recruitment and retention rates calculated in the
pilot trial to determine the number of study sites and timeline
necessary to recruit the full-scale RCT sample.
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Peer reviewer comments from the CIHR grant supporting this study. This manuscript reports Phase 3 (the pilot RCT) that is
commented on in the reviews.
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Abstract

Background: Information and communication technologies (ICT) have become one of the main pathways to the new paradigm
of increased self-management of chronic conditions such as alcohol dependence. Validation of some mobile phone apps has
begun, while validation of many othersis forthcoming.

Objective: To describe the protocol for validation of a new app called SIDEAL (an acronym of the Spanish name “ Soporte
Innovador ala persona con DEpendenciadel ALcohal,” or innovative support for people with alcohol dependence).

Methods: The project consists of 3 complementary, consecutive studies, including a pilot feasibility study, a qualitative study
using focus groups, and, finally, arandomized controlled trial where patientswill be randomized to standard treatment or standard
treatment plus SIDEAL. During the pilot study, feasibility, usability, and acceptance by userswill be the main outcomes explored.
An electronic questionnaire will be sent to patients asking for their opinions. Focus groups will be the next step, after which
improvements and refinements will be implemented in the app. During the final phase, consumption variables (heavy drinking
days per month, mean standard drinks per day) will be investigated, in order to test app efficacy.

Results: Because of the encouraging results with previous similar apps, we expect patients to widely accept and incorporate
SIDEAL into their therapeutic options. Significant reductionsin drinking-related variables are al so expected. The pilot study has
concluded with the inclusion of 29 patients. Results are expected to be available soon (expected mid-2016).

Conclusions: SIDEAL may represent auseful, reliable, effective, and efficient tool to complement therapeutic options available
to both patients and professionals.

(JMIR Res Protoc 2016;5(1):€27) doi:10.2196/resprot.5002

KEYWORDS
alcohol dependence; al coholism; telemedicine; mobile applications; eHealth; adherence; patient compliance; consumption register

: labeled severe alcohol use disorder, is a medical, chronic,
Introduction relapsing disease. In Spain, for example, it accounts for nearly
According to the World Health Organization [1], alcohol isthe 757 Of the total burden of disease attributable to acohol [2].
third largest contributor to the global burden of disease in Becauseof itschronic, relapsing-remitting nature:and high costs,
developed countries, accounting for massive costs a both the ~ thereisastrong need to develop new waysto provide continuous

individual and society level. Alcohol dependence, now formally &€
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Information and communi cation technologies (ICT) could offer
an approach to the addiction field through a new paradigm of
increased self-management. Moreover, technology has the
potential to provide continuous personalized care at a fraction
of the cost of standard care. Existing evidence supports the
suitability of chronic diseases as a target for technological
assistance, to improve quality of life and reduce health care
costs [3]. These facts have not gone unnoticed by national and
international institutions, which are now clearly supporting and
encouraging the development of such technologies. A clear
example is the Horizon 2020 initiative of the European
Commission, with an approximate budget for ICT-related
projects of €560 million.

Intelligent mobile phones, or smartphones are currently widely
used in Spain (4). Besides the usual telephone service, they
offer computer-like functions with advanced software
capabilities. Their portability, ease-of-use, and ubiquity make
them excellent tools to enhance the management of chronic
conditions. A new horizon of interactions between health care
services and users with mobile phones as mediators can be
envisioned. Therange of possibilitiesincludes scheduling visits
for psychoeducation, monitoring, brief interventions, and
biometric assessments.

A multitude of mobile apps specifically focusing on alcohol are
currently available in the software market. However, recent
reviews point out that a majority of them encourage drinking,
while a smaller number support the reduction of problematic
drinking. However, little research supporting their use is
available[4,5]. Onerandomized, controlled trial was conducted,
and encouraging results were reported [6]. Additional trialsare
expected in the near future, in agrowing effort to apply scientific
standards to this continuously and rapidly changing new area
of ICT.

Recent publications[4,7-9] identified two key elements critical
to the efficacy of appsin the management of chronic diseases.
These include ongoing monitoring and use of push technology
(which provides sustained proactivity). Other
success-conditioning factors are usability, institutional support,
expert endorsement, and individualized adjustment or tailoring.
It is also strongly urged that these apps be evaluated using the
scientific method, which will allow for the implementation of
apps based not only on their usability, but also on their validity,
effectiveness, and efficiency.

Mobile phones have been suggested to be suitable platforms
for the management of alcohol use disorders via apps that
integrate different functions. These include skills training,
motivation enhancement, psychoeducation, social support,
relapse prevention, and reminders (medical visits, medication
schedules, health events). In addition, technology allows for
the implementation of a system for continuous monitoring and
ecological momentary assessment ("in the moment”) [4]. The
information gathered can then be displayed to the user (thus
providing feedback) in an attractive way, facilitating modul ation
of the problematic behavior. All these features and functions
therefore allow not only for simple and efficient collection of
information, but also for the combination of this information
with other functions to potentially encourage motivation,

http://www.researchprotocols.org/2016/1/e27/
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decrease problems associated with consumption, and even
support relapse prevention [10].

The SIDEAL project (an acronym of the Spanish name* Soporte
Innovador a la persona con DEpendencia del ALcohol,” or
innovative support for people with alcohol dependence) was
undertaken in this context. SIDEAL is a public-private
collaboration of Lundbeck Spain SA, Pulso Ediciones, SL, the
Subdirectorate of Drug Addictions of the Catalonia regional
government, and the Addictions Unit of the Clinic Hospital of
Barcelona. A Web-based app system has been developed to
support alcohol-dependent patients. This paper reports its
theoretical basis and development process, as well as the
protocols of the different studies that will be conducted to
validate its usability and efficacy.

Methods

Theoretical Basis and Patient | mplementation

The main source of theoretical guidance for SIDEAL comes
from motivational interviewing (MI) principles [11]. MI is
intended to help people move through the stages of change[12]
in a nonjudgmental, facilitative manner. Although it has a
directive, goal-oriented style, it is respectful of patients’ goals.
MI aso encourages an individual, tailored approach for each
patient. Therefore, SIDEAL isrespectful of patients’ goals, and
allows for tailoring of the app according to their preferences.
Other principles adopted in the devel opment of the app include
design simplicity, noninvasive proactivity, privacy, professional
endorsement and support, and adjustment to individual needs.
An increasing number of guidelines and recommendations for
developing apps aimed at behavioral change [13,14] are aso
currently available and continue to be useful as a source of
practical guidance.

While other apps currently being validated, such as the
Location-Based Monitoring and Intervention for Alcohol Use
Disorders (LBMI-A) [8], have been designed as stand-alone,
self-administered, independent treatments for al cohol patients,
the purpose of SIDEAL isto become atool that both patients
and professionals can incorporate into their therapeutic
armamentarium. Although the app may work as a stand-alone
option, wethink that it isbest used under the principles of shared
information and decision-making between patients and
professionals. All information produced by usersistransferred
to a Web system to which professionals have access. In order
to respect patients privacy, however, users always have to
proactively allow the information to be transferred to the Web
by clicking a specific button in the app.

The app is currently available free of charge in the main app
markets (ie, Apple Store and Google Play). However, to create
a user account and tailor and personalize features, patients
should have an initia visit with a professional, during which
both the patient and professional will configure the user’'s
account via the Web system. For example, the main treatment
goa will be set (choosing between complete abstinence and
reduction). If reduction is selected, adesired daily consumption
limit will also be set. If a patient is taking any specific
medication, this will also be recorded in the user’s account.
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Based on patient preferences, professionalswill be ableto select
which psychoeducational text message (short message service,
SMYS) the user will receive on aweekly basis.

SIDEAL Development Process

The development and testing phases of the Web-based app
system were conducted from September 2013 to December
2014 by a collaborative team of specidists in addictions
(psychiatrists) and software engineers, as well as graphic
designers and project managers, with previous experience in
the development of patient support software. All user
requirements, functions, and software design were first
established, and the installation (soft and hard), operational key
functions, and performance requirements were subsequently
tested to evaluate the entire system.

In addition to compliance with security and privacy rules,
relevant app requirements and functionalitiesinclude easy-to-use
functions for selecting a program (reduction or abstinence);
recording daily alcohol consumption (standard units);
graphically monitoring standard units in reference to the
established limit; accessing educational information; and

Figure 1. Initia screen.
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displaying a telephone help line (public or private). For users
monitored by a physician who previously created a user profile
for them through the Web interface, additional app functions
were included for downloading consumption goals and
prescribed therapies from the dedicated professional Web
interface; recording and monitoring treatment adherence;
receiving automated personalized feedback (weekly via the
app); receiving one general piece of advice weekly (a text
message selected at random from a pool of 50); and receiving
surveys for users to provide feedback.

All 50 text messages were selected and reviewed by the
investigator's panel based on best practice standards and
consensus. Updated published educational information was
used.

SIDEAL Functionalities

The different “modules’ or functionalities included in the app
may be accessed in parallel, with no restrictions, in contrast to
the stepwise approach implemented in other apps. Figure 1
shows the initial screen, where al functionalities may be
accessed.

Consumption Records

Patients record alcohol consumption using icons representing
acoholic drinks. The system automatically converts this
information into standard unitsand displaysit in agraphic where
the agreed limit is aso displayed. The user can set reminders
that will appear when consumption limits are exceeded.

http://www.researchprotocols.org/2016/1/e27/

Consumption may be introduced gradually throughout the day,
al at once, or even on subsequent days using the calendar
function, which allows for the selection of previous dates. The
system also allows patients to record that no consumption has
occurred during the day. Figure 2 shows a consumption register
screen.
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Figure 2. Consumption register.
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Drug Adherence Record

The system automatically computes percent drug adherence.
Figure 3 shows one of the screens of this module.
If the patient is receiving an alcohol-specific drug treatment,

the system aso allows for recording daily drug compliance.
Figure 3. Pharmacological adherence register.
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technology to remind patients of their scheduled visits. Figure
4 presents a screen showing this function.
Patients can enter the dates of visits to different health care

professionals. The system will produce reminders with push
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Figure4. Caendar.
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Medical | nformation and Psychoeducation About the
Disease

Basic information about alcohol use disorders is presented, as
well as links to useful, trustworthy websites. A special and

Figure 5. Psychoeducation module.
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separate body of information on risky situations and craving is
included (see Figure 5). In addition, an SM S text message with
psychoeducational content is sent weekly to the user.
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1. LAS SITUACIONES DE RIESGO

Es frecuente que el consumo de alcohol
se asocie con determinadas situaciones
(lugares, momentos, personas, estados de
animo). Con el tiempo, esta asociacién se
puede hacer tan fuerte que, al vivirla,
aparezcan las ganas de beber. Esto es un
fenémeno natural en personas que hayan
bebido durante un tiempo relativamente
prolongado. A veces, el deseo de beber
puede ser intenso y suponer un reto para

Weekly Questionnaires

Weekly surveys are sent to patients via push technology,
including a questionnaire on satisfaction with their general
progress, and another regarding their craving for alcohol. Both
employ Likert scales and use the previous week as areference.

Weekly Feedback

Once a week, via push technology, patients receive a short
feedback message of a motivational nature about their use
(number of days during the last week) of the consumption
recording module.
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Validation Process and M ethodol ogy

We will carry out 3 successive studies to evaluate and validate
SIDEAL. All studieswill recruit adults (=18 years of age) from
the outpatient clinic of the Addictions Unit of the Clinic Hospital
of Barcelona. Recruitment will follow a consecutive sampling
strategy. Subjects will be required to sign an informed consent
form before they are recruited into any study. They will also be
required to have a mobile phone with an active Internet
connection. Exclusion criteria for all studies will be addiction
to any other substance (excluding nicotine), cognitive decline,
technological illiteracy, or any other condition precluding the
use of amobile phone.
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Feasibility Study

A 6-week pilot study will first be conducted to assess SIDEAL
feasibility and usability, and users’ satisfaction. Aswewill have
equipped the app with all features suggested in the literature to
maximizefeasibility, usability, and satisfaction, we expect high
scores on outcome variables in this first stage. In this regard,
personalization, user engagement (via push technology and
weekly feedback reports), reduced invasiveness and enhanced
privacy, and a high-quality user interface were of critical
importance in the devel opment of the app, and are the expected
drivers of the feasibility study outcomes.

Because of the pilot nature of the study, 30 patients are
considered an adequate sample size. Therefore, 30 outpatients
with alcohol use disorderswill be given the opportunity to install
the app on their mobile phone, and will be asked to useit for 6
consecutive weeks. Inclusion criteria will be adults suffering
from alcohol dependence according to DSM-1V or from severe
alcohol use disorder according to DSM-V (as clinicaly
diagnosed by their psychiatrists).

At baseline, sociodemographic data (age, sex, marital status,
education level) will be collected. Clinical variables related to
the disease and drinking statuswill also be collected at baseline
and at study end, and will be taken from the Timeline
Follow-Back (TLFB), whichwill be completed for the preceding
6 weeks at both baseline and study completion. The main
variables analyzed will be the number of heavy drinking days
and mean alcohol consumption in units per day. When the
6-week period is over, patients will be asked to complete an
electronic questionnaire on app usability and satisfaction. The
questionnaire will be an adaptation of the Usefulness,
Satisfaction, and Ease-of-use  Questionnaire  (USE
Questionnaire) [15] and will consist of 30 itemsto be rated by
userson a 7-point Likert scale (from 0 to 6). Items are grouped
into 4 main categories: usefulness, ease of use, ease of learning,
and satisfaction. Extra questions about which modules were
found to be most useful, and afree-text section to allow patient
comments on any point they consider relevant, will be added
totheseitems. The questionnaire datawill be reported according
to the Checklist for Reporting Results of Internet E-Surveys
(CHERRIES) checklist [16]. Complementary data regarding
usability, alcohol consumption, craving modulation, and other
clinical variableswill also be collected from the data generated
by the app.

Statistical analysis will consist of a descriptive analysis of
sociodemographic and clinical variables. Acceptance and
feasibility will be analyzed as percentage of days used and
through the satisfaction questionnaire, for which resultswill be
analyzed using means and standard deviationsof all respondents
for each category of the questionnaire. The proportions of
patients reporting high, medium, or low levels of satisfaction
will aso be calculated. Paired t tests and chi-square tests will
be used for analysis of drinking variables (difference from
baseline to study end). These variables will be the number of
heavy drinking days and the mean number of units per day.
Because of the exploratory nature of the pilot study, no
regression analysis will be conducted.
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Focus Groups

Two different single-session focus groups (one with patients,
one with psychiatrists) will be carried out to discuss the
experiencewith SIDEAL, and to collect suggestionsand reports
of errors. A maximum of 10 subjectsincluded in the feasibility
study will be selected for the focus group.

Personal interviews with some users will also be conducted to
collect qualitative information. Data will be analyzed using
qualitative methods. Focus group sessions will be transcribed
verbatim and analyzed with NVivo 10 or a similar software
package. In analyzing the transcripts, areas of consensus and
discrepancy will be discussed. Coding and categorizing will
follow the principles of inductive content analysis [17]. The
information collected will be helpful to improve SIDEAL, a
new version of which will be produced if considered necessary.

Randomized Controlled Trial

Thelast step will be the completion of arandomized, controlled
trial. Selected subjectswill be randomized to standard treatment
plus SIDEAL or to standard treatment alone. There will be no
exclusion criteria with regard to what is considered standard
treatment. In this sense, patients may be receiving any treatment,
pharmacological or psychosocial, on an individual or group
basis. The study will last 24 weeks. Theinitial hypothesis, based
on previous research on the efficacy of alcohol apps, isthat the
addition of SIDEAL will improve drinking outcomes in
alcohol-dependent  patients, with especially significant
reductions in the number of heavy drinking days and mean
alcohol consumption. User acceptance and usability will be
essential to achieve this objective. In addition, continuous
monitoring and feedback, aswell as psychoeducational content
and messages, are expected to be effective for decreasing alcohol
consumption.

To beincluded, subjectswill be required to have adiagnosis of
alcohol dependence or acohol use disorder according to their
psychiatrists, a drinking pattern in the previous 4 weeks
consisting of >5 heavy drinking days (HDD; defined as a day
with alcohol consumption =60 g for men and =40 g for women),
and an average a cohol consumption above medium risk levels
(ie, >40 g of alcohol/day for men and >20 g of alcohol/day for
women) in the 4 weeks before study entry. Patients will be
evaluated at baseline and week 24. Baseline assessments will
be the same as those in the feasibility study, with the addition
of thefollowing liver enzymetests: gamma-glutamy! transferase
(GGT), aspartate aminotransferase (AST), and alanine
aminotransferase (ALT); and the Addiction Severity Index (ASl)
[18]. At week 24, drinking variables (number of HDDs and
mean units per day) taken from the TLFB for the previous 6
weekswill be collected. Blood tests and the Addiction Severity
Index will be evaluated again.

The statistical analysiswill consist of amultivariate regression
analysis with change from baseline to study end in number of
HDDs and mean alcohol consumption per day asthe dependent
variables. Age, sex, baseline alcohol drinking, and ASI scores
will be entered asindependent variables. A secondary analysis
will compare changes between groups in AS| scores and liver
enzyme levels. A logistic regression analysis will also be
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conducted with the same independent variables, where rates of
point and continuous prevalence of abstinence will be considered
as the dependent variables.

For sample size calculation, using a significance level of 5%,
and assuming astandard deviation for the change from baseline
in number of HDD of 6 days, 45 patients in each treatment
group would provide 80% power for detecting a difference
between treatment groups of 4 heavy drinking days, assuming
a dropout rate of 25% at week 24. Results will be reported
according to the CONSORT-EHEALTH checklist [19].

Results

The pilot study has concluded with theinclusion of 29 patients.
Results are expected to be available soon.

Discussion

Improved care, decreased cost, increased efficiency, and
strengthened communi cation between patients and professionals
are the advantages promised by mobile technology in the
addictionfield. A new paradigm of self-management for chronic
conditions such as addiction is growing closer.

We hope that validation of this app will help patients improve
the management of their condition, increasing treatment efficacy
and reducing costs. Thereis clear support for this process from
both public and private institutions, a fact that we consider
essential to ensure wide and firm implementation.

We expect the app to be flexible. This means that the app will
surely be improved during the validation process, and other
functionalities or modulesmay beincorporated. Patient feedback
will beindispensable for this task.

Recent studies validating similar apps for patients with alcohol
disorders have reported promising results. For example,
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Gustafson et al [6] recently reported the results of arandomized,
controlled trial of the Addiction-Comprehensive Health
Enhancement Support System (A-CHESS) app, for which a
significant reduction of risky drinking dayswasfound in patients
receiving the app. Dulin et a [15] reported the results of apilot
study with the app LBMI-A. Although thiswas an exploratory
study, results were also encouraging, with patients reporting
high degrees of usefulness and aso showing significant
reductions in hazardous alcohol use while using the system.

