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1 | INTRODUCTION
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Abstract

Background: Heightened attention allocation toward negative-valanced information
and reduced attention allocation toward positive-valanced information represent
viable targets for attention bias modification in major depressive disorder.
Accordingly, we conducted a randomized controlled trial testing the efficacy of a
novel gaze-contingent attention bias modification procedure for major depressive
disorder.

Method: Sixty patients with major depressive disorder were randomly assigned to
either eight training sessions of feedback-based gaze-contingent music reward
therapy designed to divert patients’ gaze toward positive over sad stimuli, or to a
control condition which entailed eight sessions of gaze-noncontingent music.
Clinician-rated and self-reported measures of depression, and proportion of dwell-
time on sad faces, were assessed pretreatment, posttreatment, and at a 3-month
follow-up.

Results: Gaze-contingent music reward therapy produced a greater reduction in
dwell-time on sad faces compared with the control condition, but it failed to gen-
eralize to novel faces. Both groups manifested similarly significant reductions in
depression symptoms from pre- to posttreatment that were maintained at follow-up.
Exploratory analyses suggest that first-episode patients may benefit more from this
therapy than patients with a history of multiple episodes.

Conclusions: Gaze-contingent music reward therapy can modify attention biases in
depression, but clear differential clinical effects did not emerge. Theoretical and

practical implications are discussed.
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an attentional bias toward negative stimuli (Armstrong &
Olatunji, 2012; Duque & Vazquez, 2015; Gotlib & Joormann, 2010;

Models of major depressive disorder (MDD) suggest that attention
biases contribute to the onset, maintenance, and recurrence of
depressive episodes through engagement in elaborative process-
ing of negative content (Armstrong & Olatunji, 2012; Beck,
1967, 1976, 2008; Farb, Irving, Anderson, & Segal, 2015). Corre-

sponding research indicates that depressed individuals demonstrate

Peckham, McHugh, & Otto, 2010), as well as a lack of a positive bias.
That is, while nondepressed individuals attend more to positive
stimuli, patients with MDD tend to divide their attention equally
between positive and negative stimuli (Duque & Vazquez, 2015;
Lazarov, Ben-Zion, Shamai, Pine, & Bar-Haim, 2018). Such biases

have also been found in previously depressed individuals
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(Joormann & Gotlib, 2007; Newman, Quigley, Fernandez, Dobson, &
Sears, 2019; Soltani et al., 2015) and may represent a risk factor for
recurrence of future depressive episodes. These observations sug-
gest viable targets for attention bias modification (ABM) therapy in
depression.

ABM is a therapeutic approach designed to modify attention
biases using computerized training (Bar-Haim, 2010; Beard,
Sawyer, & Hofmann, 2012; Hakamata et al, 2010; Linetzky,
Pergamin-Hight, Pine, & Bar-Haim, 2015). Small-to-medium effect
sizes of ABM have been reported for anxiety disorders (Hakamata
et al, 2010; Linetzky et al., 2015), whereas clinical efficacy in de-
pression appears less consistent, possibly reflecting limitations in
reaction-time (RT)-based training (Armstrong & Olatunji, 2012).

A recently developed ABM protocol, gaze-contingent music-
reward therapy (GC-MRT), addresses some of the limitations of
RT-based training by applying eye-tracking technology. In GC-MRT,
patients view matrices of negative and neutral faces while listening
to music of their choice, which is played only when patients’ gaze is
fixated on neutral faces. GC-MRT reduces attention bias and social
anxiety (Lazarov, Pine, & Bar-Haim, 2017; Linetzky, Kahn, Lazarov,
Pine, & Bar-Haim, 2019). Because depressed patients dwell longer on
sad faces and lack a positive bias toward happy faces (Lazarov
et al., 2018), we applied a modified GC-MRT to patients with MDD.
The present randomized controlled trial (RCT) examines the clinical
efficacy and associated mechanism of GC-MRT for patients with
MDD, targeting enhanced dwelling on sad faces and reduced dwell-
ing on happy faces. Patients were randomly assigned to either
GC-MRT or a control condition entailing music noncontingent on
viewing patterns.

We expected that relative to patients in the control group, pa-
tients receiving GC-MRT would demonstrate greater reductions in
dwell-time on sad faces and MDD symptoms that would be sustained
at a 3-month follow-up. Of note, multiple past depressive episodes
have been shown to predict poor treatment response (Gorwood
et al, 2010) and the presence of various cognitive deficits (e.g.
Basso & Bornstein, 1999; Elgamal, Denburg, Marriott, & Macqueen,
2010; Vanderhasselt & De Raedt, 2009). Hence, we also expected
that group differences in symptom reduction would be greater
among patients experiencing their first depressive episode relative to
patients who had experienced prior episodes. This latter hypothesis
was tested in an exploratory manner, due to the sample size and the
absence of prior results with GC-MRT.

