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Abstract
Background: Relapse rates in major depressive disorder (MDD) remain high even after treatment to remission. Identifying

predictors of relapse is, therefore, crucial for improving maintenance strategies and preventing future episodes. Remote data

collection and sensing technologies may allow for more comprehensive and longitudinal assessment of potential predictors.

Methods: The Canadian Biomarker Integration Network in Depression Wellness Monitoring for MDD (CBN-WELL) study

was a prospective, multicentre observational study with an aim to identify biomarkers associated with relapse in patients on

maintenance treatment for MDD. Participants had a DSM-5-TR diagnosis of MDD in remission and a Montgomery–Åsberg
Depression Rating Scale (MADRS) score ≤14. Participants remained on their baseline medication regimens and were followed

bimonthly for up to 2 years. Relapse criteria included MADRS > 22 for 2 consecutive weeks, suicidality or hospitalization, and
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initiation or change in medication for worsening symptoms. Data collection included clinical assessments, self-report ques-

tionnaires, and remote monitoring using wrist-worn actigraphs and smartphones.

Results: A total of 96 participants had follow-up data. Of these, 28.9% experienced a depressive relapse during the study

period, with an average time to relapse of 211 days. Baseline depressive severity, as measured by MADRS, was higher in par-

ticipants who relapsed compared to those who did not, but few other baseline clinical measures differentiated these groups.

Conclusions: Individuals with MDD in remission continued to have high relapse rates despite maintenance treatment. The

paucity of clinical factors that predict relapse underscores the need for biomarkers. The CBN-WELL database can be used for

future research to integrate multiple predictive factors and to identify objective measures to predict relapse in individuals.

Résumé
Contexte: Les taux de rechute dans les troubles dépressifs majeurs (TDM) demeurent élevés même après le traitement

jusqu’à la rémission. Il est donc essentiel d’identifier des prédicteurs de rechute pour améliorer les stratégies d’entretien
et prévenir de futurs épisodes. Les technologies de collecte de données et de détection à distance peuvent permettre une

évaluation plus complète et longitudinale des prédicteurs potentiels.

Méthodes: L’étude CAN-BIND de suivi du bien-être (CBN-WELL) était une étude d’observation prospective multicentrique

visant à identifier les biomarqueurs associés aux rechutes chez les participants qui suivent un traitement d’entretien contre un

TDM. Les participants avaient un diagnostic DSM-5-TR de TDM en rémission et un score de 14 sur l’échelle d’évaluation de la

dépression de Montgomery-Åsberg (MADRS). Les participants ont continué de prendre leur traitement initial et ont été suivis

deux fois par mois pendant deux ans au maximum. Les critères de rechute comprenaient un score de MADRS > 22 pendant

deux semaines consécutives, la suicidalité ou l’hospitalisation, et le début de prise ou le changement de médicaments en raison

d’une aggravation des symptômes. La collecte de données comprenait des évaluations cliniques, des questionnaires

d’autodéclaration et une surveillance à distance à l’aide d’actigraphes portés au poignet et de téléphones intelligents.

Résultats: Au total, 96 participants avaient des données de suivi. De ce nombre, 28,9 % ont connu une rechute dépressive au

cours de la période à l’étude, avec un délai moyen avant la rechute de 211 jours. La gravité de la dépression initiale, mesurée

par la MADRS, était plus élevée chez les participants qui ont eu une rechute que chez ceux sans rechute, mais peu d’autres
mesures cliniques initiales différenciaient ces groupes.

Conclusions: Les participants vivant avec un TDM en rémission ont continué d’avoir des taux de rechute élevés malgré le

traitement d’entretien. La rareté des facteurs cliniques prédisant une rechute souligne le besoin de biomarqueurs. La base de

données CBN-WELL peut être utilisée pour des recherches futures afin d’intégrer de multiples facteurs prédictifs et de

déterminer des mesures objectives pour prédire les rechutes.

