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Abstract

Background: Worldwide, the burden of allergies—in particular, drug allergies—is growing. In the process of prescribing,
dispensing, or administering a drug, a medication error may occur and can have adverse consequences, for example, a drug may
be given to a patient with adocumented allergy to that particular drug. Computerized physician order entry (CPOE) systemswith
built-in clinical decision support systems (CDSS) have the potential to prevent such medication errors and adverse events.

Objective:  The aim of this review is to provide a comprehensive overview regarding all aspects of CDSS for drug allergy,
including documenting, coding, rule bases, alerts and alert fatigue, and outcome evaluation.

Methods: The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines were followed as
much as possible and searches were conducted in 5 databases using CPOE, CDSS, alerts, and alergic or alergy as keywords.
Bias could not be evaluated according to PRISMA guidelines due to the heterogeneity of study typesincluded in the review.

Results: Of the 3160 articles considered, 60 met the inclusion criteria. A further 9 articles were added based on expert opinion,
resulting in atotal of 69 articles. An interrater agreement of 90.9% with areliability K=.787 (95% CI 0.686-0.888) was reached.
L arge heterogeneity across study objectives, study designs, study populations, and reported resultswas found. Several key findings
were identified. Evidence of the usefulness of clinical decision support for drug alergies has been documented. Nevertheless,
there are someimportant problems associated with their use. Accurate and structured documenting of information on drug allergies
in electronic health records (EHRS) is difficult, asit is often not clear to healthcare providers how and where to document drug
allergies. Besidesthe underreporting of drug allergies, outdated or inaccurate drug alergy information in EHRS poses an important
problem. Research on the use of coding terminologies for documenting drug alergiesis sparse. There is no generally accepted
standard terminology for structured documentation of allergy information. The final key finding is the consistently reported low
specificity of drug allergy alerts. Current systems have high alert override rates of up to 90%, leading to alert fatigue. Important
challenges remain for increasing the specificity of drug allergy aerts. We found only one study specifically reporting outcomes
related to CDSS for drug allergies. It showed that adverse drug events resulting from overridden drug allergy alerts do not occur
frequently.

Conclusions: Accurate and comprehensive recording of drug allergies is required for good use of CDSS for drug alergy
screening. We found considerable variation in the way drug alergy are recorded in EHRs. It remains difficult to reduce drug
allergy aert overload while maintaining patient safety as the highest priority. Future research should focus on improving alert
specificity, thereby reducing override rates and aert fatigue. Also, the effect on patient outcomes and cost-eff ectiveness should
be evaluated.
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Introduction

Worldwide, the burden of allergies is growing—in particular,
drug allergies (DAS) are becoming increasingly common [1].
DAs can be categorized as abnormal immunoglobulin
E-mediated reactions (eg, anaphylaxis) or delayed,
nonimmunoglobulin E-mediated reactions, which are generally
less severe (eg, intolerances) [2].

DAs are perceived as an important problem. In a study
conducted by the European Network on Drug Allergy and the
EAACI Drug Allergy Interest group, 10% of parents reported
that their child was allergic to adrug [3]. A study in atertiary
care academic medical center in Chicago reported a DA
preval ence of 25% in the general adult population [4]. Looking
at the clinical investigations of suspected reactions, the results
demonstrate that these numbers are overvalued [3]. In ageneral
hospital in Singapore, the estimated incidence of DAswas4.20
per 1000 hospitalizations (95% Cl 2.93-5.46) and the estimated
mortality attributable to DA was 0.09 per 1000 hospitalizations
(95% CI 0.06-0.12) [5]. A study in auniversity hospital in Korea
reported an estimated incidence of drug hypersensitivity
reactions of 1.8 per 1000 hospital admissions [6].

In the process of prescribing, dispensing, or administering a
drug, a medication error can occur and may have adverse
consequences, for example, when a drug is given to a patient
with a documented DA to this particular drug [7]. Only a
minority (0.25%) of these medication errorsresult in an adverse
drug event (ADE), but allergic reactions represent an important
cause of preventable ADEs caused by medication errors [8,9].
It was estimated that 12.1% of all medication errors with the
potential for an ADE arise from incomplete or incorrect allergy
documentation [10].

Bateset a [11] and Classen et a [12] estimated that each ADE
resulted in a prolonged length of hospital stay of 2.2 and 1.7
days, respectively. Looking more specifically at penicillin
alergy, Macy et a [13] demonstrated that in the Kaiser
Foundation Hospitals in Southern California, 0.59 additional
hospital days (95% CI 0.47-0.71) per hospitalization resulted
in an extra cost of US $1252.90 in 2012.

CPOE systems with built-in CDS have the potential to prevent
such medication errors and consequent ADES[14-16]. When a
prescription poses a threat to the patient, the clinical decision
support system (CDSS) warns the user by providing an alert
message. However, it iswell known that current CDSS for DA
checking are impaired by alert fatigue caused by low alert
specificity [17-19].

Several systematic reviews have been conducted to evaluate
CPOE and CDSS in general or in specific domains of clinical
care such as pediatrics [14-16,19-28]. To the best of our
knowledge, no systematic review has been conducted focusing

http://www.jmir.org/2018/9/e258/

specifically on CDSS for DA. In this systematic review, we
aimed to provide a comprehensive overview of all aspects of
CDSSfor DA including documenting, coding, rule bases, alerts
and alert fatigue, and outcome eval uation.

Methods

Search Strategy

A systematic literature review was performed following the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines for systematic reviews
and meta-analyses [29] as much as possible. Bias could not be
evaluated according to the PRISMA guidelines due to the
heterogeneity of study types included in the review. Here, we
focused on searching for articlesrelated to CDSS and associated
alerts in the domain of DAs. We performed searches in the
bibliographic libraries of Cumulative Index to Nursing and
Allied Hedlth Literature (CINAHL), Cochrane Library, Embase,
Ovid, and PubMed from database inception up to February
2016. The search strategy for the 5 databases is provided in
Multimedia Appendix 1. Because the aim of the review wasto
provide a broad overview of al aspects of DA-related CDSS,
reviews and conference proceedings were aso included. Only
English language paperswereincluded. Additiona publications
of interest that included information rel evant to thisreview were
included based on expert opinion. Our search strategy is
presented in Figure 1. The terms “Computerized Physician
Order Entry” (CPOE) and “Clinical Decision Support System”
(CDSS) were combined with theterm “alert.” Thesetermswere
combined with theterm “alergic” or “alergy” to limit the scope
to the alergy field.

Study Selection

Thetitlesand abstracts of identified articleswereindependently
screened by two researchers (LL and SVL) to assessinclusion
in the full review (Figure 2). If one or both reviewers selected
the paper for further evaluation, we included the article for full
assessment. Articles were included for analysis if the study
involved at least one of the following: (1) prevalence of allergy
alerts; (2) coding or documenting of DA information; (3)
implementation of a CDSS for DA; (4) perceptions of care
providerson CDSfor DAS; or (5) alert acceptance and interface
designinthe domain of alergies. Disagreementswere discussed
with athird reviewer (PC) until consensus was reached.

Data Extraction

From each article included, the two researchers (LL and SVL)
extracted predefined information including the author names,
year of publication, main topic of the paper, aim of the study,
study design, number of subjects (care providers, aerts, etc),
and key findings. The third reviewer (PC) evaluated the
extracted data, and disagreements were resolved by consensus.
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Figure 1. Search strategy used for navigating the 5 libraries (Cumulative Index to Nursing and Allied Health Literature, Cochrane, Embase, Ovid, and

MEDLINE). The matching search termsarelisted in the lower part of thefigure. CDSS: clinical decision support system; CPOE: Computerized Physician
Order Entry.

CPOE
Search terms:
“computerized physician order entry”
“computerized provider order entry”
“computerized prescriber order entry”
“computerized order entry”
“computerised physician order entry”
“computerised provider order entry” ]
“computerised prescriber order entry” CDSs
“computerised order entry
“electronic prescribing”
“electronic prescription”
“electronic physician order entry”

Search terms:

“clinical decision support”
“clinical decision making”
“decision support”

4 » Alert*
Search terms:
CPOE OR CDSS walert’
“alerting”
“a » Allerg*
| CPOEORCDSS Search terms:
OR “allergic”
Alert* “allergy”
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Figure 2. Search strategy (Preferred Reporting Items for Systematic Reviews and Meta-Analyses), with reasons for exclusion and inclusion of articles
added based on expert opinion. CDS: clinical decision support; CINAHL: Cumulative Index to Nursing and Allied Health Literature; CPOE: computerized

physician order entry systems; NLP: natural language processing.

Identification

CINAHL  Cochrane
n =130 n =437

Embase
n =736

Ovid
n=

PubMed
1534 n=323

Screening

Y

Papers, after duplicates removed

Eligibility |

Papers, after screening on title and abstract

K =.787

Included

\J

Papers, after screening title and abstract

Assessment of risk of bias was not conducted because the
heterogeneity in the quantitative and qualitative study designs,
reviews, and reports did not allow for a comprehensive and
consistent evaluation of bias.

Results

Study Selection and Reviewer Agreement

We started the study with 3160 articlesfrom 5 different literary
sources (Figure 2). After the removal of duplicates (725
duplicates), 2435 articlesremained for title and abstract review.
Eventually, 186 articles were included for full text review, of
which 60 wereincluded in thisreview. Theinterrater reliability
between LL and SVL was calculated using Cohen’s kappa. An
interrater agreement of 90.9% with areliability of K=.787 (95%
Cl 0.686-0.888) was reached between the two reviewers.
Additionally, 9 articles were added based on expert opinion,
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resulting in a total selection of 69 articles. Although these 9
articles were not retrieved by the search query, they reported
on aspectsrelevant for thisreview, including information related
to the coding of alergy information, reporting of DAs, and
strategies for improving CPOE alerts. These articles were
identified by PC from automatic weekly updates on PubMed
(My NCBI). These weekly updates were based on separate
queries with individual key words including “Computerized
Physician Order Entry,” “Clinical Decision Support,’
“Medication error,” and “Drug alergy.” PC collected and
indexed relevant articles from this weekly list using reference
manager software over theyears. Articlesincluded inthelibrary
of thereference software that dealt with relevant topics but were
not discovered via the search queries were included.
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Study Char acteristics

The names of the authors, year of publication, study design,
aim of the study, and key findings are shown in Multimedia
Appendix 2. Papers in Multimedia Appendix 2 are organized
by topic [1,14,16-19,22,30-91]. Papers belonging to different
topicsare categorized in all corresponding topics. In Multimedia
Appendix 3, atable with the number of subjectsincluded inthe
study can be found. Most studies (56/69, 81%) were published
after 2005. The 69 studies consisted of 28 observational studies
(23 retrospective studies, 2 cross-sectional studies, 1 prospective
time series analysis, 1 prospective study with interviews, and
1 cohort study), 13 review articles, 8 practice experiences, 6
before-after studies, 3 surveys, 3 controlled trials (1 randomized
controlled trial, 1 randomized crossover study, and 1
nonrandomized controlled trial), 2 economic evaluations, 2
focus group studies, 1 scenario-based simulation study, 1 study
describing a draft for an algorithm to classify information
automatically, 1 study discussing a workshop, and 1 study
describing a comparative study on standards in the DA field.

Documenting the Presence or Absence of an Allergy

For afunctional CDSS, accurate and consistent documentation
of patient allergy information is necessary. Currently, there is
no agreement about what needs to be recorded and how to do
s0 [30]. In 1964, Mills addressed the importance of capturing
information on allergies and drugs, proposing a new checklist
that served as a guideline in hospitals [31]. A similar initiative
was taken more recently by Burrell et al [32], who introduced
a pharmacist-driven protocol in a hospital to improve the
completeness of DA or intolerance documentation. A review
of medical notesinageneral district hospital demonstrated poor
documentation practiceswhere 97.4% (114/117) of drug alergy
boxes were only partially completed and 2.6% (3/117) had
nothing documented [33]. In another analysis comparing two
oncology wards, one ward showed 100% consistency, while
the other ward demonstrated drug charts with allergy entriesin
82.4% of cases, of which only 68.8% corresponded to
information in the medical notes [34]. Failure to accurately
document DAs may lead to prescribing and administering
medications that could be harmful to the patient. Besides
accurate documentation, correct patient identification with
linking of medication information with patient DA information,
for examplewristband barcoding, isrequired for real-time CDS
[35].

Lopez-Gonzalez et al [38] reviewed factors for not reporting
ADRsand found that the most prominent factor associated with
underreporting was ignorance based on the fact that physicians
often think that only severe ADRs need to be reported.
Secondary factors, such as the hierarchical nature of hospital
culture combined with stressful working conditions, also
contributed to prescribing errors [41]. Moreover, at the time of
documenting, there is often no clear distinction between areal
allergy-related ADR and other minor reactions [37].

Inaccurate or outdated DA information can also be afactor that
influencesthe functioning of a CPOE system with CDS. Rimawi
et a [40] observed a small use case (150 patients) that was
documented as intolerant to penicillin even though a negative
penicillin skin test was observed. Of these, 36% (20/55) patients

http://www.jmir.org/2018/9/e258/
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who revisited the medical center within the year were
redocumented as having a penicillin allergy without proper
indication.

Porter et al [39] demonstrated that without healthcare personnel
re-asking and validating information, there is a significant risk
of error at the decision step of ordering or prescribing
medications. Additionally, side effects related to the drug's
primary pharmacological effect are sometimes misinterpreted
and documented as DA, resulting in inaccurate DA information.

The more complete and accurate DAS recorded in patients
EHRSs, the greater the potential of CPOE systems with CDS to
improve patient safety and reduce medication-related costs[14].

Coding

Information on how allergy dataare structured or coded in EHRs
isscarce. Slight et al [52] recently stated that the US government
has not yet specified what standard terminologies should be
used to structure allergy information.

A first approach isto enter information concerning DAsin free
text. In order to use free text information for CDSS, natural
language processing is applied taking the context into
consideration [47]. Currently, thistechniqueisnot widely used
because of the difficult nature of natural language processing.

A review of the available literature indicates that different
coding systems are used for documenting DA information in
EHRs, including International Classification of Diseases (ICD)
[44,51], Systematized Nomenclature of Medicine, Clinical
Terms (SNOMED CT) [49], RxNorm, and National Drug
File-Reference Terminology (NDF-RT) [50]. Sometimes
mapped coding schemes are used to add functionality. Benkhaia
et a [44] used the Anatomical Therapeutic Chemical
classification for mapping all drugs belonging to aspecific ICD
group. However, mapping might not always be this simple.
Bernstein [45] recently indicated in aDanish use case that there
is not yet a clear consensus regarding the aert information
concept (eg, drug alerts) and how drug alergy or other allergy
subtypes are linked to that concept.

Gosset al [48] performed acomparative study of the SNOMED
CT, NDF-RT, Medication Dictionary for Regulatory Activities,
uniqueingredient identifier, and RxNorm standardsfor encoding
allergy information. The qualitative part of their study
demonstrated that SNOMED CT had the most desirable
characteristics, including concept coverage, subset capabilities,
and vocabulary structure. The quantitative part showed that
RxNorm had the highest concept coverage to represent drug
allergens, followed by unique ingredient identifier, SNOMED
CT, NDF-RT, and Medication Dictionary for Regulatory
Activities. SNOMED CT was the only coding system capable
of representing unique conceptsto encodeignorance of alergies.

The option to have an entry to indicate theignorance of allergies
isimportant for patient care because not documenting any DA
information does not necessarily mean that there are no known
DAs. Abookire et al [43] stated that “ every hospitalized patient
should have DAs entered by the admitting physician (thisisa
forced entry; 'no allergies may be entered).”
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Rule Bases

In the literature, we observed underreporting of the rule bases
used to support CDSS. Most CDSS for DA screening are
knowledge-based systems supported by evidence-based rule
databases. Some organizations use internally developed rule
bases [54], while others use vendor-supplied rule bases [56].

We observed two types of CDSS in the literature: basic and
complex. Basic CDSS provide alerts when aprescribed drug is
listed in the patient’'s DA list. In these systems, rules are
implemented to screen for cross-reactivity within and between
drug classes [55]. More complex CDSS use an inference
mechanism to generate recommendations specific to a patient
by integrating contextual information from the patient’s EHR
(eg, previously tolerated administrations of the drug and results
from DA tests) [55].

As reported by Kuperman et a [14], hedthcare provider
organizationsideally use acombination of vendor-supplied rule
sets, which are devel oped by other organizations, and internally
developed rules, which are derived from the literature and
national and local consensus on what constitutes best practice.
In any system, as medicine evolves and clinical knowledge
grows, a timely review of the rule bases is warranted, for
example using a Delphi approach to analyze what rules are
useful [53].

Alertsand Alert Fatigue

Alert fatigue has been defined as “declining physician
responsiveness to a particular type of alert as the physician is
repeatedly exposed to that alert over aperiod of time, gradually
becoming ‘fatigued’ or desensitized to it” [60]. Alert fatigue
caused by one type of aert may also lead to declined
responsiveness to other types of CDS alerts (eg, drug-drug
interaction, DDI, alerts). The state of the art in CDS for DA is
such that alerts are not specific enough, resulting in high
overriderates[17,18]. Current systems, which generate an alert
at the moment of prescribing, have very high override rates of
over 90% [1,17]. The first concern regarding increasing DA
alerting rates and overrides was raised by Abookire et al [43].
This problem has since been investigated in several other
studies. Bryant et a [59] retrospectively analyzed physician
responses to DDI and DA interaction alerts in two university
hospitals and reported high override rates in all categories, ie,
92.87% (2280/2455 derts) in general and 90.86% (1183/1302
alerts) for DAs. No significant difference in override rates was
observed between hospitals or between physicians-in-training
and residents. Topaz et a [80] demonstrated a significant
increase in DA alert overrides from 83.3% in 2004 to 87.6%
(P<.001) in 2013 in a retrospective longitudinal study of two
large academic medical centers. Similarly, Lin et a [71]
demonstrated an increasein drug allergy overrideratesfrom 72
overrides out of 105 alerts (68.6%) in 2001 to 341 overrides
out of 420 alerts (81.2%) in 2006.

In a recent observational study, Slight et al [1] evaluated DA
alerts generated over a 3-year period in atertiary care teaching
hospital and 36 primary care practices and found that in total,
81.10% (128,157/158,023) DA alerts in both settings were
overridden. In a retrospective 5-month chart review study
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conducted by Genco et al [63], asimilar override rate of 87.4%
(153/175) DA aerts was observed and the overall override rate
for all types of alerts was 93.51% (12,829/13,719).

When an alert isoverridden, analyzing the override reasons can
help to understand the specific context. Several studies have
reported the reasonsfrequently given for DA alert nonadherence,
including (1) “medication was previoudy tolerated”; (2) “known
DA for which only monitoring is needed”; (3) “the benefit
outweighs the risk”; and (4) “aert considered not clinically
important” [66,67,79].

Besides evaluating override reasons, the underlying causes of
high override rates should beinvestigated. Hsieh et a [37] cited
two important causes. The first cause is highly inclusive drug
classand drug cross-reactivity mapping, which generatesalarge
number of DA alerts for drugs with only minor potential to
causean alergicreaction. Alert acceptanceismorelikely when
the warning is infrequently encountered [68] and when the
physician encounters an exact drug match instead of adrug class
warning [77]. The second cause is difficulty maintaining
accurate alergy lists because there may not beaclear distinction
between immune-meditated allergies and nonimmune-mediated
sensitivities, and thereisno general consensus on whether both
should beincluded in alergy lists[37]. Thelikelihood that alerts
will beignored isrelated to the low predictive valuefor allergic
drug reactions and inaccurate alerts because of inconsistent
information in medical records [37,69].

Strategies for improving alert specificity and acceptance have
been proposed. Horsky et a [65] stated that the specificity and
contextual relevance of alerts can be increased by periodically
reviewing trigger rules, a thorough analysis of performance
logs, and maintenance of accurate allergy, problem, and
medication lists in EHRs. Additionally, Brodowy et al [58]
demonstrated a reduction in DA alerts by simply eliminating
alerts resulting from inactive ingredients.

The possibility of customizing CDSSto increase dert specificity
and alert acceptance has also been reported [61]. CDSS, where
the severity levels for drug or disease interactions can be
modified by the physician to exclude alerts at alevel considered
not relevant, or the use of an on-demand approach that provides
decision support only when a physician considers it relevant,
could improve alert acceptance [ 78]. Thismay berelated to the
caregiver status of the person using CDSS. Knight et al [68]
demonstrated, for example, that nursesare nearly twice aslikely
to accept an alert compared with a resident (odds ratio [OR]
1.92, 95% CI 1.44-2.57). The usability of the alerts can also be
improved by applying human factors design principles[65,75].
For example, atabular format for presenting multiple alertsand
the grouping of similar information aid in making prescribing
decisions[75]. Designing aworkflow with minimum disruptions
by only showing critical to high-severity alerts, as suggested
by Shah et al [76], could also be effective.

Outcomes

Intheliterature, wefound limited resultsrel ated to the outcomes
of CDSS for DA. We did find studies that investigated the
number of prescribing errors (PES) and studies discussing patient
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outcomes for different types of ADEs, including ADEs
originating from DAs.

CPOE systems can help in making fewer PEs, although not all
studies quantify thisimprovement. Benkhaial et al [44] did not
find a significant difference in the risk of being prescribed a
drug potentially inducing an allergy using electronic recording
of the alergy vialCD-10 codes compared with paper records.
Oliven et a [89] compared the number of PEs between a
department using handwritten drug orders with that of a
department using CPOE systems and found a reduced number
of PEsin the department using CPOE. No significant difference
was found between the two departments for DAs. On the
contrary, Evanset al [54] demonstrated areduction from 2.46%
(28/1136) patientsto 0.07% (4/545) patientswith adverse events
caused by anti-infective agents due to the introduction of a
computerized anti-infective management program. Likewise
Mahoney et al [56] demonstrated areduction in PE ratesrel ated
to DAs from 833 in the preimplementation phase to 109 in the
postimplementation phase (OR 0.14, 95% CI 0.11-0.17).

When looking at the outcomes for ADES, Bates et a [83]
demonstrated a reduction of 55%, from 10.7 events per 1000
patient-days to 4.86 events per 1000 patient-days for
nonintercepted serious medication errors, defined asthose either
resulting in or with the potential to result in ADEs. In a
follow-up study [84], thisrate decreased to 1.1 events per 1000
patient-days after additional refinements of the system. This
objective was reached by including a dose selection menu,
simple DA and DDI checking, and the requirement that
clinicians indicate the route and frequency of drug
administration. Hsieh et al [37] found that ADEsresulting from
overridden DA alerts do not occur frequently (19/320, 5.9%).
In this study, none of the ADESs were considered preventable
because the overrides were deemed clinically justifiable. There
is limited evidence that systems, mostly electronic systems
combining CPOE with CDS, for preventing represcription after
the occurrence of an ADE (including DAS) are effective [90].

The implementation of CDSS can aso influence economic
outcomes, eg, by decreasing costs related to medication errors
[86,88]. However, information on cost-effectiveness, specifically
of CDS for DAs, was not found.

Discussion

Principal Findings

To the best of our knowledge, thisisthefirst systematic review
focusing on CDSS in the field of DA. We included 69 articles
in our review. The main findings are the problem of incompl ete
and inaccurate recording of patients DA information, the
absence of an appropriate standard terminology that guidesthe
rule bases within a CDSS, problems with rule bases, and the
low specificity of DA alertsresulting in alert fatigue.

The first key finding was the incomplete or inaccurate
documenting of patients’ DA information in medical records.
Accurate and comprehensive recording of DA information in
EHRs is essentia for the proper functioning of CDSS for DA
screening. A recurrent problem described in the literatureisthe
absence of documented information on patients' allergies, which
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can be interpreted in two ways: (1) the patient has no known
alergies or (2) the patient has an allergy to a certain substance
that has not yet been documented in the patient record [92].
Therefore, the absence of any known DA should aso be
documented in EHR. Besides underreporting of DAS, outdated
or inaccurate DA information in EHRs al so poses an important
problem.

The second key finding was the absence of agenerally accepted
standard terminology for the structured documentation of alergy
information. The use of Anatomical Therapeutic Chemical,
ICD, NDF-RT, RxNorm, and SNOMED CT was described in
the literature, but limited information was provided about the
exact manner of implementation or integration of these coding
systems. An evaluation of terminologies by Goss et a [48]
showed that currently, acombination of RxNorm and SNOMED
CT satisfiesmost criteriafor encoding allergies. The use of free
text for documenting DA information in EHRs should be
discouraged because of the difficulties for CDS. The use of a
standard terminology is required for coded exchange of DA
information between institutions on anational and international
level and for creating exchangeable decision rules based on
standard terminologies. Governments have an important role
in providing standardized terminologiesin the official national
languages. Policies and regul ations may be required to support
the effective use of coding standardsin clinical practice.

The third key finding was that all reported CDSS for DA
screening were knowledge-based systems requiring timely
review of the rule bases to keep CDSS up to date. Idedlly, end
usersand program devel opers should work together to regularly
review the alerts logs and decision rules to reduce the risk of
alert fatigue [67]. This is a continuous process and not a “one
and done” step. Both in-house curated knowledge bases and
vendor-based rule baseswere reported in the literature, and both
have their advantages and disadvantages. In an in-house curated
knowledge base, flexibility isguaranteed, leading to potentially
higher alert specificity, but it requires substantial effort to
develop and maintain the rules base. A vendor-based rule base
is easily purchased, but it has less flexibility when it comesto
changing decision rules. The end user is dependent on the vendor
for updates, but the maintenance burden lies with the vendor.
A third possibility is the implementation of a hybrid system
combining a commercia rule base with internally defined
content refinements or decision rules.

The last key finding is the consistently low specificity of DA
alerts. This remains an important problem as it causes high
override rates, resulting in alert fatigue. Researchers have tried
to tackle the problem of alert fatigue by providing on-demand
decision support or customizable computer-triggered decision
support. Another optionisto turn off certain alerts, for example,
by looking at the personal preferences of the healthcare provider
who can decideto no longer receive aparticular type of warning
[93]. It remains difficult to find agood balance between reducing
alert overload and keeping patient safety at ahigh level. A fixed
rule base may therefore not always be appropriate; rather, an
adaptive CDSS supported by a predictive risk model may be
more useful [70]. Taking contextua factors into consideration
as part of the CDS rules may help in increasing the specificity
of DA derts and lowering the rate of alert overrides. This

JMed Internet Res 2018 | vol. 20 | iss. 9 €258 | p.10
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

strategy has been successfully applied for increasing the
specificity of DDI alerts. Duke et a [94,95] and Cornu et al
[96] have devel oped context-aware DDI alerts based on relevant
patient-specific information, resulting in improved alert
acceptance.

Recommendationsfor Policy, Practice, and Future
Research

Future policies should focus on the implementation of standard
terminologies to alow standardized coded exchange of DA
information on a national and international level and to create
exchangeable decision rules.

Information on the effect of CDSSfor DA s on patient outcomes
was very limited. Thus, future research should focus on
evaluating patient outcomes. Hsieh et al [37] demonstrated that
after overriding DA alerts, none of the resulting ADEs were
preventable. However, in their study, only overridden DA alerts
were evaluated. It would be interesting to know the number of
ADEs that was effectively prevented by CDSS.

It isassumed that implementing DA checking in aCPOE system
also has a beneficial financial impact. We did not find any
studies specifically related to the economic outcomes of CDS
for DASs, but general conclusions about the economic benefits
of implementing CPOE systems for the hospitals were
documented. At the start, theimplementation of a CPOE system
requires a large investment, but soon the costs are outweighed
by the benefits and result in savings [97]. However, the
cost-effectiveness of CDSS for DA should be further
investigated.

Current systems often warn about all possible cross-reactions,
although the substance-specific risk should be estimated and
the severity of the alert may change as a function of the
possibility of cross-reaction (eg, likely, possible, or unlikely).
Future research should explore strategies for optimizing
cross-reactivity rules and enhancing alert specificity.

Légat et a

Study Limitations

This study has severa limitations. First, because of the
heterogeneity across the study objectives, study designs, study
populations, and reported results, a meta-analysis could not be
performed. Second, different study designs require a different
methodol ogical framework for ng bias. The heterogeneity
in quantitative and qualitative study designs, reviews, and
reports did not alow for a comprehensive and consistent
evaluation of bias. This may limit the generalization of the
results, but it allowed us to take a broader view of al relevant
research in the field of CDS for DAs. Third, we excluded
non-English papers, which may constitute selection bias.
Additionally, 9 papers were added based on expert opinion
because they included information relevant to thisreview. These
extra articles were not retrieved with the query because they
included keywords other than thoseincluded in the search query.
Adjusting the query was not feasi bl e because the keywords were
often too general (eg, medication safety), which would result
in ahigh number of irrelevant articles. Finally, publication bias
cannot be excluded. We observed a high number of studies
published in the US setting, which may lower the international
relevance of the results. However, we believe that the findings
of our review arerelevant in an international context.

Conclusions

This review shows that CPOE systems with CDS for DA
screening are perceived as useful in clinical practice.
Nevertheless, there are some important problems associated
with their use. Firgt, it is not yet clear how and where to
document DA information in patients EHRs. Second, thereis
alack of proper coding terminology for documenting allergies.
A major problem with current systems is that aerts are not
specific enough, resulting in high override rates and consecutive
alert fatigue. Future research should focus on strategies to
improve alert specificity and evaluating patient and economic
outcomes.
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Abstract

Background: Web-based cognitive behavioral therapy (WCBT) has been proposed as a possible treatment for patients with
heart failure and depressive symptoms. Depressive symptoms are common in patients with heart failure and such symptoms are
known to significantly worsen their health. Although there are promising results on the effect of wCBT, there is a knowledge
gap regarding how persons with chronic heart failure and depressive symptoms experience wCBT.

Objective: Theaim of this study was to explore and describe the experiences of participating and receiving health care through
awCBT intervention among persons with heart failure and depressive symptoms.

Methods: In this qualitative, inductive, exploratory, and descriptive study, participants with experiences of awCBT program
were interviewed. The participants were included through purposeful sampling among participants previously included in a
guantitative study on wCBT. Overall, 13 participants consented to take part in this study and were interviewed via telephone
using an interview guide. Verbatim transcripts from the interviews were qualitatively analyzed following the recommendations
discussed by Patton in Qualitative Research & Evaluation Methods: Integrating Theory and Practice. After coding each interview,
codes were formed into categories.

Results. Overall, six categories were identified during the analysis process. They were as follows:. “ Something other than usual
health care” “Relevance and recognition,” “Flexible, understandable, and safe,” “Technical problems,” “Improvements by
real-time contact,” and “Managing my life better.” One central and common pattern in the findings was that partici pants experienced
the wCBT program as something they did themselves and many participants described the program as aform of self-care.
Conclusions: Personswith heart failure and depressive symptoms described wCBT as challenging. This was due to participants
balancing the urge for real-time contact with perceived anonymity and not postponing the work with the program. wCBT appears
to be avaluable tool for managing depressive symptoms.

(J Med I nternet Res 2018;20(9):€10302) doi:10.2196/10302
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Introduction

Approximately 20% of the heart failure population suffersfrom
depressive symptoms [1,2]. Depressive symptoms in heart
failure are associated with apoorer health-related quality of life
[3,4], morbidity [5,6], and increased mortaity [1,2,7].
Depression is aso associated with impaired self-care ability
[8-11]. Self-care can be complex for persons with heart failure
and requires knowledge (about heart failure), decision making,
and practical skills [12]. The complexity of self-care may
contribute to the poor prognosis and outcomes among persons
living with heart failure[13,14]. Additionally, when depressive
symptoms coexist with heart failure, the situation may be even
more problematic because depression can impede learning
ability, decision making, and task performance [15,16].

Guidelines on heart failure from the European Society of
Cardiology (ESC) [17] and the American College of
Cardiology/American Heart Association (ACC/AHA) [18] point
out depression as a common comorbidity in heart failure
resulting in poorer prognosis and reduced health-related quality
of life. The ACC/AHA guidelines state that the current evidence
istoo weak to give recommendations on treatment of comorbid
depression [18]. According to ESC guidelines, routine screening
for depression in heart failureisgood practice, and psychosocial
and pharmacological interventions are regarded to be helpful
[17]. However, no clear recommendation regarding the
management or treatment of depression in heart failure is
provided [17,18]. Generally, depression is effectively treated
with pharmacological and psychotherapeutic interventions[19].
However, treatment of depression in patients with heart failure
is challenging. Tricyclic antidepressants should be avoided
because of their negative effects on the heart [17] and selective
serotonin reuptake inhibitors have not shown greater effect on
depressive symptoms than placebo [20]. Another challenge is
that psychotherapeutic competence in the health care systemiis
lacking [21]. To sum up, a large group of individuals do not
receive adequate treatment while living with heart failure and
depressive symptoms owing to lack of clear recommendations
and psychotherapeutic competence. Cognitive behavioral
therapy (CBT) for depressive symptoms in persons with heart
failure has shown promising results in reducing depressive
symptomsin afew studies[22,23] and in secondary prevention
in persons with coronary heart disease [24]. The effect of CBT
on self-care was similar compared with controls without
feedback [25] or usual care [22]. Face-to face CBT isresource
demanding because it requires health care personnel allocated
to support individual patients for approximately 1-2 hours per
week over 10-20 weeks [26]. Thus, owing to alack of trained
CBT therapists and time in the health care system, other ways
to provide CBT have been suggested [21]. One such form of
CBT is Web-based CBT (WCBT). wCBT is an effective
treatment for mild to moderate depression; wCBT hasthus been
suggested as a treatment option for depressive symptoms in
patients with chronic somatic diseases, such as heart failure
[27]. wCBT programs need to be adapted to fit the context of
the specific somatic disease [28-30], and such programs for
depressive symptomsin personswith heart failure are still rather
new and unexplored [31].

http://www.jmir.org/2018/9/€10302/
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At a conceptual level, wCBT can be described as a form of
telehealth, that is, asystem that enables patientsto access health
education and support for self-care usually through the internet
[32]. In line with Colucci et a [33], wCBT can be seen as a
form of telepraxis with applications of interventions, support,
and education to the patient by a health care professional.
Though there is no consensus definition of telehealth or
telemedicine, most definitions include or acknowledge a
physical distance between the health care provider and the
person receiving health care[34]. In heart failure care, anumber
of telehealth applications that can be defined as those used for
monitoring patients have been evaluated and shown to reduce
mortality and heart failure-rel ated hospital admissions compared
with usual care. Telehealth applications employing
telephone-delivered support have also demonstrated a positive
effect in heart failure care [35]. However, the use of telehealth
applications for cardiovascular care with asynchronous or
text-based communication (similar to most wCBT interventions)
appears less common [36,37]. There are a limited number of
studies investigating patients’ experiences of wCBT [38].
Previous qualitative studies on wCBT have explored issues
related to reducing dropout [39], describing how treatment effect
can be sustained over time [40], and investigating the experience
of smartphone-based interventions [41]. In heart failure care,
evaluations of telehealth applications have mostly focused on
applications that are used for monitoring patients [42]. Despite
thelack of knowledge regarding how wCBT and other telehealth
interventions are experienced by persons receiving health care,
thereisadriveto implement tel ehealth applicationsfor the care
of persons with chronic somatic disorders [43].

Our research group has recently developed and pilot-tested a
9-week guided wCBT program (Table 1) aimed at decreasing
depressive symptoms in persons with heart failure [44]. The
length, structure, and way of providing our wCBT program are
similar to those of other wCBT programs for depression [45].
The program was developed based on Beck’s description of
models of depression [46] and is described in more detail in a
proof-of-concept study [47]. However, because previous
research has indicated the importance of context adaption of
WCBT for persons with chronic somatic diseases [28,29], we
choseto adapt the program to fit personsliving with heart failure
[47]. Theresults of the study conducted by Lundgren et al [44]
were promising because it reported a decrease in depressive
symptoms and improvement in health-related quality of life.
The study also showed an association between patient activity
in the treatment program, age, and sex with the treatment
outcome [44]. However, the quantitative design of that study
could not provide answers to what aspects were important for
activity in the program or how the participants experienced the
intervention, underpinning the need for qualitative studies on
WCBT. Thus, thereisagap in knowledge regarding how persons
with chronic heart failure and depressive symptoms experience
wCBT. Exploring the perspective of personsreceiving telehealth
interventionsisimportant to further devel op and improve health
careinterventions, such aswCBT programs[48,49]. Therefore,
the aim of this qualitative study was to explore and describe
experiences of participating and receiving health care through
a wCBT intervention among persons with heart failure and
depressive symptoms.
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Methods

Design
This was a qualitative, inductive, exploratory, and descriptive

interview study [50] using data obtained from participantsin a
WCBT program.

Setting

The participants were persons with heart failure and depressive
symptoms who were recruited after their participation in a
WCBT program for depressive symptoms, hereafter called the
WCBT program [44]. ThewCBT program consistsof 7 modules
(Table 1), including text and assignments that the participants
work with in their everyday setting. Written feedback was
provided on al assignments. The participants could also ask
guestions through a secure message system. The program did
not entail face-to-face or direct interaction (except technical
telephone support if needed). A detailed description of the
WCBT program is published elsewhere [47].

Lundgren et a

Participants: Sampling and Recruitment

To ensure that participants had experience of wWCBT, purposive
sampling was used [50]. All participants (n=27) that had been
active in the wCBT modules during or after the active study
were invited via mail to participate in a qualitative research
interview. Of those contacted, 13 (9 men and 4 women, aged
41-80 years with median 69, living in Sweden; Table 2)
consented to participate and were included in this study. In
alignment with the inclusion criteria for the wCBT program,
all participants had, at the start of the wCBT program, at |east
mild depressive symptoms, had been diagnosed with heart
failure for more than 6 months, and had not been admitted to
hospital for at least one month.

Data Collection

Semistructured telephoneinterviews[51,52] using aninterview
guide (Table 3) were performed between 1-12 months after the
program had ended. The participants choose the time and place
for the interview.

Table 1. Description of the Web-based cognitive behavioral therapy program.

Module and homework assignment

Description of homework assignment given to participants

Introduction
Expectations and goal for the program
Living with heart failure

My symptoms of heart failure

Describe their expectations and goal for the program

Describe their symptoms of heart failure, how much and when these symptoms affected them, as well

as what they thought they could do to reduce their problems

Knowledge about heart failure

How does heart failure affect me?
burden of heart failure

Depression and heart failure

My symptoms of depression

Answer multiple-choice questions about heart failure and treatment of heart failure

Identify situations when they were affected by heart failure and suggest changes that might ease the

Describe symptoms of depression, how much and when these symptoms affected them, aswell aswhat

they thought they could do to reduce their problems

Knowledge about depression

Worries and fears

Answer multiple-choice questions about depression and treatment of depression

Identify situations where they felt worries or fear in relation to heart failure, elaborate on what they

thought could reduce these feelings, and discuss these issues with a significant other

Behavior activation 1: To enable change
Activity plan 1
Desirable activities

Increase the likelihood of performing
desirable activities

Activity plan 2
Behavioral activation 2: To implement change
Activity plan 3
Problem solving: A tool for dealing with problems

Practical problem solving

Make an activity plan for one week and assess each activity as positive or negative
Make alist of desirable activities
Describe situations that would make it likely that they performed the desirable activities

Implement one or more desirable activitiesin their activity plan

Review negative activitiesin their activity plan and reduce the number of negative activities

Identify problemsin their everyday life, list anumber of possible solutions for each problem, test one

solution and evaluate the chosen solution

Consummation

To create an action plan

Review and summarize the program and identify what they have learned to be used in an action plan
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Table 2. Characteristics of the sample (N=13).

Lundgren et a

Sociodemographics n (%)
Gender

Men 9 (69)

Women 4(31)
Family situation

Married or cohabiting 9 (69)

Living alone (single, widowed, or divorced) 4(31)
Place of residence (type)?

Town with >100,000 inhabitants 4(31)

Urban area with 20,000-49,999 inhabitants 3(23)

Urban area with 1000-19,999 inhabitants 3(23)
Health- and illness-related factors

Mild depressive symptoms at beginning of wCBTPC 7 (54)

Moderate depressive symptoms at beginning of wWCBT 3(23)

Moderately severe to severe depressive symptoms at beginning of wCBT 3(23)
Completion of the wCBT programd

1-3 modules 3(23)

4-6 modules 6 (46)

7 modules 4(31)

#Town and urban areas are defined as having at least 200 inhabitants with a maximum distance between the houses of 200 meters information; not

available for 3 participants.
BwCBT: Web-based cognitive behavioral therapy.

’Depressive symptoms assessed with Patient Health Questionnaire-9. The following cut-off scores were used: 5-9 mild depressive symptoms; 10-14
moderate depressive symptoms; =15 moderately severe to severe depressive symptoms.

ThewCBT program consisted of atotal of 7 modules designed to be used during a 9-week period.

The interviews lasted between 36-72 minutes (median 50
minutes) and were performed by JL (9 interviews) and AKK (4
interviews). Both interviewers were registered nurses. JL
performed theinterviewsin hisrole asaPhD student and AKK
in her role as a lecturer. Both had a good contextual
understanding of the program. JL had some previous experience
and AKK had extensive experience of qualitative interviewing.
JL had previous contact (emails and writing feedback) with the
participants during the program. All 13interviewsweredigitally
recorded and transcribed verbatim, 7 by aprofessional secretary
with experience and 6 by JL.

Data Analysis

First, al transcripts were checked for accuracy against the
recordings. Second, al transcripts were read as a whole to
become familiar with the data. Third, a coding scheme was
developed by JL and AKK. JL and AKK read and independently
coded one interview. Anonymized parts of 3 transcripts were
then used to generate tentative codes during a data workshop
with PhD students from the disciplines of nursing and
occupational therapy. The tentative codes generated by JL,
AKK, and the workshop participants were then discussed by
JL and AKK and arefined coding schemewas devel oped. Based
on the devel oped coding scheme, JL then systematically coded
al transcripts. At the end of the coding process, one more
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transcript was selected and coded by both JL and AKK to ensure
afair and neutral application of the coding scheme[50]. Fourth,
codes were sorted into inductively emerging patterns to form
subcategories and categories. After all of the codes were
preliminarily categorized, the categories were examined to
assess whether themes could be constructed [50]. The
construction of subcategories, categories, and themes was
documented in a memo that also was checked by AKK for
clarity and understanding; if necessary, preliminary categories
were revised in accordance with the consensual understanding
of JL and AKK. Lastly, preliminary categories were either
reformulated as final categories or incorporated with other
categories with similar content into final categories. The final
categories were checked for confirmability [50] by PJ. Figure
1 shows an example of the analysis process.

Ethics

All participants were informed about the study and gave
informed consent. To protect their confidentiality, published
data were scrutinized to prevent the identification of the
participants. The study conformed to the principles for medical
research, as described in the World Medical Association’s
Declaration of Helsinki [53], and was approved by the regional
ethical review board in Linkdping, Sweden (dnr 2011/166-31).
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Table 3. Interview guide.

Opening question You have (recently) participated in a Web-based cognitive behavioral therapy program (targeting depressive

symptoms in people with heart failure). Can you please tell me about this?

If not spontaneously addressed, «  Advantages and disadvantages of the treatment program
ask about the following topics or «  Hindrances and barriers and problems due to the fact that the treatment was given through the internet?
areas How did you cope with this?

«  Positive aspects of treatment through the internet?

«  How would you describe what the program was or is?

«  Contact with the feedback provider

«  Experience of the feedback

« Useof theinternet for any other type of health care?

o What do you think about the health care system using the internet more for information and interventions?

« Inyour experience, what is the difference between health care provided face-to-face compared with health
care provided through the internet?
What are the advantages and disadvantages?

o Integrity and health care through the internet.

Probing questionsto beused dur- «  Can you tell me more about...?

ing the interview «  Canyou explain or clarify what you mean...?
. Earlieryousad...?
« Canyougivean example...?

Ending « Isthere anything more you would like to tell me?
« Isthere anything we have not talked about?

Figure 1. Example of the data analysis process from code to categories. Codes consist of text chunks from the transcripts. Codes with similar meaning
were sorted into categories and subcategories. Participant ID shown in brackets.
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Results in Table 4. One central and common pattern in the findingswas
that the participants experienced the wCBT program as
Main Findings something they did themselves and many described the program

. o . ) asaform of self-care.
Overall, 6 categorieswereidentified during the analysis process.

The categories, aswell astheincluded subcategories, are listed
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Something Other Than Usual Health Care

The participants described wCBT asamultifaceted experience.
A common pattern was the experience of actively doing
something to feel better or gain health. wCBT was described
as agood way to treat depressive symptoms. Most participants
described their experiences of WCBT in relation to other types
of health care interventions they had encountered. Two
subcategories were identified.

My new self-help meant that WCBT assisted with self-help or
self-care that helped participants to actively learn new waysto
take responsibility for their health. Some participants stressed
that wCBT was about learning and described the program as a
course. Other participants said that WCBT could be similar to
health care because professiona health care personnel were
accessible through the program but that wCBT was different
from what they generally thought of as health care. However,
most participants were hesitant about using words such as
“health care” Thiswas due to their experience of having to be
very active. WCBT was experienced as something one did in
contrast to health care, which was seen as something one
received.

Yes, it is, kind of, a good reason to make, or maybe

get help to make these changes that...And maybe |

can get some advice that | hadn’'t thought of

myself...Kind of like someone taking one's hand and

saying: Let'sdo it thisway. [Participant 10]
Helping other people meant that the program was experienced
as a research project with the purpose of helping people with
heart failure. Codes in this subcategory often came from
participants describing the wCBT program as a treatment that

Lundgren et a

| think that it's the right thing to do to give one's
support. If | can contribute in any way to research
then I'll do so willingly. [Participant 3]

Relevance and Recognition

Most participants experienced the program as relevant and
useful, at least to some degree. However, a few participants
experienced no benefits from the program. An important factor
related to finding the program useful was to recognize oneself
in the program.

Mainly useful meant that some participants experienced the
program as highly relevant. A few participants described no
experience of any shortcomings in the content of the program.
However, most participants generally described the content of
the program as helpful but with some disadvantages, such as
describing the behavioral activation as hard to grasp or
experiencing that the content of the program did not address
areas and topics that they thought important for their health,
such as management of health problems other than heart failure
and stress management.

Then | thought that it [the program] would probably
contain a little bit more when it came to tools for
stresstoo [...] Therewasa little but it didn't give me
those...I would have really liked a pure exercise
program [to handle stress] there. [Participant 9]

In contrast to Mainly useful, in No use, a few participants
reported that the program had not been of any benefit for them.

No, | don't really think | got anything that |
considered a cure if | can put it like this. [...] No, |
might as well say that it was not of any benefit.

was not mainly focused on them asindividual s but an experience [Participant 7]
of contributing to other people’s well-being was conveyed.
Table 4. Overview of findings.

Categories Subcategories

Something other than usual health care

Relevance and recognition

Flexible, understandable, and safe

Technical problems

Improvements by live contact

Managing my life better

e My new self-help
«  Helping other people

o  Mainly useful
« Nouse
. Different levels of recognition

Working at home

When | want and have time
Adapting the content

Challenging format and medium
Everyday life affecting the treatment
Integrity is protected

Written format

Anonymous and honest

«  Various problems
« Various strategies

«  Depending on the circumstances
o  Preferred situations

«  Feedback is confirming and motivating
«  Reflecting and new understanding
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Different levels of recognition meant that experiences of
recognition in and relevance of the program were commonly
described by the participants. Examplesand problems addressed
were found to be realistic and similar to their everyday life.
Furthermore, if participants described CBT componentsin the
program as helpful, this contributed to their experiences of the
program being recognizable and relevant.

That's the way it is, and I’'m the one who is most
positive about the program because it's worked for
me from start to finish. [Participant 8]

However, in contrast, some participants did not recognize
themselvesin the program. The reasons for thiswere described
as fedling too well or too ill compared with the presented
examples. Another reason was described as having health
problems not addressed in the program.

That is to say some of the examples that you gave
there [in the program] didn’t seem relevant to me.
[Participant 7]

Flexible, Under standable and Safe

The participants experienced working through the internet as
positive and flexible. There were also challenges and some
barriers connected to the use of the internet; 8 different
subcategories were identified in this category.

Working at home meant that most participants positively
described working with the program at home because the home
environment was peaceful and quiet. Working at home reduced
the barriersto participating in atreatment program because one
did not haveto travel. Thiswasimportant because getting started
with different activities was experienced as difficult when
suffering from depressive symptoms.

Let's put it this way, it was really nice to be able to

be at home and do it in peace and quiet. [Participant

4]
When | want and have time meant that the format and medium
of the program provided a positive opportunity to work when
the participants wanted to. Feeling motivated was described as
important when choosing when to work with the program. In
addition, the ability to increase or decrease the work tempo and
repeat parts of the program were experienced as positive aspects.
Contributing to the flexibility was the opportunity to make
adjustments to when and where to work with the program, for
example, if participants made aftrip.

If | wanted to sit down and do it at two in the night
or fivein the morning or inthe middle of the day then
this was fine | could choose when to carry out my
exercises|[...] itisan advantageto be abletodo it at
a time of my choice. [Participant 6]

Adapting the content meant that participants described choosing
to focus on the parts of the program that they experienced as
meaningful and putting less effort into parts experienced asless
important. The parts of the wCBT program that participants
chose not to work with concerned things they already knew or
did.

http://www.jmir.org/2018/9/€10302/

Lundgren et a

| located and picked those small components, now
what werethey called? Littlegems, [ ...] Oh, they were
part of the internet program and they worked for me
and were great. [Participant 8]

Challenging format and medium meant that the format and
medium made it easy to postpone the work on the program.
Some participants therefore thought of setting fixed times to
work on the program despite it reducing the flexibility. The
experience of the program requiring self-discipline was
common. The work was often experienced aslonely, especialy
if participants encountered problems with the program. The
participants experienced a need to be active and take the
initiative to solve some problems by themselves to gain a
positive effect from the program.

I'm a bit like, I'll do this later and this bit I'll

postpone. And thisis exactly what happens, and then

things get difficult [ ...] It was not always a good thing

that it was Internet-based and things got postponed.

[Participant 4]
Other challenges described were that the program required a
lot of time and that there was alot of text and assignments that
needed to be completed during the program, which was
experienced as stressful. In contrast, some partici pants described
the program as timesaving owing to the medium and format.
This was because the wCBT program gave the participants the
opportunity to focus on the partsthey felt important and because
they did not have to travel to receive health care.

The participants also said that they were not used to working
with treatment through the internet, but they did not clearly
assess the medium as negative or positive—rather, most
participants described it as unusual . Another aspect experienced
asvaluablewasthe possihility to read the content of the program
in printouts or on screen. Commonly, participants said that they
were not used to reading long texts on the screen. Being
presented with anumber of different choiceson how to perform
the tasks in the program was sometimes experienced as hard,
especidly if the participants were not used to working with
information technology and computers. Participants also said
that the medium and format made them feel tied to the computer
and vulnerable if the technology did not work. In contrast to
the challenges experienced above, some participants mentioned
no challenges with the medium and format.

Everyday life affecting the treatment meant that factors or events
not directly related to the program, heart failure, or depressive
symptoms were important for how wCBT was experienced.
These factors sometimes made it harder to work with the
program, for example, if there was a demanding situation at
work or if they had to handle other health problems.

Just when one starts to establish a routine, things
crop up which get a higher priority, and then these
objectives and reviews get put on the back burner.
[Participant 9]
Integrity is protected meant that no experiences were identified
of integrity being insufficiently protected in the program. The
security system used in the program made them fedl safe in
regard to how information about them was handled. The
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organization behind the program was also important for creating
experiences of safety. Universities and other public institutions
were described as more reliable compared with private
companies. Some participants experienced that integrity
generaly received too much attention when information
technology systems were discussed.

Look here, I'm 75 and have a number of medical
problems and | don't give a damn about
confidentiality just aslong as| receive decent health
care. [Participant 2]

However, among all the participants there was a limit to how,
where, and by whom the information should be accessed; for
example, some participants said that they would not be
comfortable if such information was spread through social
media. The participants said a number of times that it was
important that health-related information was accessible for
health care personnel, even if this came at the price of
unauthorized persons being able to accesstheinformation. Close
relatives such as spouses were also described as persons one
may want to protect personal information from, something that
was described as complicated when working at home with the
program.

..it is worse if one is writing something that one
doesn’'t want the family to see...it can be a negative
aspect of such a course of treatment if one has an
inquisitive partner, indeed then things can get quite
difficult. [Participant 8]
In Written format, the experiences differed in that the program
mainly consisted of written information and depended on written
communication. Some described the texts and feedback aswell
thought out and easy to read and understand. Furthermore, it
was experienced to be easier to write about some types of health
problems compared with talking about them. The written format
was described asfacilitating and clarifying what the participants
were expected to do when working with the program. In
contrast, some experiences suggested that the written format
was a barrier to communication, and descriptions revealed that
oral communication between participant and feedback provider
was preferred.

Exactly, one gets a question which one starts to
answer [..] one understands exactly what they're
after [...] it'stheway | am[...] it can be difficult to
express oneself [verbally] . [Participant 4]

Anonymous and honest meant that working through theinternet
created conditions for a positive experience of anonymity. The
participants thought that they could write exactly what they
thought about things and be more honest in their communication.
They were al so positive about not feeling observed or analyzed.
A requisite for this was that the communication took place
without personal encounters. Furthermore, written delayed
communication led to experiences of the feedback provider as
a neutra medium or an unknown person. Both perceived
anonymity and written delayed communication contributed to
the experience of being protected or doing something behind a
screen.
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Yes, this | would recommend, namely that one can be
completely open there is no need to feel observed or
analyzed or monitored in any way—instead it all takes
place behind a screen, so to speak. [Participant 6]

Technical Problems

A number of technical problems were reported during
participants’ work with the program. However, not everyone
described such problems, and most participants experienced
that they had been able to manage the problems they came
across.

Various problems were encountered and experienced in 4
different ways. First, problemswere associated with participants
computer equipment, such as old computers and problemswith
viruses. Second, the technique used in the program was
demanding and complicated. Third, theinterface of the program
was sometimes confusing, creating insecurity regarding how to
perform different tasks; for example, there was lack of
automated feedback to know if assignments had been submitted.

[...] when one had submitted something then one was
uncertain as to whether it had arrived. [Participant
12]

Fourth, technical problems during the log-in and authorization
processwere described. Thelog-in process could be complicated
and some stated that they would have preferred to be able to set
a less complicated password. Various strategies meant that
technical problems were managed in different ways. One
strategy was to postpone the work if a technical problem was
encountered, assuming that the problem would have been solved
the next time one tried doing a task. Support was sought from
relatives, friends, or the feedback provider. One participant said
that she chose to get a new computer of the same model as a
relative to get support that way. Another strategy was to read
the instructions and test different solutions on one’s own.

Yes, | had to wait, repeat and try again. Yes, now and
then | contacted [name of feedback provider] for
assistance. [...] | sat there and explored the software
by myself. [Participant 10]

Improvements by Real-Time Contact

Most participants were less used to indirect contact with health
care personnel. Thiswas sometimes experienced as challenging
and demanding. Participants described this as having to learn
anew way of communicating with health care personnel. Severa
participants stated that they would have preferred more real-time
contact, that is, direct verbal communication via telephone or
video-telephony. Real-time communication through sound and
picture (not necessarily only face-to-face) was described to
make communication more dynamic and was thought to
facilitate relationship building better than indirect
communication. These experiences were described regardless
of whether participants described the feedback in the program
as positive and supportive or not.

Depending on the circumstances meant that the experiences of
the need for real-time communication were described as more
important in some situations and less important in other
situations. The purpose of an intervention or interaction was
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crucial for how important real-time communication was; for
example, real-time communication was important for feeling
cared for. Some participants said that delayed and indirect
contact made them feel anonymous or reduced to a number. In
contrast, when the experience of the program was described to
be about learning, which was common, the delayed and indirect
contact was experienced as suitable and sufficient.

Oh yes, the obvious way is a face-to-face meeting

with a person. But the thing with CBT and the like,

and learning generally...Obviously things go really

well with the Internet perhapsit is even an advantage.

[Participant 11]
Preferred situations meant that more real-time contact would
have been preferred to alow for check-ups of the progressin
thework and how the participant was doing. The use of real-time
communication as a back-up if something did not work was
also stressed.

For example suppose that you gave feedback via
phone in a different way. Then one can explain a bit
more and other things too. [Participant 5]

Managing My Life Better

The participants described that they had generally become better
at managing their lives. This was expressed in different ways
among the participants. Some participants had learned to stop
activities perceived as negative and had started to do thingsthat
balanced their activitiesin daily life. Others said that they had

started to take the initiative to perform more positive activities
and that they had begun to appreciate life again.

The participants experienced that problems could be solved and
tasks could be performed differently compared with before they
participated in the program. A prominent pattern was the
experience of the program as stimulating them to take agreater
responsibility for their health, for example, by seeking
information about health problems and discussing health
problemswith their close relatives. This behavior change made
them feel safer, reduced their feelings of hopelessness, and
helped them to gain greater acceptance of their own health
problems. The following 2 subcategories were identified:
Feedback is confirming and motivating and Reflection and new
under standing.

Feedback is confirming and motivating meant that the feedback
participantsreceived from the feedback provider wasimportant
because it facilitated the work process. One divergent finding
was that a few participants described the feedback as not
powerful enough to create a change in behavior. However, the
feedback mostly was described as good and sometimes as
prompt.

But no, | think it would give a little more | mean you
need some pressure, you need a carrot and stick you
know. [Participant 2]

The feedback was described as answering questions and
providing new perspectives on the health problems that the
participants worked with. Participants said that the feedback
helped them to continue working in the program even if it felt
cumbersome at times. Adding to this, the following 3 different
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experiences of good feedback were identified: confirmatory,
coaching, and motivating.

And receive an answer, an answer of concern to me

alone. One doesn’t get standard answers. [Participant

2]
Reflection and new under standing meant that the program gave
rise to increased reflection, leading to new understanding and
perspectives on their health and life situation. Descriptions
showed that it could be painful to accept that heart failure comes
with apoor long-term prognosis. On the other hand, experiences
of being more prepared to manage worsening in heart failure
were expressed. Participants described it asimportant that they
had understood that depressive symptoms could be associated
with heart failure and that it was common among patients with
heart failure to experience depressive symptoms. Furthermore,
participants said that the program had contributed to the
experience of having gained new toolsto manage problemsand
it had thereby affected their situation and well-being. They had
learned to think in new ways and the program gave them new
perspectives on everyday life. A common pattern was that
participants started to challenge their old inward thinking. New
thoughtswere mostly positively expressed, including metaphors
such as “the program was an eye opener” or “1 see things from
new angles” However, one participant said that the program
made him identify his health problems but that he could not
take advantage of the program. Instead, he had sought other
types of health care.

However, | noted the following: well, | never, that
was interesting. One hadn’t seen the connection and
context of the two things, but when one got these two
guestions the penny dropped and one started to think
in new ways. [Participant 1]

Discussion

Principal Findings

The main finding of this study wasthat personswith depressive
symptoms and heart failure described wCBT as a form of
self-care for their health problems. Overall, the program was
experienced asanew way to create self-care by activereflection
on relevant and recognizable situations and support from a
trustworthy person that was confirmative and motivating. The
program was described as saf e without any major challengesto
integrity, except from their partners.

The primary target of the wCBT intervention was to decrease
depressive symptoms. However, the participants’ narratives
most often referred to the program as something they
experienced to hel p them take care of their own health problems,
including both physical and psychological health problems. We
interpret this as a holistic perspective on health among the
participants. It is important to realize that the findings of this
study are what the participants experienced and described and
not primarily a qualitative evaluation of the wCBT program’s
effect on depressive symptoms.

Participants experienced that WCBT required them to be active
participantsin the trestment process and that the program hel ped
them to focus on what they could do to improve their health.
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This is consistent with meta-analyses reporting data in studies
of cancer survivors [54] and in the field of depression and
anxiety [30]. If patients and health care professionas
expectations differ with regard to patients' active participation,
this may be a substantial barrier for telehealth interventions
[48]. Consistent expectations regarding the roles and activity
between patient and health care provider are an important factor
affecting adherenceto treatment and patients” perceived quality
of care[55]. Our finding that the participants experienced wCBT
as self-care is important and may contribute to a common and
good starting point for thistype of intervention. The experience
of wCBT as requiring the patient to be active and perform
self-care with the description of wCBT as a learning process
indicates that this type of intervention may not be suitable for
al patients. Self-care ability can be negatively affected by
learning problems [56]; thus, some patients may need other
types of support with their health problems, such asface-to-face
interventions. In our findings, the participants described wCBT
as a good way of addressing depressive symptoms. This is
important because participants attitudes to psychological
Web-based interventions have been found to be an important
factor for response to treatment, as demonstrated by Lutz et a
[57]. From a professional perspective, it is important to make
acomprehensive assessment of self-care and learning ability as
well as the attitudes to Web-based interventions of patients
before considering what type of intervention to offer to
individual patients.

The above-mentioned findings can be said to have genera
implications for health care interventions, regardless of how
they are delivered. In our findings, there are also some aspects
specifically related to wCBT as a telehealth intervention.

Telehealth interventions are often seen as a practical and
cost-effective way to face increased demands on a health care
system[58]. A wide variety of tel ehealth applications have been
developed, ranging from monitoring health status to the
provision of health education and psychological support [59].
A common feature of telehealth interventionsisthat they change
the context in which health care is provided, generaly from
within health care facilities to the home of the health care
recipient. This transition raises questions about personal
integrity. The experiences regarding protection of personal
integrity were somewhat surprising in our study. Based on the
contemporary discourse regarding persona integrity in the
context of telehealth (cf. Hall and McGraw [60] or Sabin and
Skimming [61]), it was assumed that parts of the interviews
addressing this topic would focus on areas such as protection
from hackers, nonauthorized third party access, and other more
general information technology security topics. Instead,
participants described other aspects of integrity as important,
such as the need to protect information from close relatives.
Moving health care from atraditional face-to-face context to a
telehealth context will al so movetheresponsihility for protection
and safeguarding of integrity from the health care professional
to the patient. Technical solutions, such as passwords, used by
the patient can be useful to some extent [62], but these methods
may cause other types of problems; for example, passwords on
computers, which are often shared among family members, and
changing or hiding passwords may be perceived as deception
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and cause feelings of suspicion, distrust, and dishonesty in the
family [63,64].This may have a negative impact on the health
process and family function. Therefore, the introduction of
telehealth calls for the development of new methods for health
care personnel to safeguard their patients’ integrity.

The findings described in the subcategories Anonymous and
honest and Written format with the category |mprovements by
real-time contact reveal a complex relationship between the
possibility of being anonymous and a wish to have rea-time
contact. Anonymity is experienced as an easy way to address
sensitive topics and to be honest but at the same time, it also
led to an experience of being reduced to a number. Moreover,
both positive and negative experiences regarding the use of
written material and feedback and the need for more real-time
communication were described in our findings. The
contradicting findings regarding the written format and real-time
communication can be seen as illustrating a dialectic
relationship, similar to that described by Knowles et al [30],
with participants acknowledging and appreciating the benefits
of perceived anonymity and written format but at the sametime,
longing for the benefits of real-time contact. Acknowledging
that this relationship exists in telehealth interventions, such as
WCBT, raises a number of questions related to the way health
care personnel can act to establish stable and caring rel ationships
and to determine the right amount of personal contact between
patients and health care personnel to facilitate optimal care in
telehealth interventions. As pointed out by Nagel et a [65], the
nursing profession is facing philosophical and transformative
challenges as hedlth care increases its use of telehealth. The
answers to these questions are beyond the scope of this study;
however, this study may contribute to future research that aims
to investigate how a caring relationship can be established in a
telehealth context. Such research is needed to prepare the present
and future generations of health care professionals to deliver
high-quality health care when using telehealth applications.

Methodological Limitationsand Consider ationsof the
Study

There are several limitations to this study. The authors
involvement in designing the program may have affected their
preunderstanding in regard to the analysis and presentation of
findings [50]. Because the findings represent a construction
made by the authors, it is most likely that the findings would
be different if the data were analyzed by other researchers. In
addition, another sample would most likely render a different
finding. In qualitative content analysis, this is a phenomenon
that the reader must be aware of [50]. The fact that different
findings can be constructed from the same data does not mean
that one of these findings is more or less true compared with
another construction; instead, they give different perspectives
of the phenomenon studied. To enable the reader to assess the
trustworthiness of our findings, we have described the setting
(Table 1). To further increase trustworthiness, we have provided
a detailed and transparent description of the analysis process
[66]. To create a credible construction of the findings [50],
multiple analysts’ triangulationswere used. We al so considered
member checking [50]. However, it has been proposed that this
may lead to confusion about the findings rather than
confirmation [67]. Reflexivity and dependability werefacilitated
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by memo writing and by reporting deviating findings of the
particularities of the analyzed cases that have been brought out
[50].

The use of 2 different interviewers was important to
counterbalance the risk of informant or researcher bias. No
considerabl e differences were detected between the interviews
conducted by JL and those conducted by AKK.

We performed 13 interviews, which may be considered a small
number. However, there are no clear guidelines for an
appropriate sample size in qualitative descriptive studies [68].
Because no new codes were identified in the coding of the last
transcripts, we believe that the data in this study give a broad
description of the participants’ experiencesof wCBT. Regarding
the heterogeneity of the sample [68], the sample may be
considered rather homogeneous, which may limit the contexts
to which the findings may be transferred. However, because all
participants had similar health problems and participated in the
same program, the sample gives arather exhaustive description
of the group’'s experiences of the program. Regarding
transferability, the participants in the sample in this study are
younger than the average person living with heart failure. This
may limit the transferability of the findings to the general heart
failure population.