2 | METHODS
2.1 | Participants

CONSORT diagram appears in Figure 1. Participants were 60 pa-
tients with MDD (Mage = 41.84 years, range = 18-65, 26 females).
Inclusion criteria were: (a) MDD diagnosis; (b) total score = 18 on the
Montgomery-Asberg Depression Rating Scale (MADRS); (c) 18-65

years of age; and (d) normal or corrected-to-normal vision. Exclusion
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criteria: (a) history or current psychosis, bipolar disorder, manic or
hypomanic episode; (b) epilepsy or brain injury; (c) severe suicidal
ideation; (d) drugs or alcohol abuse; (e) pharmacological treatment
not stabilized for at least 3 months or concurrent psychotherapy; and
(f) eye-tracking calibration difficulties. Participants were randomly
assigned to either GC-MRT (n =30, 13 females) or to a control con-
dition (n=30, 13 females). Some participants had comorbidities: 6
panic disorder (2 in GC-MRT), 1 agoraphobia (GC-MRT), 23 social
anxiety disorder (8 in GC-MRT), 2 obsessive-compulsive disorder (1
in GC-MRT), and 32 generalized anxiety disorder (16 in GC-MRT).
Among all participants, 18 (10 in GC-MRT) were in the midst of their
first depressive episode. The study was approved by the Tel Aviv
University Ethics Committee. Written informed consent was pro-
vided by all participants (ClinicalTrials.gov identifier: NCT02945735).

2.2 | Diagnostic and self-report measures

The Patient Health Questionnaire-9 (PHQ-9; Kroenke, Spitzer, &
Williams, 2001) was used for initial phone-screening. Those with
scores 210, indicating at least moderate depression (Kroenke
et al, 2001) were invited to an in-person clinical interview. The
PHQ-9 has good psychometric properties (Kroenke et al., 2001).

Mini-International Neuropsychiatric Interview (M.LN.I; Sheehan
et al,,1998), was used to determine MDD and comorbid diagnoses. It
is a structured interview for DSM-IV and ICD-10 diagnoses, with
good reliability, sensitivity, and specificity (Lecrubier et al., 1997;
Sheehan et al., 1997).

Montgomery-Asberg Depression Rating Scale (MADRS; Mon-
tgomery & Asberg, 1979) is a 10-item clinician administrated scale
used to diagnose depression according to DSM-IV. Higher scores
indicate greater depression. A cut-off score of 18—moderate de-
pression (Miller, Szegedi, Wetzel, & Benkert, 2000), was used as an
inclusion criterion. MADRS total score was the study's primary out-
come. Mean Cronbach's a in the current sample was .73.

The Beck Depression Inventory-1l (BDI-Il; Beck, Steer, &
Brown, 1996), is a self-reported 21-item inventory measuring MDD
severity. The BDI-Il has good reliability and internal consistency
(Beck et al., 1996; Sprinkle et al., 2002), and served as the secondary
outcome. Mean Cronbach's « in our sample was .84.

The Credibility/Expectancy Questionnaire (CEQ; Devilly &
Borkovec, 2000), is a é6-item scale that measures expectancy of
clinical improvement and perceived treatment credibility. Items are
ranked on a 9-point scale or 0-100%. In both cases, higher scores
indicate higher expectancy/credibility. The CEQ has high internal
consistency and good test-retest reliability (Devilly & Borkovec,
2000). Cronbach's « in the current sample was .83. The CEQ was
administered at pretreatment, after a comprehensive explanation of
the study's rational and procedures, and before randomization.
Although the participants were fully informed that there are active
and sham conditions in the study and that they will be randomly
assigned to one of these, to keep patients blind to their specific group

assignment the exact nature of the differences between the two
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FIGURE 1 CONSORT diagram of participants’ progress through the study. GC-MRT, gaze-contingent music reward therapy; PHQ-9, Patient

Health Questionnaire

conditions (i.e., the exact contingency between eye-gaze and music)
was kept concealed. Thus, the CEQ scores we report reflect pre-
treatment expectancies before it began.

2.3 | Attention allocation measurement

Attention allocation was assessed using a free-viewing eye-
tracking task (Lazarov, Abend, & Bar-Haim, 2016; Lazarov
et al., 2018). Each trial began with a fixation cross until a 1,000 ms
fixation was recorded. Then, a matrix of 16 faces, half sad and half
happy (Figure 2), appeared for 6,000 ms followed by an intertrial
interval of 2,000 ms. The task consisted of two blocks of 30 trials
each, with a different matrix appearing in each trial. Participants
were instructed to look at the matrices in any way they like. For a
complete description of the measurement task see Lazarov et al.

(2018). This assessment task demonstrated high internal

consistency (Cronbach's as ranging .88-.96) and good test-retest
reliability (rs=.72-0.74) in depressed participants (Lazarov
et al,, 2018). Mean Cronbach's « for percent dwell-time on sad
faces in the current sample was .91.

2.4 | Treatment conditions
241 | GC-MRT

Participants in this condition received eight 20-min sessions twice a
week, designed to divert attention away from sad stimuli and toward
happy stimuli (see Lazarov et al., 2017). At the beginning of each
session, participants selected a 12-min music track they wanted to
listen to during the session. Thirty different matrices were presented
for 24s each, with no intertrial intervals. Patients heard their

selected music only when fixating on the happy faces.
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FIGURE 2 A single matrix, comprised of eight sad and eight happy faces

2.4.2 | Control condition

Participants underwent the same procedure as in GC-MRT with the
music of their choice played without interruptions, that is, not con-
tingent upon their gaze.