Keywords
major depressive disorder, recurrence, biomarkers, relapse prediction, survival analysis.

Introduction
Major depressive disorder (MDD) is a common condition
with an estimated global prevalence of about 1 in 20
people suffering from a current episode.1 MDD is also a
leading medical cause of increasing disability; the rate of
disability-adjusted life years associated with depressive dis-
orders has increased by more than 16% between 2010 and
2021.2 Although many evidence-based treatments are avail-
able and the majority of people with MDD respond to
initial treatment, these individuals are still at considerable
risk of relapse and recurrence.3 Studies indicate that
between one-fifth to one-half of patients in remission from
a depressive episode will suffer a recurrence within 2
years.4–10 Each relapse/recurrence is associated with an
increased risk of future recurrence,11 as well as reduced
quality-of-life12 and functioning.13 Note that, generally,
relapse is defined as an early return of symptoms of the orig-
inal depressive episode, while recurrence refers to the later
emergence of a new episode. However, because the

definitions vary widely and there is no empirical evidence
to differentiate between the original and a new depressive
episode,14–16 we use the term relapse to indicate both
relapse and recurrence.

Understanding the mechanisms underlying MDD relapse
is critical, as this would allow for enhanced prediction of
such events, creating opportunities for the development of
more targeted treatments and improved preventative inter-
ventions.14,17 However, prior research has investigated a
limited range of individual predictors, many of which are
related to demographics and clinical history.7,9,18 For
example, after treatment, a higher risk of relapse has been
associated with the number and severity of previous epi-
sodes, the persistence of residual symptoms and a history
of childhood maltreatment.9,15,19–23

In recent years, mobile and remote biosensors have
become useful tools for assessing mental health condi-
tions.24–26 Remote recording tools via the internet or smart-
phones allow patients to complete self-assessments at
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home27,28 and reduce participant burden and the need for fre-
quent clinic visits. Remote biosensors can assess potential
biomarkers such as motor activity and sleep patterns over
long periods.29–31 These data can now be reliably recorded
and may be important factors in depressive relapse in addi-
tion to, or combined with clinical information. However,
the use of these technologies for predicting relapse requires
longitudinal assessment over a protracted period, which can
complicate the recording of potentially relevant data.32

Hence, the feasibility of using these measures in this clinical
context must be examined.

To investigate MDD relapse using these and other technol-
ogies, the Canadian Biomarker Integration Network in
Depression (CAN-BIND) conducted a prospective, longitudi-
nal, observational study, termed the CAN-BIND Wellness
Monitoring for MDD (CBN-WELL) study. The primary aim
of the study was to identify biomarkers of relapse in individu-
als with MDD who had responded to various treatments. The
study collected a broad range of data by using remote monitor-
ing and sensing in addition to collecting clinical data at regular
study visits. We now report the methodology of CBN-WELL,
as well as the primary clinical outcomes related to depression
relapse, including the characteristics of this cohort, relapse
rates, time to relapse, and initial comparisons of individual
baseline measures between relapse and nonrelapse groups.
For the latter, we also examined those with and without mild
residual depressive symptoms during follow-up.

Methods

Participants and Setting
The CBN-WELL study (NCT02934334) is a prospective,
multicentre, longitudinal observational study conducted
from July 2016 to January 2019 to identify biomarkers of
relapse in MDD. The protocol was designed to be similar
to other observational studies of MDD relapse, such as the
OBSERVEMDD study (NCT02489305), with common eli-
gibility criteria, relapse criteria, outcome measures, and
visit schedules.

Participants from a previous CAN-BIND study as well as
other participants treated to remission were recruited at 5 clin-
ical centres in Canada (Vancouver, Calgary, Toronto,
Hamilton, and Kingston). Ethics approval was obtained from
institutional review boards at each site and all participants pro-
vided written informed consent. Participants received financial
compensation for their time in the study.

