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Abstract

Background: Enhanced patient-provider engagement can improve patient health outcomes in chronic conditions, including
major depressive disorder (MDD).

Objective: We evaluated theimpact of adigitally enabled care mobile app, Pathway, designed to improve MDD patient-provider
engagement. Patients used a mobile interface to assess treatment progress and share this information with primary care providers
(PCPs).

Methods: In this 52-week, real-world effectiveness and feasibility study conducted in primary care clinics, 40 patients with
MDD who were recently prescribed antidepressant monotherapy were randomized to use a mobile app with usual care (20/40,
50%) or usual care alone (20/40, 50%). Patients in the app arm engaged with the app daily for 18 weeks; a report was generated
at 6-week intervals and shared with the PCPsto facilitate shared treatment decision-making discussions. The patients discontinued
the app at week 18 and were followed through year 1. Coprimary outcome measures, assessed viaresearch visits, included change
from baselinein the 13-item Patient Activation Measure (PAM-13) and 7-item Patient-Provider Engagement Scale scores at week
18. Additional outcome measures included depression severity (9-item Patient Health Questionnaire [PHQ-9]) and cognitive
symptoms (5-item Perceived Deficits Questionnaire-Depression).

Results: All 37 patients (app arm: n=18, 49%; usual care arm: n=19, 51%) who completed the 18-week follow-up period (n=31,
84% female, mean age 36, SD 11.3 years) had moderate to moderately severe depression. Improvementsin PAM-13 and PHQ-9
scores were observed in both arms. Increases in PAM-13 scores from baseline to 18 weeks were numerically greater in the app
arm than in the usual care arm (mean 10.5, SD 13.2 vs mean 8.8, SD 9.4; P=.65). At 52 weeks, differences in PAM-13 scores
from baseline demonstrated significantly greater improvements in the app arm than in the usual care arm (mean 20.2, SD 17.7
vs mean 1.6, SD 14.2; P=.04). Compared with baseline, PHQ-9 scores decreased in both the app arm and the usual care arm at
18 weeks (mean 7.8, SD 7.2 vs mean 7.0, SD 6.5; P=.73) and 52 weeks (mean 9.5, SD 4.0 vs mean 4.7, SD 6.0; P=.07).
Improvements in 7-item Patient-Provider Engagement Scale and WHO-5 scores were observed in both arms at 18 weeks and
were sustained through 52 weeks in the app arm. Improvements in WHO-5 scores at 52 weeks were significantly greater in the
app arm than in the usual care arm (41.5 vs 20.0; P=.02).
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Conclusions: Patientswith MDD will engage with a mobile app designed to track treatment and disease progression. PCPs will
use the data generated as part of their assessment to inform clinical care. The study results suggest that an app-enabled clinical

care pathway may enhance patient activation and benefit MDD management.

Trial Registration:

(IMIR Form Res 2022;6(10):€34923) doi: 10.2196/34923
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Introduction

Background

Major depressive disorder (MDD) is among the most common
mental health disorders in the United States, with a lifetime
prevalence of up to 20% [1]. Although MDD is a chronic and
recurrent disorder that frequently requires long-term treatment
with antidepressants [2], the rates of nonadherence and
premature discontinuation of antidepressant therapy are high
and associated with worse clinical outcomes [3-5]. In addition,
the impact of nonadherence on clinical outcomes subsequently
translates to increased medical and total health care use [3]. In
the United States and across the world, most patients with
depression are treated by primary care providers (PCPs) [6,7].
Consequently, nearly 10% of all primary care visits are related
to depression [8]. Given the recent decline in the number of
psychiatrists practicing in the United States, the demand for
MDD carein primary care likely will continue to surge [9].

Effective management of MDD in primary care requires a
systematic approach to diagnosis, patient education, treatment,
close follow-up, and a commitment to adjusting care or
consulting with specialistswhen needed [8,10]. One systematic
approach to improving MDD outcomes is measurement-based
care, which involves the use of rating scales to monitor
symptoms, adherence, and side effects combined with
guideline-dependent resources to inform treatment [11].
However, increasing time constraints and the infrequency of
visitsin primary care settings may makeit difficult for clinicians
to practice measurement-based care and fully engage with
patients with MDD [7,11]. Consequently, patients with MDD
and other chronic conditions may benefit from additional support
and increased engagement with their PCPs[8,12].

One proposed strategy to increase patient engagement, improve
patient-provider communication to facilitate M DD management,
and improve patient outcomes in primary care is the use of
mobile health apps and digital platforms[13,14]. To improve
patient-provider engagement, apps need to be easy to use and
easily integrated into the workflow of traditional clinical care
and careteams[15]. Currently available apps supporting MDD
management are heterogeneousin features and quality, possibly
because of the absence of standards governing their
development, evaluation, and use [16]. Moreover, the number
of apps devel oped for depression exceeds the number of studies
that have demonstrated their efficacy and feasibility. Although
few apps have the ability to transmit datadirectly to PCPs, apps
that feature the active involvement of menta health
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professionals may also increase patient engagement more than
presentation enhancements of the technology platform [17].
Digital tools that can share data with PCPs may enable PCPs
to more easily and efficiently embrace measurement-based care.

The development of any mobile health and information
technology tool, including those supporting MDD management,
may benefit from collaboration between industry, app
developers, and the health care team representing large health
care systems [18]. Research has demonstrated that involving
target users and stakeholders in the development of such tools
yields a higher acceptance of apps by clinicians. To help meet
the needs of PCPs and patients with MDD and improve
patient-provider engagement, Takeda, L undbeck, and Advocate
AuroraHealth (AAH) worked together with software devel opers
(Ctrl Group, Fora Health, and Cognition Kit) to develop the
patient app and care team view of the patient data. The process
followed user-centered design principles, in which the designs
and devel opment wereiterated based on user input and feedback.
The app enables patientsto track their symptoms, monitor their
treatment progress, and share data collected by the app with
their care team.

Objectives

The primary objective of this study was to determine whether
the addition of the Pathway mobile app to usual clinical care
improves patient-provider engagement in the management of
MDD over an 18-week period. The secondary objectives of the
study were to evaluate the impact of the Pathway mobile app
on changes in certain patient-reported outcomes, including
self-reported clinical depression severity (viathe 9-item Patient
Health Questionnaire [PHQ-9]), cognitive dysfunction (viathe
5-item Perceived Deficits Questionnaire-Depression [PDQ-D5]),
quality of life (via the 5-item World Health Organization
Well-Being Index [WHO-5]), and patient satisfaction, as well
as changesin medication and medication adherence. Additional
retrospective assessments were also planned to evaluate the
impact of the app on measures of health care use 1 year after
enrollment.