Interviews conducted viatelephone may have rendered lessrich
data than those conducted face-to-face. However, face-to-face
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interviewswere assessed asless beneficial becausethey required
restrictions in the sampling process given the geographical
spread of the participants. The median interview time was 50
minutes, which is similar to that often seen in other qualitative
studies using face-to-face interviews [69]. Despite these
limitations, we believe that this study contributes important
insights into the novel area of patients experiences of
participating in awCBT program.

Conclusion

Personswith heart failure and depressive symptoms experienced
the wCBT intervention as challenging. This was because of
participants balancing the urge for real-time contact with
perceived anonymity, not postponing the work with the program,
and learning a new way of communicating with health care
personnel. Important advantages of the program were learning
by reflection to gain new understanding of health problemsand
managing self-care to improve health. Being able to choose the
time and place for the work was another advantage. wCBT
appears to be experienced by persons with heart failure as a
valuable tool to manage depressive symptoms. However, more
research is needed to identify the circumstances in which
anonymity is beneficial for the patients and how wCBT
programs should be designed to balance the challenges
experienced by persons receiving health care through wCBT.
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Abstract

Background: The impact of mental illness on society is far reaching and has been identified as the leading cause of sickness
absence and work disability in most devel oped countries. By developing evidence-based solutions that are practical, affordable,
and accessible, thereispotential to deliver substantial economic benefitswhileimproving thelives of individual workers. Academic
and industry groups are now responding to this public health issue. A key focusis on developing practical solutions that enhance
the mental health and psychological resilience of workers. A growing body of research suggests resilience training may play a
pivota role in the realm of public health and prevention, particularly with regards to protecting the long-term well-being of
workers.

Objective: Our aim isto examine whether a mindfulness-based resilience-training program delivered viatheinternet isfeasible
and engaging to agroup of high-risk workers. Additionally, we aim to measure the effect of the Resilience@Work Resilience@Work
Mindfulness program on measures of resilience and related skills.

Methods: The current pilot study recruited 29 full-time firefighters. Participants were enrolled in the 6-session internet-based
resilience-training program and were administered questionnaires prior to training and directly after the program ended.
M easurements examined program feasibility, psychological resilience, experiential avoidance, and thought entanglement.

Results: Participants reported greater levels of resilience after Resilience@Work training compared to baseline, with a mean
increase in their overall resilience score of 1.5 (95% CI -0.25 to 3.18, t,,=1.84, P=.09). Compared to baseline, participants also
reported lower levels of psychological inflexibility and experiential avoidance following training, with a mean decrease of -1.8
(95% CI -3.7810 0.20, t;3=-1.94, P=.07). With regards to cognitive fusion (thought entanglement), paired-samplest testsrevealed
atrend towards reduction in mean scores post training (P=.12).

Conclusions: Thispilot study of the Resilience@Work program suggests that a mindfulness-based resilience program delivered
viathe Internet isfeasible in a high-risk workplace setting. In addition, the firefighters using the program showed atrend toward
increased resilience and psychological flexibility. Despite a number of limitations, the results of this pilot study provide some
valuableinsightsinto what form of resilience training may be viable in occupational settings particularly among those considered
high risk, such as emergency workers. To the best of our knowledge, thisisthe first time amindfulness-based resilience-training
program delivered wholly via the internet has been tested in the workplace.
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Introduction

Improving workplace mental health is an opportunity of
immense scale and profound importance [1-3]. By developing
evidence-based solutions that are practical, affordable, and
accessible, there is potential to deliver substantial economic
benefits, whileimproving the lives of individual workers[4,5].
Theimpact of mental illness on society isfar reaching and has
been identified as the leading cause of sickness absence and
work disability in most developed countries[6-11]. Poor mental
health al so produces|arge productivity losses due to absenteeism
aswell as presenteeism, with affected workers attending work,
yet performing at a diminished capacity [12,13]. As a result,
common mental health conditions such as depression and
anxiety have a significant and direct impact on the overall
economic welfare of a nation [14,15]. However, the impact of
mental illness in the working population goes well beyond
macroeconomics. Once anindividual worker devel opsamental
health condition, they often suffer personal financia losses,
career disruption, and reduced well-being.

Academic and industry groups are now responding to this public
health issue. A key focus is on developing practical solutions
that enhance the mental health and psychological resilience of
workers[16]. Thereisno simple universal solutionto workplace
mental health. Best practice frameworks highlight the
importance of amultifaceted approach that addressesindividual,
team, and organizational level factors. These factors include
work design, organizational culture, good management,
promoting and facilitating early help-seeking and early
intervention, aswell as supporting return-to-work programsand
recovery [16,17]. These frameworks also make specific
reference to the importance of employee resilience training.
This type of individual training can form part of broader
programs of workplace health promotion [18].

Indeed, agrowing body of research suggestsresilience training
may play a pivotal role in the realm of public health and
prevention, particularly with regardsto protecting thelong-term
well-being of workers[17,19,20]. While definitions of resilience
are diverse and plentiful, there is growing consensus that
resilience is a malleable construct, wherein an individual’s
ability to adapt effectively during challenging circumstances
can be enhanced over time. Leading researchers in the field,
along with the American Psychological Society, describe
resilience as a process of “bouncing back” from difficult
experiences and “ adapting well in the face of adversity, trauma,
tragedy, threats or significant sources of stress’ [21,22].

In terms of enhancing resilience, numerous studies have
described positive outcomes from various types of resilience
training programs among groupsincluding medical specialists,
youth workers, nurses, factory workers, and public servants
[23-28]. In addition, research among emergency workers (ie,

http://www.jmir.org/2018/9/€10326/

firefighters, police, paramedics) and military personnel
highlights the benefits of resilience training among individuals
who frequently experience high-stress situations as an inherent
aspect of their work [29-31]. Conversely, a number of larger
trialswith US Army Personnel and more recently with London
Ambulance in the United Kingdom reported limited
improvementsfollowing resiliencetraining [32,33]. Establishing
what types of resilience training programs are beneficial to
high-risk groups such as emergency workers is particularly
important for severa reasons. First, these workers play an
essential rolein delivering and maintaining critical servicesin
our communities. Second, given the nature of their work,
emergency workers are at greater risk of developing common
mental health conditions such as depression, anxiety, and a cohol
misuse aswell as posttraumatic stress disorder (PTSD) [34-37].
Finally, resilience programs that are evaluated and found to be
useful among emergency service personnel may provide
valuable insight on how to best support the mental health of
workers in other high-stress occupations (eg, health care,
journalism).

Despite the growing body of research supporting resilience
training, considerable measurement variation existsin terms of
how researchers evaluate the effectiveness of these programs.
For example, some researchers specifically focus on changes
observed on reliable and validated measures of psychological
resiliencefollowing times of intense stressand adversity. Windle
et a [38] offer areview of resilience measures. Other researchers
have primarily examined the overall impact of resiliencetraining
on measures of genera well-being and mental health
symptomol ogy. While research continuesto highlight apositive
relationship between resilience and psychological well-being,
the latter approach may provide limited insight into whether a
resilience intervention can truly facilitate change in an
individual’s overall ability to bounce back from adversity. A
program may improve mental health symptoms, yet not enhance
aperson’soverall psychological resilience or vice versa[39,40].
The use of reliable and validated measures of psychological
resilienceiscentral to examining the efficacy of any intervention
aimed at enhancing psychological resilience [38], particularly
in groups where people identify as“mentally healthy.”

Resilience training programs can differ considerably in terms
of content, delivery, and length. In their systematic review of
resilience interventions, Leppin et a unsurprisingly concluded
“no single accepted theoretical framework or consensus
statement existsto guide the devel opment or application of these
programs’ [19]. This may explain why resilience researchers
are now drawing on evidence-based therapies such as
Acceptance and Commitment Therapy (ACT), Cognitive
Behavioral Therapy, Mindfulness-Based Cognitive Therapy,
and Mindfulness-Based Stress Reduction (used in the treatment
of common mental health conditions) to inform program
development [23,24,27,41-45]. Theseresilience programs tend
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to include a combination of cognitive strategies, mindfulness
training, psycho-educational material, and goal setting. They
typically focus on enhancing a person’s capacity to manage
stressful situations and adverse circumstances more effectively
and with greater emotional insight. These skills and strategies
require time to practice and gain proficiency. As such, the
majority of resilience studies to date describe interventions
involving multiple face-to-face training sessions [19,20]. This
is a particular challenge for many employers, where taking
workers away from the workplace to attend training creates
considerable disruption to business and critical services. In
addition, the associated costs for replacement staff during this
time can be significant. The expense inherent in face-to-face
training can pose a hindrance, as can the availability of trainers
and programs in remote areas. Moreover, stigma associated
with mental health remains prevalent and may prevent a subset
of workers from choosing to engage openly in group-training
sessions that focus on psychological topics [46]. A universal
approach where all employees complete the training may go
some way towards reducing this stigma [47].

To address these barriers, we developed an interactive e-learning
program caled The Resilience@Work (RAW) Mindfulness
Program. This self-paced intervention aims to enhance
psychological resilience among workers. It consists of 6
internet-based trai ning sessions, each taking about 20-25 minutes
to complete on atablet or computer (see Figure 1).

Figure 1. Resilience@Work Mindfulness Program homepage.
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The RAW program involves mindfulness training,
psycho-education, and a range of skills and strategies drawn
from  evidence-based  therapies including  ACT,
Mindfulness-Based Stress Reduction, and Compassion-Focused
Therapy. A large body of literature highlights the positive
benefits of mindfulness practice on mental health outcomes
[48-53] while a growing number of studies also describe the
positive impact of mindfulness training on psychological
resilience [23,24,41,54].

The RAW program also teaches a number of core cognitive
strategies, which may further enhance a learner’s ability to
manage stress and cope with adverse circumstances more
effectively. These core strategies, drawn from ACT, aim to
enhance psychological flexibility by applying mindfulness,
acceptance-based emotion regulation strategies, and cognitive
skills, while also emphasizing behavioral change that reflects
personal values. Psychological flexibility is “the ability to be
in the present moment with full awareness and openness to our
experience, and to take action guided by our values’ [55].
Psychological flexibility is associated with lower levels of
depression, anxiety, and distress in clinical and nonclinical
populations [56-58]. Morerecently, it has been found to protect
against depression and PTSD among returned service personnel
[59].
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Table 1. Overview of skills and topics covered in the Resilience@Work Mindfulness Program.

Joyceet a

Session  Resilience topic and skills focus Mindfulness tracks
1 Introduction to mindfulness, resilience and psychological well-being 1. Drop Anchor
2. Teakel0
3. LeavesonaStream
2 Mindfulness skills, Understanding your reactive mind versuswise mind, Rec- 1.  Mindful Breathing
ognizing unhel pful mind chatter and managing uncomfortable and unhelpful 2. Defusion Technique; Notice it, Nameit, Let it Go
thoughts (cognitive defusion); Recognizing your values exercise (I"'m having the thought that...)
3. Defusion Technique 2: Thank you Mind
3 Revision of cognitive defusion, Introduction to mindfulnesswith emotions, 1.  Creating Space (mindfulness with emotions)
The reactive mind and avoidance, Understanding how values are linked to 2. Mindful Body Scan
emotions; Valued action check 3. The Golden Room
4 The problem with avoidance, Recognizing avoidance strategiesversusadaptive 1. Creating Space
strategies 2. A Mindful Break (mindfulness with words)
3. Surfing Waves
5 Self-care and support, The compassion myth, barriersto accessingcompassion, 1. A Kind and Gentle Hand (loving-kindness practice)
compassion fatigue, self-compassion actions & resilience; Identifyingmindful 2. A Safe Place (compassion-focused mindfulness)
support (compassionate, nonjudgmental and mindful); Valued action check 3. A Bird’sEye View
6 Compassion-focused mindfulness; Gratitude practice, optimismandresilience, 1. Breathing in the Present Moment
identify and celebrate the milestones; Creating a personalized actionplanto 2. A Golden Moment exercise

practice skills

3. Being Kind to your old wounds

Table 1 provides an overview of the resilience topics, core
strategies, and mindfulness skills covered in each session.
Several reviews and meta-analyses have found mediumto large
effect sizes for ACT-based interventions across a range of
clinical and nonclinical settings including anxiety, depression,
substance abuse, worksite stress, and burnout [60-64]. Moreover,
a number of studies have found that ACT can improve mental
health in the workplace [64,65], highlighting its potential asan
intervention that may promote psychological resilience in
occupational settings.

A recent review and meta-analysis found that digital mental
health interventionsin the workpl ace can improve psychol ogical
well-being and work effectiveness among employees [66].
Despite the apparent advantages of online resilience training,
there has been very limited research examining the acceptability
and efficacy of thisapproach. A few trialshave examined either
a blended approach (ie, programs that combine internet-based
and face-to-face resilience training) [24,41] or an online
approach with an emphasis on stress reduction and/or enhancing
resilience-related factors [67,68]. As with the main resilience
literature to date, these studies vary greatly in their approach to
measuring program efficacy and thus limited conclusions can
be drawn. In addition, while the research evidence for online
mindfulness interventions continues to grow [48,69], to date
there have been no published trials examining the efficacy of a
mindful ness-based resilience training program delivered solely
online.

The primary aim of our pilot study is to examine whether a
mindfulness-based resilience-training program delivered via
the internet is feasible and engaging to a high-risk group of

http://www.jmir.org/2018/9/€10326/

workers, that is, firefighters. A secondary aim is to capture
changes in measures of resilience and psychological skills
among firefighters undertaking the training program. To the
best of our knowledge, thisisthefirst pilot study of aself-paced
mindfulness-based resilience training program delivered
completely in an online format.

Methods

Resilience@Work Mindfulness Program

The RAW program is a mindful ness-based intervention, which
aso draws on ACT and has sdignificant emphasis on
self-compassion and acceptance skills. Theintervention involves
completing 6 internet-based training sessions. Each session
takes about 20-25 minutes to complete on atablet or computer.
It was anticipated that an engaging and interactive program
would help address the issue of adherence; a challenge that
employersfrequently encounter when offering resiliencetraining
and support to their workers. Rather than having to read through
lengthy paragraphs on a website, the RAW program engages
workers in the process of learning by utilizing a combination
of interactive exercises, audio, and animation (see Figure 2).

Participants were able to download mindfulness tracks to their
own device for continued practice. Participants also had the
opportunity to sign up for text-message reminders and/or
reminder emails. A podcast accompanied each RAW session
with additional mindfulness tracks to encourage skills
devel opment. Podcasts were not amandatory part of thetraining
but were available viaawebsite for those participants who chose
to use them.
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Figure 2. Screenshots of training material from the Resilience@Work Mindfulness Program

Resilience@Work (RAW) Mindfulness Program | I Audio | & Course Map | () Bookmark | 5= Email | §5% Menu | G Exit

Session 1: Resilience & Mindfulness
Focus on the "here' and 'now'

Bringing our focus and attention to what is happening "here and now” is the very essence of mindfulness.

Mindfulness = Awareness of Present Moment

« Natural for the mind to wander off

» Mindfulness involves an ebb and flow between
being caught up in a thought and then noticing
where your mind has wandered to ® Present »

Moment

« You can then bring your focus back to the
present moment e.g. just noticing your
breath....

b

Progress: Next is a video describing how mindfulness can help you beat stress. | © Back | © Next

2. Course Map | (W) Bookmark | &% Email | §#2 Menu | & Exit

Resilience@Work [RAW] Mindfulness Program ik Audio

Session 2: Defusion & Values
Mindfulness workout 1

¥
Listen to the instructions on what you need to do. For information about the workout select the
three buttons below then select button 2 to begin the workout.
a Aim | E Activates | a Builds

Builds: Concentration Skills, Sustained
Attention, Meta-awareness, learning, decision
making & resilience,

Reduces: Stress, unhelpful Mind Chatter.

Progress: s | Select Next to continue our discussion on the ‘here and now'. | © Back | © Next

To ensure program engagement, workers from target industries  seminar. This information was collated and incorporated
were invited to provide detailed insight into the specific throughout the RAW program as “real-world” examples when
work-related challenges they encountered on a regular basis.  introducing new resilience strategies and techniques.

Examples were provided by workers to the research team via . . .
. ; . . Each session teaches a new strategy to cultivate psychological

email, phone, and in person during a workplace well-being - ; N .
resilience and involves a combination of psycho-education and
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mindfulness training. The program also interweaves simple
guotes and messages from the eastern philosophies of Buddhism
and Yogic teaching traditions from which mindfulness has its
origins[70-74].

Participants

Participants for this pilot study were drawn from Fire and
Rescue New South Wales (FRNSW) in Australia. FRNSW is
the seventh largest urban fire service in the world and responds
to firefighting, rescue, and hazardous material emergenciesin
Sydney, Australia, and surrounding regiona areas. Given the
nature of their work, employees are known to have elevated
risk of depression, anxiety, and PTSD [36].

Potential participants were informed about the study during a
standard well-being talk facilitated by members of the FRNSW
Peer Support Team. Firefighterswere provided with aparticipant
information sheet and consent form to read and review aong
with the study questionnaire. Participation was voluntary.
Firefighters who opted to participate in the study signed the
consent form and provided a valid email address in order to
register into the training program. Prepaid envelopes were
provided to mail consent forms and completed questionnaires
totheresearch team. Overall, 29 firefighterswere recruited (see
Table 2). Any potential participantswho were currently engaged
in any regular individual psychological therapy sessions with
apsychologist and/or psychiatrist were excluded from this study.
Ethics approval was obtained via the Human Research Ethics
Committee at the University of New South Wales, Australia.

M easures

The current pilot study sought to (1) examine the initia
feasibility of the RAW Mindfulness Program in a workplace
setting and (2) determine whether it would lead to measurable
changes in resilience and key process variables, specifically
cognitive fusion and experiential avoidance.

Joyceet a

Measure of Feasibility

Engagement and feasibility of the RAW Mindfulness Program
wererecorded by storing thetotal number of sessions completed
by each participant and the number of training hours compl eted.

Measure of Resilience

Psychological resilience was measured using the validated short
form 10-item version of the Connor-Davidson Resilience Scale
(CD-RISC 10) [75]. Participants respond to each item on a
5-point scale, ranging from O (not true at al) to 4 (true nearly
all of thetime). The total score ranges from 0-40 with a higher
score indicative of higher psychological resilience. Previous
studies have found the CD-RISC 10 to be areliable and valid
measure with Cronbach al pharanging from .81-.88[76,77] and
test-retest reliability of 0.9 at 6 weeks[77,78].

Measure of Process

The RAW Mindfulness Program was designed to utilize a
variety of mindfulnessand ACT techniques, the most prominent
of which were cognitive defusion and psychological flexibility.
In order to measure the impact of the intervention program on
these processes, the Cognitive Fusion Questionnaire (CFQ) and
the Acceptance and Action Questionnaire version 2 (AAQ-I11)
were administered to participants.

Cognitive Fusion Questionnaire

The CFQ isameasure of cognitive fusion and defusion, a core
component of the ACT model [79]. The CFQ contains 7 items
rated on a 7-point scale from 1 (never true) to 7 (always true)
with atotal scorerange of 7-49. A higher score reflects greater
cognitive fusion and thought entanglement. A sample item is
“1 get so caught up in my thoughts that | am unable to do the
things that | most want to do.” Previous studies have found the
CFQ to be areliable and valid measure with Cronbach alpha
ranging from .89-.93 [79,80].

Table 2. Demographics of participantsin Resilience@Work pilot study (N=29).

Characteristics

Value

Age, mean (SD); range
Sex, n (%)
Male
Female
Highest education, n (%)
High school
Technical and Further Education (TAFE)
Graduate degree
Postgraduate degree
Yearswith Fire and Rescue New South Wales, n (%)
1-5
6-10
11-15
16-20
20+

43.7 (8.7) 24-59

28 (97)
1(3)

8(27.6)
15 (51.7)
5(17.2)
1(3.4)

3(10.7)
4(14.3)
5(17.9)
3(10.7)
13 (46.4)
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Acceptance and Action Questionnaire-11

The AAQ-II is a 7-item self-reported measure of experiential
avoidance and psychological inflexibility. Participants rate each
guestion on a 7-point Likert scale from 1 (never true) to 7
(always true) with a total score range of 7-49. A higher score
reflects greater avoidance behavior and less psychological
flexibility. Previous research has found the AAQ-II to be a
reliable and valid measure with a Cronbach apha of .84 and
test-retest reliability of 0.81 at 3-month follow-up [56].

Data Analysis Plan

Analyses were conducted using SPSS dtatistical analysis
program. Prior to analysis, frequency distributions and plotsfor
each of the outcome and process variables were examined for
unusual data points and to ensure the assumption of normality
was not violated, using the Shapiro-Wilk’stest. Paired-samples
t tests were used to determine any differences between each
measure at baseline and immediately after theintervention. The
main measure of the efficacy of the intervention was the level
of psychological resilience as measured by the CD-RISC 10.
We proposed that an effect size of 0.5 would be considered a
meaningful and clinically important effect. Based on such
figures, we aimed to recruit at least 26 participants to this pilot
study, which would achieve 0.8 power of detecting an effect
size of 0.5 in terms of the CD-RISC 10 with an alpha of 0.1
(two-sided). This approach is similar to other pilot studies of
thiskind [81]. Thetotal number of modules completed by each
participant was al so recorded to examine program engagement.
In addition, univariate analysis using chi-square tests and
Student t tests were used to examine which baseline measures
predicted completion of at least 50% of the RAW program.
Basdlinefactors considered were age, gender, level of education,
yearsworking as a firefighter, and baseline resilience.

Joyceet a

Results

Overview

A total of 29 firefighters were recruited for the pilot study. Of
the participants, 72% (21/29) had completed some form of
post-high school education and the majority (16/29, 55%) had
been employed by FRNSW for morethan 15 years. In linewith
most first responder agencies, the vast majority of participants
were male. Baselineresilience scores on the CD-RISC 10 were
similar to normative data from first responders [69].

Program Engagement

Table 3 outlines the number of RAW program sessions
completed by participants. The majority of participants (16/29,
55%) completed more than half the program (mean number of
sessions completed was 3.6 out of apossible 6, SD 2.2) equating
to 60-75 minutes of training. Eleven participants (11/29, 38%)
completed all 6 sessions (atotal of at least 2 hours training).

Analysisexamining for baseline predictors of completion found
no evidence that age, gender, level of education, yearsworking
asafirefighter, or baselineresilience were able to predict which
participants were more likely to complete at least half of the
RAW program (P>.05 for all).

Resilience, Cognitive Fusion, and Psychological
Inflexibility/Experiential Avoidance

Participants reported greater levels of resilience after RAW
training compared to baseline, with a mean increase in their
CD-RISC 10 score of 1.5 (95% CI -0.25 to 3.18, t,,=1.84,
P=.09), equating to a moderate effect size of 0.5. Table 4
displays the baseline and post-training measurements of
resilience and measures of process.

Table 3. The number of Resilience@Work sessions completed by pilot study participants.

Minimum number of sessions completed n (%)

1 29 (100)
2+ 21(72)
3¢ 16 (55)
4+ 14 (48)
5+ 14 (48)
6 11(38)

Table 4. Baseline and post-training scores for measures of resilience and process variables.

Measure Baseline, mean (SD) Post Resilience@Work training, mean (SD) P vaue
Resilience, CD-RISC 102 (n=15) 26.0 (5.5) 27.5(4.9) .09
Cognitive fusion, CFQ° (n=13) 20.7 (8.9) 18.4 (7.5) 12
Psychological inflexibility, AAQ-11¢ (n=14) 18.5(6.7) 16.7 (5.7) .07

8CD-RISC 10: 10-item version of the Connor-Davidson Resilience Scale.
bCFQ: Cognitive Fusion Questionnaire.
CAAQ-II: Acceptance and Action Questionnaire version 2.
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Compared to baseline, participants reported lower levels of
psychological inflexibility and experiential avoidancefollowing
training, with a mean decrease of -1.8 (95% CI -3.78 to 0.20,
t13=-1.94, P=.07). With regards to cognitive fusion (thought
entanglement), paired-samples t test revealed a trend towards
reduction in mean scores post training (P=.12).

Discussion

Principal Findings

This pilot study of the RAW Mindfulness Program suggests
that an internet-based resilience-training program isfeasiblein
aworkplace setting. In addition, those using the RAW program
showed a trend toward increased resilience and psychological
flexibility. To the best of our knowledge, thisisthefirst time a
wholly online mindfulness-based resilience-training program
and its feasibility have been tested in the workplace.

Whileitisdifficult to directly compare effect sizesfrom pre-post
studies compared to control trials, it is worth noting that the
moderate effect sizesdemonstrated in thispilot study aresimilar
to those described in a recent meta-analysis examining the
effectiveness of online mindfulness interventions aimed at
reducing stress[48]. In addition, the observed trends in both of
the predicted process factors, cognitive fusion (thought
entanglement), and psychological inflexibility/experiential
avoidance, suggest the desired skills and techniques can be
taught via an internet-based format.

Limitations

There were someimportant limitations to this pilot study, most
notably the lack of a control group, the small sample size, and
the absence of longer-term follow-up. The use of self-reported
measures of resilience and process measuresisalso alimitation,
although all scales used were well validated and the resilience
measure chosen isknown to be associated with arange of mental
health outcomes among working popul ations[82]. Recruitment
was facilitated by peer supporters and occurred while a
proportion of firefighters were either responding to emergency
cals or off duty. It is therefore unknown what proportion of

Joyceet a

firefighters were informed of the program and subsequently
signed up for resilience training. Thus, limited insight was
gained into overall acceptability of the program. It isimportant
to notethat our sample of emergency workerswas auniformed,
male-dominated, high-risk group. Therefore, it remainsunclear
asto whether thisform of resilience training is feasible among
gender-balanced, low-risk workforces.

While most participants completed half of the program, there
was a notable drop in completion after the second session. This
may be due to a new cognitive skill being taught in this session
that focused on how to manage difficult and uncomfortable
thoughts. This may have been particularly confronting or
challenging for somelearners. Dropout analysisfound that level
of baseline resilience, age, gender, education level, and years
on the job did not predict who would go on to complete more
than 50% of the program. It is worth noting that this analysis
is hindered by an overall lack of power and that other factors
such as intrinsic motivation may have influenced completion
rates. That said, most participants completed at least half of the
RAW program and of these most went onto completethe entire
program (ie, all 6 sessions).

Conclusion

Despite these limitations, the results of this pilot study provide
some valuable insights into what form of resilience training
may be viable in occupational settings. More specifically, it
suggests that internet-based resilience training is a feasible
approach in workplaces, particularly among those considered
high risk, such as first responders, and those with specific
inherent challenges for training, such as shift work, frequent
travel on the road, and limited access to face-to-face training.

In spite of these promising results, the effectiveness of the RAW
Mindfulness Program needsto be tested viaalarger randomized
controlled trial, ideally with both short-term and longer-term
follow up. Additional secondary outcome measures, such as
levels of psychological symptoms, perceived stress, and
well-being are also needed to establish whether programs such
as the RAW program can create meaningful changes beyond
short-term gains in self-reported resilience.
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Abstract

Background: This is a case study from an HIV prevention project among young black men who have sex with men.
Individual-level prevention interventions have had limited success among young black men who have sex with men, apopulation
that isdisproportionately affected by HIV; peer network—based interventions are a promising alternative. Facebook isan attractive
digital platform because it enables broad characterization of social networks. There are, however, severa challenges in using
Facebook data for peer interventions, including the large size of Facebook networks, difficulty in ng appropriate methods
to identify candidate peer change agents, boundary specification issues, and partial observation of social network data.

Objective:  This study aimed to explore methodological challenges in using social Facebook networks to design peer
network—based interventions for HIV prevention and present techniques to overcome these challenges.

Methods: Our sample included 298 uConnect study respondents who answered a bio-behavioral survey in person and whose
Facebook friend lists were downloaded (2013-2014). The study participants had over 180,000 total Facebook friends who were
not involved in the study (nonrespondents). We did not observe friendships between these nonrespondents. Given the large
number of nonrespondents whose networkswere partially observed, arelational boundary was specified to sel ect nonrespondents
who were well connected to the study respondents and who may be more likely to influence the health behaviors of young black
men who have sex with men. A stochasti c model-based i mputati on technique, derived from the exponential random graph models,
was applied to ssimulate 100 networks where unobserved friendships between nonrespondents were imputed. To identify peer
change agents, the eigenvector centrality and keyplayer positive algorithmswere used; both algorithmsare suitable for identifying
individualsin key network positions for information diffusion. For both a gorithms, we assessed the sensitivity of identified peer
change agents to the imputation model, the stability of identified peer change agents across the imputed networks, and the effect
of the boundary specification on the identification of peer change agents.

Results: All respondents and 78.9% (183/232) of nonrespondents selected as peer change agents by eigenvector on the imputed
networks were also selected as peer change agents on the observed networks. For keyplayer, the agreement was much lower;
42.7% (47/110) and 35.3% (110/312) of respondent and nonrespondent peer change agents, respectively, selected on theimputed
networks were also selected on the observed network. Eigenvector also produced a stable set of peer change agents across the
100 imputed networks and was much less sensitive to the specified relational boundary.

Conclusions: Although we do not have agold standard indicating which algorithm produces the most optimal set of peer change
agents, the lower sensitivity of eigenvector centrality to key assumptions leads us to conclude that it may be preferable. The
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methods we employed to address the challenges in using Facebook networks may prove timely, given the rapidly increasing
interest in using online social networks to improve population health.

(J Med Internet Res 2018;20(9):€11652) doi:10.2196/11652
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Introduction

Background

Socia network interventions have been successful inimproving
health outcomes[1-6], including thoserelated to HIV prevention
[7-9]. Our ongoing research aims to design social network
interventionsto reduce new HIV infections among young black
men who have sex with men (YBMSM), defined here as
individuals aged between 16 and 29 years. YBMSM are
disproportionately impacted by the HIV epidemicin the United
States [10], and traditiona individual-level epidemiological
interventions have had limited success in reducing HIV
infections among YBMSM [11,12]. Peer-based interventions
that make use of social networks haveimproved HIV outcomes
in some populations[13-18] and present apromising opportunity
to improve HIV outcomes among YBMSM. Here, we study
how such a peer network—based intervention, which aims to
expand the use of pre-exposure prophylaxis (PrEP)—a novel
biomedical intervention with an estimated efficacy of over 90%
among adherent individuals [19,20]—can be developed. PrEP
remains underutilized among YBMSM, prompting a need to
identify creative techniques to increase its use. Our objective
here is to use online social network data from Facebook to
identify influencers who could most effectively disseminate
PrEP-related information anong YBMSM in Chicago and to
explore the methodological challenges that arise in the
identification of these influential agents.

Setting and Context

We use Facebook data from the uConnect cohort—the largest
single-site population-based sample of YBMSM—to identify
peer change agents (PCAs) who occupy critical positionsinthe
socia network. In future work, these PCAs will be invited to
participate in training on how to effectively disseminate PrEP
information. Although the use of aternate social networking
sites has proliferated, Facebook remains an attractive choice
because it is the most widely used socia platform [21]. To
identify PCAs, our population of interest is the potential
influencers of YBMSM, who may or may not be YBMSM
themselves, and Facebook enables broad characterization of
their social networks.

We use adigital platform to characterize the social networks of
YBMSM because despite demonstrating early promise,
peer-based HIV interventions have had limited effect in some
populations [22]. It has been argued that using digital methods
to compile more accurate social network data and applying
formal network analyses to identify PCAs may improve the
efficacy of peer interventions [23]. As a digital platform,
Facebook’s potential for improving health behaviors has been

http://www.jmir.org/2018/9/e11652/

demonstrated in other studies[24-26], and Facebook continues
to have high rates of use among sexual and gender minorities
[27],including YBMSM in Chicago. (A morein-depth trestment
of peer-based network interventions for HIV prevention is
provided in Multimedia Appendix 1.)

There are a number of challenges, however, in using Facebook
data to identify PCAs, including: (1) the large size of the
Facebook network, which makesit problematic to identify which
individuals are more likely to be influential among YBMSM;
(2) difficulty in assessing the relative strengths of methods that
can be used to identify PCAs; and (3) partial observation of the
Facebook network that increasesthe uncertainty in identification
of individualsin influential network positions. We address the
aforementioned problems using a variety of techniques,
including imputation to infer the unobserved structure of the
Facebook network.

Study Objectives

The goal of this paper is thus two-fold: (1) to provide insight
into the structure of the Facebook network of YBMSM in
Chicago and how that structure relates to the identification of
PCAs for an HIV prevention intervention and (2) to provide
guidance to researchers considering the use of PCAs on online
socia networks and the practical difficulties that might arise
when applying theory to practice. We use 2 algorithms
commonly used to identify candidate PCAs for information
diffusion and apply them to observed and imputed networks.
We examine the sensitivity and stability (defined in the M ethods
section below) of PCA sets selected by each algorithm, given
the imputation of the unobserved data. This case study is the
first step in abroader effort to understand how the effectiveness
of peer-based network interventions can be improved. Methods
and data presented here might be useful to other researchers
using social networking sitesfor peer-based health interventions.

Methods

Recruitment of Study Sample

A detailed description of participant recruitment is provided
elsewhere[28-31]. In brief, respondent-driven sampling (RDS)
was used to recruit eligible YBMSM from the South Side of
Chicago and adjacent suburbs between June 2013 and July 2014
(n=618) [28]. Seeds from diverse social spaces were selected
and given coupons to distribute to potentia recruits. If the
recruits were willing to participate in the study, then they
returned the coupons to the study coordinators and were given
coupons to recruit study participants themselves. Information
in these coupons allowed us to link the recruits with their
recruiters. A diverse set of starting seeds for recruitment can
produce a study samplethat is representative of the population.
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RDS is a variant of link-tracing schemes, and it provides a
design for sampling and amethodol ogy for estimating statistical
properties of the target population [32]. RDS is especially
attractive for sampling populations that are hard to reach, and
it has been used in avariety of health studies [33-39].

Respondents were eligible for recruitment if they (1)
self-identified as African American or black; (2) were assigned
male sex at birth; (3) were aged between 16 and 29 years; (4)
spent most of their time on the South Side of Chicago or
adjacent predominantly black suburbs; (5) were willing and
able to provide informed consent at the time of the study visit;
and (6) reported oral or anal sex with amale within the past 24
months[28]. These study participants answered abio-behavioral
survey at an in-person study visit and were offered the
opportunity to provide Facebook data.

Generation of Facebook Networks

Facebook friend lists of consenting uConnect participants were
downloaded, alowing us to enumerate the set of potential
influencersof YBM SM. An app within Facebook was devel oped
to enable identification of unique individuals from Facebook
friend lists of consenting respondents. With privacy protections
in place, the algorithm unambiguously linked friend lists of all
consenting uConnect respondents. Of the 618 study respondents,
600 reported using theinternet and 490 reported having aprofile
on Facebook. Of the 322 who consented to provide Facebook
data, 24 were not ableto log in to their account. An undirected
network dataset on 298 uConnect respondents was thus
compiled, which included information on friendships between
pairs of respondents and between respondents and

Khannaet al

nonrespondents (ie, friends of respondents who did not
participatein the study). Thisdatastructureistypical of digitally
collected network data[40,41].

Following Handcock and Gile[42], we depict the observed and
unobserved partitions of our datain a 2x2 table (Figure 1). All
friendships—ties or edges in network terminol ogy—between
respondents (n=298), as shown in the bottom left cell, were
observed (about 44 thousand observed dyads), as were
friendships between respondents and nonrespondents
(n=182,998) in the diagonal cells (about 54 million observed
dyads). Facebook friendships between the nonrespondent friends
of uConnect respondents, shown in the top right cell, were
unobserved (about 17 billion unobserved dyads). A schematic
for the data structure is provided in Figure 2.

Boundary Specification for Selection of Nonrespondent
Nodes for Imputation

The Facebook network compiled above presumably includes
nonrespondents that share variegated relationships with the
respondents, including social, familial, and sexual, thus
containing a mix of both strong and weak ties. Our goal isto
identify critically positioned individuals, including those who
were not respondents, and recruit them as candidate PCAs. For
our intervention, it is not necessary that the nonrespondents be
YBMSM themselves; it is only necessary that nonrespondents
be potentia influencers of YBMSM. Given the large number
of nonrespondents and the amount of unobserved relational data
between nonrespondents, we specified a boundary condition
that would alow us to select individuas who were well
connected to Chicago YBMSM.

Figure 1. Illustration of the problem of unobserved tie imputation. Facebook friendships between individuals are classified into categories: observed
respondent-respondent (bottom left quadrant), observed respondent-nonrespondent (diagonal quadrants), and unobserved nonrespondent-nonrespondent
(top right quadrant). The approximate number of dyads in each quadrant is stated.
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Figure2. lllustration of the Facebook network data structure. Facebook friendships between respondents and between respondents and nonrespondents
are observed. The friendships between nonrespondents are unobserved. Our data contain more nonrespondents than respondents.

Respondent
Nonrespondent

We specified a boundary for nonrespondents that focused on
the number of friendshipswith respondents (ie, their relations),
as opposed to other individual-level criteriathat are commonly
used to specify boundaries [43,44], for thefollowing 3 reasons.
First, usage of the entire sample was infeasible, as there were
some 17 billion unobserved dyads, and including all of these
inour analyseswould have meant that over 99% of our relational
data were unobserved. Second, we had limited attribute data
for the nonrespondents, and we assumed that those with large
numbers of tiesto YBMSM in South Chicago were the most
likely to also be a potential influencer. Third, our ultimate goal
was to select PCAs, and although degree is only one network
criterion that determines the potential to influence other actors,
it seems reasonable to expect most influential nodes will have
moderately high degrees. Thus, we constructed a dataset that
included all respondents and the set of nonrespondents who met
the threshold specified by our relational boundary. Precise
metrics on the relational boundary specification are given in
the Results section below.

Characterizing the Nature of Missingnessin the Data

Although our Facebook networks were large, the information
in our datasets was not complete because we did not observe
the friendships between nonrespondents. The large amount of
missing data could potentially bias our assessments of candidate
PCAs based on their network position. Thus, we chose the
approach of applying statistical imputation to reduce the bias
induced by partial observation of our data.

To select an appropriate technique to impute the unobserved
Facebook friendships, we first needed to define the nature of
missingness in our data. We did this following the widely used
convention developed by Rubin [45], who proposed that
missingnessis of 3 broad types. Data are “missing completely

http://www.jmir.org/2018/9/e11652/

—— Observed
Unobserved

at random” (MCAR) when the missingness depends neither on
the observed data nor the unobserved data. They are “missing
at random” (MAR) when the probability of missingness does
depend on the observed data but not the unobserved data[46,47].
Data are “missing not at random” (MNAR) if the probability
of missingness depends on the unobserved data as well [46].

Our missing dataare MNAR. Recall that our study respondents
were recruited using an RDS procedure. Nonrespondents were
Facebook friends of the respondents, and their data would not
have been missing if they had been recruited into the study.
However, nonrespondents might not have been recruited for the
following unknowable reasons: (1) they were ineligible for the
study; (2) they were eligible for the study, but the respondents
did not wish to recruit them; (3) they were eligiblefor the study,
but the respondents did not have sufficient coupons for them,
and (4) nonrespondents received a coupon but did not participate
in the study. Thus, the fact that friendship information for all
pairs of nonrespondentsis missing is related to their observed
friendships with the respondents and also to their unobserved
networks, asthe nonrespondents’ reason for not being recruited
cannot be determined. For reasons explained above, we aso
specified adegree-based boundary for nonrespondent inclusion.
Thus, the respondents and nonrespondents have “differential
popularity,” in the terminology of Gile and Handcock [48],
beyond what can be explained by the observed data
Consequently, we suspect that the network structure of
nonrespondents is different from that of the respondents.
However, a difference in the network structure of respondents
and nonrespondents by itself does not violate the MAR
assumption, as long as the missingness is due to observed
effects, such as whether a particular individua is a respondent
or not. In our case, however, the difference in network structure
isnot entirely due to observed covariates; it may be attributable
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to a number of nodal covariates that were unobserved, as
discussed above. Thus, the missingnessin our datais consistent
with the MNAR definition.

Fitting a Modél for Imputation of Unobserved
Friendships

It has been shown that analyses using only the observed
subnetwork might not generalize to the larger incomplete
network [49]. Hence, animputation of the unobserved Facebook
friendships might provide morereliableindicators of candidate
PCAs. To impute these unobserved friendships, we used
exponential random graph models (ERGMs) [50], a class of
models commonly used to describe probability distributions of
networks, asimplemented in the open source statnet [51] suite
of packages. ERGMswere used to estimate the log-odds of ties
between actor pairs, relative to a model where al ties are
homogeneously distributed across the network. Observed
existent tieswere coded 1, observed nonexistent tieswere coded
0, and unobserved tieswere coded asmissing (“NA” inR). This
approach to imputation is derived from the method proposed
by Handcock and Gile [42,48] and has been used to impute
unobserved tiesin other studies[52,53].

To impute friendships between nonrespondents, we devel oped
amechanistic modd to predict their likelihood. Although there
was little information available on individua attributes of
nonrespondents (more details are provided in the Results), the
number of friendships each of them shared with respondents
was completely observed. We also know that Facebook ties
tend to have a high mean degree and a high variance. It is,
therefore, reasonabl eto assume that in the context of Facebook,
nonrespondents who were more social with respondents might
also be more socia with each other. (A contrast would be the
inverse condition, where observing many ties with respondents
may indicate that many of the individual’sfixed tie budget was
already used up, and thus, decrease their probability of having
ties with other nonrespondents.) However, the procedure for
selecting nonrespondents for imputation is biased toward those
who are more socidl. It is, therefore, likely that the friendships
between nonrespondents would not simply be in direct
proportion to their observed friendships, but might experience
a dampening effect. To mechanistically model both of these
socia forces, we used 2 separate parameters in an ERGM:
sociability and selective mixing.

Sociability isanode-level parameter that measures the number
of tiesarespondent or nonrespondent shares with respondents,
and selective mixing was represented as a single parameter
measuring the number of ties between respondents and
nonrespondents, as represented by either of the diagonal cells
in Figure 1. The sociability term applies to the full adjacency
matrix, allowing us to use the observed features to infer the
unobserved [48]. It represents aprocess where respondents with
more respondent friends will also have more nonrespondent
friends. The selective mixing term alows us to model the
systematic difference between the respondents and the
nonrespondents, whereby the nonrespondent-nonrespondent
quadrant will have a greater density than either of the other 2
(respondent-respondent and respondent-nonrespondent). This
approach allows us to use the observed information to model
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the unobserved information in the network while accounting
for the observed systematic differences between the respondents
and nonrespondentsdirectly, as advocated by Gile and Handcock
[48]. Thus, the selective mixing parameter offsets some of the
bias induced by selecting the most social honrespondents as a
consequence of the boundary specification defined above.

Simulating Multiple Imputations From the Fitted
Model

Once amodel to impute missing datais estimated as above, we
simulate stochastic realizations of this model. In networks that
arefully observed, asimulation from an estimated ERGM fixes
the set of nodes and uses a stochastic Markov Chain Monte
Carlo (MCMC) agorithm to toggle relationships on and off,
resulting in a network that represents a random draw from the
probability distribution specified by the ERGM. In this case,
we fix the values of the observed dyads, alowing only the
unobserved dyads to be selected as candidates for toggling
during the MCMC algorithm. This specification was used to
impute 100 stochastically generated networks, each with the
number of observed and unobserved ties consistent with a
random draw from our fitted model described above. The 100
imputations were deemed to be sufficient because the maximum
variability in the number of imputed edges was low (<1.8% of
the mean, where mean=40,970 and range=40,610-41,340).

Peer Change Agent I dentification

Facebook friendships between nonrespondents are imputed in
the simulated networks. We use these networks to identify
PCAs. It isworth noting that the population that our PCAs are
drawn from is not limited to YBMSM only but the potential
influencers of YBMSM. Such a PCA identification procedure
isarguably most successful when the type of flow process that
isof interest istaken into account [54]. Following this argument,
we apply 2 computational algorithms that are well suited to
situationswhere the underlying flow processinvolvesdiffusion
of information: eigenvector centrality [55] and keyplayer
positive [56]. Eigenvector centrality assumes that the flow
process of interest moves through the network via unrestricted
walks. It describes a mechanism where 1 node can impact all
of its neighbors simultaneously [54], and it has therefore been
used in public health apps that use peer influence [57-59]. The
keyplayer positive algorithm—henceforth referred to as
keyplayer —is a set-based measure, reflecting the idea that the
optimal set may not necessarily be composed of nodesthat have
the highest individual scores [56]. Rather, the keyplayer set
consists of individuals who are maximally connected to
individuals in the network. Thus, passing information through
the keyplayer set minimizes the social distance it has to travel
to reach the maximum number of individualsin asocial network.
Keyplayer is thus an ideal choice for scenarios like diffusing
PrEP-related information, and it has been used in related public
health applications [60,61]. Mathematical definitions and
algorithmic descriptions of both measures are given in
Multimedia Appendix 1.

We used eigenvector centrality and keyplayer to identify
candidate PCAs on the observed Facebook data, in which all
unobserved ties were assumed to be nonexistent, and then on
each of the 100 imputed networks. These agorithms are
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designed to be applied to a given observed network, and the
theory works best when the network observation is perfect.
When networks are incompletely observed, however, an
alternate approach is to apply each agorithm to a sample of
imputed networks, rather than optimizing just on the observed
dataset [56]. This method provides aset of PCAsthat represent
agood solution for the case where network dataareimperfectly
observed [56]. Thus, we followed this strategy.

We made a programmeatic decision to select 300 individuals by
each measure on the observed network, and the 300 most
commonly occurring PCAs on the imputed networks were
selected. The number of PCAs that are recruited and trained is
a critical consideration in peer interventions, and it has been
argued that a peer intervention is likely to be successful if the
number of peer leaders recruited is about 7-8% of the size of
the population for whom the intervention is designed [62]. In
prior published work [63], we estimated that there are about
3700 HIV-negative YBMSM in Chicago, 8% of which is
approximately 300.

We calculated the distribution of the number of times each
individual was identified as a PCA across the imputations for
each algorithm to assess which individuals warranted further
consideration. These distributions were used to determine cutoff
points for PCAs and were defined as a sufficiency condition
for each of the algorithms. Of the identified PCASs, those that
met this sufficiency condition were referred to as “sPCAS”
Intersection sets of PCAs on the observed network and sPCAs
on theimputed network were then computed for each algorithm.
We defined the following 2 measures to compare the sets of
PCAs and sPCAs on the observed and imputed networks,
respectively.

Sengitivity

The sensitivity of an algorithm is defined as the overlap in the
PCAsidentified on the observed network and sPCAsidentified
on the imputed networks. This measure allows usto assessif a
PCA set differs substantially between the observed and imputed
networks, providing an indication of the extent to which an
individual appears to be a strong candidate for PCA selection,
regardless of whether imputation is used. Thus, it helps us to
understand the extent to which imputation affects our outcomes.
Note that we do not assert that it provides an indication of the
accuracy of the imputation, which remains unknowable.

Stability

The stability of an algorithm is defined as the tendency of an
algorithm to identify the same nodes—that is, SPCAs on the
imputed networks—across multiple imputations. This measure
allows usto determine the threshold number of imputations for

each measure that is required to select PCA sets of the size
desired here (n=300).

Note on Computing

All the computation and visualization were performed using
software packages in the R programming language [64]. The
sna [65] and igraph [66] packages were used to manage
relational data. The ergm [67] package was used to fit the
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ERGMsand simulate the imputed networks. Eigenvector scores
were computed using igraph [66]; keyplayer setswereidentified
using influenceR [68]. The Intergraph [69] package was used
to convert data between the formats required for igraph (or
influenceR, which uses the same data structure as igraph) and
network (or ergm, which uses the same data structure as
network). The sna [65] and GGally [70] packages were used to
visualize networks.

Results

Study Sample, Facebook Networks, and Relational
Boundary Specification

The 298 uConnect respondents had 182,998 Facebook friends
intotal. Therewere 327,741 observed friendshi psin the dataset,
including 3256 between respondents exclusively, and the
remaining friendships existed between respondents and
nonrespondents.

As stated above, as the number of nonrespondents was large
and limited individual-level information on nonrespondents was
available, we specified aboundary for nonrespondent inclusion
based on their observed relations: nonrespondents (n=587) who
were friends with at least 10.1% (30/298) of the respondents
were included in our sample. The number of nonrespondents
that would be selected with different boundaries is given in
Table 1. Specifying a boundary involves tradeoffs; set too low,
the amount of missing data increases rapidly (on the order of

n?), and the likelihood of including someone not closely
connected to Chicago YBMSM increases. By specifying a
boundary that istoo high, we may exclude someonewho isboth
aYBMSM and astrong PCA candidate based on their network
position. We considered the number of nonrespondents who
would fall within different boundary specifications (Table 1)
and the amount of missing data that each would imply. We
selected 10% as our boundary for the number of respondents a
nonrespondent must be friends with because it reduces our
sample to a manageable computational size while retaining a
broad sample of nonrespondentswho could be PCAs. Thus, the
final sample consisted of 885 individuals, including 33.6%
(298/885) respondents and 66.3% (587/885) nonrespondents.

In this sample, the median reported age for both respondents
and nonrespondents was 23 years (with 271 missing reportsfor
nonrespondents). | n addition, 96.9% (289/298) respondents and
92.5% (543/587) of nonrespondents identified their current
gender as male on their Facebook profiles (2 nonrespondent
reports were missing). Approximately 81.5% (243/298)
respondents listed Chicago as their city on their Facebook
profiles. Of the remaining 55 participants, 52 reported their
residence as the South Side/south suburbs of Chicago during
their in-person interview and 3 reported their residence as the
Southeast side. Moreover, 66.2% (389/587) nonrespondents
listed Chicago as their city; approximately 5.9% (35/587)
nonrespondents did not report their city. About half of the
remaining nonrespondents reported Illinois or another
Midwestern State as their primary location, and the rest were
scattered across the United States.
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Table 1. Boundary specifications for the number of friendships between nonrespondents and respondents as a selection criterion for nonrespondents.

Minimum number of respondentsthat a Nonrespondents meeting that
nonrespondent has to be connectedto  boundary specification, n
(N=298), n (%)

Observed friendships between respondents  Unobserved dyads between
and nonrespondents, n nonrespondents, n

3(1.0 20,746 139,600 215,187,885
15(5.0) 1633 47,473 1,332,528
30(10.1)2 5872 26,4442 171,9912
60 (20.1) 97 5898 4656

8shows the case used in our analysis.

Table2. Summary of exponential random graph models fit.
Network parameter Log odds Standard error P value
Edges -5.36 0.029 <.001
Sociability (measured as degree with respondents) 0.044 0.0002 <.001
Mixing between respondents and nonrespondents 0.208 0.022 <.001

Overall, we observed 29,700 friendships, including 3256
between respondents exclusively and 26,444 between
respondents and nonrespondents. Thus, each respondent had an
average of 110.5 friendships, including 21.8 friendships on
average with other respondents, and an average of 88.7
friendshi pswith nonrespondents. Each nonrespondent who met
our boundary specification had an average of 45.1 observed
friendships.

The density of friendships—defined as the ratio of the number
of observed friendships to the maximum number of possible
friendships—between respondents was 7.4%. The density of
respondent-nonrespondent friendships was 15.1%. (These
densities will help us interpret outputs from our imputation
procedure below.)

Fitted Model for Imputation of Unobserved
Friendships

Estimates from the fitted ERGM are in Table 2. The “edges”
term operates analogously to an intercept term in logistic
regression models. Our coefficient for it was negative, implying
the base probability of atie, without considering other additive
terms, is less than 50%. Coefficientsfor the other 2 termswere
positive and significant. The positive sociability coefficient
indicates that individual respondents who have more ties to
other respondents also have more ties to nonrespondents. The
positive mixing coefficient indicates the dampening effect
discussed above. Thus, the number of imputed friendships
between nonrespondents was lower than that predicted by a
proportional scaling model of the observed friendships between
respondents and nonrespondents.

Multiple Imputation of Unobserved Network Data

In Figure 3, the top panel contains frequency plots of the
adjacency matrices across the 100 imputed networks. (The top
panel of Figure 3 displays datafor all 885 nodes; in the bottom
panel, we selected the first 50 respondents and 50
nonrespondents to produce a clearer display.)

http://www.jmir.org/2018/9/e11652/

The mean density for imputed friendships between
nonrespondents, shown in the top right corner of Figure 3, was
23.8%. The nonrespondent-nonrespondent density is higher
than the density of respondent-respondent friendships (7.4%,
as stated above) and the density of respondent-nonrespondent
friendships (15.1%). This discrepancy in densitiesis reflective
of the fact that a degree-based criterion was used to select
nonrespondents for imputation. Had we not included the
selective mixing term, however, this density would have been
even higher. Three cells—the bottom | eft and the diagonals—in
each panel of Figure 3 consist entirely of observed dyads and
required no imputation. Thetop right cell contains unobserved
dyads, and edges in these dyads were stochastically generated
in the imputations.

The degree distributionsfor the respondents and nonrespondents
in the observed network and 1 randomly selected imputed
network are shown in Figure 4. The respondents have identical
distributions in the observed and imputed graphs because the
imputation does not impact respondent ties. We also observed
that 11.7% (35/298) of the respondents had no friendshipswith
anyone in the imputation sample, a conseguence of excluding
nonrespondents who did not meet our boundary specification.

The second consequence of our boundary specification is that
we see that the minimum number of friendships for
nonrespondentsis 30. In addition, on the observed network, we
noticed that numbers of friendships between nonrespondents
had a much narrower range (30-100). After the imputation,
however, we see that the degree distribution of nonrespondents
is much more right-skewed, comparable with the degree
distribution of the respondents. Aswe have no reasonto believe
that the respondents and nonrespondents should have different
degree distributions, this correspondence in shape after
imputation is a positive sign, indicating that our approach is
reasonable in this sense. The left side of the imputed
nonrespondent distribution does not resemble that of the
respondents, but thisis to be expected, given the degree-based
boundary specification we imposed for selection of
nonrespondents.
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Figure 3. Freguency plots for imputed networks: the top figure displays data for all 885 nodes, and the bottom figure displays a subset comprising the
first 50 respondents and first 50 nonrespondents (bottom), uConnect 2013-2014. The bottom left and the diagonal s cellsin both matrices consist entirely
of observed dyads that required no imputation. The top right cell contains unobserved dyads, and edges in these dyads were stochastically imputed, and
hence, appear in grey. The bottom panel is shown to produce a clearer display of the cell shading.
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Peer Change Agent I dentification

Peer Change Agent I dentification on the Observed
Network

On the observed network, both the PCA sets of size 300
contained a mix of respondents and nonrespondents, with the
exact breakdown varying by algorithm; the set for eigenvector
centrality contained 62.0% (186/300) nonrespondents and for
keyplayer contained 66.0% (197/300) nonrespondents. Recall
that nonrespondents comprise 66.3% (587 of 885 nodes) of our
sample. Thus, when the unobserved ties were treated as
nonexistent, the proportion of nonrespondents in the PCA sets
was higher than their proportion in the observed network for
eigenvector centrality, and about the same for keyplayer.
Although it might seem surprising that the proportion of
nonrespondents who were selected as PCAs without the
imputation was high, it makes sensein light of our degree-based

http://www.jmir.org/2018/9/e11652/

RenderX

boundary specification, which selected nonrespondents who
had high connectivity with Chicago YBMSM, and were thus
likely to be in critical positions. Had we not specified a
boundary, nonrespondents would have comprised over 99.9%
of the whole sample.

Peer Change Agent I dentification on the Imputed
Networks

Across the 100 imputed networks, Figure 5 shows the
distribution of PCAs identified by each agorithm. For
eigenvector and keyplayer, 390 and 885 nodes, respectively,
were selected at least once. Thus, we see a fundamental
difference between the 2 measures in terms of their stability in
node selection. Eigenvector centrality isanode-level algorithm,
and it demonstrated a strong tendency to identify the same nodes
ascritical acrossall 100 imputations. In other words, the modal
number of imputationsfor nodesthat were selected at least once
was 100. The keyplayer algorithm showed much less stability;
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the modal number of imputations for nodes that were selected
at least once was 33. Summary statistics of the number of times
PCAswereidentified across all imputations are given in Table
3.

For subsequent analyses, we adopted a sufficiency condition,
illustrated as the cutoff point in Figure 5. For each measure,
this cutoff point was a value that yielded the smallest PCA set
that was closest in size to our desired value of 300. We refer to
PCA sets that meet the sufficiency condition for a given
algorithm as sPCAs. With eigenvector centrality, 301
individuals—consisting of 22.9% (69/301) respondents and
77% (232/301) nonrespondents—were selected on at least 50
imputed networks. With keyplayer, 312 individuals—consisting
of 35.2% (110/312) respondents and 64.7% (202/312)

Khannaet al

nonrespondents—were selected on at least 36 imputed networks.
There were 115 sPCA individuals (20 respondents and 95
nonrespondents) that met the sufficiency criterion by both
algorithms and 498 unique sPCA individual s selected by at |east
one algorithm (100 respondents and 398 nonrespondents).

We aso found that nonrespondent sPCAs selected using
eigenvector had a minimum of 44 friendshipswith respondents,
whereas those selected using keyplayer were friends with a
minimum of 30 respondents, which isthe same as our boundary
for nonrespondent inclusion. Thus, eigenvector only selected
nonrespondent PCAs who were well above the boundary
specification, whereas keyplayer did not. This suggests that
eigenvector is less affected by the boundary specification for
nonrespondent inclusion.

Figure 4. Degree distributions of respondents (top) and nonrespondents (bottom) in the observed and imputed networks. The respondent degree
distributions in the top graph are identical because the imputation does not impact respondent ties. The degrees are binned together in sets of size 10.
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Figure5. Distribution of the number of nodes selected as peer change agents on the imputed networks, conditional on their being selected at |east once.
Thisfigure also illustrates the cutoff point for each algorithm, which is used to determine the sufficiency condition of peer change agent selection for
each algorithm across the hundred imputations. KP: keyplayer; EV: eigenvector.
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Table 3. Mean number of times that peer change agents were selected on the 100 imputed networks, conditional on their being selected at least once.

PCA2identification algorithm Number of timesanodewasidentified Number of timesarespondent ~ Number of times a nonrespondent

asaPCA, mean (SD) appeared asa PCA, mean (SD)  appeared as a PCA, mean (SD)
Eigenvector centrality 76.9 (36.8) 99.3 (5.6) 72.1(38.9)
Keyplayer 33.9(8.3) 34.9 (11.7) 33.4(5.9)
8PCA: peer change agent.
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Figure 6. Proportion of nodes selected as sPCAs (peer change agents who met the sufficiency condition for each of the two peer change agent
identification algorithms) on the imputed networks who were also selected as peer change agents on the observed network.

o075

Proportion of nodes
o
g

0.25

000

Elgenvector

Algorithm

Comparison of Peer Change Agents | dentified on the
Observed and I mputed Networks

Wefound that all 69 respondents (100%) sel ected by eigenvector
as sPCAs on the imputed networks were al so selected as PCAs
on the observed networks (Figure 6). Eigenvector selected 232
nonrespondent SPCAs on theimputed network, of whom 78.9%
(183/232) appeared as PCAs on the observed network.
Keyplayer selected 110 respondent sPCAs on the imputed
networks, of whom 42.7% (47/110) appeared as PCAs on the
observed network. Among nonrespondents, keyplayer selected
202 nonrespondents as SPCAs on the imputed networks, of
whom 32.6% (66/202) appeared as PCAs on the observed
network. We thus observe that eigenvector ismuch less sensitive
to the imputation, as per our definition above, than keyplayer.
Keyplayer's higher sensitivity to the imputation might be
because it is a set-based algorithm, and it attempts to select
nodesthat collectively span the breadth of the network, making
theidentification of agiven node dependent not just onitslocal
social environment but on the entirety of the network.

Although which of the 2 PCA-identification algorithms provides
thetrue set of individualsin PCA positions (which isunknown)
is not known, the contrasts between them among the various
measures considered—stability, sensitivity, and effect of the
boundary specification—stand out.
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Discussion

Principal Findings

This paper presented anovel approach to select candidate PCAs
on partially observed Facebook networks of YBMSM in
Chicago, with the goal of developing a pipeline in the future
that allows datafrom social networking sitesto be used for peer
health interventions. We discussed several challenges in
operationalizing such an intervention, including methods to
address the large amount of unobserved network data, and 2
PCA identification algorithms that are consistent with our goal
of diffusing prevention information through individual s situated
at critical positions in the network. We found that eigenvector
centrality wasfar less sensitive to theimputation than keyplayer,
consistent with apreviousresult [ 71]. We also found that relative
to keyplayer, eigenvector had a relatively core set of stable
PCAs across the imputed networks. Eigenvector centrality was
also less affected by the relational boundary for nonrespondent
inclusion, which was necessary given the large number of
nonrespondents that were sampled. These findings lead us to
conclude that eigenvector centrality might be better suited for
identifying PCAsin our study. It isworth noting that we cannot
know which algorithm produces the correct set of PCAS, but
such asystematic eval uation of the properties of each algorithm,
given that our datathat were MNAR, can guide our intervention
planning.
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There are several underlying considerations behind this
conclusion that merit discussion. Although peer-based
interventions have shown promisein public health [72-75], their
efficacy for HIV prevention has been limited in vulnerable
populations [22,23]. The use of digital technologiesto compile
social network dataand the application of formal social network
analysis to identify PCAs may improve the efficacy of
interventions [23,40]. Despite increased use of newer social
network sites among younger people, Facebook use remains
high in the general population [21], including YBMSM in
Chicago. Recently collected data in a follow-up study have
shown that although amost 100% of recruited YBMSM in
Chicago used Facebook, fewer than 40% used Instagram and
Snapchat and approximately 20% had profiles on Twitter,
Jack’d, or Grindr. Thus, Facebook data enabled us to broadly
characterize the social networks of YBMSM to identify their
potential influencers. We, however, faced many unanticipated
challenges in using Facebook data for identifying PCAs, and
researchers using Facebook or alternate social media platforms
may experience some of the same challengeswe did. A schema
to handle the limitations encountered here may benefit
peer-based health research; our case study is a step forward in
the development of such a schema.

Limitations

One important limitation of the study is that no explicit
homophily parameters were included in the imputation model.
Recall that unobserved nonrespondent-nonrespondent
friendships have to be imputed from the observed
respondent-nonrespondent  friendships. Many of the key
individual attributes, including age, sex at birth, residence, and
race (or ethnicity), either defined or were closely related to the
inclusion criteriafor respondents. Asisdescribed in the Results,
nonrespondents who met the boundary specification were of
comparable age to the respondents, amost all identified asmale
on their Facebook profiles, and a mgjority identified Chicago
as their place of residence. Given the extent to which age,
gender, and residence overlapped between the respondents and
nonrespondents, it was not possible to meaningfully measure
homophily with respect to these attributes. In addition, it was
not possible to measure homophily on race/ethnicity as this
attribute was not available for most nonrespondents. The
imputation model also did not include any parameters that
measured higher order network structure. Ideally, an ERGM fit
to Facebook data would include higher order effects such as
triad closure, as Facebook algorithms encourage individuals
with common friends to become friends with each other. Our
extensive efforts to incorporate terms for triad closure used
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existing parameters that were developed on sparser networks
(eg, shared partner statistics), and they were not successful.
(Information on thetriad closure model swe explored is provided
in Multimedia Appendix 1.) More theoretical work may be
needed to identify parametersthat can model higher order effects
in large networks with missing data. Our efforts, however, did
revea interesting new findings about the potential limits of
using existing methodsto model triad closurein large networks.

Future Research Directions

Future research directionsinclude modeling analysesto identify
PCAs in a follow-up wave and assessing the extent to which
PCA sets overlap between the 2 waves. This is important
becausetraining PCAs requires considerable upfront investment,
and it has been observed in some networks that criticaly
positioned individuals turn over within a year [76]. Therefore,
identifying PCAs that persist over time might be more
cost-effective, if they can be reliably found. In addition, many
online environments besides Facebook are now used for socia
networking. As peer-based health interventions expand in scope,
it may be valuableto consider aternative social mediaplatforms
asthey may proveto be more effective with specific popul ations.
Not all communication, however, occurs through such online
media. Identification of friends and relational kin from offline
dataremains an important avenue for research. Moretheoretical
work that explicitly accounts for online and natural social
environments may improve our understanding of how to identify
PCAs more accurately. Follow-up studies that address these
considerations are in progress. Finally, Bayesian ERGMs to
impute network unobserved data have been proposed [77] and
might provide an alternate method to reconstruct the unobserved
networks. (Details on related methodological approaches to
impute missing network data, and why we sel ected the approach
used here, are provided in Multimedia Appendix 1).

Conclusions

This study is an interdisciplinary examination of a recruitment
strategy of individuals located at critical positions in a large
social network. Our overarching goal wasto find a set of PCAs
who maximize the possibility of success of our intervention
while understanding the constraints that our dataimposed. As
Facebook and other online social media are increasingly used
in creative ways to influence health behavior, our case study
will help researchers anticipate some of the underlying
difficulties as they plan their studies. If the challenges we
described are unavoidable, our experiences could provide useful
heuristics to maximize the potential for peer-based health
interventions to succeed.
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Abstract

Background: Globally, mHealth is increasing as a promising technology for promoting the quality of health care. Thus, a
growing number of internet hospital s have been established in Chinato avail all its advantages. However, no study hasinvestigated
the service scope and patient satisfaction of the internet hospital to date.

