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Abstract
Purpose of Review This article systematically reviews studies examining remote measurement-based care (RMBC), defined as
using technology to measure patients’ psychiatric symptoms outside the context of a clinical encounter.
Recent Findings Thirty-six studies were identified that measured patients’ psychiatric symptoms remotely and provided feedback
to treatment providers. The majority were single group designs. There was evidence supporting the short-term feasibility and
acceptability of RMBC, although long-term sustainability was less clear. Thirteen randomized controlled trials were identified.
RMBC was typically implemented as part of a multicomponent intervention (e.g., internet-based cognitive behavioral therapy
with feedback to provider). Three studies experimentally isolated the clinical effects of RMBC, with two reporting no statistically
significant differences between the RMBC and control conditions and one reporting greater symptom improvement associated
with RMBC.
Summary RMBC appears feasible and acceptable and may be a promising intervention for improving mental health care, but
additional experimental studies are needed.
Keywords Measurement-based care . Technology . Mobile health . mHealth . Routine outcome monitoring
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Introduction
Measurement-based care (MBC) involves the regular and systematic administration of symptom rating scales, with results
used to drive individualized clinical decision-making [1].
There has been increasing interest in the application of MBC
to mental health care, with efforts to integrate MBC into clinical practice evident in several large-scale healthcare organizations (e.g., Department of Veterans Affairs, Kaiser
Permanente [1]). MBC has been proposed as one method for
detecting non-response to treatment and tailoring treatment to
the needs of individual patients [2]. Randomized controlled
trials (RCTs) testing MBC in the form of frequent and timely
feedback of patients’ symptoms to psychiatrists and psychologists have been shown to improve outcomes [3–5]. MBC
that communicates symptom scores to providers in a structured way during the clinical encounter appears particularly
promising [6]. In addition to improving patient outcomes, other justifications proposed for implementing MBC include increased ability to demonstrate effectiveness to payers [7],
supporting clinicians’ skill development [8], and allowing program evaluation [1]. Although not currently mandated, routine
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symptom monitoring has been recommended as a method for
quality assurance [7].
Although an evidence-based practice, MBC has had a
limited impact on population health because it has traditionally been implemented only in the context of a clinical
encounter. Symptoms are typically not assessed for patients who drop out of treatment or fail to appear for scheduled appointments, perhaps because they feel the treatment
is not helping. Moreover, scheduling and attending appointments does not necessarily correlate well with clinical
need. Individuals in need of services can face a multitude
of barriers to care such as lack of insurance, high
copayments, long travel times, long appointment wait
times, inconvenient appointment times, stigma, privacy
concerns, hopelessness, and perceived ineffectiveness of
treatment, to name a few [9]. As a result, healthcare systems allocate clinical resources to those patients who are
able to overcome barriers to care rather than those who are
most symptomatic. Innovations in MBC are needed to enable healthcare systems (especially Accountable Care
Organizations) to manage the mental health of an enrolled
population, including those who do not present for care.
Specifically, systems are needed to remotely monitor the
symptom severity of patients in between clinical encounters in order to conduct outreach to patients most in need.
Remote MBC could potentially allow healthcare systems
to more efficiently and equitably allocate scarce clinical
resources to patients based on need rather than the ability
to present for care.
Technological advancements have made it possible to extend the reach of MBC into non-clinical settings. Ecological
momentary assessment (EMA) research provides evidence
that remote assessment may minimize recall bias, memory
inaccuracies, demand characteristics, and threats to ecological
validity [10]. In fact, there may be transient symptom exacerbations (e.g., increased suicidality, persecutory ideation [11])
that are most accurately assessed in situ. Symptoms can be
assessed remotely in various ways, for example, through selfreport scales delivered via text messages and mobile phone or
web-based applications. These technologies also have the
ability to cue patients for EMA data collection [12].
Additionally, most modern mobile phones allow passive or
personal sensing through embedded sensors capable of detecting of a variety of parameters (e.g., locations, movement,
light, sound [13]) that can serve as a non-self-report marker
for psychiatric symptoms and allow more frequent assessment
of potentially rapidly changing symptoms (e.g., psychotic episodes [14]). These mHealth technologies can facilitate ongoing asynchronous communication of symptom data to providers. On a continuum of e-mental health services, ranging
in intensity from an informational website (level 1) to synchronous provider encounters conducted via interactive video
(level 10), RMBC would be classified as level 8, which

includes mHealth apps, sensors, and other technologies capable of gathering data that can be communicated to providers
[12].
We define remote measurement-based care (RMBC) as the
asynchronous assessment of symptoms outside the context of
a clinical encounter and use of this information to drive encounter scheduling and clinical decision making. Like traditional clinic-based MBC, RMBC helps providers detect nonresponse and facilitate changes to the treatment plan [1]. For
patients falling through the cracks and missing appointments,
RMBC also may help healthcare systems identify those who
need to be more engaged in care. Thus, RMBC may help
healthcare systems’ better match the frequency and/or intensity of clinical encounters with the clinical needs of each
patient.
The current review aimed to systematically evaluate the
existing literature on RMBC. In order to allow a variety of
RMBC approaches to be considered (e.g., self-report questionnaires, passive sensing), we operationalize RMBC to be
the assessment of psychiatric symptoms outside of the context
of the clinical encounter that are asynchronously transmitted
to a clinician in a way that can be used to inform clinical
decision making. To date, a variety of terms have been used
to refer to symptom monitoring technologies that would fall
within RMBC (e.g., symptom tracking, mobile health assessment), and these technologies have been implemented as
standalone interventions [15] or, more often, as part of a more
comprehensive mobile health intervention [16]. This systematic review was designed to highlight what research has been
done in this area and identify gaps for future research. Due to
the heterogeneity of study designs and interventions in which
RMBC is implemented, a formal meta-analysis was not possible. Nonetheless, we aim to provide a preliminary narrative
evaluation of the strength of the evidence supporting RMBC.