Methods

Study Design

In this randomized controlled pilot study (ClinicalTrials.gov
NCT03242213), we enrolled patients diagnosed with MDD
who were receiving primary care services at Advocate Health
Care, whichisnow part of AAH. The study took place between
July 2017 and January 2019 and involved 4 study sites in
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suburban and urban settings within metropolitan Chicago,
Ilinois, including Advocate Medical Group—Huntley, Advocate
Medical Group—Hometown Family Medicine, Family Medicine
Center in Ravenswood, and Adult Medicine Center in Oak
Lawn. On identifying a patient with MDD who met the criteria
for study participation, the physician providing care for that
patient introduced the study; a designated research study
coordinator then explained the study and obtained informed
consent. Patients were then randomized to receive either the
Pathway mobile app along with usual care or usual care alone.
Participating patients were randomized based on the results
from a randomized study list created using serially generated
random numbers obtained by the study staff using a random
number generator. Patients in the mobile app arm were
encouraged to engage with the mobile app daily for 18 weeks
(Figure 1). At week 18, the use of the maobile app was
discontinued. Patients in the usual care arm did not receive
study-related interventions.

The mobile app was specifically designed to enhance
patient-provider engagement, promote shared decision-making,
and support measurement-based care in the management of
clinical depression. It also provided patientswith away to track
changes in clinical depression severity, cognitive symptoms,
quality of life, emotiona well-being, and adherence to
medications; set up medication reminders; and record side-effect
experiences. App functions included PHQ-9 and PDQ-D5
assessments conducted every 2 weeks, daily assessments of
depression using 2 questions from the PHQ-9 and 1 question
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from the PDQ-D5, daily assessments of emotional well-being
using a visual analog measurement of global well-being on a
scale of 0to 100, and daily cognitive symptoms assessed using
the Cognition Kit 2-back test, in which patientsindicate whether
the symbol (usually an abstract shape) matches the symbol 2
items back [19]. Patients reporting any change in suicidal
ideation during PHQ-9 assessments were instructed to contact
their health care provider or emergency services immediately
because datafrom the app were not monitored; theseinstructions
were reviewed with patients during the consent process. In
addition, patients were able to review a graphical summary of
their data (Figure 2), allowing them to review their symptom
progression and the treatment’s effectiveness and side effects.
A graphical summary of the data was also shared with the care
team every 6 weeks to reinforce measurement-based care. No
further instructions were provided to the care team.

The single-phase study included 2 follow-up periods: the
primary follow-up period and the long-term follow-up period.
The primary follow-up period began with randomization and
continued through week 18. The long-term follow-up period
began after thefinal visit at week 18 and continued through the
1-year follow-up phoneinterview (34 weeks after the use of the
mobile app was discontinued). At year 1, the results from the
follow-up phoneinterview and extraction of datafrom patients
electronic medical records (EMRs) were analyzed to evaluate
theresidual impact of the app on patient-reported outcomes and
health care use.

Figurel. Study design. Long-term follow-up period indicatesthat no visits, calls, or use of the mobile app occurred during this phasein either treatment
arm. The app arm aso included usual care. ED: emergency department; LOS: length of stay; PAM-13: 13-item Patient Activation Measure; PDQ-D5:
5-item Perceived Deficits Questionnaire-Depression; PHQ-9: 9-item Patient Health Questionnaire; PPES-7: 7-item Patient-Provider Engagement Scale;

WHO-5: 5-item World Health Organization Well-Being Index.
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Figure 2. Screenshots of the app and a sample report.
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Participants

Patients were eligible to participate in the study if they were
aged 18 to 70 years, were receiving primary care for MDD at
AAH, used an iPhone version 5 or later or a smartphone with
an Android operating system, and had an active cellular data
plan or regular Wi-Fi access. Patientswere also required to have
a PHQ-9 score of >5 at baseline, indicating at least mild
depression severity [20], and to have initiated monotherapy
with anew antidepressant (either anew prescription or aswitch
from another antidepressant medication) in the previous 0 to
14 days.

Patients were excluded from the study if they had a diagnosis
of a magor psychiatric disorder other than MDD, were
considered to be at imminent risk of hospitalization dueto MDD,
had been hospitalized due to MDD within 3 months, had a
significant risk of suicide or had a previous suicide attempt
within 6 months, or had a history of responding only to
combination or augmentation therapy intheir current depressive
episode. Patients for whom the use of antidepressants was
contraindicated were not eligible for the study.

Study Procedures

Eligible patients were randomized to usual care (20/40, 50%)
or usual care plus the mobile app (20/40, 50%) for 18 weeks
(unblinded for both participants and researchers). Anin-person

https://formative.jmir.org/2022/10/€34923
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introduction to the app and instructional handoutswere provided
to the patients at the time of enroliment. Although the use of
the mobile app was encouraged, it was not required. Patients
assigned to usual carereceived regular care as needed from their
PCP; no specific interventions were mandated. At the end of
the long-term follow-up period (1 year), patient-reported
outcome measures were collected via follow-up phone calls.
Dataon health care resource use and medi cation changes during
the long-term follow-up period were collected from medical
chart reviews. A quality control committee reviewed the data
for adeguate completion and integrity.

Study End Points

Study coprimary, secondary, and exploratory outcomes were
assessed at 18 weeks for each arm viain-person research visits
and phone interviews. Coprimary outcomes included changes
in the 13-item Patient Activation Measure (PAM-13) scale and
7-item Patient Provider Engagement Scale (PPES-7) between
baseline and 18 weeks. The PAM-13 scale was developed and
validated to assess patient engagement and confidence in
self-management of the disease [21,22]. The PAM-13 scores
ranged from O to 100, with higher values reflecting greater
activation. The PPES-7 is an assessment that was developed
for this study and has not yet been validated. In the PPES-7,
scores range from 7 to 28, with higher values reflecting more
engagement.
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The secondary outcomes included changes (between baseline
and 18 weeks) in depression severity evaluated using the PHQ-9
measure [20], cognitive symptoms measured using the PDQ-D5
scale [23], and quality of life measured using the WHO-5
assessment, a 5-item questionnaire that measuresthe subjective
quality of life. In the WHO-5, scores range from O to 100, with
higher scores reflecting the best imaginable quality of life[24].

Exploratory outcomes included medication and dose switches,
defined as medication switches, dosage changes, medication
add-ons, or discontinuations (assessed via retrospective chart
review), and patient and provider satisfaction with the care and
use of the app. Additional assessmentswere collected throughout
the study in the app arm via app functions such as the PHQ-9,
PDQ-D5, emotional well-being, and cognitive symptom
assessments. In addition, information on patient satisfaction
with the app and app use data were collected from the patients
in the app arm.