The complex pathophysiology of alcohol use disorders, where
both psychosocial and biological factorsareintertwined, should
not be forgotten. In a cohol-dependent patients, many resources
and treatment components are usually needed to achieve stable
remission or an enduring reduction. Hence, we think that
expectations of mobile technologies applied to the field of
alcohol addiction should be accordingly reasonable. In this
regard, we expect SIDEAL to become an add-on to the different
options available to professionals and patients when devising
atherapeutic plan.

A main limitation of this project is the fact that many
alcohol-dependent patients may have some degree of cognitive
decline[17,18], which could prevent them from using the app.
Although, as previously stated, we expect the app to become a
common tool for patients and therapists, there remains a low
chancethat patientswill decreasetheir attendance at face-to-face
visits. Other methodological concerns are the impracticality of
blinding participants to study interventions and the fact that
patientswill be recruited from the same site, which may decrease
the external validity of the study findings.

As a conclusion, we expect to add scientific knowledge and
apply rigor to the ever-evolving field of mHesalth. In this process,
we expect SIDEAL to become areliable, useful, and effective
tool for alcohol-dependent patients and their health care
professionals.
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Abstract

Background: Helping trainees develop appropriate clinical reasoning abilities is a challenging goal in an environment where
clinical situations are marked by high levels of complexity and unpredictability. The benefit of simulation-based education to
assess clinical reasoning skills has rarely been reported. More specifically, it isunclear if clinical reasoning is better acquired if
theinstructor's input occurs entirely after or isintegrated during the scenario. Based on educational principles of the dual-process
theory of clinical reasoning, a new simulation approach called simulation with iterative discussions (SID) is introduced. The
instructor interrupts the flow of the scenario at three key moments of the reasoning process (data gathering, integration, and
confirmation). After each stop, the scenario is continued where it was interrupted. Finally, a brief general debriefing ends the
session. System-1 process of clinical reasoning is assessed by verbalization during management of the case, and System-2 during
the iterative discussions without providing feedback.

Objective: The aim of this study is to evaluate the effectiveness of Simulation with Iterative Discussions versus the classical
approach of simulation in developing reasoning skills of General Pediatrics and Neonatal -Perinatal Medicine residents.

Methods: This will be a prospective exploratory, randomized study conducted at Sainte-Justine hospital in Montreal, Qc,
between January and March 2016. All post-graduate year (PGY) 1 to 6 residentswill be invited to complete one SID or classical
simulation 30 minutes audio video-recorded complex high-fidelity simulations covering a similar neonatology topic. Pre- and
post-simulation questionnaires will be completed and a semistructured interview will be conducted after each simulation. Data
analyses will use SPSS and NVivo softwares.

Results: Thisstudy isin its preliminary stages and the results are expected to be made available by April, 2016.

Conclusions: This will be the first study to explore a new simulation approach designed to enhance clinical reasoning. By
assessing more closely reasoning processes throughout a simulation session, we believe that Simulation with Iterative Discussions
will be an interesting and more effective approach for students. The findings of the study will benefit medical educators, education
programs, and medical students.

(JMIR Res Protoc 2016;5(1):e26) doi:10.2196/resprot.4938

KEYWORDS
clinical reasoning; simulation; debriefing; iterative discussions; diagnostic errors; cognitive bias, verbalization; dua-process
theory
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Introduction

Background

The Importance of Clinical Reasoning in Medicine

Diagnostic errors account for more than 8% of adverse events
in medicine and up to 30% of malpractice claims [1]. These
errors may be related to the working environment but clinical
reasoning issues areinvolved in about 75% of the cases, either
alone or in association with system failures[2].

In this context, clinical reasoning is a crucia skill for al
physicians regardless of their area of expertise and becomes a
central aim of medical education [3]. The clinical reasoning
process is largely supported by several decades of research in
cognitive psychol ogy and has been extensively published [4-6].
The most accepted model of clinical reasoning is called
dual-process framework and consists of two independent
systems [7]. System-1 is automatic, intuitive, nonanalytical,
and error-prone. It leads to the immediate recognition of the
clinical constellation and the generation of aworking diagnostic
hypothesis. System-2 is slower, more analytical, and conscious
[8,9]. Novices employ this analytic mode of reasoning more
frequently than their experienced counterparts because they lack
the necessary experiencefor System-1 reasoning. Dual-process
theory posits that both systems are simultaneously required in
most clinical scenarios and has been associated with better
diagnostic outcomes[10]. However, in what situations doesthe
valence go towards one system or another remains unclear and
how both systems are activated and used is still under study and
debated [11-13]. Preliminary conclusions from recent
publications describe that the analytical system is primarily
used in the following situations [14,15]: when time permits,
when there are high-stakes outcomes, when the situation is
complex, when the decision-maker is facing ambiguous,
nonroutine or ill-defined problems, and in the context of
uncertainty. In contrast, routine problems associated with a
higher level of certainty would be more often dealt with by the
intuitive system, especially when timeislacking [11-13].

Another challenge for medical educators is the assessment of
residents’ clinical reasoning [3]. Because of the paucity of
scientific evidence about optimal evaluation, both quantitative
and qualitative clinical reasoning assessment tools have been
reported [5,16-19]. However, the following general issues arise
fromthesetools: (1) diagnostic reasoning must beinferred from
behavior becauseit is not adiscrete and measurable quality; (2)
most of these instruments are performed in the classroom that
emphasize the assessment of System-2, but not System-1
reasoning nor the shift between automatic and analytic reasoning
[15,16]; and (3) rater’s personal knowledge, experience, ability,
and cognitive biases influence his or her adjudication of a
learner’s performance in a nonstandard fashion [20-24].
Moreover, reasoning assessment can be highly complex and
dependent upon the context. Durning et a [25] have recently
reported theinfluence of three environmental factorson clinical
reasoning: (1) the patient’s specific problem (patient factors);
(2) the setting in which the patient is evaluated (encounter
factors) [10,26]; and (3) human-factors such as fatigue,
well-being, and sleepiness (doctor factors). They emphasize the
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importance of measuring the environment asapart of thesignal,
rather than part of the “noise”, which is to be minimized and
generaly ignored [27-29].

Simulation-Based Education as a Strategy to Enhance
Clinical Reasoning Skill

Simulation-based education (SBE) has recently emerged as an
instrument with potential to assess diagnostic reasoning
[16,30,31]. Based on Kolb's learning cycle [32], true learning
is depicted as a four-part process in a cycle. Individuals learn
through concrete experience (phase 1), reflection on the
experience (phase 2), conceptualization of their reflective
observations into more abstract models (phase 3), and
experimentation of these new principles and conclusions to
guide subsequent decisions and actionsthat |ead to new concrete
experiences (phase 4). Phase 2 and phase 3 are components of
debriefing, alearning activity that generally followsasimulation
experience. According to many authors, debriefing could provide
an opportunity for residents and faculty to re-examine what
occurred during the simulation process and detect possible flows
in the reasoning process [33-45].

An important question remains whether exploration of the
diagnostic process, by providing an opportunity for learnersto
reflect upon past clinical decisions, is more effective after the
scenario or if it is integrated during the simulation session
[45,46]. In the classical approach of simulation, debriefing
follows the simulation experience. However, the educational
valence of this type of session presents several limitations
concerning the clinical reasoning assessment. First, thisway of
reflection-on-action means that it is mainly the analytical part
of the reasoning process that is explored during the debriefing,
without focusing on the intuitive process [47]. Second, after a
stressful scenario, residents frequently forget or modify what
they said or thought according to the evolution of the case, even
if video recordings provide insight into what may not be
documented in the medical record or fully observedinreal time
[45].

We believe that changes in the organization of a simulation
session could allow better assessment of both System-1 and 2
of the reasoning process. First, reflection-in-action should be
encouraged by concurrent verbalization to let the tutors know
about the student's intuitive System-1 thinking during
management of apatient [11-13]. Second, reflection-on-action,
which reflects analytical System-2 should be encouraged by
in-simulation interruptions at key moments of the clinical
reasoning process [48,49]. These interruptions could be
assimilated to adynamic and decision-dense environment where
clinical reasoning constructs must be considered, as studies
suggest that the average time on particular tasks is limited to
less than 2 minutes, and interruptions occur every 2 to 10
minutesin the emergency department [50-52]. Finally, the active
experimentation of newly acquired conceptualizations in a
subsequent part of the scenario may avoid the learner’s return
to actions based on habits and nonreflective experience [32].
Based on these arguments, we present a new approach of SBE,
caled simulation with iterative discussions (SID). The
simulation session is designed as a single scenario with a
computerized mannequin where the instructor interrupts the
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flow of the scenario at three key moments to cue residents
towards the appropriate medical management of the case. The
objectives of the session are to build a scaffold of clinical
reasoning competencies throughout the scenario while
continuing to manage the patient, and to improve concept
acquisition and retention with spaced learning. We believe that
a closer assessment of both System-1 (by concurrent
verbalization during patient management) and System-2 (during
iterative discussions) will improve students capability to
self-improve clinical reasoning skillsin an authentic setting.

Why Is it Applied in Neonatology?

Implementing a new educational strategy that assesses clinical
reasoning should be particularly exciting in a busy clinical
environment such as neonatology. In contrast to the
well-established management of neonatal emergencies at birth
[53], most daily clinical situations managed in neonatology are
nonroutine or ill-defined problems marked by high levels of
complexity and unpredictability, requiring that clinical reasoning
is solely based on the analytica System-2 [3,6,14,15,54].
Moreover, the frequency and the impact of diagnostic errors
and cognitive biases increase in emergency settings due to
several factors such as stress, fatigue, circadian disruptions,
time constraint, and noisy environment. In these high-risk
situations, physicians rely on System-1 process [55-58]. By
enabling both System-1 and 2 of clinical reasoning, practicing
neonatology requires robust clinical reasoning abilities in
addition to cognitive, technical, and behavioral skills.

Aim of the Study and Working Hypotheses

The aim of this study is to explore how clinical reasoning
abilitiesof residentsin General Pediatrics and Neonatal -Perinatal
Medicine evolve and are learned with the SID in comparison
to the classical approach of simulation.

We hypothesize that (1) SID allows better assessment of both
System-1 and 2 of clinical reasoning; (2) SID promotes higher
self-progression of the clinical reasoning process when
compared to the classical approach of simulation; (3) concurrent
verbalization benefits mainly novice residents with
underdeveloped System-1 reasoning process; and (4) iterative
discussions benefit both novice and expert residents by
enhancing System-2 processes.

Methods

Setting and Population

The study will take place at the Mother-Child Simulation Center
at CHU Sainte-Justine, between January and March 2016. CHU
Sainte-Justine is a standal one pediatric center that houses a 65
bed level 3 Neonata Intensive Care Unit (NICU). Thesimulated
setting will beaNICU. The simulation center is equipped with
appropriate audio-visual equipment.
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Residents enrolled in the General Pediatrics and
Neonatal-Perinatal Medicine programs will be the target
population for this study. This population is selected because
(1) residentsareregularly exposed to simulation training during
their curriculum, and (2) their clinical reasoning ability improves
between the 1% and the 6™ year of residency, mainly with
increasing clinical exposure through rotations [59]. All
postgraduate year (PGY) 1to 6 residentsenrolled in the General
Paediatrics and Neonatal-Perinatal Medicine programs at
Université de Montréal between May 1 and June 30, 2015 will
be eligible for inclusion. There will be no exclusion criteria.

Ethical Considerations

Each resident will be approached for consent by one of the
authors. He/she will be informed that participation or lack of
participation in the study will not impact residency training
assessment. There will be no financial incentive to participate,
and participants will be able to opt out at any moment of the
study. The findings of this study will be treated anonymously.
The project has been approved by CHU Sainte-Justine's
institutional review board on July 15, 2014.

Study Design

This is a prospective exploratory nonblinded randomized
mixed-methods study. Both quantitative and qualitative research
methods will be used simultaneously as to comprehensively
explore how clinical reasoning developsthrough both simulation
modalities.

Randomization will be stratified according to two different
groups depending on their level of exposure to the NICU: (1)
novice residents (PGY 1 and 2, exposed to less than 8 weeksto
the NICU), and (2) expert residents (PGY 3-6, exposed to at
least 8 weeks to the NICU). These residents have been
respectively exposed to at least 5 or 15 simulation sessions
during their residency training. Residents will be randomly (by
draw of names) allocated by the primary investigator to group
A or group B (Figure 1). Group A will be exposed to the SID
approach, whereas group B will be exposed to the classical
approach of simulation. Participants will be scheduled to
completethe study protocol in 60 minutes. In thefirst 5 minutes,
participants will complete the presimulation questionnaire and
receive abrief introduction including a period to get physically
familiarized with the mannequin (SimNewB; Stavanger,
Norway). In the next 30 minutes, residents will complete the
clinical simulation scenario after reading aclinical vignette. At
the end of the session, participants will have 5 minutes to
complete the postsimulation questionnaire (see Multimedia
Appendix 1). The course will end with a 20 minutes
semistructured interview.
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Figure 1. Study protocol.
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Personnel

An instructor experienced with programming, control of the
computerized mannequin, and the art of debriefing will be in
charge of running the scenario according to the residents’ actions
and will conduct the iterative discussions and debriefings. A
facilitator will also be present in the simulation room to ensure
the flow of the scenario and will provide necessary information
about the case upon request from the resident. Standardized
health professional s (respiratory therapist and/or anurseworking
in the Sainte-Justine hospital NICU) will be present and will
portray a specialist from their proper field.

Description of the I ntervention

The SID approach (Figure 2a) consists of ascenario interrupted
at three moments and followed by ashort debriefing. According
to Kuhn's steps of the medical reasoning process [60], the
sessionisdivided into “ data gathering”, “dataintegration,” and
“dataconfirmation”. Each part consists of two phases. First, the
participant is asked to manage a simulated patient based on a
real-life and complex case. Complexity, uncertainty and
environmental factors such as doctor, patients, and encounter
factors [25] are voluntarily embedded. The participant is also
asked to verbalize hisor her first intuitive diagnosis asit comes
in mind by System-1 activation. Second, the scenario stopsand
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theinstructor questions the participant on hisclinical reasoning
process at that point in time by System-2 activation. Each
interruption must be as short as possible in order to keep the
trainee in action, and is ended by a one-sentence
reconceptualization of the scenario by the instructor before
pursuing the scenario (for the two first stops). Discussions
include questions regarding data gathering and the rational e of
ordered investigations (first stop), data integration, and how
investigation results helped reach a diagnosis (second stop),
and finally data confirmation and how the management decisions
werereached (third stop). Thereisneither feedback nor guidance
from theinstructor during the stopsin order to not interferewith
the participant’s ongoing clinical reasoning process. These stops
are “discussions’ and not “debriefings’. A short general
debriefing endsthe session, and provides feedback on reasoning,
procedura skills, and knowledge by highlighting the learnt key
messages.

The classical approach (Figure 2b) consists of a scenario with
no intervention provided by the instructor until debriefing. As
inthe SID approach, the participant must verbalize hisreasoning
process and the diagnostic hypotheses as they come to mind
during the scenario. Immediately after the scenario, afacilitated
debriefing is performed. Thisdebriefing laststwo to three times
the length of the scenario and focuses on the participant’s
clinical reasoning skills.
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Figure2. Simulation formats. Thisfigure represents structures of (a) SID and (b) classical approach of simulation, with approximate timing in minutes.
(a) A three-timeinterrupted scenario, with three stops that represent iterative discussions concerning data gathering, dataintegration, and data confirmation.
There should be no guidance by theinstructor until the real and short debriefing ending the session. (b) A one-shot scenario followed by atrue debriefing
conducted by the instructor according to the item checked in the clinical reasoning assessment tool. As a standard debriefing, retroaction from the

instructor will be possible.
1. SID approach

0

12 16 20 24 3

2. Classical approach

30

0 12

Scenario Debriefing

Clinical Reasoning Assessment Tool

The Clinica Reasoning Assessment Tool (Figure 3) aids the
instructor to identify proper questions during the iterative
discussions (SID approach) and in conducting debriefing
(classical approach). The authors of the present study have
developed thistool because of the absence of such atool in the
literature. It is based on Graber’s classification of diagnostic
errors [2,25], Audétat’s practical guide [61] to assist clinical
teachersin detecting clinical reasoning difficulties and follows
Kuhn's steps of the medical reasoning process [60]. The
objective of thistool isto help theinstructor detect the student’s
type of diagnostic errorsfocusing on hisreasoning process, and
then to determine appropriate questions to ask the student in
order to let him verbalize and possibly self-correct hisreasoning
process. Three types of environmental factors leading to
diagnostic errors may be involved in the reasoning process:
nonfault factors (also named patients errors, which are out of
the control of the physician), human factorsand cognitive factors
(also named doctor errors) and system factors (also named
encounters errors, due to organizational or institutional flaw).
Specific failure in the doctor’s cognitive process may be dueto
faulty knowledge, faulty recognition of cognitive biases or faulty
datagathering (orange squares), dataintegration (green squares),
and data confirmation (blue squares). One or two questions per
section are suggested to the instructor to allow for exploration
of each type of diagnostic error. Finaly, a list of the main
cognitive biases according to Croskerry et a [62] is provided
and a suggested approach is presented. Once the type of error
is identified, the instructor has to find one or two specific
guestions in order to let the student verbalize (or self-correct)
his reasoning mistake.

Scenario

In order to stimulate the reasoning process, the chosen topic
has to be readlistic, and hold a range of differential diagnoses.
I nvestigations should be necessary to precise or refute diagnoses
in the absence of specific clinical signs. Uncertainty needs to
be deliberately embedded. M anagement must be complex with
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Data gathering

Data integration

Data confirmation

controversies concerning treatments. Moreover, a range of
environmental factors and events can be added to challenge
team members by generating dissonance and failures in order
to optimize efficiency of simulated team training and adult
learning. The amount of provided information hasto be minimal
and nonspecific aiming to stimulate additional questions from
the participant. Answers to participants questions must be
standardized and should cover arange of possible differential
diagnoses. Findly, procedural and relational skills must be
embedded in order to portray asclosely as possibletherea-life
environment.

The general structure of the scenario must follow three parts so
it can be performed in a single run-through (for the classical
approach) or interrupted (for the SID approach). First, a
nonmonitored patient presentswith minor symptoms but remains
clinically stable. The participant has to check the vital signs,
ask the nurse for the history and the results of the physical
examination, and order investigations. Second, the patient
presents with acute collapse. The participant has to interpret
investigation results while managing the acutely ill patient.
Third, the participant must present a summary of the situation
and a treatment plan to his supervisor while pursuing
management of the patient. For the SID approach, the scenario
is stopped at two times: (1) after ordering investigations, and
(2) after receiving results of the investigations and prior to the
call from the supervisor. The last stop occurs at the end of the
scenario.