Method
Study Selection
The PRISMA guidelines for systematic reviews were followed (see Supplemental Materials). We included studies that
tracked patients’ psychiatric symptoms remotely (i.e., not immediately before, after, or during a clinical encounter) and
communicated this information to providers. Samples had to
include individuals experiencing psychiatric symptoms, defined as a diagnosed psychiatric condition, elevations in psychiatric symptoms (e.g., positive screen), or receiving treatment in a psychiatric treatment setting (e.g., substance use
disorder clinic). To allow evaluation of a wider variety of
studies, a formal psychiatric diagnosis was not required.
Samples of individuals with physical health conditions were
excluded, unless the individuals also had elevated psychiatric
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symptoms (e.g., depression and diabetes [17]). No restriction
was placed on sample age or study design (i.e., both single
group designs and RCTs were acceptable). Studies had to
report some quantitative data, reflecting adherence (e.g., percentage using the feedback system), feasibility (e.g., did the
technology function successfully), acceptability (e.g., did patients and/or providers find the technology useful), or clinical
effectiveness (e.g., changes in symptoms). No restrictions
were placed on publication status (i.e., peer-reviewed or
not), language, or year of publication (based on our expectation that a limited number of studies would meet our inclusion
if the search was restricted to only recent years). The final
search was conducted on February 14, 2018.
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including RMBC). The following codes were used: “positive”
(evidence of clinical effectiveness), “no significant difference”
(no intervention effect or no differences between groups),
“negative” (evidence of worse outcomes associated with
RMBC or multicomponent intervention including RMBC).
Effects on other outcomes (e.g., non-targeted symptoms, medication adherence) were also coded. We coded whether a study
reported an intent-to-treat (ITT) analysis. All study features
were first extracted by the first author, with coding reviewed
by an additional author. Discrepancies were resolved through
discussion with the senior author.

Results
Data Sources and Searches
Studies were identified through searching PubMed using
search terms and MeSH headings related to technology (e.g.,
cellphone, e-mental health) and psychiatric conditions (e.g.,
mental disorders, depression). Search terms were identified
through consultation with a medical librarian (see
Supplemental Materials). Additional studies were identified
through hand searching in the process of reviewing bibliographies of the primary sample of studies. Title and abstracts
were first reviewed for inclusion by individual study team
members, with studies of uncertain eligibility reviewed by
the first and senior author.

Study Feature Extraction
A variety of study features were extracted relating to the study
population (sample size, diagnosis category, demographics,
setting), communication (frequency, mode), intervention components, and study design (see Table 1 and Supplemental
Materials). Studies were categorized based on whether a
study’s design isolated RMBC by examining the addition of
RMBC to treatment-as-usual (TAU) [18, 19] or by comparing
an active control condition (e.g., in person psychotherapy) to
another condition that differed only in the addition of RMBC
(i.e., in person psychotherapy augmented with RMBC [20••]).
We defined RMBC as instances in which information flowed
primarily from the patient to the provider, rather than substantial content (e.g., CBT-based treatment suggestions [21•])
flowing back to the patient. Adherence, feasibility, and acceptability as well as clinical effectiveness were also extracted.
Clinical effectiveness outcomes were defined as intervention
effects on psychiatric symptoms of the disorder or disorders
under study (i.e., targeted symptoms). When available, standardized effect sizes (e.g., Cohen’s d, odds ratio, hazard ratio)
and p values from tests of interest were coded (see
Supplemental Materials). A clinical effectiveness summary
was made indicating evidence for the effectiveness of the intervention (RMBC alone or a multicomponent intervention

A total of 4062 titles and abstracts were reviewed (Fig. 1).
Potential studies were excluded for not including a treatment
(k = 2103), not tracking psychiatric symptoms (k = 984), not
providing feedback to a provider (k = 873), not providing
quantitative data (k = 30), not including individuals experiencing psychiatric symptoms (k = 28), or providing data redundant with included studies (k = 2). The final sample included
42 studies representing 36 unique samples.
Information coded from the included studies is reported in
Table 1 and Supplemental Materials. Across the 36 unique
samples, the average sample was 40.04 years old (SD =
14.97, range = 11.33 to 77.60), 61.34% female, and 32.95%
racial/ethnic minority participants. A variety of metrics were
reported related to educational attainment, with percentage of
participants who completed “some college” being reported
most commonly. Across the 13 studies reporting this,
54.30% of participants had completed some college. The most
common categories of psychiatric symptoms experienced by
individuals in the included studies were related to depression
(k = 12), psychotic disorders (k = 6), and substance use (k = 5).
Studies were conducted in a variety of clinical settings, most
commonly primary care clinics (k = 7) or clinics established
primarily for research purposes (k = 7). Interventions lasted on
average 4.70 months (SD = 3.82), with follow-up evaluation
assessments on average occurring at 6.35 months (SD = 4.16).
The average total sample size was 127.47 (SD = 184.88). The
average sample size in the treatment group was 85.19 (SD =
111.66) and in the control group (or groups, for the two studies
that included multiple control groups) 42.28 (SD = 93.14).
A variety of technologies were used to measure symptoms
remotely, including smartphone app (k = 16), text messages
(k = 11), website (k = 9), telephone call (k = 3), passive sensing
(k = 3), email (k = 2), electronic medical record (k = 1), home
telehealth monitor (k = 1), and CO2 sensor (k = 1) (several
studies included more than one assessment mode).
Approximately half of studies measured symptoms daily
(k = 17), with the next larger proportion measuring symptoms
weekly (k = 10). Assessed symptoms were designed to trigger
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Chen 2017 [18]