After the 18-week end-of-study visit, patients and providers
were invited to participate in a remote, qualitative,
semistructured interview using a digital tool to discuss
sentiments on app features and future features. This qualitative
tool alowed the interviewer to observe and talk to the patients
asthey looked at the app’sfeatures on their own devices, record
the interview, and capture time-stamped notes.

At the end of the long-term follow-up phase of the study (at
year 1), a phone interview was conducted (34 weeks after the
use of the mobile app was discontinued) to assess
patient-reported outcomes, including patient and provider
engagement (using PAM-13 and PPES-7), quality of life (using
WHO-5), and depressive symptoms (using PHQ-9). At this
time, a retrospective analysis that compared health care use
between the app arm and the usual care arm was al so conducted.
Data were collected on inpatient visits, including
depression-related hospitalizations; emergency department (ED)
visits; outpatient visits, including visits to PCPs, psychiatrists,
behavioral therapy specialists, and other health care providers,
and medication and dose switches. Spontaneously reported
serious adverse events were also recorded during the study
period.

Statistical Analyses

Thiswas a pilot study, and thus no sampl e size estimation was
conducted. A samplesize of 20 patients per group was expected
to be sufficient to provideinitial information about the potential
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effects and benefits of the app and the feasibility of itsreal-world
useto inform future larger-scale studies. Patientswereincluded
in the analysis based on treatment alocation, and an
intent-to-treat analysis was used. As 18-week follow-up data
were not available for 3 randomized patients, these patients
were dropped from the analysis, and an intent-to-treat analysis
(with the exclusion of missing data) was conducted on the
remaining population. For the primary and long-term follow-up
periods, between-group differences in changes in continuous
variables were evaluated using the 2-tailed Student t test or
Mann-Whitney U test. Changes in categorical variables were
compared using Fisher exact test or Pearson chi-square test.
Two-tailed tests using a significance threshold of P<.05 were
performed.

A retrospective comparison of health care use was conducted
between patientsin the usual care arm and those in the mobile
app arm using medical record extraction. This comparison
included datafrom the time of consent to 1 year after enrollment
for each patient. Health care use was compared between groups
for long-term differences at 1 year after each patient’s study
enrollment, overall, by cause (depression-related or not) and by
category (inpatient viaED, outpatient, or specialty). Sensitivity
analysis was used to assess attrition bias among patientslost to
follow-up in the long-term follow-up period; these outcomes
were used to assess the generalizability of the 52-week results
across the original study group. Statistical analysis was
performed using SAS software (version 9.4; SAS Ingtitute).

Ethics Approval

This study (#Y 5000249) was approved by the Advocate Health
Care Institutional Review Board.

Results

Patient Disposition

A total of 40 patients were enrolled, and of them, 37 (93%)
completed the 18-week primary follow-up period (Figure 3)
and were included in the main analysis based on treatment
alocation. In the app arm, 18 (90%) patients completed the
primary follow-up period, 1 (5%) withdrew, and 1 (5%) was
lost to follow-up. In the usual care arm, 19 (95%) patients
completed the primary follow-up period and 1 (5%) waslost to
follow-up. At year 1 (thelong-term follow-up phase), datawere
availablefor 43% (17/40) of patients, including 8 (47%) patients
in the app arm and 9 (53%) in the usual care arm.
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Figure 3. CONSORT (Consolidated Standards of Reporting Trials) diagram.
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Baseline Characteristics

The baseline characteristics of patientswho completed 18 weeks
of the study are shown in Table 1. Demographic categorieswere
well represented and balanced between each treatment arm,
including race (Hispanic, non-Hispanic Black, and non-Hispanic
White), geographic area of residence (rural, urban, and
suburban), income range, work type, marital status (single,
married, or living asacouple; widowed; divorced; or separated),
and type of health insurance. The mean age was 33.8 yearsin
the app arm and 38.9 (SD 11.0) years in the usual care arm;
84% (31/37) werewomen, and 16% (6/37) were men. Themean
PHQ-9 score at baseline was 15.3 in the app arm and 14.1 in

https://formative.jmir.org/2022/10/€34923

RenderX

the usual care arm, indicating moderate to moderately severe
depression. Although certain socioeconomic characteristics (eg,
education level and annual income) differed between the groups,
the groupswere similar interms of MDD severity and treatment
history. The baseline demographic characteristics of the 17
patients who completed the long-term follow-up period (the
52-week completers) were also similar between the groups
(Table S1 in Multimedia Appendix 1). When the 52-week
completers were compared with noncompleters with regard to
baseline demographics or patient-reported outcomes (PHQ-9,
PAM-13, PPES-7, and WHO-5), no statistically significant
differences were observed.
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Table 1. Demographics and baseline characteristics for patients completing 18 weeks.
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App (n=18) Usud care (n=19) Total (N=37)
Sex (female), n (%) 14 (78) 17 (90) 31 (84)
Age (years), mean (SD) 33.8(11.4) 38.9(11.0) 36.4 (11.3)
Aged =45 years, n (%) 2(11) 5 (26) 7(19)
Race or ethnicity, n (%)
Hispanic 8 (44) 6(32) 14 (38)
Non-Hispanic Black 2(11) 5 (26) 7(19)
Non-Hispanic White 7(39) 8 (42) 15 (41)
Non-Hispanic multiracial 1(6) 0(0) 1(3)
Employment status, n (%)
Employed full-time 6 (33) 10 (53) 16 (43)
Employed part-time 5(28) 3(16) 8(22)
Self-employed 1(6) 2(1y) 3(8)
Not employed 3(17) 2(11) 5(14)
Student 3(17) 2 (11) 5 (14)
Nonworking spouse, retired, or other 2(11) 2(11) 4(11)
Annual income <US $40,000, n (%) 13(72) 8(42) 21 (57)
Education (associate's degree or higher), n (%) 3(17) 12 (63) 15 (41)
Number of non-MDD?related medications currently taken, n (%)
0 6(33) 7(37) 13(35)
1-3 8 (44) 9(47) 17 (46)
>4 4(22) 3(16) 7(19)
PHQ-9°, mean (SD) 15.3(5.1) 14.1 (5.0) 14.7 (5.0)
Antidepressant use at baseline, n (%)
SSRI<E 13(72) 15 (79) 28 (76)
Bupropion 2(11) 3(16) 5(14)
SNRIS 2(11) 1(5) 3(8)
TCAS®, MAOIS/, SMSs?, or other 1(6) 0(0) 103
Year s on antidepr essants, mean (SD)
None 10 (56) 11 (58) 21 (57)
<1 2(11) 2(11) 4(11)
21 6 (33) 4(21) 10 (27)
Unknown 0(0) 2(11) 2(5)

3\IDD: major depressive disorder.

bPHQ-9: 9-item Patient Health Questionnaire.