Based on these principles, the chosen scenario consists of an
infant with disseminated herpes simplex virus infection
presenting with secondary septic shock. A newbornwill present
with tachycardia and will evolve towards hypoxemia and
hypotension, requiring intubation and volume expansion.
Laboratory findings will reveal viral sepsis with leucopenia,
thrombocytopenia, increased C reactive protein, and elevated
liver enzymes. Finally, skin blisters will appear during the
transfer of information from the participant to the supervisor
and will confirm the diagnosis.
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Figure 3. Clinical reasoning assessment tool isauseful tool for detecting diagnostic errors (such as nonfault, human factors, cognitive, and system-rel ated)
and clinical reasoning difficulties according to Kuhn classification (data gathering, data integration, and data confirmation). Instructor has to read
questions for each category of error or difficulty and compare with the student performance during the simulation session. By checking all sort or errors
concerning clinical reasoning, thistool permit to build specific questionsfor the student (without feedback for SID approach) or to construct hisdebriefing

(with feedback for classical approach of simulation).
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Data Collection and M easurement Tools

Presimulation Questionnaire

This questionnaire will include demographic data (gender, age,
year of graduation, number of previous experiences with
simulation, learning style, and curriculum followed), degree of
self-assessed subjective stress, and self-evaluation of clinical
reasoning performances (both using a10 point Likert-type scale
question).

In-Simulation Clinical Reasoning Assessment

In constructing the simulation scenario and vignette, defined
cueswill be embedded to stimul ate hypothesis generation using
System-1 of clinical reasoning. After reading the initial patient
presentation in the vignette, residents are asked to submit their
diagnostic hypothesis by writing. Then, during the scenario, the
participant’s verbalization (which is aso stimulated by given
cuesfrom the nurse) of diagnosis coming to mind will be audio
recorded. Both the written and audio-recorded hypotheses will
be compared to the diagnoses generated by an expert panel that
will be submitted to the same scenario. For example, the
presence of thrombocytopeniaduring the data confirmation part
should lead to verbalization of (1) bacterial infection, (2) viral
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infection, (3) intrauterine grown retardation, and (4) platelets
immunization. The presence of skin lesions during the data
confirmation part should lead to verbalization of (1) herpetic
infection, (2) bacterial infection, and (3) varicellainfection.

Iterative discussions supported by the Clinical Reasoning
Assessment Tool during SID have been designed to allow
development and exploration of System-2 of clinical reasoning
regarding data collection, diagnostic hypotheses generation,
new data interpretation, and management plan. In the classical
approach, it is hypothesized that System-2 is discussed during
the debriefing period after the ssimulation. Exploration of how
both simul ation approachesimpact on performance of System-2
will be done during the semistructured interviews (see below).

Postsimulation Questionnaire

Postsimulation questionnaire (Multimedia Appendix 1) will
assessresidents’ self-reported improvement in clinical reasoning
and level of satisfaction regarding the simulation approach (both
using a 10 point Likert-type scale question). The questionnaire
will be designed based on previous literature [63-65] and will
be pilot tested with three residents. According to the simulation
approach, residentswill also complete 5to 12 questions asking
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them to rate statements using a four-point Likert-type scale,
ranging from 1 (strongly disagree) to 4 (strongly agree).

Semistructured | nterviews

Anindividual semistructured interview will explore“how” and
“why” students’ clinical reasoning ability develops through
both simulation approaches (SID or classical). Interviews will
be conducted using techniques inspired from the explicitation
interview during which theinterviewer supports the participant,
without induction, toward the evocation of a specified
experience[66]. After icebreakers, interviewswill be congtituted
of two distinctive parts. First, the interviewer will explore the
residents’ reasoning process during the simulation experience.
Second, hewill focuson residents’ perception of thesimulation
experience, including possible advantages and challenges of
each simulation type, possible improvements to each
methodology, and the perceived impact of SID on the
participants’ learning. Interviews will be audio recorded and
then transcribed for analysis.

Data Analysis

Thisis an exploratory study that will aid in planning a future
larger randomized controlled trial. The target population of
resdents enrolled in the General Pediatrics and
Neonatal-Perinatal M edicine programs represents approximately
50 residents. Based on literature from qualitative research
inquiry, the adequate sample size consists of the number of
participants at which saturation of data is achieved. This
well-described process permits cessation of recruitment when
additional data does not bring new properties to unsaturated
categories[67]. Different authors agree that saturation isreached
after 20 to 25 participants [67,68].

Quantitative datawill be analyzed using SPSS 20.0 (IBM SPSS,
Chicago, IL). Datawill be analyzed using descriptive statistics
for al variables. For each Likert-scae type question, a
significant cut-off will be pre-established. Comparison of
positive versus negative responses will be done with the use of
chi-square and Fischer’s exact test for nonparametric variables.
Number, nature, and order of diagnostic hypotheses will be
compared to the responses of apanel of 10 neonatol ogists from
our hospital. A multivariate analysiswill be used to investigate
potential effects of graduation year, gender, and prior simulation
experience on the residents evaluation of their clinical
reasoning. Statistical significance will be defined asa probability
value of <.05.

Qualitative data will help describe if SID alows better
assessment of System-1 and 2 of clinical reasoning compared
to the classica approach of simulation. Data from
audio-recorded semistructured interviewswill be analyzed using
NVivo 9.0 software. Analysis will occur as data collection
pursues. Recurring themes or distinctive aspects about each
student’s response will be noted. These notes will be reviewed
and expanded as the research continues until saturation of data.
Data will be de-identified so that all participants will remain
anonymous. Through content analysis, theinformation will then
be categorized according to the principle of convergence [69].
The research team will use deductive analysis and review of all
written transcripts.
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Results

This study is in its preliminary stages and the results are
expected to be made available by April, 2016.

Discussion

Clinical reasoning is an essential skill for everyday medical
practice. However, many questions remain regarding how
efficiency of the reasoning processes can be most accurately
measured [16]. We believe that medical simulation could
represent an effective environment for clinical reasoning
assessment, as participants are immersed in an authentic and
controlled setting [ 70]. Moreover, SID, an innovative approach
to simulation, could provide a closer assessment of both
System-1 and 2 of clinical reasoning by the combination of
concurrent verbalization and iterative discussions at key steps
of the reasoning process.

In this exploratory randomized study, comparing SID to the
classical approach of simulation, we expect to find a higher
progression of residents’ self-assessed clinical reasoning process
with SID. More precisely, iterative discussions, by alowing
reflection, will lead to improvement in System-2 clinical
reasoning process while concurrent verbalization during
management of the mannequin will enhance performance of
System-1. Verbalization during the classical approach will also
have a similar impact on System-1 clinical reasoning. Finally,
residents will demonstrate a higher level of satisfaction in the
SID approach of SBE.

Thisisthe first randomized study comparing a new simulation
approach to the classical modefor devel oping clinical reasoning
skills. In addition, incorporating a qualitative piece to the study
with the goal of exploring how each simulation approach
impacts on residents' clinical reasoning process is of great
interest. Residents of different training levels are included in
the study allowing to explore the phenomenon from perspectives
of individuas with various levels of clinica reasoning
performances. There are also afew limitationsto the study. The
small sample size does not allow for statistical generalizability
of quantitative results. The absence of a robust pre and post
assessment of residents’ clinical reasoning abilities might not
portray the exact impact of each intervention. However, in the
absence of agold-standard tool in clinical reasoning evaluation,
this exploratory study could provide detailed and useful
preliminary datafor the effectiveness of such anew simulation
approach. Finally, the case specificity of one unique scenario
could limit generalizability of the results.

Thefindings of the study will be of benefit to medical educators,
training programs, and residents who participate in these
programs. This study will further our understanding of the
complexity of clinical reasoning, and how delivery of the
curriculum should be modified to assist residents in better
developing their clinical reasoning abilities in neonatol ogy but
also in others specialties. Thisstudy demonstratesthefeasibility
of a SBE session where scenarios are built according to clinical
reasoning and reflective practice theories and help to put
emphasis on clinical reasoning teaching and assessment. For
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medical residents, development of a simulation approach that
assessestheir clinical reasoning abilitieswill provide them with
an opportunity to receive feedback about components of clinical
reasoning which need to be improved. It will also provide
medical teachers with an opportunity to better understand the
students' diagnostic process. Overall, insight into the clinical
reasoning process by SBE may contribute to changesin medical
education curriculum development and implementation. This
may provide residents with better opportunities to develop
clinical reasoning by SBE and become clinically competent

Pennaforte et al

The future should concentrate on optimizing clinical reasoning
assessment. A SID session could integrate a combination of
well-described clinical reasoning eval uation tool s such as script
concordancetests[71] or clinical reasoning problems[72]. The
validation of such an instrument could provide an essential
educational tool for formative or summative assessment of
medical students, whatever their level of training or their
specialty. In agreater future, assessment of long-term retention
of acquired clinical reasoning skills after exposition to SID
should be explored once the basics have been settled.

doctors.
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Abstract

Background: Smoking is agloba public health problem. For this reason, experts have called smoking dependence a global
epidemic. Over the past 5 years, sales of electronic cigarettes, or e-cigarettes, have been growing strongly in many countries. Yet
thereisonly partial evidence that e-cigarettes are beneficial for smoking cessation. In particular, although it has been proven that
ni cotine replacement devices may help individuals stop smoking and tolerate withdrawal symptoms, e-cigarettes’ power to increase
the quitting successrateis still limited, ranging from 5% to 20% dependent on smokers’ baseline conditions as shown by arecent
Cochranereview. Consequently, itisurgent to know if e-cigarettes may have a higher success rate than other nicotine replacement
methods and under what conditions. Furthermore, the effects of the therapeutic setting and the relationship between individual
characteristics and the success rate have not been tested. This protocol is particularly innovative, because it aims to test the
effectiveness of electronic devices in a screening program (the COSMOS |1 lung cancer prevention program at the European
Institute of Oncology), where tobacco reduction is needed to lower individuals' lung cancer risks.

Objective: This protocol was designed with the primary aim of investigating the role of tobacco-free cigarettes in helping
smokers improve lung health and either quit smoking or reduce their tobacco consumption. In particular, we aim to investigate
theimpact of a3-month e-cigarettes program to reduce smoking-rel ated respiratory symptoms (eg, dry cough, shortness of breath,
mouth irritation, and phlegm) through reduced consumption of tobacco cigarettes. Furthermore, we evaluate the behavioral and
psychological (eg, well-being, mood, and quality of life) effects of the treatment.

Methods: Thisisaprospective, randomized, placebo-controlled, double-blind, three-parallel group study. The study is organized
as a nested randomized controlled study with 3 branches: a nicotine e-cigarettes group, a nicotine-free e-cigarettes group, and a
control group. The study is nested in a screening program for early lung cancer detection in heavy smokers.

Results: The study is open and is till recruiting.

Conclusions: Stopping or reducing tobacco consumption should be amain goal of any health organization. However, traditional
antismoking programs are expensive and not always effective. Therefore, favoring a partial or complete shift to e-cigarettesin

http://www.researchprotocols.org/2016/1/e21/ JMIR Res Protoc 2016 | vol. 5 | iss. 1 |€21 | p.59
(page number not for citation purposes)


mailto:claudio.lucchiari@unimi.it
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS

Lucchiari et al

heavy smokers (eg, persons at high risk for a number of diseases) could be considered a moral imperative. However, before
following this path, sound and reliable data on large samples and in a variety of contexts are required.

Trial Registration: Clinicaltrials.gov NCT02422914; https.//clinicaltrials.gov/ct2/show/NCT02422914 (Archived by WebCite

at http://lwww.webcitation.org/6etwz1bPL)

(JMIR Res Protoc 2016;5(1):€21) doi:10.2196/resprot.4805

KEYWORDS

tobacco cessation; electronic cigarettes; lung cancer screening; smoking related diseases.

Introduction

The World Health Organi zation estimates that cigarette smoking
will claim the lives of 500 million people who are aive today
and as many as 1 billion people during the 21st century.
Although clinical therapies for smoking cessation have proven
effective, the long-term abstinence rate remains |ow.

Electronic cigarettes, which are aso known as tobacco-free
cigarettes or e-cigarettes, are battery-operated devices that
vaporize aliquid solution of propylene glycol and/or vegetable
glycerininwhich nicotine and/or flavors are dissolved. A recent
review of the field showed that e-cigarettes may be considered
safe, with few adverse effects and limited toxicity [1].

The value of these tools is that they reduce the risk of
smoking-related diseases. However, while the use of e-cigarettes
in heavy smokerswill reduce therisk of tobacco-rel ated cancers,
their role in antismoking programs has not yet been approved.
The World Health Organization and the US Food and Drug
Administration have promoted the launch of research on this
field of study, but study results are not convergent.

In aprospective study, e-cigarettes were shown to substantially
decrease the consumption of tobacco cigarettes without causing
significant side effects[2]. In the study, reductionsin the number
of cigarettes smoked per day and breath carbon monoxide (CO)
levels were observed at each visit in al study groups, with no
consistent differences among them. Furthermore, rapid
improvement in breathing symptoms was observed.

However, most participants continued smoking or started
smoking again; after 1 year, fewer than 10% remained abstinent.
Thisis probably due to the research targeting smokers who did
not intend to quit. As suggested by Remo and colleagues [3],
we argue that much better results might be achieved in smokers
motivated to quit.

From a physiological point of view, e-cigarettes appear to
eliminate the craving for tobacco in the same way as nicotine
replacement therapy (NRT). In an overview of the Cochrane
Library [4] that considered studies globally—including more
than 50,000 smokers—NRT was described as being particularly
efficacious for the short term (3 months) but less so in the long
term (12 months). However, the use of NRT increases the
success rate of quitting attempts independent of the setting if
compared to attempts made by smokers on their own or
supported only by counseling. Furthermore, NRT isparticularly
useful for smokerswho are prepared to quit, but who have high
nicotine dependence. Eventually, NRT will be particularly
effective when smokers' baseline conditions are predictors of

http://www.researchprotocols.org/2016/1/e21/

successful quitting. Comparing the conclusion of the Cochrane
review with the results of studies on e-cigarettes effects, it is
clear that in some cases the sample used was quite different
from the one used in most trials on NRT. We argue that it is
necessary to study e-cigarettes efficacy while also considering
population baseline characteristics as well as psycho-cognitive
parameters. Indeed, we can expect smokerswho are not prepared
to quit or in psychosocia conditions associated with a low
successrate (ie, mood disturbance, living in acontext with high
prevalence of tobacco cigarettes smokers, low-income status)
to report a worse outcome in studies using e-cigarettes as
tobacco cessation treatment [2,4].

Previous research has stressed that monitoring lifestyle
parameters (in particular, physical activity and sleep quality)
and acting on them could help maintain abstinence. In particular,
physical exercise may aid smokersin the first 3 months, while
longer effectsarelessclear [5]. It has been observed that regular
physical activity among smokers reduces nicotine withdrawal
symptoms and craving. Last, smoking during the night is an
indicator of nicotine dependence and predictsfailurein smoking
cessation [6]. Sleep disturbances have several negative
psychological effects, including reduced quality of life and
psychological distress (ie, anxiety and depression). Low sleep
quality due to abstinence is a predictor of a poor smoking
treatment outcome [7].

Low-cost, noninvasive devices are now available to monitor
lifestyle parameters. These electronic bracelets arereliable and
easy to use. Counseling approaches based on similar tools have
been shown to improve outcomes [8].

This protocol may also address a number of psychological
parameters, in order to determine whether individual features
might hamper behavioral changes and related positive effects
on hedlth. Indeed, heavy smokers have specific psycho-cognitive
traits [9]. In particular, they generally show higher levels of
impulsiveness than nonsmokers. At the same time, smokers
tend to have a high level of activity in the behavioral activation
system (BAYS). It has been suggested that high BAS sensitivity
is involved in addictive behaviors like smoking. Individuals
with high BAS are moreinclined to enact approaching behaviors
and experience positive effects when they receive positive
rewards.

This study offers an opportunity to test the effectiveness of
e-cigarettesin aclinically controlled setting, in order to reduce
tobacco consumption and improve health benefits. Furthermore,
the protocol isnested in ascreening program for early detection
of lung cancer at the European Institute of Oncology (IEO)
caled COSMOS Il (Continuous Observation of SMOking
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Subjects) that will allow subject recruitment and continuous
monitoring. The COSMOS Il project aims to improve early
diagnosis of lung cancer, which is currently considered to be
the most important life-saving tool. Thisis an Italian program,
coordinated by IEO and created to identify an optimal
personalized protocol for early diagnosisin people with ahigh
risk of lung cancer (ie, heavy smokers or former smokers over
the age of 55). The COSMOS Il program will enroll 10,000
heavy smokers or former smokers throughout Italy. COSMOS
Il derives from the previous successful COSMOS | screening
project [10,11].

Themain hypothesisisbased on previous research on the effect
of e-cigarette use in substitution of tobacco cigarettes. We
hypothesize that the reduction of cigarette tobacco consumption
leads to a significant decrease of cough, breath shortness, and
other respiratory symptoms at 6 months. This reduction will
improve the quality of life and well-being. Furthermore, we
expect this effect to be higher for smokers using nicotine
e-cigarettes and support than for a placebo group and
support-only group. This would be coherent with previous
research on NRT and e-cigarettes. Indeed, we argue that smokers
who are both motivated to start a quitting attempt and aware of
smoking-related risks yet continue consuming several tobacco
cigarettes a day need an integrated antismoking strategy that
combines physiological, behavioral, and psychological
interventions. The use of electronic cigarettes, providing both
physiological and behavioral replacement of tobacco cigarette
consumption, and low-intensity counseling, providing
psychological support, might then be an optimal strategy in
these cases.

Eventually, we expect particular psychological conditions to
be associated with better outcomes. In particular, we hypothesize
that participants with a low level of depression, an active
lifestyle, and alow BAS will find the use of e-cigarettes more
advantageous.

Methods

Objectives

The main objective was to evaluate the impact of a 3-month
e-cigarettes program to reduce smoking-related respiratory
symptoms (eg, dry cough, breath shortness, mouth irritation,
and phlegm) as a consequence of reduced tobacco cigarette

http://www.researchprotocols.org/2016/1/e21/
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consumption. Secondary objectives were to (1) assess the
success rate of smoking cessation attemptsin the three groups;
(2) monitor safety and toxicity during the study; (3) evaluate
psychological and behavioral (ie, lifestyle) effects of
e-cigarettes; (4) assess the impact of e-cigarette use on quality
of life; and (5) identify cognitive/behavioral patterns as
e-cigarettes success predictors in reducing tobacco cigarette
smoking.