Burns 2011 [25]

Ben-Zeev 2016 [24•]

Ben-Zeev 2014 [28]
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N

Study

Psych disorder Setting

Summary of included studies

Table 1
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N/n sample size, RMBC remote measurement-based care, RMBC isolated study design examined the effects of RMBC alone and not combined with other treatment components beyond treatment-as-usual,
Response rate % of RMBC assessments completed, ITT intent-to-treat, Tx treatment group, Cont control group, RCT randomized controlled trial, No significant difference no statistically significant
difference between groups or within RMBC group over time (for single group designs) on psychiatric symptoms, Positive improvements on psychiatric symptoms in the RMBC group relative to the control
group or within RMBC group over time, Negative increase of psychiatric symptoms in the RMBC group relative to the control group or within RMBC group over time, NA not applicable/not reported, SG
single group, TAU treatment-as-usual, PTSD posttraumatic stress disorder, TBI traumatic brain injury
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4 050 retrieved from PubMed

12 from hand searching

4 062 title-abstract reviews

Excluded at title-abstract review level
2 071 no intervention
950 no symptom tracking
816 no feedback to provider
22 not psychiatric sample
20 no quantitative data

183 full text reviews

Excluded at full text review level
57 no feedback to provider
34 no symptom tracking
32 no intervention
10 no quantitative data
6 not psychiatric sample
2 no new data

42 included articles
36 unique samples

provider outreach to patients (e.g., alert provider to contact
patient if symptoms worsen beyond a pre-specified threshold
[15]) in approximately half of the studies (k = 17). A minority
of studies isolated RMBC (k = 10), which we defined as including a treatment arm exclusively involving the remote assessment of symptoms with communication of these results to
a treating provider, with very limited additional intervention
beyond TAU provided. RMBC was most often examined as
part of a multicomponent intervention including additional
treatment ingredients such as various forms of TAU (k = 10),
self-guided interventions (e.g., smartphone app with CBT
content [22]), or in-person psychotherapy [20••].
The vast majority of studies were single group designs (k =
21), either assessing clinical outcomes (k = 12) or only feasibility and acceptability outcomes (k = 9). Two studies were
non-randomized clinical trials and 13 were RCTs. The majority of studies reported data related to feasibility and acceptability (k = 32), with 24 studies reporting data related to clinical effectiveness. Only three studies were identified that used

a randomized controlled design, experimentally isolated
RMBC, and reported data on clinical effectiveness.

Feasibility and Acceptability
A variety of metrics of feasibility and acceptability were reported across 32 studies. A commonly reported metric of
RMBC adherence/acceptability was participants’ response
rates to symptom monitoring. Average response rates were
similar for daily (73.58%) and weekly (79.23%) assessment,
and somewhat higher for assessments made monthly or less
frequently (87.34%, although based on k = 2). Several studies
reported declining response rates over time [23•–26]. The
lowest response rate for both daily (41%) and weekly (39%)
assessments was Kumar et al. [27]. As the authors discuss,
response rates may have been impacted by staff turnover at
the clinic and technical difficulties with the mobile health
platform.
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Several studies reported additional measures of feasibility
and acceptability, although variations in assessment methodology across studies made aggregation impossible. In general,
satisfaction with RMBC, either as a stand-alone assessment or
part of a multicomponent intervention, was moderately high
(e.g., 77% [23•], 87% [28]; 83% [29]; 75% would participate
again [30]; 83% would be open to using as a part of treatment
[31]). When reported, the majority of participants said they
would recommend the RMBC intervention (again either as a
stand-alone assessment or part of a multicomponent intervention) to a friend (e.g., 100% [28]; 61% [27]; 88% [32]; 64% in
[22]). Ease of use ratings were similarly positive [29, 33–35].
Technical difficulties associated with the RMBC platform
were reported by a minority of participants in some studies
(15–23% [27]), although not all platforms had difficulties
[30].