CSSRI: selective serotonin reuptake inhibitor.

9dSNRI: serotonin and norepinephrine reuptake inhibitor.
®TCA: tricyclic antidepressant.

'MAOI: monoamine oxidase inhibitor.

9SMS: seratonin modulator and stimulator.
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Primary Follow-up Results (18-Week Analysis)

Coprimary Outcomes

At week 18, both arms exhibited an increasein patient activation
based on the PAM-13 scores (Table S2 in Multimedia Appendix
1), with greater improvement in the app arm than in the usual
carearm although this difference was not statistically significant
(mean change from baseline 10.5, SD 13.2 vs 8.8, SD 9.4;
P=.65). Patient-provider engagement improved in both arms
based on changesin PPES-7 (Table S2in Multimedia Appendix
1), with greater improvement in the usual care arm than in the
app arm, athough again, this difference was not statistically
significant (mean change from baseline 1.7, SD 2.7 vs 0.6, SD
3.1; P=.27).

Secondary Outcomes

Depression severity (as measured by the PHQ-9 score) decreased
in both arms (Table S2 in Multimedia Appendix 1). Although
the decrease was greater in the app arm (mean change from
baseline -7.8, SD 7.2 vs -7.0, SD 6.5), no dstatistically
significant differences were observed between the groups
(P=.73). In addition, no significant differences in the rates of
depression response or remi ssion between groups were reported.
Response, defined asa=50% decreasein the PHQ-9 score from
baseline, was achieved in 56% (10/18) of the patientsin the app
arm and 58% (11/19) in the usual care arm. Remission, defined
asaPHQ-9 score of <5, was achieved by 39% (7/18) inthe app
arm and 44% (8/18) in the usual care arm. Cognitive symptoms

McCueet a

(PDQ-D5) and quality of life (WHO-5) improved in both the
app arm and the usual care arm (mean change from baseline for
PDQ-D5was—2.6, SD 5.6 vs—5.5, SD 4.3, respectively; P=.08;
mean change from baseline for WHO-5 was 31.8, SD 19.7 vs
30.7, SD 23.4, respectively; P=.88).

Exploratory Outcomes

A total of 11% (2/18) of patientsin the app arm and 0% (0/18)
of patients in the usual care arm switched medications during
the study. One serious adverse event (inpatient hospitalization
related to depression) was reported in the app arm.

All patientsrandomized to the app arm (20/20, 100%) completed
at least one app assessment during the study period. A majority
of patients (12/20, 60%) completed the PHQ-9 and PDQ-D5
assessments biweekly for at least 12 weeks. A total of 70%
(14/20) of the app users compl eted the self-report of medication
assessment daily for >100 days.

Patient satisfaction in the app arm was high, as shown in the
results of the patient satisfaction survey administered at 18
weeks (Table S3 in Multimedia Appendix 1). In remote
interviews, >70% of the patients and PCPs provided positive
feedback on most of the app’s features and potential new
features, including its ability to track medication use and side
effects and provide reports (Figure 4). The 2-back task and
well-being tracking features scored the lowest, highlighting the
need to update these features during the next iteration.

Figure4. Positive and negative patient and PCP sentiments on Pathway app features (at 18 weeks). Responses were classified asfollows: Gray=positive

responses. app features were well received; black=negative responses: app
(n=15) and patients (n=20). PCP: primary care provider.
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Long-term Follow-up Results (1-Year Analysis)

Patient-Reported Outcomes

At year 1, asignificant increase in patient activation (PAM-13)
was observed for patients in the app arm (Table S2 in
Multimedia Appendix 1), with a greater improvement in the
app arm than in the usual care arm (mean change from baseline
20.2, SD 17.7 vs 1.6, SD 14.2; P=.04). The quality of life
(WHO-5) improved in both arms (mean change from baseline
for app vs usual care 41.5, SD 12.3 vs 20.0, SD 19.5), with a

https://formative.jmir.org/2022/10/€34923

features need further work. Data from remote interviews with providers

New pathway features

Well-being PCPvisit  Patient Goal Goal
tracking preparation education  setting  tracking
PN
Patients PCPs

significantly greater improvement observed in the app arm
(P=.02; Table S2 Multimedia Appendix 1). Patients in the app
arm experienced improvementsin patient-provider engagement
as assessed by the PPES-7 athough the improvement was not
significantly different from that observed in the usual care arm
(mean change from baseline for app vs usual care 1.5, SD 2.6
vs 0.1, SD 3.1; P=.33). Depression severity (as measured by
the PHQ-9 score) decreased in both arms at year 1 (mean change
from baseline for app arm vs usual care arm was -9.5, SD 4.0
vs -4.7, SD 6.0; P=.07). The longitudinal patient-reported
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outcomes among patients who completed the 52-week trial are
shown in Table $4 in Multimedia Appendix 1.

Outcomes From Medical Chart Review

Among the 17 patients assessed during the 1-year follow-up
period, there were no inpatient hospitalizations. One patient in
the usual care arm visited the ED twice; however, neither visit
was considered related to depression. Patientsin the usual care
arm (n=9) had more outpatient clinic visitsto any provider than
thoseinthe app arm (n=8; 88 visitsvs 49 visits), including visits
to PCPs (59 visits vs 38 visits). At 1-year follow-up, 3 patients
in each group had a medication change: 1 patient in the mobile
app arm and 2 in the usual care arm switched medications; 1
patient in each group had a medication dose change; and 1
patient in the mobile app arm added a new medication to their
regimen.

Discussion

Principal Findings

The results of this pilot study suggest that the Pathway mobile
app may facilitate the systematic use of measurement-based
care in MDD management, which can enhance shared
decision-making and patient-provider communication, with
improved medication adherence and treatment outcomes [10].
The small samplesize of this study preventsinterpretation based
onindividual characteristics, however, alarger implementation
study isunderway (NCT04891224) [25]. Patientsin the mobile
app arm exhibited a greater change in patient activation
(PAM-13) from baseline, with a 10.5-point increase over 18
weeks; this was numerically better than that observed for the
usual care arm, although these differences were not statistically
significant. The PAM-13 is scored on a scale from 0 to 100,
and PAM-13 results are categorized into 4 levels of patient
activation: level 1 (0-47.0), which suggests that patients may
not yet understand that their role is important; level 2
(47.1-55.1), which indicates that patients lack the confidence
or knowledgeto take action; level 3 (55.2-72.4), which suggests
that patients are beginning to engage in recommended health
behaviors, and level 4 (72.5-100), which indicates that patients
are proactive about health and engage in many recommended
health behaviors [26].