More specifically, the main aim of the project concerns the
effectiveness of e-cigarettes in improving lung health in the
heavy smokersinvolved inthe COSMOS I program. If proven
safe and effective, e-cigarettes should beincluded in lung cancer
screening programs as a standard tool to reduce smoking-related
risks for lung diseases. Naturally, this aim requires a scientific
approach, since e-cigarettes should not increase nicotine
dependence. Another fundamental aim of the project regards
the effectiveness of e-cigarettes in reducing tobacco
consumption. In particular, no studies to date have tested the
feasibility and effectiveness of these tools in limiting risky
behaviors (eg, tobacco smoking) among heavy smokersenrolled
in alung cancer screening program. Consequently, we want to
determine whether providing e-cigarettes to participants in a
controlled protocol reduces tobacco consumption, as well as
related health and breathing problems. We also aim to analyze
the psychological characteristics and needs of the subjects
enrolled in the COSMOS Il program, in order to evaluate how
risk perception (eg, the premise of risky behavior adoption) is
associated with a psycho-cognitive profile. We argue that an
important and successful screening project, such as COSMOS,
shouldincorporate acomprehensive approach to theindividual .

Design
This is a prospective, randomized, placebo-controlled,
double-blind, three-parallel group study. The study protocol

was designed using the recommendations of the Consolidated
Standards of Reporting Trials statement (Figure 1).

For this study, we opted for the VP5 electronic cigarettes Kit,
which offered a good quality/price ratio and proven reliability
and safety. Nicotine and nicotine-free liquids are produced by
BioFumo, which fully collaborated with usand provided liquids
in nicotine concentrations of 8 mg/mL and packages that were
not distributed for commercial use.
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Figurel. CONSORT flow diagram.
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Participants

Volunteer smokers are recruited from among COSMOS |1
participants at the IEO hospital. Details on the inclusion and
exclusion criteriaare provided in the“ Selection Criteria” section
below.

The main inclusion criterion is adult healthy smokers who
voluntarily choose to take part in a lung cancer screening
program. This screening program includes both a low-dose
computed tomography (CT) scan and blood tests in order to
detect early signs of lung cancer. Consequently, all of our
participants agree to undergo these examinations and are over
the age of 55 at the beginning of the study. To be included in
the study, COSMOS Il participants must have smoked an
average of 10 cigarettes or more a day for at least the past 10
years. Furthermore, they also must report strong motivation to
stop smoking as measured by amotivational questionnaire (see
the “Instruments and Measures’ section).

Since we are interested in assessing the effect of a specific
e-cigarettes-based treatment, we exclude smokers already using
e-cigarettes, which we define as smokerswho had ever regularly
used e-cigarettes for more than 1 week alone or in combination
with tobacco cigarettes. Thus, all participants areinexperienced
with the use of e-cigarettes (full instructions are provided by
the researcher in charge of the study during the briefing). Also,
smokers who at the moment of the interview are undergoing
NRT or underwent NRT in the previous 6 months are excluded.
In this way, we tried to prevent any psychological and
physiological confounding effects due to previous treatments.

http://www.researchprotocols.org/2016/1/e21/

Furthermore, people with a history of psychiatric, severe
dyspnea, and cardiovascular diseases are also excluded.

All the including and excluding criteria are evaluated during
thefirst clinical examination of the COSMOSII program. Only
after the clinical examination, which includes objective tests
and an anamnestic interview by a physician in charge, is a
smoker considered for possible inclusion in the protocol.

Selection Criteria

Inclusion Criteria

1. Subjectsareinvolved in the COSMOS 1 study

2. Subjects have smoked at least ten cigarettes a day for the
past 10 years

3. Subjects wish to reduce tobacco smoking (motivational
score higher than 10) who are not treated at a smoking
center

4. Signed informed consent

Exclusion Criteria

Symptomatic cardiovascular disease

Symptomatic severe respiratory disease

Regular psychotropic medication use

Current or past history of alcohol abuse

Use of smokeless tobacco or NRT

Participation in another antismoking program in the current
year

IS NI A
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Treatments

Group 1 Treatment (E-Cigarette and Support)

The participantsreceive an e-cigaretteskit and 12 10-mL liquid
cartridges containing an 8 mg/mL concentration of nicotine.
They are instructed to use the electronic cigarette ad libitum
during the first week before their quitting day (determined at
thefirst contact) in order to familiarize themselves with its use.
Starting at Week 2 (soon after the designated quitting day), the
participants are asked to stop smoking tobacco cigarettes and
use the e-cigarettes exclusively for the next 11 weeks.
E-cigarette use is monitored through a weekly paper diary and
regular telephone interviews. Sinceit isnot possibleto exclude
tobacco-cigarette smoking after the quit day, the weekly diary
also contains items related to cigarette smoking. Tobacco
smoking is also addressed during the periodic calls.

During treatment, alow-intensity remote (by phone) counseling
program is provided to maintain motivation and monitor any
psychological and/or physical problems related to the study
protocols. This program includes 4 callsin total, 1 at the ends
of Week 1, Week 4, Week 8, and Week 12. Each call will last
about 10 minutes; will address concerns about any ongoing
psychological, physical, and behavioral changes;, and will
support the participants' continued motivation by providing
practical suggestions.

The participants also receive an electronic fithess bracelet in
order to assess their physical activity and sleep quality during
treatment.

Group 2 Treatment (Placebo)

The participants receive an e-cigarettes kit and 12 10-mL
nicotine-free liquid cartridges. This liquid has the same
manufacturer, flavor, and components (except for nicotine) as
the one used in Group 1. All other procedures and measures
used for Group 2 are the same as those for Group 1.

Group 3 Treatment (Control/Support-Only)

The participants are provided only with low-intensity remote
(by phone) antismoking counseling to motivate and support
cigarette smoking cessation and abstinence. Scheduling, aims,
and structure are the same as those of Group 1. The participants
also receive an electronic fitness bracel et in order to assesstheir
physical activity and sleep quality during treatment. All
measures and procedures are identical to Groups 1 and 2.

Treatments Common to All Groups

« A complete explanation of the project and informed
participant consent

- Basdine behavioral, motivational, and psycho-cognitive
evaluation (set of questionnaires)

- Basdineclinical parameter assessment

- Initial and final face-to-face interview

« Regular telephone interviews

- Explanation of the weekly short-diary procedure

- Briefing on and delivery of the e-bracelet

- Low-intensity remote smoking cessation counseling
program

http://www.researchprotocols.org/2016/1/e21/
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Instruments and M easures

Clinical Parameter Evaluation

« Anamnesis

« Clinical examination

«  CO measurement

« Low-dose CT scan

«  Circulating micro-RNA examination
+  Respiratory examination

I nstruments

- Sdf-reported measures are used for cough and other
respiratory symptoms assessment. We opted for Likert
scalesto measure cough, breath shortness, mouth irritation,
and phlegm frequency as well as the Leicester Cough
Questionnaire.

- Fagerstrom Test for Nicotine Dependence: a 6-item
self-reporting questionnaire ng nicotine dependence.
It requires a few minutes to complete [12]. This test is
administered to all COSMOS |1 participants.

- Motivational questionnaire [13]: a 4-item self-reporting
guestionnaire assessing motivation to quit smoking. The
total classifiesthe patient into 1 of 4 motivational categories
(from “not ready to quit” to “highly motivated”). This test
isadministered to all COSMOS |1 participants.

« Hospital Anxiety and Depression Scale (HAD): The HAD
isasdf-administered questionnaire composed of two 7-item
scales, 1 for anxiety and 1 for depression, which should be
used as 2 separate measures of emotional distress. Thescale
has been validated for Italian culture by Costantini and
showed high internal consistency with Crohnbach apha,
ranging from .83t0 .85[14]. The HAD evaluates symptoms
of anxiety and depression, avoiding misattribution due to
the physical aspects of the illness. The values range from
0 to 21 for each scale. Cutoff scores are preliminarily
defined as normal (0-5), mild (6-8), moderate (9-11), and
severe (greater than 11) for both anxiety and depression
patients [15].

- BIS/BASScale[16]: a20-item self-reporting questionnaire
evaluating the behavioral inhibition system (BIS) and BAS.
Each of the itemsisrated on a5-point scale, ranging from
1 (doesnot describe meat all) to 5 (describes me very well).

- Barratt Scale[17]: an 11-item self-reporting questionnaire
designed to measure impulsiveness. All items are measured
on a 4-point scale (Rarely/Never; Occasionaly; Often;
Almost Always/Always), where a4 generally indicatesthe
most impulsive response, although some items are scored
in reverse order to avoid aresponse bias [18].

« The Leicester Cough Questionnaire: avalid, self-reported
cough-specific health status measure. It is a 19-item
guestionnaire that has been validated in acute and chronic
cough [19]. The overall score ranges from 3 to 21 with a
higher score indicating a better quality of life.

- Electronic bracelet (the Flex FitBit): a device that alows
lifestyle monitoring of physical activity and deep
characterigtics, including: deeping and napping (hoursdept,
light vsdeep sleep, and waking periods); activity (distance,
calories burned, activity time, and activity intensity);
nutrition (food and beverage intake); mood (assessment of
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the affect state); and an insight engine that identifies hidden
connections and patterns in day-to-day activities.

- The exhaded CO is measured by the The Micro+
Smokerlyzer, which has less than 5% H,, cross-sensitivity.

« Ad hoc questionnaire: measures demographic data,
self-perceived quality of life (analogue scale), physical
activity, and smoking-related issues (characteristics of the
smoking experience).

Recruitment and Follow-Up

All inclusion and exclusion criteria are checked during the
registration procedure and initial assessment for inclusion in
COSMOSI|. Eligible participants are asked to provide informed
consent. Theinformed consent form issigned and dated by both
the participant and the physician. Enrolled participants receive
achronological number and are assigned to a treatment group
(e-cigarettes with nicotine, e-cigarettes without nicotine, or
control).

A randomization list using a permuted block design (40 blocks
of 6 subjectsrandomly assigned to 1 of the 3 treatment groups)
have been previously prepared by an independent personnel
unit and labeled with the progressive number applied to the
packaging containing e-cigarettes and liquid cartridges with or
without nicotine (Group 1 and Group 2).

Neither the participant nor the researcher in charge knows
whether theliquid in the e-cigaretteskit contains nicotine. Only
the statistician who prepared the randomization list and the

Figure 2. Protocol plan.

Lucchiari et al

person labeling the e-cigarettes packaging know the actual
treatment.

Each participant is then assigned to one of the three groups and
receives the related treatment, as illustrated above.

Follow-up: 6 months (at the IEO)

«  Behavioral psycho-cognitive questionnaires

« Clinical parameters assessment (respiratory symptoms)

«  Smoking status assessment (questionnaire and CO level).
The nonsmoking status is established by self-report items
and the CO level (ppm<5).

- Debriefing, during which we also ask participants of Group
1 and Group 2 to guess if they used a nicotine-free or a
nicotine-based e-cigarette.

End-point: 12 months (at the | EO, during the annual assessment
of COSMOSII)

« Clinical parameter assessment (respiratory symptoms)

« Final behavioral and psycho-cognitive assessment

«  Smoking status assessment (questionnaire and CO level)
- Debriefing and collection of comments

Timeline (Figure 2):

- Distribution of e-cigarettes: 3 months (ends at Week 12)

- Datatracking (e-bracelet) and active monitoring: 6 months
(ends at Week 24)

« End point: 12 months

End of
treatment

Baseline
assessment

(T0)

Treatment
(12 weeks)

6-months 12 months
assessment assessment

(™) (T2)

End of Study

EndpointgEvaluation Criteria

Primary Outcome Measures

« Change in respiratory symptoms (eg, dry cough, breath
shortness, mouth irritation)

To evaluate the impact of a 3-month e-cigarettes program to
reduce smoking-rel ated respiratory symptoms (dry cough, breath
shortness, mouth irritation, and phlegm) through reduced
tobacco cigarette consumption. The primary outcome is
measured at Month 6 and then at the follow-up at Month 12.

Secondary Outcome Measures

«  Changein psychological well-being (HAD scale)

«  Changein number of cigarettes smoked daily

«  Changein the concentration of exhaled air CO

« Changeindaily activity (mean number of daily steps)

« Changein lifestyle as measured by ad-hoc questionnaires

http://www.researchprotocols.org/2016/1/e21/

Statistical Consider ations

Sample Size

Starting with data provided by previous studies on the effect of
smoking discontinuation, whether using or not using e-cigarettes
[2,20,21], we expected to find a reduction between 20% and
30% of respiratory symptomsreported by participants. We used
cough as the measure to power the trial on. Using atwo-sided
Z test, asample of 70 participantsin either of the experimental
groups (e-cigarettes with or without nicotine) and 70 in the
control group (counseling alone) will reach 80% power, at .05
significance level, to detect a 20% reduction in the frequency
of symptomsfrom the baselinein either of the e-cigarette groups
(with or without nicotine) compared to a 5% reduction in the
control group (counseling alone).

Statistical Plan

The main analysis will consist of comparing the reduction in
symptoms after 6 monthsfor the three groups: e-cigaretteswith
nicotine vs control; e-cigarettes without nicotine vs control; and
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e-cigarettes with nicotine versus e-cigarettes without nicotine.
Analyses will be based on two-sided Z tests.

A secondary analysis will assess the reduction of the
consumption of tobacco-containing cigarettes after 6 months
among the groups. Analysis will be based on paired Student’s
t-test or the Wilcoxon signed rank tests.

No interim monitoring is planned since, given the sample size,
any interim analysiswould have too few eventsto beinterpreted.
Effortswill be made to maximize retention by maximizing trust
at the baseline assessment and collecting multiple means to
contact and commit participants, including email and phone
contact details, and by assertive follow-up. Starting with our
previous experience with asimilar population coming from the
COSMOS | program, we expect that our participants will be
compliant with and committed to the aims of the study. Giving
the expected intrinsic motivation of participants and thanks to
the above strategies, the study aims to have at least 80%
retention at 6 monthsand 70% at 12 months. Considering these
figures, we expect to maintain a statistical power to detect a
reduction of 5 cigarettes/day in our smokers (the cigarettes per
day mean isabout 20 in the COSM OS population). Thus, using
atwo-sided two-sample t-test with a significance level (alpha)
of .05, a sample size of 49 participants per arm will achieve
80% power to detect a mean reduction of 5 cigarettes/day
between any of the 2 experimental arms and the control arm,
assuming amean consumption of 20 cigarettes/day in the control
arm and a common standard deviation of 8.7.

Ethical Consider ations

Thisstudy is performed in accordance with the principles stated
inthe Declaration of Helsinki and subsequent amendments, and
in accordance with the Good Clinical Practice Guideline. This
protocol was assessed and certified by the ethical board of
Fondazione Umberto Veronesi, the ethical committee of
Universita degli studi di Milano, and the ethical committee of
the European Institute of Oncology. The Clinical Trials.gov
identifier isNCT02422914. Informed consent will be obtained
from al subjects.

Results

At the time of manuscript submission, the tria’s status is
“recruiting.”

Discussion

Principal Findings

Cigarette smoking isamajor risk factor for avariety of diseases.
The World Health Organization states that tobacco kills nearly
6 million people each year and that an annual death toll of more
than 8 million is expected by 2030.

Despite the availability of approved medications and smoking
cessation aids (ie, NRT, bupropion, varenicline, and counseling
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programs), long-term quitting rates are relatively low. Most
smokers try to quit without professional help even when they
see their doctor on a regular basis. Indeed, smoking status is
rarely documented and smoking cessation treatments are offered
even less frequently [22], wasting an opportunity provided by
the doctor-patient relationship.

The failure of tobacco control is clear in developing countries.
However, in most rich countries, tobacco control also is
problematic due to a humber of factors. Economic and ethical
issues often conflict in antismoking research and strategies[23],
and therelatively recent availability on the market of e-cigarettes
has added further confusion [24]. Consequently, independent
studies are needed in this field to avoid any possible external
influence. Furthermore, we believe that lung cancer screening
programs (like COSMOS I, where this project is nested) have
an ethical obligation to provide participants access to al the
information and strategies that could help them to reduce their
risk. Stopping or reducing tobacco consumption, then, should
be aprimary goal. However, traditional antismoking programs
are expensive and not always effective. Therefore, favoring a
partial or complete shift to e-cigarettes in heavy smokers (eg,
persons at high risk for a number of diseases) could be
considered a moral imperative. However, to follow this path,
sound and reliable data is required on alarge sample and in a
variety of contexts.

Last, the question of the use of e-cigarettes and their regulation
concerns not only physiological and toxicity aspects (eg, the
association between cancer and smoking), but also certain
relevant behavioral and psychological aspects aswell. Thus, it
is necessary not only to understand the toxicity of these new
ways of smoking, but also their impact on smokers' minds and
lifestyles.

Conclusions

E-cigarettes-based intervention could provide a gateway to
boosting health-related behavior changes, in order to reduce
tobacco consumption and positively impact smokers quality
of life. Indeed, reducing tobacco consumption or supporting
abstinence could be considered afundamental aim of ascreening
program, since a change in smoking habits reduces the risk of
smoking-related diseases.

Recent studies [2,3,25] show that e-cigarettes must be
considered safe devices that are potentially useful both for
reducing clinica symptoms (eg, cough, phlegm, breath
shortness) and enhancing the impact of antismoking
interventions. Consequently, the use of e-cigarettes is
particularly important in prevention programs and for high-risk
subjects. Many aspects are currently unclear and debated [25].
Hence, the outcome of this study will provide important data
on the possible role of e-cigarettes astoolsfor use in screening
and prevention programs. We argue that e-cigarettes apply a
medicalized substitution logic in which nicotine dependence
becomes aroute to health in addition to adisorder to be treated.
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Abstract

Background: Despite current advances in cancer treatment, many breast cancer survivors still face long-term post-operative
challengesasaresult of suffering from daily pain and other distressing symptomsrelated to lymphedema, ie, abnormal accumulation
of lymphfluidintheipsilateral upper limb or body. Grounded in research-driven behavioral strategies, The-Optimal-Lymph-Flow
is a unique Web- and mobile-based system focusing on self-care strategies to empower, rather than inhibit, how breast cancer
survivors manage daily pain and symptoms. It features a set of safe, feasible, and easily-integrated-into-daily-routine exercises
to promote lymph flow and drainage, as well as guidance to maintain an optimal body mass index (BMlI).

Objective:  To conduct a randomized clinical trial (RCT) to evaluate the efficacy of the Web- and mobile-based
The-Optimal-Lymph-Flow system for managing chronic pain and symptoms related to lymphedema. The primary outcome
includes pain reduction, and the secondary outcomes focus on symptom relief, limb volume difference by infra-red perometer,
BMI, and quality of life (QOL) related to pain. We hypothesize that participants in the intervention group will have improved
pain and symptom experiences, limb volume difference, body massindex, and QOL.

Methods: A parallel RCT with a control-experimental, pre- and post-test, repeated-measures design is used in this study. A
total of 120 patients will be randomized according to the occurrence of pain. Participants will be recruited face-to-face at the
point of care during clinical visits. Participants in the intervention group will receive the Web- and mobile-based
The-Optimal-Lymph-Flow intervention and will have access to and learn about the program during the first in-person research
visit. Participants in the control group will receive the Web- and mobile-based Arm Precaution program and will have accessto
and learn about the program during the first in-person research visit. Participants will be encouraged to enhance their learning
by accessing the program and following the daily exercises during the study period. Participants will have monthly online
self-report of pain and symptoms at 4 and 8 weeks post-intervention. During the two in-person research visits prior to and 12
weeks post-intervention, participants will be measured for limb volume difference, BMI, and complete self-report of pain,
symptoms, self-care behaviors, and QOL.