Objective: The objective of our study was to explore the features of outpatients in general practice, the disease information,
and the satisfaction through an internet rating site.

Methods: We collected data from the internet hospital of the First Affiliated Hospital, Zhejiang University between February
2016 and February 2017. Patients visited Web-based clinic viaacomputer or smartphone. The dataincluded patients’ demographic
characteristics, disease information, and patients' comments.

Results:  We enrolled 715 patients with 365 health-related problems. All health conditions involved diseases ranging from
internal medicine, surgery, gynecology and obstetrics, pediatrics, dermatol ogy, ophthal mol ogy, stomatology to emergency. Among
them, 63.1% patients (451/715) visited traditional hospitalsfor further management, 25.3% (181/715) had prescriptions, |aboratory,
or imaging examination appointment, 1% (9/715) used emergency service, and 10% (74/715) needed routine follow-up. All
patients received health education. Almost all patients gave positive feedback and 4-5-star rating.

Conclusions: Theinternet hospital is suitable for al health conditions with high satisfaction only when patients have the access
to internet via a computer or smartphone.

(J Med Internet Res 2018;20(9):€266) doi:10.2196/jmir.8378

KEYWORDS
general practice; mHealth; mobile phone; satisfaction; health service; internet hospital

Furthermore, because patients in China are free to choose a
medical institution and a doctor, the majority of patientslike to
go to big-city, top-flight hospitals even for mild conditions,
exacerbating the overload of health care workers [3,4]. With

Introduction

According to the World Health Organi zation, the global shortfall
in health care workerswill reach 12.9 million by 2035 and there

exists a critical shortfall in most developing countries [1],
increasing the burden on these countries’ health systems. The
condition in Chinais more seriouswith the shortage of, at least,
161,000 general practitioners, 200,000 pediatricians, and 40,000
psychiatrists [2]. In addition, the national sixth census has
reported that approximately 1.3 billion people live in China.
All of these makeit difficult for Chinese patientsto see adoctor.

http://www.jmir.org/2018/9/e266/

the rapid growth of the internet and the increasing use of the
internet and mobile devices, global internet medical services
have emerged.

The internet hospital is a new approach to provide health
services, outpatient service in particular, through the internet
technology [4,5]. Patients could use a smartphone app or Web
to consult with qualified doctors at home, office, or other places
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aslong asthey have accessto theinternet. Doctors take patients
history through a chatting platform designed for the internet
hospital, and patients describe their condition and upload the
relevant information, such asimages and |aboratory results, to
the doctor through the smartphone app or Web. To date, studies
have reported the characteristics of China's internet hospitals,
the health service capacity, and negative comments [5,6];
however, the spectrum and the satisfaction have not been
involved. In recent years, patient rating sites have gained more
attention for their function to measure the health care quality
[7-9]. Moreover, its value for other patients looking for health
care providers has been widely identified in the United States,
Germany, and the United Kingdom [10]; however, research on
patient rating sitesin China remains sparse.

This study aims to identify who is suitable for the Web-based
consultation via collection of outpatient characteristics and
satisfaction of the internet hospital and clarify what kind of
health services could be provided.

Methods

Internet Hospital of the First Affiliated Hospital,
Zhegjiang Univer sity

The internet hospital of the First Affiliated Hospital, Zhejiang
University was put into use on February 16, 2016. At the
beginning, 12 departments provided Web-based health services;
of these, the general practice department bears nearly 30%
Web-based workload. Figure 1 present thework flowchart [11].
The internet hospital provides outpatients with health services
in the following 6 aspects: Web-based clinic; |aboratory and
imaging examination appointment; prescription; routine
follow-up; various payments; and referral services. Based on
Xieet al [5], the consulting methodsincluded video chat, voice
chat, telephone, image, and message. The details of the
consultation are provided in a study conducted by Tu et a [4].

Figure 1. Theflowchart of Web-based health service.

Qiuetd

Regarding thelaboratory and imaging examination appoi ntment,
patients could finish the laboratory and imaging examination
in 1 day and earlier than the examination booked offline. The
prescription is checked by the pharmacist with electronic
signature (CA) and then delivered to or fetched by patientsfrom
the hospital or pharmacy. Of course, examination and
prescription were provided after the fee was paid using many
payment methods including Web-based (eg, Alipay and Apple
pay), medicare, self-help machine, and others.

Data Collection

Data were collected from the electronic record of the general
practice department of the internet hospital between February
2016 and February 2017. Patientslogged in the internet hospital
with their computer or mobile phone. Overall, 715 consultations
were provided.

The collected data included patients gender, age, region,
consulting device, chief complaints, diagnose, management,
and the satisfaction. The satisfaction was assessed through a
specialized internet rating site, allowing patients to rate their
experiences (1-5, 5 being the best) and freely express their
comments with health care providers and the internet hospital.
Furthermore, the satisfaction was extracted from all comments.

The disease diagnosis was encoded according to the
International Classification of Diseases. TheIngtitutional Review
Board approval was obtained from the Research Ethics
Committee of the First Affiliated Hospital College of Medicine,
Zhgjiang University (N2017-690).

Statistical Analysis

Statistical analysiswas performed using SPSS19.0 (SPSSInc.,
IL, USA) and Excel 2010 (Microsoft Corp., Redmond, WA,
USA). The enumeration data are expressed in percentage, and
the measurement data are expressed as mean (SD).
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Results

Patients Characteristics

As shown in Table 1, 364 patients were men and 351 patients
were women,; the sex ratio was 1:0.96 with the age range from
3 months to 83 years and mean age, 36.81 (14.28) years. Most
patients were from the Zhejiang Province with 29.9% (214/715)
from Hangzhou city. Regarding the tools used, 42.9% (307/715)
used the internet and 57.1% (408/715) used mobile phones.

Information of Diseases on the I nternet Hospital

We assessed 365 health-rel ated problems on the internet hospital
involving amost all departments, of which diseases belonging
to internal medicine accounted for more than a half (53.6%).
Table 2 showsthat the former 5 symptoms were diseases of the
musculoskeletal 12.8% (91/715), digestive 11.4% (81/715),
reproductive 9.3% (66/715), urinary 7.7% (55/715), and
endocrine 7.2% (51/715) systems. Table 3 shows that the

Table 1. Peatients characteristics (N=715).

Qiuetd

number of patients who needed a referral to an offline clinic
was 451, who had the medication or test appointment was 181,
who need emergency services was 9, and who need follow-up
was 74. All the patients had received health education.

Satisfaction Analysis

In this study, 384 patients gave comments on the internet rating
site, as seen in Multimedia Appendix 1; of these, 375 were
satisfied with the Web-based clinic (satisfaction rate, 97.7%).
Figure 2 showsthat 89.9% (345/384) of participantsrated 5-star.
Regarding the contents (Table 4), the most common positive
comments of theinternet hospital and general practitioner were
“quick and convenient, efficient, powerful function of the
internet hospital, professional, full of enthusiasm, responsible,
full of patience and meticulousness, gentle, friendly, and so on.”

Of patients who were unsatisfied with Web-based service, the
comments were waiting too long, unable to solve the concerns,
misuse of medical terminology, and impatient.

Baseline variables

Patients, n (%)

Hangzhou
Sex
Male
Female
Age
<18y
18-59y
60-69y
=70y
Tools used
Internet user

Mobile phone user

214 (29.9)

364 (50.9)
351 (49.1)

17 (2.4)
648 (90.6)
27 (3.8)
23(3.2)

307 (42.9)
408 (57.1)

Table 2. Symptoms classification in different system pattern (N=715).

System

Patients, n (%)

Muscul oskel etal
Digestive
Reproductive
Urinary

Endocrine

91 (12.8)
81 (11.4)
66 (9.3)
55(7.7)
51(7.2)

Table 3. The percentage of different general practitioners’ management (N=715).

Management Patients, n (%)
Emergence 9(1.3)
Referral 451 (63.3)
Further follow-up 74 (10.4)
Medication or test appointment 181 (25.4)

http://www.jmir.org/2018/9/e266/
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Figure 2. Patients' star rating (1 to 5 stars: worst to best).
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Table 4. Patient’s assessment according to the contents (n=384).

Contents Patients, n (%)
Doctor
Of good attitude, full of patience and meticul ousness, gentle and friendly 40 (10.4)
Of good responsihility 5(1.3)
Professional 7(1.8)
Competent 24 (6.3)
Good answers 4(1.0)
Internet hospital
Powerful 8(21)
Quick and convenient 51 (13.3)
Brief comments
Satisfaction 32(8.3)
Ok, good, very good, and thanks 141 (36.7)
Bad 6 (1.6)
No comments 66 (17.2)

: : In this study, we observed that the majority of outpatients were
Discussion male and adults. Among patients who are children and older
Principal Findings adults, most sought the Web-based health serviceswith the help

. . of families because they could not operate a smartphone or
Th!s sgdy focus_ed on the cgnsultatlOn spectrum and the computer. Hence, with regard to these patients, most tended to
satisfaction of the internet hospital and analyzed the datafrom  chaaes traditional hospitals, resulting in the small number of
the general practice department. Patientswith all health-related e, hased patientsin the study. In addition, other reasonswere
conditions could seek health services in the internet hospital, ¢ tol1ows. First. not many know about the existence of the
and the satisfaction was high. internet hospital of the First Affiliated Hospital, Zhejiang
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University, which we believe could be changed through
propagandaand promotional activities, for instance, we provided
free consultations over one year. Second, no explicit protocol
exists asto what symptoms could be solved online. Thus, some
people might be confused and hesitate to see the Web-based
doctor. In this study, we found that all health-related problems
could be consulted onlineinitially, which is consistent with the
role of general practitioners. Because general practice is the
primary point of access to health care services, general
practitionersplay arolein diagnosing and treating illnesswithin
the community, promoting better health, preventing disease,
certifying disease, monitoring chronic disease, and referring
patients requiring specialist services[12].

In recent years, the remarkable proliferation of mobile
technology hasfacilitated health systemsthrough interventions
that increase both the coverage and quality. In addition, the
mHealth awareness among the general population is growing.
Among 715 Web-based consultations, >50% patients used
mobile phonesto accessthe health service; thisfindingissimilar
to that obtained by Reem et al [13]. Because most patientswere
not from Hangzhou city, the internet hospital is beneficial and
available to patients who own amobile or computer despite not
being residents of neighboring areas. Certainly, thisis attributed
to the advantages of mHealth, easy and flexibleto accesswithout
local or temporal boundaries.

In addition, we found higher satisfaction with Web-based
consultation, which could be attributed to 2 possible reasons.
First, peoplein Chinatend to trust “ big hospitals,” because they
tend to goto high-level hospitalseven for mild symptoms|[3,4].
In addition, all Web-based doctors are highly qualified
physiciansinthe First Affiliated Hospital, Zhejiang University,
one of the best tertiary hospitalsin Zhejiang Province; they have
>3-year experience without complaint records. Second, the
internet hospital here could provide a prescription with delivery
service and appointment services earlier than the traditional
ones. Itisunlike other cloud hospitalsin which physicians could

Qiuetd

just provide arecommendation because they may come from a
hospital in this city and the patient residing in another city.
Therefore, it is inconvenient to provide earlier laboratory or
imaging service. This study, indeed, clarified the point.
Nevertheless, most individuals favor the internet hospital,
implying that mHealth might play a great role in the field of
medicine in the future; these results were similar to those
obtained by Reem et al [13]. Third, because the number of
Web-based outpatients was smaller than the offline, physicians
had more time for each outpatient, making patients feel better
than the crowded traditional clinics.

Limitations

Although internet- and mobile-based hospitals could aleviate
the dilemma of difficulty to see a doctor in the developing
countries and cater for most residents, limitations persist. First,
there are problems with the establishment of the internet
hospital. To date, no legal support exists for the establishment
of the internet hospital and practice of physicians. In addition,
thereare no incision and quality-control standards and no saf ety
protection system. All of these should be solved along with the
efforts of the government. Luckily, the National Health and
Family Planning Commission of the Peopl€'s Republic of China
have realized the problem and started planning the regulations.
Second, because therating site had no mandatory requirements
for the comment and comment list, no data exist as to whether
they would like to revisit the Web-based clinic. Hence, the data
could be obtained through further analysisfor consultation times
per person.

Conclusions

When individuals have access to the internet with a computer
or smartphone, internet- and mobile-based Web-based practice
is feasible and convenient for amost all heath-related
conditions. Although the satisfaction was high, the internet
rating site should be put to better use to improve Web-based
health services.
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Abstract

Background: Instagram isincreasingly becoming a platform on which visual communication of cancer takes place, but few
studies have investigated the content and effects. In particular, a paucity of research has evaluated the effects of visual
communication of cancer on participative engagement outcomes.

Objective: The objective of our study wasto investigate cancer-related beliefs and emotions shared on Instagram and to examine
their effects on participative engagement outcomes including likes, comments, and social support.

Methods: Thisstudy analyzed the content of 441 posts of #melanomasucks on Instagram and assessed the effects of the content
characteristics on outcomes, including the number of likes and comments and types of social support using group least absolute
shrinkage and selection operator logistic regression.

Results: Posts about controlling melanomawere most frequent (271/441, 61.5%), followed by 240 (54.4%) posts about outcomes
of having melanoma. Ninety posts (20.4%) were about the causes of melanoma. A greater number of posts expressed positive
(159/441, 36.1%) than negative emotions (100/441, 22.7%). Eighty posts (18.1%) expressed hope, making it the most frequently
expressed emotion; 49 posts expressed fear (11.1%), 46 were humorous (10.4%), and 46 showed sadness (10.4%). Posts about
self behavior as a cause of melanoma decreased likes (P<.001) and social support comments (P=.048). Posts about physical
consequences of melanoma decreased likes (P=.02) but increased comments (P<.001) and emational socia support (P<.001);
posts about melanoma treatment experience increased comments (P=.03) and emotional social support (P<.001). None of the
expressions of positive emotionsincreased likes, comments, or social support. Expression of anger increased the number of likes
(P<.001) but those about fear (P<.001) and joy (P=.006) decreased the number of likes. Posts about fear (P=.003) and sadness
(P=.003) increased emotional social support. Posts showing images of melanoma or its treatment on the face or body parts made
up 21.8% (96/441) of total posts. Inclusion of images increased the number of comments (P=.001).

Conclusions:  To our knowledge, this is the first investigation of the content and effects of user-generated visual cancer
communication on social media. Thefindings show where the self-expressive and socia engagement functions of #melanomasucks
converge and diverge, providing implications for extending research on the commonsense model of illness and for developing
conceptual frameworks explaining participative engagement on social media.

(J Med Internet Res 2018;20(9):€10501) doi:10.2196/10501

KEYWORDS

cancer; comments; common sense model; emotions; illness perception; Instagram; likes, melanoma; participative engagement;
social media; social sharing; social support; visual communication
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Introduction

Background

Instagram israpidly becoming apublic platform whereimages,
beliefs, and emotions about cancer are expressed and shared.
At thetime of thiswriting, there are millions of Instagram posts
about various cancer experiences. One of the fastest growing
platforms of social media, following only Facebook [1],
Instagram is unique in that visual images occupy a significant
portion of a post's space. Instagram is aso more public
compared with Facebook. Whereas on Facebook sharing is
based on friendships, on Instagram it isnot. Visual images such
as those posed on Instagram have the potential to significantly
impact cancer communication processes through increased
exposure, attention, emotional engagement, and memorability
[2,3]. Self-expressions of cancer experiences on Instagram can
be viewed worldwide, fostering far reaching impacts on social
perceptions and discourse about cancer. In particular, these
efforts are assisted by hashtags (#) for message labeling,
movement organizing, and visibility, searchability, and
documentability of grassroots content [4].

Despite this popularity, visual communication of cancer on
social media remains underinvestigated. Extant research on
social mediacontent related to cancer hasfocused on text-based
content, such as that on Twitter [5,6]. Only a limited number
of studies have investigated visual cancer communication on
social media[7,8], and few have examined the effects of visual
cancer communication on social media. Notably, a 2018 study
investigated the effects of vaccine images on retweets [9].
Aiming to fill this void in knowledge, this study investigated
the illness beliefs and emotions expressed under
#melanomasucks on Instagram and their effects on participative
engagement outcomes, including likes, comments, and social
support.

Commonsense Representations of 11Iness Beliefs and
Emoations

Melanoma is the fifth most prevalent cause of cancer death
affecting both men and women in the United States [10].
Researchersview that the increase in melanomaincidence may
be associated with arange of factors, including behavioral and
environmenta factors[11,12]. Melanomais particularly relevant
to thisinvestigation of visual cancer communication because it
begins on the surface of body, whereas most other cancers
involve internal organs. Consequently, visual expressions of
illness experiences may be more pertinent to melanoma than
other forms of cancer.

Based on the premise that beliefs and emotions about cancer
underpin the visual images posted on I nstagram, this study used
the commonsense model of illness representation [13-15] asan
overarching framework to analyze the content of visual cancer
communication on Instagram. The commonsense model of
illness representation assumes that people are active problem
solvers testing lay hypotheses about illness. According to the
model, people respond to symptoms and signs of illness by
forming cognitive and emotional representations of theillness,
which then guidethelay process of coping, planning, and action.

http://www.jmir.org/2018/9/e10501/
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Of note, the model posits that illness representations are
individualized and not necessarily fact-based; nevertheless,
individuals' illness representations are key determinants of
attitude toward risk and managing disease. Primary beliefs about
illnesses, including cancer, comprise beliefs about causes,
consequences, and control of theillness[13-15].

Along with beliefs, emotions are an important part of illness
experiences [15-17]. Martin and colleagues [15] argue that in
addition to cognitive responses to and representations of
symptoms, people rely on emotional responses to symptoms
that direct their coping behavior. Similarly, Gross [16] asserts
that emotion expressions are central to cancer experiences
ranging from onset to progression. As aresult, recent research
involving the commonsense model has examined both cognitive
and emotional representations as predictors of coping appraisal
and illness outcomes [18].

Under this overarching framework, this study used the cognitive
appraisal theory of emotions [19,20] to analyze discrete
emotional representations in Instagram posts. The cognitive
appraisal theory of emotions arguesthat emotions are outcomes
of appraisals of environmental and situational circumstances.
Of these circumstances, the experience of cancer can be
associated with the negative emotions of fear [21], anger [22],
and sadness [23]. Recent cancer survivorship research has
discussed the importance of positive emotions such as hope,
humor, and happiness. Hope can be an especially important
positive emotion in the survivorship process [24]. Snyder and
colleagues [25] defined hope as “a positive motivational state
that is based on an interactively derived sense of successful (a)
agency (goal-directed energy) and (b) pathways (planning to
meet goals)” (pg 287). Humor can provide respite for cancer
survivors and their loved ones [26]. Finally, the journey of
cancer may not be without moments of happiness or joy [27].
We will examine the expressions of these positive and negative
emotions.

By investigating Instagram posts about cancer beliefs and
emotions, we seek to add new insight to extant research on the
commonsense model of illness. Prior research on illness
perceptions has used responses prompted by survey or interview
guestions [28]. On Instagram, people choose to self-express
their cancer experiences using images, texts, and other
affordances including hashtags. Moving from verbal responses
to surveys or interviews, the visual and voluntary expressions
of cancer experiences on social media may offer a valuable
window for understanding lay sense-making and management
of cancer. Self-expression in all settings may be goal directed
[29,30], but social media may offer novel opportunities to
express what Rogers [31] called “true self.” Rogers' notion of
true self differs from future self or actual self. True self is a
present version of self, thus differing from future self, and it is
not expressed in social life, thus differing from actua self. Bargh
and colleagues [30] asserted that one has the strongest need to
express the true self, which is “identity-important and
phenomenally real aspects of self,” and that the internet may
provide a setting to activate and expressit (pg 34).

In addition, we will investigate the visual images particular to
the communication of melanoma. These would include images

JMed Internet Res 2018 | vol. 20 | iss. 9 |e10501 | p.69
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

of melanoma or its treatment. Patients' visual documentation
of melanomaor itstreatment may hold special meaning to them.
Furthermore, these images may increase other users
engagement in cancer communication on social mediain forms
such ascomments. Our first set of research questions concerned
self-expressed beliefs and emotions about melanoma on
Instagram:

RQ1: What beliefs are expressed in #melanomasucks
posts on Instagram?

RQ2: What emotions are expressed in
#melanomasucks posts on | nstagram?

RQ3: Are images of melanoma or its treatment
included in #melanomasucks posts on Instagram?

Participative Social Engagement in Self-Expressions
of 1liness Experience

Self-expression of illness beliefs and emotions on social media
invites participative social engagement. It is important to
investigate the dynami cs between Instagram posts about cancer
and the extent and types of network engagement that they
generate. This line of research can help shift gears from the
current emphasis on the content of social mediacommunication
to an expanded research focus that can illuminate the
relationship between content characteristics and the participative
engagement that they generate.

To investigate the effects of visual expressions of cancer, we
focused on participative engagement, asindicated by the number
of likes and comments and the types of social support provided
inthe comments. Asan affectivereaction, likes may be the most
basic form of participative engagement in social media
interactions [32]. Comments, which are more cognitively
oriented, may indicate a deeper level of engagement because
they require more user effort than clicking a like button.
Generally, the number of likes and comments are considered
indicators of the range of influence of one's social media post
[33]. Thereissparse published research investigating the content
characteristics predicting likes. Burgeoning research has
examined the predictors of comments, focusing on the number
of comments from readers of Web-based news [33,34]. In this
study, we focus on likes and comments responding to
user-generated content containing #melanomasucks.

In addition to likes and comments, the provision of socia
support may be another form of participative engagement on
Instagram. Individuals with chronic illnesses increasingly use
social media to connect with others and to seek and provide
support [35,36]. Although a growing body of research has
examined online socia support, a recent review indicates that
it has focused on verbal and written exchanges [36]. Research
is needed to investigate social support exchanges using
affordances on socia media platforms. Different Web-based
platforms can facilitate or inhibit the seeking and provision of
types of support [37]. Users of #melanomasucks on Instagram
may constitute what Granovetter [38] termed “weak ties,’
individual swith whom closeinteractionsare limited. Weak ties
are vital to the cohesion and organizing of communities[38].

Extant literature suggests there are four primary types of social
support. They are asfollows: esteem, emotional, informational,

http://www.jmir.org/2018/9/e10501/

Choet a

and instrumental [39,40]. Esteem support refersto the validation
of the support receiver’s states and beliefs. Emotional support
refersto empathy or encouragement for the receiver’s situation.
Informational support refers to advices using facts, data, and
references. Instrumental support is provided with tangible
assistance. Although growing attention has been paid to
Web-based communication of support, little research has
examined the connection between the beliefs and emotions
expressed by support seekers and thetypes of support provided.
Similarly, sparse research has investigated the relationship
between beliefs and emotions and the volume of socid
engagement they generate, as indicated by the number of likes
and comments. We posit that beliefs and emotions represented
in Instagram posts will differentially predict likes, comments,
and social support, and propose our second set of research
questions to explore the effects of content characteristics on
these differential types of participative social engagement:

RQ4: What beliefs and emotions predict the number
of likes?

RQ5: What beliefs and emotions predict the number
of comments?

RQ6: Do images of melanoma or its treatment
increase the number of comments?

RQ7: What beliefs and emotions predict the type of
socia support?

Methods

Sampling

The universe from which we draw the samplefor this study was
#melanomasucks. As discussed above, people use hashtags to
label their posts and to ensure the visibility, searchability, and
documentability of their posts [4]. We randomly selected 441
publicly available Instagram posts contai ning #melanomasucks
for analysis in this study. At the time of this sampling, there
were over 3430 posts using #melanomasucks on Instagram. For
random sampling of the posts we used Netlytic [41], which
adheres to the privacy policy of Instagram and uses public
application program interfaces (APIs) to collect publicly
available Instagram posts.

Consistent with the sampling protocol for social media content
analyses offered by Kim, Huang, and Emery [42], we assessed
the quality of the sample. Quality of social media sampling is
assessed with recall and precision [42]. Our use of ahashtag as
asampling frame arreststhe issue of recall, which isthe degree
to which relevant data are retrieved. Precision is the degree to
which the retrieved data are relevant. We found that
#melanomasucksyiel ded 95% precision in our sample. Therest
of the content analysis procedure was guided by the protocol
provided by Neuendorf [43]. Our unit of analysiswas each post.

M easur ement

Two coders were extensively trained and they worked together
to establish intercoder reliability. We used 10% of the sample
to assesstheintercoder reliability of each variable. Krippendorff
alpha[44] ranged from 0.79 to 1.00. The outcome measures of
the number of likes and comments were obtained through API
of Instagram. For socia support, we assessed the presence or
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absence of each of thefollowing types of social support: esteem,
emotional, information, and instrumental. Consistent with
Cutronaand Suhr’s Social Support Behavior Codes[40], these
support types were operationalized in the following ways:
esteem support compliments, validates, or agrees with the
receiver’s perspective expressed in a post; emotional support
conveys sympathy, empathy, or encouragement for the receiver’s
state; informational support offers facts, data, or references to
solve a problem; and instrumental support offers tangible help
such as provision of time or donation.

For cancer beliefs, we assessed the presence (1) and absence
(O) of beliefs about causes, consequences, and control of
melanoma. Under causes, we analyzed the presence or absence
of beliefsrelated to hereditary factors, self behavior, system or
institution, natural environment, social environment, built
environment, or chance. Under outcomes, we examined the
presence or absence of expressions of negative physical,
cognitive, emotional, and relational consequences of having
melanoma; we also coded for the presence or absence of
expressions of positive aspects of having melanoma. Under
control, we investigated beliefs related to self and collective
actions pertaining to the prevention and control of melanoma.
Individuals' actionsincluded primary prevention (eg, sunscreen),
secondary prevention (screening), and treatment; societal actions
included raising awareness, fundraising, more research, greater
funding allocation, and policy change.

For cancer emations, we assessed the presence or absence of
three negative emotions of fear, anger, and sadness and three
positive emotions of hope, joy, and humor. Fear was adepiction
of danger or threat; anger was a depiction of wrongful offense;
and sadness was arepresentation of irrevocable loss. Hope was
operationalized as a positive emotional state involving goals or
planning to meet goals (eg, to get better, to beat cancer, to find
anew treatment); humor was a depiction of an effort make fun
of or ease adifficult situation; and joy was avariant of happiness
that indicated progress toward a goal .

Results

Data Analysis Strategy

For research questions 1 and 2, which concerned the
characteristics of the content, we computed the frequency and
percent distribution of the variables. For research questions 3
and 4, which concerned melanoma beliefs and emotions
influencing the number of likes and comments, we used negative
binomia regressions. In each model, the number of likes or
commentswas regressed onto cancer beliefsand emotions. The
log number of followers were adjusted as an offset in the
regression model. To examine research question 5, predictors
of the types of social support, we used a multivariate logistic
regression model for each support type. We did not employ
multinomial regression to reflect that the social support types
were not mutually exclusive. Instead, we used separate binary
logistic regression models for each of the four types of socia
support. In addition to these separate logistic regression models,
we used ajoint model using group least absol ute shrinkage and
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selection operator (LASSO) logistic regression. To select
variables that predict all types of social support, we penalized
thetotal log-likelihood of four logistic regressionsfor all of the
types of support by a group LASSO penalty that encourages
the coefficients of apredictor to be zero for all types of support.
This helped us select the same set of predictors for all types of
support. To determine the penalty-tuning parameter, we selected
the group LA SSO models with the smallest Bayes information
criterion. The number of followers was adjusted in both the
separate and group LASSO models.

Content Char acteristics

Research question 1 asked what cancer illness beliefs are
expressed in #melanomasucks. Beliefs about controlling
melanoma were most frequently expressed (271/441, 61.5%),
followed by beliefs about outcomes of melanoma (240/441,
54.4%), whichin turn werefollowed by beliefs about the causes
of melanoma (90/441, 20.4%). Table 1 presentsthe distribution
of belief expressions.

Of beliefs about controlling melanoma, awareness raising was
most frequently expressed (219/271, 80.8%), followed by
treatment (143/271, 52.8%), primary prevention (eg, sunscreen
use; 114/271, 42.1%), secondary prevention (eg, screening;
80/271, 29.5%), and fundraising (43/271, 15.9%). Of beliefs
about outcomes of cancer, physical consequences werethe most
frequently expressed (212/240, 88.3%), followed by emotional
outcomes (100/240, 41.7%), relational outcomes (56/240,
23.3%), and equal representations of financial consequences
(20/240, 8.3%) and positive outcomes (20/240, 8.3%; eg,
strengthening of faith during a time of hardship). Of beliefs
about causes of melanoma, self behavior wasthe most frequently
expressed (72/90, 80.0%), followed by natural environment (eg,
sun exposure, 47/90; 52.2%). A social environment that supports
tanning behavior was expressed in 7.8% (7/90) of the posts.

Research question 2 asked what emotions are expressed using
#melanomasucks. Hope was the most frequently expressed
emotion, such as by providing insight about or expressing trust
in a treatment procedure (80/441, 18.1%), followed by fear,
such as worry about the recurrence of melanoma (49/441,
11.1%). Thesewerefollowed by equal representations of humor,
such as making light of treatment results, (46/441, 10.4%);
sadness, such as remembrance of people who have died from
melanoma (46/441, 10.4%); and joy, such as patients expressing
enthusiasm and gratitude during treatment (33/441, 7.5%).
Anger was ararely expressed emotion (5/441, 1.1%). Overall,
there was a greater number of positive than negative emotional
expressions 36.1% (159/441) vs 22.7% (100/441). Table 2
presents the distribution of emotions.

Research question 3 asked whether images of melanomaor its
treatment areincluded in #melanomasucks posts. Intotal, 21.8%
(96/441) of the posts included images of melanoma or its
treatment on the face or body parts. Posts showing images of
melanoma on the face or body parts were about 4.3% (19/441)
of thetotal posts. Post showing images of melanoma treatment
on the face or body parts were about 17.5% of the total posts
(77/441).
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Table 1. Cancer beliefs expressed using #melanomasucks on Instagram (N=441).

Choet a

Belief n (%)
Cause 90 (20.4)
Hereditary 0(0)
Self behavior 72 (80.0)
System or institution 1(1.1)
Natural environment 47 (52.2)
Social environment 7(7.8)
Built environment 0(0)
Luck 2(22)
Outcome 240 (54.4)
Physical 212 (88.3)
Cognitive 0(0)
Emotional 100 (41.7)
Relationship 56 (23.3)
Financial 20(8.3)
Other negative 1(0.9)
Positive outcomes 20(8.3)
Control 271 (61.5)
Prevention 114 (42.1)
Screening 80 (29.5)
Treatment 143 (52.8)
Awareness 219 (80.8)
Fundraising 43 (15.9)
Research 6(2.2)
Funding allocation 1(0.4)
Guideline change 1(0.9)
Table 2. Cancer emotions expressed using #melanomasucks on Instagram (N=441).
Emotions n (%)
Positive emotions
Hope 80 (18.1)
Humor 46 (10.4)
Joy 33(7.5)
Negative emotions
Anger 5(1.1)
Fear 49 (11.1)
Sadness 46 (10.4)
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Table 3. Effects of belief expressions on the number of likes.
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Belief Estimate (SE)
Cause
Hereditary N/A2
Self behavior -0.67° (0.16)
System or ingtitution -2.56 (1.45)
Natural environment 0.19 (0.18)
Socia environment -0.12 (0.43)
Built environment N/A
Luck -1.44(0.75)
Other -0.44 (1.08)
Outcome
Physical -0.24°(0.1)
Cognitive N/A
Emotional 0.12 (0.15)
Relationship -0.31(0.18)
Financial -1.86° (0.27)
Other negative -2.53% (1.04)
Positive outcomes 0.83° (0.29)
Control
Prevention -0.16 (0.12)
Screening -0.08 (0.13)
Treatment -0.26° (0.11)
Awareness 0.11 (0.10)
Fundraising -0.48¢ (0.18)
Research -0.42 (0.45)
Funding allocation -2.89¢ (2.09)
Guideline change -1.36 (1.06)
Other -0.65 (0.62)

3N/A: not applicable.
bp<.001.

P<.05.

dp<01.

Effects of Content Char acteristics

Predictors of Likes

Research question 4 asked what beliefs and emotions expressed
in #melanomasucks impacted the number of likes. The effects
of beliefs on likes are presented in Table 3. Expressions of self
behavior as a cause of melanoma were negatively associated
with the number of likes (P<.001). Expressions about physical
(P=.03), financial (P<.001), and other negative consequences

http://www.jmir.org/2018/9/e10501/

RenderX

(P=.02) significantly decreased the number of likes. In contrast,
expressions of positive outcomes of having melanoma
significantly increased the number of likes (P<.001). Of control
beliefs, posts about treatment (P=.02), fundraising (P=.008),
and more research funding allocation (P=.008) decreased the
number of likes. The effects of emaotions on likes are presented
in Table 4. Expressions of anger increased the number of likes
(P<.001), whereas expressions of joy (P=.006) and fear
(P<.001) decreased the number of likes.
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Table 4. Effects of emotion expressions on the number of likes.

Choet a

Emotions Estimate (SE)
Positive emotions
Hope 0.19 (0.13)
Humor 0.10 (0.15)
Joy -0.02%(0.01)
Negative emotions
Anger 1.01° (0.26)
Fear -0.96° (0.15)
Sadness -0.17 (0.15)
8<.01.
bp<,001.

Predictors of Comments

Research question 5 asked what beliefs and emotions expressed
in #melanomasucks impacted the number of comments. As
shown in Table 5, none of the cause beliefs were significantly
associated with the number of comments. Of beliefs about
outcomes, those about physical consequences of having
melanoma significantly increased the number of comments
(P<.001), whereas beliefs about financial consequences of
melanoma decreased the number of comments (P<.001). Of
control beliefs, those about treatment increased the number of
comments (P=.03), whereas those about fundraising (P=.02)
decreased the number of comments. None of the expressions
of emotions were associated with the number of comments.
Research question 6 asked whether images of melanomaoor its
treatment increased the number of comments. A significant
positive association between such images and the number of
comments was found (estimate=0.59, SE=0.18, P=.001).
Inclusion of melanoma images in posts increased the number
of comments.

Predictors of Social Support

Research question 7 asked what beliefs and emotions predicted
what type of social support. To address this question, we first
investigated whether beliefs and emotions predicted the presence
or absence of social support using the entire dataset. Next, using
only the cases that received social support, we examined
predictors of specific kinds of social support.

Provision of Support

Of causebeliefs, that self behavior isresponsible for melanoma
significantly  decreased  socid  support  comments
(estimate=—0.62, SE=0.31, P=.048). Of outcome beliefs, those
about physical consequences of having melanomasignificantly
increased social support comments (estimate=0.74, SE=0.22,
P=.001) and those about relational consequences showed a

http://www.jmir.org/2018/9/e10501/

marginally significant positive effect on social support
comments (estimate=—0.70, SE=0.37, P=.06). Of control beliefs,
those about treatment increased social support comments
(estimate=0.58, SE=0.23, P=.012). None of the emotions were
significantly associated with social support comments.

Types of Support

None of the cause beliefswere significantly associated with the
types of socia support per LASSO. This was confirmed in
separate regression models in which no significant association
was found in any of the four models for the types of support.
Of outcome beliefs, those about physical and emotional
consequences were significant per LASSO and confirmed in
separate regression models. Beliefsabout physical consequences
decreased esteem support (estimate=—0.86, SE=0.29, P=.003)
but increased emotiona support (estimate=1.36, SE=0.28,
P<.001); similarly, emotional consequences decreased esteem
support (estimate=—0.82, SE=0.39, P=.04) but increased
emotional support (estimate=1.34, SE=0.49, P=.006). Of control
beliefs, those about treatment and fundraising were significant
predictors per LASSO, which were confirmed in separate
regression models. Expressions about treatment decreased
esteem support (estimate=—0.77, SE=0.28, P=.005) but increased
emotional support (estimate=1.43, SE=0.30, P<.001); beliefs
about fundraising increased esteem support (estimate=2.29,
SE=1.04, P=.03) but showed a marginally significant negative
association with emotional support (estimate=—0.98, SE=0.51,
P=.054). Of emotions, fear and sadness were selected per
LASSO. Fear decreased esteem support (estimate=—1.35,
SE=0.41, P=.001) but increased emotional support
(estimate=1.56, SE=0.52, P=.003); similarly, sadness decreased
esteem support (estimate=—0.98, SE=0.39, P=.013) but increased
emotional support (estimate=1.49, SE=0.51, P=.003). No
significant associations between the predictors of beliefs and
emotions and theinformational and instrumental social support
types were found.
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Table5. Effects of belief expressions on the number of comments.
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Belief Estimate (SE)
Cause
Hereditary N/A2
Self behavior -0.25(0.24)
System or institution -34.4 (1.70e+07)
Natural environment 0.18 (0.27)
Social environment 0.63 (0.61)
Built environment N/A
Luck -0.034 (1.03)
Other -1.04 (1.71)
Outcome
Physical 0.58° (0.15)
Cognitive N/A
Emotional -0.33(0.22)
Relationship -0.29 (0.27)
Financial -2.38° (0.41)
Other negative -2.34(1.67)
Positive outcomes 0.44 (0.35)
Control
Prevention -0.14 (0.17)
Screening 0.11 (0.19)
Treatment 0.33°(0.15)
Awareness -0.28 (0.15)
Fundraising -0.65° (0.27)
Research -0.15 (0.69)
Funding allocation -2.91(1.7)
Guideline change 0.66 (1.38)
Other -1.84 (1.14)

3N/A: not applicable.
bp< 001.
°P<.05.

Discussion

Principal Findings

Although ample research has described the content
characteristics of text-based cancer communication on social
media platforms such as Twitter, few studies have investigated
visual communication of cancer and even fewer studies have
examined the effects of visual cancer communication on
parti ci pative engagement outcomes. This study sought to address
this gap by investigating the content and effects of
#melanomasucks on | nstagram. Theresults of thisstudy provide
an important first look at visual communication on cancer on
social media. The findings show the self-expressive and social
engagement functionsthat Instagram servesfor #melanomasucks

http://www.jmir.org/2018/9/e10501/
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users and the areas in which the self-expressive and social
engagement functions of the social media platform converge
and diverge for users.

Thefindings of thisstudy may reveal aparadigm shift in cancer
communication. Traditionally, magazine editors or television
producers have decided what cancer images the public can see
in the mainstream media [45]. In the new social media
landscape, the lay public decides what to express and share
about their cancer experiences. This study found that about 22%
of total postsincluded images of melanomaor itstreatment with
about 4% showing images of melanoma and 18% showing
images of melanoma treatment. These images are rarely found
in extant cancer communication in mainstream media. Given
that this study found that the inclusion of images increased
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comments, future research should continue to examine
user-generated images of cancer on social mediaand their effects
on public engagement and perceptions.

Cancer Belief Expressions and Participative
Engagement

The results show the aspects of the cancer experience that are
meaningful for users of #melanomasucksto express. Userswere
most interested in expressing the control of melanoma, followed
by the outcomes of having melanoma. Causes of melanoma,
notably, wereleast frequently expressed in posts. Of the control
beliefs, awareness was the most frequently expressed, followed
by treatment, primary and secondary prevention, and
fundraising. Of the outcome beliefs, physical consegquences
were the most frequently expressed, followed by emotional,
relational, and financial consequences of having melanoma.
Notably, some users expressed positive aspects of cancer
experiences (eg, strengthening of faith). Of the cause beliefs,
self behavior was the most frequently expressed, followed by
natural and social environments.

Convergence between self-expressed and socially engaged
beliefs about melanoma was observed where frequent posts
increased engagement from other users, for exampl e, posts about
melanoma treatment were frequent and they significantly
increased comments and emotional social support. Likewise,
expressions of the physical consegquences of having melanoma
were frequent and they increased comments and emotional
social support. In addition, expressions of relational
consequences of having melanoma were marginally linked to
increased emotional social support.

Divergence between self-expressive and social engagement
functions of #melanomasucks was observed where frequent
posts did not foster engagement from other users; for example,
whereas self behavior as a cause of melanoma comprised 80%
of cause-related beliefs, expressions of thisbelief decreased the
number of likes and social support comments. Similarly, none
of the cause beliefs were significantly associated with the
number of comments. In addition, posts about financial
consequences of having melanoma decreased the number of
likesand comments. Although posts about personal experiences
(eg, treatment and physical consequences) engaged users with
increased comments and emotional social support, posts that
were less personal (eg, awareness, fundraising) decreased the
number of comments.

Cancer Emotion Expressions and Participative
Engagement

Intriguing patterns of results were obtained for the research
guestions concerning emotions. Regarding self-expression of
emotions, users of #melanomasucks were more interested in
expressing positive emotions (ie, hope, humor, and joy) than
negative emotions (ie, anger, fear, and sadness) and of the six
emotions, hope was the most frequently expressed. These
findings point to the need for more research on the roles of
positive emotions and positive emotional expressionsin cancer
management.

A notable contrast between positive and negative emotions
emerged in relation to the self-expressive and social engagement

http://www.jmir.org/2018/9/e10501/
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functions. Positive emotions appear to serve more
self-expressive functions than social engagement functions
because they did not increase likes, comments, or socia support.
Although hope was the most frequently expressed emotion, it
did not increase any of the indicators of engagement including
likes, comments, or social support. Likewise, humor, which
was apparently expressed in users efforts to make light of
difficult melanoma-related situations, was not associated with
the number of likes or comments. M oreover, expressions of joy
decreased the number of likes. Somewhat similarly, posts that
described positive aspects of cancer experiences increased the
number of likes but not comments or social support. In
comparison, although negative emotions were less frequently
expressed, they enjoyed more social engagement from other
users than positive emotions; for example, anger, which was
the least frequently expressed emotion, significantly increased
the number of likes. Although fear decreased the number of
likes, it received emotional socia support; expressions of
sadness were unassociated with likes but they increased
emotional social support.

Implicationsfor Theory and Research

The results provide important implications for theory and
research on the commonsense model of illness and participative
engagement on social media. Extant research on illness
perceptions using the commonsense model has employed a
validated and standardized protocol [28] though interviews or
surveys. lllness perceptions gathered through visual
self-expressions on Instagram offer new insight on lay
sense-making of cancer experiences. The control and outcomes
of cancer were moreimportant for users of #melanomasucksto
express compared with the causes of cancer. Although
considerably less research has examined positive emotions
associated with cancer management than negative emotions,
the findings show that it was positive emotions that more
#melanomasucks users wanted to express. Future cancer
communication research should allocate greater attention to
investigating the meaning and impact of positive emotions in
cancer experience and management.

The convergence and divergence of the self-expression and
socia engagement functions of #melanomasucks found in this
study may point to an important new direction for future
research on participative engagement on social media. The
pattern of convergence and divergence that emerged appearsto
depart from the normative expectations in face-to-face
interactions; for example, posts about financial consequences
of having melanoma decreased the number of likes and
comments. Similarly, expressions of positive emotionsreceived
little social engagement. These results add to the growing body
of research examining the differences between online and offline
communication behavior [46].

Also noteworthy is the divergence between self-expressions of
positive emotions and social support received. Arguing that
emotions are socially interdependent by nature and elicit social
sharing, Rime' [47] posited that negative emotions stimulate
cognitive work, social interaction, and conversation, and that
positive emotions can enhance subjective well-being when
savored and shared. Thefindings of this study appear to resonate
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with the theorizing of Rime’, contributing to the understanding
of the social engagement functions of emotions and where and
how the effects of negative and positive emotions may deviate.
In addition, the findings showed that the predictors of likes and
comments differed from those of social support. More research
should examine the predictors of these differential forms of
social engagement and the effects of this engagement on the
recipients and providers.

Limitations and Suggestions for Future Research

As the first investigation of visual cancer communication on
socia media, this study was limited to one cancer, melanoma,
and one hashtag, #melaonomasucks. Building on this study,
future research should examine whether the patterns of content
and effectsidentified in this study are similar for other cancers

Choet a

emotions, and the participative engagement that these
expressions may elicit. Using the framework developed in this
study, future studies could employ alarger sample.

Conclusion

This study provides an important first look at the content and
effects of visual cancer communication on social mediaand a
conceptual basis that future investigation of visual
communication of other cancers can utilize. The convergence
and divergence identified between self-expressions of cancer
beliefs and emotions and the social participative engagement
they foster offer new insight and directions for extending the
research on cancer illness perceptions and for developing
conceptual frameworks for explaining and predicting
participative engagement in cancer communication on social

and other cancer hashtags, wherethe similaritiesand differences  media.

arise in the expression of causes, outcomes, control, and
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Abstract

Background: Increasing the reach of messages disseminated through Twitter promotes the success of Twitter-based health
education campaigns.

Objective: Thisstudy aimed to identify factors associated with reach in adental Twitter network (1) initially and (2) sustainably
at individual and network levels.

Methods: We used instructors' and students' Twitter usernames from a Saudi dental school in 2016-2017 and applied Gephi
(asocial network analysistool) and social mediaanalyticsto cal culate user and network metrics. Content analysis was performed
to identify usersdisseminating oral health information. The study outcomeswere reach at baseline and sustainably over 1.5 years.
The explanatory variables were indicators of popularity (number of followers, likes, tweets retweeted by others), communication
pattern (number of tweets, retweets, replies, tweeting/ retweeting oral health information or not). Multiple logistic regression
models were used to investigate associations.

Results: Among dental users, 31.8% had reach at baseline and 62.9% at the end of the study, reaching atotal of 749,923 and
dropping to 37,169 users at the end. At an individua level, reach was associated with the number of followers (baseline: odds
ratio, OR=1.003, 95% Cl=1.001-1.005 and sustainability: OR=1.002, 95% CIl=1.0001-1.003), likes (baseline: OR=1.001, 95%
Cl=1.0001-1.002 and sustainability: OR=1.0031, 95% CI=1.0003-1.002), and replies (baseline: OR=1.02, 95% Cl=1.005-1.04
and sustainability: OR=1.02, 95% CI=1.004-1.03). At the network level, users with the least followers, tweets, retweets, and
replies had the greatest reach.

Conclusions: Reach was reduced by time. Factors increasing reach at the user level had different impact at the network level.
More than one strategy is needed to maximize reach.

(J Med Internet Res 2018;20(9):€10781) doi:10.2196/10781
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Introduction

Social media can reach people connected to the internet [1] at
low cost [2,3] regardless of education or access to health care
[4]. Twitter differs from other social media in the pattern of
communication it supports. On Twitter, person A may follow
person B without person B following back, or they may follow
each other. This differs from Facebook where friendship is
mutual [5]. Another difference is reciprocity which signifies
the symmetry of social ties and is associated with higher
connectivity [6]. Twitter has a low level of reciprocity, with
only 22% of al connections reciprocated [5]. Twitter is also
characterized by ahierarchical structure[6] where few popular
users have alarge number of followers and act as information
brokers[7] disseminating information to the bulk of the Twitter
network. Thus, Twitter plays 2 roles: (1) news media outlet
spreading information in a one-to-many mode with most users
on thereceiving side and (2) social networking site where people
connect and interact in aone-to-one communication pattern [8].
Differences by country and culture were reported regarding
which pattern prevails, and this may affect the number of users
reached in anetwork [6].

Also, connected Twitter users are included in a network. Some
networks are more efficient at spreading information than others
because of their structure such as small world networks. Social
network analysis provides the tools to visualize this network
and calculate metrics that characterize it and quantify users
connectivity [5,8].

Social media has the potential to improve health by spreading
health information [4]. Twitter was used to disseminate health
information through accounts of ministries of health [9,10]
professional associations [7] and local health departments [4].
There are fewer reports about using Twitter in dentistry
including investigating the use of Twitter to share information
among dental clinicians[11], modeling theimpact of third molar
experience on quality of life on Twitter [12] and describing
antifluoridation activity dominance on social media[13]. Despite
the increasing use of Twitter for health information purposes
[14], little is known about the spread of health information on
it [15]. This is important for planning Twitter-based public
health interventions [10].

Saudi Arabia has the highest number of Twitter users among
Arab countries (50% of Arab users and 47% of tweets) [16]. It
offers an appropriate setting to investigate factors affecting
tweet reach. The present report studies a Twitter network of
instructors and studentsin adental school and others connected
to them. Potentially, oral health information can be disseminated
by multiple users through different accountsin such anetwork.
Thisdiffersfrom previous studies where there were campaigns
with planned health messages generated by one account
representing a health organization/ professional body
[4,7,9,10,14].

In this study we hypothesize that tweet reach is affected by user
popularity (followers, likes and retweets), communication
pattern (tweeting, retweeting, replying and disseminating oral
health information), and Twitter network characteristics. This
study aimed to assess (1) factors associated with tweet reach at
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one point intime and (2) sustainably over time at the individual
user and network levels.

Methods

Study Parameters

We conducted a cohort study of a Twitter network of instructors
and students in the College of Dentistry, Imam Abdulrahman
Bin Faisal University, Saudi Arabia. This governmental school
offersa6-year Bachelor of Dental Surgery program and had 58
instructors and 301 students in 2016-17. We followed the
accounts from June 2016 to November 2017. The network
included denta users who tweeted general ora health
information topics in addition to other topics such as
entertainment, sports, and academic life. They tweeted on their
own (ad libitum) without following a specific agenda or any
instructions. Their tweeting was, therefore, not standardized.
Instead, it reflected their tweeting habits. It also included
nondental userswho follow them. Ethical approval was obtained
from the research unit at the College of Dentistry (#EA
20140009).

Study Population

Participants were included if (1) they were affiliated with the
college (dental users) in June 2016 and (2) had an open Twitter
account. Lists of participants were obtained from academic
affairs. They were contacted, introduced to the study and asked
for their Twitter usernames. Consent was not sought from them
since their accounts were open [17].

The Twitter network was constructed using a software pipeline
(Multimedia Appendix 1: Software pipeline), the open-source
graph visualization platform Gephi [20] and socia network
analysis[21]. Metrics of network characteristicswere calcul ated
including [5,8,21]:

1. Number of users and connections between them.

2. Number of connected components: if two users are linked
directly or indirectly through a third user, they are in a
connected component.

3. Theaverage path length: the number of users needed for A
to connect to B isthe path length with shorter paths helping
information spread.

4. Network diameter: the longest distance between two users
isthe network diameter.

5. Degree: the number of connectionsauser hasisthe degree.
Its probability distribution shows the type of network.

We used Twitter accounts dashboards to obtain the number of
followers, tweets, and likes. Users were categorized into those
with the least number of followers (<200) [8], those with the
highest number of followers (=1000), and those with amoderate
number of followers in between. We used twitonomy [22] to
obtain the number of replies, retweets, and tweets retweeted by
others. We categorized the number of tweets, retweets, and
replies into high and low levels using their respective 75th
percentile as cutoff points. Tweets and retweets from January
to June 2016 were used to identify users who are tweeting or
retweeting oral health information. To calibrate, 2 investigators
manually coded [19] the messages of 20 users empl oying content
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analysis and differences were resolved by discussion until an
acceptable agreement (kappa=.7) was established.

Statistical Analysis

Univariate and multiple logistic regression models were
developed for 2 binary outcome variables: (1) reach at baseline,
and (2) sustained reach. The explanatory variables were: (1)
indicators of user popularity (number of followers, likes and
retweeted tweets) and (2) communication pattern (number of
tweets, retweets, replies, and whether the user tweeted or
retweeted oral health information). All variables were entered
into the multiple model so that they were adjusted for each other,
gender, and role (instructor/student). Significance was set at the
5% level. Statistical analysiswas performed using SPSSversion
22.0 (IBM Corp., Armonk, N.Y., USA).

Results

Thirty-nine of 58 (67.2%) instructors and 225/301 (74.8%)
students responded. Table 1 shows that most dental users were
students (225/264, 85.2%) and males (146, 55.3%). The median
number of followerswas 170 with an interquartile range (IQR)
of 69-340 with amedian of 81 likes (IQR 14-454) and 29 tweets
(IQR 6-118) retweeted. Of the 1.1 million tweets generated,
1.7% were retweets and 0.8% were replies. Ora health
information was equally tweeted (20, 7.6%) and retweeted (21,
8.0%).

Of al dental users, 84 (31.8%) had reach at baseline and 166
(62.9%) at the end of the study. The median number reached at
baseline was 0 (IQR 0-4) increasing at the end to a median of
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4 (IQR 0-211). The total number reached at baseline was
749,923 dropping to 37,169 at the end (95.0% reduction). There
were 71 (26.9%) dental users with sustained reach.

The results of the univariate logistic regression are shown in
Multimedia Appendix 2. Table 2 shows that users with more
followers had significantly higher odds of reaching people at
baseline with an odds ratio (OR)=1.003, 95% Cl=1.001-1.005
and sustainably (OR=1.002, 95% Cl=1.0001-1.003). Thosewith
more likes (baseline: OR=1.001, 95% CI=1.0001-1.002 and
sustainability: OR=1.001, 95% CI=1.0003-1.002) and with more
replies (baseline: OR=1.02, 95% CI=1.005-1.04 and
sustainability: OR=1.02, 95% CIl=1.004-1.03) had significantly
higher odds of reaching others. Tweeting oral health information
was associ ated with significantly higher odds of reach at baseline
(OR=5.07, 95% CI=1.18-21.69) but had no significant
association with sustained reach (OR=2.99, 95%
Cl1=0.77-11.53).

There were 264 dental users and 46,951 nondental users for a
total of 47,215 users and 77,309 connections (Figure 1). The
network diameter was 9 with an average path length of 4.253
and 3 connected components the largest of which included
99.9% of all users. Dental users (represented by the black nodes)
were a minority with nondental users (yellow nodes) forming
the majority of the network. The inset inside Figure 1 shows
that the users' degrees had a power law distribution which is
characteristic of small world networks. Figure 2 shows that
collectively, dental userswith theleast number of followershad
>3 timesthe reach of userswith the highest number of followers.
Users with low number of tweets, replies and retweets had
greater reach than those with high levels of these messages.
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Table 1. Dental users characteristics and communication pattern in adental school Twitter network involving instructors (N=39) and students (N=225).

Factors

Anaysis, n (%)

User characteristics

Role
Instructor 39(14.8)
Student 225(85.2)
Gender
Male 146 (55.3)
Female 118 (44.7)
Number of followers
Median (IQR?) 170 (69-340)
Total 82,011
<200 146 (55.3)
201-999 105 (39.8)
>1000 13(4.9)
Number of likes
Median (IQR) 81 (14-454)
Total 123,473
Number of tweetsretweeted by others
Median (IQR) 29 (6-118)
Total 22,927

Communication pattern

Number of tweets

El Tantawi et al

Median (IQR) 1,114 (180-5,089)
Total 1,116,225
Number of retweets
Median (IQR) 23(5-94)
Total (% of all tweets) 19,015 (1.7)
Number of replies
Median (IQR) 8(1-37.3)
Total (% of all tweets) 8,748 (0.8)
Tweeted ora health information 20 (7.6)
Retweeted oral health information 21(8.0)
& QR: interquartile range.
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Table 2. Factors associated with having reach at baseline and sustained reach.

Reach factors Multiple logistic regression

Adjusted odds ratio® (95% ClI) P value

Having reach at baseline

Indicatorsof user popularity

Number of followers 1.003 (1.001-1.005)b .003°
Number of likes 1.001 (1.0001-1.002)° 03¢
Number of tweets retweeted by others 0.98 (0.95-1.00) .10
Communication pattern
Number of tweets 1.00 (1,00-1.00) .18
Number of tweets that are retweets 1.02 (1.00-1.06) A1
Number of tweets that are replies 1.02 (1.005-1.04)b .009°
Tweeted ora health information versus not 5.07 (1.18-21.69)b 03¢
Retweeted oral health information versus not 0.66 (0.13-3.24) .57
Having sustained reach
Indicatorsof user popularity
Number of followers 1.002 (1.0001-1.003)b .01°¢
Number of likes 1.001 (1.0003-1.002)° 02
Number of tweets retweeted by others 0.98 (0.95-1.01) A7
Communication pattern
Number of tweets 1.00 (1.00-1.00) 45
Number of tweets that are retweets 1.02 (0.99-1.05) 17
Number of tweets that are replies 1.02 (1.004-1.03)° .01°¢
Tweeted ora health information versus not 2.99 (0.77-11.53) A1
Retweeted oral health information versus not 0.83 (0.17-3.95) .82
8Controlling for all variables in addition to role (instructor/student) and gender.
bStattistically significant Cl not including null value.
CStatistically significant P<.05.
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Figure 1. Twitter network, black nodes are dental users, yellow nodes are nondental users with a power-law distribution of degreesin the inset.
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Discussion

Principal Findings

The present study showed that the Twitter network structure
facilitated information spread and that user popularity and
communication pattern significantly but differently affected
reach at individual and network levels. At the individual level,
popular users and a communication pattern with replies had
higher odds of reach. However, at the network level, userswith
the least number of followers and those with lower levels of
tweets, retweets and replies collectively reached more users.
Thus, our results support the study hypothesis.

At theindividual user level, more followers increased the odds
of reach. This reflects the emergence of the phenomenon of
socia mediainfluencers[23] who affect public opinion because
they can reach many users. Our results agree with a study [8]
showing that few users with a large number of followers can
spread information to a large portion of a Twitter network. It
disagrees, however, with another study [7] showing that the
Twitter accounts of 4 medical associations had large numbers
of followersranging from 6-213 thousand users, but their actual
reach and information dissemination level was low. The
difference between our study and theirs may be attributed to
communication pattern and content of the message. The ORs
for some variables are close to 1 indicating weak associations.
For example, an increase of one follower or one like increases
the chances that a user has reach by 0.1%-0.3%. However, the
user has a median of 170 (interquartile range, IQR 69-340)
followers and amedian of 81 likes (IQR 14-454) resulting in a
potentially greater effect per user. It is important to keep this
scale perspective in mind for a better understanding of the
impact of the variables.

Inthe present study, reach was positively affected by atwo-way
communication pattern with replies. Thisagreeswith aprevious
study [24] indicating that replies were associated with greater
message diffusion. Our results disagree with others indicating
that replies address specific users, not the whole Twitter network
so that those not involved might be disengaged [25]. User
popularity and context of reply may explain the difference
between the 2 sides. For example, replies from popular users
may be more valued than others [26]. On the other hand, a
corporate account replying to customers' complaints may have
low reach because users are driven off by the negative
experiences discussed [26]. In the present study, the odds ratio
for theimpact of the number of followers on reach was reduced
when the number of replieswasincluded in the multiple model
indicating possible effect modification since users with alarge
number of followers may have difficulty replying to others[8].

In the present study, the small portion of dental users
disseminating ora health information reduced the possible
impact of the network on patient education and the reason for
thisrequiresfurther investigation in future studies. Our analysis
shows that tweeting oral health information increased the odds
of reach at baseline but not on a sustained basis indicating that
dental users who disseminate oral health information have
greater reach than others. To keep this reach, they have to adopt
additional measures to address the continuous demand for new
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topics on social media. The associations in the present study
were observed in a Twitter network of dental professionals and
their followers. Future studies are needed to assess the spread
and reach of oral health information in a Twitter network of lay
people and the factors affecting it.

The present study showed that at the network level, less popul ar
usersand those with lower levels of tweets, retweetsand replies
collectively had the greatest reach. This can be explained by
the theory of information flow [27] which indicates that users
with a small number of followers; the grassroots, have alarge
presence in the network and because of this, they assume a
marked role in information flow reflecting collective network
intelligence [5]. Our results agree with a report [28] showing
that Twitter userswith few followerswere frequent sources and
disseminators of Zikavirus content on Twitter similar to public
health institutions.

The Twitter network in the present study had features of small
worlds which are reported to be efficient in spreading
information. For example, auser was separated on average from
othersby 4 users. Thisagreeswith astudy [5] reportingon 41.7
million Twitter users where the average path length was 4.12
and with evidence showing an average path length on Facebook
of 4.57 [29]. By contrast, Microsoft Network messenger had a
greater path length (with median of 8) [5] suggesting differences
among social mediain supporting information spread. The vast
majority of usersin the present study wereincluded in onelarge
connected component allowing potentia interaction among
them. This agrees with statistics [8] reporting that 94.8% of
Twitter usersareincluded in 1 large connected component, and
it is possible that this level of connectivity may be an inherent
Twitter feature with potential for health education.

The number of usersreached at baselinewas drastically reduced
by the end of the present study. This attrition is characteristic
of social media-based experiences [30]. Twitter trends,
characterized by spikes in the number of users discussing a
specific topic, extend for aweek or less with few lasting more
than two months [5,10] indicating the duration people are
expected to remain interested in 1 topic on Twitter. In the
present study more than one user was involved and various
topicswere discussed, and reach was till attained after alonger
period although at a much reduced level. Despite the drop in
total reach, the number of dental users with reach and their
median reach increased over the study period. This may be
explained by the profile of new users joining the network.
Studies are needed to investigate this phenomenon and how it
affects the reach of the network.

It is difficult to directly compare the reach of several users
sending unplanned messagesin the present study with previous
studies about Twitter campaigns/accounts of single users with
planned messages. For example, a shisha campaign had 563
followers over 9 months after disseminating 373 tweets [31],
and the Mayo Clinic account had 1,235 followers over 12
months after generating 1,635 tweets [32]. Our results show
that the number of followersis critical to reach. Compared to
the number of followers in these previous studies, the number
in our study (median 170, IQR 69-340) indicates underused
opportunity to spread oral health information.
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Limitations understand the impact of a change in network structure and

The present study has somelimitations. First, somedental users,  MesSage content on reach.

who were not affiliated with the college such as practicing Conclusions
dentists or students in other dental schools, may have been
classified as nondental users. Second, we calculated reach
regardless of whom the user was and possibly including
duplicate or corporate accounts. Such accountswould not benefit
from oral hedth information and including them may
overestimate reach. Third, we did not consider reach through
other methods than following a user such as by hashtags [33],
and this may underestimate reach. Our study has several
strengths though. The Twitter network included users from a
dental school, which increasesthe credibility of theinformation
they spread through an inherent, nonformal peer review system.
This large number of users and tweets and the long follow up
period provide valid and realistic estimates about reach and
factors affecting it. Further studies are needed to better

Inapopulation of high Twitter use, alarge number of non-dental
users can be reached through Twitter with implications for
health education. This potential impact is expected to increase
asthe percentage of users disseminating oral health information
increases. Without intervention, asmall portion of dental users
would elect to do so indicating the need for incentives. If their
involvement is recognized as part of community service
activities, users from the academic dental sector may be
encouraged to participate thus educating many moreindividuals
that can be done in traditional health education. Multiple
strategies are needed to maximize reach including the
recruitment of popular users to disseminate oral health
information, ensuring the presence of users who reply to
inquiries and mobilizing grassroots to circulate messages
through the network [5].
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Abstract

Background: Globally thereisincreasing recognition that new strategies are required to reduce disability dueto common mental
health problems. As 75% of mental health and substance use disorders emerge during the teenage or early adulthood years, these
strategies need to be readily accessible to young people. When considering how to provide such services at scale, new and
innovative technol ogies show promise in augmenting traditional clinic-based services.

Objective: Theaim of this study was to test new and innovative technologies to assess clinical stage in early intervention youth
mental health services using a prototypic online system known as the Mental Health eClinic (MHeC).

Methods: The online assessment within the MHeC was compared directly against traditional clinician assessment within 2
Sydney-based youth-specific mental health services (headspace Camperdown and headspace Campbelltown). A total of 204
young people were recruited to the study. Eligible participants completed both face-to-face and online assessments, which were
randomly allocated and counterbalanced at a 1-to-3 ratio. These assessments were (1) atraditional 45- to 60-minute headspace
face-to-face assessment performed by a Youth Access Clinician and (2) an approximate 60-minute online assessment (including
aself-report Web-based survey, immediate dashboard of results, and avideo visit with aclinician). All assessmentswere completed
within a 2-week timeframe from initial presentation.

Results: Of the 72 participants who completed the study, 71% (51/72) were female and the mean age was 20.4 years (aged 16
to 25 years); 68% (49/72) of participants were recruited from headspace Camperdown and the remaining 32% (23/72) from
headspace Campbelltown. Interrater agreement of participants stage, as determined after face-to-face assessment or online
assessment, demonstrated fair agreement (kappa=.39, P<.001) with concordance in 68% of cases (49/72). Among the discordant
cases, those who were allocated to a higher stage by online raters were more likely to report a past history of mental health
disorders (P=.001), previous suicide planning (P=.002), and current cannabis misuse (P=.03) compared to those allocated to a
lower stage.

Conclusions: The MHeC presents a new and innovative method for determining key clinical service parameters. It has the
potential to be adapted to varied settings in which young people are connected with traditional clinical services and assist in
providing the right care at the right time.

(J Med I nternet Res 2018;20(9):€259) doi:10.2196/jmir.9966
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Introduction

Globally, there isincreasing recognition that new strategies are
required to reduce disability due to common mental health
problems such as anxiety, depression, and comorbid substance
misuse. As public awareness increases, the demand for mental
health carefar outstripsthe capacity of health systemsto provide
access to quality care [1]. To achieve a meaningful reduction
in population-level burden of disease, thereisaneed to provide
both prevention and early intervention strategies at scale. As
75% of mental health and substance use disorders emerge during
the teenage or early adulthood years [2], these strategies need
to be readily accessible to young people. In most countries,
however, young people arelesslikely to receive effective mental
health care as a consequence of financial, attitudinal, and health
system literacy factors[3,4].