Entry inclusion criteria included: (1) outpatient age 18 to 65
years; (2) DSM-5 diagnosis of MDD in remission from their
most recent major depressive episode (MDE) as determined
by the Mini-International Neuropsychiatric Interview33; (3)
treated to remission from their most recent MDE; (4)
Montgomery–Åsberg Depression Rating Scale (MADRS)34

total score ≤14 at screening and baseline visits; (5)
willing to complete self-report assessments via a

study-specific smartphone and to wear a wrist-worn activity
device for the duration of the study; and (6) sufficiently
fluent in English.

Exclusion criteria included: (1) MDD with psychotic
features (lifetime); (2) bipolar I or bipolar II diagnosis (life-
time); (3) schizophrenia, schizoaffective disorder, or any
other primary psychiatric diagnosis other than MDD; (4)
significant personality disorder (e.g., borderline and antiso-
cial); (5) high suicidal risk, defined by clinician judgment;
(6) alcohol or substance use disorder with at least moderate
severity, within 6 months before screening; (7) significant
neurological disorders, head trauma, or other unstable
medical conditions; and (8) received an investigational
drug (including investigational vaccines) or used an
invasive investigational medical device within 90 days
before screening, or currently enrolled in an investigational
study.

Current or past treatments for MDD were not restricted,
including antidepressant medication, psychotherapy, and
neurostimulation. There were no study-related treatments or
interventions. Concomitant medications, including vitamins,
supplements, contraceptive agents, and over-the-counter pain
medication for stable medical conditions, were allowed at the
discretion of the study psychiatrist.

Procedures
The CBN-WELL study consisted of a screening phase of up
to 2 weeks and an observational phase of variable duration of
up to 2 years. During the observational phase, participants
attended study visits at baseline and every 8 weeks thereafter
and were assessed for indicators of relapse, including depres-
sive symptom severity, medication status, and health service
utilization, in addition to other measures (see Supplemental
Table S1 for a listing of procedures and measures).
Self-report questionnaires were administered using a tablet
device or computer. Blood samples were also collected. If
indicators of depressive relapse (see below) were present at
a study visit, participants were scheduled for a relapse verifi-
cation visit within 1 to 2 weeks, during which relapse criteria
were confirmed.

Participants also received a study-specific smartphone
(LogPad®) and a study-specific wrist-worn actigraphy device
(GT9X Link®) that was worn throughout the study period.
Weekly self-reports were completed remotely at home via
LogPad®. LogPad® also collected speech and voice character-
istics at 2-week intervals. Motor activity and sleep parameters
were captured using the GT9X Link®, worn throughout the
study period, with data downloaded at each study visit.
Furthermore, a subset of participants with eligible smart-
phones were invited to download HealthRhythms®, a mobile
app that continuously records passive data.35 These partici-
pants used the mobile app continuously for the entire study
period and uninstalled the app upon study completion or
withdrawal.
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Assessments
The main clinician-assessed measures included the MADRS
and Clinical Global Impression Scale, Severity (CGI-S).36

Self-rated measures included the Quick Inventory of
Depressive Symptomatology, Self-Rated (QIDS-SR),37

Generalized Anxiety Disorder Scale-7 (GAD-7),38 Sheehan
Disability Scale (SDS),39 and Quality of Life, Enjoyment
and Satisfaction Questionnaire (QLESQ).40 Other assess-
ment measures are listed in Supplemental Table S2.

Relapse Definition
Relapse during the observational period was defined in the
initial protocol as any of the following: (1) MADRS total
score≥ 22 for at least 2 consecutive weeks (e.g., at both a
study visit and relapse verification visit); (2) hospitalization
for worsening of depression; (3) suicidal ideation with
intent, or suicidal behaviour; or (4) other reasons (to be
described by the investigator). Subsequently, before any anal-
ysis was conducted, these criteria were revised and expanded
to include: (1a) MADRS total score≥ 22 for at least 2 consec-
utive weeks and a CGI-S change from baseline ≥2; (5) medi-
cation change suggestive of worsening depression (e.g.,
increase in antidepressant dose or adding an adjunctive
agent); or (6) initiation of a new treatment for depression.