In this study, the mean PAM-13 scores suggested that patients
in the app arm, on average, moved from PAM-13 level 3 (58.2)
to level 4 (74.2) at the end of the primary follow-up period,
whereas patients in the usual care group, on average, started
and remained at level 3. A cross-sectiona study of patients
visiting a primary care clinic reported that every 10-point
increase in the PAM-13 score was associated with a 1%
reduction in the predicted probability of having an ED visit or
being obese and a 1% increase in the predicted probability of
having clinical indicators (eg, hemoglobin Al.) in the normal
range [22]. Taken together, these results may suggest that
patients who used the app have a slightly greater likelihood of
engaging in proactive health behaviors. In addition, theincrease
in patient-provider engagement (as measured by the PPES-7
score) noted for both arms may further increase this likelihood
by helping patients and clinicians make better care decisions,

https://formative.jmir.org/2022/10/€34923

McCueet a

thusimproving the ability of patientsto effectively managetheir
own care [27].

The severity of depression, quality of life, and subjective
cognitive symptomsimproved in both arms, with no statistically
significant differences between groups from baseline to week
18. Although not statistically significant, a trend toward
improvement in depressive symptoms (PHQ-9) was observed
among the patientsin the app arm. Patient-provider engagement
also showed small improvements in both arms. These results
suggest that a larger study is warranted to determine whether
the use of the app is associated with a clinically meaningful
improvement in the symptoms of depression or patient-provider
engagement.

At year 1, greater improvement in patient activation (PAM-13;
P=.04) and quality of life (WHO-5; P=.02) was observed for
patients in the mobile app arm than in the usual care arm,
indicating that the app was associated with along-term impact
on patient activation that was sustained for at least 34 weeks
after the app was discontinued. Small improvements were
observed in both treatment armswith regard to patient-provider
engagement (PPES-7) from baseline to week 52. It is possible
that the reported improvement at year 1 among patients who
completed the 1-year trial may be influenced by attrition bias.
However, patients who were lost to follow-up were similar in
most baseline characteristics to those who compl eted the study
although they did have higher PHQ-9 scores at baseline and
weremorelikely to have received education beyond high school.
The similarity between the popul ations that completed the study
and those that were lost to follow-up suggests that the year 1
results may be generalizable to the original study population.

Moreover, although the overall number of medication changes
was similar in both groups at 52 weeks, 2 switches occurred in
the app group before the week 18 assessment, with no observed
switchesin the usual care group in that time frame. In addition,
the number of outpatient visits (overall and PCP visits) was
greater for patients in the usual care arm than for those in the
app arm. These examples may suggest that the app, through
improved patient-provider communication, allowed for amore
rapid response to changes in patient status while reducing the
burden of in-person office visits.

Several systematic reviews and meta-analyses have shown that
the use of digital mental health interventions such as apps can
aid in thereduction of depressive symptoms, with larger effects
seen in patientswith more severe symptoms [28,29]. In addition,
arandomized clinical trial of a mobile intervention app—based
platform, IntelliCare, in primary care patients positive for
depression or anxiety demonstrated a greater reduction in
symptoms, with sustained changes over a 2-month follow-up
period compared with participants in the control arm [30].
Furthermore, a pilot study in 23 women with postpartum
depression demonstrated that the enhancement of clinical care
with ecological momentary assessment using awearable device
to track daily symptoms, depression, anxiety, and maternal
functioning was found to be clinically useful by both study
participants and the study clinician [31]. In this study, the
digitally enabled care pathway showed sustained effects for up
to 1 year (34 weeks after the mobile app intervention was
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discontinued) on patient-provider engagement, clinical
symptoms, quality of life, and resource use. These results
confirm the findings of previous studies that demonstrated that
app usein patientswith MDD and other chronic conditions can
have a positive effect on patient adherence, symptoms of
depression and anxiety, and patient engagement with therapeutic
interventions [13,28-33]. In summary, digital mental health
interventions to support clinical decisions and empower shared
decision-making may confer solutions to existing barriers and
high discontinuation rates observed in psychotherapy.

Although the app users used the app for only 18 weeks, the
34-week follow-up period enabled us to determine whether the
benefits of the app were sustainable. Thelength of the follow-up
period isuniquein thefield of mobile health research on MDD.
In fact, a recent review of the effectiveness of apps targeting
patientswith MDD identified 18 studies evaluating their impact
on depression [16], and none of the studies was for >4 months
in duration.

Two important strengths of our pilot study were its randomized
controlled study design and the long-term 1-year follow-up
period. Another strength was that the app was developed and
piloted in collaboration with end users in the health care team
and cocreated with patient end users. Research has demonstrated
that the effectiveness of digital technology resources can depend
on the extent to which end users are included as active
participantsin their design [18]. M oreover, approximately 60%
of the study population was Hispanic, non-Hispanic Black, or
multiracial, suggesting that the patients included in the study
were largely representative of the racial and ethnic diversity
observed in the US popul ation.

Limitations and Future Directions

Potential limitations of the study included its small sample size,
which limited our ability to identify statistically significant
differences between groups, and the relatively short duration
of app use athough we were able to maintain follow-up with
nearly half of the study’s participants after they discontinued
its use. In addition, although patients and providers generally
expressed high satisfaction with the app and interest in its
features, both groups received limited education on how to use
the app or its associated reports. The provision of additional
education about the functionality and reporting features of the
app might help increase patient-provider engagement and lead
to improvements in the overall management of MDD.
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Embedding the reporting feature into the EMR rather than it
being a stand-alone report might also improve the ability of
PCPs to make real-time decisions about treatment. Additional
work on the Pathway platform informed by the results of this
study will help integrate the digitally enabled MDD care
pathway into the current AAH system by assessing process and
workflow improvements, clinician-patient experiences,
collaborative care model enhancements, EMR integration, and
efficiencies with other platforms.

Our study data and qualitative insights informed the design of
a real-world, prospective, interventional study of the app
currently underway at AAH, designed to test the scaling and
integration of the Pathway platform, along with educational
interventions, at multiple primary care sites (Clinical Trials.gov
NCT04891224). Thegoad of this study wasto determinewhether
the use of the app can improve adherence to measurement-based
care practices in primary care to help improve outcomes for
patients with MDD.

Conclusions

This pilot study demonstrated that patients with MDD will
engage with a mobile app designed to track treatment and
disease progression and that health care providers will use the
data generated as part of their assessment to inform care. The
study results demonstrate that it is feasible to conduct an
innovative app intervention in this diverse patient population
with moderate to moderately severe depression. Introducing a
customized, cocreated patient app into the care pathway can
provide both patients and clinicians with greater details and
trend data related to the disease state outside the traditional
in-person visit. Enhanced use of patient-reported data within
real-world health care settings can help support
measurement-based care practices by making patient
self-reported data and summaries of the data easy to interpret
and easy to access within existing EMR instances.