For young people, there is typically till a prolonged delay
between the onset of first symptomsand initial trestment contact
[5]. By the time most young people present to health services,
they adready have significant functional impairment, are
psychologically distressed, or have some degree of established
comorbidity [6]. For these young people, the current psychiatric
classification systems remain limited [ 7] and, as interventions
are often guided by diagnosis, young people experiencing
subthreshold symptomatol ogy do not always receive appropriate
care[8].

When considering how to provide such services at scale, eHealth
(electonic hedlth is arelatively recent health care practice that
issupported by internet and/or other technologies) [9] and more
recently mHealth (mobile health is the use of mobile and
wireless technologies to enhance health) [10] and uHealth
(ubiquitous health is information technology combined with
medical technolgy to support health) [11] technologies show
promise in augmenting traditional services and can be adapted
potentially to all aspectsof care[12]. A consistent themeisthat
such technol ogies can also address poor youth engagement with
mental health services [13]. In these services, for example,
innovations in the use of such technologies that allow the
assessment process to be brought online could improve current
wait times and provide a wider reach for young people who
physically (or emotionally) struggle to access face-to-face
clinical care[14].

While there are concerns about potential lack of accountability
inthe mHealth field and that online communi cations could miss
nonverbal cuesthat can ultimately impact empathy and patient
satisfaction [15], it is aso evident that Web-based programs

http://www.jmir.org/2018/9/e259/

can facilitate disclosure [16] and such online interventions are
as effective and even more efficient than traditional interventions
in mental health [17,18]. Furthermore, evidence shows that
telepsychiatry isas accurate asin-person psychiatry, and online
users experience the same degree of satisfaction asface-to-face
users[19].

Imported from general medicine, the concept and application
of clinical staging to mental health disorders seeks to redefine
traditional diagnostic systems by placing individuals on a
spectrum from early identification of nonspecific or mixed forms
of mental symptoms through to more discrete disorders and
then recurrent and persistent forms of illness [20].
Transdiagnostic staging models have been employed in youth
mental health settings and have demonstrated utility [8,21]
(Textbox 1). To date, research among youth-focused primary
mental health care services has shown that 33% to 41% of young
people presenting to early intervention youth mental health
services are assigned to stage 1a, 38% to 40% to stage 1b, 11%
to 14% to stage 2 and 7% to 8% to stages 3 and 4 [8].

As the staging framework recognizes the continuum of illness
progression, it aso encourages more personalized and
responsive care at each point of the spectrum [20]. This
framework supports the promotion of self-help and encourages
easier navigation for stepping up through the mental health
system [22]. Stepped (or clinically staged) care aimsto provide
evidence-based, less intensive, low-risk, and low-cost
interventions to the less severe cases while prioritizing more
intensive or prolonged interventions for more complex cases
[7,23-26].

The processfor determining stages has been outlined previously
by Cross and colleagues [8]. To briefly summarize the
procedure, alocation of an individua to a particular stage is
undertaken at regular multidisciplinary clinical consensus
meetings involving senior mental health professionals
(consultant psychiatrists or senior clinical psychologists) aided
by objective symptom and functional measures (including paper
and pencil questionnaires and surveys administered by tablets)
and cross-referencing the staging framework set out by Hickie
and colleagues[7]. Converting these methodol ogiesto an online
assessment (including a self-report Web-based survey, an
immediate dashboard of results, and a video visit with a
clinician) hasthe genuine potentia to increase engagement with
young people for many reasons. Firgt, the internet is so widely
used it is now the preferred mode of communication for youth
[27,28].
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Textbox 1. Clinical staging model for mental health disorders.

Ospina-Pinillos et al

o  Stage0: no symptoms; person at risk of disorder

«  Stage la: help-seeking; person with mild symptoms and mild functional impacts
o  Stage 1b: attenuated syndrome; person with mixed or ambiguous symptoms and moderate to severe functional impacts

.  Stage?2: discrete disorders such as clear episodes of psychotic, manic, or severe depressive disorders

o  Stage 3: recurrent or persistent disorder

. Stage4: severe, persistent, and unremitting illness

Second, the assessment offers the possibility of immediate
recommendations, support, and interventions anytime, anywhere,
through a personalized dashboard of results (an easy-to-read
clinical report with infographics) upon completion of the online
assessment. Third, the assessment breaks down traditional
geographical and socioeconomic barriers by increasing access
to any care but specifically to more specialized assessment.

The aim of this study was to test new and innovative
technologies to assess clinical stage in youth-specific mental
health services using a prototypic online system known as the
Mental Health eClinic (MHeC) [29]. Specificaly, we tested
how online assessments compared with traditional face-to-face
assessments in a cohort of young people seeking mental health
care. We report how online assessments perform in identifying
key features such as stage alocation, lifetime trgjectories, and
recognition of comorbidities while also managing risk
(suicidality) and responding to the more complex cases. The
study compares the online assessment within the MHeC
(including a self-report Web-based survey, an immediate
dashboard of results, and video visit with aclinician) to standard
face-to-face assessment as provided through 2 Sydney-based
headspace services.

Methods

Participants

Participants were recruited from 2 youth-specific mental health
services (headspace Camperdown and  headspace
Campbelltown) located in inner and outer metropolitan Sydney,
Australia, respectively. headspace services are specialized,
primary care early intervention mental health servicesfor young
people aged 12 to 25 years[30]. They provide services such as
care coordination and support by alied health professionals;
general medical services by general practitioners (primary care
physicians); more specialized mental health services delivered
by clinical psychologists and psychiatrists; and education,
employment, and other social supports delivered by colocated
specialist services. A key aspect of headspace is the direct
connection and ease of accessto secondary care speciaistssuch
as early psychosis services.

Within these headspace services, al young people who met
inclusion criteria between the period of July 2015 to August
2016 were invited to participate in the study. Inclusion criteria
included young people who (1) were aged 16 to 25 years, (2)
were newly registered with headspace, (3) had regular access
to the internet, and (4) had regular access to a webcam. Young

http://www.jmir.org/2018/9/e259/

people were reimbursed (voucher equivalent to Aus $20 [US
$15]) for their participation.

Ethics

The University of Sydney’s Human Research Ethics Committee
approved the study (protocol number 2014/689). All participants
were provided with information about the study prior to
participating and consenting. Parental consent was also obtained
for participants aged 16 and 17 years.

Procedure

In order to test the online assessment within the MHeC, all
eligible participants were invited to complete both the online
assessment and standard assessment in face-to-face services.
Participants were randomly allocated and counterbalanced by
al-to-3ratio to either undertake the face-to-face assessment or
online assessment first. Considering the online assessment was
a new method of assessment, an unequal randomization was
preferred in order to minimize the impact of learning effects
[31]. A condition of the study was that both assessments had to
be completed within a 2-week timeframe from the first
evaluation (the maximun interval of time in which
symptomatology would not considerably differ between
assessments).

The face-to-face assessment included completion of the
headspace National Minimum Dataset (a very brief, 5- to
7-minute demographic and service activity questionnaire; data
from this tool was not analyzed in this study) as collected
through a survey administered viaatablet (smart skip rules are
not available) upon entry to the service and then a 45- to
60-minute face-to-face psychosocia assessment with a Youth
Access Clinician that is an adaptation of the HEEADSSS
(Home, Education and Employment, Eating, Activities, Drugs
and Alcohol, Sexuality, Suicide and Depression, Safety) [32]
semistructured interview for headspace. Thisinterview collects
narrative information by assessing the young person’s home
and environment and then progressively moves through the
domains of education and/or employment, activities, drugsand
alcohal, relationships and sexuality, conduct difficulties and
risk taking, anxiety, eating, depression and suicide, and
psychosis and mania [33-34] (Textbox 2).

The online assessment was based on the staging model as
developed and adapted for early intervention youth mental health
services. This assessment included 3 components (Textbox 3):
a self-report Web-based survey, an immediate dashboard of
results, and a video visit with a clinician. The self-report
Web-based survey of the MHeC was designed and devel oped
by our clinical research team to collect both demographic and
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clinical data. It is specifically ordered to reflect a best practice
clinical interview [35] and includes 10 modules. Participants
complete general questions about their demographics and
medical history followed by questions assessing their current
physical and mental health status. Questions are guided by smart
skip rules that enable the self-report Web-based survey to be
personally tailored to each young person (eg, if screening

Textbox 2. Face-to-face assessment.

Ospina-Pinillos et al

guestions are positive, a more in-depth assessment will be
triggered) and takes the minimum time to complete for each
individual based on how they respond. Sensitive items (eg,
suicidality and self-harm behaviors) are only asked once trust
in the system has been generated and the young person is
familiarized with the modul€’s topic and type of questions (ie,
when rapport has been established).

«  headspace psychosocial assessment
o  Domain 1: home and environment
« Domain 2: education and/or employment
« Domain 3: activities
« Domain 4: drugs and alcohol
« Domain 5: relationships and sexuality
« Domain 6: conduct difficulties and risk-taking
« Domain 7: anxiety
. Domain 8: eating
o Domain 9: depression and suicide

« Domain 10: psychosis and mania

« Face-to-face consultation with aclinician

Textbox 3. Online assessment.

o Sdf-report Web-based survey
«  Module 1: collects demographic information
«  Module 2: assesses medical history
« Module 3: screens for prevalent mental health conditions [36]

« Module4:

«  Screens for hypomanic symptoms (items derived from the Altman Self-Rating Mania Scale [37])

«  Screensfor psychotic symptoms (items derived from the Community Assessment of Psychotic Experiences Positive Symptoms Scale

(38])

«  Maeasures psychological distress with the 10-item Kessler Psychological Distress Scale [39]
»  Measures somatic distress with the Somatic and Psychologica Health Report [40]

«  Module5: Assesses self-harm behaviors and suicidality using the Suicidal |deation Attributes Scale [41]

«  Module6: Assessestobacco, acohol and substance use—itemsderived from the Alcohol Use Disorders | dentification Test [42], the Alcohol,
Smoking and Substance Involvement Screening Test [43], the Drinking Motives Measure [44], the Fagerstrom Nicotine Dependence Test
[45], and select items from the National Household Drug Survey [46]

« Module 7: Measures physical activity using the International Physical Activity Questionnaire [47]
«  Module 8: Assesses sleep behaviors using 4 sleep-related items from the Quick Inventory of Depressive Symptomatology [48]
«  Module 9: Assesses eating behaviors with items derived from the Eating Disorder Examination [49]

« Module10: Measuressocia connectedness—itemsderived from the Perceived Socia Support/Conflict Measure[50] plus5 items measuring

relationship with peers [51]

. Immediate dashboard of results

« Videovisit withaclinician
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The video visit of the online assessment included a brief,
semistructured interview (Multimedia Appendix 1) with
clinicians (LOP, a psychiatrist and mental health researcher,
and AT, a research psychologist) trained in the application of
clinical staging [7] for young people presenting to headspace
service. Importantly, the video visit was guided by the
automatically generated results of the self-report Web-based
survey as shown in the dashboard of results.

At the conclusion of each face-to-face session and video visit,
all cliniciansdetermined stage. These resultswere then collapsed
into 2 groups. stage la or stage 1b and above (stage 1b+).
Participantsin stage 1lawere hel p-seeking with mild symptoms
and mild functional impairment while those in stage 1b+ were
experiencing more severe symptomsand functional impairment.
Thiskey differentiation is predictive of clinical course and can
be used to allocate service resources preferentially to those in
greater need. Clinicians also completed the Socia and
Occupational Functioning Assessment Scale (SOFAS), which
measures an individual’s functional status not directly related
to the severity of their psychological symptoms [52], and the
Clinical Global Impression Scale-Severity (CGI-S), a 7-point
illness severity scale subjective to clinician’s past experience
with other individuals with the same illness [53].

Interrater Agreement Between the Online Clinicians

In order to validate online assessment and staging classification,
2trained clinicians (LOP and AT) were present during all video
visits until such timetheir interrater agreement was considered
reliable; that is, LOP (rater A) and AT (rater B) conducted
alternating video visits while the other was present but not in
view of thewebcam (as per ethics approval and consent obtained
from the young person). Raters A and B then determined stage
independently, and once substantia concordance was
sufficiently reached, LOP and AT conducted any remaining
video visits with or without the other present.

Statistical Analyses

All statistical analyses were performed using SPSS Statistics
for Mac 22.0 (IBM Corp). Group differences in demographic,
functional, and clinical variables were assessed using

nonparametric Kruskal-Wallis test (H) or chi-square test (x?)
at a95% level of confidence (when the expected count wasless
than 5, aFisher exact test [FET] was employed). Medians were
reported due to sample size. Post hoc analyses (Mann-Whitney

test [U], X3, or FET) were performed in variables that showed
significant differences between groups, using Bonferroni
correction and adjusted a phas dependent on number of groups
(n=3). P values less than .01 considered to be significant.

Interrater analyses determined degree of agreement of staging
results between face-to-face and online cliniciansaswell asthe
2 individual online clinicians (ie, rater A vs rater B). Cohen
kappa dtatistic [54] was caculated and followed the
interpretation criteriaof Vieraet a [55]: kappa=.01t0 .20, dight
agreement; kappa=.21 to .40, fair agreement; kappa=.41to .60,
moderate agreement; kappa=.61 to .80, substantial agreement;
and kappa=.81 to .99, amost perfect agreement. For the
continuous variables (SOFAS and CGI-S), the intraclass
correlation coefficient (ICC) was used to calculate agreement

http://www.jmir.org/2018/9/e259/

Ospina-Pinillos et al

between offline and online clinicians [56], and interpretations
were based on a 95% confidence interval where estimates less
than .50 reflect poor agreement; ICC=.50 to .75, moderate
agreement; |CC=.75 to .90, good agreement; and greater than
.90, excellent agreement [57].

Results

Recruitment and Participation

A total of 204 young people were identified as eligible to
participate in the study. Based on a 1-to-3 random allocation
counterbalancing ratio, 54 participantswere invited to undertake
standard face-to-face assessment first and 150 participants were
invited to undertake the online assessment first; 125 participants
were from headspace Camperdown and 79 from headspace
Campbelltown. All were aged 16 to 25 years, and 71.6%
(146/204) were female.

Asshownin Multimedia Appendix 2, atotal of 24% (13/54) of
participantsallocated to receive standard face-to-face assessment
first completed both assessments, 46% (25/54) completed the
standard face-to-face clinical assessment only, 19% (10/54)
faled to complete either assessment, and the remainder
withdrew from the study or were lost to follow-up. Conversely,
39.3% (59/150) of participants allocated to complete the online
assessment first completed both assessments, 5.3% (8/150)
completed the online assessment only, 49.3% (74/150) failed
to complete either assessment, and the remainder withdrew from
the study or were lost to follow-up. Overal, 72 participants
completed the entire study protocol of which 68% (49/72) were
recruited from headspace Camperdown and the remainder
(23/72, 32%) from headspace CampbelItown. The averagetime
to completion of the online assessment was 60 minutesincluding
approximately 45 minutes (median 51 minutes) for the
self-report Web-based survey and approximately 12 minutes
(median 15 minutes) for the video visit.

Sample Characteristics

The mean age of all participants was 20.35 (SD 2.63, range 16
to 25) years, 71% (51/72) were female, and 51% (37/72) had
completed or partially compl eted tertiary education. Participants
reported moderate distresslevels (10-item Kessler Psychol ogical
Distress Scale mean 28.93, SD 8.42, range 10 to 50) with almost
three-quarters (53/72, 74%) of the sample currently experiencing
anxious and/or depressive symptoms. Nearly one-third (21/72,
29%) of participants screened positive for hypomanic symptoms,
and one-third (24/72, 33%) screened positive for psychotic-like
symptoms.

Almost half (35/72, 49%) of participants reported self-harm.
Using our digitally smart Suicidality Escalation Protocol [58],
the online assessment was abl e to detect and triage young people
atriskinreal time. Intotal, 18% (13/72) of participants reported
high suicidality (Suicidal Ideation Attributes Scale [SIDAS]
score >21/50), of which more than half (7/13, 54%) were
escalated by the online clinicians to one of the headspace
services as they considered current wait times for face-to-face
caretoo long.
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Interrater Agreement Between Online Clinicians

In order to validate the online assessment and staging
classification, the trained clinicians were both present in 14
video visits until agreement was measured as substantial
(kappa=.76, P=.003) with concordance at 93% (13/14). All
subsequent video visits were assessed by the raters according
to their availability. The online interrater agreement was
determined for 59% (48/82) of participants who completed the
online assessment (self-report Web-based survey, immediate

Ospina-Pinillos et al

dashboard of results, and video visit with aclinician). Asshown
in Table 1, participants were entered into a 2-by-2 comparison
of stage assigned (stage 1a vs stage 1b+) and type of online
rater who assigned that stage: onlinerater A and onlinerater B.
Overall agreement between online raters was measured as
substantial (kappa=.77, P<.001) with concordance at 90%
(43/48) upon completion of all online assessments; 82% (14/17)
wereclassified by both onlineraters as stage 1aand 94% (29/31)
as stage 1b+.

Table 1. Interrater agreement between online rater A and online rater B by assignment of clinical stage.

Stage 1b+ (n=32), n (%)

Onlinerater A
Online rater B Stage 1a (n=16), n (%)
Stage 1a (n=17), n (%) 14 (29)
Stage 1b+ (n=31), n (%) 2(4)

3(6)
29 (61)

Table 2. Interrater agreement between face-to-face and online clinicians by allocation to clinical stage.

Online assessment

Face-to-face clinical assessment

Stage 1a (n=27), n (%)

Stage 1b+ (n=45), n (%)

Stage 1a (n=42), n (%)
Stage 1b+ (n=30), n (%)

23(32)
4(6)

19 (26)
26 (36)

Face-to-Face Versus Online interrater Agreement

To caculate interrater agreement for assigning stage,
participants were entered into a 2-by-2 comparison of stage
assigned (stage la vs stage 1b+) and type of clinician who
assigned that stage: face-to-face clinician versusonlineclinician
(Table 2). Interrater agreement of stage between face-to-face
and online clinicians demonstrated fair agreement (kappa=.39,
P<.001), with concordancein 68% (49/72) of participants; here,
clinicians identified 55% (23/42) stage la (agree) (staged as
stage 1aby online and face-to-face clinicians) and 87% (26/30)
stage 1b+ (agree) (staged as stage 1b by online and face-to-face
clinicians). Of note, 1 participant was assigned stage 2 following
face-to-face clinical care, and 3 participants were assigned stage
2 following the online assessment. In this study, no participants
were assigned to the more severe stages (ie, stages 3 or 4). There
was moderate interrater reliability in the SOFAS score between
face-to-faceand onlineclinicians (ICC=.73) and poor interrater
reliability inthe CGI-Sallocation (ICC=.49) for al participants.

Comparison of Self-Reported MeasuresWhere There
Was a Disagreement Between Face-to-Face Clinical
Assessment and Online Assessment

Table 3 shows the main self-reported clinical characteristics
across the 3 groups. stage la (agree); stage 1b+ (agree); and
stage 1b+ (disagree). Stage 1b+ (disagree) refersto participants
who were staged 1b+ by online clinicians but assessed as stage
la by face-to-face clinicians.

Stage l1a (Agree) Versus Stage 1b+ (Disagree)

Comparing stage 1lb+ (disagree) with those participants
determined as stage 1a (agree) by both clinician types, post hoc
analyses showed that amost all young people in stage 1b+
(disagree) reported aprevious history of mental health problems
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(x21=10.71, P.001), and more than athird (7/19, 37%) reported
they had a history of developing a suicide plan (P=.002; FET).
With regard to current symptomatology, there were no
significant differences in psychological distress or suicidal
ideation. However, weekly cannabis use was higher in stage
1b+ (disagree) (P=.03; FET). Although both groups SOFAS
(Table 4) scores were located within the same range (71 to 80:
no more than a slight impairment in social, occupational, or
school functioning), participants alocated to stage 1b+
(disagree) were consistently scored with lower levels of
functioning (U=117, z=—2.58, P=.01) compared to thosein stage
la (agree).

There was also a magjor discrepancy between the face-to-face
and the online clinicians in categorizing the symptom severity
for the participants alocated to stage 1b+ (disagree) group;
face-to-face clinicians considered this group as normal (not at
al ill) whereas online clinicians assigned a mildly il
classification. Among the online observations, the
symptomatology of this group was considered to be significantly
more pronounced compared to the stage 1a (agree) participants
(CGI-Smedian rating of borderlineill; U=68, zz—4.08, P<.001).

Stage 1b+ (Agree) Versus Stage 1b+ (Disagree)

When comparing stage 1b+ (disagree) with those in stage 1b+
(agree), post hoc analysis showed that participants assessed as
stage 1b+ (agree) had significantly higher levels of suicidal
ideation on the SIDAS (U=133.50, z=-2.64, P=.008) and
lifetime self-harm behavior (x,=7.35, P=.007). According to
onlineclinicians (Table 4), young people allocated to stage 1b+
(agree) had lower functioning levels on the SOFAS when
compared with the stage 1b+ (disagree) group (U=121, z=—2.93,
P=.003). However, the stage 1b+ (agree) group was classified
by both assessment modes as more unwell on the CGI-S when
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compared with the stage 1b+ (disagree) group (face-to-face
clinical care, U=55.5, z=—4.54, P<.001; online assessment,
U=149, z=—2.48, P=.01). Previous mental health history, distress
levels, acohol and/or other substance use disorders, or
comorbidities did not differ between these groups.

Table 3. Median scores and significance test results for self-reported variables among groups.

Ospina-Pinillos et al

Post hoc analysis with stage 1a (disagree) (stage 1a by online
clinicians but assessed as stage 1b+ by face-to-face clinicians)
participants was not conducted due to insufficient cell size.

Characteristics Stage 1a (agree)®  Stage 1b+ (agree)® Stage 1b+ (disagree)® Significancetest  PosthocPvalues
(n=23), n (%) (n=26), n (%) (n=19), n (%) HY or FET® P avsc bvsc
Demographics
Female, n (%) 15 (65) 18 (69) 14 (74) 1.70°(.72) —f —
Agein years, median (IQR)? 20.00 (4) 20.50 (4) 21.00 (4) 0.789 (.86) — —
Education 1.58%(.71)
Secondary, n (%) 12 (52) 14 (54) 8(42) — — —
Tertiary, n (%) 11 (48) 12 (46) 11 (58) — — —
Clinical characteristics
K-10", median (IQR) 25 (13) 32.0(9) 28.0 (13) 5519 (.14) — —
Depression/anxiety (current), n (%) 16 (70) 22 (85) 14 (74) 6.03° (.09) — —
Hypomanic-like issue (current), n (%)  5(22) 10 (38) 6(32) 2.91°(.38) — —
Psychotic-like issue (current), n (%) 5(22) 12 (46) 7(37) 4.92°(.15) — —
Mental health history, n (%) 11 (48) 20 (77) 18 (95) 11.83%(.005) .001 21
Lifetime self-harm, n (%) 7(30) 20 (77) 7(37) 13.28°(.003) .67 .007
Suicidality
SIDAS, median (IQR) 1(4) 9.5 (24) 1(5) 12.599 (.006) 71 .008
Suicide planning history, n (%) 0(0) 12 (46) 7(37) 17.75° (<.001) .002 .53
Suicide attempt history, n (%) 0(0) 6 (23) 1(5 6.98° (.04) 45 21
Alcohol and/or other substance misuse
Lifetime substance misuse, n (%) 17 (74) 18 (69) 14 (74) 0.36°(.98) — —
Cannabis weekly, n (%) 1(4) 8 (31) 6(32) 7.60° (.04) .03 .95
Substancesto copewith emotions, n (%) 6 (26) 18 (69) 8 (42 10.85° (.009) 24 .07

8stage 1a by online and face-to-face clinicians.

bStage 1b+ by online and face-to-face clinicians.

Cstage 1b+ by online clinicians but assessed as Stage 1a by face-to-face clinicians.
9K ruskal-Wallis test, 2-tailed.

CFET: Fisher exact test, 2-tailed.

Not applicable.

91QR: Interquartile range.

MK-10: 10-item Kessler Psychological Distress Scale.

'SIDAS: Suicidal Ideation Attributes Scale.
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Table 4. Median scores and significance test results for clinician-reported variables among groups.

Tests Stage 1a (agree)®  Stage 1b+ (agree)® Stage 1b+ (disagree)® Significancetest  PosthocPvalues
(n=23), n (%) (n=26), n (%) (n=19), n (%) Hd P avsc bvsc
CGI-S°
Face-to-face, median (IQR)f 20(1) 30(2 1.0(2) 37.04 (<.001) .83 <.001
Online, median (IQR) 2.0(1) 4.0 (1) 30(1) 35.29 (<.001) <001 .01
SOFAS?
Face-to-face, median (IQR) 75.0 (9) 69.0 (15) 75.0 (5) 12.17 (.007) .10 .08
Online, median (IQR) 75.0 (9) 60.0 (10) 71.0 (10) 25.33 (<.001) .01 .003

8stage 1a by online and face-to-face clinicians.
bStage 1b+ by online and face-to-face clinicians.

Cstage 1b+ by online clinicians but assessed as stage 1a by face-to-face clinicians.

9K ruskal-Wallis test, 2-tailed.

€CGI-S: Clinical Global Impression Scale-Severity.

fIQR: Interquartile range.

9SOFAS: Social and Occupational Functioning Assessment Scale.

Discussion

Principal Findings

The MHeC presents a new and innovative method for
determining key clinical service parameters. While there was
fair agreement between the staging classifications after both
online and face-to-face assessment in the majority of cases
(68%, kappa=.39), an important area of difference did emerge.
During face-to-face assessments, clinicianstended to rate stage
more conservatively compared to clinicians acting with the
assistance of the MHeC.

Among the discordant cases, in 26% of cases face-to-face
assessment appeared to place less emphasis on lifetime history
of mental health problems. By contrast, the online assessment
placed greater focus on past history of mental health problems
(P=. 001), as well as any previous suicide planning (P=.002)
and current comorbidity with cannabis misuse (P=.03) as
indicators of progression of disease. It appears the online
assessment process was a more efficient way of detecting
lifetime severity by holistically evaluating these young
participants’ current and previous mental health status.

There are a range of possible explanations for this important
difference between the face-to-face and online assessments,
including (1) face-to-face assessment places greater emphasis
on current symptomatology, (2) online clinicians made specific
use of more extensive data collection about past as well as
current symptomatology that was collected prior to the video
visit (and as a consequence, their clinical assessment used all
available data relevant to assign stage), and/or (3) face-to-face
cliniciansmay be moreinfluenced by the consequences of their
clinical assessment for allocating service resources—that is,
higher stage ratings are reserved preferentialy for those who
are perceived to bein need of moreintensive or prolonged care.

Assessing the mental health of young people and their need for
immediate or ongoing health care is a real chalenge for
clinicians and youth mental health services. Specificaly, this
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includes being able to distinguish normative emotional
development and brief stress-related responses from emerging
mental disorders [59,60] as well as obtaining accurate
information from young people who may be apprehensive or
hostile toward their clinician. Further, building rapport can take
longer in this population [61], and clinician training is often
based on the recognition of symptomatol ogy |eading to specific
diagnostic (eg, Diagnostic and Statistical Manual of Mental
Disorders, 5th Edition, or International Classification of
Diseases and Related Health Problems, 10th Revision)
constructs [62]. However, such categories do not accurately
represent the most common admixtures of symptomsin young
people presenting for mental health care. Clinicians working
with the staging model are using a framework that proposes
that once a person has reached adefined stage, it is not possible
toreturnto an earlier stage, and asmental disordersaretypically
cyclical, complexity lies in understanding the variability of
presentations over time. Therefore, clinicians would greatly
benefit from accurate methods of collecting relevant staging
information. The headspace psychosocia assessment used in
practice predominantly focuses on the current symptomatol ogy
of young people and, as a result, misses relevant lifetime
information that is crucial for staging.

By entering information online, young people can complete a
self-report Web-based survey in their own time whenever and
wherever they prefer. This provides greater choice at the
forefront of mental health care by directly and immediately
responding to young people’s needs [29]. For clinicians, this
provides reliable information about the individual (current and
lifetime) prior to aface-to-face assessment that can be used for
staging, enabling clinicians to move away from traditional
evaluationsto more detail ed data-driven assessments. Thiscould
tranglate into a more efficient way of assessment and improve
the 1-on-1 time (face-to-face or video visit), enabling clinicians
to expand and refine the information collected and deliver
interventions that match a young person’s unique needs. Over
time this online assessment process could be augmented by
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continuous data tracking and more detailed online assessments
to help clinicians recognize patterns of symptoms in the data.
Additionally, future systems could develop more complex
algorithms through big data analyses and machine learning
processes that can better inform young people, clinicians, and
services.

As community-based and outpatient mental health care is
limited, all services struggle with high demand pressures [63].
Consequently, users face long waiting lists that may have an
adverse impact on their engagement with the service and
ultimately increase the risk of hospitalizations, functional
deterioration, self-harm, or suicidal behavior [64]. Additionally,
clinicians and services face substantial demands to reduce
waiting times while providing appropriate clinical care.
Typically, service systems respond by prioritizing assessment,
limiting the number of intervention sessions available and giving
priority to more urgent cases[65]. We suggest that the difference
in staging by face-to-face clinicians might also be contributed
to by their practical awareness of such service constraints.

A systematic clinician bias toward underrating young people
to stage 1a could have del eterious effects on service users. Our
previous research has shown that 15% of people in stage 1b
transition to stage 2 within 1 year [ 7], peoplein stage 1areceive
different, shorter, and less intensive treatment compared with
those in stage 1b [21], and young people in stage 1b tend to
remain impaired and distressed over time[21]. The presence of
past mental health and suicidal thoughts and/or behaviors
indicates that this group of young people require a more
personalized treatment that not only coverstheir current needs
but responds appropriately to the higher stage they have reached
over the course of their illness. An online assessment like the
one proposed inthe MHeC could assist to immediately identify
young peoplewho might benefit from seeing amore experienced
clinician as soon asthey enter aservicefor care. Consequently,
such online assessment has the potential of transforming youth
mental health services asit streamlines internal processes such
as triage and evaluation, increases clinician capacity by
providing immediate results, and matches the right clinician
and intervention to the young person’s needs, thus ensuring the
right care is provided at the right time.

Finally, one of the most obvious advantages of the online
assessment addresses geographical barriers. In this trial, 10%
(8/82) of the video visitswere completed with 1 of our clinicians
online while she was overseas (LOP traveled overseas due to
work commitments) using secure videoconference software.
This positions online assessment as an efficient solution
connecting young people not only with care but with the right
clinician regardless of their location, potentialy saving time
and money for young people, clinicians, and services.

Limitations

One limitation of this study is the sample size because the
face-to-face arm suffered from greater participant attrition. It
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is possible that participants who had already completed the
face-to-face assessment felt that completing a second assessment
online was an unnecessary use of time. Additionally, this study
required peopleto complete all of the 4 main components (tabl et
guestionnaire, face-to-face interview, Web-based survey, and
video visit) within 2 weeks of the first interview, and the
majority of attrition in both study arms was accounted for by
this stringent protocol. Although the unegual randomization
(1-to-3) favored the analysis with the reduction of the impacts
of the learning curve, it compromised the power of the study.
Future research is needed with a 1-to-1 randomization,
increasing the power of the comparison.

Our study revesled poor interrater reliability on CGI-Sallocation
between face-to-face and online clinicians. Thereare 2 possible
explanations for this disagreement. Face-to-face clinicians do
not use the CGI-Sin their daily practice and therefore are less
familiar with its application, while online clinicians had used
thistool in other research studies and were consequently more
familiar with its application. Additionally, due to the CGI-S's
instruction (“Considering your total clinical experience with
this particular population, how mentally ill isthe patient at this
time?’), it has been acknowledged that clinician experience
could explain the variability in the CGI-S scoring [66]. It is
important to note that our study used varying levelsof clinicians
(eg, psychiatrists vsless experienced Youth Access Clinicians)
that could aso act as confounding factors when scoring.
Furthermore, this study reveal sadifference between face-to-face
and online clinicians, despite all clinicians having been trained
in using the clinical staging framework as set out by Hickie and
colleagues [7]. This suggests a heed for an ongoing education
and training program.

Future research is needed to eval uate the engagement, efficacy,
and effectiveness of MHeC's online assessment within
real-world service environments. It would also include formal
validation of the online assessment against gold standard
assessment and testing the effectiveness of any education and
training program that might be developed to supplement these
new and innovative technological solutions for the delivery of
better mental health care.

Conclusions

Thisstudy highlightsthe use of new and innovative technologies
to assessclinical stagein early intervention youth mental health
services through an online MHeC. It promotes systematic
assessment of lifetime severity and complexity of clinical
presentations while concurrently addressing risk assessment in
a shorter period of time. The MHeC has the potential to be
adapted to varied settingsin which young peopl e are connecting
with traditional clinical servicesand assist in providing theright
care at theright time.
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Abstract

Background: Meta-analyses of several randomized controlled trials have shown that cognitive behavioral therapy (CBT) has
comparable efficacy to antidepressant medication, but therapist availability and cost-effectivenessis a problem.

Objective: This study aimed to evaluate the effectiveness of Web-based CBT blended with face-to-face sessions that reduce
therapist time in patients with major depression who were unresponsive to antidepressant medications.

Methods: A 12-week, assessor-masked, parallel-group, waiting- list controlled, randomized trial was conducted at 3 medical
institutionsin Tokyo. Outpatients aged 20-65 yearswith aprimary diagnosis of major depression who weretaking =1 antidepressant
medications at an adequate dose for =6 weeks and had a 17-item GRID-Hamilton Depression Rating Scale (HAMD) score of
>14 were randomly assigned (1:1) to blended CBT or waiting-list groups using a computer allocation system, stratified by the
study site with the minimization method, to balance age and baseline GRID-HAMD score. The CBT intervention was given in
acombined format, comprising aWeb-based program and 12 45-minute face-to-face sessions. Thus, across 12 weeks, a participant
could receive up to 540 minutes of contact with a therapist, which is approximately two-thirds of the therapist contact time
provided in the conventional CBT protocol, which typically provides 16 50-minute sessions. The primary outcome was the
alleviation of depressive symptoms, as measured by a change in the total GRID-HAMD score from baseline (at randomization)
to posttreatment (at 12 weeks). Moreover, in an exploratory analysis, we investigated whether the expected positive effects of
the intervention were sustained during follow-up, 3 months after the posttreatment assessment. Analyses were performed on an
intention-to-treat basis, and the primary outcome was analyzed using a mixed-effects model for repeated measures.

Results: We randomized 40 participants to either blended CBT (n=20) or waiting-list (n=20) groups. All patients completed
the 12-week treatment protocol and were included in the intention-to-treat analyses. Participantsin the blended CBT group had
significantly alleviated depressive symptoms at week 12, as shown by greater least squares mean changes in the GRID-HAMD
score, than those in the waiting list group (=8.9 points vs —3.0 points; mean between-group difference=—5.95; 95% Cl —-9.53 to
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-2.37; P<.001). The follow-up effects within the blended CBT group, as measured by the GRID-HAMD score, were sustained
at the 3-month follow-up (week 24) and posttreatment (week 12): posttreatment, 9.4 (SD 5.2), versus follow-up, 7.2 (SD 5.7);
P=.009.

Conclusions:  Although our findings warrant confirmation in larger and longer term studies with active controls, these suggest
that acombined form of CBT iseffectivein reducing depressive symptomsin patients with major depression who are unresponsive
to antidepressant medications.

Trial Registration:  University Hospital Medical Information Network Clinica Trials Registry: UMIN000009242;
https://upload.umin.ac.jp/cgi-open-bin/ctr_e/ctr_view.cgi 2recptno=R000010852 (Archived by WebCite at http://www.webcitation.

org/729VkpyYL)

(J Med Internet Res 2018;20(9):€10743) doi:10.2196/10743
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Introduction

Major depression is a common mental disorder with a serious
public health impact. Over 300 million people globally are
estimated to suffer from major depression, equivalent to 4.4%
of the world's population [1]. In addition, major depression is
associated with increased morbidity and impaired function; it
poses a significant societal and economic burden that accounts
for 2.5% of the global disease burden [2]. Thus, it is predicted
to be the leading cause of disability in high-income countries
by 2030 and the third-leading cause in low-income and
middle-income countries [3].

Meta-analyses of alarge number of randomized controlled trials
(RCTs) have shown that cognitive behavioral therapy (CBT)
has efficacy comparabl e to antidepressant medication [4,5] and
is more successful than antidepressant medication in reducing
the risk of relapse after treatment ends [6,7]. In addition, the
literature shows that many patients would like to access
psychotherapy as an alternative or adjunct to pharmacotherapy
[8,9]. Despite these compelling justifications for the widespread
dissemination and implementation of CBT, significant barriers
exist to providing CBT in the routine practice. One barrier to
broadly disseminating CBT isan insufficient number of trained
therapists[10]. The United Kingdom initiated anational project
called “Improving Access to Psychological Therapies’ to
improve access to psychotherapy for patients with depression
and anxiety. In this project, >3600 new therapists were trained
and deployed in the initial 3 years; however, the program
required a total cost of 309 million pounds (equivalent to US
$405 million) [11]. Thus, large-scale CBT dissemination
requires addressing inevitable resource all ocation problems.

Computerized CBT (see Multimedia Appendix 1) is an
alternative strategy for the broad dissemination of CBT and is
considered to be more cost-effective. Although ample research
has demonstrated the efficacy of computerized CBT in
controlled research settings [12,13], the evidence to date
indicates that computerized CBT without human support
typicaly has much smaller effects and is associated with a
higher rate of attrition than those with a modest amount of
human support [12]. Furthermore, a pragmatic trial that tested
the efficacy of 2 widely known computerized CBT programs

http://www.jmir.org/2018/9/€10743/

delivered through awebsite, that is, Web-based CBT (the Mood
Gym and Beating the Blues) with a small amount of telephone
support in aprimary care setting, found no clinical benefit and
an extremely low treatment adherence [14].

To overcome low adherence while improving the beneficial
effect of Web-based CBT, a newer treatment format, called
blended CBT, where CBT sessions delivered by atherapist and
computer are integrated into 1 treatment protocol, has been
developed [15,16]; this blended format can be beneficial by
tailoring sessions to meet patient-specific needs during
therapist-delivered sessions, over and above the computerized
program [17,18]. In addition, blended CBT aids in improving
the efficiency by alowing therapists to focus more on
processrelated treatment components (eg, treatment
introduction, evaluation, discussing thoughts and feelings, and
asking questions about homework) in their therapist-delivered
sessions, while more practical therapy components, such as
psychoeducation, mood and activity diaries, and homework,
can be done through the computerized program [18].

Despite the aforementioned advantages, so far only a few
researchers have tested the efficacy of blended CBT in
comparison with acontrol condition inthetreatment of clinically
diagnosed major depression. An 8-week blended CBT protocol
developed by Wright et a [19] demonstrated beneficial effects
compared with waiting list controls. Furthermore, a modified
version of Wright's earlier protocol, involving the therapy
extension by another 8 weeks by adding 4 25-minute booster
face-to-face sessions, showed similar effects asthe conventional
16-week CBT protocol [20]. However, these trial participants
were not currently taking antidepressant medications.

The blended CBT protocol used in this study was designed to
integrate the  Web-based CBT  program  using
Kokoro-no-skill-up-training [21] with face-to-face sessions.
Kokoro-no-skill-up-training (Kokoro-no means “for the mind”
in Japanese) is a Web-based CBT program developed by one
of our authors (YO), which provides computerized CBT
modules. The stand-al one version of Kokoro-no-skill-up-training
has demonstrated abeneficial effect on high-stressworkers[22]
and school students[23].

The objective of this study was to demonstrate that Web-based
CBT blended with face-to-face sessionsiis effective in treating
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patients with maor depression who are unresponsive to
antidepressant medications, while reducing the therapist time.
This study focuses on subjects with refractory depression
because one-third of patients with major depression have
considerable residual symptomatology after initial treatment
[24,25]. Studies have shown that the addition of CBT is a
promising strategy for refractory depression [26,27]. We,
therefore, conducted an assessor-masked, 12-week, RCT to test
the effectiveness of blended CBT for patients with major
depression who did not respond to =1 antidepressant medication.
Furthermore, in an uncontrolled explorative analysis, we
investigated whether the expected positive effects of the
intervention were sustained at follow-up, 3 months after the
posttreatment assessment.

Methods

Design and Approval

This study was a 12-week, single-blind, waiting list controlled,
randomized trial. The study was approved by the Ethics
Committees of the study sites and registered in the University
Hospital Medical Information Network Clinical Trials Registry
(UMINO00009242). The study was conducted and reported in
accordance with the Consolidated Standards of Reporting Trials
of Electronic and Mobile HEath Applications and onLine
TeleHealth checklist [28].

Participants

Participants were individuals who sought treatment for major
depression at 3 study sites located in Tokyo: a university
teaching hospital, apsychiatric hospital, and ageneral hospital.
Those who agreed to participate were asked to provide written
consent and undergo a baseline assessment.

Participantswere eligible for inclusion in this study if they were
aged 20-65 years and had Diagnostic and Statistical Manual of
Mental Disorders, Fourth Edition (DSM-1V) major depressive
disorder [29], as confirmed by the Structured Clinical Interview
for DSM-1V-TR Axis | Disorders-Patient Edition (SCID-I/P)
[30]. Inaddition, all participants met the operationalized criteria
of having a 17-item GRID-Hamilton Depression Rating Scale
(GRID-HAMD) [31,32] score of =14 despite having received
adequate therapy with >1 antidepressant medicationsfor at |east
6 weeks as part of their routine care, and had access to the
internet at home.

Theexclusion criteriawereaprimary DSM-1V axis| diagnosis
other than major depressive disorder, as assessed by the
Mini-International Neuropsychiatric Interview [33,34], manic
or psychotic episodes, alcohol or substance use disorder or
antisocial personality disorder, serious and imminent suicidal
ideation, organic brain lesions or major cognitive deficits, and
serious or unstable medical illnesses. Moreover, those who had
received CBT in the past (ie, defined as attending =8 CBT
sessions) or who were unlikely to attend >8 sessions of study
treatment (for reasons such as planned relocation) were
excluded. The diagnostic interviewswere conducted by treating
psychiatrists, al of whom had received extensive training in
the administration of semistructured interviews.
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Randomization and M asking

All eligible participants were randomly allocated (in aratio of
1:1) to either the blended CBT group or the waiting list group.
The allocation was concealed with the use of a Web-based
random allocation system. Randomi zation was stratified by the
study site using the minimization method to bal ance participants
in terms of their age at study entry (<40 years, =40 years) and
baseline GRID-HAMD score (14-18, =219).

Owing to the nature of interventions, athough neither
participants nor treating psychiatrists or therapists could be
masked to the randomization status, the primary outcome
measure (GRID-HAMD) was assessed by central assessors
using the telephone. Central assessors were not involved with
the treatment or study coordination and were prohibited from
accessing any information that would reveal participant
alocation. In addition, participants were instructed not to
disclosetheir allocated treatment during telephonic interviews.
All assessors were licensed clinical psychologists based at the
National Center of Neurology and Psychiatry who had received
extensive GRID-HAMD training and achieved excellent
interrater reliability (intraclass correlation=.98). The percentage
of agreement and kappa coefficients between the actual
allocation and the all ocation guessed by central assessorswere
62.5% and .20 (95% CI —0.10to 0.46) for the 6-week midpoint
assessment and 60.0% and.25 (95% CI —0.06 to 0.52) for the
12-week posttreatment assessment, respectively, indicating that
masking was successful.

Treatment Procedures

Web-Based Cognitive Behavioral Therapy Blended With
Face-to-Face Sessions

Participants allocated to the blended CBT arm were offered 12
weeks of Web-based CBT blended with 12 45-minute
face-to-face sessions, with no booster session. Multimedia
Appendix 2 providesan overview of the blended CBT program,
which integrates the Web-based program using the
Kokoro-no-skill-up-training with 12 weekly therapist sessions.
The Web-based program consists of the following 5 core
components. (1) psychoeducation, assessment, and problem
clarification; (2) behaviora activation; (3) cognitive
restructuring; (4) problem solving; and (5) relapse prevention
(outline shown in Multimedia Appendix 3). By accessing the
Web-based program, participants watched psychoeducational
video clips and read short columns, rated and monitored their
daily mood graphs, and mastered CBT skills, including
behavioral activation, recognizing and addressing dysfunctional
thoughts, and problem solving, by entering text asinteractively
guided on the Web screen. Although participants were
encouraged to work with their Web-based program during the
intervention period at their own pace, each module typically
took about 30 minutes to complete. In the face-to-face session,
therapists reviewed the material covered in the Web-based
program, evaluated and discussed the participant-specific
problem, and practiced CBT skills and set homework for the
next session using the Web-based program. A guidebook was
provided to facilitate mastery of the program. The guidebook
offers a detailed session-by-session treatment procedure that
includes information on how and when to use the specific
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Web-based content to meet the individualized needs of diverse
participants.

We selected a 12-week format to improve the efficiency of
trestment by reducing the number of therapist sessions compared
with the standard Japanese CBT protocol, which offers 16
50-minutes sessions [35]. Thus, across 12 weeks, a participant
could receive up to 540 minutes of contact with a therapist,
approximately two-thirds of that provided in the conventional
CBT protocol (ie, atotal of 800 minutes). After 12 sessions of
blended CBT, participants resumed usua care. Notably, 1
psychiatrist, 2 clinical psychologistswith adoctoral degree, and
1 psychiatric nurse provided the blended CBT. Together, the
therapists had practiced CBT for amean of 6.0 (SD 2.4) years
before the study. All therapists received CBT training, which
included a 2-day intensive CBT workshop and 1-hour onsite
group supervision every week from a skilled CBT supervisor
(AN), with thorough reviews of cases and detailed feedback to
maintain the adherenceto CBT protocol s and competence during
the study. Participants allocated to the waiting list group also
received the intervention after a 12-week waiting period and
were informed about this before study entry.

Treatment as Usual

Participants allocated to both the blended CBT and waiting list
groups continued treatment as usual with their treating
psychiatrist. It consisted of medication management along with
education regarding medication and dosage schedules, review
of adverse effects, and supportive guidance from treating
psychiatrists. Monitoring of depressive symptoms with the
16-item Quick Inventory of Depressive Symptomatology
Self-Report (QIDS) [36,37] was conducted at each visit.
Although there were no particular restrictions on the
pharmacotherapy provided, treatmentswerein linewith practice
guidelinesfor depression care[38]. Threetreating psychiatrists
who had specialist experiencein psychiatric care for amean of
6.6 (SD 5.7) years provided the medication visits, which were
offered roughly every 2 weeks, each visit lasting approximately
10 minutes. Notably, treating psychiatrists were not involved
in the delivery or supervision of CBT.

Outcomes

The primary outcome was the alleviation of depressive
symptoms, as measured by the change in the total 17-item
GRID-HAMD score from the baseline (at randomization:
baseline assessment) to 12 weeks postrandomization (at the end
of theintervention or waiting period: posttreatment assessment).
The GRID-HAMD is an amended version of the origina
Hamilton Depression Rating Scale, which provides standardized
explicit scoring conventions with a structured interview guide
for administration and scoring [31,32]. In addition, changes
were assessed after 6 weeks (midpoint assessment). Furthermore,
outcome measureswere assessed 3 months after theintervention
was completed (follow-up assessment) in the blended CBT
group only. For ethica reasons, we decided to offer CBT to
participants from the control group after their participation in
the waiting list study group. Therefore, the planned follow-up
analysis to determine whether the effect of CBT was sustained
was uncontrolled.
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All secondary outcomes were also evaluated at the same
time-points; these included treatment response (=50% reduction
inthe baseline GRID-HAMD score); remission (GRID-HAMD
score<7); participant-rated measures of depressive symptoms,
that is Beck Depression Inventory-Second Edition (BDI) score
[39,40] and QIDS score; participant-rated inventory for
depressogenic schemata, that is 24-item dysfunctional attitude
scale (DAS-24) score [41,42]; and the quality-of-life status as
measured by the mental and physical component summary score
of the 36-1tem Short-Form Health Survey [43,44]. Furthermore,
participants were asked to complete the European Quality of
Life Questionnaire-5 Dimensions to measure the health-related
quality of life [45,46].

Information on the total daily dose of each antidepressant
medication was expressed as a fraction of the World Health
Organization’s defined daily dose [47], which is defined as the
assumed average maintenance dose per day for adults calculated
from the dosage recommendations for each drug. In addition,
adverse events were monitored. Serious adverse events were
defined asdeath, life-threatening events, eventsleading to severe
impairment or dysfunction, and hospitalization.

Statistical Analysis

Based on Wright et al [19], we assumed that a mean difference
of 6 paints on the 17-item GRID-HAMD score with an SD of
5.5 between the 2 groups would be clinically meaningful. With
a two-sided 5% significance level and 90% power, a sample
size of 18 wasrequired for each group. Therefore, atotal sample
of 40 would provide sufficient power while also accounting for
possible attrition. As we were not aware of any published
blended CBT studies on refractory depression, we calculated
the sample size of our study based on this prior study that
included patients with a similar depression severity as our
patients.

The primary analysis was performed on an intention-to-treat
basis, and al randomized participants were included. For
continuous outcomes, the least squares means (L S means) and
their 95% Cls were estimated using a mixed-effects model for
repeated measures (MMRM) for changes from the baseline,
which contained the treatment group, week, and group-by-week
interaction as fixed-effects with an unstructured covariance
matrix among time-points; Kenward-Roger degrees of freedom
adjustment were used. Mean changes for each group at each
time-point and mean between-group differenceswere estimated
using appropriate contrasts in the MMRM. Notably, missing
values were not inputted. For categorical outcomes, relative
risks (RRs) and their 95% Cls were calculated. The number
needed to treat (NNT) was calculated when a 95% CI of RR
did not include 1.0. In addition, we calculated the effect size
(Cohen d) for al significant outcome measures (ie, as the
differencein mean changes at posttreatment assessment between
the blended CBT group and the waiting list group divided by
the pooled SD of both groups). The effect size was classified
as small (Cohen d=0.2-0.49), medium (Cohen d=0.5-0.79), or
large (Cohen d>0.8) [48]. Furthermore, we investigated the
follow-up effectsin the blended CBT group with paired t tests,
comparing the scores at follow-up assessment with the scores
at posttreatment assessment. The significancelevel was set at.05
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(two-tailed) for all analyses. No multiple-testing correction was
applied because this study was an RCT with a single primary
null-hypothesis. Statistical analyses were performed with SAS
version 9.4 (SAS Institute, Cary, NC, USA).

Results

Figure 1 shows participants flow from screening to 3-months
follow-up during the study. We screened 57 patients between
November 29, 2011 and November 18, 2015, and the final
3-month follow-up was done on May 4, 2016. Of these 57
patients, 12% (7/57) did not meet theinclusion criteriaand 18%
(10/57) declined to participate. Therefore, 70% (40/57) eligible
patients who agreed to participate and completed baseline

Nakao et d

assessments were randomized either to the blended CBT (n=20)
or waiting list (n=20) group. There were no dropouts from the
study, and all participants allocated to the blended CBT group
completed the follow-up assessment.

Table 1 summarizes the sociodemographic and clinical
characteristics of participants at the baseline. The mean age of
participants was 40.2 (SD 9.8) years, and the percentage of
mal eswas 50% (20/40). Furthermore, 68% (27/40) participants
had received one course of antidepressant medication and 33%
(13/40) had received 2 courses before study entry. None of the
participants had received >3 courses of antidepressant
medication before study entry.

Tables 2 and 3 show treatment engagement by the study groups.

Figure 1. The Consolidated Standards of Reporting Trials diagram of participants' flow through the study. CBT: cognitive behavioral therapy.

57 patients assessed for
eligibility

17 Excluded

=7 did not meet inclusion criteria

.

—10 declined to participate

40 underwent baseline assessment

40 randomized

20 assigned to blend CBT

20 underwent posttreatment assessment

Follow-up period
(3 months)

20 underwent follow-up assessment

L4

20 included in intention-to-treat analysis
(posttreatment assessment and follow-up)
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Table 1. Characteristics of participants at the baseline.

Characteristic Blended CBT?(n=20) Waiting list (n=20)  Total (n=40)
Age (years), mean (SD) 39.7 (9.4) 40.6 (10.2) 40.2 (9.7)
Male, n (%) 10 (50) 10 (50) 20 (50)
Education (years), mean (SD) 15.4 (1.9) 15.6 (2.6) 15.4 (2.2)
Unemployed, n (%) 3(15) 4(20) 7(18)
Marital status, n (%)

Married 8 (40) 10 (50) 18 (45)

Separated, divorced, or widowed 2(10) 0(0) 2(5)

Single (never married) 10 (50) 10 (50) 20 (50)
Cohabiting, n (%) 14 (70) 16 (80) 30(75)
Number of lifetime depression episodes, mean (SD) 1.5(0.6) 1.7(1.9) 16(11)
History of psychiatric hospitalization, n (%) 1(5) 3(15) 4(10)
Prior suicide attempt, n (%) 1(5) 1(5) 2(5)
Self-reported childhood abuse, n (%) 2(10) 5(25) 7(18)
Self-reported victims of childhood bullying, n (%) 5(25) 3(15) 8(20)
Family history of psychiatric disorders, n (%) 7(35) 5(25) 12 (30)
Duration of index depression episode (months), mean (SD) 27.3(29.8) 20.3(32.3) 23.8(30.9)

Particulars of index episode (DSI\/I-IVb), n (%)

Chronic (=2 years of index episode) 8 (40) 4(20) 12 (30)
Melancholic features 12 (60) 11 (55) 23 (58)
Atypical features 0(0) 0(0) 0(0)
Comorbid DSM-1V Axis| diagnoses, n (%)
Any anxiety disorder 1(5) 5(25) 6 (15)
Panic disorder (with or without agoraphobia) 0(0) 2(10) 2(5)
Social anxiety disorder 1(5) 1(5) 2(5)
Obsessive compulsive disorder 0(0) 0(0) 0(0)
Generalized anxiety disorder 0(0) 0(0) 0(0)
Dysthymic disorder 0(0) 0(0) 0(0)
Number of prior courses of antidepressant treatment, n (%)
1-2 courses 15 (75) 15 (75) 30(75)
3-4 courses 2(10) 3(15) 5(13)
5-6 courses 2(10) 1(5) 3(8)
7-10 courses 1(5) 0(0) 1(3)
>10 courses 0(0) 1(5) 1(3)

Number of antidepressant medications prescribed at basgline, n (%)

1 medication 14 (70) 13 (65) 27 (67.5)

>2 medications 6 (30) 7 (35) 13(32.5)
Health-related quality of life, mean (SD)

European Quality of Life Questionnaire 5-dimension, mean (SD) 0.7 (0.2) 0.8(0.2) 0.7 (0.2)

Depression severity

17-item GRID-Hamilton Depression Rating Scale score, mean (SD) 18.3(3.7) 18.5(3.6) 18.4(3.6)
Beck Depression Inventory-Second Edition score, mean (SD) 28 (8.8) 244 (7.8) 26.2 (8.4)
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Characteristic Blended CBT?(n=20) Waiting list (n=20)  Total (n=40)
Quick Inventory of Depressive Symptomatology Self-Report score, mean (SD)  14.8 (4.2) 13.5(4) 141 (4.1)
8CBT: cognitive behavioral therapy.
bDSM-1V: Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition.
Table 2. Treatment engagement of the study group (n=20).
Treatment engagement Value
Mean number of blended CBT? sessions attended, mean (SD) 11.65 (2.32)
Completion rate of the full course of blended CBT sessions (n of blended CBT completers/n of blended CBT participants), n (%) 20 (100)
Mean duration of face-to-face-CBT sessions (minutes), mean (SD) 44.3 (6.85)
Mean duration of medication visits (minutes, over 12-weeks), mean (SD) 116 (2.3)
8CBT: cognitive behavioral therapy.
Table 3. Treatment engagement of the groups.
Treatment engagement Blended CBT?(n=20) Waiting list (n=20) P value®
Mean medication compliance over 12-weeks, treatment and medication compliance 19 (97) 19 (96) .67
data scale self-report, n (%)
Number of medication visits over 12-weeks, mean (SD) 8(1 7(2) .37
M ean antidepressant medication dose at baseline and 12 weeks, mean (SD)
0 week (basdline) 1.39 (0.58) 1.31(0.75) 74
12 weeks 1.21 (0.68) 1.31(0.75) 67
Changesin antidepressant prescription by the end of the 12-week intervention period, n (%)
No change 14 (70) 10 (50) .20
Switched to another antidepressant 2(10) 1(5) >.99
Increased antidepressant dose 1(5) 1(5) >.99
Combined another antidepressant 1(5) 3(15) .61
Decreased 0(0) 3(15) 23
Stopped antidepressant 2(10) 2(10) >.99

8CBT: cognitive behavioral therapy.

bP values are for t test for continuous outcomes and chi -square test for categorical outcomes.

All participants allocated to the blended CBT group completed
thefull program course (defined as attending at | east 8 sessions).
The therapist adherence (yes or no) to the CBT treatment
protocol was at high level—100% (n/allocators=20/20) for
behavioral activation component, 90% (18/20) for cognitive
reconstruction component, and 85% (17/20) for problem-solving
component. In terms of the medication management, the mean
daily dose of antidepressant medications was comparable at
each assessment point between the groups, and no significant
dose changes were observed during the 12-week interventional
period. Selective serotonin reuptake inhibitors were the most
common antidepressant medication prescribed at the baseline,
35% (14/40) participants (Multimedia Appendix 4). Therewere
no differences in the number of medica visits between the
groups.
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Participants in the blended CBT group had significantly
alleviated depressive symptoms after 12 weeks, as shown by
greater LS mean changesin the GRID-HAMD score compared
with that in the waiting list group (8.9 points vs —3.0 points;
mean between-group difference=—5.95; 95% Cl —9.53t0-2.37,;
P=.0002; Cohen d=1.0; Figure 2). Figure 2 shows LS mean
changes and their 95% Cls in the GRID-HAMD total scores
over time estimated withaMMRM analysis; error barsindicate
95% Cls. In addition, the follow-up effects showed that the
GRID-HAMD score at 3-month follow-up had improved
significantly compared with the GRID-HAMD score after 12
weeks: 9.4 (SD 5.2) vs 7.2 (SD 5.7); P=.009. Of note, no
significant treatment effect was observed after 6 weeks (P=.25).
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Figure2. Least squares mean changein the 17-item GRID-Hamilton Depression Rating Scale (GRID-HAMD) score over timein participants allocated
to the blended cognitive behavioral therapy (CBT) group or waiting list group.
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Tables 4 and 5 summarize the secondary outcome measures.
Participants allocated to the blended CBT group were 2.8 times
more likely to have a treatment response at the posttreatment
(12 weeks) assessment than thosein thewaiting list group (RR,
2.75; 95% CI 1.05-7.20), resulting in an NNT of 3 (95% ClI
1.6-14.2). In addition, the blended CBT group demonstrated
achievement of significant remission at the posttreatment
assessment (12 weeks; RR, 8.00, 95% CI 1.10-58.19; NNT: 3,
95% Cl 1.7-8.7). Although the blended CBT group participants
had milder depressive symptoms, as measured by the BDI, than

http://www.jmir.org/2018/9/€10743/

RenderX
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the participants of the waiting-list group over the intervention
period, differences were not statisticaly significant at each
assessment point. There were no statistically significant
differences between the groupsin the intensity of depressogenic
schemata, as assessed by the DAS-24, and in the quality-of-life
status, as assessed by the 36-1tem Short-Form Health Survey,
mental and physical subscales, and the European Quality of
Life Questionnaire-5 Dimensions, over the study period. Of
note, none of the participants experienced serious adverse events
during the intervention period.
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Table4. Summary of repeated measures analyses of outcomes: treatment response and remission (intention-to-treat population).

Blended CBT?(n=20), n
Timepoint of achieving response or remission (%)

Waiting list (n=20), n (%) Comparison

Relativerisks (95% Cl) P vaue

Response (=50% reduction in 17-item GRID-HAMDP)

6 weeks 2(10)

12 weeks 11 (55)

24 weeks (3-month follow-up) only CBT 15 (75)
Remission (GRID-HAMD<7)

6 weeks 2(10)

12 weeks 8 (40)

24 weeks (3-month follow-up) only CBT 13 (65)

Response (=50% reduction in QI DS")

6 weeks 12 (60)

12 weeks 9 (45)

24 weeks (3-month follow-up) only CBT 14 (70)
Remission (QIDS<5)

6 weeks 6 (30)

12 weeks 6 (30)

24 weeks (3-month follow-up) only CBT 11 (55)

Response (=50% reduction in BDI®)

6 weeks 3(15)

12 weeks 7 (35)

24 weeks (3-month follow-up) only CBT 10 (50)
Remission (BDI<13)

6 weeks 4 (20)

12 weeks 8 (40)

24 weeks (3-month follow-up) only CBT 10 (50)

2 (10)
4(20)

N/A®

1(5)
1(9)
N/A

6 (30)
3(15)
N/A

4(20)

3(15)
N/A

2(10)
3(15)
N/A

5 (25)
5 (25)
N/A

1.00 (0.16 0 6.42) >.99
2.75 (1.05t0 7.20) 04
N/A N/A
2.00 (0.20 to 20.33) 56
8.00 (1.10 to 58.19) .04
N/A N/A
2.00 (0.94 to -4.27) 07
3.00 (0.95 to -9.48) .06
N/A N/A
1.50 56
(0.20t0 -20.33)

2.00 (0.58 to -6.91) 27
N/A N/A
1.50 (0.28 to —8.04) 64
2.33(0.70t0 -7.76) 17
N/A N/A
0.80 (0.25 to —2.55) 71
1.60 (0.63 to —4.05) 32
N/A N/A

8CBT: cognitive behavioral therapy.

BGRID-HAM: GRID-Hamilton Depression Rating Scale.
°N/A: not applicable.

dQI DS: Quick Inventory of Depressive Symptomatol ogy.
®BDI: Beck Depression Inventory-Second Edition.
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Table 5. Summary of repeated measures analyses of outcomes: participant-rated measures (intention-to-treat population).

Participant-rated measures Blended CBT2 mean (SD)  Waiting list, mean (SD)  Differenceinmeanchange P value
scores€ (95% Cl)

17-item GRID-Hamilton Depression Rating Scale score
0 week (baseline) 18.3(3.6) 185 (3.6) N/AY N/A
6 weeks 14.0 (5.7) 16.1 (4.7) 1.90 (~1.46 to 5.26) 26
12 weeks 9.4 (5.1) 155 (6.3) 5.95 (2.37 t0 9.53) .002
24 weeks (3-month follow-up) only CBT 7.2(5.7) N/A N/A N/A

Beck Depression I nventory-Second Edition score
0 week (basdline) 28.0(8.6) 24.4(7.6) N/A N/A
6 weeks 23.4(11.2) 20.1(8.2) 0.35 (-4.63105.33) .89
12 weeks 18.5(12.3) 20.8(9.1) 5.85 (-0.27 t0 11.97) .06
24 weeks (3-month follow-up) only CBT 14.7 (12.5) N/A N/A N/A

Quick Inventory of Depressive Symptomatology Self-Report score

0 week (baseline) 14.8 (4.0) 135(3.9) N/A N/A
6 weeks 7.9(3.7) 8.7(3.8) 2.20 (~0.66 to 5.06) 13
12 weeks 8.0 (4.7) 10.2 (4.2) 3.55 (0.53 10 6.57) 02
24 weeks (3-month follow-up) only CBT 6.8 (5.5) N/A N/A N/A
Dysfunctional attitude scale score
0 week (basdline) 97.1(19.0) 87.6 (17.1) N/A N/A
6 weeks 97.4(19.2) 86.1(17.8) -1.80 (-9.23t0 5.63) 63
12 weeks 92.4 (23.6) 84.9 (18.5) 2.05 (-6.82 t0 10.92) 64
24 weeks (3-month follow-up) only CBT 83.4 (21.8) N/A N/A N/A

European Quality of Life Questionnaire-5 Dimensions score

0 week (baseline) 0.7 (0.2) 0.7 (0.2) N/A N/A
6 weeks 0.8(0.1) 0.8(0.1) -0.04 (-0.12 to 0.04) 29
12 weeks 0.8(0.1) 0.8(0.1) -0.07 (-0.16 t0 0.01) .08
24 weeks (3-month follow-up) only CBT 0.8(0.1) N/A N/A N/A
36-item Short-Form Health Survey (SF-36) mental component summary score
0 week (basdline) 37.7 (10.6) 37.8(7.7) N/A N/A
6 weeks 39.5(9.7) 416 (8.3) 1.96 (-3.45 t0 7.37) 47
12 weeks 43.9(10.2) 41.3(7.9) -2.70 (-8.91 to 3.50) 38
24 weeks (3-month follow-up) only CBT 44.6 (11.2) N/A N/A N/A

SF-36 physical component summary score

0 week (basdlineg) 52.8 (11.2) 51.7 (10.8) N/A N/A
6 weeks 50.8 (11.0) 535 (7.4) 3.87 (-1.90 to 9.64) 18
12 weeks 49.4 (13.5) 53.4 (10.6) 5.04 (—2.81 to 12.89) 20
24 weeks (3-month follow-up) only CBT 52.8 (9.6) N/A N/A N/A

8CBT: cognitive behavioral therapy.

bThe difference in the mean changein scores is the intergroup difference in the least squares mean treatment change score from the baseline to the data
point, from the mixed-effects model for repeated measures analysis.