Results: Thistria is currently open for recruitment. The anticipated completion date for the study is July 2017. The primary
endpoint for the study is absence or reduction of pain reported by the participants at week 12 post-intervention.
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Conclusions: The-Optimal-Lymph-Flow is a unique Web- and mobile-based self-care and patient-reported outcome system
designed to effectively help women treated for breast cancer manage daily pain and symptoms related to lymphedema. Patients
learn self-care strategies from a Web- and mobile-based program and track their symptoms. The RCT will directly benefit all
women treated for breast cancer who suffer from or at risk for pain and symptoms related to lymph fluid accumulation.

Trial Registration: Clinicaltrials.gov NCT02462226; https.//clinicaltrials.gov/ct2/show/NCT02462226 (Archived by WebCite

at http://lwww.webcitation.org/6dudl upG5)

(JMIR Res Protoc 2016;5(1):€7) doi:10.2196/resprot.5104
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pain; ache; soreness; tenderness; symptoms; lymphedema; breast cancer; health behavior; mHealth

Introduction

Background

Annually, more than 230,000 women are diagnosed with breast
cancer, and currently there are more than 2.9 million breast
cancer survivorsinthe United States[1]. Even years after cancer
treatment, about 20-40% of women treated for breast cancer
suffer daily from chronic pain and more than 50% of women
report multiple distressing symptoms related to lymphedema
(ie, the abnormal accumulation of lymph fluid in the ipsilateral
upper limb or body) [2-5]. The abnormal accumulation of lymph
fluid or lymphedema after breast cancer treatment isaresult of
obstruction or disruption of the lymphatic system associated
with cancer treatment (eg, removal of lymph nodes and/or
radiotherapy), influenced by patient personal factors (eg, obesity
or higher body mass index [BMI]), and triggered by factors
such as infections or trauma [6-8].

Breast cancer survivors without a diagnosis of lymphedema
also suffer from pain (40%), tenderness (47.3%), aching (30%),
or soreness (32.7%); however, significantly higher number of
breast cancer survivors with lymphedema experience pain
(45.2%), tenderness (52.4%), aching (61.9%), or soreness (31%)
in theipsilateral upper limb or body [9]. In addition to pain, on
average, breast cancer survivors without lymphedema report
about 5 distressing symptoms while breast cancer survivors
with lymphedemareport 10 distressing symptomsrelated to the
accumulation of lymph fluid [9-10]. It isclear that many breast
cancer survivors still face long-term post-operative challenges
as a result of suffering from daily pain and other distressing
symptoms related to lymphedema, despite current advancesin
cancer treatment.

Pain and symptoms related to the accumulation of lymph fluid
following breast cancer treatment remain asthe main debilitating
late complications that impact the breast cancer survivors
quality of life [2,3,5,11]. Persistent pain related to cancer
treatment is considered a stressful complication since it is
perceived as a constant reminder of cancer [2,12] and exerts
tremendous limitations on breast cancer survivors' daily living
[25]. Pain and other distressing symptoms related to
lymphedemafollowing cancer treatment can instigate fearsand
induce feelings of loss of control [2,3,5]. Specificaly, the
experience of pain, including tenderness, aching, or soreness,
causes significant and unrelenting distress among breast cancer
survivors [3]. Such distress is usually heightened when breast
cancer survivors expect pain and symptoms related to
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lymphedema to disappear but instead stay as a “perpetual
discomfort” [3]. The negative impact of pain and symptoms
related to lymphedema can be asource of considerable disability
and psychological distress that negatively influences the
patient's daily living [2,3,11,12], and creates a tremendous
burden on the health care system [13]. Nonetheless, in clinical
practice pain and symptoms related to lymphedema are still
under-recognized and undertreated.

While more research is needed to explore the exact etiology of
persistent pain and other symptoms after breast cancer
treatment,(eg, arm swelling, breast swelling, chest wall swelling,
heaviness, firmness, tightness, stiffness, numbness, burning,
stabhing, tingling, and limited limb movement), physiologically,
the accumulation of lymph fluid in the affected area or limb
may create undue pressure on nerves, producing feelings of
pain, aching, tenderness, soreness, burning, tingling, stabbing,
and numbness as well as inducing sensations of swelling,
heaviness, tightness, and firmness[14-15]. Accumulated lymph
fluid in the affected area or limb aso leads to stiffness and
limited limb movement of arm, shoulder, fingers, and elbow
[10,15]. Significant associations are found between pain
(including aching and tenderness) and accumulation of lymph
fluid in the ipsilateral upper limb [10,15]. Research has also
shown that with increased number of symptoms reported, breast
cancer survivors' limb volume increased [10,15]. Limb volume
asdetected by theinfra-red perometer has significantly elevated
as breast cancer survivors' reports of pain, tenderness, aching,
swelling, heaviness, firmness, and tightness haveincreased [10].
On average, breast cancer survivors reported 4 symptoms for
those with <5.0% limb volume increase; 5 symptoms for
5.0-9.9% limb volume increase, 7 symptoms for 10.0-14.9%
limb volumeincrease, and 13 symptomsfor >15% limb volume
increase, respectively (P<.001) [10].

Breast cancer survivors are known to have a compromised
lymphatic system due to breast surgery, dissection of lymph
nodes and vessels, and radiation, which leads to ineffective
lymphatic drainage, thusaccumulated lymph fluid in the affected
area or limb [10,15,16]. In addition to the risk factor of
compromised lymphatic drainage from cancer treatment, higher
BMI is also an established risk factor for the accumulation of
lymph fluid [6-10]. Physiologically, alarger body mass creates
a disproportion in lymph transport and capacity, resulting in
excess extracellular fluid [6,17]. Women are 1.11 times more
at risk for developing lymphedema with every increase of

1kg/m? in their BMI [6-8,16]. Although the known risk factors
for symptoms related to accumulation of lymph fluid directly
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from cancer treatment cannot be avoided, (such as removal of
lymph nodes, surgery, radiation, chemotherapy, and hormonal
therapy), some risk factors, (such as compromised lymphatic
drainage and higher BMI), can be modified through education
and self-care strategies [14,18,19].

Patient education focusing on self-care strategies holds great
promise for reducing the risk of lymph fluid accumulation
[14,18,19]. Research evidence demonstrates that even after
controlling for confounding cancer treatment-related risk factors,
patient education on self-care strategies remains an important
predictor for patient-centered outcomes, including symptom
experience and self-care behaviors [14,18,19]. Risk factors,
such as compromised lymphatic drainage and higher BMI, can
also be modified through self-care strategies [14,19]. Current
patient education emphasi zes precautionary lifestyle behaviors,
such as avoidance of repetitive limb movement, lifting weighted
objects, needle punctures, blood draw, and the use of
compression garmentsfor air travel in the affected limb [20,21].
To date, there is a paucity of high quality evidence to support
these precautionary practicesthat reduce therisk of lymphedema
and relieve pain or symptoms related to lymph fluid
accumulation [20,21]. Research is lacking to provide evidence
to reduce pain and symptoms related to lymph fluid
accumul ation through self-care strategies targeting compromised
lymphatic drainage and higher BMI.

Grounded in research-driven self-care behavioral strategies
[14,19], The-Optima-Lymph-Flow [22] is a unique
patient-centered Web- and mobile-based educational and
behavioral program focusing on self-care strategies to lessen
the symptom burden by promoting lymph flow and maintaining
optimal BMI, targeting compromised lymphatic system and
BMI, that is, risk factorsfor pain and symptomsrelated to lymph
fluid accumulations. Patients learn self-care stratigies through
the Web- and mobile-based program which can be downloaded
on compulter, laptop, aswell as any mobile phones and tablets.
Its underlying premise is to empower, rather than inhibit, how
breast cancer survivors live their lives by emphasizing “what
to do,” rather than “what to avoid.” It features a safe, feasible,
and easily-integrated-into-daily-routine self-care strategies that
include shoulder mobility exercises to promote shoulder
function, muscle-tightening breathing, muscle-tightening
pumping exercises, and large muscle exercisesto promote lymph
flow and drainage, as well as general instructions to encourage
nutrition-balanced  (more  vegetables and  fruits),
portion-appropriate diet (feeling 75% full for each meal),
adequate hydration, and sleep to strive for maintaining optimal
BMI. Patients can learn and follow al the exercises through
avatar video simulations [14,19]. The efficacy of
The-Optimal-Lymph-Flow has been demonstrated in our
recently published study of 140 patients who received the
face-to-face nurse-delivered program [19]. Findings of the study
demonstrated that over 90% of patients improved their limb
volume at 12-month follow-up. This system has been used
successfully for its usability testing. The preliminary usability
tested was completed by 30 breast cancer survivors who
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evaluated the easiness, difficulties, and feasibility of using the
system on computer, iPhone, iPad, or other smartphones or
tablets. Findings of the usability and feasibility test have
demonstrated that patients love the Web-based program,
especially the videos using the avatar technol ogy to demonstrate
the complicated lymphatic system and illustrate the
physiological functions of each exercise and detailed
step-by-step instructions for each exercise.

The purpose of theresearch isto conduct arandomized clinical
trial (RCT) to evaluate the efficacy of the Web- and
mobile-based  The-Optimal-Lymph-Flow  system, a
patient-centered educational and behavoria symptom
management program focusing on promoting lymph flow and
optimizing BMI, for managing chronic pain and symptoms
related to lymphedema.

Objectives and Hypotheses

The primary objective of this study is to determine the
effectiveness of the Web- and  mobile-based
The-Optimal-Lymph-Flow system for managing chronic pain,
aching, soreness, and tenderness among breast cancer survivors
and quality of life related to pain. We hypothesize that
participantsin theintervention group will have no or less severe
pain, aching, soreness, and tenderness, and better quality of life
related to pain, aching, soreness, and tendernessin comparison
with participantsin the control group.

The secondary aim of the study isto evaluate the effectiveness
of the Web- and mobile-basedThe-Optimal-Lymph-Flow system
for managing symptoms related to lymph fluid accumulation,
limb volume differences, and BMI. We hypothesize that
participants in the intervention group will have fewer or less
severe symptomsrelated to lymph fluid accumulation, minimal
limb volume differences, and better BMI in comparison with
participants in the control group.

Methods

Design

For this project, chronic pain, including aching, tenderness,
soreness, is defined as persistent or intermittent pain in the
ipsilateral upper limb or body for more than 3 months after
surgical treatment for breast cancer, that is, beyond the expected
period of healing [21-23]. A 12-week, two-arm, parallel
randomized controlled trial (Clinical trial registration ID:
NCT02462226) has been designed to eval uate the effectiveness
of the Web- and mobile-based The-Optimal Lymph-Flow
self-care strategies to promote lymph flow versus control Arm
Precaution group for managing chronic pain and symptoms
related to lymphedema. The data collectors will be blinded to
the group assignments. The protocol isin accordance with the
CONSORT-EHEALTH (see Multimedia Appendix 1) checklist
[24]. Multimedia Appendix 2 presents the full proposal review
feedback form. Figure 1 shows the CONSORT-EHEALTH
flow diagram for recruitment and randomization [24].
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Figure 1. The CONSORT flow diagram.
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Ethical Approval

This study was approved by the Institutional Review Board of
NY U Langone Medical Center on June 8, 2015.

Study Population

Study populationincludes:. (1) patientswho have been surgically
treated for breast cancer more than 3 months (healing usually
occurs within 3 months of surgical treatment for cancer); (2)
patients who report persistent or intermittent pain, including
aching, tenderness, soreness; (3) patients may or may not report
any of the symptoms related to lymphedema (ie, swelling,
heaviness, tightness, firmness, numbness, tingling, stiffness,
limb fatigue, limb weakness, and impaired limb mobility of
shoulder, arm, elbow, wrist, and fingers); (4) patients may or
may not have ahistory of lymphedemaor have been treated for
lymphedema; (5) patients have Internet access to the Web- and
mobile-based program at home or willing to accessthe program
using thelaptop provided by the researchers at the cancer center;
(6) ability to understand and the willingness to sign a written
informed consent document.

Exclusion criteria are (1) patients who do not report any pain,
including aching, tenderness, and soreness; (2) patients who
have known metastatic disease or other bulk disease in the
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thoracic or cervical regions; (3) patientswho have lymphedema
dueto cancer recurrence; (4) patientswith documented advanced
cardiac or rena disease.

Recruitment

Recruitment Process

Participants have been recruited face-to-face at point of care
during clinical visitsfrom New York University (NY U) Cancer
Center. To accomplish recruitment of 120 participants, we plan
to use the successful procedures of recruiting and consenting
participants used by the PI and the team in the preliminary
studies [3,9,14,17,19]. Successful strategies include the use of
Invitation Flyer that describes the study. This Invitation Flyer
isposted on the bulletin boards or breast cancer support website
at the cancer center, and is also available in the reception areas
of the cancer center, examination rooms, and rooms holding
support group meetings. In addition, health care providers such
as nurses, oncologists, breast surgeons, and oncology
radiologists at the center are willing to refer women meeting
the inclusion criteria to the study by distributing the Invitation
Flyer that describes the study to the potential participants.
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Consent Process

After reading the Invitation Flyer, if awoman isinterested in
participating in the study, she would schedule a meeting with
the research coordinator at that time or at other convenient time
for them. During the meeting, the research coordinator will
confirm her interest, determine if the woman is eligible for the
study and the research coordinator will again explain the study
in detail and provide enough time for the woman to ask
guestions. If the woman agrees to participate, she will sign the
consent form.

Confidentiality

Confidentiality will be maintained. Patients will be assigned a
study 1D specific for the study. Study data recording for the
research will only use the study ID without the patients
identifying information. A document file that has the patients
study 1D with the patients identifying information will be
separately stored in locked files accessible only to the research
coordinator, research nurse, or the Pl. Electronic data will be
stored in a password protected computer accessible only to the
Pl, the research nurse, and the research coordinator. Data
analysis will be carried out and reported in the aggregate data
so that individual identities are not revealed. Careful training
and supervision of research coordinator and research nurse will
insure study procedures are carried out in accordance with
established protocols.

Randomization and Blinding

The randomization assignment will be generated by our senior
statistician using a computer-generated randomization
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procedure. Participantswill be randomized based on their report
of pain/aching/soreness or tenderness to be allocated to
intervention and control group. The researchers who perform
pre- and post-intervention measurements will be blinded
throughout the study to the participants assigned arm.
Participants will not know which intervention was the
intervention of interest and which one was the comparator.

Study Intervention

Overview

The Web- and mobile-based The-Optimal-Lymph-Flow[19,22]
includes information about lymphedema, diagnosis and
measurement of lymphedema, lymphatic system, risk of
lymphedema, self-care, daily exercises, arm precautions, and
ask experts. Participants in the intervention group will have
access to the 8 Avatar videos that provide step-by-step
instructions for The-Optimal -Lymph-Flow exercisesto promote
lymph flow and optimize shoulder and limb mobility. The
platform aso has a section entitted Arm Precautions,
representing current patient education that emphasizes
precautionary lifestyle behaviors, such as avoidance of repetitive
limb movement, lifting weighted objects, needle punctures,
blood draw, and the use of compression garments for air travel
inthe affected limb [20,21]. Figures 2-5 shows some screenshots
of the The-Optimal-Lymph-Flow program. Table 1 presentsthe
strategies, rationales, and actions for The-Optimal-Lymph-Flow
program.
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Table 1. The-Optimal-Lymph-Flow program: self-care strategies, rationales, and actions

Strategies Rationales Actions

Promoting lymph flow

Muscle-tightening deep The whole body lymph fluid has to be drained through At least twice aday in the morning & at night
breathing the lymphatic ducts above the heart. Muscle-tightening  before brushing teeth or as much as the patient
deep breathing stimulateslymphatic ductsand help lymph  wants throughout the day.
fluid drain.

Lymph fluid drainswhen musclesmove. Muscle-tighten-  Air-travel: before take-off and after landing.
ing deep breathing creates the whol e body muscle move-

mentsthat create muscle milking and pumping actionand ~ Sedentary lifestyle: at least every 4 hours.
help to drain lymph fluid.

Muscle-tightening pumping  Muscle-tightening pumping exercises create arm muscle At least twice aday in themorning & at night
pumping. This helps lymph fluid flow and decreasesthe before brushing teeth or as much as the patient
fluid build-up in the arms. wants throughout the day.

Muscle-tightening pumping exercises build the arm Air-travel: before take-off and after landing.

le that helps| h fluid fl d drain.
muscie pSTymphTILIGHOW and cran Sedentary lifestyle: at least every 4 hours.

Large muscle exercises: Large muscle exercises create muscle milking and At least 10-minutes daily.

walking, marching at home,  pumping to promote overall body lymph fluid flow and

dancing, swimming, Yoga,  drain Air-travel: get up and walk around for flight over

Tal Chi 4 hours.
Sedentary lifestyle: get up and walk at least every
4 hours.
Improving limb functional status
Shoulder exercises Improved limb mobility after surgery facilitates |ocal One week after surgery if thereis no surgical
muscle movements that create muscle milking and drains or after the surgical drains are removed.
pumping to promote local limb lymph fluid flow and
drain. At least twice aday until limb functions are re-
turned to normal.

Whenever limb mobility islimited throughout the
recovery.

Keep a healthy weight

Eat nutrition-balanced diet (ie, Overweight or obesity is an important risk factor for Each meal daily
more vegetables and fruitas  lymph fluid accumulation.

well as quality proteins); Having extraweight makesiit difficult for lymph flow It isimportant to talk to the nutritionist who can

Maintain portion-appropriate  ang grajn, This can lead to extralymph fluid build-up.  help to find proper weight reduction programs.
diet (feeling 75% full for each

meal) There are numerous weight management programs
available to assist with weight loss.

Although there are alot of weight reduction programs,
each person may respond differently to each program.

The core of the weight management isto eat a nutrition-
balanced, portion-appropriate diet. It is also important to
stay hydrated, exercise, and get adequate sleep.

Stay hydrated People may actually be thirsty, not hungry. Drink 6 to 8 glasses of water daily; inthemorning,
before and during meals, and throughout the day.

Avoid drinks with calories (eg, juices).
Drink green teato boost metabolism.

Large muscle exercises Daily large muscle exercises (eg, walking, running, At least 30-minutes 3 times aweek or daily.
swimming, Yoga) help to burn more calories.

Daily large muscle exercises also promote lymph flow
by creating muscle pumps.

Get enough sleep Lack of sleep increases the production of the stresshor- At least 7-8 hours of sleep per night.
mone cortisol, creates hunger, and |leads to overeating.