Clinical Effectiveness
Data pertaining to clinical effectiveness were reported in 24
studies, half of which reported ITT analyses (k = 12). Nine
studies used single group designs, with 8 out of 9 reporting
positive within-subject effects of the intervention. However,
all but one of these studies included RMBC as part of a multicomponent intervention, prohibiting the possibility of isolating the clinical benefits of RMBC. Two studies used nonrandomized clinical trial designs. Both reported equivalent
between-group effects in the RMBC and comparison condition, with neither trial incorporating a control group that differed from the intervention group only in its omission of
RMBC, thus not experimentally isolating RMBC. Among
the 13 RCTs, seven reported larger effects in the RMBC condition than the control condition. The remainder either reported no statistically significant differences between the RMBC
control conditions or did not include comparisons between the
RMBC and control conditions [36•].
The largest RCT compared RMBC combined with collaborative care (n = 509) to RMBC alone (n = 509) in a sample of
participants with depression and/or anxiety symptoms [37].
RMBC involved telephone monitoring of symptoms. While
patients in both groups improved significantly over time, effects were larger in the RMBC combined with collaborative
care condition than in the RMBC alone condition (effect sizes
at 6-month follow-up = 0.24 and 0.28, for depression and anxiety symptoms, respectively).
RCTs that isolated the effects of RMBC provide the most
direct evidence related to the effectiveness of RMBC in the
treatment of psychiatric conditions. Three trials met these
criteria. Two of these studies found no differences between
RMBC and the comparison condition. Aharonovich et al.
[20••] compared an in-person implementation of motivational
interviewing augmented with symptom monitoring via automated telephone calls (n = 80) to motivational interviewing

without monitoring calls (n = 77) within a sample of individuals with four or more days of non-injection drug use in the
past 30 days. Both groups reduced substance use over the
course of the intervention and the between-group risk ratios
(RR) did not differ between the RMBC and non-RMBC condition [RRs = 1.02 to 1.60 favoring the motivational
interviewing only condition, for number of days and quantity
of use, at all time points (end of intervention to 12-month
follow-up)]. Reid et al. [38] compared primary care TAU augmented with symptom and activity tracking via a smartphone
app (n = 69) with primary care TAU and activity tracking only
in a sample of youth (age 14 to 24) with a variety of mental
health concerns. As in Aharonovich et al. [20••], both groups
decreased on psychiatric symptoms (ds = 0.53, 0.46, for depression and anxiety symptoms, respectively), with no statistically significant differences in outcomes between the RMBC
and non-RMBC conditions (ds = 0.07 to 0.09 favoring the
RMBC condition, for depression and anxiety respectively).
One relatively large trial reported larger effects in the
RMBC condition relative to non-RMBC TAU. Simon et al.
[19] examined the effect of primary care TAU augmented with
monthly RMBC through secure messaging within the medical
record monitored by a nurse care manager (n = 106) compared
to primary care TAU (n = 102) in a sample of participants
diagnosed with depression. Using an ITT analysis at 5month follow-up, participants in the RMBC condition reported lower depressive severity compared with the non-RMBC
condition (d = 0.29) and were more likely to show a 50% or
more reduction in depressive symptoms (odds ratio = 1.80).

Other Outcomes
A variety of non-clinical outcomes were reported across studies. Several studies reported increased treatment attendance,
treatment seeking, and referrals associated with RMBC [16,
19, 21•], although other studies did not find effects on these
outcomes [19, 36•, 39, 40]. Several studies reported increased
medication adherence associated with RMBC [19, 41] as well
as improvement on non-targeted psychological outcomes
(e.g., well-being [17]). Given the study designs employed,
these effects generally cannot be definitively attributed to
RMBC.
Limited information was reported regarding changes in
providers’ knowledge or behavior in reaction to RMBC
information from patients (with one exception [39]).
Likewise, none of the studies examined whether patients
with symptoms that were not improving had more
frequent/intensive treatment (e.g., changes to the treatment plan, consultations, referrals) or whether patients
responding well to treatment had the frequency/intensity
of treatment decreased in order to expand their providers’
capacity to treat patients with greater need.
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Discussion
The current systematic review sought to summarize research
on remote measurement-based care (RMBC), characterized
by the assessment of patients’ psychiatric symptoms outside
of the clinical encounter paired with asynchronous communication of symptom information to providers. The 41 studies
representing 36 unique samples reviewed provide a depiction
of current knowledge on RMBC, highlighting several known
features of RMBC and important gaps in the literature.

What We Know About RMBC
Feasibility and Acceptability Studies used a wide variety of
metrics for assessing and reporting feasibility and acceptability, making firm conclusions difficult. Among the studies that
reported percentage of messages returned, adherence/
acceptability appeared promising (response rates 73.58 to
87.34%). Several studies reported decreased responsiveness
over time [23•, 24•], which may raise questions regarding
the feasibility of long-term, routine RMBC in ongoing treatment settings. It also may be that acceptability varies, depending on a variety of factors, including whether RMBC is part of
an automated assessment system or is initiated by or communicated directly with a provider or care manager known to the
patient [19].
From a technological standpoint, it appears that a variety of
methods are feasible to implement RMBC, including text
messages, smartphone apps, websites, and secure messaging
within medical records. Few technical difficulties were reported. Three studies used passive sensing technologies that may
provide templates for assessment methods that reduce patient
burden. Of course, establishing the validity of passive sensing
data as a marker for psychiatric symptoms is an area of active
research [14, 42].
Clinical Effectiveness Multicomponent interventions using
RMBC, including remotely delivered interventions, appear
generally effective at reducing psychiatric symptoms. Due to
the limited number of RCTs experimentally isolating the effects of RMBC, the clinical effectiveness of RMBC specifically is less clear. However, the positive clinical effects observed in the largest trial isolating the effects of RMBC are
encouraging (Simon, 2011). Another large trial found that
RMBC alone is clinically effective, although not as effective
as RMBC combined with collaborative care [37].