“Theintergroup difference is the CBT group value minus the waiting list group value.
IN/A: not applicable.
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Discussion

This study tested the effectiveness of the blended CBT program
in patients with major depression who did not respond to
antidepressant treatment after taking =1 antidepressant
medications at adequate doses for =6 weeks, compared with
waiting list control conditions. The between-group effect size
after blended CBT was large (Cohen d=1.0), and these results
were similar to Wright et a’s blended CBT trial using waiting
list controls (Cohen d=1.14) [19]. In addition, we were able to
reduce the therapist contact time by about two-thirds compared
with the standard CBT protocol. Furthermore, we focused on
patients who were unresponsive to antidepressant medications.

There are several possible reasonsfor the high level of treatment
protocol adherence with no dropouts with the blended CBT
program in this study. First, the program had a blended format
rather than a stand-alone Web-based CBT program. Patients
might have devel oped a stronger treatment engagement through
the therapi st-delivered session because of tailoring the program
according to patient-specific needs and may have gained mastery
of CBT skills by accessing the interactive Web-based program.
Second, owing to the shortage of trained therapists [49] and
insufficient health insurance coverage of CBT sessionsin Japan
(health insurance does not cover CBT sessions delivered by
psychologists), participants may have had strong expectations
from CBT. Dunlop et a reported that patients matched to their
preferred treatment could achieve a higher rate of treatment
completion than those who were mismatched [50].

Significant alleviation of depressive symptoms was found in
the assessment of primary (GRID-HAMD) and secondary
outcome measures of depressive symptoms (QIDS).
Furthermore, the remission rate (8/20, 40%) as measured by
the GRID-HAMD was similar to that reported by Thase et a
[20]. In contrast to their findings, our study did not show
significant  differences in  self-reported  depressive
symptomatol ogy, as measured by the BDI and DA S-24, between
the groups. Asthis study was powered to detect the effectiveness
based on the primary outcome measure, it is possible that these
secondary outcome measures were underpowered. In addition,
the BDI and DA S-24 baseline scores of our sample were lower
than those reported by Thase et a [20], which could have been
because of afloor effect.

Our blended CBT program has a unique format, integrating
Web-based and offline components back to back. Patients
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engage themselves in a self-directed Web-based learning
module, such as by reading psychoeducational columns and
watching video clips, before coming to the face-to-face session.
Moreover, in the subsequent face-to-face session, patients
assimilate and apply what they have learned in the Web-based
component to reinforce mastery of CBT skills. Thus, this
blended format appears to correspond with the newer
educational system, known as “blend learning” or “inverted
classroom,” which is reported to be more effective than purely
face-to-face or purely Web-based classes [51]. In addition, this
blended format i s perhaps promising for trainee therapists. With
the Web-based assistance, therapists can deliver CBT techniques
with more confidence, despite little experience. In fact, studies
have shown that computer-assisted training is effective in
training clinicians in empirically supported manual-guided
therapies [52,53].

Thisstudy has several limitations. First, this study used waiting
list controls rather than active controls. The use of the waiting
list group could have provoked nocebo effects[54,55]. However,
all our participants allocated to the waiting list group continued
their usual treatment with their psychiatrists, and the course of
depression symptoms was similar to the course of patients
receiving psychiatric care[25]. Second, the benefits of blended
CBT observed in this study cannot be solely attributed to the
intervention because there was no treatment control. In other
words, nonspecific treatment effects, such as patient
expectations, may also account for the observed efficacy of the
intervention. Nevertheless, this study aimed to examine the
effectiveness of blended CBT rather than evaluating the effects
of blended CBT itself. The third possible limitation is that this
study was of relatively small size, although the number of
participants exceeded that required for power analysis. Fourth,
participants were recruited from 3 siteswith azero dropout rate,
suggesting a cohort of highly motivated treatment-seeking
patients, which may limit generalizability. Finally, there was
no control group during the follow-up phase. Hence, asustained
effect during this phase cannot be attributed with certainty to
the effects of acute therapy with our blended CBT program.

In conclusion, this study suggeststhat our blended CBT program
was effective in reducing depressive symptoms in patients with
major depression compared with waiting list controls. Additional
research is now needed to replicate our results with larger
samplesize, longer observation period, and using active controls
before definite conclusions can be drawn.
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Abstract

Background: Chronic disease management is critical to quality of life for both teen patients with chronic conditions and their
caregivers. However, current literature islargely limited to a specific digital health tool, method, or approach to manage a specific
disease. Guiding principles on how to use digital tools to support the transition to independence are rare. Considering the
physiological, psychological, and environmental changesthat teens experience, theissues surrounding the transition to independence
are worth investigating to develop a deeper understanding to inform future strategies for digital interventions.

Objective: The purpose of this study was to inform the design of digital health solutions by systematically identifying common
challenges among teens and caregivers living with chronic diseases.

Methods: Chronically ill teens (n=13) and their caregivers (n=13) were interviewed individually and together as ateam. Verbal
and projective techniques were used to examine teens' and caregivers concernsin-depth. The recorded and transcribed responses
were thematically analyzed to identify and organize the identified patterns.

Results. Teensand their caregiversidentified 10 challenges and suggested technological solutions. Recognized needs for social
support, access to medical education, symptom monitoring, access to health care providers, and medica supply management
were the predominant issues. The envisioned ideal transition included a 5-component solution ecosystem in the transition to
independence for teens.

Conclusions: This novel study systematically summarizes the challenges, barriers, and technological solutions for teens with
chronic conditions and their caregivers as teens transition to independence. A new solution ecosystem based on the 10 identified
challenges would guide the design of future implementations to test and validate the effectiveness of the proposed 5-component
ecosystem.

(J Med I nternet Res 2018;20(9):10285) doi:10.2196/10285
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chronic disease; chronic disease management; digital health; ecosystem; qualitative research; self-management; transition to
independence; technol ogy-based solutions
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Introduction

Background

Self-management for those with chronic diseasesisasignificant
component for maintaining wellbeing. Nationaly, chronic
diseases cause 7 out of 10 deaths of US citizens annually, and
a large portion of national health care costs are generated by
patients with chronic disease [1]. Hence, self-management
sustainability greatly impacts national health care cost reductions
while increasing the individual’'s wellbeing and financial
independence. Digital solutions developed in recent years assist
patients in self-management. Youth especially use hedlth care
management technologies (eg, telehealth and mobile health
[mHealth]), enabling greater self-management [2].

Digital Solutionsin Chronic Disease M anagement

Digital solutions and mHealth apps concerning chronic disease
management (CDM) and behavioral changefor teens have been
widely discussed, with new solutions proposed in the literature.
Hamine et al’s [3] review on the self-management of diabetes,
cardiovascular disease, and chronic lung diseases concluded
that mHealth could potentially facilitate adherence to CDM.
Fedele et al [4] argued that mHealth interventions are also a
viable approach in behavioral change interventions in young
populations (<18 years). However, adopting technol ogy to assist
teensin transition is awork-in-progress. Huang et al [5], tested
a Web-based and short message service (SMS) text
message-delivered disease management app and reported that
technology could be a useful and cost-effective solution as a
transition intervention. They also discussed that the use of
communication technologies (ie, mobile phone calls, SMS,
email, and Voice over Internet Protocol) promoted engagement,
relationship, and trust between teens and health care providers
[6]. These studies support the use of digital solutions and
demonstrate a promising next step in CDM technology. In
another case, Holtz et a [7] developed and tested a
patient-centered mobile app using focus group interviews with
teens having type 1 diabetes (T1D) and their parents.
Participants reported that they thought that the mobile app would
help to improve communication among family members. Many
of these studiesfocused on a specific delivery modality of digital
interventions. Our study, in contrast, started with a broader
inquiry into patient-centered needs and then explored relevant
technological solutions.

Given the physiological, psychological, and environmental
changes that teens experience in CDM, digital solutions may
fail to keep up with expectations. Slater et al [2] underlined that
mHealth interventions have failed to integrate into real-world
settings and adoption practices. The impact of using
self-management digital communication tools on rel ationships
among parents, teens, and health care providers (HCPs) is
unclear [8]. Furthermore, the evidencein theliteratureislimited
regarding caregivers and teens in transition to independence,
with no identified studies on digital communication between
caregivers and teensin transition [8].

Toimprovethe delivery of health care among teenstransitioning
to independence with chronic illnesses, Nationwide Children’s
Hospital (NCH), OH, USA, undertook a quality improvement
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project. We employed a patient-centered approach to identify
and better understand the core problems of CDM and to seek
solutions to permit the teen to transition to independence. Our
specific aim wasto generate aroadmap for chronically ill teens
to gain independence.

Methods

Study Design

Data collection methodology included a co-design framework
with the use of generative tools utilizing verbal and projective
techniquesto collect rich data from participants regarding their
needs and expectations [9,10]. Our study questions focused on
“What common challenges do teens and their caregivers face
in preparation for the transition to independent health
management?’ and “What digital solutions and opportunities
would help to overcomethe challengesand barriers?’ To address
these questions, we first identified the challenges, barriers, and
gaps during the life journey, and then, we envisioned digital
solutions and opportunities to facilitate a successful transition
to independence and self-management. Throughout the
interviews, participants shared their needs and concerns with
the research team. Two of the coauthors (MW and AW) took
thelead in interviews and analysis.

Participants

An independent recruiting agency selected participants based
on the following inclusion criteria: (1) age 13-18 years, (2) a
minimum of one chronic condition for >6 months, and (3)
medication taken multiple times a day. The NCH patient
network also supported this recruitment process. During a
telephone invitation, patients and caregivers were informed on
voluntary participation, study goals, and financial compensations
for their time. Subsequent interviewswereheld on NCH’smain
campus. Parents signed a written consent form indicating their
agreement to participate for themselvesand their teen. The study
was approved by NCH as a quality improvement project and
was not subject to the Institutional Review Board.

The study enrolled 13 teens with chronic conditions and their
caregivers (n=13). Patient ages ranged from 13 to 18 years.
Chronic conditions included at least one of the following
diseases: T1D, cydtic fibrosis (CF), epilepsy, and attention
deficit hyperactivity disorder (ADHD). Most participants had
lived with the chronic condition for >5 years (Table 1).

Data Collection

The aim was to develop an in-depth understanding of each
participant’s experience starting from prediagnosis. Each
interview commenced with a brief introduction of the study,
including the goals, the agenda, and the roles.

The first activity began with a review of the homework
assignment. Thiswas ashort reflective exercise completed prior
to the interviews including questions with visual illustrations
about personality, people who they care about, personal
environment, their typical day, and future self (Multimedia
Appendix 1). To encourage free expression, concurrent sessions
were scheduled for thisfirst activity, separating teens and their
parents (Figure 1).
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Table 1. Patient demographic information (N=13).
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Demographics n (%)
Age (years)

11-13 2(15)

14-15 4(31)

16-18 7 (54)
Gender

Male 6 (46)

Female 4G
Chronic condition

Type 1 diabetes 4(31)

Cystic fibrosis 2(15)

Epilepsy 3(23)

Attention deficit hyperactivity disorder 4(31)
Length of timesince diagnosis

6 months-2 years 1(8)

2-5years 1(8)

5-10 years 9(69)

>10 years 2(15)

Figure 1. Outlining the interview process.
Interview session (Duration: approximately 120 mins) .
4
Activity 1. Focusing on current Activity 2. Focusing on
experiences ideal experiences
Introduction Room 1- Session Room 2- Session | Room 2- Joint interview | Wrap
with the patient with the parent session Up

Outline of Activity 1

-Pre-work review
-Identifying key moments
-Identifying barriers
-Actions, thought, emotions
-Technological solutions

Outline of Activity 2

-Discussing the current
state and ideal state

- Identifying overlaps and
differences of states from
both sides

-Technology adoption
-How, what, why
-benefits and drawbacks
-Wishes for future

Next, the teen and caregiver worked together to envision an
ideal journey that depicted the teen’s successful transition to
independent management of their therapy. To promote their
participation, a canvas (a large white page with visual
guidelines) outlining the stages and tools was used, on which
participants were able to follow the process as well as to type,
draw, and elaborate their opinions (Multimedia Appendix 1).

The second activity was a joint session with the teen and
caregiver. Together, each pair shared their current experience
and ideal state and identified overlapping experiences and
differences, technology adoptions, challenges, opportunities,
and expectations in line with the transitioning. An additional
canvas was presented to be used for outlining theideal transition
journey (Multimedia Appendix 1). The second session, which

http://www.jmir.org/2018/9/€10285/

focused on technological solutions, discussed the use of
technology apps in care, how they are used, their benefits and
drawbacks, what the apps were that they wished for, what is
needed, and why they were not using the technology. The
interview session ended with a closure talk and soliciting final
thoughts from the participants.

At least two researchers attended each session, which was
recorded. Researchers served asamoderator or an assistant and
a note taker. All recordings were transcribed and aggregated
with memos and observational notes. Information on the
canvases, recordings, and notes was analyzed by thematic
analysis. The combination of information sources from both
teensand caregiversincreased the richness of the dataacquired.
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Figure 2. Outlining the process of data collection, analysis, and synthesis.
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Figure 2 summarizes the data collection, analysis and creation
of themes, and ecosystem processin this study.

Analysis

Method of Analysis

Asapart of the co-design process, the analysis was conducted
manually (instead of using NVivo software). The data was
captured during the interview on the canvases via visua tools,
and Post-it notes, transcripts, and researcher notes were used
as sources for the analysis process. To keep visua information
in the analysis, we also followed design-based guidelines for
on the wall analysis [9], a method that helps include visual
materials from a highly qualitative interview into the analysis
process.

Thematic analysis was employed to identify challenges,
opportunities, and barriers that teens and caregivers faced at
strategic times on their journey and the desired solutions [11].
Thematic analysisisacommonly used methodol ogy to identify
and analyze patterns within qualitative data and report the
findings [12]. As defined by Braun and Clarke [12], thematic
analysis includes the following progression: (1) familiarizing
with the data, (2) generating initial codes, (3) searching for
themes, (4) reviewing and refining themes, (5) defining and
naming themes, and (6) reporting the findings.

Familiariziing With Data

To be familiar with the depth and breadth of the content, two
researchers read the transcriptions multiple timeswhile actively
searching for meanings and patterns.

Generating I nitial Code

Transcription texts were segmented and coded with notes using
highlighters, colored pens, and Post-it notes. Then, they were
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grouped using similar terms and patterns. Codes were created
by group decisions or consensus among the researchers.

Searching for Themes

Oncedll the datawere coded, the codes were sorted and grouped
into potential themes. To depict the patterns of codes and
themes, a visual map was created. The description of themes
and codes was used to clearly guide the grouping. The
rel ationshi ps between codes and themes were di scussed among
theresearchers. Potential themes and subthemeswere proposed
at the end of this stage.

Reviewing and Refining Themes

All themes were reviewed to fit the code and content. If the
theme did not fit, the researchers reworked the theme, created
anew theme, or disregarded the theme. Thetranscriptionswere
reviewed again to be sure that the proposed themesfit and were
not missing any codes or information within the transcripts.
Defining and Naming Themes

Themes were defined (what it is about and its content) and
named with relevant terms in this stage. Similar themes were
organized coherently and consistently according to their content.
Reporting the Findings

Themes were reported with sufficient content, supporting
evidence, and examples.

Results

Themes: Challenges and Opportunities

Thethematic analysisapplied to theinformation collected from
teens and caregivers resulted in 10 themes that identified
challenges and opportunities during the transition to independent
disease management. All patients and caregivers were frequent
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smartphone users, using at least 2 apps weekly. When talking
about challenges, participants also spontaneously suggested
some digital opportunities. Thus, we have aso included
self-reported technology solutions here.

Lack of Social Support and Communication

Key Challengesand Barriers

Teens and caregivers reported that in a crisis, they could not
manage their condition without the understanding and help of
others, (eg, teachers, school nurses, classmates, coaches, and
extended family). However, others are frequently not informed
on or misunderstand their condition or are ignorant about how
to offer relevant assistance. Some parents realized the coreissue.

Educating her [the teen’s] core group of friends was
the best thing we could do for her because they know
what she needs when mom isn't around. [Epilepsy
caregiver]
Caregivers aso reported that they often have contentious
relationships with school nurses and administration. Some
parents perceive that schoolsresist providing equal opportunities
to children with chronic conditions.

When we got into the school district that we'rein now,
like, 3rd grade, they wanted to diagnose [my child]
with ADHD...one of the teachers said, “ You need to
medicate your child” And | said, “ You need to learn
how to teach my child” [ADHD caregiver]

In addition, toolsthat facilitate communication between HCPs,
caregivers, and school nurses are needed to assist al health
caregiversin managing updatesin ateen’scare. Support inrural
areas can be even more challenging. Familieswho livein rural
areas have fewer support groups and resources available.
Traveling nurses in rural schools are frequently not available.
Thus, school nurses who may only be available one day aweek
are not a sufficient support system.

Digital Opportunities

Participants identified several technologies that could help fill
in for their lack of support. Thisincluded (1) an audio, video,
or text tutorial sent to the caregiver (eg, mom, school, nurse, or
coach) on how to manage a health crisis; (2) a real-time
instructional video to educate witnesses and friends about how
tohelpinacrisis(when the crisisis happening); (3) prescription
updates sent digitally to the school nurse; (4) toolsthat simplify
coordination between the caregiver and school nurse; and (5) a
tool that will give coaches or teachers real-time alerts or
symptom-reading skills so that they can pull teenagers out of
the game or class and ensure that they get help.

Managing Social Stigma

Key Challengesand Barriers

Teens did not want to be labeled as a sick person nor draw too
much attention at school, which may lead to feeling isolated,
ostracized, or depressed. Depression may also induce them to
skip their therapy at school, no matter how urgently needed, to
defend against being seen asdifferent. Labelslike“ sick person”
may cause peersto misconstrue ateen’sabilitiesand limitations
and also lead to hurtful comments, judgments, and unwanted
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advice. These misconceptions disrupt developing trusting
friendships that could provide needed support.

The first grand mal seizure happened in school in
front a lot of her classmates, since then she feels
awkward and ashamed of the condition because no
one there gets what she has.

Digital Opportunities

Teens and caregivers suggested that education and
communication technologies could develop or enhance peer
awareness. To alleviate the social stigmathat teenswith chronic
disease may face with peers, some teens suggested having a
short video ready on a phone app to inform peers in simple
language what the chronic diagnosisisand means, how it affects
the diagnosed teen, and how peers can be respectful of theteens

struggles with the disease. To encourage communications, a
digital platform that facilitates sharing positive stories of older
patients overcoming hurdles with younger teen patientsto help
overcome depression and anxiety was suggested.

Access to Education

Key Challengesand Barriers

Following diagnosis, caregivers are frequently frantic to
understand the disease and its short- and long-term implications.
The most common question asked is, “How will my child’s
diagnosisand treatment impact their lifestyle and the family’s?’
Caregiversarelooking for theright information at theright time
in the right dose. For instance, soon after their child’'s T1D
diagnosis, a caregiver joined a Facebook group hoping to find
tips and support. They were devastated when other caregivers
were discussing the potential long-term effects and worst-case
scenarios. The group did not realize that someone new was
present in the conversation. During the diagnostic and initial
adjustment phases, caregivers are uncertain where to find
trustworthy, authoritative sources of information and frequently
get misguided or insufficient information.

You know, you turn to the Internet, parents of kids
with diabetes, which is helpful in some ways with
some practical questions but, in other ways,
frightening because a lot of...I finally had to like exit
because it was a lot of moms that were really just
really scared. [T1D caregiver]

No one wastelling me anything...I mean | knew | had
stuff wrong with me, but no one was telling me what
it was or what it meant or what that means for the
rest of my life. [ADHD Teen]

Digital Opportunities

In their quest for knowledge, caregivers reported technol ogical
solutions that would help to facilitate access to the education
they are looking for. This included precategorized discussion
groups that allow the caregiver to match what they are looking
for before they get caught up in topics that are not helpful and
preapproved, credibleinformation sources (eg, reputableclinics,
local hospitals, their doctor) that provide access to reliable
information when they need it the most (eg, when symptoms
do not make sense and caregivers want access to tips). The
caregivers did not want to browse through thousands of sitesto
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find key information. Also, atool that helps compare efficacy
among competing manufacturers (eg, commercial options for
medications or food brands in the case of diabetes) was
proposed.

Symptom Monitoring and Support

Key Challengesand Barriers

The initial adjustment period is rife with triggers, which
frequently catch caregivers and teens off guard and can lead to
full-on symptoms. Without timely support, symptom onset
causes significant distress of being overwhelmed or unprepared.
Teens are looking for ways to get immediate help for their
symptoms without having to call their caregiver or an HCP.
Avoiding hospitalization is certainly another key goal for the
family.

Caregivers and teens struggle with how to deal with sudden
symptom onsets, especially at night, or when the teen is away
from home or the caregiver. Both teens and caregivers are
diligently seeking pre-emptive alerts of ahealth care crisis. For
instance, one participant caregiver reported that she constantly
wakes up in the middle of the night to double-check her teen’s
blood sugar. A mother of another teen fears a sudden unexpected
death in epilepsy crisis, known to occur overnight with people
who live with epilepsy.

In addition to unmet needs regarding symptom monitoring,
teens also desire actual symptom relief or advice when they are
away from their caregiver or other support. Like this caregiver
who had a son with ADHD and anxiety:

| [caregiver] said, “ Are you really anxious about
this?” And he[teen] said, ” Yeah. Why?" And | said,
“ Because you have scratches!” So, having an app or
some sort of technology that could be like, " Hey,
you're kind of, digging your...a hole in your arm.
Can't you stop doing that?” Like, it would be
awesome. So, if he was able to be like, “Oh, I'm
scratching. | should put that in. That's happening”
And so now he knows when it happens, and we can
talk about what was going on when it happened.

Digital Opportunities

Participants outlined 4 technologies that would support them
in symptom monitoring. First, a symptom trigger tracker that
gives advance notice to the caregiver when symptoms may be
developing. Second, voice-activated tools (like Alexa, Siri, or
Google assistant) to oraly report and record symptoms (eg,
“begintiming of seizure”) or have atechnology to automatically
begin videorecording the episode for future reporting to HCP.
Third, tools that capture potential triggers or patterns over time
that are unique to each teen to prompt early responses or
pre-emptive actions. Fourth, families dealing with diabetes, CF,
and epilepsy particularly desire night monitoring in the form of
a smartwatch, clothing, or wearable scanner. These devices
could sound an alarm when vitals suggest a crisis is imminent
or send automatic SM'S text messages that warn and report to
the teen, doctor, and caregiver, simultaneously.
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Safety During Driving
Key Challengesand Barriers

Caregivers have a constant fear that their teen may have a
dramatic medical event whiledriving. Caregivers mistrust their
teen’sjudgment if they are driving when an emergency occurs.

So, if something could alarm her to sit down and be
safe, you know. And or appear where she's driving,
and to stop. Sop the car, pull over. Don't go any
further. And | wouldn't care what form it would be
in, if it would be a piece of clothing, if it would be the
watch, if it would be, you know, a kind of, like, an
earpiece, like those things that people use, a...not a
GPS Bluetooth. That'sit. Something to make her stop
what she's doing. [Epilepsy caregiver]

Digital Opportunities

Caregivers shared several technological solutionsthat may help
to reduce risk when driving. First, technology to prevent teens
fromdriving if they are at risk of amedical event because their
symptoms are not under control (eg, similar to a breathalyzer
that stops someone from driving under the influence). Second,
toolsthat help avoid the event that causesthe teen to lose control
when driving, such as extremely low blood sugar, seizures, and
difficulty staying attentive. Third, wearable technology, in
jewelry, clothing, or a watch, similar to an emergency button
in the car. When pressed, the device transfers key health
information to first responders or other passengers. Last,
technology that records the teens' driving activity. Records can
be used to differentiate if an accident was dueto their condition
or poor judgment.

Access to Health Care Providers

Key Challengesand Barriers

I ssues accessing HCPs are numerous and varied. Key barriers
include distanceto hospital, scheduling problems (cancellation,
wrong scheduling), responsiveness to requests and questions,
lack of integration and consistency among multiple providers,
and communication issues with or among HCPs.

[Doctors] don't listen to me. | called, | paged them

that night because she still couldn't walk after two

and a half hours. She had hit her head on the wall

and then the floor, and | paged neurology after the

first one and they were like, ” Oh, well just increase

her meds” They don't want to see her, they don't want

to do anything else. They just want to increase her

meds. | was livid. [Epilepsy caregiver]
Patients and caregivers who need to travel long distances or
frequent visitors with scheduling issues suffer the most, which
leadsto delayed health care services. Currently, communication
with doctors is based on what the caregiver or teen can recall
without written instructions. Further, no significant
communication usually occurs between visitsto HCP. However,
teens are willing to text or communicate directly with their
HCPs to bridge that gap.
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Digital Opportunities

Fivetechnological solutionswere suggested. First, a24-h SMS
text message-based helpline to health care providers—not
necessarily their own HCP—but an HCP they can trust and ask
general questions. Second, a real-time decision-making tool to
answer questionslike“1 am going to work-out for 2 hours. What
snack may be good?’ Third, a channel where the teen and
caregiver can contact an HCP expert and get general advice for
noncritical situations without waiting until the next HCP
appointment. Fourth, caregivers need a preappoi ntment tool so
that teens can prepare questions before going to the appointment.
Fifth, telemedicine to improve access to care.

Relationship Between Caregiver and Patient

Key Challengesand Barriers

The caregiver has a potentia to be the “bad guy” since they
take on the responsibility to remind the teen regarding proper
management of their diagnosis. Because teens struggle with
medication compliance, caregivers constantly remind teens to
take medications. Conflicts over compliance may cause
relationship problems. Some teenswho feel overwhelmed with
therapy may lie to their caregivers. Besides being detrimental
to their therapy management, this situation may cause the
caregiver to mistrust the teen.

Just when you think you got it...Everybody wasreally
trying their hardest, and that's when I'm finding the
medsbeing hid. Andit'slike, “ | thought we had finally
had a breakthrough and now defeated again,” back
to square one. [ADHD Caregiver]

Digital Opportunities

Communication technol ogies, which assume the reminder-police
role, may help to increase the strength of the relationship
between teen and caregiver. Caregivers wish that technology
could deliver news, reminders, and directions, so they did not
have to be the “nagger.” Teens want improved and remote
communication between the caregiver and themselves when
they first move out of the home (eg, college). A tool was
suggested to allow the caregiver and teen to collaborate on a
daily checklist that will help with reminders but also provide a
way for caregivers to check in instead of verbally asking
multiple times a day. Teens believe this tool will help improve
their relationship with the caregiver. A tool that offers caregivers
objective proof that the teen has done their therapy (eg, avitals
readout, video footage of the teen completing therapy-related
activities) was also proposed. Lastly, adigital assistant tool was
suggested that, when the patient desires, can givetheir caregiver
areal-time readout of vitals or other statistics that will help to
double-check decision making and make check-ins easy.

Long-Term Perspective

Key Challengesand Barriers

Caregiversperceived that their teen tendsto think in the moment
without considering how their actions and choices can have a
negative impact on their therapy path. In addition to gaining
life skills and understanding as any normal teen, teens with a
chronic medical condition have the extra challenge of learning
about the different circumstances caused by their condition.
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I worry if my son understands that how the choices
he makes now will affect hislong-termhealth. He has
his typical teen attitude of resisting our instructions,
but it will have a big impact on his future [CF
caregiver]

Digital Opportunities

Technology to help develop aright mindset for better decision
making was requested. This included decision assistance tools
to help teens understand how choices today affect long-term
health, technology to visually demonstrate how good choices
today add up long-term, and scenario tool s that help teensthink
through situations specifically related to their condition and
prompt them to be proactive about proper management.

Supply Management

Key Challengesand Barriers

Teens do not want to be burdened with keeping track of their
supplies (eg, ordering, and maintaining an emergency stash),
especially when at college. Some teens did not have access to
school nurses, as these nurses serve more than one school on
any given day. Thus, when an emergency supply is needed, a
backupisnot available (eg, studentswith T1D at rural schools).

Parents expressed feeling overwhelmed managing the
medi cation-supply aspect of care. In addition to managing their
own busy schedules, they also carry the burden of keeping an
inventory of supplies and medications. Families with several
children or with a teen with multiple conditions face greater
challenges in managing supplies.

| have a hard-enough time keeping up with all their
school activitiesand appointments. It's overwhelming
to keep up with all the medications and making sure
we have all the refills at the right time for each of my
children. [Epilepsy caregiver]

Digital Opportunities

Teens and caregivers shared their ideas about technology that
could help such as inventory tools to assist in tracking and to
alert caregiverswhen supplies are low. Another suggestion was
smart ordering, delivery, and storage for a seamless ongoing
supply, which could ease the transition to college or away from
home.

Financial Struggles

Key Challengesand Barriers

Caregiversare commonly overwhelmed with complex insurance
policiesand health care coverages. While they suspect they may
not have the optimal coverage, they lack time or expertise to
compare or assess options. For example, despite long-term use,
they may experience a sudden loss of access to a drug or an
important medical supply. Solving this problem can be
time-consuming and anxiety-provoking. Finances are not ateen
stressor at this stage.

Insurance, we had to adapt to the Ohio systems. Well,
it's the secondary insurance that was really the
problem...I'll just say, secondary state-assisted
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insurance, essentially, changed. Thisisvery stressful.

[CF caregiver]
Furthermore, caregivers are aware that some medical
technologiesare limited by an insurance company’swillingness
to pay and al so because demand exceeds supply. They alsowish
to tap into theinsurance navigation expertise they believe exists
among the professionals at hospitals. In that regard, caregivers
would liketo rely on hospital sto give advice on getting the best
out of their insurance or choosing the best insurance, considering
the chronic conditions they have.

Digital Opportunities

Caregivers expressed their expectations on technol ogy-based
financial decision support. Thisincluded adigital concierge-type
service to better compare options and maximize coverage and
digital tools to improve the price transparency in care.

An Ecosystem of Technology Solutionsto Facilitatean
Ideal Transition

In this study, once we identified the challenges in
sdlf-management throughout their life journey for both theteens
and caregivers, we primarily used the participant’s inputs to
develop recommendations for technological solutions and
opportunitiesthat could facilitate the transition to independence.
Our patient-centered approach helped to identify some digital
opportunitiesthat could assist teensand caregiversin achieving
an ideal transition. The following 5 solutions were synthesized
fromtheidea experience activity that the patient and caregiver
collectively envisioned. To support each proposed solution, we
also include examples from the current literature.

The Teen-Caregiver Communication

A new platform (eg, device, app, or software) that would provide
support and cushioning in communication several times a day
between caregiver and teen during early transition. Thisplatform
would act asabridge by providing acollaborative, task-sharing
platform with a built-in reward system. However, the platform
should also evolveto help the teen expand their support network
while keeping the caregivers in the loop through weekly or
monthly reporting.

Current Implementations

Researchers from Michigan State University have proposed a
mobile app, MyT1D Hero, to create acommunication platform
among teens with T1D and their parents to support
self-management [7].

Education and Tracking

This integrated platform would provide a channel for a daily
dose of age-appropriate education and information tracking for
the teen and support caregiversin their daily decision making.
Thefocus at the early stage is helping the teen understand their
body, their disease, symptoms, and triggers. Later in the
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transition, when teens start making therapy decision on their
own, the platform needs to evolve into becoming a coach.

Current Implementations

The gamification concept has been used to educate kids and
parents about managing diabetes[13] and for tracking theteen's
condition [14,15].

Teen-Caregiver and Health Care Providers
Communication Bridge

This platform needs to provide seamless communication
between HCP, caregivers, and school to lessen the additional
burden on caregivers and keep everyone on the same page. The
teen begins to communicate more with their HCP early on to
help build trust, while the caregiver continues to be the main
point-of-contact and influence in the early stage.

Current Implementations

A communication platform among caregiver, HCP, school
administration, and the teen has not been observed. However,
the use of social media was found to be effective in creating a
communication network, but not without severa limitations
and privacy concerns[16].

Emergency Support System

This platform would provide emergency support and cautionary
alerts for caregiver and teen and external networks (eg, HCP,
school nurses, and first responders). The system needs to be
designed to prevent serious conseguences from the sudden onset
of medical events from occurring, while also training the teen
and peersto know how to act and respond during an emergency.
This system would be connected to a mobile device (phone or
wearable device) for the teen that is similar to a medical aert
button.

Current Implementations

Emergency support systems at the individual level for teens
have not been observed in CDM literature. However, emergency
apps available in the market can be leveraged in chronic
disease-related emergencies, such as Medical ID app [17].

Supply Management System

This platform aimsto reduce the burden of supply management
and organization for the caregiver and teen by providing afully
integrated system of alerts, reminders, and automated supply
replenishment and management. Additionally, the platform

could provide assi stance with and education regarding insurance
and financial and legal support.

Current Implementations

Althoughintegrated supply management has not been observed
inthe literature, Mango Health app [18] enables caregiversand
teens to track their medications. Retail pharmacies like CVS
and Walgreens are also starting to have integrated systems for
patient’s medical supply management.
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Figure 3. Outlining the proposed ecosystem of digital health solutions. HCP: health care providers, comm: communication; ext: extended.
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Proposed | ntegrated Ecosystem of Digital Health
Solutions

The five technology opportunities above are interrelated and
form atechnological ecosystem, enabling information flow and
communication between the solution systems to create an
integrated approach to CDM. The proposed solution ecosystem
(Figure 3) is designed for seamless communication and
information flow among parties and technology solutions to
assist ateen in managing a chronic disease during transition to
independence. In the figure, the circles represent the 5 digital
opportunities identified to enhance the teen-to-independence
transition while managing achronic diagnosis. Linesin between
the concepts indicate integrated lines of communications
between other digital solutions. These connections are
hypothesized based on study observations. The boxes present
examples for each solution. Each of these solutions can evolve
with the changing needs of the teen throughout their transition.
For instance, the teen and caregiver bridge may promote
medication compliancein early transition, logging therapy tasks
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and sending reports to HCPs in midtransition, and using time
management tools for managing therapy in late transition.
Further interview notes on technology opportunitiesin transition
to independence are provided in Multimedia Appendix 2.

Discussion

Transition ChallengesRequirea M ultifaceted Solution
Approach

The ten themes identified in our study are well supported by
the literature. The first two themes “Lack of support and
communication” and “Managing social stigma” revealed that
support from the socia environment is a fundamental need,
necessitating a deeper understanding of teens’ social state[19].
Koetsenruijter et al [20] al so argued that individual swith chronic
conditions need social support for health management.

Inthethird theme“ Accessto education, ” to support their teens,
caregivers desire access to educational material to learn as
much as possible regarding the disease’s symptoms,
management, and treatment options. Despite the importance of
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education to support self-management in CDM [5,19], the
literature suggested that barriers to having quality education
and information included unreliable Web resources and limited
health and computer literacy of users[21].

In the fourth theme “Symptom monitoring and support,” in
addition to managing symptoms, families want a pre-emptive
advantage through continuous symptom monitoring. If an
impending medical crisiscould beidentified through early aderts,
their teens could receive aid quickly, possibly mitigating more
severe conseguences. Several digital solutions have been offered
for symptom monitoring and support [22], yet adoption is not
widespread.

Thefifth theme * Safety during driving, ” that is, safety of teens
while driving is another major concern. Since commuting is a
significant part of the daily routine, caregivers are rightfully
concerned about medical emergencies that may occur while
teensaredriving. The severity of driving accidentsamong young
driverswith achronic condition has been argued in the literature.
Comparing young drivers with and without ADHD, a study
demonstrated that teens with a chronic condition had higher
driving risks [23]. Thus, CDM initiatives should incorporate
safe commuting.

The sixth theme “Access to health care providers’ is
problematic regarding open communication and information
sharing. CDM technol ogies, which are availableto access health
care, are highly efficient and help reduce clinic visits [5], but
our findings suggest that the practical use of these technologies
has not yet reached maturity.

Likewise, technology wuse in families revealed that
communication technologies would enhance a reciprocal
relationship between the caregiver and teen, which was the
seventh theme. Thiswould be a promising aspect of technology
use, to further extend the benefits of technology (eg, mHealth
interventions), in health care management and communication
for teens among caregiver and HCP [4].

Communication technol ogies can also be used to support teens
making healthy decisionsfrom along-term perspective, the 8th
theme. Clinical decision-making systems have been proven
successful in CDM in a clinical environment [24]. Yet, our
findings suggest that the focus for decision support needsto be
individualized for teensto assist them in transitioning.

Similarly, individualized technologies for controlling medicine
inventories and enhancing personal supply management, the
ninth theme, would assist teensin transitioning to independence.

Aboveall, caregiversreport financial struggles, thetenth theme,
asamajor barrier to accessing current assistive technologiesin
CDM. Thus, financial issues may have a mediating effect on
other challenges. Likewise, the families interviewed wished to
receive medical support using low-cost communication and
information technologies.

Guidance and Empower ment Through an Ecosystem
of Digital Solutions

A singletechnology solution was insufficient to meet the many
challenges patients and caregivers face in launching to
independence ateen with achronic condition. Rather, our study
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derived an ecosystem of digital health solutions. The 5 proposed
technology opportunities for ideal transitioning were derived
from self-reported technological expectations of teens and
caregivers. Fundamentally, these opportunities reflect their
expectations and need for a communication system that links
the core stakehol ders (patient, caregiver, and HCP).

Measuring the patient’s quality of life and quality of
communication among caregivers, teens, and HCPs is
problematic [5,19]. Therefore, to overcome the major
communication issues, we propose devel oping acommunication
platform. Similarly, enhancing medical education and health
literacy would aso be beneficia during transition to
independence and for the long-term CDM of teens [5]. The
identified opportunities align well with Miller et al’s [25]
findings regarding the technology preferences of young people
intransition for accessto health care and communication needs,
and Ranade-K harkar et a’s[26] information goal types among
HCPs and caregivers for kids with special health needs.

From a broader perspective, teens may benefit from using
technology inthelong term, starting with the early introduction
of technology tools and successfully engaging with technol ogies
through adulthood for CDM [27,28]. The technology used for
communication and self-management would facilitate the
treatment and consulting process, assist teens with
condition-specific needs, and make digitaa CDM more
sustainable [5,19].

Still, as per the suggestions in this study, sustainability and
long-term engagement need focus and familiarization to reduce
teen frustration and reluctance with technology [29,30]. In that
regard, Griffiths et a [6] suggested using technology-based
health care services with an existing, trusted HCP team for
conveying services to identified needs. The HCP team aso
needs to work on effective information resource use for timely
access. To maximize efficacy, collaborative co-design with
patients and continuous improvement of solutions should be
considered [2]. Within this context, gamifying the CDM concept
to promote engagement, sustainable self-management, and
communication is another possible approach for digital health
development.

Limitations

As a quality improvement study to improve digital health
delivery at NCH, we recognize important limitations on
generalizability. Our study covered only 3 of the 9 top chronic
conditions among children in the United States [31]. Also, the
sample size may be insufficient to derive generalizabl e results.
Since the study lacks quantifiable input, power and other
statistical analyses are precluded from testing our findings. As
is frequently the nature of qualitative methods, analyst bias
could have affected this study to some extent in both data
collection and interpretation. These limitations can be addressed
by future implementations to validate the findings from this
study.

Conclusions

In this study, challenges and barriers for teens with chronic
diseases and their caregivers were identified, discussed, and
matched with technological opportunities and solutions.
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Technological solutions and digital health mechanisms were  intervention methods [32]. We suggest future studies to create
suggested as mediating tools for better communication among  a virtua bridge between individuals and institutions and to
patient, caregiver, HCP, and authorities. These findings would  disseminate the technology and its use.

help to extend current efforts using mHealth management and
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Abstract

Background: Thegrowth intheavailability of personal genomic datato nonexperts poses multiple challengesto human-computer
interaction research; dataare highly sensitive, complex, and have health implicationsfor individuals and families. However, there
has been little research on how nonexpert users explore their genomic data.

Objective:  We focus on how to support nonexperts in exploring and comparing their own personal genomic report with those
of other people. We designed and evaluated CrossGenomics, a novel tool for comparing personal genetic reports, which enables
exploration of shared and unshared genetic variants. Focusing on communicating comparative impact, rarity, and certainty, we
evaluated alternative novel interactive prototypes.

Methods: We conducted 3 user studies. The first focuses on assessing the usability and understandability of a prototype that
facilitates the comparison of reports from 2 family members. Following a design iteration, we studied how various prototypes
support the comparison of genetic reports of a 4-person family. Finally, we evaluated the needs of early adopters—people who
share their genetic reports publicly for comparing their genetic reports with that of others.

Results: In the first study, sunburst- and Venn-based comparisons of two genomes led to significantly higher domain
comprehension, compared with the linear comparison and with the commonly used tabular format. However, results show gaps
between objective and subjective comprehension, as sunburst users reported significantly lower perceived understanding and
higher levels of confusion than the users of the tabular report. In the second study, users who were alowed to switch between
the different comparison views presented higher comprehension levels, aswell as more complex reasoning than users who were
limited to a single comparison view. In the third study, 35% (17/49) reported learning something new from comparing their own
data with another person’s data. Users indicated that filtering and toggling between comparison views were the most useful
features.

Conclusions: Our findings (1) highlight features and visualizations that show strengths in facilitating user comprehension of
genomic data, (2) demonstrate the value of affording users the flexibility to examine the same report using multiple views, and
(3) emphasize users' needsin comparison of genomic data. We conclude with design implications for engaging nonexperts with
complex multidimensional genomic data.

(J Med I nternet Res 2018;20(9):€10297) doi:10.2196/10297
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Introduction

Overview

Recent years have seen a sharp increase in the availability of
personal genomic datato nonexpert consumers. Peoplewith no
formal training in genetics can get access to their genomic
information by sending a saliva sampleto a direct-to-consumer
genetic testing provider, and results are delivered using a Web
app. Users then must interpret large amounts of complex data
involving sensitiveissues such as diseaserisk and carrier status.
The interpretation of the data may impact lifestyle decisions,
emotional state, and well-being of users and their biological
family members.

The availability of extant and complex data in need of
understanding by nonexperts is an opportunity for
human-computer interaction (HCI) research [1]. Identifying
user needs and devel oping novel waysto help users understand
their persona genomic data can make a substantial impact on
the well-being of people. However, to date, HCI research on
interaction with personal genomic dataisin itsinfancy. Studies
that investigated the information practices of personal genomic
data users found that nonexperts seek to contextualize and
compare their personal data with others (eg, family members
and others with similar medical conditions) [2,3]. The
family-relevant nature of genetic data highlights the need for
tools to enable nonexperts to explore not only their own data
but also to compare and contrast it with the data of others.

We present CrossGenomics, thefirst tool to date for nonexpert
engagement with multiple gene variant reports. The tool
facilitatesthe exploration of shared genomic information among
family members or a comparison of genomic information with
others. Such comparisons enable usersto explore what variants
they sharewith others and what setsthem apart, thusincreasing
the understanding of their genetic makeup and enriching the
genomic narrative people can construct. There has been a
growing interest in exploring how peopleform social tiesaround
health conditions caused or influenced by genetic
characteristics—what Kuznetsov et al have called biosociality
[2]. In this paper, we discuss findings from 2 user studies
focusing on assessing the usability and understandability of
comparing genetic reports of family members using aternative
prototypes of CrossGenomics. In the third study, we explore
how people engage with genomic information of famous people,
thereby drawing on the public availability of personal genomic
information of a few known people, the growing interest in
biosociality, and the trend of self-comparison with celebrities,
which isincreasingly evident in popular culture [4,5].

Beyond the domain of personal genomics, this study expands
on a growing body of work, which identifies needs and
opportunities to design information-tracking tools for
collaborative monitoring of and reflection on family health
[4,6-8]. In particular, the paper makes the following
contributions: (1) presenting theiterative design and evaluation
for a tool that facilitates multidimensional and multiperson
comparisons of complex persona data, (2) analyzing the
differences between objective comprehension and perceived
understanding and shedding light on discrepancies between

http://www.jmir.org/2018/9/€10297/
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subjective and objective knowledge, and (3) exploring user
needs in the context comparing personal genetic data across
individuals.

Background

Nonexpert Engagement With Personal I nformatics

Our work on communicating personal genomics to nonexperts
draws upon an increasing body of work in personal informatics,
which investigates how to make persona data more
understandable for nonexpert users and more embedded in
everyday lives of people. Rooksby et al proposed theterm Lived
Informatics to highlight that collecting and using personal
information is embedded in day-to-day lives of people [9]. A
widely accepted model of how people use personal informatics
toolsisthe 5-stage model of Li et a [10], which describes the
iterative transition between preparation, collection, integration,
reflection, and action. This model had been extended by
differentiating stages of reflection [11,12] and characterizing
challengesin lived informatics for diverse goals of users[13].

Researchers have also studied design interventions and
guidelines for making personal data more understandable and
accessible for nonexperts. For example, Rapp and Cena
investigated usage patterns, information needs, and challenges
of naive users or those who are new to persona informatics.
Their findings highlight important differences compared with
experienced users, including reduced tolerance to practical
difficulties, ambiguous representations, and unintuitive
interaction modalities[14]. They also proposed design strategies
to address these issues [14] and studied the impact of a new
personal informatics system designed to address the needs of
naive users [15]. Epstein et al visualized subsets of collected
location and physical activity data using a variety of
presentations [16]. Bentley et a developed a system that
aggregates multiple aspects of personal well-being data and
provides peoplewith insights based on complex relations using
natural language [17]. They showed that users were able to
understand complex relationships and change their behavior to
improve their well-being.

Designing for nonexpert engagement with personal genomics
shares goal swith personal informatics. However, there are some
important aspects unique to persona genomics, including the
dynamic nature of itsinterpretation (as new scientific discoveries
are made), and the varying levels of certainty of evidence
regarding theimplications of the datafor well-being of aperson.
In addition, although personal genomic dataare deeply personal
and sensitive, they are shared across biological family members
and communities. In this study, we focus on the shared aspect
of the data, allowing individuals to compare their genomic
information with relevant others.

Nonexpert Engagement With Personal Genomic
Information

Direct nonexpert user engagement with personal genomic
information has been relatively understudied in the HCI field
[18]. Severa studies investigated the motivation for and
subjective experience of genetic testing and of using interactive
toolsto understand results [19,20].
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Leighton et a [19] found that nonexperts misinterpret genetic
testing results without appropriate assistance. Kuznetsov et a
[2] presented users with their own 23andMe data to understand
how they make sense of and contextualize their results. Shaer
et al [3] studied how nonexpertswho participate in the Personal
Genome Project exploretheir own data. They found that similar
to other types of persona information [9], engaging with
personal genomics could serve a goal, such as finding
information about family ancestry and medical history, or be
driven by more general curiosity. Their findings also indicate
that nonexperts seek to understand their personal genomic
information in the context of other individuals, ancestry
information, and family medical history.

Exploring the impact of specific report designs, Hagaet a [21]
studied alternative formats for a text-based genetic laboratory
report. Shaer et a [3] compared alternative designs of visual
genetic variant reports and showed that a bubble-chart
visualization is more effective than other design approaches.
On the basis of this finding, they developed a visua tool for
nonexpertsto exploretheir own personal genomicsinformation
[22]. In this study, we draw on design recommendations
introduced by Shaer et al [22] and apply them to the design of
a multiperson genetic report that supports the comparison of
multiple genomes.

Sharing and Exploring Health Data

In recent years, we have witnessed the rise of cocuration in
health and medical contexts by nonexperts [23]. Websites such
as TuDiabetes, PatientsLikeMe, and Eat.ly help users to make
sense of their experiences and conditions by presenting, sharing,
and commenting on health knowledge [24-26]. These websites
can elicit new concepts for nonexpert health care vocabularies,
coding sets, and classifications [25]. In afirst effort to facilitate
shared genomic data exploration among biological family
members by nonexperts, we designed and evaluated
CrossGenomics, which enables users to explore what variants
they have in common with others.

Comparing Genetic | nformation

Visual tools that compare personal genomic data of different
people were introduced by industry with nonexperts, but such
tools focus on ancestry exploration. A visualization offered by
23andMe presents shared chromosomal segments between
individuals but does not enable comparison and exploration of
health and trait information. Several visual tools are available
for comparing multiple genomes, including Ensembl [27], IGV
[28], Gitools[29], Circos[30], Genome Data Viewer [31], and
OMICtools[32]. However, these tool swere designed for expert
users seeking to discover new genetic associations with traits
and disease. Such tools provide access to a large variety of
metrics, filters, and visualizations, creating numerous leads for
discovery. In contrast, CrossGenomicsisintended for nonexperts
asareport on the existing state of knowledge with regard to the
known effects of genetic variants (through published research).
Weaimto facilitate nonexpert engagement with the datathrough
exploration, while at the same time communi cating the multiple
dimensionality and uncertainty inherent to genetic data.
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Visual Toolsfor Comparing Complex Datasets

In other domains, tools were developed for users to compare
and contrast multidimensional and complex datasets [33-37].
The LifeLines system [38], which displays persona history
information, was found to perform better compared with a
tabular representation. In the context of energy consumption,
Valkanova et a [39] presented an interactive visualization
system that compares individuals and communities. Most
relevant to our research context aretoolsthat allow comparison
between individua swho arerelated to one another. For instance,
to support collaborative exploration of family-related
information, Zimmerman et a explored the vaue of
technology-supported parents-teens interactions around issues
of finance [40]. These tools demonstrate the potential and need
to further consider design guidelines for developing tools for
nonexperts to compare complex data.

Open Humans

Open Humans [41] is a platform dedicated to enabling
individuals to manage data and contribute it to research. It was
developed with grants from the Robert Wood Johnson
Foundation and the Knight Foundation and is currently
supported through grants from the Shuttleworth Foundation.
Open Humans enables its volunteers to connect data from a
variety of current -omic sources. Individuals can join studies
on the site, share data with those studies, and contribute to new
research. Open Humans acts as an aggregator of participants
and data, enables these participants to join new studies, makes
data available via application programming interfaces (APIs),
and has features for study recruitment and deployment. Open
Humans currently supports a variety of -omic data, including
genome and exome data (Harvard Personal Genome Project,
Gencove, VCF file donation), genotyping data (23andMe,
Ancestry DNA), and microbiome data (American Gut, uBiome).
This aggregation of participants and data by Open Humans
allowed for the creation and promotion of our study to a pool
of potential participants with publicly shared genomic data.

Methods

Design

We designed novel interactive gene variant reports that allow
nonexpert usersto compare variants acrossindividuals. Through
an iterative design process, we developed 3 alternative designs
of an interactive visual persona genomics comparison tool
called CrossGenomicsthat enables nonexpert usersto compare
their gene variants with others. We used the data and
interpretation created by the GET-Evidence gene variant report
[42], which contains a list of gene variants known to be
associated with traits or medical conditions. Thus, our interactive
reports only present gene variants with known (ie, published)
effects.

We focused on highlighting 3 dimensions of the data, which
werefound to be particularly important when exploring personal
genomic information [22]: impact, which refersto type of effect
(eg, whether the gene variant causes or protects against disease),
rarity, which highlights gene variantsthat are especially unusual
(high rarity indicates low frequency in the population), and
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certainty, which describes the strength of scientific evidence
supporting a putative effect. Comparing and contrasting people's
data across these dimensions can help them explore
commonalities and differences, as well as implications for
potential future health conditions.

In visualizing these dimensions, we drew upon GenomiX [22],
an interactive gene variant report for a single genome, where
color, size, and position represent impact, rarity, and certainty,
respectively. The 3 visual prototypes we developed for
CrossGenomics use the same visual encoding as Genomix for
representing individual variants but are varied in the
visualization technique used for depicting and comparing
multiple gene variant reports.

Across the 3 alternative visual prototypes we created for
CrossGenomics, color and size retain the same meaning. Color
represents impact—pathogenic (red), benign (gray), protective
(blue), pharmacogenetic (purple), or carrier (colored polka dot
pattern). These impact categories were derived from
industry-standard classifications in GET-Evidence [42]. It is
common for published effects to be classified in this manner.
Similar classifications are used by ClinVar of National Center
for Biotechnology Information [43]. Only variants with known
effects are represented. Size represents rarity—the larger the
representation of the variants, the rarer the gene variant is.

Users could filter gene variants based on person, health category,
potential impact, and certainty of evidence with the options
“Well-Established,” “Likely,” and “Uncertain.” These categories
of certainty of evidence were determined by the GET-Evidence
[42] interpretation. Users could also click on a variant to learn
more about it. Information, including the variant’sname, clinical
importance, potential effect, and an effect summary, would

http://www.jmir.org/2018/9/€10297/

Westendorf et al

appear in the sidebar. There was also a clickable glossary to
explain scientific jargon.

To represent and facilitate comparisons across multiple
genomes, we developed 3 alternative prototypes of
CrossGenomics, each based on visualization techniques
currently used by experts for comparative genomic data: linear
[44] and circular alignments[27,29-31,45] and aVenn diagram
[28]. However, as our tool isaimed at nonexperts, in our design,
we carefully balanced simplifying the visuaizations with
highlighting important dimensions and facilitating free
exploration.

We iterated on the design of these 3 visual reports by testing
prototypes in increasing fidelity with nonexpert users
(Mechanical Turk workers), experienced users (nonexpertswith
accessto their personal genomicsreports), and genomicsdomain
experts. In each iteration, we refined the design, addressing
issues such as ordering, synchronized selection, and filtering
and sorting variants, size, and alignment.

In addition, we devel oped atable-based report that is modeled
after the GET-Evidence report [42], to reflect the current report
type the users of personal genomics often have access to. We
implemented CrossGenomics as a Web app using JavaScript
with D3,js.

CrossGenomics 1.0

Figures 1-4 show the 4 alternative designs we developed for
comparing personal genetic reports. atable-based report (Figure
1), alinear visuaization (Figure 2), a sunburst visualization
(Figure 3), and a Venn visualization (Figure 4). These 4
prototypes were evaluated in user study 1.
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Figure 1. Tabular report: the table is similar to the existing GET-Evidence report with each row representing a variant in one or both of the reports.
Two columns were added to the table and check marks were used to denote the presence of a gene variant for each sibling.
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Figure 2. Linear visualization: each rectangle represents a gene variant. Jamie’s variants are represented along the top, Alex’s variants are represented
along the bottom, and their shared variants grouped to the left.
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Figure 3. Sunburst visualization: each arc represents agene variant. The inner circle represents Jami€'s variants and the outer circle represents Alex’s.
Variantsin both circles represent the ones Jamie and Alex have in common.
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Figure 4. Venn visuaization: displays a Venn diagram of gene variants. The bubbles on the left represent Jamie's variants and bubbles on the right
are Alex’s. Bubblesin the middle represent the variants Jamie and Alex have in common.

RQ1: To what extent are users able to comprehend

Ethics Statement both intraindividual (important genetic information

The studies were approved by the institutional review boards of an individual) and interindividual information

of Wellesley College and New York University. (comparing similarities and differencesin the reports

User Study 1: Comparing | nter active Genetic Reports of 2 people)?

of Two People RQ2: How do people engage with a comparison tool
) for personal genomic data, and what visualization

Overview features are most helpful for comprehension?

Our first user study aimed to evaluate the effectiveness of each RQ3: How doesthe report typeimpact comprehension

of the 4 alternative report viewsin comparing the genetic reports of genomic data comparison?

of 2 peoplt_a(CrossQenomics 1.0). In particular, weinvestigated RQ4: Are there any gaps between subjective and

the following questions: objective comprehension?
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A website was developed for a between-subject experiment
with the 4 alternative report views comparing the persona
genomic information of 2 fictional siblings, Jamie and Alex
(Figures 1-4). Thisfictional dataset of personal genetic reports
of 2 siblings was created based on publicly available personal
genomic datashared on Open Humans, using the GET-Evidence
[42] interpretation. The same datawere used acrossthe different
views. Using a fictional dataset to assess nonexpert
comprehension of personal genomic dataisacommon practice
in personal genomics studies[19,21,29].

Procedure

After digitally signing a consent form and responding to basic
demographic questions, participants completed a tutorial on
personal genomics using materials from the Personal Genetics
Education Project [46]. Comprehension of pretask material was
assessed by a6-question quiz [3,22]. Those who failed to answer
at least 3 questions correctly were excluded from the analysis.
Userswere then randomly assigned to one of the 4 experimental
conditions in which they were exposed to one of the report
views and interacted with it.

To assess the effectiveness of the report views, we examined
comprehension of the users after their interaction with them.
Participants were asked to answer comprehension questions
using their report tool. The questions (see Multimedia A ppendix
1) required intraindividual and interindividual information. This
guestionnaire was developed in consultation with a genomics
expert with experience in engaging nonexperts to explore how
persona genetic datarelateto published research. It was adapted
from an existing questionnaire [3] for use in the comparative
context of this study. We then pilot-tested the questionnaire
with nonexperts (Mechanical Turk workers).

In addition, participants were asked about their perception of
ease of use of thetool using a5-point Likert scale. Participants
were also asked about their perceived understanding of the
report. Finally, participants were asked open-response questions
about how useful the visual features of the report were and what
aspects should be improved. The full study 1 questionnaire is
included in Multimedia Appendix 1.

Participants

We recruited participants via Amazon Mechanical Turk.
Mechanical Turk iswidely used in research aimed at adiverse
nonexpert population [47,48], aswell as studies of visualization
perception [49]. Our goal in the experiment sample selection
was not to form arepresentative sample of abroader public who
currently undergo direct-to-consumer genetic testing (DTCGT)
but rather to prepare for a relatively near future in which
DTCGT is more prevalent. Prior research [50] has shown that
the population of Mechanical Turk is at least as representative
of the US population as other subject pools. The 99% approval
rate threshold was set to ensure that participants take the
response to the task before them seriougly.

A total of 485 users were distributed across the following
conditions: Venn view 24.5% (119/485), sunburst view 24.5%
(119/485), and linear view 27.4% (133/485), and 23.5%
(114/485) used a table-based view currently available to
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consumers (ie, control condition). Demographics of users are
described in Table 1.

Data Analysis

We compared user responses across conditions using analysis
of variance (ANOVA) and post hoc Tukey HSD tests. Responses
of usersto comprehension questionswere scored as 1 if correct
and Oif incorrect. The sum of scores served asacomprehension
measure, ranging between 0 (all responsesincorrect) and 5 (all
responses correct). Responses to the perceived understanding
and ease-of-use questions were calculated as the mean of the
responses to the respective survey items, ranging between 1 and
5. Responsesto the open questions were analyzed using content
analysis methods; first-level codes were developed from
preliminary review by 2 independent coders. The codes were
then collapsed into categories based on frequency, and themes
were identified through analysis of categories. Intercode
reliability based on 100% of the data was very good at 93%.

User Study 2: Comparing Interactive Genetic Reports
of Four People

Overview

In study 2, we sought to evaluate the extension and redesign of
thetool (CrossGenomics 2.0) to facilitate acomparison between
4 fictional family members, 2 siblings and their parents. We
evaluated the effectiveness of each of the 3 report views (table,
linear, and sunburst) in comparing the genetic reports of 4 family
members, aswell as afourth view that offered users the ability
to switch between the 3 other prototypes. Figures 5-7 show the
interactive reports used in this study.

In particular, we expanded on our investigation of RQ1-RQ4
from user study 1 and explored an additional question:

RQ5: Does the ability to switch between different
genetic data visualization, based on the information
sought by the user, affect comprehension and
behavior?

Similar to study 1, we assessed to what extent users were able
to comprehend both intraindividual information and
interindividual information. We conducted a between-subject
experiment, comparing the 4 different interactive report
prototypes. Each report presented the persona genomic
information of 4 fictional family members, 2 parents and 2
children. The same personal genomic data, which were created
based on publicly available genomic information shared on
Open Humans, using the GET-Evidence [42] interpretation,
were used across the different views.

Procedure

After digitally signing a consent form and responding to basic
demographic questions, users completed the same tutorial on
personal genomics and comprehension test of pretask material
from study 1. Those who failed to answer at least 6 questions
correctly were excluded from the analysis. Users were then
randomly assigned to one of the 4 experimental conditionsin
which they were exposed to one of the toolsand interacted with
it.

JMed Internet Res 2018 | vol. 20 | iss. 9 [€10297 | p.139
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

To assess the effectiveness of the tools, we examined users
comprehension using 14 comprehension questions. The
guestions were designed to assess users understanding of
different concepts (impact, comparison, carrier status, category,

Table 1. Demographic information for the 3 user studies.

Westendorf et al

rarity, and certainty) and required intraindividua and
interindividual information. This comprehension questionnaire
was developed in consultation with the same genomics expert
from study 1, adapting the questionnaire from study 1.

Study number  Participants, N  Population Averageage Gender (female), Compensation Purchased DTCGT2
(years) n (%) n (%)
1 485 Amazon Mechanical Turk USusers  34.8 233 (48.0) USsS $5 6(1.2)
with arecord of at least 100 tasks at
an approval rate above 99%
2 183 Amazon Mechanical Turk USusers  35.2 99 (54.1) US$5 9(5.0)
with arecord of at least 100 tasks at
an approval rate above 99%
3 49 Users with publicly available 51.3 17 (34) Lottery for aFitBit 49 (100)
23andMe data on Open Humans lonic Watch

3DTCGT: direct-to-consumer genetic testing.
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Figure 5. Tabular report: the table is similar to the existing GET-Evidence report, with each row representing a variant in any of the reports. Four
columns were added to the table and a checkmark or a carrier indicator was used to denote the presence of agene variant for each family member. We
added a new search and filters bar.
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Figure 6. Linear visuaization: each rectangle represents a gene variant and each row represents a family member’'s genome. Parent 1's variants are
represented at the top, followed by Parent 2's variants, then Child 1's variants, then Child 2's variants at the bottom. The colored variants in each row
represent the variants of one family member.
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Figure7. Sunburst visualization: each arc represents agene variant, and each full circle represents afamily member’sgenome. The outer circle represents
Parent 1's variants, followed by Parent 2's variants, then Child 1's variants, and then Child 2's variantsin the inner circle. The colored variantsin each

circle represent the variants of one family member.

Participants were also asked about their subjective perception
of ease of use of thetool, using a 5-point Likert scale. Finally,
users were asked open-response questions about the usefulness
of the visual features of the report and about possible
improvements. The complete study 2 questionnaireisincluded
in Multimedia Appendix 2.

Participants

We recruited 183 Mechanical Turk users, who were distributed
acrossthefollowing conditions: linear (45/183, 24.5%), sunburst
(43/183, 23.5%), and table (48/183, 26.2%), and 45 (24.5%)
used a report that combines the 3 conditions with toggle
functionality. All participants in the combined report switched
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a least once between views. Participant demographics are
described in Table 1.

Data Analysis

Analysis was the same as in study 1, but with the addition of
chi-square tests. For Q9-Q12, responses were coded as correct
if theanswer described a pathogenic or pharmacogenetic variant
or a variant for which the family member was a carrier if the
user mentioned the potential effect for offspring in ther
reasoning. In addition, responses to these questions were
assigned a complexity score from 0O to 6 for their reasoning,
with the goal of measuring ability of the users to assimilate
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complex information and use it appropriately in their analysis
of the report.

User Study 3: Evaluating I nteractive Reports With
Users Own Data

Overview

In study 3, we sought to evaluate the modification of the tool
(CrossGenomics 2.1) with users interacting with their own
personal genomic data. We evaluated the integration of the
GenomiX single-user gene variant visualization [22] with a
redesigned version of the combined view—comparing theuser’'s
own personal genomic report to the report of one of the 4 famous
people using the tabular, linear, sunburst, and Venn diagram
visualizations. In doing so, we sought to draw on the trend of
self-comparison with celebrities, which isincreasingly evident
in popular culture[4,5]. All the filter and search features from
CrossGenomics 2.0 were included in this version.

In particular, we investigated the following question:

RQ6: To what extent and in what ways are users
interested in comparing their genetic datawith others?

Procedure

We created a study on Open Humans, recruiting users with
publicly available 23andMe data. Participants were enrolled in
our study and were assigned anonymous project member 1Ds.
Although the study called for userswith publicly available data
inall communicationswith potential participants[51], any Open
Humans user was technically able to enroll. Open Humans
enables individuals to publicly share data through a multistep
process (informed consent, quiz, and opt-in for each datatype),
and we discovered that some participants did not realize they
had not completed all necessary steps. Thus, we created aPython
script to identify which users did not have publicly available
data and informed them that although they were under no
obligation to make their data public, we could not generate a
report unlessthey did. Some of these users chose to make their
data publicly available, while others removed themselves from
the study. We created another Python script to convert the
available datasetsinto fileswith comma separated val ues format
compatible with our visualization. We then sent messages
through the Open Humans AP, inviting participants to view
their report and respond to our feedback form. Each user was
sent a unique link that included their project member ID as a
variable passed through the URL . On pageload, the visualization
would read the ID and load the corresponding data.

The feedback form was implemented on Google Forms.
Participants were sent a link in their invitation message along
with the link to the tool, and the tool itself also contained a
feedback tab with the same form embedded. Users could choose
whether to record their project member ID. Participants were
asked about their motivation for exploring their genetics, as
well as which tools they had previously used to explore their
personal genetic data. In addition, participants were asked to
rate the ease of use and their perceived understanding on a
5-point Likert-scale and were asked open-response questions
about new insights using the tool and their interest in genome
comparison. The feedback form aso included a series of
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demographic questions. Participants could choose to provide
contact detailsfor afuture study comparing their datawith their
real-life family dataset using our tool. The complete study 3
guestionnaire is available in Multimedia Appendix 3.