All relapses were adjudicated using these criteria and ver-
ified, prior to any analysis, by consensus of a panel of inves-
tigators (CNS, KH, RWL, RVM, and RU) using all available
data. This panel also classified nonrelapse participants as
having mild residual depressive symptoms (defined as
MADRS total score >14 and <22 at one or more bimonthly
study visits) or not having residual symptoms (defined as
MADRS total score≤14 at every bimonthly study visit).
Figure S1 in the Supplemental Materials provides examples
of the data used to define the relapse, nonrelapse with resid-
ual depressive symptoms, and nonrelapse without residual
symptoms groups.

Statistical Analysis
We examined differences in demographic and clinical vari-
ables between the relapse, nonrelapse and dropout groups
using analysis of variance and chi-square tests. For partici-
pants who experienced a relapse event, only data collected
up until relapse were included in the present analyses. To
visualize the time to relapse, we conducted a Kaplan Meier
survival analysis. Descriptive analyses were conducted in
SPSS 29.0 and survival analyses were conducted in R
version 4.3.1 using the ggsurvfit package.41

Results
A total of 102 participants were screened for the study, with
100 participants completing the baseline assessment and 94

completing Visit 1 assessments (8 weeks after baseline).
Four participants dropped out before any follow-up data
were collected and were excluded, while the other 2 had sub-
sequent follow-up data after Visit 1 and were included;
hence, the total number of participants available for
outcome analysis was 96. Table 1 summarizes demographic
and clinical information for the total sample and stratified by
participant group. A total of 28 individuals (29.2%) experi-
enced a relapse during follow-up, with an average length of
time before relapse of 211 days (SD= 121) (Figure 1). The
criteria for relapse met by the participants were: criterion
1a (n= 16 out of 28, 57%), criterion 2 (n= 1, 4%), criterion
3 (n= 2, 7%), and criterion 5 (n= 9, 32%).

Of the 68 participants in the nonrelapse group, 28 (46.7%)
were classified as having mild residual depressive symptoms
during follow-up (i.e., those with MADRS >14 and ≤22 on
at least 1 bimonthly study visit) while 40 (58.8%) were classi-
fied as not having residual symptoms (i.e., those withMADRS
≤14 at each bimonthly study visit). Those in the nonrelapse
group were followed for an average of 451 days (SD= 203).

The 3 participant groups (relapse, nonrelapse with, and
without mild residual symptoms) did not differ in terms of
age, sex, ethnicity, marital status, education, employment
status, household income, or number of previous MDEs, ps
> 0.115. However, there was a significant group difference
in baseline depressive symptom severity as assessed with
the MADRS (F(3, 96)= 4.71, p= 0.004). Follow-up Tukey
tests indicated that the relapse group had higher baseline
MADRS scores (M= 6.89, SD= 4.28) compared to both
the nonrelapse without residual symptoms group (M= 3.90,
SD= 2.84, p < 0.049) and the nonrelapse with residual symp-
toms group (M= 4.50, SD= 3.16; p≤ 0.049). Similarly,
there were small overall differences among the groups in
the QIDS-SR (F(3, 96)= 4.55, p= 0.015) and SDS (F(3,
96)= 3.97, p= 0.02). There were no other significant differ-
ences among groups (all ps≥ 0.470).

Using the same definition for mild residual symptoms
(MADRS total score >14 and <22 at 1 or more bimonthly
study visits), 11 of the 28 participants (39.3%) in the
relapse group showed a pattern of mild depressive symptoms
in a study visit preceding the relapse event. There was no dif-
ference between the relapse and nonrelapse groups in the pro-
portion of participants having mild residual depressive
symptoms at a study visit (39.3% vs. 46.7%, respectively;
χ2= 0.03, p= 0.86).