Getting just one more hour of sleep per night reduces
belly fat accumulation.
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Figure 2. The Web- and mobile-based The-Optimal Lymph-Flow.
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Figure5. Friendly reminder for daily exercises.
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The-Optimal-Lymph-Flow I ntervention Group (n=60)

Patients assigned to The-Optimal-Lymph-Flow intervention
group will have access to the Web- and mobile-based
The-Optimal-Lymph-Flow platform and they will learn about
theprogram and daily exercises during the first in-person
research visit. Patients will have access to the website contents
of Lymphedema, Diagnosis of Lymphedema, Lymphatic
System, Self-care, Daily Exercises, and Ask Experts. Patients
will also have access to the 8 avatar videos that provide
step-by-step instructions of daily exercises to promote lymph
flow and optimize shoulder and limb mobility. In addition, the
patients will be introduced to an app, and have the choice to
use either the Web-based program or the app for daily exercises.
However, patients will not have access to the section Arm
Precautions since the participantsin the intervention group will
receive comparable information as in the Arm Precautions
section, but with particular emphasis on “what to do,” rather
than “what to avoid.”

Control Arm Precaution Group (n=60)

Patients assigned to the control Arm Precaution group will have
access to the website section that emphasizes on precautionary
lifestyle behaviors, such as avoidance of repetitive limb
movement, lifting weighted objects, needle punctures, blood
draw, and the use of compression garments for air travel in the
affected limb [20,21]. Patientswill have accessto thefollowing
contents of the website: Lymphedema, Diagnosis of
Lymphedema, Risk of Lymphedema, Lymphatic System, 3
avatar videosfor Daily Exercisesto promote limb mobility, and
Arm Precautions. However, patients will not have access to
The-Optimal-Lymph-Flow program, including Self-care, Daily
Exercises to promote lymph flow, and 8 Avatar videos as well
as Ask Experts that allows them to email to the researchers
about their self-care. Patients will access to the Web- and
mobile-based Arm Precaution program and learn about the
program and daily exercises to promote limb mobility during
the first in-person research visit.

Duration of I ntervention

From the previous one-arm clinical trial and usability and
feasibility studies on the Web- and mobile-based
The-Optimal-Lymph-Flow [19,23], we estimate that it would
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take about 45-60 minutes for patients to learn all the sections
of the program and about 15 minutes to learn the
The-Optimal-Lymph-Flow exercisesfor theintervention group
through 8 avatar videos. It takes about 5 minutes to perform a
set of The-Optimal-Lymph-Flow daily exercises each time. We
encourage patientsin the intervention group to perform at least
twice a day or more times of the exercises during the study
period. Participants in the control group will have access to
three limb mobility exercise avatar videos and it takes |ess than
3 minutesto perform aset of limb mobility exerciseseach time.
Patients in the control group will be instructed to perform limb
mobility exercises at least twice aday or moretimesduring the
study period.

Data Collection

Data Collection Procedures

Data will be collected at baseline prior to intervention, and at
week 12 post-intervention. Data collection at each time point
will take approximately 30 minutes. Within one week of
enrollment for the clinical trial, patients will have baseline
assessment of pain and symptoms, limb volume difference,
BMI, and quality of life. The follow-up assessment will occur
at week 12 post intervention.

Two In-Person Research Msits: (1) prior to intervention there
will be baseline assessment of pain and symptoms, limb volume
difference, BMI, and quality of life; and (2) 12 weeks
post-intervention assessment of pain and symptoms, limb
volume difference, BMI, self-care behaviors, and quality of life.

Two Online Assessments:. patientsin theintervention and control
group will receive an email that provides a link to assess pain
and symptoms as well as quality of life at week 4 and week 8
post-intervention. Confidentiality of the patients will be
protected for the online assessment since patients will usetheir
study 1D to access the online assessment.

Outcome Measures

Demographic and Medical Information: a structured tool is
used to gather demographic and medical information and is
verified through reviewing participants medical records
[14,17,19]. The demographic and medical information will be
considered as covariates, including expectation of the program,
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pain medications, age, surgeries, lymph nodes procedure,
radiation, chemotherapy, time since surgery, time since
lymphedema diagnosis, and hormonal therapy.

Primary and Secondary Outcome Measures. primary measure
focuses on pain which isassessed during prior to theintervention
and week 12 post-intervention in-person visit, as well as week
4 and 8 post-intervention online assessment. Secondary
measures include symptoms, limb volume difference by
infra-red perometer, BMI, quality of life related to pain. Limb
volume difference by infra-red perometer and BMI are only
measured prior to and week 12 post-intervention in-person visits.
Symptoms and quality of life related to pain are assessed prior
to and week 12 post-intervention in-person visit aswell asweek
4 and 8 post-intervention online assessment.

Pain and Symptoms Related to Lymphedema: the Lymphedema
and Breast Cancer Symptom Experience Index is a valid and
reliable self-report tool to assess pain, including aching,
soreness, tenderness, as well as symptoms related to
lymphedema (ie, arm swelling, breast swelling, chest wall
swelling, heaviness, firmness, tightness, stiffness, burning,
stabbing numbness, tenderness, stiffness, redness, blistering,
and tingling (pins and needles) [14,17,19]. Each symptom can
be treated as categorical variable by choosing a“Yes’ or “No”
to indicate the presence or absence of a given symptom. Each
item can also berated on a L ikert-type scale from O (no presence
of agiven symptom) to 4 (greatest severity of agiven symptom).
Higher scores indicate more severe symptom presence. A
response frame of last three months will be used for all
participantsto ensure the chronicity of symptom presence during
the first in-person visit.

Limb Volume Difference by Infra-Red Perometer: perometry
350S will be performed on each arm as it is held horizontally.
The perometer maps a 3-dimensional graph of the affected and
non-affected extremities using numerous rectilinear light beams,
and interfaces with acomputer for data analysis and storage. A
3-dimensional limb image will be generated and limb volume
will be calculated. This optoel ectronic method has a standard
deviation of 8.9 ml (arm), less than 0.5% of limb volume with
repeated measuring [17,19] .

Quality of life Related to Pain: the Pain Impact Questionnaire
(PIQ-6), areliable and valid six question health survey, will be
used to measure pain severity and the impact of pain on an
individual's functional health and well-being. The PIQ-6
measuresthe severity of pain and itsimpact on work and leisure
activities, as well as on emotional well-being within a variety
of diseases and general populations. High PIQ-6 T scores
indicate greater pain impact/worse health [21-23].

Height, Body Weight, and BMI: height will be measured to the
nearest 0.1 cm with a portable stadiometer (Scale-Tronix 5002
Stand on Scale, Scale-Tronix Company, Carol Stream, IL, USA)
without shoes[25]. An electrical device (InBody 520, Biospace
Co, Ltd, Seoul, Korea) will be used to measure the participants
body weight, BMI is calculated using the formula: weight

(kg)/height (m?) [25].

Practice of Sdf-Care Behaviors: Risk Reduction Behavior
Checklist is a structured self-report checklist that will be used
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to quantitatively and qualitatively assess patients’ practice of
self-care behaviors at the study endpoint of 12-week after
intervention [17,19]. The checklist include a list of self-care
behaviorsthat promote lymph flow, eg, muscle-tightening deep
breathing, muscle-tightening pumping, shoulder exercises, large
muscle exercises, and having nutrition-balance and
portion-appropriate diet, adequate hydration and sleep, as well
as compression therapy for lymphedema.

Statistical Analysis

Primary Endpoint
The primary endpoint for the study is absence of pain or pain

reduction reported by the participants at week 12
post-intervention.

Sample Size and Power Calculations

We will enroll atotal of 120 participants: 60 participants in
The-Optimal-Lymph-Flow intervention and 60 participants in
the Arm Precaution control group to account for a potential
attrition of 20%, which has been observed in the prior studies
in breast cancer survivors [10]. This will yield an adequate
analytic sample size. Even with 20% attrition based on a 2
sample 2-sided t test with al pha=.05 and power of 90%, we can
detect a difference of 0.7 standard deviations in the difference
between the presence of pain in theintervention group compared
to the control group at 8 weeks or at 12 weeks. The projected
sample size will also provide sufficient statistical power for
mixed regression models. For linear mixed models of continuous
outcomes (eg, pain ratings), statistical power will exceed 80%
to detect a medium effect, assuming a constant group effect,
correlations of r=.5 between observations, apha=.05, and
compound symmetry of the covariance structure.

For binary outcomes, based on the three repeated observations
with a conservative estimate for the assumed correlation of
r=0.5 between observations, alpha=.05, sample size of n=50
per treatment arm will have power of 80% to detect odds ratios
of the difference between groupsranging from 2.6 to 3.5 (small
to medium effects).

Adequacy of sample sizewill be monitored during the analyses
in three ways: (1) assessing sufficiency to estimate the number
of model parameters identified by preliminary analyses; (2)
examining model fit indices (eg, intra-class correlation
coefficient to assess fit of random effects) to ensure data
adequately support models generated, and (3) assessing the
adequacy to accurately estimate model parameters by generating
confidence intervals.

Analysis Plan

Wewill summarize graphically and numerically thedistributions
of pain, aching, soreness, tenderness, other symptoms related
to lymph fluid accumulation, limb volume differences, BMI,
and quality of life aswell as covariates (such as medication for
pain, age, or education and treatment variable and limb volume
and self-care behaviors). The proportion of individuals
experiencing pain, aching, soreness, tendernesswill be compared
between the intervention and control group over time, as will
the mean severity ratings and associated quality of life scores.
Mean comparisons of number of reported symptoms, limb
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volume, and BMI will be conducted between the intervention
and control group as well as over time.

Bivariate relationships between the variables and treatment
group will be assessed using point-biserial correlations and phi
coefficients to identify potential covariates for inclusion into
statistical models. Linear mixed effects models will be used to
analyze continuous outcomes (eg, ratings pain, aching, soreness,
tenderness, symptom ratings, and quality of life) and generalized
linear mixed models will be used to analyze binary outcomes
(presence of pain, aching, soreness, tenderness, and total scores
of quality of life). These models will incorporate fixed effects
for time, group, and any identified covariates. As indicated by
preliminary models to estimate variance effects, models will
include random effects for subject-specific dopesand intercepts.
A satigtically significant fixed effect for group by time
interaction will indicate a treatment effect, with the direction
of difference determined from mean values. Models will be
compared for goodness of fit and modificationsto link functions,
distributional form, and correlation structure will be made as
necessary.

Interim Analyses

No interim analysis will be conducted since theintervention is
only 12-week long.

Method of Handling Missing Data and Non-Adherence
to Protocol

Data from participants who are missing >20% of any scale will
be excluded from calculation of that scale, though remaining
data meeting requirements for completeness will be retained.
Analysis of missing data will first determine whether it can be
assumed to be missing at random (MAR) or not missing at
random (NMAR). Based on the results of this step, appropriate
methods will be selected for addressing missing data (eg,
Heckman Selection for NMAR, Multiple Imputation for data
which are MAR).

Further, mixed effects regression models are robust in the
presence of missing data. Unlike traditional repeated measures
designs (eg, repeated measures ANOVA) which employ listwise
deletion, excluding all recordsfor individualswho missasingle
observation, mixed effects models are capable of incorporating
all completed observations for estimations. Although our
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previous studies suggest that we will have alimited number of
missed observations, individual s need not have the same number
of observations. This maximizes the statistical power of our
analyses and reduces the likelihood of systematic bias in
estimates.

Results

This trial is currently open for recruitment. The anticipated
completion datefor the study isJuly 2017. The primary endpoint
for the study is absence or reduction of pain reported by the
participants at week 12 post-intervention.

Discussion

Hypothesis

Low cost and pragmatic self-care strategies for symptom
management may hold great promise for improving patients
quality of life[6,19]. To date, limited research has been designed
to help breast cancer survivorsto managetheir daily distressful
symptoms, including pain. Thisclinical trial focuses on primary
outcomes of pain reduction and secondary outcomes of relief
of symptoms related to lymphedema, limb volume difference
by infra-red perometer, BMI, quality of lifeto refine procedures
and estimate effect size for the future efficacy of multi-center
RCT. We hypothesize that participantsin theintervention group
will experience no or less severe pain, aching, soreness, and
tenderness and better associated quality of life (related to pain,
aching, soreness, and tenderness) in comparison with
participantsin the control group when compared to participants
in the control Arm Precaution group.

Conclusions

The proposed project will directly benefit all women treated for
breast cancer who suffer from or are at risk for pain and
symptoms related to lymph fluid accumulation by providing a
low-cost, technologically-driven delivery model to universally
expand the accessibility of The-Optimal Lymph-Flow. With
health care reform under way, using Web- and mobile-based
technology to develop low cost and pragmatic patient-centered
intervention is the key to lessening the health care cost and
advancing the science of symptom management.
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Abstract

Background: Diabetesisone of the four main types of nhoncommunicable or chronic diseases. Iran is among the countries with
the highest incidence of diabetic patients. A study demonstrated that the collection of diabetic data is neither organized nor
standardized. There is currently no instance of electronic personal health records particularly used for diabetic patientsin Iran,
hence the need for one, which will be useful for self-care of diabetic patients.

Objective: The objective of the study is to examine the impact of a Web-based diabetic personal health record (DPHR) on the
self-care status of diabetic patients as compared with the control group.

Methods: Thisstudy isarandomized control trial, which involves asystematic review of literature of the preferred data el ements
regarding a DPHR, and reevaluating the results with the opinions of local endocrinologists. Inclusion criteria were as follows:
type 2 diabetic patients between 20-70 of age who live in the Mashhad City and having the disease for at least one year. The
sample sizeis 72 people that were randomly assigned to the control and intervention groups. The participantsin the intervention
group were allowed access to the Web-based DPHR system, while those in the control group will continue to receive the usual
care for 4 months. The study primary outcome measures include self-care status of participants and planned visit adherence.

Results: At the moment, there is an ongoing recruitment of participants, and preliminary results will be published in early 2016.
Conclusions: We expect the final DPHR model, developed and tested during this study, to help diabetic patients to actively
participate in their care management process, and also to empower the physician in providing more quality informed decisions
regarding their patients.

Trial Registration: irct.ir IRCT2013082914522N1; http://www.irct.ir/searchresult.php?d=14522& number=1 (Archived by
WebCite at http://www.webcitation.org/6cC4PCcau).
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Introduction

Diabetes Definition

Diabetes is one of the four main types of chronic or
noncommunicable diseases[1], and its management is of great
concern to the society and world at large [2-5]. A definition by
the World Health Organization [6] states that: “Diabetes is a
chronic disease that occurs either from insufficient production
of insulin by the pancreas or ineffective use of produced
insulin”. Type 2 diabetes results from the body’s ineffective
use of insulin.

Lack of or insufficient care for a diabetic patient can result in
several complications such as diabetic neuropathy, retinopathy,
nephropathy, diabetic foot, and myocardia infarction [2].
However, continuous blood glucose and blood pressure
monitoring, timely visits, appropriate physical activity, blood
lipids control, and periodical examinations, as foundation of
diabetes self-management, can help patients lessen these
complications[7-9].

In recent times, there has been increasing preval ence of diabetes
globally, with thelow- and middle-income countries having the
highest prevalence. The global prevalence of diabetes was
estimated to be 9% in 2014 [10], with an estimated increase of
366,000,000 worldwide and 6,421,000 in Iran by 2030[11,12].
In order to manage the increasing number of diabetics in the
future [13,14], and to reduce the workload of health care
providers, there is a need to redefine the role of diabetes
management centers [15]. Patients who have more knowledge
about their disease and procedures are more proficient at
communicating experiences and then become a useful asset in
long-term care [16]. In this way, Web-based personal health
records (PHRS) provide patients with access to their health
information [17-19].

Per sonal Health Records

Application of PHRs, in general, and diabetes-specific PHRS,
has been growing very rapidly. Studies have demonstrated that
Web-based diabetes management tools can improve self-care
activities [19] and biomedical outcomes measures such as
glycated hemoglobin (HbA1c), low-density lipoprotein (LDL)
cholesterol, blood pressure, and body massindex (BMI) [20-24].
The benefits of PHRs in supporting self-management is clear,
especidly in facilitating communications among health care
providers and supporting information access [25].

Iran isamong the countrieswith the highest incidence of diabetic
patients [26]. A recent study demonstrated that the collection
of diabetic data are neither organized nor standardized [27].
There are no diabetic PHRs (DPHRS) used to organize diabetes
datain the country.

This multiphase study involves: (1) a systematic review of
literature regarding the preferred data elements regarding a
DPHR, (2) an afterward refinement of data elements by the
local endocrinologists, (3) a systemic development of a

http://www.researchprotocols.org/2016/1/e39/

Web-based DPHR application (app), and (4) final evaluation
of the model through a randomized controlled trial. The
researchers hope that the final model developed throughout in
this study will help diabetes patients to actively participate in
their treatment plan, and also optimize the decision making
process of the diabetes physiciansin their everyday practice.

Study Hypothesis

The participants assigned to receive the DPHR tool will manage
better self-care as compared to those who receive only usual
care.

Methods

Randomization and Blinding

After the provision of informed consent, participants are
randomly allocated to the control or intervention arm stratified
by gender (male, female), employment status (employed and
nonemployed), and age groups (=<30; 30-50; and =>50 years
of age), that is, the covariate adaptive random allocation is
considered. The random allocation sequence will be done
through a conceal ed and computerized random number program
[28]. A person who has no direct involvement in this trial will
do the randomi zation process. Also, we notethat the participants
and attending physician (RA) can’t be blinded to the use of
PHRs because the artefact is obvious, but the chief researcher
(MT) and data analyst (MAA) are blinded to the participants
during the trial. To minimize contamination of the trial, the
subjectsin the intervention arm will be required not to interact
and share their DPHRs information with other participants in
the control arm.

Study Design

A four-phase approach, including a systematic review of
evidence regarding DPHR development, usability testing,
iterative refinement, and intervention evaluation will be utilized.
A randomized controlled trial (RCT) with a 2-arm parallel
design and alocation ratio of 1:1 will be used to evaluate the
impact of DPHRs on self-care. Repeated assessments will be
conducted at two time points, including baseline and
postintervention, over a 4-month trial period. The patients in
the intervention group will be allowed accessto the Web-based
app, while those in the control group will be receiving usual
care throughout the study period.

The DPHR interface will be designed in three types, covering
our three groups of users including the participating patients,
the clinic staff, and the physicians. The chief researcher will be
the system administrator. Remindersviaashort message service
(SMS), telephone contact, and email will be used for visiting
the website.

Trial Population and Recruitment Procedure

Theinclusion criteriafor participants are asfollows: the patient
must be amale or female with type 2 diabetes, age between 20
and 70 years, with a minimum diabetes history of one year
(according to the primary diagnosis date), must live in the city
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of Mashhad, must be fairly computer literate, and have access
to the Internet. The included participants must be ableto provide
informed consent.

We excluded the already included participants, if they, for any
reason, decided to terminate the participation, or were unable
to actively continue the required cooperation, due to sickness,
pregnancy, and etc.