Although the sample size was small for thelong-term follow-up
phase of the study, the results of this feasibility study suggest
that thisdigitally enabled MDD clinical care pathway approach
may support shared decision-making and help provide
sustainable benefits over at least 1 year. The impact of the app
on patient activation and MDD management will be further
explored in a larger prospective study of its real-world use in
patients with MDD.

The authors thank all patients for their participation in this study. The authors also gratefully acknowledge the contributions of
Ellen Rhodes, Lambros Chrones, and Anit Roy, who were involved in the project management and medical review aspects of
the study. The authors also thank the study site subinvestigators (Ramon A Gonzalez, Kevin T Loughry, Jacqueline [vey-Brown,
Roxanne Smith, Robert Zitter, and Gina Schueneman) for their contributions to the study and manuscript. This study was funded
by Takeda Pharmaceuticals USA, Inc and Lundbeck LLC. Medical writing assistance was provided by Nicole Cooper on behal f
of Syneos Health and supported by Takeda Pharmaceuticals USA, Inc and Lundbeck LLC.

Data Availability

The data supporting the findings of this study are included in the published paper (and its supplementary information files). The
authors may be contacted for further data sharing. The CONSORT - eHEALTH (Consolidated Standards of Reporting Trials of
Electronic and Mobile Health Applications and Online Telehealth) checklist is available as Multimedia Appendix 2.

https:/formative.,jmir.org/2022/10/€34923 JMIR Form Res 2022 | vol. 6 | iss. 10 | €34923 | p. 10

(page number not for citation purposes)


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

JMIR FORMATIVE RESEARCH McCueet d

Authors Contributions

MM contributed to the study design, datainterpretation, editing, critical review, and approval of the manuscript. CB contributed
to the study design, data interpretation, critical review, and approval of the manuscript. BF contributed to the study design, data
interpretation, critical review, and approval of the manuscript. JK contributed to the study design, data interpretation, critical
review, and approval of the manuscript. FC contributed to the study design, data interpretation, critical review, and approval of
the manuscript. SS contributed to the study design, data interpretation, critical review, and approval of the manuscript. AE
contributed to the study design, data interpretation, critical review, and manuscript approval. CK contributed to the study design;
data collection, analysis, and interpretation; and drafting, editing, critical review, and approval of the manuscript. RK contributed
to the study design, data interpretation, critical review, and approval of the manuscript. DK contributed to the study design, data
interpretation, critical review, and approval of the manuscript.

Conflictsof I nterest

MM and SS are employees of Takeda Pharmaceuticals USA, Inc. JK, BF, and FC are employees of Cognition Kit. CB was an
employee of Advocate AuroraHealth at the time of the study and is now an employee of Takeda Pharmaceuticals USA, Inc. CK,
RK, and DK are employees of Advocate Aurora Health. DK has received remuneration from Takeda for activities unrelated to
the conduct of the study. AE was an employee of Lundbeck LLC at the time of the study and is now an employee of LB
Pharmaceuticals.

Multimedia Appendix 1

Key study demographics, patient-reported outcomes, and longitudina results.
[PDE File (Adobe PDF File), 194 KB-Multimedia Appendix 1]

Multimedia Appendix 2

CONSORT-eHEALTH (Consolidated Standards of Reporting Trials of Electronic and Mobile Health Applications and Online
Telehealth) checklist.
[PDE File (Adobe PDFE File), 284 KB-Multimedia Appendix 2]

References

1. HasinDS, Sarvet AL, Meyers JL, Saha TD, Ruan WJ, Stohl M, et al. Epidemiology of adult DSM-5 major depressive
disorder and its specifiersin the United States. JAMA Psychiatry 2018 Apr 01;75(4):336-346 [FREE Full text] [doi:
10.1001/jamapsychiatry.2017.4602] [Medline: 29450462]

2. Gelenberg AJ, Freeman MP, Markowitz JC, Rosenbaum JF, Thase ME, Trivedi MH, et a. Practice guideline for the
treatment of patientswith major depressive disorder. 3rd edition. American Psychiatric Association. 2010 Oct. URL : https./
[psychiatryonline.org/ph/assets/raw/sitewide/practice_guidelines/guidelines/mdd.pdf [accessed 2021-08-20]

3. Ho SC, Chong HY, Chaiyakunapruk N, Tangiisuran B, Jacob SA. Clinical and economic impact of non-adherence to
antidepressants in major depressive disorder: a systematic review. J Affect Disord 2016 Mar 15;193:1-10. [doi:
10.1016/j.jad.2015.12.029] [Medline; 26748881]

4.  Semahegn A, Torpey K, Manu A, Assefa N, Tesfaye G, Ankomah A. Psychotropic medication non-adherence and its
associated factors among patients with major psychiatric disorders: a systematic review and meta-analysis. Syst Rev 2020
Jan 16;9(1):17 [FREE Full text] [doi: 10.1186/s13643-020-1274-3] [Medline: 31948489]

5.  Sansone RA, Sansone LA. Antidepressant adherence: are patients taking their medications? Innov Clin Neurosci 2012
May;9(5-6):41-46 [FREE Full text] [Medline: 22808448]

6. Barkil-Oteo A. Callaborative care for depression in primary care: how psychiatry could "troubleshoot" current treatments
and practices. Yale JBiol Med 2013 Jun;86(2):139-146 [FREE Full text] [Medline: 23766735]

7.  Alson AR, Robinson DM, Ivanova D, Azer J, Moreno M, Turk ML, et a. Depression in primary care: strategies for a
psychiatry-scarce environment. Int J Psychiatry Med 2016;51(2):182-200. [doi: 10.1177/0091217416636580] [Medline:
27079777)

8.  Unitzer J, Park M. Strategiesto improve the management of depression in primary care. Prim Care 2012 Jun;39(2):415-431
[EREE Full text] [doi: 10.1016/j.pop.2012.03.010] [Medline: 22608874]

9. Bishop TF, Seirup JK, Pincus HA, Ross JS. Population of US practicing psychiatrists declined, 2003-13, which may help
explain poor access to mental health care. Health Aff (Millwood) 2016 Jul 01;35(7):1271-1277. [doi:
10.1377/hithaff.2015.1643] [Medline: 27385244]