Discussion
CBN-WELL is an observational study with the objective of
identifying potential biomarkers of relapse in a well-
characterized sample of participants in stable remission fol-
lowing treatment of MDD. Although most of the participants
were on maintenance medications, we found that 28.9%
experienced a depressive relapse during the 12-month
follow-up period. This relapse rate is similar to those reported
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in other clinical settings7,22 and in meta-analyses of RCTs,6,8

which have shown that those who remain on antidepressants
following remission had relapse rates of 21% to 49%.

The high relapse rates during maintenance treatment
speak to the importance of identifying predictors of relapse.
Except for a small difference in the baseline scores in the

Table 1. Participant Characteristics for Relapse and Nonrelapse Groups.

Characteristics Total (N= 96)

Nonrelapse without

mild residual symptoms

(n= 40)

Nonrelapse with mild

residual symptoms

(n= 28)

Relapse

(n= 28)

Difference

F/χ2

Age, M (SD) 38.92 (12.71) 41.08 (12.59) 38.57 (13.91) 37.93 (13.0) 0.29

Sex: Female, n (%) 62 (62.0) 23 (57.5) 17 (60.7) 19 (67.9) 1.06

Ethnicity,a n (%) 36.00

Arab 1 (1.0) 0 (0.0) 0 (0.0) 0 (0.0)

Black 1 (1.0) 1 (2.5) 0 (0.0) 0 (0.0)

Chinese 6 (6.0) 3 (7.5) 1 (3.6) 2 (7.1)

East Asian 1 (1.0) 0 (0.0) 0 (0.0) 1 (3.6)

Filipino 1 (1.0) 0 (0.0) 0 (0.0) 1 (3.6)

Indigenous 4 (4.0) 2 (5.0) 1 (3.6) 1 (3.6)

Jewish 1 (1.0) 1 (2.5) 0 (0.0) 0 (0.0)

Latinx/Hispanic 8 (8.0) 4 (10.0) 2 (7.1) 2 (7.1)

South Asian 5 (5.0) 1 (2.5) 1 (3.6) 3 (10.7)

White 77 (77.0) 30 (75.0) 24 (85.7) 20 (71.4)

Self-reported ethnicityb 2 (2.0) 2 (5.0) 0 (0.0) 0 (0.0)

Marital status, n (%) 13.56

Never married 55 (55.0) 22 (55.0) 16 (57.1) 17 (60.7)

Separated 5 (5.0) 2 (5.0) 2 (7.1) 1 (3.6)

Divorced 9 (9.0) 5 (12.5) 2 (7.1) 2 (7.1)

Widowed 1 (1.0) 0 (0.00 1 (3.6) 0 (0.0)

Married 22 (22.0) 8 (20.0) 5 (17.9) 6 (21.4)

Domestic partnership 8 (8.0) 3 (7.5) 2 (7.1) 2 (7.1)

Education, n (%) 31.16

Some high school 2 (2.0) 1 (2.5) 1 (3.6) 0 (0.0)

High school graduate 7 (7.0) 3 (7.5) 2 (7.1) 1 (3.6)

Some college 19 (19.0) 8 (20.0) 5 (17.9) 6 (21.4)

Associate degree 25 (25.0) 6 (25.0) 11 (39.3) 7 (25.0)

Bachelor’s degree 30 (30.0) 10 (25.0) 6 (21.4) 12 (42.9)

Professional or master’s degree 17 (17.0) 12 (30.0) 3 (10.7) 2 (7.1)

Employment status, n (%) 5.10

Currently working 78 (78.0) 30 (75.0) 25 (89.3) 19 (67.9)

Not working 22 (22.0) 10 (25.0) 3 (10.7) 9 (32.1)