What We Do Not Know About RMBC
Despite some promising evidence in support of RMBC (at
least when coupled with other intervention components, e.g.,
CBT [17]), the existing literature leaves many questions unanswered. Most fundamentally, few studies were conducted in
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a way that the specific, isolated effect of RMBC could be
determined. While our sample included 13 RCTs overall
(the strongest design for demonstrating casual influence),
most of these studies implemented RMBC as part of a more
comprehensive treatment package. In these instances, the
presence of positive RCT results leaves open the question of
RMBC’s additive (or subtractive) effects. Only three trials
reported between-group comparisons and isolated RMBC in
a RCT, with two small trials reporting no differences between
RMBC and the non-RMBC comparison and one larger trial
reporting benefits associated with the RMBC arm. The one
trial that found benefits associated with RMBC included
symptom monitoring in the context of primary care TAU for
depression and involved a care manager emailing patients
encouraging them to complete assessments. We construed this
care manager as a part of RMBC because their only role was
to monitor treatment response. Future research may be necessary to examine whether having human support involved in
RMBC is essential for effectiveness.
In addition, the included studies provided relatively little
insight into how or if providers were using remotely assessed
patient symptom data. Technology-augmented interventions
have the capacity to generate massive amounts of user data
(e.g., through passive sensing [13]) and risk overloading providers with information. Important clinical signals can thereby
get lost in a sea of incoming information. These issues could
be addressed by the development of systems that are capable
of processing RMBC data that do not rely on human effort
(e.g., nurse care managers processing PHQ9 data [19]). Such
systems could involve easily interpreted data representations,
through visualizations of change over time or other usercentered technologies.

Future Research Directions
These open questions suggest several potentially fruitful avenues for future research. First, randomized controlled effectiveness trials comparing RMBC to TAU are needed for a
range of populations and treatment settings in order to estimate the isolated effect of RMBC on provider behavior and
patient clinical outcomes. To assess whether RMBC has the
potential to improve population health, clustered randomized
trials are also needed to determine if RMBC is able to safely
reduce the frequency/intensity of services for less symptomatic patients in order to free up provider capacity to reach more
symptomatic patients. For trials focused on improving population health, RMBC may need to be paired with engagement
interventions to help symptomatic patients facing multiple
barriers present for care. Future research could also assess
whether RMBC is more effective or more acceptable in certain patient populations (e.g., younger individuals for whom
technology may be more familiar or integrated into daily
routines).
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Given declining response rates over time noted in several
of the included studies, future RMBC may rely more heavily
on passive sensing technologies [13, 42]. While in its infancy,
passive sensing has the potential to collect valuable patient
symptom data with minimal patient burden. These data could
then be paired with technologies capable of translating sensor
data into clinically actionable feedback to providers.

References
Papers of particular interest, published recently, have been
highlighted as:
• Of importance
•• Of major importance
1.

Limitations
The primary limitation of the current study relates to the literature search. Given the wide variety of studies that could be
considered RMBC, we relied on broad search terms. It is
possible that some potentially eligible studies were missed in
this way. Likewise, due to the heterogeneity of outcomes and
study designs, we were not able to conduct a meta-analysis.

Conclusions
Technological advances in recent decades have increased the
viability of assessing patients’ psychiatric symptoms remotely. This practice has the potential to increase providers’ awareness of their patients’ response to treatment and to inform
clinical decision-making. While it appears that monitoring
patients’ symptoms remotely is generally feasible and acceptable, the specific impact of RMBC on clinical and health
service utilization outcomes is largely unknown. Additional
research is needed to determine whether RMBC, like
encounter-based MBC, can improve the quality and efficiency
of mental health treatment.
Acknowledgements The authors would like to thank Sarah Safranek at
the University of Washington Health Sciences Library for her assistance
in conducting our search.
Disclaimer The views expressed in this article are solely those of the
authors and do not reflect an endorsement or the official policy or position
of the Department of Veterans Affairs.
Funding Information Dr. Goldberg was supported by a VA Office of
Academic Affiliations’ Advanced Fellowship in Health Services
Research and Development (TPH 61-000-24). Dr. Fortney was supported
by a VA Health Services Research and Development Research Career
Scientist Award.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

Compliance with Ethical Standards
Conflict of Interest The authors declare that they have no conflict of
interest.
Human and Animal Rights and Informed Consent This article does not
contain any studies with human or animal subjects performed by any of
the authors.

14.

15.