10. Trivedi MH. How can measurement-based care help improve treatment outcomes for major depressive disorder in primary
care? JClin Psychiatry 2020 Mar 17;81(2):UT17042BR2C [FREE Full text] [doi: 10.4088/JCPUT17042BR2C] [Medline:
32220156]

11. Kroenke K, Unutzer J. Closing the false divide: sustainable approaches to integrating mental health services into primary
care. JGen Intern Med 2017 Apr;32(4):404-410 [FREE Full text] [doi: 10.1007/s11606-016-3967-9] [Medline: 28243873]

https://formative.jmir.org/2022/10/€34923 JMIR Form Res 2022 | vol. 6 | iss. 10 | €34923 | p. 11
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=formative_v6i10e34923_app1.pdf&filename=685344f397a51e9388b4999482537320.pdf
https://jmir.org/api/download?alt_name=formative_v6i10e34923_app1.pdf&filename=685344f397a51e9388b4999482537320.pdf
https://jmir.org/api/download?alt_name=formative_v6i10e34923_app2.pdf&filename=25132a308100cc74852e13c20d63ad7b.pdf
https://jmir.org/api/download?alt_name=formative_v6i10e34923_app2.pdf&filename=25132a308100cc74852e13c20d63ad7b.pdf
https://europepmc.org/abstract/MED/29450462
http://dx.doi.org/10.1001/jamapsychiatry.2017.4602
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29450462&dopt=Abstract
https://psychiatryonline.org/pb/assets/raw/sitewide/practice_guidelines/guidelines/mdd.pdf
https://psychiatryonline.org/pb/assets/raw/sitewide/practice_guidelines/guidelines/mdd.pdf
http://dx.doi.org/10.1016/j.jad.2015.12.029
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26748881&dopt=Abstract
https://systematicreviewsjournal.biomedcentral.com/articles/10.1186/s13643-020-1274-3
http://dx.doi.org/10.1186/s13643-020-1274-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31948489&dopt=Abstract
https://europepmc.org/abstract/MED/22808448
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22808448&dopt=Abstract
https://europepmc.org/abstract/MED/23766735
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23766735&dopt=Abstract
http://dx.doi.org/10.1177/0091217416636580
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27079777&dopt=Abstract
https://europepmc.org/abstract/MED/22608874
http://dx.doi.org/10.1016/j.pop.2012.03.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22608874&dopt=Abstract
http://dx.doi.org/10.1377/hlthaff.2015.1643
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27385244&dopt=Abstract
http://www.psychiatrist.com/JCP/article/Pages/treating-mdd-in-primary-care.aspx
http://dx.doi.org/10.4088/JCP.UT17042BR2C
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32220156&dopt=Abstract
https://europepmc.org/abstract/MED/28243873
http://dx.doi.org/10.1007/s11606-016-3967-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28243873&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH McCueet d

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Hibbard JH, Greene J. What the evidence shows about patient activation: better health outcomes and care experiences,
fewer dataon costs. Health Aff (Millwood) 2013 Feb;32(2):207-214. [doi: 10.1377/hithaff.2012.1061] [Medline: 23381511]
Bakker D, Rickard N. Engagement in mobile phone app for self-monitoring of emotional wellbeing predicts changesin
mental health: MoodPrism. J Affect Disord 2018 Feb;227:432-442. [doi: 10.1016/j.jad.2017.11.016] [Medline: 29154165]
Batra S, Baker RA, Wang T, FormaF, DiBias F, Peters-Strickland T. Digital health technology for use in patients with
serious mental illness: a systematic review of the literature. Med Devices (Auckl) 2017 Oct 4;10:237-251 [FREE Full text]
[doi: 10.2147/MDER.S144158] [Medline: 29042823]

Lee JA, Choi M, Lee SA, Jiang N. Effective behavioral intervention strategies using mobile health applications for chronic
disease management: a systematic review. BMC Med Inform Decis Mak 2018 Feb 20;18(1):12 [FREE Full text] [doi:
10.1186/s12911-018-0591-0] [Medline: 29458358]

Porras-Segovia A, Diaz-Olivan |, Gutiérrez-Rojas L, Dunne H, Moreno M, Baca-Garcia E. Apps for depression: are they
ready to work? Curr Psychiatry Rep 2020 Feb 05;22(3):11. [doi: 10.1007/s11920-020-1134-9] [Medline: 32025826]
Torous J, Nicholas J, Larsen ME, Firth J, Christensen H. Clinical review of user engagement with mental health smartphone
apps: evidence, theory and improvements. Evid Based Ment Health 2018 Aug;21(3):116-119. [doi: 10.1136/eb-2018-102891]
[Medline: 29871870]

Kushniruk A, Nghr C. Participatory design, user involvement and health I T evaluation. Stud Health Technol Inform
2016;222:139-151. [Medline: 27198099

Snyder HR. Major depressive disorder is associated with broad impairments on neuropsychol ogical measures of executive
function: ameta-analysis and review. Psychol Bull 2013 Jan;139(1):81-132 [FREE Full text] [doi: 10.1037/a0028727]
[Medline: 22642228]

Kroenke K, Spitzer RL, Williams JB. The PHQ-9: validity of abrief depression severity measure. J Gen Intern Med 2001
Sep;16(9):606-613 [FREE Full text] [doi: 10.1046/j.1525-1497.2001.016009606.x] [Medline: 11556941]

Hibbard JH, Mahoney ER, Stockard J, Tusler M. Development and testing of a short form of the patient activation measure.
Health Serv Res 2005 Dec;40(6 Pt 1):1918-1930 [FREE Full text] [doi: 10.1111/].1475-6773.2005.00438.x] [Medline:
16336556]

Greene J, Hibbard JH. Why does patient activation matter? An examination of the relationships between patient activation
and health-related outcomes. J Gen Intern Med 2012 May;27(5):520-526 [FREE Full text] [doi: 10.1007/s11606-011-1931-2]
[Medline: 22127797]

Lam RW, Lamy FX, Danchenko N, Yarlas A, White MK, Rive B, et a. Psychometric validation of the Perceived Deficits
Questionnaire-Depression (PDQ-D) instrument in US and UK respondents with major depressive disorder. Neuropsychiatr
Dis Treat 2018 Oct 29;14:2861-2877 [FREE Full text] [doi: 10.2147/NDT.S175188] [Medline: 30464471]

Topp CW, Dstergaard SD, Sgndergaard S, Bech P. The WHO-5 Well-Being Index: a systematic review of the literature.
Psychother Psychosom 2015;84(3):167-176 [FREE Full text] [doi: 10.1159/000376585] [Medline: 25831962]

Kemp D. Use of aDigitally Enabled App With Clinical Team Interface in the Management of Depression. Clinical Trials.
2021 May 18. URL: https://clinicaltrials.gov/ct2/show/NCT 04891224 [accessed 2022-03-30]