Participants

A total of 163 reportswere generated, and 137 (84.0%, 137/163)
users viewed their report. Of those, 49 (30.0%, 49/163)
responded to our feedback form about the tool. Users who
completed the study were entered in alottery for aFitBit lonic
Watch for completing the feedback form. We present the
findings from these 49 respondents, as well as the usage data
from the 38 respondents who recorded their project member ID
with their feedback. All users had publicly available 23andMe
data on Open Humans.

Overall, 36% of respondents (18/49) reported working in life
sciences (8/49) or studying life sciences at the collegiate or
higher level (16/49). Additional demographicsare describedin
Table 1.

When asked to select their highest level of education, 8% (4/49)
of respondents had a high-school diploma, 20% (10/49) of
respondents had some college education, 6% (3/49) had an
associate’s degree, and 10% (5/49) had a bachelor’s degree. In
addition, more than half of the respondents reported having an
advanced degree—29% (14/49) of respondents had a master’'s
degree and another 29% (14/49) had a doctoral degree. These
education demographics are consistent with the description of
early adopters by Rogers' theory of the diffusion of innovations
[52], which details that early adopters tend to have expert
knowledge, an advanced education, and awillingnessto engage
intrials of new technologies.

Data Analysis

Responses to the 5-point Likert-scale questions for perceived
understanding, ease of use, and inquiries about new insights
were coded from 1 (strongly disagree) to 5 (strongly agree) for
each question. Responses to the open questions were analyzed
in the same methods asin studies 1 and 2. Intercode reliability
based on 100% of the data was very good at 96%. Four
participants submitted multiple feedback forms. In these cases,
the data from the free-response questions were combined, and
the most recent quantitative datafrom the Likert-scale responses
were used.

Results

User Study 1: Comparing Interactive Genetic Reports
of Two People

Comprehension and Perceived Understanding

Participants spent, on average, 19.5 min (SD 8.8) on the task
of exploring the genetic reports of 2 fictional family members
and responding to comprehension and perceived ease-of-use
guestions. The averagetimeit took usersto complete their task
did not differ significantly across the 4 conditions (see Figures
1-4; F3 45,=1.107, P=.35). However, the results of the ANOVA
and post hoc corrections (see Tables 2 and 3) show differences
inthe effects of using thetools: objective comprehension scores
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of the Venn tool users and the sunburst users were significantly
higher than scores of the table users (P<.001 and P=.03,
respectively). At the same time, however, sunburst users

Westendorf et al

reported significantly lower perceived understanding than table
users (P=.03).

Table 2. Comprehension, perceived understanding, and ease of use across report types.

Report type Comprehension Perceived understanding Ease of use
Venn 3.83 381 3.92
Sunburst 3.63 3.63 3.58
Linear 353 3.74 381
Table 3.22 3.92 3.78
Table 3. Significant differencesin post hoc comparison.

Report types P value

Comprehension Perceived understanding Ease of use
Venn and table <.001 N/AR N/A
Sunburst and table .03 .03 N/A
Venn and sunburst N/A N/A .02

3N/A: not applicable.

In addition, reported ease of use of sunburst users was
significantly lower than that of Venn users (P=.02). A regression
analysis revealed no significant effect of demographics and
education level on comprehension, perceived understanding,
and ease of use.

Usage

Participants used thefiltering feature 12.4 times on an average.
Users of the linear tool filtered significantly more than users of
the other toals, filtering most by health category (8.1 times on
an average). The users of the sunburst and Venn tools filtered
by impact only 3.3 and 2.5 times, respectively—significantly
lower than linear and table tools users (both P<.001).

Features

Quialitative dataindicated that filtering was found to be the most
helpful feature across all conditions, with 66.0% (320/485)
directly highlighting its impact on their understanding. For
example, one user noted that because of the sheer amount of
information, which makes the report overwhelming at first,
filtering madeit “ easier to at |east see an overall picture of who
ismore predisposed to certain conditions.” Filtering also helped
with specific searches, as one participant commented “...being
able to filter it to just show the variants that were related to
cancer helped create a clear comparison.”

Moreover, 10.3% (50/485) of the users noted that they would
have liked filtering which enables to “combine filter results so
that [they] can look at multiple categories at once [and could]
result in a single ‘hit’.” This comment was less significantly
frequintotal, 56.5% of users (51% in the combinent inthe Venn
relatively to the linear (P=.03), sunburst (P=.01), and table

(P<.001).

Confusion

Some users found the information to be overwhelming or
confusing. Specifically, the sunburst was found to be more
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confusing (13.4%, 16/119) than the table (5.3%, 6/114; P=.03).
For example, one user in the sunburst condition commented
that “...the filters were helpful, but...did not know where to
begin and had trouble figuring out which filter to use” In
addition, 11.8% (14/119) of the Venn tool users and 10.5%
(14/133) of the linear tool users found their visualization
confusing; however, the differences between them and other
conditions were not significant.

User Study 2: Comparing Interactive Genetic Reports
of Four People

Comprehension

Participants spent, on an average, 29.2 min (SD 12.5) on the
task of exploring the reports and responding to comprehension
and the perceived ease-of-use questions. The average time it
took users to complete their task did not differ significantly
across the 4 conditions (see Figures 5-7; F3,,,=0.672, P=.57).
However, the results of the ANOVA (see Tables 4 and 5)
indicate a significant effect of report type on objective
comprehension for the 3 conditions (F; 176=5.538, P=.001). Post
hoc comparisons using Tukey HSD test indicated that the mean
score for the table and combined report type were significantly
higher than the mean score for the linear report.

Further analysis of scores by individual questions indicates a
significant effect of report type on the scores of only 3 of the
14 comprehension questions (Multimedia Appendix 2). For
RQ6, “Which child sharesthe most cancer-related variants with
Parent 17" participantsin the combined condition (mean 0.89,
SD 0.32) scored significantly higher than those in the linear
condition (mean 0.77, SD 0.48, P=.04; F5,,,=2.810, P=.04).
For RQ7, “Parent 1 has cancer-related variants than
Parent 2,” participants in the linear condition (mean 0.44, SD
0.50) scored significantly lower than those in the combined
(mean 0.71, SD 0.46, P=.04) and table conditions (mean 0.79,
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SD 0.41, P=.01,; F3,7,=4.754, P=.01). For RQ8, “Which variants
are not expected to affect Child 1 themselves, but may affect
Child 1's future children?” participants in the combined
condition (mean 0.67, SD 0.48) scored significantly higher than
those in the linear (mean 0.33, SD 0.48, P=.01) and sunburst

Westendorf et al

conditions (mean 0.40, SD 0.50, P=.04), and participantsin the
table condition (mean 0.65, SD 0.48) scored higher than those
inthelinear condition (mean 0.33, SD 0.48, P=.01, F3,,,=2.810,

P=.04).

Table4. Mean scores and SD for comprehension, perceived understanding, and ease of use for participantsin each of the 4 conditions.

Report type Comprehension, mean (SD) Perceived understanding, mean (SD)  Ease of use, mean (SD)
Linear 9.55 (2.94) 3.69 (0.86) 3.93(0.91)
Sunburst 10.58 (3.11) 3.69 (0.69) 4.07 (0.64)
Table 11.17 (2.25) 3.78 (0.84) 4.09 (0.80)
Combined 11.67 (1.92) 3.86 (0.67) 4.32 (0.57)
Table 5. Post hoc differences from the linear tool, with significant and trending P values.
Report types P value
Comprehension Perceived understanding Ease of use
Linear and combined .001 N/A? .07
Linear and table .01 N/A N/A

3N/A: not applicable.

Overall, we find that the use of the combined report, which
enables users to switch between report types based on their
information needs, is associated with significantly higher
comprehension level. We also find that using the table-based
report leads to better comprehension than each of the
noncombined visual reports.

Subjective Experience

Despite the difference in comprehension scores across
conditions, the results of the ANOVA suggest no significant
effect of report type on the perceived understanding
(F3177=0.502, P=.68) or ease-of-use scores (F3 ,77=2.083, P=.10;
see Table 5), with the exception of atrending difference between
the combined and linear conditions, indicated by post hoc
analysis (P=.07). There was a strong correlation between
perceived understanding and ease-of-use scores (r=.735,
P<.001), a moderate correlation between ease of use and
comprehension (r=.328, P<.001), and a weak correlation
between perceived understanding and comprehension (r=.170,
P=.02).

Complexity

Correct responses to Q9 to Q12 were assigned a complexity
score from 0to 6 for their reasoning, with points assigned when
usersreference each of thefollowing concepts: potential impact,
the certainty of evidence, carrier status, rarity, and clinical
importance, with a final possible point for synthesis of
information. In 3 questions (Q10-Q12), which inquire about
which variant each family member would be most likely to
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discuss with their health care provider, there was a significant
effect of report type on the complexity score of the correct
responses (Tables 6-8). Post hoc comparisons indicated that
users of the combined report had significantly higher complexity
scores for these questions than the users of the linear tool.
Further analysis by individual concepts revealed that the users
of the combined report mentioned clinical importance
significantly more than users of the linear tool in their correct
responsesfor all 4 questions. Users of the combined report also
mentioned certainty of evidence significantly more than the
users of the linear tool for Q10 and Q11.

Demographics

A regression andysis reveded no significant effect of
demographics on comprehension or subjective experience.

Usage

Participantsin the combined report switched on an average 5.16
times between views (SD 3.4, minimum=1, maximum=15).
Moreover, 40% (18/45) of users switched views more than 5
times (see Figure 8). Out of the 45 users who interacted with
the combined tool, 34 users primarily used the table, seven users
primarily used the linear tool, and 4 users primarily used the
sunburst tool. Furthermore, 17 of the 45 users (38%) spent more
than 90% of their time exploring and answering comprehension
guestions using one of the 3 views. Within the combined
condition, no correlation was found between the amount of
switching between views and either comprehension, perceived
understanding, or ease of use.
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Table 6. Average combined complexity scoresin correct responses to question (Q)9 to Q12 by condition.

Report type Q9 Q10 Q11 Q12

Score Pvaue Score P value Score P value Score P value
Linear 1.40 55 1.20 512 1.21 582 1.25 592
Sunburst 1.47 72 1.63 92 1.69 77 143 .78
Table 1.79 1.10 175 116 1.69 1,908 1.70 115
Combined 1.70 74 2.05 812 1.88 .88 1.89 84?2

agignificant difference between the linear and combined conditions.

Table 7. Analysis of variance results to question (Q)9 to Q12.

Question F (3,177)
Q9 1.918
Q10 6.620
Q11 3.948
Q12 4.368

Table 8. Post hoc differences between linear and combined reports for question (Q)9 to Q12.

Report types P value
Q9 Q10 Q11 Q12
Linear and combined A3 <.001 .01 .01
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Figure 8. Comparison tab of CrossGenomics 2.1, where users can toggle between the four comparison visualizations using the buttons under “Change

Views'.

While exploring the report, acrossthe 4 conditions users applied
on average 7.60 filters (SD 10.8, minimum=0, maximum=111)
and searched the report 5.5 times (SD 5.8, minimum=0,
maximum=28). There was no significant effect of condition on
the amount of filtering (F3,7,=1.599, P=.19) or searching
(F3177=0.474, P=.70). No correlation was found between the
number of filters applied and comprehension, perceived
understanding, or ease of use. There was a weak correlation
between the number of searches and both perceived
understanding (r=.204, P=.01) and ease of use (r=.171, P=.02).
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Report Features

Users were also asked to describe, in open-ended questions,
which features were most helpful for understanding and
comparing the reports, aswell as how thetool can beimproved.

Overall, users across all conditions liked the filter and search
functionalities and suggested simpler language and more
filtering options asimprovements. In total, 56.5% (104/183) of
users (23/45, 51% in the combined condition, 24/45, 53% in
the linear condition, 21/43, 49% in the sunburst condition, and
35/48, 73% in the table condition), X5 (N=181)=7.009, P=.07,

reported filtering to be one of the most helpful features. In the
words of one user in the combined condition, saying, “The
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ability to filter by individual and category of gene (pathogenic
and protective) made navigating the data much easier”

Furthermore, 33.25% (61/183) of users(13/45, 29% in the linear
condition, 12/43, 28% in the sunburst condition, 14/48, 29% in
thetable condition, and 21/45, 47% in the combined condition),

X% (N=181)=4.956, P=.18, also reported that the search

functionality was helpful for interpreting the reports. As one
user in the combined condition wrote:

Being ableto search and filter out the various subjects
was the most helpful to me. Being able to only focus
on the information that | was interested in made the
process much easier.

Furthermore, 22% (10/45) of users in the combined condition
explicitly stated they liked being able to switch between
representations. A user emphasized this by saying, “l aso
enjoyed being able to switch from table view to bar view to
easily understand the information better.”

A different user noted the different usage for each view, stating:

Thebar graph iseasiest when lining up which family
member s have which genomes, and the sunburst graph
was easi est when just filtering in/out thingsin general.
The table is nice, but visually not as pleasing, but
could be potentially the most useful especially if you
don't have the ability to have an interactive graph.

Another user shared:

The different visualizations made it easier to
understand the data in some situations [ for example,
the bar chart made it easier to understand quickly
which family member s shared what variants, whereas
thetable madeit easier to learn about each variant].

Overdl, 19.4% of all users (9/45, 20% in the combined
condition, 11/45, 24.4% in the linear condition, 7/43, 16.3%in
the sunburst condition, and 8/48, 16.7% in the table condition)
reported difficulty with medical terms used in the report. One
user, who viewed the tabular report, suggested, “ Some of the
explanations could be written in a more accessible manner.”

In addition, 10.4% of users (5/45, 11.1% in the combined
condition, 2/45, 4.4% in the linear condition, 5/43, 11.6% in
the sunburst condition, and 7/48, 14.6% in the table condition)
reported requirement for morefiltering options. The differences
in proportion between the conditions were not significant.

User Study 3: Evaluating I nteractive Reports With
Users Own Data

Previous Use of Genome Tools

All 49 users had their genome mapped by 23andMe. Unlikethe
users of our previous 2 studies, we classified these 49 users as
expert users, asthey had previous experience of exploring their
genome. Furthermore, 88% (43/49) of those users had a so used
at least one of the following tools to explore their results:
Promethease (41/49), SNPedia (30/49), Google (17/49), ClinVar
(17/49), GET-Evidence (15/49), PubMed (15/49), Wikipedia
(14/49), Genevieve (14/49), and OMIM (10/49).

http://www.jmir.org/2018/9/€10297/
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M otivation

We asked participants to rank the personal importance of 8
potential reasonsfor exploring information about their genetics
on a 5-point Likert scale from Not at all to Extremely (Table
9).

Usage

A total of 78% (38/49) participants provided their project
member IDs, which allowed us to identify their specific usage
datafrom the tracking logs on our tool. The usage data of these
users are presented here.

Visualizations

All 38 users began on the comparison tab, with their genomic
report compared with the report of George Church by default.
Of these, 68% (26/38) viewed the overview report and 63%
(24/38) viewed the glossary. Within the comparison tab, 79%
(30/38) usersviewed all 4 visudizations, 8% (3/38) usersviewed
only 3, 5% (2/38) users viewed only 2, and 8% (3/38) usersdid
not switch visualizations at all. As the default visualization on
page load, all users viewed the Venn diagram visualization. In
addition, 89% (34/38) users viewed the sunburst visualization,
87% (33/38) users viewed the linear visuaization, and 84%
(32/38) usersviewed the tabular report. Moreover, 58% (22/38)
of the users compared their datawith all 4 comparison genomes,
whereas 16% (6/38) usersdid not change comparison genomes.

Variants

Users clicked on a total of 1609 variants in the interactive
sunburst, linear, and Venn diagram visualizations. In addition,
124 variants were saved by 13 users. The mgjority of variants
were clicked and saved in the Venn diagram, the default view
of the tool on page load.

Filtering

The comparison and single-user visualizations also included a
filter bar, which affords users the ability to filter variants—by
certainty of evidence, potential impact, and category—and
search for a specific term. In the comparison view, 24 users
applied 209 filters and searches. Of these, 30 certainty of
evidence filters were applied, 29 of which were for
well-established variants. A total of 44.4% (93/209) filters
included a filter for potential impact, 20.0% (42/209) for
pathogenic variants, and 17.2% (36/209) for variants affecting
drug response of auser. Another 14.3% (30/209) filters specified
a certain health category, such as Cancer or Metabolism. Four
users also searched for specific terms, such as Alzheimer, in
their data.

Perceived Understanding

In this study, 12% (6/49) of respondents reported they would
need the help of ahealth care professional to better understand
their results (on a5-point Likert scale, mean 2.36, SD 1.03). In
addition, 41% (20/49) reported feeling that the report givesthem
afirm grasp of their health and genetics (mean 2.98, SD 1.15,).
On the goal of communicating uncertainty, 82% (40/49) felt
they could grasp the extent to which the knowledge regarding
different variantsis certain or uncertain (mean 3.92, SD 0.88).
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Ease of Use

In this study, 84% (41/49) of respondents reported that they
found the information in the report to be presented in a clear
and accessible manner (on a 5-point Likert scale, mean 3.94,
SD 1.04). In addition, 65% (32/49) found the glossary helpful
(mean 3.60, SD 1.05), and 39% (19/49) found the ability to save
variants helpful while interacting with the report (mean 3.22,
SD 1.13).

Westendorf et al

Report Features

When asked which featureswere most hel pful for understanding
the report, users mentioned the usefulness of filtering in both
the comparison and single-user visualizations. One user wrote:

| think most reports fail to grab attention except for
a few variants that are highlighted. Sorting by
certainty helped that some here.

Table 9. Average persona importance for potential reasons for exploring information about their genetics, 5-point Likert scale (not at al, dlightly,

moderately, very, and extremely).

Reason Mean (SD)
To learn personal disease risk or health-related information 3.86 (1.14)
Curiosity 4.40 (0.81)
To contribute to research 4.28 (0.81)
Interested in distant ancestry (race or ethnicity) 3.14 (1.50)
Learning more about my family origin and recent ancestry 3.20 (1.46)
To provide disease risk information for children and other family members 2.78 (1.40)
To learn more about myself 4.22 (1.04)
Understanding these data for professional purposes 2.00 (1.20)

Usersalso commented on the value of toggling between different
views. In the words of one user:

| specifically liked the ability to see the data presented
in all three visualizations. The information for each
particular variant was succinct and easy to follow.

Severa users also commented that athough they enjoyed the
visualizations, the tabular view offered a valuable overview to
all the descriptions at once. One user wrote:

| liked the table view the best, | could just read
straight down, without having to move around
page...The visual was interesting but | spent more
time on table view.

When asked how they felt thereport could beimproved, several
users mentioned that they wished they could print their report,
while others suggested a more robust tutorial. In the words of
one user, “[I] would like to be able to download the variant
report in pdf format to refer to offline” Several users also
mentioned that they wished the tool began on their report,
instead of the comparison tool.

New I nsights

In this study, 49% (24/49) of the users reported learning new
insights and information about their genetics using thistool that
they had not noticed in previous reports (on a 5-point Likert
scale, mean 3.16, SD 1.31). In addition, 43% (21/49) also
reported that the visualization changed their understanding of
their report (on a 5-point Likert scale, mean 3.00, SD 1.21).
When asked to elaborate on what new insights and information
about their genetics they learned from this visual report, some
usersreported discovering new variantsthat they had not noticed
in previous reports. For example, one user wrote,
“FUT2-W154X, ADA-D8N, and DPYD-M166V were all
variants | hadn’'t noticed before and found interesting.” Other
users commented on the understandability of this report as

http://www.jmir.org/2018/9/€10297/

compared with others, stating, “The way other reports or
worded/written, | have hard time understanding if | have or
don’'t have [a variant], very confusing.” Other users reported
that they did not learn anything new, as they had previously
poured over their report, but still found the experience
worthwhile. In the words of one user, “1 had seen most of this
information in previous reports, but | did enjoy the interactive
visualization.”

Comparison

A total of 35% (17/49) reported |earning something new from
comparing their data with another person (on a 5-point Likert
scale, mean 2.63, SD 1.30). When asked to elaborate on what
they learned, 24% (12/49) expressed amazement at the number
of shared variants between themselves and the comparison
genomes. Othersreported that they viewed the comparisons out
of curiosity but did not learn anything new. In the words of one
respondent, “1 looked at the comparisons but they did not engage
me because | do not know the people.”

When asked if there are any other potential people with whom
they would like to compare their data, 51% (25/49) responded
with at least one family member. In the words of one participant:

| liked the Venn diagram and | would use it to
compare with other family members. This would be
awesomeif | could load even more data—for example,
for our family of four—to see what we passed on to
our kids.

In fact, more than half of the users (51%, 25/49) recorded their
project member ID or email address to be contacted with
opportunities to compare their data with that of their family
members using our tool. In addition, 10% (5/49) participants
lamented that they would have liked to compare themselves
with specific members of their family who have passed away
or are not interested in genetic testing. When asked what
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guestions they would like to explore in comparison with these
individuals, 24% (12/49) mentioned an interest in inheritance
patterns between family members. In addition, 10% (5/49) of
users mentioned an interest in exploring potential health risks
through family comparison.

Discussion

User Study 1: Comparing Interactive Genetic Reports
of Two People

We found that all views allowed users to complete the task of
comparing 2 personal genomic reports with at least moderate
domain comprehension of both intraindividua and
interindividual information (see Table 2; RQ1). The sunburst-
and Venn-based prototypes led to significantly higher domain
comprehension, compared with the linear prototype and the
commonly used tabular report (RQ3). However, we identified
gaps between objective and subjective comprehension, as
sunburst users reported significantly lower perceived
understanding and higher levels of confusion (RQ4).

Although the Venn tool appearsto be most effective, itislimited
in scalability, asit can only show the data of 2 users at atime.
The other prototypes, in particular the sunburst and the linear
tools, can present data of a larger number of users. In study 2,
we aimed to further explore the utility of these prototypes in
facilitating domain comprehension when comparing a larger
number of genomic reports. Our redesign includes genomic
reports from 4 biological family members. As expanding the
number of compared reports to 2 was a planned feature, we
decided to first evaluate and learn from the comparison of 2
personal genomic reports.

Through analysis of the open-ended responses, we learned that
users viewed the ability to filter and search the data as most
helpful (RQ2). Wefound arelatively consistent pattern of usage
of these features across the 4 report types. These findings led
usto implement asearch tool in our next design iteration across
al different visual reports and to redesign our filtering
functionality to allow users to combine filters. In study 2, we
investigated the role of search and filtering when there is an
increase in the information displayed.

Redesign

Therewere 3 redesign iteration stages|eading to CrossGenomics
2.0. The first iteration stage focused on expanding the
visualization by presenting the genetic reports of 2 family
members to 4. This resulted in the linear visualization having
4 linear bars and the sunburst visualization having 4 concentric
rings. Wedid not include the Venn visualization in this redesign.

Dueto increase in the information displayed, we added afilter
to show or hide certain family members so that users could
focus on certain individual swithout being distracted by others.
We also added tutorial tooltipsthat briefly describe thefunction
of the key, filters, and variant information panels. On the basis
of feedback gathered from thefirst study, we increased the size
of the panel where variant information appeared so that scrolling
was not required. We also modified the filtering panel so that
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users could combine filters and see al of the filters they had
selected.

We tested this version in a pilot study with 25 nonexpert users
(Mechanical Turk workers) per condition. We found that users
in the table condition used the browser search function to find
particular important keywords (eg, cancer) and found the search
to be helpful. In addition, we identified that users were not
saving variants for revisiting the information.

Informed by these findings and by the findings from study 1,
we implemented a search tool that was consistent across the
different visual reports and allowed searching for keywords
within a visual report and highlighted the save button by
changing the button color from gray to blue. We also introduced
anew visua report that allowed users to switch between the 2
visual reports (linear and sunburst) and the table report. This
version was subsequently tested with 10 Mechanical Turk users
per visual report.

Results further highlighted the important role of the search
feature, as well as a need to combine the application of the
potential impact and certainty of evidence filters with the
category filter. Resultsa so indicated that users still rarely saved
variants. As such, we moved both the search and the category
filtersto be part of the corefilter functionality, allowing a user
to combine all of them together. We also added a tooltip
prompting users to save a variant on the first selection.

Figures 5-7 show the 3 redesigned reports, integrated into an
interactive tool, which allows users to switch between these 3
views. These 3 prototypes were evaluated separately in
comparison with the combined tool in study 2.

User Study 2: Comparing Interactive Genetic Reports
of Four People

Users across al conditions completed the task of comparing 4
personal genomic reports, demonstrating at least moderate
domain comprehension of both intraindividua and
interindividual information (see Table 4; RQ1). A key finding
from this study is that users in the combined condition did, in
fact, switch between the views presented and demonstrated
higher comprehension levels, aswell as more complex reasoning
(RQ5). More than 20% of the users in this condition explicitly
mentioned switching between viewsasahel pful feature (RQ2).

We also found that using the table-based report led to better
comprehension than the noncombined visual reports (RQ3). In
particular, thelinear visualization performed the worst compared
with the combined tool and with the table-based report. The
sunburst tool did not perform significantly better or worse
compared with any of the tools. In addition, we found that
although all users of the combined tool switched at least once
between visualizations, about three-fourths of these users chose
to primarily use the table-based report to answer comprehension
guestions. A possible explanation for these results may be the
lack of familiarity and experience of nonexperts with visual
tools, in contrast with familiarity with table-based reports.

Despite the difference in comprehension scores across
conditions, the results suggest no significant effect of report
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type on the perceived understanding. This indicates a gap
between objective and subjective comprehension (RQ4).

On the basis of these findings, which indicate that overall the
combined condition of CrossGenomics 2.0 is effective for
comparing personal genomes across individuals, we adapted
this tool to study (in study 3) how Open Humans participants
use it to explore their own personal genomic data.

Adapting CrossGenomics for User Data

Following user study 2, the combined visua report from
CrossGenomics 2.0 was modified to load real 23andMe data
that were shared publicly on Open Humans profile of a user.
This alowed us to engage a pre-existing community where
individuals are publicly sharing genetic data, including nearly
1000 individuals who already publicly share these data in the
Harvard Personal Genome Project [42] or openSNP projects
[53]. This new prototype of CrossGenomics allowed users to
compare their own report with one of the 4 publicly shared
genomes of famous scientists and thought leaders on genetics
(George Church, Esther Dyson, Steven Pinker, and Carl
Zimmer). Thetool provided userswith 4 different views: tabular,
linear, sunburst, or Venn diagram visualizations.

The genome to which the data of a user are compared could be
selected using a radio button. This modified comparison tool
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was integrated with the single user GenomiX [22] gene variant
report, presented in a separate tab, to create CrossGenomics
2.1—atool that allows users of Open Humans to explore their
own 23andMe data and compare it with 4 other genomes.
Figures 8-10 show the GenomiX tool integration and the 4
visualizations in the comparison tool.

User Study 3: Evaluating I nteractive Reportswith
Users Own Data

Resultsindicate that the majority of participants found the report
to be presented in a clear, accessible, and comprehensible
manner. Findings also indicate that the ability to switch between
viewsis particularly helpful. In addition, participants highlighted
filtering, sorting, and saving variants as important features.
These findings shed light on how people engage with a
comparison tool for personal genomic data and what features
are most helpful for comprehension. More than half of
participants expressed interest in comparing their personal
genomic datato that of afamily member using our comparison
tool, expressing motivation to explore inheritance patterns and
health risks. Fewer users were interested in the comparison of
their data to the “famous genomes’ provided. Over one third
of the participants reported learning something new from
comparing their data to another, mostly highlighted the
similarities between their own report and the others’ reports.
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Figure9. Overview tab of CrossGenomics 2.1 in graph view, where users can view their own personal genomic data graphed by certainty of evidence
and potential health effect in our single-user GenomiX visualization.
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Figure 10. Overview tab of CrossGenomics 2.1 in category view, where users can view their own persona genomic data by health category in our

single-user GenomiX visualization.

These findingsindicate an interest in comparison and highlight
the ways in which nonexperts seek to compare their genetic
datato others' (RQ6). Findings also suggest that users are able
to comprehend both intra-individual (important genetic
information of an individual) and inter-individual information
(comparing similarities and differences in the reports of two
people; RQL).

Principal Findings

Taken together, the 3 studies advance the prior personal
informatics research by offering a novel approach to enabling
user engagement in thetransition between integration, reflection,
and action [10-12]. Overall, we contribute to research on
personal and health informatics in 2 central ways: first, we
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advance the literature in the specific domain of personal
genomics by offering and evaluating a novel design for
interpersonal, comparative, and genomic information reporting
tool. Second, the findings underscore the need to understand
and design for the social aspect of deeply personal information
and call for careful theoretical consideration of design decisions
in this space.

The first prototype (study 1) served as a proof-of-concept for
diciting users' feedback. As aresult of the reported findings,
we redesigned the tool by introducing a consistent search tool
across the visual reports and by adding a new feature to enable
users to switch between the reports. Study 2 was an extension
of study 1, enabling users to compare up with 4 people, which
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further corroborated the usefulness of the redesign done after
study 1. Building on both studies and users’ feedback, in study
3 we sought to enable Open Humans participants to explore
their own personal data. The findings offer a new perspective
on how users can integrate and reflect on data, both in apersonal
and social context: (1) highlighting features and visualizations
that show strengths in facilitating user comprehension of
genomic data, (2) demonstrating the value of affording users
the flexibility to examine the same report using multiple
perspectives, and (3) emphasizing users’ needs in comparison
of genomic data. In the following paragraphs, we discuss the
findings in detail, as well as the ethical considerations and
implications for the design of tools for multiuser engagement
with complex multidimensional data.

In user study 1, we evaluated 4 alternative views for
CrossGenomics, a novel interactive tool enabling nonexpert
users to explore what gene variants they share with others and
what sets them apart. We found that the sunburst- and
Venn-based prototypes led to significantly higher domain
comprehension, compared with the linear prototype and the
commonly used tabular report (RQ1). Although the Venn tool
appears to be particularly effective, it is limited in scalability,
as it can only show the data of 2 users at a time. The other
prototypes, in particular the sunburst and the linear tools, can
present data of a larger number of users. A trade-off therefore
exists between the utility of the tool and its user coverage per
comparison session.

We also found that users viewed the ability to filter and search
the data as most helpful for comprehension and exploration
(RQ2). We found a relatively consistent pattern of usage of
these features acrossthe 4 report types, suggesting these features
are important for both visualization and table-based reports.
These findings highlight the benefit of providing features that
allow usersto focus on and switch between relevant subsets or
dimensions of the information. Recent study by Feng et al has
corroborated this finding, suggesting that the presence of
text-based search influencesinformation-seeking goals of people
and can alter both the data explored and the waysin which users
engage with it [54]. In addition, they found the effects of the
search are amplified in visualizations where the users are
familiar with the underlying dataset, such asthe expert usersin
our third study.

In user study 2, we also found that using the table-based report
led to better comprehension than the noncombined visual reports
(RQ3). In particular, the linear visualization performed the worst
compared with the combined tool and with the table-based
report. This stands in contrast to the popularity of the linear
alignment visualization in tools for experts [27,29-31,45]. In
addition, we found that although all users of the combined tool
switched at least once between visualizations, about
three-fourths of these users chose to primarily use the
table-based report to answer comprehension questions. A
possible explanation may be the lack of familiarity and
experience of nonexperts with visua tools, in contrast with
familiarity with table-based reports. This highlights a need to
guide users carefully through the use of visual reports. Recent
research has proposed and evaluated new ways of providing
such guidance [55].
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The findings from user study 1 also suggest a discrepancy
between objective and subjective knowledge of users—what
usersknow and how much they think they know [56-58] (RQ4).
We found that the sunburst tool that was associated with higher
domain comprehension (objective knowledge) compared with
the tabular report was also associated with significantly lower
perceived understanding (subjective knowledge), which may
be explained by the users' comments about the sunburst tool as
being significantly more confusing or overwhelming. Similar
discrepancies were reported in other domains in which
information toolswere used for clarifying complex information
[59]. For example, Gunaratne et al [60] found that exposure to
socia annotations of financial disclosure documents increased
performance but reduced perceived understanding. A possible
explanation for such discrepancies is that the more
knowledgeable users become, the more they realize how
complex the information presented to them is and realize how
much of it they do not understand. Although we did observe a
similar trend in the second study, the discrepancy between
objective and subjective knowledge was not statistically
significant. Further research is needed to explore these
differences.

A key finding from user study 2 is that users who were given
the flexibility to choose how personal genomic data are
presented to them (through the ability to switch views) did, in
fact, switch between the views presented and that these users
demonstrated higher comprehension levels and were able to
offer more complex reasoning to justify their choices based on
evidence from the visualizations (RQ5). Thus, the findings
suggest that providing users autonomy to pursue their
information needs based on their preferences, as well as to
explore data from multiple perspectives lead to Dbetter
comprehension and perceived ease of use.

The findings from user study 3 suggest that a majority of our
users have aninterest in comparing their personal genomic data
with that of afamily member using our comparison, and fewer
users were also interested in the comparison of their data with
the famous genomes provided, beyond a one-time exploration
(RQ6). Of the participants who reported gaining new insight
from the comparison tool, most highlighted the similarities
between their own report and the report of the other person.
Building on the concept of biosociality—how peopleform socia
ties around health conditions caused or influenced by genetic
characteristics—one future direction to explore would be to
focus on people with known similar conditions or similar
communities for comparison.

The studiesand their findings al so rai se ethical issues. One such
concern stemsfrom unique combination of unchanged dataand
changed interpretation of personal genomic information, driven
by the new findings resulting from advancesin genetic research.
By making individua and social personal genomic data
available, comparable, and interpretable, users can engage
continuously with unchanging data for life [61]. However,
access to such data in the context of personal information can
inform everyday choices of users[61],and accessto comparative
information about others may lead to information surveillance
[1], which is particularly concerning in situations where future
genetic research may suggest previously unknown rel ationships
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between genetic data and health conditions. As a result, new
implications about users data could be shared with others
without the original user’s control. Moreover, the promise of
empowerment, often pervasive in discussions of health
self-tracking and personal informatics [62], and the critical
perspectives approach to this promise [63,64,65] are al the
more evident in the case of personal genomics, where
individuals agency is often limited and where powerful
ingtitutional actors (including state agencies and financial
institutions) have the potential to gain from accessto information
and its present and future interpretations.

Design Implications

On the basis of our findings from the 3 studies outlined above,
we propose a humber of design implications, some of which
are specific to the personal genomics context, and some more
general, concerning insights for multiuser engagement with
complex multidimensional data.

The context of personal genomics in which data of individual
family membersis directly relevant to other family members,
callsfor both halistic and focused points of view. In that sense,
the trade-off between scalability and effectiveness evident in
the performance differences between the Venn and the sunburst
visualizations reflects a design consideration for practitioners;
some design cases may cal for prioritization of better
understanding—both objective and perceived—such as in the
case of rich comparisons between siblings where a Venn
approach would be most effective, whereas others may require
abroader but lessrich perspectivein which asunburst approach
might work better.

Beyond personal genomics, insightsfrom this study caninform
other approachesto visualizing personal data. For example, the
approaches presented here to visualizing genomic information,
illustrate a method to engage with Lived Data [66], allowing
users to explore their data in a broad and socialy relevant
context. They also offer a perspective on Lived Data that
transition from tempora changes of datato temporal changes
of potential interpretations. These approaches can be used to
compare cuts of interest (collected data of some shared feature)
across users [13] and serve as a practical way to represent the
interconnected self within the context of relevant others [67].

The design approach presented in studies 2 and 3, which
integrates multiple views, underscores the need for autonomy
for users to pursue their information needs and to explore data
from multiple perspectives. Such an approach leads to better
comprehension and perceived ease of use. To that end, 2 types
of features are needed that will help users to further reap the
benefits from multiuser personal genomic comparison tools.
Theseinclude tutorials to carefully guide users through the use
of visual reports and features that allow users to focus on and
switch between relevant dimensions of the information,
particularly with users who are familiar with the underlying
dataset [54].

Two key issues concern possible adverse implications for the
proposed approach. First, ability of nonexperts to engage with
their personal information in asocia context carries aconcern
of misinter pretation and information overload, which may dilute
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the understanding of the data and undermine the original goals
of the tools designed. More research on filtering mechanisms,
such as the approach proposed by Jones and Kelly [68], is
needed to ensure effective engagement with socially
contextualized personal data. A second issue concerns privacy
—the effectiveness of multiuser personal genomic comparison
tools arises from the juxtaposition of multiple genetic profiles,
yet that same aspect of their value to users implicitly assumes
that users would be interested in and willing to share their data
with other family members. Thisassumption may hold for many
families but not for al. Making personal genome comparison
toolsavailableto users may lead to undue expectations, or even
pressure, among family members concerning datasharing. This
concern also highlights a need to devel op new mechanisms for
users to understand the risks associated with publicly sharing
genetic data, as well as to control what aspects of their datato
share, with whom, and for what purposes.

Limitations

Although the design and evaluation of CrossGenomics offer
insightsinto the design of future personal genomicsexploration
and comparison tools, there are limitations to this study that
should be considered in future research. First, we did not assess
the fluency and familiarity of participants with visualization
techniques, so we cannot speak about the effect of this
experience on comprehension, subjective experience, and
behavior in interacting with these 4 report types. Second, the
analytical validity and clinical utility of DTCGT have been
debated [69]; however, CrossGenomics is atool for exploring
and facilitating health information-seeking behavior [ 70], rather
than aclinical tool, and as such is not attempting to provide or
assess clinical utility. Third, a majority of the users of the
combined report primarily used the table, which could be
because of the nature of our sample. Namely, the usersin our
first and second study most likely exhibited less exploratory
behavior than those of the potential nonexpert usersinteracting
with their own persona genetic and family data. Our third study,
which included users interacting with their own data, did not
offer the opportunity for a meaningful comparison between
family members. In addition, our sample of early adoptersis
not representative of the general public, as it is limited to
individualswith genetic datawho also choseto shareit publicly.
Although it israreto find families with public genetic data, our
future study will engage nonexpert users comparing their own
personal genetic data, with the data of their family members.

Conclusions

The rapid increase in the availability of complex persona
genomic data to nonexpert users poses research and practice
challenges and opportunities. The interpretation of such data
may impact lifestyle decisions, emotional state, and well-being
of users and their family members. However, research on
interaction of users with personal genomic datais till limited.
The familial nature of personal genomic data highlights the
need for tools to enable nonexperts to explore not only their
own data but also to compare and contrast their data with data
of other biological family members, who share common genetic
characteristics.
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Beyond the contribution of this research to the persona
genomicsdomain, our study makes the following contributions:
(1) presenting the design and evaluation of tools that facilitate
multidimensional, multiperson comparisons, (2) analyzing the
differences between comprehension and perceived
understanding, leading to abetter understanding of discrepancies
between subjective and objective knowledge, and (3)
highlighting design considerations for multiuser engagement
with complex multidimensional personal data.

Westendorf et al

Empowering nonexpert users by facilitating a better
understanding of their genetic characteristics and that of their
families is an important step in helping people be more
self-informed. We intend to further evaluate CrossGenomics
with nonexpert users comparing their own personal genetic data
with the data of their family members. Ultimately, our goal is
to make CrossGenomics a free tool available for the Open
Humans community. Personal genomics is a domain in which
interactive technologies can make areal differencein the lives

of users, and the studies reported here advance both research
and practicein this direction.
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Abstract

Background: Most electronic health (eHealth) interventions offered to patients serve asingle purpose and lack integration with
other tools or systems. This is problematic because the majority of patients experience comorbidity and chronic disease, see
multiple specialists, and therefore have different needs regarding access to patient data, communication with peers or providers,
and self-monitoring of vital signs. A multicomponent digital health cloud service that integrates data sharing, collection, and
communication could facilitate patient-centered care in combination with a hospital patient portal and care professionals.

Objective: This study aimed to assess the feasibility and functionality of a new cloud-based and multicomponent outpatient
clinic, the “Virtua Outpatient Clinic” (VOC).

Methods. The VOC consistsof 6 digital toolsthat facilitate self-monitoring (blood pressure, weight, and pain) and communication
with peers and providers (chat and videoconferencing) connected to a cloud-based platform and the hospital patient portal to
facilitate access to (self-collected) medical data. In this proof-of-concept study, 10 patients from both Departments of Internal
Medicine and Dermatology (N=20) used all options of the VOC for 6 weeks. An eNurse offered support to participants during
the study. We assessed the feasibility, usage statistics, content, adherence, and identified technical issues. Moreover, we conducted
qualitativeinterviewswith all participants by following astandard interview guideto identify user experiences, including barriers,
facilitators, and potential effects.

Results: Most participants successfully used all options of the VOC and were positive about different tools and apps and the
integral availability of their information. The adherence was 37% (7/19) for weight scale, 58% (11/19) for blood pressure monitor,
and 70% (14/20) and 85% (17/20) for pain score and daily questions, respectively. The adherence for personal health record was
65% (13/20) and 60% (12/20) for the patient portal system. Qualitative data showed that performance and effort expectancy
scored high among participants, indicating that using the VOC is convenient, easy, and time-saving.

Conclusions: The VOC is a promising integrated Web-based technology that combines self-management, data sharing, and
communication between patients and professional's. The system can be personalized by connecting vari ous numbers of components,
which could make it a relevant tool for other patient groups. Before a system, such as the VOC, can be implemented in daily
practice, prospective studies focused on evaluating outcomes, costs, and patient-centeredness are needed.

(J Med Internet Res 2018;20(9):€10135) doi:10.2196/10135
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Introduction

Digital technology istransforming health care. Electronic health
(eHealth) and mobile health (mHealth) technologies (Textbox
1) facilitate self-management (eg, self-monitoring of weight
[1], increase medication adherence[2,3], and promote diabetes
self-management [4]), (tele-) communication (eg, in
self-management of hypertension [5], ambulatory care for
chronic diseases [6], and patient-doctor communication [7]),
efficient data sharing (eg, using apersonal health record (PHR)
[8]), and remote monitoring (eg, remote pain assessment [9,10]).
Although evidence on their efficacy remains limited in some
sectors [11,12], more robust evidence is aready available in
others[13,14].

Most eHealth and mHealth solutions offered to patients serve
a single purpose or have been developed for use within one
medical specialty, for example, teledermatology to reduce
face-to-face consultations, or self-management of hypertension
by self-titration of medication [15,16]. Since many patients are
comorbid and therefore visit multiple medical specialists[17,18],
multipurpose and integrated systems could be an efficient way
to further improve the quality of care. Particularly, considering
avariety of single-purpose apps may increase the nonadherence
or attrition rates because of the time invested in using multiple
apps outweighs the benefits [19]. An example of such a
multipurpose system has been described by Alnosayan et al,
which was provided to patients with heart failure for support
after discharge [20]. Both patients and nurses regularly used
the tools, and patients showed above average satisfaction with
the system.

The majority of hospitals and individual health care providers
use el ectronic medical records (EMRS) to store patients' medical
data. In some cases, patients have online access to their

Textbox 1. Definition of eHealth and mHealth.

de Jong et a

diagnoses, medication, or lab results. However, patient access
isoften not possible because of formal obstructions or technical
barriers, or because patients are ssimply unaware of the
possibility [25]. Moreover, some health care providers refuse
to give patients access to the EMR because it contains clinical
notes [26,27]. The lack of patient access seems to be a missed
opportunity, as the benefits of patient access have been well
described [28]. A proposed solution isahospital’s patient portal
system (PPS) that is part of the EMR and presents a selection
of information such aslab results, appointments, and medication.
Most health care providers share a positive attitude toward a
PPS [26,27]. The same goes for adult and pediatric patients,
who are primarily positive about such asystem [29,30]. Another
way of providing patients with their data is the use of PHRs;
these are comparable to a PPS but exist separately from the
EMR and are owned and fully controlled by patients. Patients
already use PHRs because it is easy to access their health data,
self-manage disease, and have amore productive communication
with their health care provider [31-34]. Physicians who aready
use electronic communication perceive it as convenient,
time-saving, efficient, and safe [35]. The use of a secure
electronic messaging system showed areduction in the number
of office visits [36]. Overall, both PPS and PHR could be
efficient ways for patients to collect, present, and share health
data

Regarding the need for integrated self-monitoring and
self-managing systems, we designed a state-of -the-art integrated
multicomponent digital health cloud service, the “Virtual
Outpatient Clinic” (VOC). The VOC is a combination of PPS
and PHR and consists of multiple health-monitoring tools, in
which data storage and presentation are integrated and can be
accessed by both patients and health care professionals. This
study aimsto assessthefeasibility and functionality of the VOC.

eHealth and mHealth

The term eHealth, together with related terms like mHealth, Health 2.0, telecare, and telemedicine, has gained popularity over the last 20 years [21].
However, different definitions exist [22]. The most commonly used definition is Eysenbach’s definition: “e-healthisan emerging field in the intersection
of medical informatics, public health and business, referring to health services and information delivered or enhanced through the Internet and related
technologies. In a broader sense, the term characterizes not only atechnical development, but also a state-of-mind, away of thinking, an attitude, and
a commitment for networked, global thinking, to improve health care locally, regionally, and worldwide by using information and communication
technology.” [23]. For mHealth, the World Health Organization stated that there is no common definition, but that it can be considered a part of
eHealth. The World Health Organization defined mHealth as “medical and public health practice supported by mobile devices, such as smartphones,
patient monitoring devices, personal digital assistants, and other wireless devices’ [24].

Methods patients until 10 patients of both departments participated in
the study, which lasted 6 weeks. An eNurse supported
Eligibility participants with the initial set-up and during the study. The

study protocol was reviewed and approved to proceed by the
loca Medical Ethical Committee (ID: 2016-2990). All
participants provided signed informed consent.

Virtual Outpatient Clinic

The VOC (Figure 1) consists of 2 measuring devices and 4
smartphone apps, of which 2 collected health data and 2
facilitated communication. To centralize the data collection and
facilitate patient access, a PHR and a PPS were used. The
Patients Know Best (PKB) platform was selected as the PHR

In this proof-of-concept study, patients treated at the
Departments of Interna Medicine and Dermatology of a
university medical center inthe Netherlandswereinvited to use
and evaluate the VOC. These patients were selected because
their disease spectrum was broad with various comorbidities.
There were no limitations regarding (co)morbidity. Adult
participants were approached between December 2016 and
February 2017 and were found €ligible if they owned a
smartphone with mobile internet access. The inclusion was
based on the “first come, first serve” principle; nurses invited

hittp:/Awww.j mir.org/2018/9/e10135/ JMed Internet Res 2018 | vol. 20 | iss. 9 610135 | p.162

(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

to present health-monitoring data collected during the study
period [37]. Figure 1 shows that the patient uses eHealth and
mHealth tools to monitor the health status. The patient can
communicate with the eNurse using a secure messenger app
and videoconferencing tool. Measurements performed by the
patient are saved in a PHR and a PPS of the EMR, which the
patient can visit at any time. In addition, the team of health care
professionals has access to the PPS and PHR. Data can be
exchanged between the PHR and the PPS. Multimedia
Appendices 1 and 2 present the screenshots of PKB. It hasbeen
designed to allow patientsto managetheir health dataand share
medical datawith their physicians, link multiple health-related
apps and devicesto PKB to synchronize data, and communicate
with health care providers. Data from 4 eHealth tools were
automatically stored (real-time) in PKB (Table 1). The PPS
used was amodified variant of Epic’s MyChart (Dutch language
and layout in the hospital’s style) to facilitate communication
between patients and physicians and to present medical test
results and other medical information. Measurement results of
the weighing scale and blood pressure device were collected in
both PPS and PHR (Table 1).

de Jong et a

In total, 6 eHealth tools were used. In addition, 2 measuring
devices including a blood pressure monitor (BPM; Withings
BPM; Nokia Health, Espoo, Finland) and a weighing scale
(Withings Body+; Nokia Health) to monitor blood pressure and
heart rate and weight, body fat, and water percentage,
respectively. Withings devices were connected with a
smartphone app to store measurements in addition to the
platforms. The remaining 4 tools were all smartphone apps. To
facilitate videoconferenceswith the eNurse, thetool “ FaceTalk”
(QConferencing, Amsterdam, the Netherlands) was used, which
could be used on any device or computer. The second
communication tool was “Kanta’ (Topicus zorg, Deventer, the
Netherlands), a secured messenger app. The questionnaire tool
“Q1.6" (Questions.ai, Antwerp, Belgium) was used to monitor
patients actual status by the Dermatology Life Quality Index
(DLQI) and the level of pain with avisual analog scale (VAS)
score. The questionnaires were selected because they are
commonly used in these departments. The DLQI was most
applicable to patients of the Department of Dermatology and
focused on the physical symptoms of the skin and how the skin
problems affected their daily life.

Figure 1. Overview of the Virtual Outpatient Clinic design, with its 3 main components. PPS: patient portal system.

Personal Health

Record

)

(/
oh

Table 1. Protocol for participants on using different tools and platforms during the study period (6 weeks).

Tool or platform Instruction

Expected user statistics per participant

Withings blood pressure monitor®? i
consecutive days)

Withings body+ab Measure weight (2 times a week)

Q1.6% Fill out pain VASC score (daily); fill out DLQI (every
2 weeks)

MedApp? Enter current medication use (if applicable)

Kanta Contact eNurse for technical or logistic support

FaceTalk Have one digital meeting with eNurse

Personal health record Log in once weekly to review data

Patient portal system Log in once weekly to review data

Measure blood pressure and heart rate (2 periods of 5

10 measurements

12 measurements

42 pain VAS scores and 3 completed DLQIs

Medication list

Total number of conversations and overview of topics
Number of successful digital meetings

6 log-ins

6 log-ins

%Real-time data presented in personal health record.
bRedl-time data presented in the patient portal system.
SVAS: visual analog scale.

dDLQI: Dermatology Life Quality Index.
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Conversely, the VAS score for pain was applicable to patients
from both departments. Pain scoreswere used to assess patients
situation, for example, during recovery at home. Notifications
on medication intake were sent by “MedApp” (PharmiT,
Eindhoven, the Netherlands) to keep track of medication
compliance and inventory; medication could be entered by
scanning the barcode on the package.

Study Procedures

The 2 eNurses (one in each department), with at least 5 years
of experience as a nurse in the specific department’s outpatient
clinic, supported participants during the study. They were
familiar with the tools and platforms, answered questions from
participants, and were allowed to contact individual participants
through the communi cation tools and offer support. After being
informed about the study and signing informed consent, all
participants were informed about the tools by the eNurse. In
addition, the eNurse assisted in downloading the apps on their
personal smartphone, installing the devices, and linking tools
to platforms if necessary. Participants were asked to use the
tools and perform several measurementsfor 6 weeks according
to the provided protocol. Table 1 summarizes the protocol with
the expected user numbers per participant at the end of the study
period when a participant adhered completely to the protocol.
This schedul e was sel ected on the basi s of recommendations of
amedical specialist and represented thereal-life situation. Both
participants and eNurses kept predesigned logbooks, with
detailed instructionsfor the use of the varioustoolsand platform
during the study period. As a compensation for their
participation, participants could keep the Withings tools after
the study.

Evaluation

We assessed the log-in data, content, and users' experiences to
determine the VOC feasibility. User statistics of tools and
platforms were collected by 2 researchers (IMJ and PAMO),
using the PHR platform, PPS platform, Q1.6 dashboard, eNurse
logbooks, and participant logbooks. Starting dates were extracted
from the logbooks participants handed in; if alogbook was not
present or no dates were indicated, the starting date was
established as the date the first use of an app or device was
registered. In addition, users experiences were assessed by
semistructured interviews with individual participants by 2
researchers (THB and T Chau). Interviews took place at the
hospital and were scheduled on thelast day of the 6-week study
or shortly after to ensure that all patientswere ableto thoroughly
test al features. To fully capture the main elements related to
acceptance of technology, the interview guide was designed
according to the Unified Theory of Acceptance and Use of
Technology 2 (UTAUT2) interview framework [38]. This
framework consists of the themes performance expectancy,
effort expectancy, socia influence, and facilitating conditions.
In addition to these themes, support, safety and privacy,
technology, and routine regarding the VOC were discussed
during theinterview. Theinterview guideisavailable on request.

http://www.jmir.org/2018/9/€10135/
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Analysis

Logging Data and Content

We used IBM SPSS version 22 (IBM Analytics, New York) to
analyze quantitative data. The normality of the datadistribution
was assessed using the Shapiro-Wilk normality test. Normally
distributed data are presented as mean (SD), and nonnormally
distributed data are presented as median and interquartile range
(IQR: 25-75). In addition, user statistics of tools and platforms
were determined and compared with the expected user statistics.
We assessed the technical feasibility of the VOC by assessing
its use and by experiences, including barriers and facilitators.
As there are no officia criteria for the feasibility [39], we
reasoned that 100% adherence would beimpossible astechnical
problems often occur with new digital platforms. Moreover, we
expected that the platform would not work for everyone, as
personal preferencesare unique. Therefore, we set the criterion
for the feasibility to 80% adherence, meaning that 80% of all
measurements, such as blood pressure measurements, were
successfully performed and are available in the Web-based
system. Moreover, the technical feasibility was assessed for the
Withings Body+ weight scale, Withings BPM, Q1.6, PHR, and
PPS. For Kanta, the number and content of messages sent were
determined. Medication was entered in MedApp, and actual
prescriptions were compared. The number of FaceTalk
appointments was assessed, and failures were reported. The
number of successful links of tools to a platform was
determined, and causes for unsuccessful links were reported.
Problems with tools were reported.

Experiences Including Barriers and Facilitators

Participants’ experiences on the feasibility and usability of the
VOC were collected during asemistructured interview following
the UTAUT2 interview framework. All interviews were
audiorecorded and transcribed verbatim using ATLASLt 7.1
qualitative data analysis software. In addition, 2 individual
researchers (JMJ and T Chau) analyzed transcripts using the
thematic content analysis. Interview transcripts were reviewed,
coded, and recurrent themeswere defined. Eventually, barriers,
facilitators, positive effects, and negative effectswereidentified.
Findings were discussed until consensus was achieved. All
barriers, facilitators, positive effects, and negative effects were
rewritten into general statements and presented according to
the UTAUT2 interview framework. We distinguished between
factorsthat affected the VOC use (barriers and facilitators) and
effects after use (positive and negative effects).

Results

In this study, 20 participants installed the required apps and
attended an individual 45-minute training session with the
eNurse. All participants completed the 6-week study. Table 2
summarizes the basic characteristics of the study population.

Use and Technical Feasibility

Table 3 presents the agreement between expected and actual
user statistics, which is discussed in detail below.
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Table 2. Participant characteristics (N=20).
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Characteristic

n (%)

Age (years), mean (SD), range

43 (3.5), 18-68

Gender

Female 10 (50)

Male 10 (50)
Education level

Senior general secondary education 2(10)

Secondary vocational education 7(35)

Higher professional education 6 (30)

University education 5(25)
Previous experience self-monitoring related to disease or treatment

Yes 6 (30)

No 14 (70)

Table 3. User statistics per participant compared with the expected user statistics.
Tool or platform Expected user statistics per participant Mean or median user statistics per participant Adherence
N n (%)2
Withings blood pressure 10 measurements (2 periodsof Ssubse- 13 (QR®: 11-30; range: 5-52) measurements 19 11(58)
monitor quent days)
Withings Body+ 12 measurements (2 times per week) 23 (SD 2.89, range: 5-42) measurements 19 7(37)
QL6 42 pain scoresand 3 completed DLQISS 42 pain scores (IQR: 40-42, range: 35-42); 85% 20 14 (70) for the pain
completed al DLQIs scores; 17 (85) for
the DLQIs
MedApp Medication list 2 medication listscomplete, 5incomplete, 5 absent, — —
8 not linked

Kanta Variable 1063 messages in 210 conversations — —
FaceTalk One appointment One appointment 20 20 (100)
Personal health record 6 log-ins 14 (IQR: 5-19, range: 1-49) 20 13 (65)
Patient portal system 6 log-ins 6 (IQR: 4-14, range: 1-25) 20 12 (60)

This column presents the percentage of participants fully adhering to that part of the protocol (eg, if 11 of 19 participants performed all expected 10

measurements, adherence was 58%).
bIQR: interquartile range.
’DLQI: Dermatology Life Quality Index.

Platforms

Data Collection

Data collected with 4 of the provided tools were registered in
the PHR. In addition, the PPS received real-time data from the
2 Withings devices. The PHR and PPS were consulted by all
participants. For the PPS, the median log-inswere 6 (I1QR: 4-14;
range: 1-25), with a total of 165 log-ins, of which 65.4%
(108/165) were by participants from the internal medicine
outpatient clinic and 34.5 % (57/165) from the dermatology
outpatient clinic. For the PHR, the median log-in frequency was
14 (IQR: 5-19; range: 1-49), with atotal number of 378 log-ins,
of which 60.8% (230/378) were by participantsfrom theinternal
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medicine outpatient clinic and 39.1% (148/378) from the
dermatology outpatient clinic. The actual use of the PHR
compared with the expected useranged from 17%to 817%, and
for the PPS, the actual use ranged from 17% to 417%.

All participants were able to link Q1.6 to their PHR. Only 12
of the 20 participants were able to successfully link MedApp
to the PHR. Withings devices were successfully connected to
the PHR for 16 participants and to the PPS for 17 participants.
All, but 1 participant, were able to connect the Withings devices
to at least one of the platforms.

For the Withings BPM, measurements occasionally did not
show in the PHR or the PPS or only partly (eg, only blood
pressure or pulse rate).
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Table 4. The number of messages per conversation via Kanta, subdivided by theme.

Theme Total conversations, n (range) Total messages Mean messages per conversation, n (range)
Introduction 17 (0-2) 36 2(1-6)
Study and administration 65 (0-8) 274 4(1-19)
Functionality tools 60 (0-8) 425 7 (1-36)
Planning and appointments 64 (0-9) 302 5(1-20)
Medical question 4(0-1) 26 7(5-8)
Kanta MedApp

In total, 1063 messages were sent in 210 conversations by 19
participants. The mean number of messages per conversation
was 5. The conversations could be divided by theme (Table 4).

The eNurse initiated 129 conversations and participants 81
conversations. The eNurse started most conversations on “ Study
and administration” and “Planning and appointments’ 48 and
45 times, respectively. The participants initiated most
conversations on “Functionality tools” 40 times.

Problems with notifications were experienced, where no
notifications would show for new messages. In addition, typing
messages had adelay for one participant and concept messages
were not saved when closing the app. Kantawas not compatible
with al smartphones.

Facetalk

All participants had at least one successful FaceTalk
appointment with the eNurse, which lasted 10-15 minutes. The
adherence was 100%. During the FaceTalk appointments, some
technical problems were observed. One participant could not
manage to get sound, another participant could not accomplish
to switch to the front camera, disconnection was experienced
once, and some (older) versions of operating systems were
incompatible with FaceTalk. Moreover, one appointment was
interrupted by a phone call received by the eNurse.

QL6

All participants were able to use Q1.6. The median number of
days a pain score was entered was 42 (IQR: 40-42; range:
35-42). Inthis study, 18 of the 20 participants completed >90%
of the daily pain scores, and the 2 remaining participants
compl eted 83% and 88% of the daily pain scores. The adherence
was 83%-100%.

In addition, 17 of the 20 participants completed all 3 2-weekly
DLQIs; 2 participants completed 2 of the 3 DLQIs, and partialy
completed the remaining DLQI. However, 2 participants did
not fill 1 of the 3 DLQIs. The adherence was 67%-100%. Of
note, 7 of the participants recruited from the Department of
Internal Medicine mentioned that the questions did not relate
to their disease, which was perceived as a barrier. Some
problems with Q1.6 appeared where the app continued to give
notifications after the completion of the questionnaire for 1
participant. Moreover, 1 participant stated that the pop-up
appeared at inconvenient times, which resulted in answering
without thought.

http://www.jmir.org/2018/9/€10135/

Inthis study, 12 participantswere ableto connect MedA pp with
the PHR. Reasonsfor unsuccessful linking were the absence of
connection possihility, incompatible smartphone software, or
other unknown reasons. All participants used medication.
Overdl, 2 of 12 participants filled out MedApp with their
complete medication list, and 5 of 12 participants partially filled
out MedApp with their medication list. For the remaining
participants who linked MedA pp with the PHR, it did not show
any medication entries, although all participants claimed to have
used MedApp during the interview. The adherence was 17%
for participants able to make a connection. For 7 participants,
the habit of taking medication was already present, making
MedApp obsolete. Some other problems were reported where
scanning medication did not work properly, and medication
compliance was not correctly reported. MedApp was not
compatible with al smartphones.

Withings Blood Pressure Monitor

The median number of measurementstaken was 13 (IQR: 11-30,
range: 5-52). One participant was excluded from the analysis
because no connection was made between the device and the 2
platforms. Thus, 11 of 19 participants (58%) measured their
blood pressure according to the protocol in 2 periodsfor 5 days,
or more often. In addition, 6 of 19 participants measured their
blood pressure 210 timesin 6 weeks, but not in 2 periods of 5
subsequent days. Together, 89% (17/19) measured their blood
pressure =10 times. According to participants, reasons for the
nonadherence were anxiety, technical issues, or when the blood
pressure was deemed lessrelevant for their situation. Participants
had different experienceswith the Withings BPM: 6 participants
reported it was an easy-to-use device, whereas 3 reported taking
measurements required precision. Notably, the BPM
occasionally reported an error, which indicated a measurement
could not be completed after which the participant had to try
again. One participant reported anxiety because of the frequency
of blood pressure measurements.

Withings Body+ Weight Scale

The mean number of measurements taken was 23 (SD 2.89,
range: 5-42). One participant was excluded from the analysis
because of unsuccessful linking of the deviceto both platforms.
Overdl, 37% (7/19) participants measured their weight
according to protocol, and 47% (9/19) measured their weight
>12 times but not in 2 times per week. Thus, 16 of 19
participants measured their weight =12 times during the 6-week
study.
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Table 5. Barriers and facilitators mentioned by participants in the user experience interviews for the Virtual Outpatient Clinic.

Variable Facilitator Barrier

Perfor mance expectancy
Time expectancy
Savestime

Accessible at any time

B P W O
|

Health professional s have real-time access to data
Convenience expectancy 13 —

Creates more awareness

Quick communication

Safe communication

Feeling of being in control of own health

Less barriers to reach out

Sharing information on own initiative

P P RPN NN N
|

Peer-like communication
Effort expectancy
Ease of use 4 1
Takes little effort to use 1 —
Communication requires signing in — 1
Clear layout 1 —
Easy to use 2 —
Social influence
Practitioner influence
Inspired by doctor

Peer influence

[ = = =

Inspired by partner
Facilitating conditions
Technology aspects —
Not suitable for al smartphones —
Security and confidentiality 1
Everything is digital —
The hospital is trustworthy 1 —
Hedonic motivation
Usage enjoyment 3 1
Being aware of hedth statusisfun 1 —
No priority 1
Visualization of dataisfun 1
Thetrend lineisinsightful 1
Novelty enjoyment 2 —
Gadget-factor isfun 2
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Table 6. Positive and negative effects mentioned by participantsin the user experience interviews for the Virtual Outpatient Clinic.

Variable

Positive effect Negative effect

Perfor mance expectancy
Time expectancy
Savestime
Convenience expectancy
Creates more awareness
Awareness leads to changes in behavior
Quick communication
A trend lineis more insightful than single measurements
Facilitating conditions
Technology aspects
Apps require substantial data storage
Hedonic motivation
Usage enjoyment

Being aware of health statusisfun

Barriersand Facilitators

In the interviews with individua participants, the user
experience of the integral VOC approach was discussed. The
interviews lasted between 30 and 90 minutes. Table 5 presents
barriers and facilitatorsfor the VOC use, weighed by how often
they were mentioned and divided in themes by the UTAUT2
model. Table 6 presents positive and negative effects of the
VOC use, weighed by how often they were mentioned and
divided in themes by the UTAUT2 model. Multimedia A ppendix
3 provides barriers, facilitators, positive effects, and negative
effects specific for each tool and platform.

Participant Suggestions

From the qualitative interviews, participants’ suggestions were
obtained to further improve the VOC. Participants expressed
the need for a single app or portal that integrates all mHealth
tools. The VOC package should be easily installed and linked
to a platform because this was perceived as a lot of work by
most participants. The instruction on the different aspects of
the VOC should be extended. Participants also opted for more
toolsto add, such asafood diary and alinked glucose-measuring
device. Suggestions on the different tools were made as well.
For FaceTalk, participants wished for the option to record and
store sessions, with the goa to be better able to recall
information and decisions that were made. For Kanta,
notifications should include a preview of the message and the
function to take a screenshot should be added. MedApp should
be improved by the ability to prioritize medication. The
frequency of reminders should be adjustable. The Q1.6 app
needs a “not now” function, and the questionnaires should be
based on the disease. Some participants mentioned a preference
for the numbered scale to indicate pain instead of a VAS. For
Withings, a reminder was thought useful to indicate when
measurement should be taken. For the PHR and PPS, some
suggestions were also mentioned by participants. It should be
indicated what ahealthy rangeisfor different health parameters.

http://www.jmir.org/2018/9/€10135/

The platform should also be available as an app. Another request
was the addition of imaging results to the platform.

Discussion

Principal Findings

In this study, we assessed the feasibility and functionality of a
cloud-based VOC. Participants successfully used all features
of the VOC and shared a positive attitude toward different
self-measurement tools. Although all toolswere frequently used,
our quantitative and qualitative analyses reveal ed that technical
issues prevented participants from taking measurements on a
few occasions. The functionality of the VOC, in general, was
well received. Patients stated that better integration of apps and
platforms, for instance, in a single smartphone app, would
further improve user-friendliness. However, some things need
to be discussed first.