Fortney JC, Unützer J, Wrenn G, Pyne JM, Smith GR, Schoenbaum
M, et al. A tipping point for measurement-based care. Psychiatr
Serv. 2017;68(2):179–88. https://doi.org/10.1176/appi.ps.
201500439.
Harding KJK, Rush AJ, Arbuckle M, Trivedi MH, Pincus HA.
Measurement-based care in psychiatric practice: a policy framework for implementation. J Clin Psychiatry. 2011;72(8):1136–43.
Guo T, Xiang YT, Xiao L, Hu CQ, Chiu HF, Ungvari GS, et al.
Measurement-based care versus standard care for major depression:
a randomized controlled trial with blind raters. Am J Psychiatry.
2015;172(10):1004–13.
Knaup C, Koesters M, Schoefer D, Becker T, Puschner B. Effect of
feedback of treatment outcome in specialist mental healthcare: a
meta-analysis. Br J Psychiatry. 2009;195:15–22. https://doi.org/
10.1192/bjp.bp.108.053967.
Shimokawa K, Lambert MJ, Smart DW. Enhancing treatment outcome of patients at risk of treatment failure: meta-analytic and
mega-analytic review of a psychotherapy quality assurance system.
J Consult Clin Psychol. 2010;78(3):298–311. https://doi.org/10.
1037/a0019247.
Krägeloh CU, Czuba KJ, Billington DR, Kersten O, Siegert RJ.
Using feedback from patient-report outcome measures in mental
health services: a scoping study and typology. Psychiatr Serv.
2015;66:224–41. https://doi.org/10.1176/appi.ps.201400141.
Douglas S, Button S, Casey SE. Implementing for sustainability:
promoting use of a measurement feedback system for innovation
and quality improvement. Adm Policy Ment Health Mental Health
Services Res. 2016;43(3):286–91.
Tracey TJG, Wampold BE, Lichtenberg JW, Goodyear RK.
Expertise in psychotherapy: an elusive goal? Am Psychol.
2014;69(3):218–29. https://doi.org/10.1037/a0035099.
Mojtabai R, Olfson M, Sampson NA, Jin R, Druss B, Wang PS, et
al. Barriers to mental health treatment: results from the National
Comorbidity Survey Replication. Psychol Med. 2011;41(8):1751–
61.
Shiffman S, Stone AA, Hufford MR. Ecological momentary assessment. Annu Rev Clin Psychol. 2008;4:1–32. https://doi.org/10.
1146/annurev.clinpsy.3.022806.091415.
Myin-Germeys I, van Os J. Stress-reactivity in psychosis: evidence
for an affective pathway to psychosis. Clin Psychol Rev. 2007;27:
409–24. https://doi.org/10.1016/j.cpr.2006.09.005.
Hilty DM, Chan S, Hwang T, Wong A, Bauer AM. Advances in
mobile mental health: opportunities and implications for the spectrum of e-mental health services. mHealth. 2017;3(34):1–18.
https://doi.org/10.21037/mhealth.2017.06.02.
Mohr DC, Zhang M, Schueller SM. Personal sensing: understanding mental health using ubiquitous sensors and machine learning.
Annu Rev Clin Psychol. 2017;13:23–47. https://doi.org/10.1146/
annurev-clinpsy-032816-044949.
Wang R, Aung MS, Abdullah S, Brian R, Campbell AT, Choudhury
T, et al. CrossCheck: toward passive sensing and detection of mental health changes in people with schizophrenia. UbiComp. 2016:
886–97. https://doi.org/10.1145/2971648.2971740.
Španiel F, Vohlídka P, Hrdlička J, Kožený J, Novák T, Motlová L, et
al. ITAREPS: information technology aided relapse prevention programme in schizophrenia. Schizophr Res. 2008;98(1):312–7.

Curr Psychiatry Rep (2018) 20:81
16.

17.

18.

19.

20.••

21.•

22.

23.•

24.•

25.

26.

27.

28.

Gustafson DH, McTavish FM, Chih MY, Atwood AK, Johnson
RA, Boyle MG, et al. A smartphone application to support recovery
from alcoholism: a randomized clinical trial. JAMA Psychiatry.
2014;71(5):566–72. https://doi.org/10.1001/jamapsychiatry.2013.
4642.
Newby J, Robins L, Wilhelm K, Smith J, Fletcher T, Gillis I, et al.
Web-based cognitive behavior therapy for depression in people
with diabetes mellitus: a randomized controlled trial. J Med
Internet Res. 2017;19(5):e157. https://doi.org/10.2196/jmir.7274.
Chen RY, Feltes JR, Tzeng WS, Lu ZY, Pan M, Zhao N, et al.
Phone-based interventions in adolescent psychiatry: a perspective
and proof of concept pilot study with a focus on depression and
autism. JMIR Res Protoc. 2017;6(6):e114. https://doi.org/10.2196/
resprot.7245.
Simon GE, Ralston JD, Savarino J, Pabiniak C, Wentzel C,
Operskalski BH. Randomized trial of depression follow-up care
by online messaging. J Gen Intern Med. 2011;26(7):698–704.
https://doi.org/10.1007/s11606-011-1679-8.
Aharonovich E, Sarvet A, Stohl M, DesJarlais D, Tross S, Hurst T,
et al. Reducing non-injection drug use in HIV primary care: a randomized trial of brief motivational interviewing, with and without
HealthCall, a technology-based enhancement. J Subst Abus Treat.
2017;74:71–9. This study experimentally isolates the effect of
adding remote measurement-based care to motivational
interviewing for reducing non-injection drug use, showing that
symptoms decreased in both groups decreased
Aguilera A, Bruehlman-Senecal E, Demasi O, Avila P. Automated
text messaging as an adjunct to cognitive behavioral therapy for
depression: a clinical trial. J Med Internet Res. 2017;19(5):e148.
https://doi.org/10.2196/jmir.6914. This randomized controlled
trial demonstrated lower treatment drop-out for in-person cognitive behavioral therapy when augmented with text messagebased mood monitoring, medication reminders, and treatmentrelated content.
Watts S, Mackenzie A, Thomas C, Griskaitis A, Mewton L,
Williams A, et al. CBT for depression: a pilot RCT comparing
mobile phone vs. computer. BMC Psychiatry. 2013;13(1):49.
Bauer AM, Iles-Shih M, Ghomi RH, Rue T, Grover T, Kincler N, et
al. Acceptability of mHealth augmentation of collaborative care: a
mixed methods pilot study. Gen Hosp Psychiatry. 2018;51:22–9.
This article demonstrates the short-term feasibility and acceptability of a mobile health application for remotely monitoring
depression and anxiety symptoms in the context of collaborative care
Ben-Zeev D, Scherer EA, Gottlieb JD, Rotondi AJ, Brunette MF,
Achtyes ED, et al. mHealth for schizophrenia: patient engagement
with a mobile phone intervention following hospital discharge.
JMIR Ment Health. 2016;3(3):e34. https://doi.org/10.2196/mental.
6348. This article demonstrates the feasibility of implementing
a multicomponent mobile health intervention that includes
remote measurement-based care in a large sample of individuals with psychosis.
Burns MN, Begale M, Duffecy J, Gergle D, Karr CJ, Giangrande E,
et al. Harnessing context sensing to develop a mobile intervention
for depression. J Med Internet Res. 2011;13(3):e55. https://doi.org/
10.2196/jmir.1838.
Robertson L, Smith M, Castle D, Tannenbaum D. Using the
Internet to enhance the treatment of depression. Australas
Psychiatry. 2006;14(4):413–7.
Kumar D, Tully LM, Iosif AM, Zakskorn LN, Nye KE, Zia A, et al.
A mobile health platform for clinical monitoring in early psychosis:
implementation in community-based outpatient early psychosis
care. JMIR Mental Health. 2018;5(1):e15. https://doi.org/10.2196/
mental.8551.
Ben-Zeev D, Brenner CJ, Begale M, Duffecy J, Mohr DC, Mueser
KT. Feasibility, acceptability, and preliminary efficacy of a