The trial will be conducted in Mashhad City (Iran), with
participants being recruited from one endocrinology practice
unit. The number of diabetic patients is estimated to be above
120,000 in Mashhad [29]. We will start the study with the
acquisition of baseline information including age, education
level, gender, self-care score, HbA1c, weight, employment
status, length of disease, and diagnosis date along with the
information required to check theinclusion eligibility. Only the
qualified participants will be given the consent form.

After signing the consent form, participantswill be randomized
into either the intervention or the control arm. After providing
confirmed consent, a package including a copy of the consent
form, welcome letter, and a take-home manual, along with
step-by-step directions for using the website will be rendered
manually to the participants. The participants are allowed to
communicate with the trial team through email or telephone,
sharing their questions and concerns. For assuring the quality
of trial, thetrial assistant will betrained during several sessions
regarding theinteraction with the website, the potential questions
and answers of the participants, and the intervention process.

Ethical Consider ations

The Research Review Committee aswell asthe Regional Ethics
Committee (approval # 921835) approved thetrial. Thetria is
registered on the Iran Registry of Clinical Trials[30].

Theinformed written consent will be obtained from the eligible
participants, with its content clearly explained to the subjects
by the trial assistant. During the project, participants will be
given means of communication in order to sharetheir questions
and concerns.

Theresearch tools, including questionnaires, will be completely
anonymous. However, a unique code will be included in each
formin order to managefurther references. Accessto the DPHR
Internet app requires a user name and password, which are
provided by thetrial assistant. All participants’ information will
be securely stored and will only be accessible to authenticated
trial team members.

I ntervention Development

The Web-based DPHR app is designed to empower diabetes
patients with self-care information and tools. The major aim of
this study is to systematically develop an evidence-based
Internet app, which is ultimately validated by the local
endocrinologists. The app alows participants to easily enter
their monitoring data, to view their history of progress, to get
informed about their appointment schedule, and to learn about
their disease. The patients will also be able to share the blood
glucose and lab result trends with their physicians for further
advices.

http://www.researchprotocols.org/2016/1/e39/
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The participants in the intervention arm will receive the
Web-based app as well as usua care. On the other hand, the
control arm will continue to receive usua care.

The trial team and the software provider will be in charge of
the DPHR development, updates, and maintenance. The app
interface will be evolved and optimized throughout the trial
using heuristic usability evaluation techniques [31] by medical
informatics specialists, endocrinologists, and also the
participants.

The tria will last for 4 months. The major treatment process
delivered by the attending physicians will not have any impact
on theintervention and vice versa. During the study, participants
may receive extravisits and lab testsin addition to their routine
careplan, in order to keep careful track of changesin their health
information.

Sample Size

For estimation of sample size, we did not find any study
regarding self-carein Iranian population. However, a study has
demonstrated that self-care activities and quality of life are
correlated [32]. Therefore, sample size for this study was
estimated based on the similar study in the country of Iran [33].
A sample size of 60, corresponding to the formula, has been
estimated. Considering confidence interval 95%, a power of
80%, and a dropout rate of 20%, 72 subjects will be required.
A total of 36 subjects will be randomly assigned to the
intervention arm to receive the DPHR tool, and the remaining
36 subjects assigned to the control to receive the usual care.

Outcome M easure

The investigators will employ the Summary of Diabetes
Self-care Activities Measure-revised for assessing self-care
behaviors[34]. A study has reported the validity and reliability
of this instrument, with an internal consistency of 0.47 and a
correlation of 0.4 [34]. Also, the patient adherence to aplanned
visit will be measured.

In this study, researcherswill examine any potential correlation,
rather than cause and effect, between the app usage and the
diabetes follow-up clinical indicators. Such indicators which
are based on the routine follow-up procedure of diabetesclinics
are: fasting blood sugar (FBS); 2-hour postprandial blood sugar;
bedtime blood sugar; blood pressure; weight; height; BMI; lipid
profile (total cholesterol, triglyceride, HDL, and LDL); and
HbA1c.

Data Collection

One primary outcome and several secondary outcomes will be
assessed with severa validated assessment tools. Face and
content validity of the questionnaire will be assessed through
the expert opinions (including two endocrinol ogists, one health
informatics speciaist, and one methodologist) and valid
literature. Also, the questionnaire will be completed using
structured interviews through the person who is not a member
of trial team. The subjects will complete the questionnaire on

paper.

Each participant will be requested to complete the questionnaire
in-person at the reference clinic at the time of the scheduled
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diabetes follow-up. Statistics on website visitswill be obtained
using the access logs by the Web server. After the end of the
trial period, the participants' opinions and experiences on the
DPHR tool will be assessed using another questionnaire.

Analysis Plan

All analyses will be 2-tailed and statistical significance is
considered as a P value of <.05. Data will be analyzed using

SPSS. 2 test will be used for determining differencesin subject
groups based on data collected from baseline, and
postintervention (significance interval of 95% will be
considered). A t test will be used to compare the control and
intervention groups, while a chi-square test will be used for
continuous and categorical variables, respectively. The
distribution of variables, website usage statistics, and website
user satisfaction are examined using descriptive analysis.

Examination of the impact of the DPHR tool on self-care will
be performed using alinear mixed model at the end of thetrial
period. The longitudinal nature of data collection will result in
arepeat in the measure of analysis of variance using data from
all trial assessment points. Missing valueswill be handled using
multiple imputation [35]. All analyses will be done according
to intention-to-treat principle.

Before inferential analysis, the homogeneity of variances of
distributions in the study groups will be confirmed. The
sequential logistic regression will be used for adjusting baseline
characteristics and possible confounders. Dropouts from the
study will be measured by no-use of the app tool for more than
one month. Also, participants in the intervention group must
enter blood glucose measurements at home (FBS, bedtime, 2
hours after lunch, and 2 hours after dinner) at least four times
aweek, otherwise, they are eliminated from thetrial. The access
datawill be assessed using the Web server access |og.

Results

The recruitment of participantsis still ongoing and preliminary
results will be published in early 2016.

Discussion

New Insightsfor the App

Theresults from thistrial will propose new insights on the app
of DPHRs for patient involvement and participation with their
care process. Initialy in this trial, we will identify the most
important data elements to consider in the design of a
Web-based tool for improvement of self-care activities related
to diabetes patients and then we will assess the effect of this
systematically developed tool.
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These tria findings will be of great help and usefulness to
endocrinol ogistswho are currently facing the challenge of timely
and rapid treatment decision making in the ambulatory settings.
The results are likely to be generalizable to other ambulatory
endocrine/diabetes centers.

It isenvisaged that resultsfrom thistrial could improve diabetes
patients in terms of self-care activities. In addition, our results
might be used as a basis in further similar research aiming at
patient empowerment using Web-based tools.

The strengths of our trial design are the evidence-based
development process of the DPHR tool (based on a systematic
review), the inclusion of local experts opinions, and the
eventual refinement of the adopted design using the usability
techniques. Both the value of evidence-based content
development and the importance of usability testing in the app
development process have been emphasized in several studies
[36-38], pointing to thefactsthat such considerations haverarely
been used across similar works [36].

Limitations

There are afew limitations in our study; these are listed in the
following paragraphs.

The primary need to recruit parti cipants with minimum computer
and Internet literacy might be a serious limiting factor.
Generally, in Internet-based interventions, issues such asdigital
divide, computer literacy, age, and interest in technology can
be effective in participant recruitment. Usually, the younger
people, computer literates, and those with Internet access have
the most tendency in participating in such studies. Thistrial is
not an exception in principle. Also, a study has shown that
middle-age well-educated women who are reasonably well off
financialy tend to participate in PHR research [37]. Such
tendencies may present bias in our findings, and thus our trial
may not necessarily represent the actual distribution of the
population being studied.

Thetrial sample will only represent type 2 diabetes patients. It
is possible that the findings will not be generalizable to other
types of diabetes disease.

Due to the nature of intervention, the investigators may
frequently request the presence of the subjectsfor theinterviews.
Thismay cause discomfort and stressto some of the participants.
To address such issues, we will provide financial incentives,
such asfreevisitsor freelaboratory testing in order to encourage
better involvement.

Another potential limitation for thistria isthe attrition rate. It
is possible to have a high rate of participant dropout and
subsequently a significant loss of data. Therefore, reminders
viatelephone contact, email, and SMS will be used.

This study isthe first author’s PhD dissertation, which has been supported by a grant [grant # 921835] from Mashhad University
of Medical Sciences Research Council. The authors would like to make special thanks to Dr Hadi Ghasemi and Dr Hamid-Reza
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Abstract

Background: Asthmais the most common chronic condition in children. For many, the disease is inadequately controlled,
which can burden the lives of children and their families as well as the health care system. Improved use of the best available
scientific evidence by primary care practitioners could reduce the need for hospital care and improve quality of life and asthma
control, thereby reducing overall coststo society and families.

Objective: The Primary Care Pathway for Childhood Asthma aims to improve the management of children with asthmaby (1)
providing primary care practitionerswith an electronic guide (aclinical pathway) incorporated into the patient’s el ectronic medical
record, and (2) providing train-the-trainer education to chronic disease management health professional sto promote the provision
of asthma education in primary care.

Methods: The research will utilize a pragmatic cluster-controlled design, quantitative and qualitative research methodol ogies,
and economic eval uation to assess the implementation of a pathway and education intervention in primary care. The intervention
will be analyzed for effectiveness, and if the results are positive, astrategy will be devel oped to implement delivery to all primary
care practicesin Alberta.
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Results: The research has been successfully funded and ethics approvals have been obtained. Practice recruitment began fall
2015, and we expect all study-related activities to be concluded by March 2018.

Conclusions: The proposed pathway and education intervention has the potential to improve pediatric asthma management in
Alberta. The intervention is anticipated to result in better quality of care for equal or lesser cost.

ClinicalTrial: ClinicaTrials.gov NCT02481037; https://clinicaltrials.gov/ct2/show/NCT02481037 (Archived by WebCite at

http://www.webcitation.org/6fPIQ02Ma).

(JMIR Res Protoc 2016;5(1):e37) doi:10.2196/resprot.5261
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Introduction

Background and Overview

Asthmaisthe most common chronic disease of childhood [1-5].
At least 15% of Canadian children are affected by this disease,
and over 50% of these cases are poorly controlled [3-6]. Asthma
is among the top 10 reasons for Albertan children to visit an
emergency department and the top 5 reasons for urgent
admissionsto hospitd [7,8]. Ascompared with healthy children,
children with asthma miss three times as many school days
[9,10] and have substantially reduced quality of life [11,12].
From a societal perspective, inadequate asthma control also
presents a considerable economic burden due to the costs
associated with hospital and emergency department admissions,
medications, and caregiver productivity losses[13].

High-quality evidence exists regarding how to best manage
childhood asthmain a primary care setting to optimize control
and minimize acute disease exacerbations [14-16]. The best
treatment varies depending on the child’'s asthma disease
phenotype, of which there are broadly two types. Although the
terms used vary, we refer to these types as “ persi stent/seasonal
disease” and “intermittent/viral  triggered” [16-18].
Persistent/seasonal disease has continuous symptoms and is
often triggered by allergens, exercise, cold air, and vira
illnesses, whereas intermittent/viral-triggered disease is
predominately provoked by viral upper respiratory tract
infections and resolves completely between infections. For most
children with persistent/seasonal disease, inhaled corticosteroids
substantially reduce ongoing symptoms, bronchodilator use,
asthma exacerbations, and health care utilization [14-17]. For
children with intermittent/viral-triggered disease, montel ukast
(Singulair) has been shown to substantially reduce wheezing
exacerbations, asthma symptoms, and health care utilization
[19-21].

Although some studies have demonstrated methods to optimize
asthma outcomes and minimize costs, this does not guarantee
that patients actually receive the best care. It is estimated that
across the spectrum of health care, 30-40% of patients do not
receivetreatments of proven effectiveness[22,23]. Studiesfrom
the United States have shown that primary care practitioners
do not use preventive medicationsin up to 45% of children with
asthma[24,25], and unpublished data (2008-2011) reported by
Alberta Health Services (AHS) from Alberta pharmacies show
that about 50% of children with asthma who are treated with

http://www.researchprotocols.org/2016/1/e37/

rescue beta-agonists do not also receive preventative medications
[26].

Clinical pathways are a common strategy for changing
professional behavior and improving the quality of care delivery,
reducing practice variation, and reducing costs of health care
[27-30]. Although relatively few published studies have
rigorously evaluated theimpact of clinical pathwayson clinical
outcomes and costs [29], it is widely recognized that the rigor
involved in pathway development and assessment of evidence
obtained is important to improving outcomes. Accordingly,
many health organizations such as AHS are using clinica
pathwayswith thisintent. In support of thisapproach, aclinical
pathway focused on the emergency management of childhood
asthma has been shown to increase the use of evidenced-based
therapies [29,30]. However, creation of clinical pathways (or
guidelines) is not enough; active implementation strategies are
needed to achieve optimal improvementsin outcomes [31-34].
Two strategies that are among the most consistently successful
for changing practitioner behavior and improving patient
outcomes are interactive educational sessions and reminder
systems [31-34].

Evenif children are prescribed appropriate medications, parents
frequently do not receive adequate information and education
to understand the rationale and importance of using preventive
medications, which often results in poor adherence [35-37].
Adherence refers to a patient successfully taking medication.
Primary adherence refers to the obtaining of medication
prescribed, and secondary adherencerefersto proper completion
of the regime as intended by the prescriber. A World Health
Organization [38] review indicated 30% adherence to
medications by children and adolescents with asthma, which is
among the lowest reported for any chronic disease. There is
good evidence, however, that asthma education programs for
children with severe exacerbations requiring emergency
department and in-hospital care sufficiently improve adherence
to reduce subseguent hospitalizations, emergency department
visits, and urgent disease-related physician visits by 20-30%
[39].

We propose to improve the prescription and use of
evidenced-based preventative therapiesfor children with asthma,
with the goal to significantly improve their disease control and
quality of life, and reduce unnecessary emergency department
visits and hospitalizations by 20% each. We will achieve this
by (2) installing a primary care clinical pathway for managing
childhood asthma into clinicians' electronic medical record
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(EMR) to facilitate the use of best evidence by practitioners,
and (2) training chronic disease management (CDM) health
professionals to provide targeted and timely asthma education
to parents and children with asthma. We will test this pathway
and education project in a representative sample of 22 Alberta
primary care practices, using a pragmatic cluster-controlled trial
methodology. Specifically, we will determine if our proposed
innovation, as compared with usual care,...

...increases prescription of evidenced-based preventative
therapies;

..increases dispensing (primary adherence) of
evidenced-based preventative therapies;

...improves children’s asthma control;

...improves quality of life for children and families; and
...decreases health care utilization (emergent primary care
visits, emergency department visits, and hospitalizations)
for asthma, and decreases overall societal (health system
and family) costs.

Foundational Activities

In Spring 2011, the AHS Respiratory Network—now formally
known as the “Respiratory Health Strategic Clinical Network
(RHSCN)"—adopted the childhood asthma pathway initiative,
in collaboration with the AHS child health community, as one
of its3top priorities and provided human and financial resources
to move the pathway initiative forward. The initial project of
the RHSCN and our project team was to develop, implement,
and evaluate emergency department and in-patient pathways,
for which we received the Canadian Ingtitutes of Health
Research Partnershipsfor Health System Improvement funding.
Concurrently, with the stat of the emergency
department/in-patient pilot project and the ongoing
implementation of the emergency department and in-patient
pathways across the province, the RHSCN started developing
the primary care pathway.

InFall 2013, our team devel oped a collaboration with the Health
Quality Council of Alberta (HQCA) who have agreed to extract,
link, and analyze hedth administrative data (which they
routinely receive and utilize) and other data provided to them
from 2 Albertan community-based primary care research
networks (Northern and Southern Alberta Primary Care
Research  Networks—NAPCReN [40] and SAPCReN,
respectively 41). These networks are regiona networks
contributing to the Canadian Primary Care Sentind Surveillance
Network (CPCSSN) [42]. CPCSSN extracts clinical data
quarterly from participating practitioners’ (sentinels) EMRs,
cleansthem, removesidentifiers, and makesthese data available
for surveillance, epidemiology, and health services research.
With the principal investigator (AC), CPCSN is currently
developing and validating a case definition and case finding
algorithm for childhood asthma, which will be added in due
course to its routine data extraction and processing. The
networks contributing to CPCSSN in Alberta are currently able
to process data from both the Wolf and Med Access EMR
systems. These networks have agreed to assist with recruiting
practices to participate in this project.

The project team has engaged extensively with frontline primary
care practitioners, primary care leaders, and pediatric
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respirologists and alergists in developing this primary care
pathway project over the last 3 years; each of these groups has
heavily invested and is committed to the successful completion
of our project. We have engaged frontline practitioners in the
following ways: (1) being part of an interdisciplinary pathway
devel opment committeeincluding primary care and subspecialty
care practitionerswith rural, regional, and urban representation;
(2) conducting asmall focus group (consultation) on about
the content and format of the pathway with primary care
practitioners at Alberta primary care conferences;, (3)
beta-testing of the EMR-based pathway in 4 primary care
practices; and (4) surveying Alberta primary care practitioners
for feedback about the pathway, itsdesign, and practicality. The
capacity to manage their asthma patients according to the best
practicewill be enhanced by theintegration of the pathway into
the EMRs and by the education given to the CDM health
professionals. Participating clinics will identify an individual
available for the practice who will take on the role of a CDM
professional. The CDM professionals will receive a 3-hour
training session/updating on asthma education with continued
support from the trainer for the duration of the intervention.
They will be provided with access to resources that will be
available thereafter to ensure sustainability.

Currently, an asthma case definition is being devel oped, which
is an algorithm that screens the CPCSSN data extracted from
EMRs to accurately identify patients with asthma. Once
developed, the case definition will be validated by comparing
it with agold standard established by 2 experienced physicians
using 1000 pediatric CPCSSN records.

Network leadership will encourage their members’ participation
in this initiative by introducing the study team to the medical
and administrative leads of all their participating practices.
Alongside SAPCReN and NAPCReN research staff, study team
members will travel to eligible practice sites to inform them
about the detail s of the project, answer any questions they might
have, and then ask them to participate in this project.