Greene J, Hibbard JH, Sacks R, Overton V, Parrotta CD. When patient activation levels change, health outcomes and costs
change, too. Health Aff (Millwood) 2015 Mar;34(3):431-437. [doi: 10.1377/hlthaff.2014.0452] [Medline: 25732493]
Bombard Y, Baker GR, Orlando E, Fancott C, Bhatia P, Casalino S, et a. Engaging patients to improve quality of care: a
systematic review. Implement Sci 2018 Jul 26;13(1):98 [FREE Full text] [doi: 10.1186/s13012-018-0784-7] [Medline:
30045735]

Serrano-Ripoll MJ, Zamanillo-Campos R, Fiol-DeRoque MA, Castro A, Ricci-Cabello I. Impact of smartphone app-based
psychological interventions for reducing depressive symptoms in people with depression: systematic literature review and
meta-analysis of randomized controlled trials. IMIR Mhealth Uhealth 2022 Jan 27;10(1):29621 [FREE Full text] [doi:
10.2196/29621] [Medline: 35084346]

WU A, Scult MA, Barnes ED, Betancourt JA, Falk A, Gunning FM. Smartphone appsfor depression and anxiety: asystematic
review and meta-analysis of techniquesto increase engagement. NPJDigit Med 2021 Feb 11;4(1):20 [FREE Full text] [doi:
10.1038/s41746-021-00386-8] [Medline: 33574573]

Graham AK, Greene CJ, Kwasny MJ, Kaiser SM, LieponisP, Powell T, et al. Coached mobile app platform for the treatment
of depression and anxiety among primary care patients: a randomized clinical trial. JAMA Psychiatry 2020 Sep
01,77(9):906-914 [FREE Full text] [doi: 10.1001/jamapsychiatry.2020.1011] [Medline: 32432695]

Krohn H, Guintivano J, Frische R, Steed J, Rackers H, Meltzer-Brody S. App-based ecological momentary assessment to
enhanceclinical carefor postpartum depression: pilot acceptability study. IMIR Form Res 2022 Mar 23;6(3):€28081 [FREE
Full text] [doi: 10.2196/28081] [Medline: 35319483]

Adam A, Jain A, Pletnikova A, Bagga R, VitaA, N Richey L, et al. Use of amabile app to augment psychotherapy in a
community psychiatric clinic: feasibility and fidelity trial. IMIR Form Res 2020 Jul 03;4(7):e17722 [FREE Full text] [doi:
10.2196/17722] [Medline: 32618572]

ArmitageLC, Kassavou A, Sutton S. Do mobile device apps designed to support medi cation adherence demonstrate efficacy?
A systematic review of randomised controlled trials, with meta-analysis. BMJ Open 2020 Jan 30;10(1):e032045 [FREE
Full text] [doi: 10.1136/bmjopen-2019-032045] [Medline: 32005778]

https:/formative.,jmir.org/2022/10/€34923 JMIR Form Res 2022 | vol. 6 | iss. 10 | €34923 | p. 12

(page number not for citation purposes)


http://dx.doi.org/10.1377/hlthaff.2012.1061
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23381511&dopt=Abstract
http://dx.doi.org/10.1016/j.jad.2017.11.016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29154165&dopt=Abstract
https://dx.doi.org/10.2147/MDER.S144158
http://dx.doi.org/10.2147/MDER.S144158
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29042823&dopt=Abstract
https://bmcmedinformdecismak.biomedcentral.com/articles/10.1186/s12911-018-0591-0
http://dx.doi.org/10.1186/s12911-018-0591-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29458358&dopt=Abstract
http://dx.doi.org/10.1007/s11920-020-1134-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32025826&dopt=Abstract
http://dx.doi.org/10.1136/eb-2018-102891
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29871870&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27198099&dopt=Abstract
https://europepmc.org/abstract/MED/22642228
http://dx.doi.org/10.1037/a0028727
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22642228&dopt=Abstract
https://onlinelibrary.wiley.com/resolve/openurl?genre=article&sid=nlm:pubmed&issn=0884-8734&date=2001&volume=16&issue=9&spage=606
http://dx.doi.org/10.1046/j.1525-1497.2001.016009606.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11556941&dopt=Abstract
https://europepmc.org/abstract/MED/16336556
http://dx.doi.org/10.1111/j.1475-6773.2005.00438.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16336556&dopt=Abstract
https://europepmc.org/abstract/MED/22127797
http://dx.doi.org/10.1007/s11606-011-1931-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22127797&dopt=Abstract
https://dx.doi.org/10.2147/NDT.S175188
http://dx.doi.org/10.2147/NDT.S175188
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30464471&dopt=Abstract
https://www.karger.com?DOI=10.1159/000376585
http://dx.doi.org/10.1159/000376585
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25831962&dopt=Abstract
https://clinicaltrials.gov/ct2/show/NCT04891224
http://dx.doi.org/10.1377/hlthaff.2014.0452
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25732493&dopt=Abstract
https://implementationscience.biomedcentral.com/articles/10.1186/s13012-018-0784-z
http://dx.doi.org/10.1186/s13012-018-0784-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30045735&dopt=Abstract
https://mhealth.jmir.org/2022/1/e29621/
http://dx.doi.org/10.2196/29621
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35084346&dopt=Abstract
https://doi.org/10.1038/s41746-021-00386-8
http://dx.doi.org/10.1038/s41746-021-00386-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33574573&dopt=Abstract
https://europepmc.org/abstract/MED/32432695
http://dx.doi.org/10.1001/jamapsychiatry.2020.1011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32432695&dopt=Abstract
https://formative.jmir.org/2022/3/e28081/
https://formative.jmir.org/2022/3/e28081/
http://dx.doi.org/10.2196/28081
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35319483&dopt=Abstract
https://formative.jmir.org/2020/7/e17722/
http://dx.doi.org/10.2196/17722
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32618572&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=32005778
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=32005778
http://dx.doi.org/10.1136/bmjopen-2019-032045
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32005778&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH McCueet d

Abbreviations

AAH: Advocate Aurora Health

CONSORT-eHEALTH: Consolidated Standards of Reporting Trials of Electronic and Mobile Health Applications
and Online Telehealth

ED: emergency department

EMR: electronic medical record

MDD: major depressive disorder

PAM-13: 13-item Patient Activation Measure

PCP: primary care provider

PDQ-D5: 5-item Perceived Deficits Questionnaire-Depression
PHQ-9: 9-item Patient Health Questionnaire

PPES-7: 7-item Patient-Provider Engagement Scale

WHO-5: 5-item World Health Organization Well-Being Index
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