Page 11 of 12 81

29.

30.

31.

32.

33.

34.

35.

36.•

37.

38.

39.

40.

41.

42.

smartphone intervention for schizophrenia. Schizophr Bull.
2014;40(6):1244–53.
Sheeran T, Rabinowitz T, Lotterman J, Reilly CF, Brown S,
Donehower P, et al. Feasibility and impact of telemonitor-based
depression care management for geriatric homecare patients.
Telemed e-Health. 2011;17(8):620–6.
Haug S, Lucht MJ, John U, Meyer C, Schaub MP. A pilot study on
the feasibility and acceptability of a text message-based aftercare
treatment programme among alcohol outpatients. Alcohol Alcohol.
2015;50(2):188–94.
Niendam TA, Tully LM, Iosif AM, Kumar D, Nye KE, Denton JC,
et al. Enhancing early psychosis treatment using smartphone technology: a longitudinal feasibility and validity study. J Psychiatr Res.
2018;96:239–46. https://doi.org/10.1016/j.jpsychires.2017.10.017.
Tolin DF, McGrath PB, Hale LR, Weiner DN, Gueorguieva R. A
multisite benchmarking trial of capnometry guided respiratory intervention for panic disorder in naturalistic treatment settings. Appl
Psychophysiol Biofeedback. 2017;42(1):51–8. https://doi.org/10.
1007/s10484-017-9354-4.
Forchuk C, Donelle L, Ethridge P, Warner L. Client perceptions of
the mental health engagement network: a secondary analysis of an
intervention using smartphones and desktop devices for individuals
experiencing mood or psychotic disorders in Canada. JMIR Mental
Health. 2015;2(1):e1. https://doi.org/10.2196/mental.3926.
Mohr DC, Montague E, Stiles-Shields C, Kaiser SM, Brenner C,
Carty-Fickes E, et al. MedLink: a mobile intervention to address
failure points in the treatment of depression in general medicine. Int
Conf Pervasive Comput Technol Healthc. 2015;2015:100–7.
Pramana G, Parmanto B, Kendall PC, Silk JS. The SmartCAT: an
m-health platform for ecological momentary intervention in child
anxiety treatment. Telemed e-Health. 2014;20(5):419–27. https://
doi.org/10.1089/tmj.2013.0214.
Hantsoo L, Criniti S, Khan A, Moseley M, Kincler N, Faherty LJ, et
al. A mobile application for monitoring and management of depressed mood in a vulnerable pregnant population. Psychiatr Serv.
2018;69(1):104–7. This randomized controlled trial evaluates a
mood tracking mobile health application for monitoring depressive symptoms during pregnancy, showing higher selfrated ability to manage health in the remote measurementbased care condition relative to treatment-as-usual
Mavandadi S, Benson A, DiFilippo S, Streim JE, Oslin D. A
telephone-based program to provide symptom monitoring alone
vs symptom monitoring plus care management for late-life depression and anxiety: a randomized clinical trial. JAMA Psychiatry.
2015;72(12):1211–8.
Reid SC, Kauer SD, Hearps SJ, Crooke AH, Khor AS, Sanci LA, et
al. A mobile phone application for the assessment and management
of youth mental health problems in primary care: a randomised
controlled trial. BMC Fam Pract. 2011;12(1):131.
Reid SC, Kauer SD, Hearps SJ, Crooke AH, Khor AS, Sanci LA, et
al. A mobile phone application for the assessment and management
of youth mental health problems in primary care: health service
outcomes from a randomised controlled trial of mobiletype. BMC
Fam Pract. 2013;14(1):84.
Volker D, Zijlstra-Vlasveld MC, Anema JR, Beekman AT,
Brouwers EP, Emons WH, et al. Effectiveness of a blended webbased intervention on return to work for sick-listed employees with
common mental disorders: results of a cluster randomized controlled trial. J Med Internet Res. 2015;17(5):e116.
Meglic M, Furlan M, Kuzmanic M, Kozel D, Baraga D, Kuhar I, et
al. Feasibility of an eHealth service to support collaborative depression care: results of a pilot study. J Med Internet Res. 2010;12(5):
e63. https://doi.org/10.2196/jmir.1510.
Insel TR. Digital phenotyping: technology for a new science of
behavior. JAMA. 2017;318(13):1215–6. https://doi.org/10.1001/
jama.2017.11295.