Key Stakeholders
In this project, the following 4 organizations will each play an
essential role: AHS  (RHSCN), HQCA, and

NAPCReN/SAPCReN. RHSCN and HQCA are committing
substantial in-kind funding toward this project over the next 3
years. In addition, 3 other strategic clinical networks, namely,
(1) Maternal, Newborn, Child and Youth, (2) Emergency, and
(3) Primary Care Chronic Disease Management, share
substantial common ground. A total of 3 primary care
organizations, the 2 AHS Primary and Community Care
portfolios and the Provincial Primary Care Network, will be
“end users,” throughout the project, and will also provide critical
advice aswe plan our “implementation scale and spread” rollout.
Participating primary care practicesare also end users, providing
valuable input into feasibility and sustainability. Finally, the
patientsof Albertawill bethefinal stakeholders, aswe anticipate
their health will be affected favorably.
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Methods

Project Objectives

We propose a 3-year mixed-methods health services research
project using arandomized cluster-controlled trial design (with
primary care practices as the cluster; trial registration number
NCT02481037) to achieve the following objectives:

»  Tousethe Theoretical Domains Framework (TDF) to refine
our implementation strategy;

«  Toimplement theintervention (achildhood asthmaprimary
care clinical pathway in EMRsand identifying and training
CDM hedlth professionalsto provide asthma education) in
the 11 practicesin the intervention arm;

« Toevaluate our project intervention using interviews, health
administrative and EMR databases, and child and parent
surveys of quality of life, the child’s asthma control, and
the socioeconomic burden of the child’s disease on their
family; and

« To develop a detailed “scale and spread” strategy if our
intervention is shown to be successful (ie, yields either cost
savings or improved child and parent quality of life) for al
Alberta primary care practices who use a supported EMR.

Intervention Development and I mplementation
Strategy

The development of our implementation strategy has followed
the Knowledge-to-Action Model of Graham and colleagues[43].
This cyclic process starts with the identification of the
problem—a knowledge-practice gap in the management of
childhood asthma in a primary care setting—followed by
synthesis of the evidence into a primary care pathway [18],
assessment of potential barriers to its use, tailoring of
known-effective  implementation  strategies to local
circumstances, evaluation to determine whether the problem
hasimproved and feedback of evaluation resultsto all end users
(decision makers and participating practitioners).

The primary care pathway developed over 2 years by a
subcommittee of the Asthma Working Group, RHSCN, was
geographically representative of Albertaand included primary
care practitioners (n=4), asthma educators (n=5), pharmacists
(n=1), allergists and respiratory physicians (n=4), and asthma
policy decision makers (n=2). This committee critically
reviewed existing global and national guidelines [14,15] and
recent randomized trials and systematic reviews to formulate
the pathway. Drafts of the pathway were critically reviewed
two times by primary care practitioners for ease of use and
relevance to their practice, and revised each time.

The following sections provide a summary of the core
components of the intervention to be provided to theintervention
arm practices of the study:

Pathway | mplementation Strategies

Based on previous extensive experienceinimplementing clinical
pathways [44-46] and best evidence available [32,33,47-49],
two change strategies were sel ected to implement the proposed
project: (1) an interactive online learning module to teach
primary care practitioners about the evidence for treatment
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strategiesin the clinical pathway, and (2) user-written software
installed within practitioners EMR that will serve asareminder
system to facilitate improved patient documentation and
management. We will also use the results of a study being
conducted using the TDF to identify necessary modifications
to our strategy for primary care practices randomized to the
intervention arm [50].

Development of EMR Embedded Pathway

The EMR prototype (developed in Med Access and currently
being devel oped in Wolf) provides practitioners with dropdown
menus to document key findings from medical history review
and physical examination, classify patient’s disease phenotype
to generate therapeutic recommendati ons, assess asthmacontrol,
generate a risk assessment, and print out asthma action plans
and patient prescriptions.

Development of a Web-Based | nteractive Learning
Module

To ensure primary care practitioners understand the underlying
rationale and evidence behind the development of the primary
care pathway, practitioners randomized to the intervention arm
will have easy access to a Web-based interactive learning
module, whichisdesigned to easily fit into abusy practitioner’'s
schedule. An equivalent module was devel oped by the research
team and successfully used in a trial of an educationa
intervention in emergency room and in-patient management in
Alberta[51]. Physicians and nurses will access the site with a
password and will indicate completed sections before the
intervention commences. A well-designed Web-based
professional learning modul e has been shown in aprevioustrial
to be as effective at enhancing learning and changing
professional behavior asin-person interactive teaching sessions
[52]. Parents will also be given access to patient-oriented Web
modules to enhance the nurse-led teaching.

Train-the-Trainer for Patient Education

CDM hedlth professionals working within the practices in the
intervention arm will be provided 3 hours of in-person training
on providing asthmaeducation to children with asthmaand their
families. This training will be provided by the clinica
coordinator, an experienced Certified Respiratory Educator
(HS).

Project Population

Practices will be recruited from those who are currently or are
becoming amember of the NAPCReN or SAPCReN. All children
(1-17 years of age at the time of enrollment) who meet the case
definition of asthma (and are seen by a participating primary
care practitioner within a consenting practice) will beincluded
in the tria’s analysis unless they refuse consent [53]. The
CPCSSNsusea“social contract” consent process, where practice
populations areinformed generally about research, information
isfreely available on specific projects, and people are included
unless they object [53]. Because the project will collect data
outside the CPCSSN protocol, parents of children with asthma
in the participating practiceswill be sent aletter by their primary
practitioner outlining implied consent and asking them to
complete surveys about quality of life, asthma control, and the
burden (impact) of asthma on their family.
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Sample Size Calculation and Analysis

Our AHS partners provided the number of pediatric asthma
incidences billed by each practice in the province. We will use
thisinformation to select practicesthat have morethan 70 active,
eligible asthma patients. In addition, the Primary Care Asthma
Working Group of clinicians agreed the minimal clinically
important difference to be 20% (see Multimedia Appendix 1
for a detailed sample size calculation).

Patients included in the analysis of the primary and one of the
secondary outcomes (proportion of children dispensed a
preventive medication) will be categorized as either “ successful”
or “not successful” based on the logic outlined in Multimedia
Appendix 2. Given the clustered nature of patients' “success’
within practices, amixed effectslogistic regression model will
be performed where clustering is considered. Odds ratios for
success between arms will be presented along with 95% Cls.
The modeling will include assessment of potential confounders
and independent risk factors. To analyze the other secondary
outcomes (quality of life and asthma control and emergency
department visits/hospitalizations), we will use a linear mixed
effects regression model, and include fixed effects for the
baseline/follow-up periods, the pathway/control arms, and
stratifications/interaction, and random effects to account for
clustering in practices.

Randomization of PracticesDesign | ssuesand Potential
Bias

All practices consenting to participate in this trial will be
randomized, stratified for urban (Edmonton/Calgary) versus
nonurban and academic (trainees routinely evaluate patients)
versus nonacademic practices. A statistician not aware of our
project question will alocate practices using a standard
randomization software. We have chosen practices as the unit
of randomization because most individual practitioners within
a shared practice use the same EMR and we wish to prevent
contamination. Because we are testing the effectiveness of
embedding the pathway into clinicians EMR and
train-the-trainer CDM professional education, consenting
practices randomized to usual carewill not have accessto either
intervention, and therefore therisk of significant contamination
issmall. In addition, the design provides an opportunity to test
for contamination by comparing the difference between the pre-
and post-periods for the 2 groups (ie, intervention and control).

Practices will be randomized to either:

« Routine care versus intervention

- Embedding a primary care clinical pathway for managing
childhood asthma into clinicians EMR to facilitate
practitioners utilizing best evidence, and training these
practices CDM professionalsto provide asthma education
to children with asthma and their parents.

Quantitative Data

Data will come from 3 sources, namely, health administrative
sets, data extracted from participating practices EMR, and
surveys of asthma control, quality of life, and socioeconomic
factors. Health administrative datasets will include Alberta
Patient Registry, emergency department visits (National
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Ambulatory Care Reporting System), hospitalization abstracts
(Discharge Abstract Database), practitioners visits (Alberta
physician/NP  claims), and pharmacy  dispensing
(Pharmaceutical Information Network); these datasets are
considered to be of good quality with accurate personal
identifiers on more than 95% of records. As previously noted,
EMR data using a validated case definition will be extracted
for al children with asthma meeting the inclusion/exclusion
criteria. Thiswill provideindividual categorical and continuous
patient-level data such as patient demographics, encounter
history, medication prescriptions, and comorbid disease. Also
as previously noted, the HQCA will play a pivotal role in our
trial as they will (1) receive the af orementioned datasets from
AHS, AlbertaHealth, and NAPCReN/SAPCReN; (2) extract and
link the necessary data using a separate file from the
practitioners, which will contain patients CPCSSN identifier
linked to their Alberta Health Care Number; (3) perform the
planned analysis; and (4) provide the aggregated results to our
research team.

Letters from participating practitioners will be sent two times
to families of children with asthmabefore and 11 months after
the study intervention starts. Theletter will inform parents about
the purpose of the survey (though the broad purpose of the
project will not be revealed to maintain masking) and will ask
the primary parent or caretaker to go online to review the
information sheet and complete a socioeconomic survey and
the Paediatric Asthma Caregiver’s Quality of Life Questionnaire
(PACQLQ) for children with asthma, or to complete written
copies of the questionnaires and return them by self-addressed
stamped envelopes. A previous study [54] has validated the
PACQLQ for use by parents of childrenlessthan 7 years of age.
Children 7 years and older will be asked to a'so complete the
Sandardised Paediatric Asthma Quality of Life Questionnaire
and the Asthma Control Questionnaire[55]. The socioeconomic
survey includes questions such as day care or school days
missed, parent work days missed, and asthma medications
purchased in the last 30 days, to allow calculation of the
economic impact of a child’'s asthma on their family.

Qualitative Data

We will purposefully select 6 practices randomized to the
pathway and education intervention based on size of the practice
and heterogeneity of professionals in the practice [56], and
evaluate them using multidisciplinary focus groups after the
intervention. The interview protocols will be developed
following theimplementation of theintervention to incorporate
key learning from the implementation into the question
development. The focus groups will include practitioners and
other professionals, for atotal of at least six clinicians, and will
be recorded by acourt reporter [57]. The content of theinterview
questions will be guided by the Knowledge to Action Model
[58] and will target areas such as attributes of the pathway,
adopters, and implementation setting. Clinicians will have the
opportunity to provide feedback regarding potential challenges
with the pathway and offer suggestions for improvements.

To monitor the progress and permit follow-up of ideas that
emerge from the focus group, data collection and analysis will
follow an iterative and concurrent process. The
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post-implementation focus group data will be analyzed in the
following three phases: coding, categorizing, and developing
themes [59]. First, data for each practice will be coded to
facilitate analysis. The code word(s) will reflect the essence of
the data leading to ease of recognition as the number of code
words increases. Codes will be operationally defined so that
they can be consistently applied throughout the data. Second,
codes will be placed into broad categories that correspond to
themajor unit of analysis. Ascategories emerge, their theoretical
properties will be defined. Third, comparisons between
categories will be carried out to locate similarities and
differencesamong them. Dataanalysiswill be carried out using
NVivo 10.

Economic Analysis

Thepotential for provincial-wide savingsisachievable because
of the high-quality evidence (numerous randomized controlled
trials, systematic reviews, and international consensus
guidelines) demonstrating that appropriately tailored
anti-inflammatory medications reduce emergency department
visits and hospitalizations and that asthma education training
targeted to focus on families with children with more severe
discase aso yields a 20% reduction in subsequent
hospitalizations, a 30% reduction in emergency department
visits, and a 30% reduction in nonscheduled urgent physician
visitsfor disease exacerbation [39]. Further validating the ability
of preventative therapy for asthma to reduce hedth care
utilizations and costs, health services studies in children and
adults in both British Columbia and Sweden utilizing
admini strative data have shown that higher utilization of inhaled
corticosteroidsis correlated with lower rates of hospitalization
and lower overall health care costs [60,61].

The primary analysis will be from the heath care system
perspective. Total health system costs per child with asthmain
the 2 trial arms before and after the intervention will be
determined. Health system costs will be disaggregated into the
following three parts: (1) those stemming from pathway
implementation and train-the-trainer education sessions, 2) those
from asthma education provided by CDM professionals, and
(3) those from hospitalizations and emergency department and
practitioner visits for asthma. Overall health system costs will
be considered decreased by the project intervention if the cost
decrease from reduced emergent physician visits, emergency
department visits, and hospitalization outweighs the cost
increase from pathway implementation and asthma education.
Theimpact on costswill be considered alongside theimpact on
outcomes including quality of life. A secondary analysis will
alsoinclude consideration of family coststhat consist of parent
loss of work, travel, or other out-of-pocket costs due the child’s
disease.

Costs stemming from hedth care utilization (drugs,
hospitalizations, emergency department, and practitioner visits)
will be derived from health administrative data. Actual costs
are available from AHS for in-patient stays at Calgary and
Edmonton Zone hospital's, and costsfor other Alberta hospitals
can be approximated using Institute of Health Economics (IHE)
provincial estimates [62]. Emergency department visit costs
will be determined using the IHE standard provincial estimates
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[62]. Surveys of staff and parents of children with asthmafrom
each of the participating practices will provide cost estimates
by collecting the following data: time spent on train-the-trainer
sessions, staff time to educate families, and family quality of
life measures, as well as out-of-pocket expenditures on their
child’'s disease.

Ethics Approval

The protocol obtained approval from the Health Research Ethics
Board at the University of Alberta (Edmonton, AB) on August
7, 2015, and the Conjoint Health Research Ethics Board at the
University of Calgary (Calgary, AB) on September 23, 2015.

Results

Practice recruitment began September 2015, and all
study-related activities are expected to conclude March 2018
(see Multimedia Appendix 3 for atimeline of major objectives)
with the following outcomes:

Primary Outcome

The proportion of symptomatic children with asthma in the
baseline and follow-up periods (separate cal culations) who are
appropriately treated with a preventer will be the primary
outcome. The denominator will be the number of children who
meet the case definition of asthma and receive at least one
prescription for an inhaled short-acting beta-agonist (eg,
salbutamol) during the applicable period. The numerator will
be, of these children, the number of those who receive a
prescription for inhaled corticosteroid, montelukast, a
combination of inhaled long-acting beta-agonist and
corticosteroid (ie, agonist + corticosteroid), or some combination
of these 3 drugs in the same period.

Secondary Outcomes

Dispensed Preventative Therapies (Primary Adherence)

The proportion of applicable children in baseline and follow-up
periods who are appropriately dispensed a preventer will
highlight if thereisasignificant gap between prescriptionsgiven
and filled. The denominator will be the same asfor the primary
outcome but the numerator will bethe number of these children
who aredispensed 1 or more preventer medicationsfrom newly
available PIN data.

Emergency Department Visits and Hospitalizations for
Asthma

The number of asthma emergency department visits or
hospitalizations for asthma (ICD10 J45 or J46) per child who
meets the case definition of asthma during each period will be
ameasure of health care use.

Electronic Medical Record Data

The CPCSSN and research team will develop and validate a
case definition and case finding agorithm for identifying
children with asthma in the CPCSSN practices. The CPCSSN
EMR data will provide, for all eligible children, individual
categorical and continuous patient-level data such as patient
demographics, ICD9 codes, and medication prescriptions. For
children evaluated in practices randomized to the pathway group,
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datawill asoinclude asthmaphenotype and provision of asthma At the end of the 3-year project, the rigorous pragmatic

action plans. cluster-controlled design will provide a thorough and
] ] comprehensive understanding of whether this project improves
Discussion patient care, how effective the interventions are, and whether

the interventions add value or are cost saving. If the results are
The management of pediatric asthma in Albertais variablein - positive, we will collaborate with the AHS RHSCN, the
quality with only half of the affected children having control  provincial Primary and Community Care portfolios, and the
of their asthma. This has adverse effectson morbidity and costs  provincial Primary Care Network to deliver this pathway and

of health care. We aim to improve the quality of careinprimary  educational initiative to all Alberta primary care practices and
care by a two-pronged approach: the use of a management their patients.

pathway in the practitioner’s EMR and the education of parents
in the importance of preventive therapies.
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Abstract

Background: HIV-positive African Americans have been shown to have lower adherence to antiretroviral therapy (ART) than
those of other races/ethnicities, yet adherence interventions have rarely been tailored to the needs of this population.

Objective:  We developed and will evaluate a treatment education adherence intervention (called Rise) that was culturally
adapted to address the needs of African Americans living with HIV.

Methods: Thisrandomized controlled trial will examine the effects of the Rise intervention on ART adherence and HIV viral
load. African Americans on ART who report adherence problems will be recruited from the community and randomly assigned
toreceivetheintervention or usual care for 6 months. The intervention consists of 6-10 individual counseling sessions, with more
sessions provided to those who demonstrate lower adherence. Primary outcomes include adherence as monitored continuously
with Medication Event Monitoring Systems (MEMS) caps, and viral load data received from the participant’s medical provider.
Survey assessments will be administered at baseline and month 6.

Results: Thetria isongoing.

Conclusions: If effective, the Rise intervention will provide community-based organizations with an intervention tailored to
address the needs of African Americans for promoting optimal ART adherence and HIV clinical outcomes.

Trial Registration: Clinicaltrials.gov NCT01350544; https://clinicaltrials.gov/ct2/show/NCT01350544 (Archived by WebCite
at http://www.webcitation.org/6fjggnmn0).

(JMIR Res Protoc 2016;5(1):e45) doi:10.2196/resprot.5245

KEYWORDS
antiretroviral treatment; adherence; patient compliance; HIV; African Americans; treatment education; intervention

less likely to receive antiretroviral treatment (ART) [4,5], and
are less likely to adhere to treatment long enough for it to be
Compared to Whites living with HIV, African Americanswith ~ Effective [4-9]—all of which may contribute to disparities in
HIV have lower engagement and retention in care [1-3], are  SUrvival [10-13].
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Research hasidentified culturally specific determinantsof ART
adherence among African Americans, including stigma, medical
mistrust, and HIV-related misconceptions (eg, that ART is
poison) [7,8,14,15]. Research a so suggeststhat socia conditions
such as poverty, health care factors (eg, provider behaviors
contributing to mistrust), and psychosocial issues such asmental
health need to be addressed in interventions focused on
improving HIV-positive African Americans health behaviors
and ultimately their heath outcomes [16-19]. However,
interventions to improve adherence have rarely been culturally
tailored to the needs of African Americans, which may partially
explain the lack of robust effects observed in reviews of ART
adherence intervention trials that contain large numbers of
African American participants [20-22].

Treatment education programs have been used by AIDS service
organizations (ASOs) across the United States to facilitate
adherence to HIV care through client-centered one-on-one
counseling. Treatment education counsel ors possess specialized
HIV treatment knowledge, target structural issuesin health care
and social conditions in clients lives, counsel clients to
overcome adherence barriers, recommend changesin treatment
and/or providers (if needed), and refer clientsto mental health,
substance abuse, and social services (eg, for housing). Treatment
education is particularly appropriate for patients who may be
mistrustful of providers, including African Americans, because
it can be conducted outside of the medical system, and teaches
patients self-advocacy in health care.

To our knowledge, the efficacy of treatment education has not
been evaluated in a randomized controlled trial (RCT). In a
prior process eval uation of thelongstanding treatment education
program at AIDS Project Los Angeles (APLA), clients in
treatment education showed higher adherence and engagement
in care, greater perceived ART efficacy, and fewer unmet social

Wagner et a

service needs, compared to clients not receiving treatment
education [23]. Furthermore, treatment education was viewed
by medical providers, tre