Household income, n (%) 23.10

<$10,000 2 (2.0) 1 (2.5) 0 (0.0) 1 (3.6)

$10,000–24,999 16 (16.0) 7 (17.5) 3 (10.7) 6 (21.4)

$25,000–49,999 19 (19.0) 7 (17.5) 5 (17.9) 6 (21.4)

$50,000–74,999 20 (20.0) 6 (15.0) 8 (28.6) 3 (10.7)

$75,000–99,999 15 (15.0) 6 (15.0) 4 (14.3) 5 (17.9)

$100,000–149,999 10 (10.0) 6 (15.0) 3 (10.7) 1 (3.6)

$150,000–199,999 6 (6.0) 1 (2.5) 1 (3.6) 4 (14.3)

$200,000+ 3 (3.0) 1 (2.5) 1 (3.6) 1 (3.6)

Don’t know 6 (6.0) 4 (10.0) 2 (7.1) 0 (0.0)

Prefer not to answer 3 (3.0) 1 (2.5) 1 (3.6) 1 (3.6)

Number of past MDEs, M (SD) 4.28 (3.14) 3.62 (2.35) 4.33 (3.17) 4.58 (2.69) 0.73

Baseline MADRS, M (SD) 5.01 (3.60) 6.63 (5.61) 4.50 (3.16) 6.89 (4.28) 4.71**
Baseline QIDS-SR, M (SD) 4.85 (2.97) 4.10 (2.18) 4.50 (2.35) 6.18 (4.01) 4.55*
Baseline GAD-7, M (SD) 2.91 (3.66) 2.40 (3.35) 3.50 (4.12) 3.18 (3.75) 0.80

Baseline SDS, M (SD) 4.78 (5.65) 4.78 (5.65) 6.46 (4.96) 8.82 (6.82) 3.97*
Baseline QLESQ, M (SD) 51.82 (8.13) 51.82 (8.13) 48.96 (7.45) 47.46 (8.25) 2.60

Abbreviations: GAD-7, Generalized Anxiety Disorder Scale-7; MADRS, Montgomery Asberg Depression Rating Scale; MDE, major depressive episode;

QIDS-SR, Quick Inventory of Depressive Symptomatology, Self-Rated; QLESQ, Quality of Life, Enjoyment and Satisfaction Questionnaire; SDS, Sheehan

Disability Scale; M, mean; SD, standard deviation.
aParticipants could check off multiple ethnic identities. Self-reported ethnicity was Métis and Iranian.

Significant values are bolded. *p<0.05; **p< 0.01.
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MADRS, QIDS-SR, and SDS (all of which were within the
remission range), there were no baseline clinical characteris-
tics that differentiated those who relapsed from those who did
not. This is consistent with other studies where few clinical
factors predicted relapse in patients after treatment for
MDD.15,20–23

We also examined the pattern of remission during
follow-up in the nonrelapse group. We found that almost
half (46.7%) had periods with mild residual depressive symp-
toms, that is, they had at least 1 bimonthly study visit where
their MADRS score ranged between 14 and 22. Residual
depressive symptoms have been identified as a predictor of
relapse in previous studies, but many participants with resid-
ual symptoms in this study did not have a subsequent relapse
event. Similarly, 39.3% of those who relapsed also showed
this pattern of elevated MADRS score on a study visit
within 8 weeks prior to their relapse event; however, this
was not a significantly higher proportion than those who
did not relapse. This suggests that the presence of residual
depressive symptoms, as indicated by total MADRS scores,
is not an accurate predictor of who will go on to a relapse
event.

While individual baseline measures may not be accurate
predictors of relapse, combinations, longitudinal changes, or
relationships between several measures may be more informa-
tive.42 For example, we found that the correlation between
depressive symptoms (as assessed by the QIDS-SR) and
anxiety symptoms (as assessed by the GAD-7) examined lon-
gitudinally across time, termed the depression–anxiety cou-
pling, was a robust predictor of relapse in this cohort.43 This
demonstrates how the rich and comprehensive CBN-WELL
database can be leveraged to explore many potential clinical

predictors and combinations of predictors, as novel indicators
of future relapse.