81
43.

Page 12 of 12

Aikens JE, Trivedi R, Heapy A, Pfeiffer PN, Piette JD. Potential
impact of incorporating a patient-selected support person into
mHealth for depression. J Gen Intern Med. 2015;30(6):797–803.
https://doi.org/10.1007/s11606-015-3208-7.
44. Bauer M, Glenn T, Keil M, Bauer R, Marsh W, Grof P, et al. Brief
depressive symptoms in patients with bipolar disorder: analysis of
long-term self-reported data. Aust N Z J Psychiatry. 2012;46(11):
1068–78. https://doi.org/10.1177/0004867412452017.
45. Depp CA, Mausbach B, Granholm E, Cardenas V, Ben-Zeev D,
Patterson TL, et al. Mobile interventions for severe mental illness:
design and preliminary data from three approaches. J Nerv Meant
Dis. 2010;198(10):715–21. https://doi.org/10.1097/NMD.
0b013e3181f49ea3.
46. Glass JE, McKay JR, Gustafson DH, Kornfield R, Rathouz PJ,
McTavish FM, et al. Treatment seeking as a mechanism of change
in a randomized controlled trial of a mobile health intervention to
support recovery from alcohol use disorders. J Subst Abus Treat.
2017;77:57–66. https://doi.org/10.1016/j.jsat.2017.03.011.
47. McTavish FM, Chih MY, Shah D, Gustafson DH. How patients
recovering from alcoholism use a smartphone intervention. J Dual
Diagn. 2012;8(4):294–304. https://doi.org/10.1080/15504263.
2012.723312.
48. Ivanova E, Lindner P, Ly KH, Dahlin M, Vernmark K, Andersson
G, et al. Guided and unguided acceptance and commitment therapy
for social anxiety disorder and/or panic disorder provided via the
Internet and a smartphone application: a randomized controlled
trial. J Anxiety Disord. 2016;44:27–35. https://doi.org/10.1016/j.
janxdis.2016.09.012.
49. Lazarou I, Karakostas A, Stavropoulos TG, Tsompanidis T,
Meditskos G, Kompatsiaris I, et al. A novel and intelligent home
monitoring system for care support of elders with cognitive impairment. J Alzheimers Dis. 2016;54(4):1561–91. https://doi.org/10.
3233/JAD-160348.
50.• Mares ML, Gustafson DH, Glass JE, Quanbeck A, McDowell H,
McTavish F, et al. Implementing an mHealth system for substance
use disorders in primary care: a mixed methods study of clinicians’

Curr Psychiatry Rep (2018) 20:81
initial expectations and first year experiences. BMC Med Inform
Decis Mak. 2016;16(1):126. This study evaluated the long-term
feasibility and acceptability (11-month follow-up) of a mobile
health application with health tracking content for individuals
receiving treatment for substance use
51. Miklowitz DJ, Price J, Holmes EA, Rendell J, Bell S, Budge K, et
al. Facilitated integrated mood management for adults with bipolar
disorder. Bipolar Disord. 2012;14(2):185–97. https://doi.org/10.
1111/j.1399-5618.2012.00998.x.
52. Mohr DC, Duffecy J, Jin L, Ludman EJ, Lewis A, Begale M, et al.
Multimodal e-mental health treatment for depression: a feasibility
trial. J Med Internet Res 2010:12(5).
53. Reid SC, Kauer SD, Khor AS, Hearps SJ, Sanci LA, Kennedy AD,
et al. Using a mobile phone application in youth mental health: an
evaluation study. Aust Fam Physician. 2012;41(9):711–4.
54. Simon J, Budge K, Price J, Goodwin GM, Geddes JR. Remote
mood monitoring for adults with bipolar disorder: an explorative
study of compliance and impact on mental health service use and
costs. Eur Psychiatry. 2017;45:14–9. https://doi.org/10.1016/j.
eurpsy.2017.06.007.
55. Smith B, Harms WD, Burres S, Korda H, Rosen H, Davis J.
Enhancing behavioral health treatment and crisis management
through mobile ecological momentary assessment and SMS messaging. Health Informatics J. 2012;18(4):294–308. https://doi.org/
10.1177/1460458212445349.
56. Španiel F, Vohlídka P, Kožený J, Novák T, Hrdlička J, Motlová L, et
al. The information technology aided relapse prevention programme in schizophrenia: an extension of a mirror-design followup. Int J Clin Pract. 2008;62(12):1943–6.
57. Volker D, Zijlstra-Vlasveld MC, Brouwers EP, van der FeltzCornelis CM. Process evaluation of a blended web-based intervention on return to work for sick-listed employees with common
mental health problems in the occupational health setting. J
Occup Rehabil. 2017;27(2):186–94. https://doi.org/10.1007/
s10926-016-9643-4.