The qualitative analysis revealed that the facilitators for using
the VOC outweighed the barriers (30 vs 4, respectively). Study
participants found that the VOC saved time, was convenient,
and easy to use. Traditionally, the burden of going to the hospital
ishigh, as patients have to skip work, travel, pay a parking fee,
and spend time waiting. For people with chronic conditions,
these visits are often short and can be considered as a regular
“check-up.” As a VOC can facilitate the exchange of data,
monitoring, and virtual consultations, this new way of delivering
care could help in reducing the number of these time-consuming
hospital visits.

Although most self-management tools were frequently used
and considered by the users, the protocol adherence was lower
than expected, primarily for the BPM and weight scale. Besides
the technical issues mentioned above, this could be related to
the complex measurement schedule and the high number of
tools provided in this study. More personalized schedules,
allowing users to perform measurements whenever they are
ready for it, could further improve adherence. In addition, we
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found that some tools provided to participants were more
interesting for one group than the other. For example, the Q1.6
smartphone app with questions about pain and skin condition
was focused on patients of the dermatology outpatient clinic,
whereas the BPM was more relevant for patients of the internal
medicine outpatient clinic, who often have hypertension. This
also emphasizes the need for a personalized set of tools and
scheduleto make the VOC as useful as possible for both patients
and professionals. Although some tools were lessrelevant to 1
of the 2 groups and the adherence was lower than expected,
participants kept using the tools throughout the study period.
Thisisremarkable because we expected aslight decreasein the
use of specific tools, as relative advantage is one of the factors
negatively influencing the frequency of use[19].

Although this study primarily intended to determine the
feasibility and functionality of amulticomponent digital health
service, participants reported an increased awareness of their
health status as a result of using the service. This could be the
first sign of the effectiveness of the provided system.
Furthermore, participants asked medical questions via the
secured messaging app, whereas the purpose of this app wasto
discuss the functionality of the tools and report technical
problems. This shows that patients are open to using virtual
communication tools that are suitable for discussing medical
issues.

Other Research

Empowering patients by giving them an active role in health
self-management is not a new concept [40]. The goal of most
studies was to determine the effectivity in improving health
status; however, the high-quality evidence is lacking to prove
the effectiveness [41]. As eHealth and mHealth tools arerarely
integrated regarding the data collection and data are often not
accessibleto patients, scientific studiesin thisfield arelacking.
As discussed earlier, most studies on eHealth and mHealth are
focused on one specific disease group and do not discuss data
sharing and communication between doctors and patients.
However, Alnosayan et a provided a multicomponent system
for patients [20]. They focused on patients with heart failure
and support after discharge. The monitoring system used in
their study contained aweight scale, BPM, glucose meter, and
ashort daily questionnaire. Participants were invited to use the
system for 6 months. Their results were comparable to our
findings asfollows: participants requested a personalized system
and integration with other monitoring tools, and visualizations
of health datawere helpful to gaininsight into the health status.
Although our study only lasted 6 weeks, and the patient groups
between the studies are different, the results show that a VOC

de Jong et a

islikely to be maintained continuously and will also work for
patients with more acute conditions such as presented by
Alnosayan et a [20]. The VOC used in this study has the
advantage that it is generic and can be personalized for any
patient, regardless of their disease or comorbidity.

Strengthsand Limitations

A strength of this study isthat we combined different tools and
integrated data collection, compared with other studies that
focused on a single tool. Another asset is the combination of
guantitative and qualitative methods, resulting in arich dataset
with in-depth information and user experiences. However, a
limitation of this study is related to the nonrandomized
convenience sampl e, as participants with interest in technology
and digitalization are more likely to participate in this study.
Thismay have resulted in an overestimation of positive effects.
Another limitation is the relatively short study period, making
it impossible to study long-term effects.

Implications for Practice

Doctors need to be aware of changes in health care regarding
eHealth and mHealth. They, but also their patients, could benefit
from integrated digital technology such as the VOC. Patients
might already track certain health parameters with wearable
devices or smartphones that may be valuable to share. Patients
need to realize that digital technology facilitates an active role
in their health management. Owing to the new possihility to
collect data with various devices and tools and store them in a
cloud-based platform, including the possibility to connect to
the hospital’s EMR, patient-centered care and self-monitoring
have become available. Using the VOC in daily practice could
potentially result in less frequent physical visits, reduction of
overconsumption of care, and a more continuous observation
with better prevention and treatment. Experimental study designs
to further assess the clinical value of the VOC are needed.

Conclusions

TheVOC isapromising integrated Web-based technology that
combines self-management, data sharing, and communication
between patients and professionals. The system can be
personalized by connecting various humbers of components,
which could make it a relevant tool for other patient groups.
Before a system, such as the VOC, can be implemented in the
daily practice, further integration of all tools into a single app
is needed. Moreover, the user-friendliness of different tools
should be improved, guided by the wide spectrum of barriers
and suggestions mentioned by study participants. Subsequently,
a prospective study focused on eval uating outcomes, costs, and
patient-centeredness should be conducted.
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Multimedia Appendix 1
Screenshot of Patients Know Best (PKB), showing an overview of the measurements performed by a user (example data).
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Multimedia Appendix 2

Screenshot of Patients Know Best (PKB), showing a detailed overview of the blood pressure measurements taken by a user
(example data).
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Multimedia Appendix 3
Specification of barriers, facilitators, positive and negative effects of individual components.
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Abstract

Background: Telemonitoring of symptoms and physiological signs has been suggested as a means of early detection of chronic
obstructive pulmonary disease (COPD) exacerbations, with aview to instituting timely treatment. However, algorithmsto identify
exacerbations result in frequent false-positive results and increased workload. Machine learning, when applied to predictive
modelling, can determine patterns of risk factors useful for improving prediction quality.

Objective: Our objectiveswereto (1) establish whether machine learning techniques applied to telemonitoring datasets improve
prediction of hospital admissions and decisions to start corticosteroids, and (2) determine whether the addition of weather data
further improves such predictions.

Methods: We used daily symptoms, physiological measures, and medication data, with baseline demography, COPD severity,
quality of life, and hospital admissions from a pilot and large randomized controlled trial of telemonitoring in COPD. We linked
weather data from the United Kingdom meteorological service. We used feature selection and extraction techniques for time
seriesto construct up to 153 predictive patterns (features) from symptom, medication, and physiol ogical measurements. We used
the resulting variables to construct predictive models fitted to training sets of patients and compared them with common
symptom-counting algorithms.

Results: We had a mean 363 days of telemonitoring data from 135 patients. The two most practical traditional score-counting
algorithms, restricted to cases with complete data, resulted in area under the receiver operating characteristic curve (AUC)
estimates of 0.60 (95% CI 0.51-0.69) and 0.58 (95% CI 0.50-0.67) for predicting admissions based on a single day’s readings.
However, in a real-world scenario allowing for missing data, with greater numbers of patient daily data and hospitalizations

(N=57,150, N"=55, respectively), the performance of al the traditional algorithms fell, including those based on 2 days’ data.
One of the most frequently used a gorithms performed no better than chance. All considered machine learning models demonstrated
significant improvements; the best machine learning algorithm based on 57,150 episodes resulted in an aggregated AUC of 0.74
(95% CI 0.67-0.80). Adding weather data measurements did not improve the predictive performance of the best model (AUC
0.74, 95% CIl 0.69-0.79). To achieve an 80% true-positive rate (sensitivity), the traditional algorithms were associated with an
80% false-positive rate: our algorithm halved this rate to approximately 40% (specificity approximately 60%). The machine

http://www.jmir.org/2018/9/e263/ JMed Internet Res 2018 | vol. 20 | iss. 9 [e263 | p.173
(page number not for citation purposes)


mailto:brian.mckinstry@ed.ac.uk
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

Orchard et al

learning algorithm was moderately superior to the best symptom-counting a gorithm (AUC 0.77, 95% CI 0.74-0.79 vs AUC 0.66,

95% CI 0.63-0.68) at predicting the need for corticosteroids.

Conclusions: Early detection and management of COPD remains an important goal given its huge personal and economic costs.
Machine learning approaches, which can be tailored to an individual’s baseline profile and can learn from experience of the
individual patient, are superior to existing predictive algorithms and show promise in achieving this goal.

Trial Registration:

International  Standard Randomized Controlled Trial  Number

ISRCTN96634935;

http://mww.isrctn.com/I SRCTN96634935 (Archived by WebCite at http://www.webcitation.org/722Y kuhAz)

(J Med Internet Res 2018;20(9):€263) doi:10.2196/jmir.9227

KEYWORDS

machine |learning; telemedicine; chronic obstructive pulmonary disease

Introduction

Background

Exacerbations of chronic obstructive pulmonary disease (COPD)
areamajor cause of acute hospitalizations. Prompt intervention
with antibiotics and corticosteroids may prevent admissions
and improve quality of life[1,2], but difficultiesin recognizing
early symptoms of deterioration [3] often result in delays in
accessing care [2,4] and starting treatment. Telemonitoring of
symptomsand physiol ogical measurements has been advocated
to facilitate early identification and treatment of exacerbations.
However, despite patients perceptions [4], the evidence from
randomized controlled trialsthat telehealth prevents admissions
is less than convincing [5-9]. One reason for this is that, far
from clarifying the early detection of exacerbations, previously
employed agorithms (typicaly based on international
definitions of exacerbations [10]) generate frequent, clinically
unnecessary alerts[11].

New symptom-based a gorithms have been designed to improve
identification and assessment of established exacerbations
[12,13]. There is some evidence that a composite measure
combining oxygen saturation and heart rate with symptoms may
predict deteriorations requiring treatment with antibiotics or
corticosteroids [14], although these physiological measures
have marked day-to-day variation, which may obscure subtle
changes due to early exacerbations in individual patients [15].
The optimal algorithm is thus not yet clear.

Recently, there have been major advances in developing
computational and statistical methods for analyzing noisy,
incomplete data, broadly described as machine learning and
data mining [16,17]. When applied to predictive modelling,
such methods can determine patterns of risk factors useful for
improving the quality of predictions. This is in contrast to
conventional agorithms, which typically use a small number
of established risk factors. However, these techniques are not
yet in use for predicting hospital admissions for COPD in
patients undergoing telemonitoring.

Objective
Data from the Telescot COPD telemonitoring program [4,11]
included daily symptom and physiological measures, which

could belinked with health care use (consultations, prescription
of medication, and hospital admission); baseline data on age,

http://www.jmir.org/2018/9/e263/

severity of COPD, comorbidity, and anxiety and depression
scores; and contextual data (such as weather conditions from
the Met Office (the United Kingdom [UK] meteorological
service) [18]. Using machine learning and high-dimensional
data mining, we aimed to use this large dataset to identify
patterns predictive of hospital admissions or decisions to start
corticosteroids.

Methods

The Telescot COPD trial (ISRCTN 96634935) [11] was
undertaken in 2009-2011 preceded by a pilot study [4] in 2008
in Lothian, Scotland. Ethical approval was granted by the
Lothian research ethics committee (reference 08/S1101/60),
with UK National Health Service (NHS) management approval
from NHS Lothian, Scotland.

Datasets and Handling

The telemonitoring database of day-to-day symptoms and
physiological measures from the Telescot COPD trial [11] and
pilot study [4] was held by the NHS. These were linked in the
L othian safe haven with trial dataheld by the research team and
hospital admission data. Datasets were deidentified before
analysis.

The Telemonitoring Dataset

The Telescot COPD program [4,11] included 146 patients who
had moderate to severe COPD (forced expiratory volumein the
first second of expiration [FEV,] and forced vital capacity both
<70%) and at least one admission to hospita in the previous
year for an exacerbation of COPD. They recorded data with
some gaps over an average of 16 months. Patients were asked
to provide daily symptoms and physiological readings (pulse
and oxygen saturation, and a subset of the study population also
provided spirometry data on aless regular basis) and to record
antibiotic and corticosteroid use. The symptom score was based
on the presence of major symptoms (scored 2) or minor
symptoms (scored 1) based on the work of Anthonisen et al
[19] and others[2,10,11,15] (see Textbox 1). Datawere checked
daily by arespiratory professional or trained telehealth monitor,
and patients were contacted if their symptom score rose above
5. Acceptable ranges for pulse rate and oxygen saturation were
set individually, and patients were contacted if readings fell
beyond these ranges.

JMed Internet Res 2018 | vol. 20 | iss. 9 [e263 | p.174
(page number not for citation purposes)


http://dx.doi.org/10.2196/jmir.9227
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Orchard et &

Textbox 1. Definitions of chronic obstructive pulmonary disease exacerbation onsets on day t used as predictors of hospital admissions on day t+1.
Note that the last 3 definitions cannot be used for this evaluation unless an early detection can be made, as they detect an onset of an exacerbation with
al-day delay. For these definitions, we report an approximate upper bound on the predictive performance under the assumption that the exacerbations
can be detected.

1. Major symptoms
a  Breathlessness, sputum color, and sputum amount.

2. Minor symptoms
a  Cold, wheeze, sore throat, cough, and fever.

3. Symptom counts
a nMagor = number of major symptoms present on day t,
b.  nMinor = number of minor symptoms present on day t,
c. nAIl =nMgjor + nMinor.
4. Définitions
a  Definition 1 (after Anthonisen et al. [19]): nMajor=2.
b. Definition 2 (modification of Rodriguez-Roisin [10]): nAll=5.

c. Definition 3 (modification of Exacerbation 1 asin Seemungal et al. 2]): define a 'bad day' as one where (nMajor=2) or ([nMaor=1] and
[nMinor=1]). An exacerbation is said to occur on day t if dayst and t +1 are bad, but dayst —1 and t —2 are not bad.

d. Definition 4 (modification of Seemungal et al. 2] asin Burton et al. 15): Like Definition 3, but abad day is defined as one where (nMgjor=1)
and (nAll=3).

e. Definition 5 (after Pinnock et a. 11): An exacerbation is said to occur on day t if:

i. (nAll=5)ondayt, or
ii.  (nAll=4) onday t and (nAll=4) on day t +1.

Trial Data

Baseline trial data on demographic characteristics, body mass
index, spirometry, Medical Research Council Dyspnoea Scale
[20], Hospital Anxiety and Depression Scale[21], St George's
Respiratory Questionnaire [22], previous hospital admissions,
and comorbidity were also available. At the end of thetrial, we
searched hospital records for admissions during thetrial, and 2
clinicians determined whether the admission was dueto COPD,
partly due to COPD, or unrelated to COPD.

Met Office Health Forecasting Data

The UK Met Office Healthy Outlook service uses arule-based
model, combining observed and forecast parameters, including
season, humidity, temperature, air quality, and rates of
influenza-likeillnessto issueforecasts. These have been shown
to provide a 10-day warning of periods of higher risk of COPD
exacerbations at apopulation level [18], but it isunclear whether
this is predictive at an individual level. We hypothesized that
including Met Office data along with telemonitoring and
baseline data would improve the algorithm’s prediction. We
therefore combined the telemonitoring dataset with the Met
Office COPD health forecasting dataset. This consisted of the
outputs of the Met Office’'s Healthy Outlook COPD adlert
algorithm [18], maximum and mean temperaturesin thelast 48
hours, and 3 binary temperature indicators (mean temperature
<2°C, maximum temperature <4°C, and maximum temperature
<7°C).

http://www.jmir.org/2018/9/e263/

Choice of Outcomes

We gave patients taking part in the study an individualized
action plan, which typically advised starting antibioticsif their
symptom score exceeded 5, so antibiotic courses were very
frequent events. Asa proxy for more serious exacerbations, we
tested the prediction of two main outcomes: admission to
hospital for COPD and initiation of oral corticosteroid treatment.

Preprocessing

We defined patient episodes as dliding windows of
patient-generated data for a fixed number of consecutive days
up to the current day (inputs), linked to the admission or
corticosteroid outcome on the following day (output).

We considered the simple score-counting algorithm in the
complete-data setting, where we used only episodes without
any missing symptom variables to compute risk scores for 1-
or 2-day windows. Additionaly, we evaluated the
score-counting algorithms and the machine learning modelsin
the imputation setting using identical patient episodes, where
we imputed each missing variable by copying the last
observation of that variable for that patient for up to 15 days.
We excluded episodes where the outcome variable was missing
and patient episodes where we could not impute the observations
due to long windows of no provided data. Where we used
imputation, for each variable in the patient episode, we defined
an auxiliary indicator to encode whether the input variable was
imputed or provided by patient; we used these auxiliary variables
asadditional inputsinto the machine learning models. Note that
the sample size and the number of admissionsfor theimputation
setting were higher than those for the complete-data setting.
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For example, if some measurements were not reported prior to
a hospital admission, then we excluded the episode from the
complete-data analysis, but we could retain it in the imputed
setting when the reported variables were exact and the missing
variables were imputed.

Data Analysis

We identified alarge number of potentially predictive features
by using established data mining techniques (see below) and
tested them in combinations using nested cross-validation
procedures, where we sel ected and extracted thefeature by using
only the inner training folds of data. Because data were
incomplete, we conducted separate analyses (1) limited to time
periodswith no missing data, and (2) from all time periodswith
imputation of missing data.

| dentification of Novel Features

For each patient, we constructed up to 153 predictive patterns
(features) from symptom, medication, and physiological
measurements, by using feature extraction techniques for time
series[23,24], hypothesized to be predictive of the future events
[2] (see Multimedia Appendix 1). The exact number varied
between the complete and imputed settings and depended on
which types of variables (telemonitoring, weather, and their
combinations) we used as inputs. We imputed variables
measured at baseline by using population medians for the
continuous variables or population modes for the categorical
variables, and we assumed the variablesto be fixed (stationary)
throughout the study. We used the resulting variables to
construct predictive model sfitted to the training sets of patients.
We used only the past, and not the future, variablesfor imputing
the missing variables or constructing the time-series features
for each patient episode. The resulting variables were combined
to learn additional features in the hidden layers (neural nets),
used for computing feature-space similarity functions
(nonparametric methods), or combined with feature selection
by filtering [25] to set priors on hyperparameters (adaptive
regularized classifiers) during training. When we used the output
variables directly or indirectly to select or extract the features
during training, we ensured that the procedure was nested within
the training folds, so that the data used for the evaluations
remained unseen.

Standard Exacerbation Models

We considered severa definitions of exacerbations based on
the criteriaof Anthonisen et al [19] and clinical guidelines[26]
and used in studies on COPD exacerbations[2,10,11,15]. Major
symptoms were changes in patients self-reported
breathlessness, sputum color, and sputum amount, and minor
symptoms were cold, wheeze, sore throat, cough, and fever.
Using definitionsfrom theliterature, we considered 5 definitions
of exacerbation (Textbox 1). We evauated the onsets of
exacerbations on agiven day (t) as predictors of admissionsthe
following day (t +1). Note that, from the considered definitions,
only definitions 1 and 2 could be used for thistype of evaluation.
For example, definition 3 is defined as the presence of at least
two consecutive days of major symptoms, or one major and at
least one minor symptom, with the exacerbation onset taken to
be the first day when the symptom criteria are met [1,2,27],
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whereas definition 4 is its dight modification [15]. Thus, for
definitions 3 to 5, by using the exacerbation indicator on day t
asamarker of an admission on day t +1, we evaluated an upper
bound on the predictive performance under the assumption that
these exacerbations can be detected early (eg, by making
accurate predictions of the future symptoms).

Novel Predictive Modeling

We assessed how well we could predict hospital admissions
and decisions to start corticosteroid treatment in patients
undergoing telemonitoring using the extracted features. We
considered several types of models. (1) Nonparametric
predictive methods, such as sparse maximum-margin classifiers
[16,28,29]: these approaches allow for complex mappingsfrom
covariatesto target outcomesto obtain high-quality “black-box”
predictions. (2) Regularized classifiers based on the adaptive
extensionsof elastic nets[30]: inlow dimensions, these methods
have the advantage of generating intelligible predictions, but
they may sometimes result in lower predictive performance
than nonparametric methods or ensembles due to rigid
constraints on the mappings between covariates and outcomes.
(3) Ensembles of boosted classifiers [31] that we expected to
bewell suited for dealing with highly imbalanced datasets such
asours (where the number of episodes corresponding to COPD
admissions was several orders of magnitude lower than the
number of episodes without admissions). (4) Long short-term
memory multitask neural network models. these methods are
state-of-the-art for speech recognition, where very large datasets
are available [32]. However, we found their performance to be
only alittle better than that of the other models for our smaller
incomplete imbalanced dataset. We considered these models
using the preprocessing strategy discussed above and using
training by avariant of back-propagation for recurrent networks.

We repeated the procedure by considering features occurring
(2) 24 hours prior to hospitalization or earlier, and (2) 24 hours
prior to the decision to start corticosteroids or earlier. We fitted
models 1 and 2 by regressing the outcomes on telemonitoring
only (physiological, medication, and symptom variables),
weather variables only, and telemonitoring and weather variables
jointly. We used the more computationally expensive models
(3 and 4) for regressing the outcomes on the telemonitoring
variablesin theimputed scenario. Hyperparameterswere learned
by the grid search (models 1 and 2) or by random search (models
3 and 4) over inner folds in the nested cross-validation
procedure.

We compared these methods with the conventional algorithms
using multiple definitions of exacerbations from Textbox 1 as
predictors of the future clinical admissions and corticosteroid

therapy.

Validation of Novel Predictive Models

To test this range of models, we used k-fold cross-validation,
in which we split the data into k digoint subsets (“folds’) of
equal size, and fitted the models repeatedly to k —1 training
folds, evaluating them on the remaining test fold. The procedure
wasrepeated k times, and the overall performance was eval uated
by aggregating the results acrossthetest folds. During the nested
cross-validation, we performed the cross-validation procedure
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for each choice of test datain a nested loop, where we used the
inner training folds for feature extraction and selection and for
estimating model parameters, we used theinner validation folds
for estimating hyperparameters (such as the degree of model
complexity), and we used the outer test folds purely for the
performance eval uation. In our implementation of the procedure,
we ensured that thetest outer foldswere made up of individuals
who did not appear in the training sets or the inner folds (ie, we
used no patient episodes for individuals from test datasets as
any part of the training data). Thus, we used the outer test sets
of patients purely for evaluations, and not for variable selection,
parameter learning, or hyperparameter learning. We evaluated
the predictive performance expressed as the aggregated area
under the receiver operating characteristic curve (AUC), a
calibration-invariant measure of predictive performance of
binary classifiers. The aggregation was achieved by merging
the predictions of the classifiers across the test folds and by
averaging the merged AUC across multiple repetitions of
cross-validation with the random fold partitions.

Experimental Comparison

We excluded 11 individuals with more than 95% missing data
and analyzed datafor 135 individuals who provided symptoms
and physiological measurements regularly. We chose the outer
folds to have approximately the same number of patient
episodes, although an equal splitting could not be guaranteed,
as patients had unequal numbers of the reported measurements.
We used 10 inner and 10 outer folds of the nested
cross-validation procedure for all but the most computationally
expensive models. To eval uate the variation in the performance,
we used 10 runs of the nested cross-validation with different
training or test fold partitions.

We evaluated simple score-counting algorithms that did not
need long series of past symptomsto generate predictions, both
in the complete and in the imputation scenarios. We used
machine learning models that needed longer sequences of
partially missing past observations in the imputation scenario.
In that scenario, we excluded all patient episodes that we could
not impute according to the considered procedure due to too
much data being missing. For a fair comparison of multiple
models, we ensured the consistency of the imputations and
patient episodes across the folds.

Results

Predicting Hospital Admissions of I ndividuals

In the complete-data scenario, we evaluated how well the
traditiona definitions of exacerbation onset on one day predicted
24-hour hospital admissions the following day, using the
definitions from Textbox 1. Depending on the choice of the
algorithm, we had between 14,106 and 17,610 patient episodes,
and between 8 and 17 hospital admissions. We obtained the
best predictions by using definition 5 (mean AUC 0.657, 95%
Cl 0.523-0.792, N=16,170 patient episodes, where we computed
the error bars on the AUC as the consensus estimate of the
methods of empirical resampling, Chebyshev, and Del ong and
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colleagues [33]; Table 1); however, we based this estimate on

a dataset with only N*=9 admissions. Additionally, using this
definition, an exacerbation starting on one day could only be
detected when the score remained elevated the following day
(see Textbox 1), making it impractical for predicting an
admission on the second day. Score-counting algorithms
definitions 1 and 2, where onsets of exacerbations are computed
on a single day, resulted in the AUC estimates of 0.600 (95%
Cl 0.509-0.692) and 0.578 (95% CI 0.496-0.672), respectively,

for N=17,610 episodes and N*=17 admissions (Table 1).

When evaluated in the pragmatic imputed-data scenario allowing
for missing data, with a greater number of patient episodes
(N=57,150) and a greater number of hospital admissions
preceded by the symptom and physiological measurements

(N*=55), the performance of al the traditional definitions of
exacerbation dropped to near random. For example, for
definition 2, we obtained an AUC of 0.524 (95% CI
0.486-0.544); see Table 1. The most likely reason for this drop
was the need to rely on a simple imputation strategy due to the
limited availability of daily symptom dataon the days preceding
hospital admissions.

Machine learning models demonstrated  significant
improvements in the prediction of future admissions over the
traditional symptom-counting methods. Working with the
imputed-data scenario, the best machine learning model (neural
net) using telemonitoring data resulted in the aggregated AUC
of 0.740 (95% Cl 0.673-0.803) evaluated on test data for
N=57,150 episodes, N*=55 admissions (Table 1). The other
machine learning models had similar performance, with the
mean aggregated AUC of 0.721-0.738, which shows that the
improvement over symptom scores could be achieved across a
range of models (see Multimedia Appendix 2). To achieve an
80% true-positive rate (sensitivity), the traditional agorithms
were associated with an 80% false-positive rate (20%
specificity); our algorithm halved this rate to approximately
40% (specificity around 60%).

Adding the weather data (the Healthy Outlook criterion and the
additional weather-related variables) to the telemonitoring
measurements resulted in no significant improvement in the
predictive performance of the best model, with the aggregated

AUC of 0.739 (95% CI 0.685-0.794, N=57,150, N*=55). This
cannot be explained by the weather variables being correlated
with the telehealth variables, asthe best model using the weather
data only had the near-random AUC of 0.526 (95% ClI

0.504-0.548, N=107,078, N*=151).

The best model for admissions refitted to the entire dataset
following the model selection used 135 variables and was
difficult to characterize. By linearizing its outputs, we found
that the factors contributing most to the predictions included
all 3 groups of variables collected by telemonitoring, together
with current smoking status: current symptoms, current and
delayed physiological measures, and current and delayed
self-reported medications.
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Table 1. Predictive accuracy of hospital admission and use of corticosteroids of different definitions of exacerbation.
Description Practical AUC? (empirical 95% ClI) Events, N* Samples, N
Prediction of 24-hour admissions using exacer bation definitions, complete data
Definition 1 Yes 0.600 (0.509-0.692) 17 17,610
Definition 2 Yes 0.578 (0.496-0.672) 17 17,610
Definition 3 No 0.553 (0.440-0.666) 8 14,106
Definition 4 No 0.490 (0.424-0.556) 8 14,106
Definition 5 No 0.657 (0.523-0.792) 9 16,170
Prediction of 24-hour admissions using exacer bation definitions, imputed data
Definition 1 Yes 0.513 (0.477-0.551) 55 57,150
Definition 2 Yes 0.524 (0.486-0.544) 55 57,150
Definition 3 No 0.496 (0.471-0.521) 55 56,702
Definition 4 No 0.505 (0.473-0.536) 55 56,702
Definition 5 No 0.517 (0.479-0.555) 55 57,150
Prediction of 24-hour corticosteroid decisions using exacer bation definitions, complete data
Definition 1 Yes 0.655 (0.630-0.679) 238 9768
Definition 2 Yes 0.605 (0.581-0.628) 238 9768
Definition 3 No 0.568 (0.544-0.592) 178 8489
Definition 4 No 0.544 (0.522-0.567) 178 8489
Definition 5 No 0.646 (0.622-0.670) 237 9322
Prediction of 24-hour corticosteroid decisions using exacer bation definitions, imputed data
Definition 1 Yes 0.660 (0.639-0.681) 316 13,899
Definition 2 Yes 0.605 (0.585-0.625) 316 13,899
Definition 3 No 0.564 (0.543-0.586) 228 10,442
Definition 4 No 0.543 (0.524-0.564) 228 10,442
Definition 5 No 0.647 (0.626-0.668) 316 12,477
Prediction of 24-hour admissions using machine learning models, imputed data
Machine learning model Yes 0.740 (0.673-0.803) 55 57,150
Prediction of 24-hour corticosteroid decisions using exacer bation definitions, imputed data
Machine learning model Yes 0.765 (0.738-0.791) 316 13,503

8AUC: area under the receiver operating characteristic curve.

Predicting Peaksin Symptom Scoresin Populations

The Healthy Outlook [18] algorithm and the weather variables
did not improve the quality of predictions of hospital admissions
for individuals in our dataset. However, at the population level
we found that, over some contiguous time periods,
predominantly during fall and winter, prediction of the 2-week
population-averaged baseline-adjusted symptom score using
the Healthy Outlook variables outperformed the prediction of
the simple delayed baseline-adjusted symptom score. The
Spearman correlation between the true and the predicted
outcomes over thetest datafoldsincreased from 0.44-0.55 (the
lagged heuristic) to 0.66-0.75 (Healthy Outlook), and the
Kendall rank correlation increased from 0.27-0.38 to 0.44-0.52.
See Multimedia Appendix 1 for additional detail.
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Predicting Individuals Starting Corticosteroids

In contrast to the prediction of hospital admissions, the standard
score-counting algorithms were moderately predictive of
decisions to start corticosteroid treatments, both in the
complete-data and in the imputed-data scenario. Here, we
included in the analysis only episodes where patients reported
not taking corticosteroids on the first day of the exacerbation.
The onset events were defined as taking corticosteroids on the
following day. Using definition 1 (Textbox 1), we obtained an
AUC of 0.655 (95% CI 0.630-0.679) for the complete-data

scenario with N=9768 episodes and N*=238 corticosteroid
therapy onsets (Table 1). In the imputed-data scenario, we
obtained an AUC of 0.660 (95% CIl 0.639-0.681) with N=13,899
episodes and N*=316 corticosteroid therapy onsets. Although

the machinelearning models helped to improve the predictions,
leading to an AUC of 0.765 (95% CI 0.738-0.791) on the test
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datasets, thisimprovement wasrelatively lower than in the case
of predicting the admissions. The agorithm for predicting
corticosteroid onsets (anonparametric model) used 153 features,
where the most important one, as suggested by linearizing, was
the total symptom score on the current day.

Discussion

Principal Results

In the context of telemonitoring, traditional agorithms of
predicting exacerbations with imputation of missing symptom
data were no better than chance when they were used for
predicting a COPD admission over the subsequent 24 hours,
and were only a little better than chance in the subset with
complete data provided by patients. The performance of machine
learning algorithms was considerably more accurate and, in
practice and subject to some conditions, would have halved the
number of false alertsin comparison with the traditional method
(seeMultimedia Appendix 1 for additiona detail). Theagorithm
readily identified those at high and low risk of admission,
suggesting that, in aresource-constrained environment, asimple
triage strategy for targeting additional care could be based on
using the output of our method. Adding meteorological data
did not significantly enhance the accuracy of the model at an
individual level, although it did so, to some extent, at a group
level for the prediction of average baseline-adjusted symptom
scores, which could be of value to service planners. We found
that both the standard symptom-counting algorithms and the
machine learning agorithms were reasonably accurate for
predicting the decision to start corticosteroids within 24 hours.

Limitations

Despite the Telescot COPD trial [11] being one of the largest
individually randomized trials of telehealth in COPD, the
absolute number of admissions immediately preceded by a
complete record of physiological and symptom variables was
relatively small, which may have reduced the reliability of the
algorithm.

The lack of a gold standard definition for what constitutes an
exacerbation is achallenge to research in this area. Many mild
to moderate exacerbationswere defined by medication use, and
patients  individuaized management plans advised
commencement of antibiotics with an increase in symptoms
(eg, if their sputum was dark green). Some also kept
corticosteroids, which they took if they were very breathless or
wheezy. This self-management may have interfered with what
would otherwise have been the natural history of the
exacerbation, reducing the rel ationshi p between some symptoms
and signs and the outcome (hospital admission), but potentially
strengthening the rel ationship between some components of the
algorithm and decision to start corticosteroids. Nonethel ess, we
find the fact that the machine learning algorithm can predict
future admissions despite adjusting for self-reported medications
to be encouraging.

One methodological limitation of our approach is its reliance
on cross-validation, rather than multiple independent cohorts,
for evaluations of the predictive performance. In addition to
ignoring possible covariate or distribution shifts across multiple
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cohorts, another well-known disadvantage of cross-validation
is the complexity of approximating confidence intervals of the
performance measures [34], especially for small or imbalanced
datasets. The use of a resampling approach such as
cross-validation was unavoidable given the small number of
large telemonitoring trials for COPD. Further validations in
unrelated datasets will be needed to confirm our findings. One
strength of our approach is the use of complementary machine
learning methodsin the derivation of the optimal algorithm and
consistency of the findings across the methods. The considered
methods included regularized parametric and kernel methods,
boosting, and representation learning. A limitation of our
approach isitsreliance on fixed-length feature vectors extracted
from time-series data, rather than variable-length predictors.
We argue that, although there have been some recent works on
using variable-length approaches for time-series predictions
[35], they demonstrated superior performance over other
methods when the number of cases exceeded ours by several
orders of magnitude, and they were not extensively compared
with sparse classifiersreliant onimputation methods. The closest
match to such models from those we considered—the long
short-term memory with the imputation strategy described
above—did not improve on the other models. Handling the
systematic missingness in variable-length conditional models
is an actively researched area that will be considered in the
future, and which is likely to become useful once bigger
telemonitoring datasets are collected. In this study, we used
imputation by forward-feeding, which is arguably one of the
most practical approachesat the point of inference when access
to past data is limited; other techniques may potentially be
considered.

The aim of this study was to demonstrate the potential of
machine learning for predicting COPD admissions and
corticosteroid use, not to elucidate the effects of each feature
or combination of features under different adjustments. Modern
artificial intelligence methodsfor predicting clinical eventsuse
hundreds or even thousands of features to predict clinical
outcomes[34,36]. Dueto complex architectures and interactions
between multiple variables, it is challenging to estimate the
effects of each feature [37,38]. In this study, we investigated
the effects only of classes of variables (telehealth,
weather-rel ated, and their combinations) rather than each single
variable. This is a general limitation of high-dimensional
methods; future work is needed to investigate the marginal and
conditional effects, and a validation in a device trial will be
needed prior to translation to clinical practice.

A limitation of our work is that some of the measures were
available at only 1 or 2 time points (eg, anxiety and depression
scores, quality of life, exercise or physical activity data, and
smoking status were assessed at the beginning and end of the
1-year trial), and time-series data might have been more
informative. Other multicomponent scores known to be
predictive of COPD outcomes (such as the body mass index,
obstruction, dyspnea, exercise index [39] or dyspnea,
obstruction, smoking, exacerbation index [40]) might have been
useful predictors, aswould serial FEV; and more detailed serial
information on medication changes. Our machine learning
platform is extendable to such new types of data sources that

JMed Internet Res 2018 | vol. 20 | iss. 9 [e263 | p.179
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

may include systematic or informative missingness, which is
the strength of the approach.

Comparison With Prior Work

Interest in the development of more accurate predictive
algorithms using machine learning is increasing;
Sanchez-Morillo and colleagues [41] in a recent review
concluded that, while some of these show promise, they have
been based on relatively small numbers of patients and events
[42,43]. They require validation in larger samples of patients,
for longer periods of time. The closest to ours is probably the
very recent work of Shah et a [44], who used logistic regression
to predict future exacerbations and showed that using pulserate,
oxygen saturation, and respiratory rate (from a pul se oximeter)
showed improved predictivity when compared with traditional
algorithms of COPD exacerbations. Our result in respect of the
value of meteorological data is consistent with the work of
Steventon et a [45] on the impact of Healthy Outlook on
admission rates.

Orchard et al

Conclusions

The early detection and management of COPD remains an
important goal given the huge personal and economic costs of
the condition. Machine learning approaches, which can be
tailored to an individual’s baseline profile and can learn from
experience of theindividual patient, show promisein achieving
this goal. There is a need for larger datasets with which to
devel op more accurate algorithms; however, the lack of an effect
of telehealth in COPD demonstrated in trials has effectively
discouraged large implementations of the technology. One
solution (if governance regulations can be overcome) is to
amalgamate existing international datasets. Another may beto
explore the ability of algorithms to predict moderate
(nonhospitalized) exacerbations with al the challenges
highlighted above. Additionally, the potentia of machine
learning to elucidate optimal interventions should be explored.
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Multimedia Appendix 2

Receiver operating characteristic (ROC) of the multitask neural net (M TNN) and the symptom-counting exacerbation score (after
[2]) for prediction of 24-hour admissions using the imputed data scenario. The areas under the mean aggregate ROC curves over
test data are ~0.74 and ~0.52 respectively.
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Abstract

Background: The melanomaincidence and mortality ratesin rural and remote communities are exponentially higher than in
urban areas. Digital health could be used to close the urban/rural gap for melanoma and improve access to posttreatment and
support care services.

Objective: Theam of this review was to understand how digital health is currently used for melanoma posttreatment care and
determine the benefits for Australian rural and remote areas.

Methods: A systematic search of PubMed, Medline, PsycINFO, and Scopus was conducted in March 2018. Findings were
clustered per type of intervention and related direct outcomes.

Results: Five studies met the inclusion criteria, but none investigated the benefits of digital health for melanoma posttreatment
carein rura and remote areas of Australia. Some empirical studies demonstrated consumers’ acceptance of digital intervention
for posttreatment care. The findings did not take into consideration individual, psychological, and socioeconomic factors, even
though studies show their significant impacts on melanoma quality of aftercare.

Conclusions:  Digital interventions may be used as an adjunct service by clinicians during melanoma posttreatment care,
especidly inregionsthat areless-resourced by practitionersand health infrastructure, such asrural and remote Australia. Technology
could be used to reduce the disparity in melanomaincidence, mortality rates, and accessibility to posttreatment care management
between urban and rural/remote populations.

(J Med Internet Res 2018;20(9):€11547) doi:10.2196/11547

KEYWORDS

digital health; eHealth; technology; melanoma; posttreatment care; support care services; rura areas, remote communities;
patient-centric; oncology

in Australia and New Zealand—whose populations consist
primarily of transplanted, fair skinned, northern Europeans—is

Australia remains a country with one of the highest levels of ~dué to high levels of ambient ultraviolet (UV) radiation.
melanoma. In 2015, the worldwide average age-standardized Exposure of the skinto UV radiation isawell-known risk factor
incidence rate (ASR) for melanoma was 5 cases for 100,000. 1Or melanoma[2-3]. Melanomatrestment representsasignificant
However, the rates for Australiaand New Zealand are over ten cost for the Australian Health Care System that has increased

times that level (Table 1) [1]. The high incidence of melanoma  dramatically in the past two decades, from approximately Aus
$30 million in 2001 to Aus $201 million in 2017 [4].
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Table 1. Worldwide ranking of the average age-standardized incidence rate for melanoma.

Rank Country Age-standardized incidence rate for melanoma (95% Cl)
1 New Zealand 54/100,000 (39-73)
2 Australia 54/100,000 (41-78)
3 Norway 26/100,000 (18-32)
4 Sweden 26/100,000 (20-35)
5 The Netherlands 25/100,000 (17-30)

Cutaneous melanoma (CM) is the fourth most commonly
diagnosed cancer in Australia[5] and the most common cancer
among young Australians between 15-39 years old. Although
melanoma represents only 2% of all skin cancers [6], it often
leads to premature death [6] and is responsible for a majority
of skin cancer deaths [7]. Compared to urban populations,
Australia srural and remote communities experienceinequities
inaccessto care[8], leading to ahigher incidence and mortality
within 5 years. The median incidence ASR for nonindigenous
Australianswith CM is 32 per 100,000 across rural and remote
areas and 27 per 100,000 in major cities. In comparison, the
median worldwide ARS mortality for CM is 5.4 per 100,000
acrossrural and remote areas and 4.6 per 100,000 in major cities

[9].

Melanoma treatment plans depend on (1) prognostic factors
which are primarily defined by the American Joint Committee
on Cancer staging system [10], and (2) individual characteristics
which will alow the clinicians to determine the type of
melanoma and the risk for recurrences. For example, patients
previously treated for primary CM are at higher risk of
recurrences and developing new primary melanomas and skin
lesions [11]. However, early detection can reduce mortality
rates, as melanoma can be more effectively cured with simple
and inexpensive treatments in the early stages [12]. In 1996,
Berwick and colleagues [13] reported that total skin
self-examination (TSSE) might decrease melanoma mortality
by 63%. In 2003, the study by Carli et al [14] found that regular
skin self-examination (SSE) could significantly reduce the
likelihood of a tumor >1 mm thick at diagnosis. It has been
suggested that early detection isafactor influencing the disparity
between urban and rural survival rates, but other aspects such
asaccessto health services, clinical practices, and medical care
management need to be taken into consideration to fully evaluate
survival rates, especially after aninitial diagnosisand treatment
for CM [15].

In 2017, the Australian Institute of Health and Welfare estimated
that 14,000 new melanoma caseswould be diagnosed. However,
there are only 775 registered dermatologists in Australia (only
260 of which are melanoma specialists), and very few of them
are easily accessible to people living in rural and remote areas
[16]. There are several infrastructure, cost, and accesslimitations
which impact on the provision of health services for people.
This is further compounded by the lack of training for future
dermatol ogists and general practitioners (GPs) in remote areas.

It has been suggested that technology-based training and
telehealth could help combat this disparity by bringing health
services to rural and remote areas [17]. Many studies have

http://www.jmir.org/2018/9/e11547/

evaluated the benefits of eHealth and the level of acceptance
for digital intervention in the early detection of cutaneous
melanoma[18-20]. Benefits of telemedicine and teledermatol ogy
include increased access to health care services, reduced travel
and waiting times, and cost-effectiveness [19]. A 2006 study
by Qureshi et a [21] reported that patients prefer telemedicine
if it can provide quicker accessto their physicians. However, a
qualitative review found that patients attitudes toward
technology are only positive if the tool is personalized and
adapted to the recipients’ needs and characteristics [18]. Also,
available evidence suggests that telemedicine is not only
beneficial for patients, but for health care professionals (HCP)
too. For example, a previous study by Al-Qirim [22] reported
that GPs appreciate using teledermatology when they need to
refer to a dermatologists' expertise in order to obtain a second
opinion.

In order to structure posttreatment plans, physicians must refer
to the clinician guidelines. A recent study [23] showed that
clinicians working with rural populations are less likely to
properly apply guidelines when it comes to educating patients
towards surveillance and supportive care. For example, patients
living inrural areas werelesslikely to be provided with patient
education material (86% compared to 89% in urban areas) or
encouraged to conduct SSE (86% compared to 81%). Thereare
also concerns that oral educational information provided by
clinicians may not be useful. A study by Damude et a [24]
found that only 5% of melanoma patients were ableto reproduce
all 4 critical characteristics of their tumor correctly. Theseresults
suggest a need for better quality and greater consistency in
providing information to patients.

An area of posttreatment care that is often neglected across all
populations is psychosocia support. Psychological distress,
including worry, anxiety, and fear of disease recurrences and
death, are common for survivors[25,26]. However, only 1% of
specialists suggested patients see a psychologist as part of their
post-treatment plan, despite an entire chapter of the clinician
guidelines being devoted to psychosocial issues related to
melanoma [23].

Although reviews have eval uated the effectiveness of technology
for melanoma early detection, no studies have directly
highlighted the benefits of eHealth on melanoma posttreatment
care for rural communities. Researchers have qualitatively
examined the different forms of treatment and care between
rural and urban populations[27] and the care needs among rural
cancer patients [28]. However, these studies did not focus on
melanoma posttreatment care.
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It is unclear from the published literature the level and utility
of technology support availableto patientswith melanomaliving
inremote areas. The primary aim of this systematic review was
to (1) examine how technology is currently used and accepted
by physiciansand patientswith melanoma, and (2) to determine
if there has been any implementation of such systemsin rural
and remote areas of Australia. With this focus, the researchers
seek to identify areas of weakness and bring to light hypotheses
on how technology could be used as an adjunct service during
posttreatment care of CM, to aid physicians in designing
follow-up care plansfor patientswith CM based on their needs
and personal characteristics.

Methods

Databases and Search Strategy

The overall aim of this systematic review was to investigate
digital health acceptance and its current use among people
treated for melanoma. Our primary aim wasto better understand
digital health benefits among rural and remote populations for
CM. However, given theimpact of CM acrossall of Australia's
population, literature around digital health and CM that impacted
urban and regiona areas was incorporated as well. This was
doneto ensure broad inclusion of digital health practicefor CM
posttreatment care. The databases selected were searched using
keyword combinations related to digital health and melanoma
posttreatment care. Specifically, we used the keyword
combination “telehealth” OR  “telemedicine’” OR
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“teledermatology” OR “online services’ OR “ehealth” OR
“e-health” OR “eHealth” AND “melanoma.” For the current
systematic literature review, 4 databases (PubMed, Medline,
PsycINFO, Scopus) were searched in March 2018.

Study Selection

The search was limited to peer-reviewed papers. Search results
identified 451 papers which were exported into a Microsoft
Excel document. After duplicates were removed, 271 articles
remained.

The search strategy involved 2 screening phases. Each article
was screened based on exclusion criteria to remove irrelevant
articlesfrom the initial selection of 271 articles. For the second
phase, only studies that were based on empirical evidence and
used a patient-centric approach were retained for the final
systematic literature review. Figure 1 presents the selection
overview based on the Preferred Reporting Itemsfor Systematic
Reviewsand Meta-Analyses (PRISMA) flowchart. A PRISMA
checklist is shown in Multimedia Appendix 1.

Data Extraction

Datawas extracted from the relevant papers using the following
classification: (1) sources (country, year of study intervention),
(2) participant characteristics (gender, residential area, mean
ages, patient illness conditions, level of education, and
socioeconomic background), (3) study design, (4) study
intervention, and (5) research focus (Multimedia Appendix 1).

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flowchart of the systematic literature review.
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Results

Origin

There were 5 studies in total. Two (40%) of the studies were
from Scotland, with the other 3 (60%) from the Netherlands,
Canada, and the US. All studies were from before 2015 except
for one (20%) study from the Netherlands, which was from
2016.

Participant Characteristics

Four of the 5 (80%) studies consisted of patientswith melanoma
only. The remaining study (20%) recruited patients with a
history of melanoma and psoriasis, or collateral cancer. A
minority, 2 of the 5 (40%) authorsreferred to the patient’sillness
condition in their sample description. The gender distribution
of studies was mostly homogeneous with 47%-60% males and
amean age ranging from 53-66 years. None of the studies used
“residential area” asan independent variable. Two (40%) studies
used residential area as a patient characteristic but did not
mention it in their findings. Also, 2 (40%) studies reported
socioeconomic criteria in their findings and 3 (60%) featured
level of education.

Study Design and I ntervention

Prior to the investigation, al published research participants
were informed of the objectives of the studies. Three of the 5
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(60%) studies [18,19,21] were quditative and used
semistructured interviews either face-to-face or over the phone.
The interviews were recorded by the researchers, transcribed
verbatim, coded and reviewed by 1 or more coresearchers in
order to cluster by themes/concepts of the participants’ answers.
The 3 (60%) qualitative studies assessed the perception and
preferences of dermatology patients about the use of technology
for self-monitoring and TSSE [18], a Web-based platform
(Oncology Interactive Navigator) to deliver information about
melanoma [19], and store and forward teleconsultation [21].
The latter used a willingness-to-pay approach in order to
investigate dermatology patients’ preferences. One (20%) study
[20] used both qualitative and quantitative methods to assess
the feasibility and acceptability of a digital intervention for
self-monitoring and the participants' attitude to perform TSSE.
One quantitative study [24] used an online questionnaire in
order to capture participants knowledge of melanoma and
TSSE, and their preferences. Figure 2 displaysthe study design
distribution with regards to the research main focus aress.

Research Focus Areas

Table 2 presents the positive and negative outcomes of using
technology for melanoma posttreatment care of each selected
study by type of intervention. The studies reviewed were
classified under four intervention categories: (1) total skin
self-examination; (2) teleconsultation; (3) clinicians’ support
and coordination; and (4) informative and supportive displays.

Figure 2. Distribution of the papers according to the study design and the main focus area. TSSE: total skin self-examination.
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Table 2. Direct outcomes on posttreatment care per type of intervention.

Rollin et al

Direct outcomes

Type of intervention

Total skin self-examination
Positive findings

«  Providesreassurance to patients [18]

o Convenient
« Avoidsin-person clinical visit if not necessary [18]

«  Reducesthe number of people who might forget about total
skin self-examination [18]

«  Promotes early detection [18]

« Behavior change
«  Empowers patients' confidence to perform total skin self-
examination [20,21]

« Reinforcestota skin self-examination [20]

Negative findings
« Health care professional's based their opinion on pictures
only [18]
Teleconsultation
Positive findings

«  Convenient
« Reducestravel and savestime[18,20]
«  Quick accessto clinicians [18,21]

Negative findings

« Patients desire to discuss face-to-face with clinicians [18]
« Patients' skin required to be examined by clinicians[18]

Clinicians’ support and coordination
Positive findings

« Accuracy inthe diagnosis [18]

«  Convenient
« Timeand travel saved [15]

Negative findings
« Not applicable

Informative and supportive displays
Positive findings
«  Promotes early detection [18,19]

»  Reduces patients’ stress[19]

«  Improves patients’ decision-making in treatment [19]

«  Report sent by phone to clinicians including photographs
o Self-monitoring supportive tools

«  Report sent by phone to clinicians including photographs

«  Reminder sent by text message or email

«  Report sent by phone to clinicians including photographs

o  Self-monitoring supportive tools
«  YouTube videos explaining how to perform atotal skin self-exami-
nation

«  Sef-monitoring supportive tools

« Clinicians feedback sent by text message or email

«  Skype or teleconference
o  Storeand forward telemedicine

«  Skype or teleconference

o Phone

«  Three-way consultation viaavideo or Skype link from the general
practitioner’s room

« Remote point of contact
o Nursespecialist’ opinion to be provided viastore and forward system

« Not applicable

«  Web-based app tailored information delivered about their conditions
e Skinmap

«  Web-based app tailored information delivered about their conditions
e Skinmap

«  Web-based app tailored information delivered about their conditions
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Direct outcomes

Type of intervention

«  Easeof communication

«  Contentismore adapted to the patients’ level of understand-
ing [19]

«  Supporting oral/written information delivered to the patients
[24]

«  Reduce/control the content load [18,19]

Negative findings
« Don't want to be associated with other patients
«  Makesthem feel sicker than they are [18]

«  Donot replacethe oral and written information provided by
clinicians [24]

«  Web-based app tailored information delivered about their conditions
«  YouTube videos explaining how to perform atotal skin self-exami-
nation

«  Web-based app tailored information delivered about their conditions

o Online peer support (ie, forum, group chat)

«  YouTube videos explaining how to perform atotal skin self-exami-
nation

Discussion

Principal Results

The primary aim of thisreview wasto identify the different use
of digital health for melanoma posttreatment care, including its
benefits and weaknesses. Patients perceived digital health asan
added value to their posttreatment care [18-21,24]. However, a
majority of the studies reported the benefits of digital
interventionsto prevent recurrence and promote early detection
[18,19,24]. None of the selected studiesinvestigated the benefits
of digital health for melanoma posttreatment care in rural and
remote areas. This gap in the digital health literature gives
thought to a very specific niche in telemedicine that needs to
be explored further, given thisisan at-risk population [5]. Thus,
itiscrucia to understand how digital health could help clinicians
to provide better care and quality of life (QoL) for peopletreated
with melanoma, especially in regionswhere aftercare resources
are limited or nonexistent, such asin rural and remote areas of
Australia

Patients Individual Characteristics

This review found some evidence for the efficacy of digital
interventions for melanoma posttreatment care. Key findings
identified that clinicians need to takeinto consideration patients
characteristicsin order to provide personalized follow-up plans,
tailored information, and quality of care[18,21]. It isclear that
information technology (IT) capabilities, patient age, illness
condition, level of incomes and residential areas influence
clinician and patient decision-making in the posttreatment plan.
One study by Hall and Murchie [18] found that participants
who were familiar with technology and not living close to
hospitals were more likely to have a positive attitude toward
telemedicine for self-monitoring and performing TSSE [18].
Querish and colleagues [21] also reported that 73% of the
participants are more willing to pay when telemedicine was
giving them faster accessto the clinicians. Among this sample,
55% had anincomeinferior, or equal to US $50,000 per annum.
Another study [29] investigating consumers’ perception toward
telemedicine found that peoplewith “technology anxiety” were
less likely to use IT for specific care. In contrast, young
populations may be more inclined to trust digital health
interventions, as they are more familiar with technology [30].

http://www.jmir.org/2018/9/e11547/

Patients’ Acceptance

In order to efficiently use personal consumer technology in
melanoma posttreatment care, it iscrucial to understand patients
acceptance toward digital intervention. Several of the studies
reviewed [18,20,24] illustrated a shift from “ passive” recipients
to “active” patients for their care [19], which led to proactive
health behavior change and positive attitudes toward early
detection. Simple measures such as receiving a reminder to
perform TSSE by text message or email, having access to
informative videos, or using smartphone apps for
self-monitoring, reduced anxiety, and reinforced TSSE
[18,20,24]. These technologies could also be used to address
the need for better quality and greater consistency ininformation
provided to melanoma patients [24].

The study by Quereshi and colleagues [21] reported that
patients attitude toward telemedicine was generally positive if
it showed convenience (58% well willing to pay up to US $125),
but almost universally positive if it gave a quicker access to
their clinicians (95% of the patients were willing to pay up to
US $500). The study by Horsham and colleagues [30]
emphasized that survivors show a positive attitude towards a
digital health application that allowed them to monitor QoL and
provided tailored information and advice.

While these findings demonstrated that patients were generally
receptive toward digital health for melanoma posttreatment
care, no studies to date have focused on rural and remote
communities’ views. Nevertheless, a few studies have already
highlighted people’'s acceptance toward telemedicine in
Australian rural and remote communities for cancer more
broadly. In their studies, Sebesan and colleagues [31,32]
reported the benefits of teleoncology in rural and remote areas
for cancer care. The main benefits of this telehealth system
included travel time saved and better access to specialist care.
Also, studies [32,33] have shown that telehealth may lead to
financial benefits and improved quality of care in distant
communities.

Patients’ Psychological and Social Needs

In this systematic review, therewas alack of empirical evidence
with regards to the benefits of digital health for support and
psychological care services, in order to provide better QoL.
These studies mainly focused on early detection, including
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self-monitoring and TSSE. However, a previous systematic
review [34] suggested that 30% of patients with melanoma
reported psychological distress, which interferes with QoL,
medical cogt, risk of recurrence, and mortality rates [35,36].
Likewise, Oliveria and colleagues [37] found that patients
treated with melanomashowed (1) direct psychosocial concerns
related to conducting skin self-examination, (2) anxiety
associated with new recurrence and sun exposure, (3) familial
concerns, and (4) financial constraints and maintenance of health
insurance benefits. Emotional support and reassurance are
considered akey component of care[34-40], with psychological
intervention associated with superior survival and recurrence
rates, and decreased distress [39]. Clinicians should, therefore,
take into consideration the psychosocial impact on patient
outcomes when designing posttreatment plans.

The Economic Burden of Melanoma Treatment in
Australia

Melanomaearly detection reducesthe mortality rate and results
in simple treatments for lower cost [41]. A 2017 study [2],
estimated the mean cost to the Australian health system for
melanoma treatment to be Aus $10,716 per patient. However,
treatment cost for advanced melanoma may be 21% to 70%
more expensive than for early stages (in situ, stage | and stage
I1). Doran and colleagues [42] compared the direct and indirect
costs of melanoma and nonmelanoma skin cancer (NMSC) in
2010. Thedirect costsrelated to the management of the disease,
including diagnosis and treatment to follow-up, and indirect
costs included productivity losses associated with morbidity
and premature mortality. Estimates of direct lifetime cost per
case were Aus $10,230 for melanoma and Aus $2336 for
NMSC; and total indirect cost per case Aus $34,567 for
melanoma and Aus $123 for NMSC.

Moreover, additional studies [15,27] have reported an urban
and rural disparity interm of accessing health care and mortality
rate. Yu and colleagues[27] reported that socioeconomic factors
may impact peopl€e's decision-making in selecting their health
care provider. The study showed a difference in provider
performance based on patients’ income. Rural populationswith
lower-income received poorer care from HCPs, compared to
patients living in urban areas.

The comparatively lower cost of delivering support care services
via digital health initiatives, in addition to reduced treatment
costs associated with promoting early detection [17-19] would
go some way to improving access to health care and reduce
urban/rural inequity.

Limitations

This systematic literature review presents several limitations.
First, most of the studies used small samples (n>20). It isevident
that digital health research regarding melanoma postcare
treatment isstill initsearly stages of investigation. Second, few
studies were identified as focusing on the psychosocial and
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health economic side of post-care treatment, as melanoma
studies are primarily focused on early detection, and those that
did use a retrospective measurement of consumer attitudes
towardstelemedicine. Third, melanomatreatment plans depend
onindividual characteristics, including the disease staging. Only
one of the studies used staging as a participant characteristic.
Finally, although the authors were primarily interested in rural
and remote areas of Australia, the lack of studies conducted in
these areas meant that studies for this review were drawn from
across the world, and their conclusions may not necessarily
generalize to the Australian rural and remote context.

Overdll, the current systematic review provides findings of
patients perceptions toward telemedicine and digital
interventions already used by clinicians and patients. However,
in order to have acomplete review of digital health benefitsfor
melanoma post-treatment care, it would have been necessary
tolook at HCP' s acceptance of such technological interventions.

Conclusion

The study of digital health has become an area of focus in
primary health care, as it can help clinicians in their practice
and support patients in improving and monitoring their QoL.
While there is research interest in using digital health in early
detection of melanoma, there is an urgent need to explore the
potential for benefits of digital health in melanoma
post-treatment care for specific needs and intervention,
particularly for rural and remote populations who are lagging
behind regarding postcare treatment quality and availability.
This literature review aso highlights the importance of
considering individual, psychosocial and socioeconomic
characteristics in future devel opments in this area.

Although our findings showed positive outcomes with regards
to using technol ogy during post-treatment care, there were also
some limitations in using digital health. Patients believe that
technology cannot replace the clinician provided written and
oral information, follow-up visits, or clinical interventions[24].
To summarize, digital health shows potentia to be used as an
adjunct service by clinicians during melanoma posttreatment
care, epecialy inregionsthat areless-resourced by practitioners
and hedlth infrastructure, such asregional and remote Austraia.

Implication for Further Research

Future research should explore the potential for digital health
within rural and remote areas for melanoma posttreatment care
in order to reduce the mortality rate disparity in between urban
and rural populations. Also, it will be interesting to consider
how digital health implementation may transform the patients
ecosystem and the cost-effectiveness of this solution for both
patients and the health care industry.

Interdisciplinary studies in behavioral psychology and health
economy can add new insights to the health care industry in
term of benefits and services that digital health can bring to
melanoma patients care in rural and remote areas.
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Abstract

Background: Few clinics in the United States routinely offer patients audio or video recordings of their clinic visits. While
interest in this practice has increased, to date, there are no data on the prevalence of recording clinic visitsin the United States.

Objective: Our objectives wereto (1) determine the prevalence of audiorecording clinic visits for patients’ personal usein the
United States, (2) assess the attitudes of clinicians and public toward recording, and (3) identify whether policies exist to guide
recording practicesin 49 of the largest health systems in the United States.

Methods: Weadministered 2 parallel cross-sectional surveysin July 2017 to theinternet panels of US-based clinicians (SERMO
Panel) and the US public (Qualtrics Panel). To ensure a diverse range of perspectives, we set quotas to capture clinicians from 8
specialties. Quotas were also applied to the public survey based on US census data (gender, race, ethnicity, and language other
than English spoken at home) to approximate the US adult popul ation. We contacted 49 of the largest health systems (by clinician
number) in the United States by email and telephone to determine the existence, or absence, of policiesto guide audiorecordings
of clinic visits for patients personal use. Multiple logistic regression models were used to determine factors associated with
recording.

Results: Intotal, 456 cliniciansand 524 public respondents compl eted the surveys. Morethan one-quarter of clinicians (129/456,
28.3%) reported that they had recorded aclinic visit for patients’ personal use, while 18.7% (98/524) of the public reported doing
so, including 2.7% (14/524) who recorded visits without the clinician’s permission. Amongst clinicians who had not recorded a
clinic visit, 49.5% (162/327) would be willing to do so in the future, while 66.0% (346/524) of the public would be willing to
record in the future. Clinician specialty was associated with prior recording: specifically oncology (odds ratio [OR] 5.1, 95% ClI
1.9-14.9; P=.002) and physical rehabilitation (OR 3.9, 95% CI 1.4-11.6; P=.01). Public respondents who were male (OR 2.11,
95% Cl 1.26-3.61; P=.005), younger (OR 0.73 for a 10-year increase in age, 95% Cl 0.60-0.89; P=.002), or spoke a language
other than English at home (OR 1.99; 95% CI 1.09-3.59; P=.02) were more likely to have recorded a clinic visit. None of the
large health systems we contacted reported a dedicated policy; however, 2 of the 49 health systems did report an existing policy
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that would cover the recording of clinic visits for patient use. The perceived benefits of recording included improved patient
understanding and recall. Privacy and medicolegal concerns were raised.

Conclusions. Policy guidancefrom health systemsand further examination of theimpact of recordings—positive or negative—on
care delivery, clinician-related outcomes, and patients’ behavioral and health-related outcomes is urgently required.

(J Med Internet Res 2018;20(9):€11308) doi:10.2196/11308

KEYWORDS

audiorecording; health care; health system; policy; United States; videorecording

Introduction

Up to 80% of health care information discussed verbaly is
forgotten by patients after their clinic visit [1-4]. Poor recall
and understanding of medical concepts have been identified as
significant barriers to self-management, a central component
of the chronic care model [5-7]. The last decade has seen
significant efforts to increase patient access to medical
information. Mandated through meaningful use, clinics across
the United States now offer patients an after-visit summary
(AVS) [8]. AVSisasummary of theclinic visit generated from
the electronic medica record (EMR) avail ableviathe web-based
patient portal, which includes information on diagnoses,
medication, alergies, clinician visited, and summary of visit
[9]. OpenNotes moves beyond this basic summary, offering
patients accessto theclinical notesintheir EMR [10,11]. Access
to such written summaries of office visits is associated with
improved adherence, patient and caregiver satisfaction, patient
self-care, medical information recall, and preparednessfor clinic
visits [11-16]. However, there have been concerns about the
accuracy and complexity of written summaries[12-14] and their
low use by patients[15]. Thisissueiscompounded by low levels
of health literacy; 35% of Americans have below basic or basic
health literacy [16].

An adjunct to written summaries is the sharing of clinic visit
audiorecordingswith patients[17-20]. With broad and growing
access to smartphones, recording devices are now ubiquitous,
and reports of patients recording their clinic visits, with or
without permission, are emerging [17,20]. Over 40 years of
research findsthat patient accessto recordingsresultsin greater
patient understanding and recall of visit information, reduced
decisional regret, and increased patient satisfaction [21-23].
Audiorecordingsare also highly utilized in the research context;
in a scoping review of 33 studies (18 trials), 71% of patients
listened to their recordings and 68% shared them with afamily
member or caregiver [21]. In addition, according to a recent
analysis, recording of clinic visits would be guided by
“wire-tapping” laws, which premises that patientsin 39 states
and the District of Columbia, can legally make recordings
without explicit consent of the clinician; theremaining 11 states
require al party consent [19].

A handful of clinicsin the United States have recognized the
potential of recording and routinely offer patients
audiorecordings (video recordings in one case) of their visits
[18]. Furthermore, educational sessions are now available to
cliniciansin return for Continuing Medical Education credit for
training in what to do if they find a“secret recording of office
visits by patients’ [24]. Despite this increased interest in

http://www.jmir.org/2018/9/e11308/

recording, no dataexist on the preval ence of recording in clinical
practice in the United States or the attitudes of clinicians and
the public toward recording. Additionally, it is unclear whether
US hospital systems have created guidance or policies for
cliniciansand patients regarding the practice of recording. Such
data are essential to assess the acceptability of recording and
the potential of this strategy to become more widely
implemented.

In this paper, we report on the prevalence of sharing
audiorecorded clinic visitsin the United States, the attitudes of
clinicians and the public toward recording, and health system
policies to guide recording practices.

Methods

Design

We administered 2 parallel cross-sectional surveysin July 2017
to US-based clinicians and the public. We also surveyed 49 of
the largest health systems in the US by phone and email. All
methods and materials were approved by Dartmouth College’'s
Committee for the Protection of Human Subjects (Study
#30345). The usability and technical functionality of both
surveys was tested by the research team and colleagues before
fielding the surveys. We used the Checklist for Reporting
Results of Internet E-Surveys to report our findings (see
Multimedia Appendix 1).