Most clinical outcome measures are based on subjective
patient reports, whether by self-rated questionnaires or by
interviews for clinician-rated scales. These are subject to
issues such as recall bias and negative cognitive bias. Thus,
there is a need for more objective measures to predict
relapse during maintenance treatment. Remote sensing mea-
sures, such as actigraphy, may be a promising objective
measure of behaviour that can be standardized to an individ-
ual’s baseline.29 We have developed a method for longitudi-
nal long-term tracking of actigraphy data using an
open-source data processing pipeline that accounts for
issues such as missing data, nonwear periods, and sleep-wake
scoring,44 making it suitable for long-term relapse prediction
studies. Another objective measure used in CBN-WELL is a
computerized assessment of implicit self-depressed cognitive
associations, the Depression Implicit Association Test
(DIAT).45 We found that greater self-depressed associations
at baseline and longitudinal increases across follow-up pre-
dicted a shorter time to relapse in this cohort.46 The DIAT
is a promising example of a simple, low-cost screening tool
to identify patients at risk of relapse.

A strength of CBN-WELL is that our protocol (eligibility
criteria, relapse criteria, outcome measures, and visit sched-
ule) was aligned with other multicentre observational
studies investigating digital biomarkers of relapse, such as
the OBSERVEMDD study (NCT02489305). This allows
for pooling of data to increase power, or for using one
study as an independent external validation sample for pre-
dictors found in another study. For example, the predictive
ability of actigraphy combined with symptom self-ratings

Figure 1. Kaplan–Meier survival curve for time to major depressive episode relapse.

Note. The shaded area refers to the 95% confidence interval.
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was examined in a personalized N-of-1 relapse prediction
model framework in OBSERVEMDD (n= 286).47 The
relapse prediction performance in the OBSERVEMDD
cohort (balanced accuracy of 73.5%) was replicated in the
independent CBN-WELL cohort (71%).47 External valida-
tion in an independent sample is a powerful feature for bio-
marker validation but is still uncommonly applied in
mental health studies. CBN-WELL provides a unique oppor-
tunity for future work to leverage this approach in predicting
depressive relapse, which has the potential to yield stronger
and more reliable conclusions in comparison to earlier
work.42

Finally, our study sample includes a diverse group of par-
ticipants with MDD who were in variable periods of remis-
sion after treatment with a range of depression
interventions, including medications, psychotherapy, and
neurostimulation, and who were on different medication reg-
imens during maintenance. This is both a strength and a lim-
itation; although the heterogeneity of our sample may make it
more difficult to identify a common predictor of relapse, it
also represents a real-world population in which any potential
biomarker will need to be validated. Other limitations include
our broad criteria for a relapse event, which included medica-
tion changes for worsening symptoms; it is possible that
these participants would not have met full relapse criteria
with watchful waiting, in the same way, that many partici-
pants with residual symptoms did not go on to experience a
full relapse.

In conclusion, CBN-WELL is a multicentre observational
study of potential predictors of relapse for a well-
characterized sample of participants with MDD in stable
remission following treatment. The relapse rate in this
cohort over a 1-to-2-year follow-up was high (28.9%), and
very few baseline clinical factors were predictive of
relapse, consistent with results from previous studies. Only
small differences in baseline depressive and anxiety
symptom scores differentiated those who relapsed from
those who did not. However, the rich CBN-WELL database,
the use of remote and sensing technology for outcome assess-
ment, and the alignment of the protocol with other observa-
tional studies will enhance the discovery of predictors of
relapse that have implications for optimizing early interven-
tion and prevention efforts. Future studies should focus on
examining the combinations between measures, longitudinal
changes in measures, and the use of objective assessments for
relapse prediction.
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