Participants

United States Clinicians

Clinicians were recruited and completed their surveys via
SERMO (SERMO, Inc USA), the world's leading online
community of physicians who participate in online medical
market research studies. SERMO has over 800,000 verified
licensed physician members. To be eligible for inclusion,
clinicians (Doctor of Medicine or Doctor of Osteopathic
Medicine) had to be currently practicing in the United States.
In order to recruit a diverse sample of specialties, we included
cliniciansfrom thefollowing 8 specialties. emergency medicine,
genera or family medicine, internal medicine, general surgery,
obstetrics-gynecology,  orthopedic  surgery,  physical
rehabilitation, and psychiatry. A bulk email was sent to arandom
sample of panel members from each specialty, informing them
that they may be eligible to take part in astudy. Thisvoluntary,
open survey consisted of 3 required multiple choice questions
(clinician’s practice setting, years in practice, experiences of
recording clinic visits) and 1 open response question assessing
their views on patients having access to recordings (audio or
video) of clinicvisitsand spanned over 1 screen (see Multimedia
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Appendix 2). Respondents could not review or change their
answers or save responsesif they wished to complete the survey
later. Clinicians’ sociodemographic data (gender, age, practice
location converted to Rural Urban Commuting Area codes)
were available via SERMO. All data were collected over a
one-day time period from July 6 to July 7, 2017.

United States Public

Participants were recruited online using Qualtrics Panels
(QuadtricsLLC, Provo, Utah, USA). Quotas were applied based
on US census data (gender, race, ethnicity, and language other
than English at home) to approximate the US adult population
[25-28]. A bulk email was sent to a random sample of panel
members based on quotas, informing potential respondentsthat
they may be dligible to take part in a study; however, no
information on the content of the survey was provided until
members “clicked” on the survey link. Respondents receive
“points’ from Qualtricsfor taking part, which can be redeemed
for an incentive, for example, air miles, gift cards, etc. To be
gigiblefor inclusion, individualshad to be>18 yearsand reside
in the United States. This voluntary, open survey consisted of
13 muiltiple choi ce questions (sociodemographics, experiences
of recording clinic visits, and attitudes toward recording clinic
visits) and 1 open response question assessing public views of
recording clinic visitsfor patient's’ personal use (see Multimedia
Appendix 3). All questions were required and adaptive
questioning was used. The survey included 14 items and spanned
over 3 screens. Respondents could not review or change their
answers or save responsesif they wished to complete the survey
later. Data were collected over a one-week time period from
July 13 to July 19, 2017.

In both clinician and public surveys, the recruitment invitation
included general information about the study (approximate
length, purpose, and investigators) and alink to the anonymous
and confidential survey. Participants consented by their decision
to continue onto the survey. To increase the quality of datain
both surveys, responses from individuals who completed the
survey in less than one-third of the median completion time
were excluded. Only completed questionnaires were analyzed.

Health Care Systems

We identified 49 of the largest health systems in the United
States using the empl oyed physician countsin IQVIA’s OneKey
reference data set and supplemented this with the information
provided in the Agency for Healthcare Research and Quality
(AHRQ) compendium of US Hedth Systems 2016 (see
Multimedia Appendix 4) [29]. According to the AHRQ
definition, “a health system includes at least one hospital and
at least one group of physicians that provides comprehensive
care (including primary and specialty care) who are connected
with each other and with the hospital through common
ownership or joint management” Health care system
administrators, specifically those who worked in risk
management or other relevant areas, were contacted by email
and asked whether they have arecording policy at their health
system. If such apolicy existed, they were asked to describeit.
Nonresponsive systems were contacted by telephone 1 week
later. A maximum of 3 phone calls and emailswere made, after
which the system was considered a nonresponder.

http://www.jmir.org/2018/9/e11308/
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Data Analysis

The prevalence of clinic visit recording and willingnessto record
was calculated for clinicians and the public. Multiple logistic
regression analyses were conducted to identify factors associated
with recording practices, including the history of recording, the
history of covert recording (public respondents only), and
willingness to record in the future. We planned to recruit a
sampl e of 500 members of the public, whichinasimilarly sized
probability sample would provide 95% CI of estimating the
prevalence of recording in the population to within +4%. We
also aimed to sample at least 50 clinicians from each specialty,
allowing for aminimum of 5 observations per parameter in the
multiple logistic regression model [30]. Analyses were
conducted using RStudio, V1.1.383 (RStudio, Boston, MA).
We conducted athematic analysis of all open-ended responses
to identify salient themes reflecting the respondents’ attitudes
toward patient recordings, as well as any concerns or related
benefits. Comments were independently reviewed, and 20%
were double coded by 2 members of our research team (MAD,
KV). Findly, we categorized health systems as having an
existing policy (and describing this policy), lacking an existing
policy, or being unsure of their policies regarding clinic visit
recordings.

Results

Clinician Survey

A total of 1472 clinicians were invited to complete the survey,
of which 409 did not respond (see Figure 1). Of the remaining
1063 clinician, 456 clinicians completed the survey, while 599
were excluded asthe quotasfor these clinicians' specialties had
been reached, and 8 clinicianswere screened out (4 not currently
in clinical practice and 4 declined). Respondents in the final
sample (N=456) came from 44 states and Washington DC.
Survey completion took an average of 2 minutes 30 seconds.
Of theincluded respondents, 61% had been practicing for more
than 10 years, and the majority, 84%, practiced at least half of
their time in outpatient care (Table 1).

Prevalence of Recording Practices

Of 456 clinician respondents, 28.3% (129/456; 95% ClI
24.2-32.7) reported that they had recorded a clinic visit for
patients' personal use (Table 2). Of the remaining 327 clinicians
who had not recorded, 49.5% (162/327, 95% Cl 44.0-55.1) were
willing to do so, while 50.5% (165/327; 95% Cl 45.0-56.0)
were not. Multiple logistic regression analyses revealed that
only clinical specialty was associated with recording a visit in
the past (Table 3): clinicians in oncology and physical
rehabilitation were more likely to have had a visit recorded
(reference category, general or family medicine), odds ratio
(OR) 5.1 (95% CI 1.9-14.9; P=.002) and OR 3.9 (95% CI
1.4-11.6; P=.01) respectively, and to be willing to be recorded
by their patientsin the future, OR 2.9 (95% CI 1.2-7.4; P=.02)
and OR 2.9 (95% CI 1.2-7.6; P=.03), respectively (Table 3).
Psychiatrist were also more willing to be recorded by their
patients in the future, OR 2.7 (95% CI 1.1-6.8; P=.03).
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Figure 1. Overview of clinician and public survey participants.
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Completed survey
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Table 1. Clinician respondent characteristics (N=456).

Excluded because demographic

quotas
(N=3103)

Screened out of survey
(N=14)

A4

¥ - Under 18 years of age (N=13)
- Completed survey in less than 1/3
of median completion time (N=1)

Completed survey
(N=524)

Characteristics n (%)
Gender
Female 99 (21.7)
Male 291 (63.8)
Chose not to answer 66 (14.5)
Yearsin practice
<5 63 (13.8)
6-10 113 (24.8)
11-15 84 (18.4)
>15 198 (43.4)
Clinical practice setting
All inpatient care 19 (4.2)
Mostly inpatient care 54 (11.8)
Half inpatient care, half outpatient care 120 (26.3)
Mostly outpatient care 151 (33.1)
All outpatient care 112 (24.6)
L ocation
Urban 426 (93.4)
Rural 29 (6.4)
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Table 2. Clinician recording practices (N=456).

Speciaty Recording history, n (%)
Yes, | have had avisitrecorded No, | have not had avisit No, | have not had a visit
for apatient’s personal use recorded, however | would recorded and | would not con-
consider having avisitrecorded sider having avisit recorded in
in the future the future
All (n=456) 129 (28.3) 162 (35.5) 165 (36.2)
Emergency medicine (n=51) 11 (21.6) 22 (43.1) 18 (35.3)
Genera or family practice (n=50) 8(16.0) 15 (30.0) 27 (54.0)
General surgery (n=52) 18 (34.6) 16 (30.8) 18 (34.6)
Internal medicine (n=50) 11 (22.0) 17 (34.0) 22 (44.0)
Obstetrician-gynecologist (n=50) 14 (28.0) 18 (36.0) 18(36.0)
Oncology (n=50) 23 (46.0) 13(26.0) 14 (28.0)
Orthopedic surgery (n=51) 11 (21.6) 20(39.2) 20(39.2)
Physical rehabilitation (n=50) 21 (42.0) 17 (34.0) 12 (24.0)
Psychiatry (n=52) 12 (23.1) 24 (46.2) 16 (30.8)

Table 3. Characteristics of clinicians associated with having had a clinic visit recorded for a patient’s personal use in the past and willingness to have

aclinic visit recorded for a patient’s personal use.

Factors

History of recording clinicvisit  Willingness to record clinic
visitinthefuture, OR (95% ClI)

for patient, OR? (95% Cl)

Gender (reference: female)
Yearsin practice (5 year increments)
Setting (reference: %2 inpatient, % outpatient)
Mostly inpatient
Mostly outpatient
Location (reference: urban)
Specialty (reference: general or family practice)
Emergency medicine
General surgery
Internal medicine
Obstetrician-gynecol ogist
Oncology
Orthopedic surgery
Physical rehabilitation
Psychiatry

0.99 (0.58-1.75)
1.03 (0.82-1.29)

0.84 (0.38-1.78)
0.83 (0.46-1.49)
1.25 (0.48-2.99)

1.72 (0.58-5.37)
2.85 (0.97-9.00)
1.12 (0.34-3.68)
2.25(0.81-6.68)
5.11 (1.93-14.90)
1.37 (0.41-4.66)
3.91 (1.43-11.63)
1.69 (0.59-5.09)

0.77 (0.44-1.30)
0.83 (0.66-1.04)

1.21 (0.57-2.64)
0.76 (0.43-1.34)
0.66 (0.29-1.50)

2.10 (0.85-5.31)
1.75 (0.67-4.64)
1.65 (0.67-4.14)
1.88 (0.80-4.52)
2.90 (1.19-7.35)
1.10 (0.41-2.95)
2.90 (1.16-7.59)
2.75 (1.14-6.84)

%0OR: odds ratio.

Table4. Generd clinician and public attitudes toward patient access to audiorecordings of clinic visits.

Views on patient access to recordings of clinic visits

Physicians, n (%)

Generd public, n (%)

Total respondents who shared general attitude in open-ended response
Supportive of patient access to recordings

Supportive of case-by-case basis of recordings

Concerned about patient access to recordings

Uncertain, had never previously considered patient access to recordings

Neutral, no opinion toward patient access to recordings

377 (81.8)
136 (36.1)
34(9.0)
183 (48.5)
16 (4.2)
8(2.1)

459 (87.8)
301 (65.6)
11 (2.4)
90 (19.6)
23(5.0)
34 (57.4)
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Clinicians’ Views of Sharing Recordingsof Clinic Visits

In the open-ended responses to their views on providing clinic
recordings to patients (n=377), 170 clinicians were supportive
of recording, 183 were concerned about recording, while the
remaining clinicians were neutral or uncertain (Table 4).
Proposed benefits included improved information recall and
understanding, the ability for clinicians to use the
audiorecordings for documentation purposes, and clinical
education:

There arelegitimate reasonsto do it at times! Maybe
for someone who is afraid they will not remember or
for someone who could not be there.

| would welcometheideaif thisreplaceswriting long
notes on EMR.

It might be useful (in the right setting) as a tool for
peer feedback on patient interaction.

Privacy concerns and risk of medicolegal use by patients
emerged as the most common concerns among clinicians:

The recording of office visits would be used by
lawyersto twist our words against us in court.

However, some clinicians considered it protective:

If | detect a potential litigious patient | would ask if
the visit could be recorded.

Clinicians also expressed concerns regarding a negative impact
on the patient-clinician interaction through potentialy less
“open” consultations and whether patientswould userecordings:

...I'"d be skeptical of how much patientswould actually
view the videos or benefit from the service.

United States Public Survey

Approximately 40,000 individuals were invited to take part in
the survey, of which 4059 responded (see Figure 1). Of those
4059 individuals, 524 completed the entire survey, while 3103
were excluded as quotas for these individual swere reached and
14 individuals were screened out (13 were under 18 years and
1 respondent compl eted the survey in less than one-third of the
median completion time: 1 minute 48 seconds). Respondents
in the final sample (n=524) belonged from 48 states. The
sociodemographic  characteristics of the respondents
approximated that of the US population (Table 5).

Prevalence of Recording Practices

Of the public respondents, 15.6% (82/524; 95% CI 12.6-19.0)
reported audio or video recording aclinic visit with permission,
while 2.7% (14/524; 95% Cl 1.5-4.4) did so secretly (Table 6).
Additionally, 19.3% respondents (101/524; 95% CI 16.0-22.9)
reported that they were aware of afamily member or friend who
reported recording aclinic visit, of which 60.4% (61/101; 95%
Cl 49.2-69.1) asked permission and 25.7% (26/101; 95% ClI
17.6-35.4) did not. Finally, 58.6% (307/524; 95% CI 54.2-62.8)
reported that they would consider recording avisit in the future
with permission of the clinician and 7.4% (39/524; 95% ClI
5.3-10.0) without the clinician’s permission, while 37.4%
(196/524) were not interested in recording aclinic visit.

http://www.jmir.org/2018/9/e11308/
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In a multiple logistic regression analysis, individuals who
reported having recorded a clinic visit with the permission of
their provider were more likely to be male, OR 2.11 (95% Cl
1.26-3.61; P=.005); to be younger, OR 0.73 (95% CI 0.60-0.89;
P=.002) per 10 yearsincrease in age; and to speak alanguage
other than English at home, OR 1.99 (95% CI 1.09-3.59; P=.02;
Table 7). While 63% of general public respondents were
interested in recording a clinic visit in the future, older adults
(OR 0.88, 95% CI 0.78-0.99 per 10 yearsincrease in age) and
those with a lower level of education (OR 0.58, 95% CI
0.38-0.89) werelesslikely to beinterested in recording aclinic
visit for their personal use. This analysis did not reveal any
demographic factors that were predictive of individual s having
recorded aclinic visit covertly (all P>.15).

Public Views of Sharing Recordings of Clinic Visits

In the open-ended responses (N=459), 312 were supportive of
recording and 90 were concerned about recordings, while the
remaining public commentswere considered neutral or uncertain
(Table 6). Similar themes regarding concerns and potential
benefits associated with recordings emerged from public
respondentswhen compared to clinician respondents. The most
common positive theme was the potential for recordings to
improve patient recall and understanding of medical information:

I would like this option since I'm not very
knowledgeable about medical terms and if | ask
guestions during the visit it might go over my head.
If | can play it back, | would better absorb what |
need to know or if | missed something, | can hear it
again...
Additionally, a small proportion of respondents believed that
recordings could be used for medicolegal purposes and to
improve clinician recall of visit information:

It allows for patients and doctorsto ook back on the
visit for information they might have missed.

Concernswere less common in the public sample, but included
privacy concerns, “ These recordings could fall into the wrong
hands’ ; unclear benefit to patient of recordings, “ I'mnot really
sure what the point would be to have my clinic visits
recorded..” ; and possible impact on the visit, “ recording my
visits may inhibit my interaction with the health professional ”

Health Care System Recording Policies

When 49 of the largest health care organizations in the United
Stateswere asked in August 2017 about the existence of apolicy
regarding patient recording care systems, 47 responded to our
request (Multimedia Appendix 4). Of the responses, 22 reported
no formal policy, 13 were unsure if they had a policy, 4 stated
that such policies would be left to the individual clinics, 6 said
that the policy would be physician dependent, and 2 reported
an existing policy that would cover patient requests for
audiorecordings or videorecordings of theclinic visit (Table 8).
Of the clinics that reported an existing policy that could be
applied, the Henry Ford Health System, Michigan stated that
patients audiorecordings or videorecordings and photographs
must comply with privacy laws and their institutional policy.
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Table 5. Public respondent characteristics (N=524).

Characteristics n (%)
Gender
Female 255 (48.7)
Male 262 (50.0)
Other 7(1.3)
Age (years)
18-40 304 (58.0)
41-60 152 (29.0)
>60 68 (13.0)
Education
High school degree or less 124 (23.7)
Some college or college degree or equivalent 313 (59.7)
Postgraduate degree (Masters, PhD, or professional) 73(13.9)
Other 14 (2.7)
Hispanic origin
Yes 66 (12.6)
No 458 (87.4)
Race
American Indian or Alaska Native 4(1.0)
Asian 21 (4.0)
Black or African American 75 (14.3)
Native Hawaiian or other Pacific |slander 0(0.0)
White 412 (78.6)
Other 12(2.3)
Language other than English spoken at home?
Yes 104 (19.8)
No 420 (80.2)

The Henry Ford Health System patient photographs and video  be photographed or video recorded by families and/or visitors
recordings policy alows for recording, but consent must be at Mayo facilities for the purpose of education for continuing
attained first and the recording will be stored inthe EMR, which  care of the patient following discharge,” but that no other forms
patients can request access to. The Mayo Clinic, Minnesota  of photography or video are allowed.

stated that “with their consent, patients, families and staff may

http://www.jmir.org/2018/9/e11308/ JMed Internet Res 2018 | vol. 20 | iss. 9 [e11308 | p.200
(page number not for citation purposes)

RenderX


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

JOURNAL OF MEDICAL INTERNET RESEARCH Barr et d

Table 6. Public recording practices (N=524).

Survey item Respondent, n (%)
Have you ever recorded (audio or video) a clinic visit with your doctor or health professional ?
Yes, and | asked for permission first 82 (15.6)
Yes, and | did so secretly (without asking permission first) 14 (2.7)
No, | have never recorded aclinic visit 431 (82.3)
Would you consider recording a clinic visit with a doctor or another health professional ?
Yes, | would consider recording with the permission of the doctor 307 (58.6)
Yes, | would consider secretly recording (without the permission of the doctor) 39 (7.4)
No, | have no interest in recording aclinic visit 196 (37.4)
Arerecordings (audio or video) of patient clinic visitsroutinely offered in your clinic?
Yes 51(9.7)
No 262 (50.0)
Not sure 211 (40.3)
Do you know a family member or friend who hasrecorded (audio or video) a visit with a doctor or health professional?
Yes 101 (19.3)
No 423 (80.7)
Did the family member or friend ask permission before recording the clinic visit? (n=101)
Yes 61 (60.4)
No 26 (25.7)
Not sure 14 (13.9)

Table 7. Characteristics of the public associated with a history of recording a clinic visit and with an interest in recording a clinic visit for their own
personal use, with or without permission from their doctor or health professional.

Characteristics History of recording with permission, History of recording covertly,  Interestinrecording,

OR?(95% Cl) OR (95% Cl) OR (95% ClI)

Age

Increase of 1 year
Increase of 10 years

Gender (reference: female)

0.97 (0.95-0.99)
0.73 (0.60-0.89)
2.11 (1.26-3.61)

Education (reference: some college or college degree)

High school or less

Postgraduate degree
Race (white non-Hispanic vs everybody else)

Language other than English spoken at home

1.12 (0.61-2.01)

0.97 (0.41-2.08)
0.76 (0.43-1.36)
1.99 (1.09-3.59)

1.01 (0.97-1.05)
1.10 (0.73-1.62)
1.55 (0.48-5.41)

0.60 (0.09-2.36)

N/AP
0.39 (0.11-1.45)
1.49 (0.36-5.45)

0.99 (0.98-0.999)
0.88 (0.78-0.99)
1.22 (0.85-1.78)

0.58 (0.38-0.89)

0.75 (0.44-1.29)
1.07 (0.69-1.66)
1.54 (0.93-2.60)

30R: odds ratio.
BN/A: not applicable.
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Table 8. Responses from 49 large health care organizationsin the United States.

Response Organizations, n (%)
Has apolicy 2(4
No policy 22 (45)
Policy is up to individual facilities 4(8)
Policy is up to individual physicians 6 (12)
Unknown 13 (26.5)
No Response 24
Discussion significant proportion of clinicians have shared recordings or

Principal Findings

In this study, the first to explore the prevalence of clinic
recording in the United States, we found that one-third of
surveyed clinicians have recorded a clinic visit for a patient's
personal use and that half of those who have not recorded would
bewilling to do so in the future. Approximately one-fifth of the
public reported recording avisit in the past and two-thirdswould
consider recording avisitin the future. Oncologistsand physical
rehabilitation clinicians were most likely to have recorded a
visit. Members of the public who were younger, male, or spoke
alanguage other than English at home were most likely to have
recorded. Clinicians and patients commented on the benefits of
recording, including improved recall and understanding.
However, clinicians also reported privacy and medicolegal
concerns. None of the 49 large health systems that we spoke to
reported adedicated policy or guidancefor clinicians or patients
on the practice of sharing clinic visit recordings; two reported
that this would fall under an existing guideline.

Limitations

This project is not without limitations. Since we used online
panels to recruit clinicians and members of the general public,
it isnot possible to create aresponse rate. By ensuring that our
respondent samples approximated census data with regard to
age, gender, education, and language spoken at home, we
reduced the potential impact of selection bias. Additionally, the
representativeness of data gathered from internet panels has
been shown to be comparable to that from probability-based
general population samples[31]. Wewere not able to determine
who instigated the recording for those who have recorded or
whether this practice is routine in clinicians who reported
sharing arecording in the past; however, 10% (51/524) of public
respondents did report that this practice was routine at their
clinic. Focusing on asample of the public, rather than asample
of patients, may underrepresent the prevalence of recording
occurring in health care as it includes a range of respondents,
many of whom will havelimited experiencewith health systems.

Comparison with Prior Work

The current project supports previous findings that patients are
beginning to “press record” during clinic visits [17-18,20].
Similar to previousstudies, clinicians viewson recordingswere
mixed. The benefits of increased understanding, recall, and the
possibility of better self-management were tempered by
medicolegal and privacy concerns. Despite these concerns, a

http://www.jmir.org/2018/9/e11308/

arewilling to do so in the future.

Reports of covert recording in this project (14/524, 2.7%) are
much lower than those reported in aprevious study, where 15%
of United Kingdom public respondents reported this practice
[20]. This difference may be due to the high risk of selection
bias in the UK survey, where a small convenience survey
(n=128) was administered following aradio talk show discussing
pros and cons of covertly recording clinic visits. Yet, in the
present survey, 25.7% (26/101) of respondentswho were avare
of afamily member or friend recording avisit reported that this
was done covertly.

Only clinician specialty was associated with recording practice
and intention to record, with ailmost half of oncologists and
physical rehabilitation clinicians reporting that they had shared
arecording in the past. Higher rates of recording in oncology
may be due to the emotional nature of a cancer diagnosis and
complex treatment plans. Additionally, most previous research
on the use of recordings in health care has taken place in
oncology settings [21]. While physical rehabilitation is less
studied, the benefit of recordings in this population of patients
has been documented in an ongoing case study (Barr; PJB,
unpublished data, February 2017). Clinicians from general or
family practice were the least likely (8/50, 16%) and least
willing to record (15/50, 30%). Barriersto recording use among
theseclinicians may be dueto the significant clinica informatics
challenges reported, including the volume of clinical reminders
and computerized patient record system alerts and time needed
to input EMR notes [32]. Coupled with the diverse nature of
patients and severity of conditions, it is not surprising that
general and family clinicians are least likely to record. Yet, for
these reasons, audiorecording could be beneficial in primary
care, especially with advances in speech-to-text software that
could assist with documentation at the point-of-care (see
Implications).

Public respondents who spoke alanguage other than English at
home were more likely to report recording a clinic visit. This
may be a strategy to mitigate poor communication of health
care information commonly reported by patients with low
English proficiency [33-35]. Younger individuals al so reported
higher rates of recording, which may reflect their comfort with
technology and greater likelihood of having a smartphone [36].
It is unclear why male patients are more likely to record than
females, but this finding supports our previous survey in the
UK [20]. Thedifferencesdo not appear to be dueto smartphone
access or use [36]. It may be that because men are reported to
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delay health seeking compared with women, their clinic visits
may be related to more complex problems where recording
would be helpful [37]. Men may aso be more likely to record
in order to report back to women in their lives (eg, wife, sister,
mother). Whereas women traditionally manage their family’s
health care [38] and as such may feel less need to record and
share their visit. Alternatively, they could ssimply be more
willing to ask permission to record. Further investigation of
individual differencesin recording practice by minority groups
and gender isrequired.

Further investigation of individual differences in recording
practice by minority groups and gender is required.

Implications

With no clear policies, it appears that clinicians and patients
areleading the way on theimplementation of recordingin health
careddlivery. Through thelensof the“ Diffusion of Innovation”
model, the recent increase in the use of recordings is not
unexpected as it meets the principles required for successful
diffusion outlined by Berwick [39]: (1) the need for changeis
apparent; (2) theinnovation iscompatible with adopters' values;
(3) it is simple and flexible; (4) it is tridable; and (5) it is
observable. The need to improve the transparency and
communication of medical information in clinics is evident
from recent policies, such as meaningful use [8] and advances
in OpenNotes [10]. Furthermore, 40 years ago, recording of
clinic visitswas complicated, involving impractical technology;
today, it is simple, so much so that clinics have many waysin
which to implement recording practices. In arecent case study,
clinics that routinely offered recordings used a range of
approaches including patient phones, digital recorders, and
clinicians' computers to audiorecord and electronic tablets to

Barr et al

videorecord visits[18]. It appearsthat we are at the early adopter
stage of recording practice. The dissemination of innovations
in health care has atipping point of 15%-20% after which it is
difficult to stop [40]. Recording and sharing of clinic visits may
have reached this point.

With significant developmentsinfields of artificial intelligence
and conversational analytics, health carewill betransformedin
the next decade; 35% of hedlth care organizations plan to
leverage artificial intelligence within 2 years and more than half
intend to do so within 5 years [41-43]. Audiorecorded clinic
data holds significant potential to tackle some of the major
challenges we face today at lower costs, such as clinician
documentation burden, patient recall of visit information, and
improved patient-centered communication [44]. Highly accurate
speech-to-text systemswill enablereal-timevisit documentation
[32]; patients and clinicians will once again be able to talk
without the barrier of a computer. Our research group is
developing a recording system that will use machine learning
to tag key information from the clinic visit and link this to
credible lay information for patients and their caregivers:
Audio-Personal Health Library (PaHL) [45]. We hypothesize
that Audio-PaHL will improve patient recall and understanding
of visit information, resulting in improved self-management
and a better health care experience via improved care
coordination and higher satisfaction [18].

Conclusions and Relevance

US clinicians and public are taking the lead on sharing clinic
visit recordings, while policy makers lag behind. Policy
guidance for clinics and further examination of the impact of
recordings on clinical practice—both positive and potentially
unforeseen negative—are urgently required.
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Abstract

Background: Vast numbers of domestic violence (DV) incidents are attended by the New South Wales Police Force each year
in New South Wales and recorded as both structured quantitative data and unstructured free text in the WebCOPS (Web-based
interface for the Computerised Operational Policing System) database regarding the detail s of theincident, the victim, and person
of interest (POI). Although the structured data are used for reporting purposes, the free text remains untapped for DV reporting
and surveillance purposes.

Objective: Inthispaper, we explore whether text mining can automatically identify mental health disorders from this unstructured
text.

Methods: We used atraining set of 200 DV recorded events to design a knowledge-driven approach based on lexical patterns
in text suggesting mental health disorders for POIs and victims.

Results:  The precision returned from an evaluation set of 100 DV events was 97.5% and 87.1% for mental health disorders
related to POIls and victims, respectively. After applying our approach to alarge-scale corpus of almost ahalf million DV events,
we identified 77,995 events (15.83%) that mentioned mental health disorders, with 76.96% (60,032/77,995) of those linked to
POlsversus 16.47% (12,852/77,995) for the victims and 6.55% (5111/77,995) for both. Depression was the most common mental
health disorder mentioned in both victims (22.25%, 3269) and POI s (18.70%, 8944), followed by al cohol abusefor POIs(12.19%,
5829) and various anxiety disorders (eg, panic disorder, generalized anxiety disorder) for victims (11.66%, 1714).

Conclusions: The results suggest that text mining can automatically extract targeted information from police-recorded DV
events to support further public health research into the nexus between mental health disorders and DV.
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Introduction

Domestic violence (DV) can be defined as “any incident of
threatening behavior, violence, or (psychological, physical,
sexual, financial, emotional) abuse between adults who are or
have been an intimate partner or family member, regardless of
gender or sexuality” [1]. DV can aso occur in other
relationships, such as between a caregiver and a dependent
person or those living together in a household in a nonintimate
relationship [2]. It is recognized as one of the most common
forms of interpersonal violence and is an international social
and public health problem with important health care
consequences affecting the lives of thousands, mostly women,
each year [3-5]. According to the World Health Organization’s
(WHO) multicountry study of violence, the prevalence of
physical and sexual partner violence toward women rangesfrom
15% to 71% globally [3,5]. In 2014, amost 50,000 people in
Australiawere recorded by the police asthe victims of DV [6].
The cost of DV is significant with estimates suggesting that, in
Australia, the cost of violence against women was approximately
Aus $22.2 hillion in 2015-2016, and in the United Kingdom
and the United States, £17 billion and US $4.1 hillion,
respectively [4,5,7].

Domestic violence shares a complicated relationship with the
onset, duration, and recurrence of mental health disorders,
including substance abuse, eating disorders, posttraumatic stress,
and suicidal tendencies, as well as exacerbation of psychotic
symptoms|[3-5,8]. Previous reports have suggested an increased
risk of DV in populations with mental health disorders in
comparison to those with no mental illness[3,9]. Over the past
20 years, a consensus has emerged that there is a modest (yet
statistically significant) relationship between severe mental
illness and violence, with severe mental illness increasing the
risk of an individual to be violent toward others[10].

In 2017, the New South Wales Police Force (NSWPF) recorded
123,330 DV-related eventsin WebCOPS, a Web-based interface
for the Computerised Operational Policing System (COPS) that
enablesthe police to capture and analyze crime information on
an organization-wide basis, with approximately 37% resulting
in an offense being recorded (NSW Police Force, personal
communication, June 2018). Information about DV events
contained in WebCOPS s available asboth structured form (eg,
fields documenting information such asdate of birth, Aboriginal
status, whether weapons were used) and free unstructured text
(“event narratives’). Each event contains one or more text
narratives that describe in detail the alleged incident(s) that
occurred between the person of interest (POI) and the victim,
the circumstances of the event, and any action(s) taken by the
police. The narratives are often written without a specific
structure, populated with frequent misspellings and
typographica errors, often with (sometimesinformal) acronyms
and abbreviationsthat can bear ambiguous meaning depending
on the context.

http://www.jmir.org/2018/9/e11548/

The large number of DV events and the associated text
narratives, however, prevent the extraction of potentially useful
infformation using traditional  ethnographic/qualitative
approaches. One recent research paper commented that “...there
isno systematic way to extract information from these [police]
narratives other than by manual review” [11].

Still, automated methods for large-scale processing of free text
known astext mining have been used for over 30 yearsto harvest
infformation from unstructured text in many domains,
particularly in biomedicine[12-15]. Recent attempts have aimed
to utilize text mining to identify crime-related information from
online media publications [16,17]. However, few efforts have
been conducted in processing police reports [18-20]. Limited
work included identification of offenders’ names, narcotic drugs,
and weapons with various degrees of success (F-score [a
measure of a method’s accuracy] ranging from 46% to 81%)
through named entity extractors [18,19] and classification of
police reports as DV or non-DV related by applying an
unsupervised clustering technique that classified 44% of the
reports set aside for manual inspection correctly [20].

Several attempts have been also made to extract mental
health-related information from various free-text resources
[21-27]. For example, drug side effects were extracted from
psychiatric narratives by applying either hybrid methodol ogies
of machine learning and dictionaries with rules, or rule-based
approaches only that returned F-scores between 75% and 85%
[21,24,25]. Treatment outcomes for major depressive disorders
were identified from electronic medical records using a
supervised approach with logistic regression, with precision
ranging from 78%to 86% [22]. Mini Mental State Examination
results were recognized from clinical notes and health record
correspondence between clinicianswith 85% and 91% F-scores,
respectively, through a rule-based method [23]. Jackson et a
[26] and Karystianis et a [27] both identified symptoms of
mental illnessfrom clinical discharge summariesand psychiatric
records using either regular expression pattern matching or a
rule-based approach with 88% and 81% F-scores, respectively
[26,27].

In this paper, we examine whether automatic text mining of DV
police event narratives is feasible in identifying mentions of
mental health disorders at the narrative level among those
involved in DV events by employing a knowledge-driven
approach. Thisapproach isbased onlexicalized rules combined
with manually constructed dictionariesthat characterize mental
health disordersin both POIs and victims involved in domestic
disputes recorded by the NSWPF. We further perform a
large-scale analysis of 492,393 DV eventsand report theresults.
To our knowledge, there has not been any application of text
mining in the area of DV using real-world events and thisisthe
first attempt of its kind to capture important mental health
information in alarge-scale analysis of DV events as recorded
by the police.
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Methods

Overview

Mentions of mental health disorders (including traumatic brain
injury) wereidentified among POIsand victimsin DV disputes
based on the full list of the disorders (Textbox 1) according to
the WHO's International Classification of Diseases, Tenth
Revision (ICD-10) for mental and behavioral disorders [28].
We also recognized mentions of unspecified mental disorders
reported in the narratives (eg, “the defendant has mental health
issues,” “victim is suffering from a severe mental disorder”),
mentions of psychotropic medications by name or drug class
(eg, “the victim takes Vaium,” “accused takes a number of
antidepressants’), and mentions of traumatic brain injury, drug
prescription abuse, substance abuse, and drug-induced disorders.

Data

We obtained records of 492,393 DV events from WebCOPS
from January 2005 to December 2016 flagged either as
“domestic violence related” or the description of violence in
WebCOPS was coded as*“domestic” or the relationship between
the victim and the POI included any of the following:
Spouse/partner (including ex-spouse/ex-partner),
boyfriend/girlfriend (including ex-boyfriend/ex-girlfriend),

http://www.jmir.org/2018/9/e11548/

Karystianis et al

parent/guardian (including step/foster), child (including
step/foster), sibling, other member of family (including kin), or
carer. These events covered the following categories: various
types of assaults, breaches of Apprehended Violence Orders,
homicides, malicious damage to property, and offense against
another person such asintimidation, kidnapping, abduction, and
harassment. The records also contained incidents where no
crime was committed but the police attended the DV event
nonetheless. All event narratives contained personal information
(eg, first name, surname, address) and therefore are not available
to the general public. Permission to access the narratives was
granted by the NSWPF following ethics approval from the
University of New South Wales Human Research Ethics
Committee (reference: HC16558) with access limited only to
some authors of this study (GK, AA, TB). Strict security
protocol ensured that text mining of the narratives could only
be undertaken on site at the NSWPF headquarters and only
deidentified extracted outputs could be taken off-site. A
hypothetical example of a deidentified narrative is shown in
Multimedia Appendix 1.

We randomly selected 100 events containing mental health
disorder mentions for our training set, and an extra set of 100
other randomly chosen ones as a devel opment set to optimize
the performance of the text-mining system.
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Textbox 1. Mental health disorders listed in the International Classification of Diseases, Tenth Revision (ICD-10) including the eight new categories
targeted for extraction in domestic violence events and examples as they appeared in the police event narratives.

disorder

© ©o N o

antisocial personality disorder, transient tic disorder
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24,
25.
26.

Unspecified diseases of the nervous system: eg, neurological disorder

1. Mental disorders due to known physiological conditions: eg, vascular dementia, unspecified dementia

2. Menta and behavioral disorders due to psychoactive substance abuse: eg, alcohol-related disorders, cannabis addiction, nicotine dependence
3. Schizophrenia, schizotypal, delusional, and other non-mood psychotic disorders: eg, schizophrenia, delusions, schizoaffective disorder

4. Mood (affective) disorders: eg, manic episodes, bipolar disorder, depression
5

Anxiety, dissociative, stress-related, somatoform, and other nonpsychotic mental disorders: eg, phobia, dissociative disorder, body dysmorphic

Behavioral syndromes associated with physiological disturbances and physical factors: eg, eating disorders, bulimia, anorexia
Disorders of adult personality and behavior: eg, paranoid persondity disorder, borderline personality disorder, kleptomania
Intellectual disabilities: eg, intellectual disability, severeintellectual disability

Pervasive and specific developmental disorders: eg, autism, mathematics disorder, phonological disorder

Behavioral and emotional disorders with onset usually occurring in childhood and adolescence: eg, attention deficit hyperactivity disorder,

Unspecified mental disorder: eg, mental health issues, mental condition, mental health problem
Intentional self-harm: eg, self-harm, cut herself on purpose, self-harming issues

Injury of unspecified body region: eg, suicide attempt, multiple suicide attempt, attempted to kill himself
Symptoms, signs, and abnormal clinical and laboratory findings: eg, suicidal ideation, suicidal thoughts, suicidal tendencies
Other degenerate diseases of the nervous system: eg, Alzheimer disease, frontotemporal dementia
Chromosomal abnormalities not elsewhere classified: eg, Down syndrome

Drug prescription abuse: eg, addiction in prescribed medications, abusing prescribed medication
Traumatic brain injury: eg, brain damage, serious brain injury, brain trauma

Substance abuse: eg, substance abuse problem, ongoing drug abuse problems

Mental health medications antipsychotics. eg, Clozapine, antipsychotic medications, Risperdal

Mental health medications neuroleptics: eg, neuroleptic medications, neuroleptic drugs

Mental health medications antianxiety: eg, Xanax, medications: anxiety, Alprazolam

Mental health medications antidepressants. eg, Escitalopram, Anafranil, antidepressant medication
Unspecified drug-induced disorders: eg, drug-induced disorder, drug-induced mental health problem

Systemic atrophies primarily affecting the central nervous system: eg, Huntington disease

Knowledge-Based System Devel opment

Our approach involved the design and implementation of
rule-based language expression patterns combined with term
dictionaries to identify mentions of mental health disordersin
both POIs and victims involved in DV events at the narrative
level (see Figure 1 for an overview).

Our text-mining methodology consisted of the following steps
(Figure 1):

1. Creation of specific dictionaries relevant to mental health
disorders;

2. Designand implementation of rulesto capture menta health
disorder mentionsin text;

3. Standardization and mapping of the extracted mental health
disorder mentionsinto ICD-10; and

4. Elimination of duplicate mentionsin each narrativeto reach
narrative level unification.

http://www.jmir.org/2018/9/e11548/

Dictionaries

Mentions of several task-specific semantic groups were
identified through a set of custom-made dictionaries. The
dictionaries were manually tailored by examining the training
and development sets for the use of terms describing the
associated mental heath disorder mentions as well as
expressions related to these conditions. For the identification
of mental health disorders, we made use of termsand synonyms
from the ICD-10, as well as common misspellings (eg,
“schitzophrenia,” “aspergus syndrome”) or other indicative
descriptive sentences (eg, “abusesacohol,” “anger issues’) that
were present in the event reports. A total of 13 dictionarieswere
crafted by the first author, GK (Table 1).

Rules

After inspecting the training set, we based our rules on lexical
patternsin thetext that indicated the presence of amental health
disorder for the POI, the victim, or both in a DV event. In the
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following example of alexical pattern observed in aDV event
(“accused is suffering from schizophrenia’) to identify amental
health disorder mention (“ schizophrenia’), the word “ accused”
(the POI) is matched via a dictionary that contains variations
of terms representing a POl (see Table 1) in which “issuffering
from” is a semifrozen expression for the identification of the
mental health disorder mention and “ schizophrenia” getsamatch
through a dictionary containing various terms of mental health

Karystianis et al

disorders (official and unofficial ones). The lexical patterns
make use of (1) frozen lexical expressionsasanchorsfor certain
elements that are built through specific verbs, noun phrases,
and prepositions (eg, “ defendant suffersfrom”); and (2) semantic
place holders (identifiable through the application of the
manually crafted dictionaries (eg, all potentia synonyms
characterizing an individual asavictim such as“victim,” “vic,”
“pn”) suggesting the presence of a mental health disorder.

Figure 1. Overview of the text-mining approach used for the identification of mental health (MH) disorder mentionsin domestic violence (DV)-related
police event narratives. GATE is used as the environment for the rule design and application to mental health disorder mention identification. ICD-10:

International Classification of Diseases, Tenth Revision.
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Table 1. Manually crafted dictionaries and their size (number of termsincluded) used to identify mental health disorder mentions.

Dictionary name Size,n  Description Examples

Adjectives 84 Adjectivesindicating a mental disorder alcohalic, schizophrenic, bipolar, autistic

Be 4 Conjugations of the verb “be” in present and past tense is, was, were, are

Drug addiction 58 Illegal drugs known to cause addiction cannabis, heroin, methamphetamines, ice

Drug names 228 Prescribed medications used to treat mental health disorders Xanax, Valium, Stelazine, Tensium

Drug types 26 Medication classes used in treating mental health disorders antianxiety, antidepressants, antipsychotic,

mood stabilizer

Family 31 Terms indicating afamily relationship cousin, father, mother, grandfather

Have 5 Conjugations of the verb “have” in present and past tense has been, have, having, has had

History 20 Variations of mental health history mentions ashort history of, hx, serious history of,

extensive h/o

Mental disorder 594 Mental health disorder terms as appearing in the International mood disorder, suicidal tendencies, split
Classification of Diseases, Tenth Revision (ICD-10) including personality disorder
traumatic brain injury and dementia, as well as unofficial terms,
abbreviations, and synonyms observed in the police events

Negation 11 Terms indicating negated context not, denies, none

Person of interest (POI) 18 Terms that describe a POI in a domestic violence event defendant, POI, POI accused

Verbs 75 Verbs appearing in common lexical patternsthat indicateamental  admitted, struggles, suffering, appears
health disorder for POls and victims

Victim 19 Terms describing a victim in a domestic violence event victim, vic, pn, pinop

Concept enumeration was a so implemented because it appears
frequently in the training data (eg, “POIl has a history of
depression, self-harm, and suicidal tendencies [mental health
disorder mentions for POI]”). More than one lexical pattern
may be matched in an event report and may refer to one or more
disorder mentions (that can be duplicates) for the victim, the
POI, or both.

For the generation and implementation of the rules, we used
General Architecture for Text Engineering (GATE) [23], a
text-mining framework for annotating and categorizing text that
enables the identification of targeted information. GATE was
chosen dueto its support for rule-based text-mining approaches.
The observed patternsin the text were converted into rulesusing
the Java Annotations Pattern Engine (JAPE), apattern matching
language for GATE. A total of 264 ruleswere created with 137
for the POl and 127 for the victim, respectively. Figure 2
displays rule examples for the identification of mental health
disorders.

The rules use lenient token matching (lowercase or uppercase),
such as {Token.string==~"(7)to”} matches “to”; various
dictionaries contain variants, abbreviations, and synonyms of
terms of interest, such as (victim), (POI), and (verbs) contain
termsfor victims, POIs, and verbs in various forms and tenses
that describe victims or POIs suffering from a mental health
disorder, respectively (see Table 2);
({ Token! L ookup.majorType=="negated"} )[0,1] will match any
token that is not a part of the dictionary “Negated” (which
contains negated indicators such as “not”); and the presence of
“?" at the end of arule component suggests its nonconditional
nature (ie, it can appear or not in the text).

http://www.jmir.org/2018/9/e11548/

Mapping of Extracted Mental Health Disorder Mentions
to the International Classification of Diseases, Tenth
Revision

Since the extracted mental health disorder mentions are highly
variable (synonyms, misspellings), any further analysisrequires
them to be mapped into standard mental health concepts such
as the ICD-10 mental and behavioral disorder categories. This
was done automatically through aheuristic algorithm that relies
on groups of terms that are representative of various ICD-10
categories. If agiven mention matched oneterm from aspecific
|CD-10 category, then it was mapped to that category.

The mapping was done at four levels (see Multimedia A ppendix
2). The first level was the most generic (26 categories),
representing the overall type of mental health disorders as
specified by ICD-10 (see Textbox 1). The original 1CD-10 was
expanded using eight customized categories to map mentions
for which no direct mapping was obvious. Four of these eight
categories involved mentions of psychotropic medications
(“medications-antidepressants,”  “medications-antianxiety,”
“medications-antipsychotics,” “ medications-neuroleptics’). For
example, in event narratives where a medication class (eg,
antidepressant medication) or a brand name (eg, “ Zoloft") was
specified, we mapped them to a category caled
“medications-antidepressants” The other four categories
included “drug prescription abuse” “substance abuse
(unspecified),” “traumatic brain injury,” and “unspecified
drug-induced disorder.” Cases in which we recognized that
either the victim or the POl had an unknown mental health
disorder or an unknown drug-induced mental disorder, were
assigned into the categories of “unspecified menta disorder”
or “unspecified drug-induced disorder,” respectively.
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Figure 2. Rule examples (using GATE notation) for the recognition of mental health (MH) disorder mentions of persons of interest (POIls) and victims
in domestic violence events. The identified disorder mentions are highlighted in bold.

POI MH example POI appears to suffer from schizophrenia
disorder rule (POI) (verbs) {Token.string==""(?i)to"} {verbs) ({Token.string==""(?i)from|with"})? (disorder)
POI MH example | defendant is an alcoholic
disorder rule (POI) (be) ({Token, ILookup.majorType=="negated"})[0,1] (adjectives)
Victim MH example pinop as he has had history of psychotic episodes
disorder rule [victim) {Token.string==""(?i)as"} {Token.string==""(?i)he|she"} (has) (history) (disorder)
Victim MH example self-harm caused by the victim
disorder rule (disorder) (verhs)? {Token.string==""(?i)by|from"} ({Token.string==""(?i)the"})? {victim)

Table 2. Examples of extracted mental health disorder mentions (including misspellings) mapped into the Internationa Classification of Diseases,
Tenth Revision (ICD-10) schema. Note the inclusion of extra defined categories, such as “ medications-anti depressants.”

Extracted mental health
disorder mention

Standardized mental health
disorder

1CD-10
First level

Second level

Third level

Oppositiona defiant dis-
order

Intellectual disability

Self-harming issues

“Scitzophrenia”

Schizotypal disorder

Mental health issues

Postnatal depression
zoloft
Narcissism

Intermittent explosive

Oppositional defiance disorder

Intellectual disability

Self-harm

Schizophrenia
Schizotypal disorder

Unspecified mental health dis-
order

Postpartum depression
Zoloft
Narcissistic

Intermittent explosive disorder

Behavioral and emotional disor-
ders with onset usually occurring
in childhood and adolescence

Intellectual disabilities

Intentional self-harm

Schizophrenia, schizotypal, delu-
sional, and other non-mood psy-
chotic disorder

Schizophrenia, schizotypal, delu-
sional, and other non-mood psy-
chotic disorder

Unspecified mental health disorder

Mood (affective) disorders

M edications-antidepressants

Disorders of adult personality and
behavior

Disorders of adult personality and

Conduct disorders

Intellectual disability,
unspecified

N/A

Schizophrenia
Schizotypal disorder

N/A

Major depressive disor-
der, single episode

N/A

Specific persondity disor-
ders

Impulse disorders

Oppositional defiance
disorder

N/AZ

N/A

Schizophrenia, unspeci-
fied
N/A

N/A

Postpartum depression

N/A

Narcissistic personality
disorder

Intermittent explosive

disorder behavior

disorder®

8N/A: not applicable.

b« | ntermittent explosive disorder” isafourth level ICD-10 classification; for reporting purposes, we included the fourth level asthird level.

Cases in which mental health disorder mentions were more
specific, were mapped to lower level 1ICD-10 categories. The
second and third levels of mapping had 62 and 98 categories,
respectively. For example, “paranoid schizophrenid® was
classified as “paranoid schizophrenia® at the third level
according to the |CD-10 schema. Sincethat mention hasathird
level mapping in the ICD-10, thisindicated that it can also be
mapped backward in the second level (“schizophrenia’) and in
thefirst level (* schizophrenia, schizotypal, delusional, and other
non-mood psychotic disorders’). The mapping between levels
was done manually by an expert inthefield of psychiatry (PS).

A fourth level of ICD-10 classification (27 categories) was
recorded in some narratives. However, for the purpose of
reporting the resultsin our paper, we merged thislevel with the
third classification level. For example, instead of reporting
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“other impulse disorders’ (third level), weincluded “intermittent
explosivedisorder” (fourth level) in thethird classification level
for the representation of resultsonly. Thus, although there were
no explicit mentions of “other impulsedisorders’ (for example),
this mapping did not result in any loss of information regarding
mentions of mental health disorders. Table 2 shows some
examples of extracted mental health disorder mentions mapped
into the ICD-10 schema.

After the mapping of the extracted mental health mentionsinto
the ICD-10 categories, we eliminated any duplicates at the
narrative level. The elimination of duplicates led to narrative
level unification since unique mentions of mental health
disordersfor either victims or POlswere present in each event.
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Results

Principal Findings

The system was evaluated on a set of 100 unseen, randomly
chosen DV events with mentions of mental health disorders.
The set was manually inspected and annotated by two domain
experts—in DV (CG) and psychiatry (PS)—who identified
mentions of mental health disorders for POls and victims. The
interannotator agreement was 90%, calculated as the absolute
agreement rate [29], suggesting consistent and reliable
annotations by the experts.

Performance of our methodol ogy was evaluated at the narrative
level (after the mapping and elimination of any duplicate mental
health disorder mentions). We calculated the precision, recall,
and F-score for the mental health disorder mentions related to
POIs and victims using standard definitions [30] (Multimedia
Appendix 3). Table 3 displays the summarized results on the
evaluation set, and the performance on the training and
development sets.

The F-scores were greater than 80% suggesting reliable results
with 87% for mentions related to POIs and 81% for mentions
related to victims. Precision ranged from 87% to 97% indicating
only a small drop in performance from our development set
(1.2%-1.8%). Recall was relatively stable at 79% for the POI
(0.3% drop), athough for the victim it had a significant drop
of 11%, which was expected because our goal was to capture

Karystianis et al

precise mentions of mental health disordersat the narrative level
while avoiding noise. It should be noted that victims had fewer
mental health disorder mentions at the narrative level when
compared to the POIs (36 vs 154, respectively). The false
extraction or the nonidentification of a mental health disorder
related to a victim affects more the overall extraction
performance of the victimsthan that one of the POIs. Therefore,
thevalues of precision, recall, and F-score for the victims should
be taken with caution.

L arge-Scale Corpus Application

Given the relatively accurate results of the methodology to
reliably identify mental health disorders, we applied it to all
492,393 DV events. The results revealed 77,995 (15.83%,
77,995/492,393) DV events that involved a mental health
disorder mention for either the POI, victim, or both. More than
three-quarters (76.96%, 60,032/77,995) of DV eventsincluded
identified mental health disordersrelated to POl sversus 16.47%
(12,852/77,995) for victims. A total of 5111 (6.55%) DV events
had mental health disorders for both the victim and POI (Table
4).

Standardized mental health disorder mentions were grouped
into the respective 1ICD-10 categories (including our own
customized ones) at three levels: first, second, and third. For
example, if an event narrative mentioned “ antisocial personality
disorder,” it was mapped to three levels (third level: antisocial
personality disorder; second: specific personality disorders;
first: disorders of adult personality and behavior).

Table 3. Performance (%) of the system on the evaluation set, the training set, and the devel opment set (100 events each) for theidentification of mental
health disorder mentions related to victims and persons of interest (POIs) with true positives (TP), false positives (FP), and false negatives (FN).

Set Precision Recall F-score TP FP FN
Evaluation set
POI 975 78.5 86.9 121 3 33
Victim 87.1 79.0 80.6 27 4 9
Training set
POI 99.3 84.6 913 149 1 27
Victim 96.1 925 94.2 50 2 4
Development set
POI 98.7 78.8 87.6 164 2 44
Victim 88.9 90.2 89.5 37 5 4

Table 4. Numbers of domestic violence events with identified mentions of mental health disorders for persons of interest (POIs) and victims, and
numbers of the mental health disordersfor POIs and victims from the large-scale corpus at various levels of the International Classification of Diseases,

Tenth Revision (ICD-10).

POI or victim Events, n Mental health disorder mentions, n

Third level Second level First level
POIsonly 60,032 21,127 47,831 81,942
Victims only 12,852 7268 14,695 21,290
POIs and victims 5111 N/AZ N/A N/A
Total 77,995 32,479 62,526 103,232

3N/A: not applicable.
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All mental health disorders were mapped to the first level but
not all contained sufficient detail to enable them to be allocated
to the second and to the third levels (eg, “unspecified mental
disorder,” “intellectual disability, unspecified”). The total
number of classified mental health disorder mentions at the first
level was 103,232, whereas 62,526 mental health disorder
mentions contained sufficient information allowing them to be
mapped to the second level, with one-third of mentions (32,479,
31.46%) mapped to the third level (Table 4).

At the first level (Table 5), amost one-third of the 81,942
mentions of mental health disorders (32.46%, 26,598) for the
POI and one-fifth (22.79%, 4851) for victims had “unspecified
mental health disorders’ not explicitly recorded in the narratives
by the attending police officer(s). “Mood (affective) disorders”
(eg, bipolar disorder, depression) had the highest number of
mentions among POIs (15,330, 18.71%) and victims (4946,
23.23%) with “mental and behavioral disorders due to
psychoactive substance use” (including a cohol abuse) ranking
fourth and fifth for both POIs (6790, 8.29%) and victims (1259,

http://www.jmir.org/2018/9/e11548/
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5.91%), respectively. Inall, 12.02% of POIs(9848) and 10.45%
of victims (2224) had mentions of “behavioral and emotional
disorders with their onset usually occurring in childhood and
adolescence” (eg, “attention deficit hyperactivity disorders,”
“conduct disorders’) being the third and fourth biggest group
of disorders in both POIs and victims. Although mentions of
“intellectua disabilities” among POIs (1517, 1.85%) were higher
in number than inthe victims (939, 4.41%), therateswere higher
among victims than POIs. Mentions of traumatic brain injury
(eg, “the victim has suffered a brain injury due to a car
accident”) were reported for 0.84% of POlsand 1.17% victims
(688 and 250 mentions, respectively).

In the second level categories (Table 6), “alcohol abuse” was
the second highest mental health disorder among POIs (5829,
12.19%) and the fifth highest reported among victims (1180,
8.03%) reinforcing the established link between DV and a cohol
use [31-33]. Additionally, there were 644 victims with
“dementia, unspecified” (4.38%, 644/14,609) and 546 POI ones
(1.14%, 546/47,600).
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Table 5. Number of events containing mental health disorders grouped according to the first level of mental health disorder categories (from the
International Classification of Diseases, Tenth Revision [ICD-10]) for both persons of interest (POIs) and victims from 492,393 domestic violence
events as recorded by the New South Wales Police Force in Australia between the 2005 and 2016 period.

Mental health disorders (first level) Mentions, n
POI Victim
Unspecified mental disorder 26,598 4851
Mood (affective) disorders 15,330 4946
Behavioral and emotional disorders with onset usually occurring in childhood and adolescence 9848 2224
Anxiety, dissociative, stress-related, somatoform, and other nonpsychotic mental disorders 3755 2261
Mental and behavioral disorders due to psychoactive substance use 6790 1259
Schizophrenia, schizotypal, delusional, and other non-mood psychotic disorders 5771 1032
Intentional self-harm 3271 949
Intellectual disability 1517 939
Mental disorders due to known physiological conditions 559 649
Pervasive and specific developmental disorders 1775 485
Disorders of adult personality and behavior 1340 420
Substance abuse 2852 370
Injury of unspecified body region 800 265
Traumatic brain injury 688 250
M edications-antidepressants 400 130
Symptoms, signs, and abnormal clinical and laboratory findings 189 79
Other degenerate diseases of the nervous system 62 52
Chromosomal abnormalities, not elsewhere classified 53 39
M edi cations-anxiety 91 24
Behavioral syndromes associated with physiological disturbances and physical factors 31 23
M edications-antipsychotics 142 16
Unspecified drug-induced disorders 57 1
Drug prescription abuse 5 1
M edications-neurol eptics 1 0
Systematic atrophies primarily affecting the central nervous system 11 6
Unspecified diseases of the nervous system 6 3
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Table 6. The 20 most common mental health disorder mentions (at the second level of the International Classification of Diseases, Tenth Revision
[ICD-10Q)]) for both persons of interest (POIs) and victims from 492,393 domestic violence events as recorded by the New South Wales Police Forcein
Australia between the 2005 and 2016 period.

Mental health disorders (second level) Mentions, n

POIs Victims
Major depressive disorder, single episode 8944 3269
Alcohol abuse 5829 1180
Bipolar disorder 5449 1553
Other behavioral and emotional disorders with onset usually occurring in childhood and adol escence 4888 776
Schizophrenia 4852 849
Attention deficit hyperactivity disorder 3980 1312
Other anxiety disorders 2446 1714
Pervasive developmental disorder 1721 477
Specific personality disorders 1310 372
Intellectual disability, unspecified 1225 779
Conduct disorders 903 121
Injury of unspecified body region 800 265
Reaction to severe stress, and adjustment disorders 790 388
Persistent mood disorder 781 90
Unspecified psychosis not due to a substance or known physiological condition 648 124
Dementia, unspecified 546 644
Other psychoactive substance related disorders® 370 23
Obsessive-compulsive disorder 314 81
Other stimulant related disorders® 248 18
Cannabis abuse® 234 18
Intellectual disability, mild® 153 83
Symptoms and signs involving emotional state? 189 79
Intellectual disability, severe” 61 51

3\lental health disorders that are not in the top 20 for victims.
BMental health disorders that are not in the top 20 for POlIs.

In the third level categories (Table 7), “bipolar disorder, behaviora and emotional disorderswith onset usually occurring
unspecified” ranked first in mentions for both POIs (5445, in childhood and adolescence” were second in mentions (4888,
21.59%) and victims (1553, 21.36%) with similar rates. 19.38%) unlike with victims that had “anxiety disorder,
However, it was observed that in POIls that “unspecified unspecified” (1459, 20.07%).
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Table 7. The 20 most common mental health disorder mentions (at the third level of the International Classification of Diseases, Tenth Revision
[ICD-10] categories) in 492,393 domestic violence events as recorded by the New South Wales Police Force in Australia between the 2005 and 2016

period.

Mental health disorders (third level) Mentions, n
POIs Victims

Bipolar disorder, unspecified 5445 1553
Unspecified behavioral and emotional Disorders with onset usually occurring in childhood and adolescence 4888 776
Schizophrenia, unspecified 4630 821
Anxiety disorder, unspecified 2336 1459
Autism 956 329
Oppositional defiant disorder 811 114
Suicide attempt 800 265
Cyclothymic disorder 780 90
Posttraumatic stress disorder 767 379
Asperger syndrome 758 146
Paranoid personality disorder 638 157
Obsessive-compulsive disorder, unspecified 314 81
Personality disorder, unspecified 299 102
Borderline personality disorder 271 92
Postpartum depression 261 265
Paranoid schizophrenia?® 249 28
Suicidal ideations 189 79
Dissociative identity disorder 143 44
Panic disorder 104 253
Conduct disorder, unspecified® 92 7
Alzheimer’s disease, unspecifiedb 54 51
Down syndrome, un:sper:ifiedb 53 39

@Viental health disorders that are not in the top 20 for victims.
PMental health disorders that are not in the top 20 for POlIs.

Discussion

Overview

Text mining the police event narratives yielded a rich vein of
data on the mental health status of victims and POIs involved
in DV events that could be useful in policy formulation and
prevention that to date has been unavailable. By mining alarge
cohort of DV police events, we identified many mental health
disorder mentionsfor both the POlsand the victims highlighting
the possible role of mental health disordersin DV. Studies have
shown that mental illness can increase the likelihood of being
in an abusive relationship [3,9], which is consistent with the
higher prevalence of mental health disorder mentions among
victims (16%).

We aimed to recognize and assign mental health disorders to
the POlsand thevictimsinvolvedinaDV event at the narrative
level. Therefore, our rules were focused on precision in order
to enable the assignment of the respective disorders to either
the POIsor thevictims. Many mental health mentionsinasingle

http://www.jmir.org/2018/9/e11548/

narrative were (varied) mentions of the same disorder for the
sameindividual. Thisexplainsthe high precision (87.1%-97.5%)
when compared to recall (78.5%-79.0%).

Error Analysis

We inspected the evaluation set for sources of false positive
and false negative errors in the extraction of mental health
disorder mentions. Therewasalimited number of false positives
for either the POI’sor victim’s mental health disorder mentions.
In some cases, the lexical patterns used in the rules were
ambiguous and assigned amental health disorder to the wrong
person. For example, in the following sentence, “POI has the
potential to become violent with the victims due to her
alcoholism,” “acoholism” was extracted incorrectly asamental
health disorder for the victim instead of the POI. In other
instances, the specific mention did not refer to an actual mental
health problem and the rules incorrectly identified a mental
health disorder mention due to the ambiguous nature of a
specific situation that mapped to a term in the mental health
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disorder dictionary (eg, “As a result of the glass on the floor
the defendant had cut herself [false positive for POIT”).

In one-third of the false negative cases (33%), the lexical
patterns had not been incorporated as they were previously
unseen in the training and development sets (eg, “There has
been a history of alcohol abuse [false negative: mental health
disorder mention for POI] and malicious damage perpetrated
by the accused,” “The victim also stated to police that during
her time with the POI she was intoxicated as she has an a cohol
addiction [false negative: mental health disorder mention for
victim]”). Additionally, in almost 40% of false negatives, the
rulesignored the correct mental health disorder mention related
to either the POI or the victim due to the lack of a semantic
anchor specifying the role of the individual (eg, “XXX [name
of victim] was admitted to YYY house for depression and
anorexia [false negative: mental health disorder mention for
victim],” “Her child’sbehavior isbecause of acondition ADHD
[false negative: mental health disorder mention for POI]”). In
such cases, we chose not to engineer any rulesin order to protect
the system’s precision and avoid the generation of false positives
for potentially other individuals (eg, witnesses, children at risk,
friend, neighbor) that could be involved in a DV event and
suffering from a mental disorder.

Limitations and Future Work

We designed the rules after inspecting and exploring arelatively
small training and development set. However, these sets
contained significant numbers of mental health disorder
mentions (Table 3). Still, the total number of victim mentions
inthe evaluation set was significantly lower (almost threetimes
lower) than for POI, which may explain the relatively lower
performance for the victim mentions. It is possible that a set
focusing only on victim mentions (as opposed to a set that has
mental health mentions for either POIs or victims) might have
helped to cast a wider net of rules for the identification of the
mental health disordersfor thevictims. Since we based our rules
on common lexical patterns, they potentially could be used to
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process similar types of police-recorded narratives (eg, sexual
assaults and other recorded crimes). Although the rules might
work on other data, they could require further adjustments both
in lexical and dictionary coverage (eg, identification of
non-mental health diseases).

We were unaware if the extracted mentions of mental health
disordersarevalid asthey were recorded by police officerswho
are not expert in mental health and therefore cautioniswarranted
when interpreting the findings. Information on mental health
status can be provided to the police by victims, POIls, and
witnesses. We plan to examine the veracity of these“informal”
mentions of mental health disorders by using formal diagnoses
contained in administrative data collections.

We will also expand our set of targeted information from the
police narratives in order to assess the characteristics of the
POIs and victims for risk groups such as the elderly, those in
same sex relationships, and those in carer relationships. The
extracted information can be used in designing predictive models
to investigate whether we can predict DV recurrent events for
groups at risk and inform prevention strategies.

Conclusions

We have designed, implemented, and evaluated a rule-based
approach for the extraction of mental health disorders for both
POls and victims involved in DV events as recorded by the
NSWPF in event narrativesthat could not be examined manually
on alarge scale. Performance was promising, with precision of
87.1% for the victims and 97.5% for the POIs. The results are
encouraging and indicate that automated text-mining methods
can be used to extract important information from police
narratives with reasonable performance. The information
extracted from a large-scale set of DV reports allowed us to
identify and confirm patterns and links between DV eventsand
mental health disorders. Theidentified information can be used
for further research that aims to assess the characteristics and
features of victims and POIsinvolved in DV events.
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Multimedia Appendix 1

A hypothetical example of a domestic violence event narrative as recorded by the New South Wales Police Force.

[PNG File, 70KB - jmir_v20i9e11548_appl.png ]

Multimedia Appendix 2

The International Classification of Diseases, Tenth Revision (ICD-10) Mental and Behavioural Disorders schema used to map
the extracted and standardised mental health disorder mentions containing three levels (first, second and third).

[PDE File (Adobe PDF File), 50KB - jmir_v20i9e11548_app2.pdf ]
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Multimedia Appendix 3

Evaluation metrics used for our method. True positive (TP) is the detection of a correct mention of a mental health disorder in
an event. False positive (FP) isthe extraction of any unrelated mention that has not been annotated manually. False negative (FN)
is the correct mental health disorder mention that was not detected by the method. True negative (TN) is when the method did
not identify any mental health disorder mentions where none has been annotated. Performance of the system was calculated using
the standard definitions of precision (the number of TP against the number of TP and FN), recall (the number of TP against the
number of FN and TP), and F-score (the harmonic mean between precision and recall [31]).
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Abstract

Background: Conversational assistants, such as Siri, Alexa, and Google Assistant, are ubiquitous and are beginning to be used
as portals for medical services. However, the potential safety issues of using conversational assistants for medical information
by patients and consumers are not understood.

Objective: To determinethe prevalence and nature of the harm that could result from patients or consumers using conversational
assistants for medical information.

Methods: Participants were given medical problems to pose to Siri, Alexa, or Google Assistant, and asked to determine an
action to take based on information from the system. Assignment of tasks and systems were randomized across participants, and
parti cipants queried the conversational assistantsin their own words, making as many attempts as needed until they either reported
an action to take or gave up. Participant-reported actions for each medical t