2.5 | Apparatus and eye-tracking measures

Eye-tracking data were recorded using RED500 and analyzed using
BeGaze software (SensoMotoric Instruments, Inc., Teltow, Germany).
Stimuli were presented on a 22-inch monitor (screen resolution
1680 x 1050). Operating distance to monitor was 70 cm. Sampling
rate was 500 Hz.

Following Lazarov et al. (2017, 2018), two areas of interest
(AOls) were defined for each matrix: one consisting of the eight sad
faces (sad AOI) and one of the eight happy faces (happy AOI). Total
dwell-time per AOI was calculated as the total dwell-time averaged
across all matrices. Percent dwell-time on the sad AOI was calculated
as the proportion of the averaged dwell-time on the sad AOI relative
to dwell-time on both happy and sad AOIs. A score above 50%

reflects longer dwelling on the sad AOI whereas a score below 50%

reflects longer dwelling on the happy AOI.

2.6 | Procedure

Study design was a double-blind RCT with two groups (GC-MRT,
Control), such that both the independent evaluators and participants
were blind to group allocation. Potential participants were phone
screened for MDD symptoms using the PHQ-9 (Kroenke et al., 2001).
Those with a score 210 were invited to an in-person clinical inter-
view. Candidates meeting inclusion criteria were invited to a pre-
treatment assessment in which attention bias was measured using
the free-viewing task. Then, participants were randomly assigned to
eight sessions of either GC-MRT or control, both delivered twice a
week. Generalization of learning was tested using a different set of
faces than used for training.

One week following the last therapy/control session, a post-
treatment assessment was held. Attention bias was measured again,
and clinical status was re-assessed. In addition, patients in the GC-
MRT group were asked whether they had explicit knowledge of the
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training rule. Three months later, the same assessments were re-
peated to test longer-term treatment effects. Participants in the
control condition were given the opportunity to receive GC-MRT
after the study ended. Data collection was carried out between
November 2016 and January 2019.

2.7 | Data analysis

Independent samples t tests compared groups’ descriptive statistics at
pretreatment. Clinical effects were analyzed using the intent-to-treat
principle, by deploying random effect time-series models in generalized
estimating equations (GEE; Zeger & Liang, 1986; Zeger, Liang, &
Albert, 1988). GEE considers correlations between repeated measure-
ments while addressing missing data via estimated marginal means
relying on the entire sample (all randomized participants). Wald's chi-
square (Rotnitzky & Jewell, 1990) was used to test whether the
coefficient of the predictors in the models were significantly different
from zero. Clinician-rated (MADRS) and self-reported (BDI-I) effects on
depression were estimated using models containing the main effects
of time (pretreatment, posttreatment, follow-up), group (GC-MRT,
Control) and their interactions. Secondary GEE analyses applied to pa-
tients who completed the study and had full data for either pre- and
posttreatment or posttreatment and follow-up are described in the
Supplemental Material. Finally, the effect of depressive episodes history
(i.e., first-episode vs. multiple episodes) was examined using GEE
analyses as above, introducing depressive history as a predictor.

To compare attention allocation patterns as a function of treat-
ment condition, percent dwell-time on sad faces was estimated using
a GEE model containing the main effects of time (eight training
sessions), treatment condition (GC-MRT, control), and their interac-
tion. Near-transfer of training to novel faces was estimated using
percent dwell-time on novel sad faces in a GEE model considering the
main effects of time (pretreatment, posttreatment, and follow-up),
group (GC-MRT, control), and their interaction. See the Supplemental
Material for results of additional models examining dwell-time on sad
and happy faces separately, using face type (happy/sad) as another
predictor. GEE analyses of percent dwell-time on sad faces during the
training sessions and in the three assessment points for completers
data are also provided in Supplemental Material.

To examine whether individual differences in near-transfer to
novel faces were correlated with clinical improvement, Pearson's
correlations were computed between change in clinical outcomes
(MADRS and BDI-1l) and change in percent dwell-time on sad faces
(subtraction scores) from pre- to posttreatment and from pretreat-
ment to follow-up.

To examine possible effects of expectancy and treatment cred-
ibility on clinical improvement, Pearson's correlations were com-
puted between pretreatment expectancy and credibility scores and
pre- to posttreatment change in clinical outcomes (MADRS and
BDI-II). Finally, to evaluate possible mediators of treatment out-
comes, additional exploratory analyses were conducted using gender

(male and female), comorbid generalized anxiety (diagnosed and not

diagnosed) and comorbid social anxiety (diagnosed and not diag-
nosed) as potential predictors, and age as a covariate in the above-

described models. All statistical tests were two-sided, with a <.05.

3 | RESULTS
3.1 | Preliminary analyses

The groups did not differ on age, gender distribution, education, first
versus multiple depressive episodes, clinician or self-rated depres-
sion, and percent dwell-time on sad faces at pretreatment (all ps >
.17, Table 1). In addition, groups did not differ in the number of
participants with current (GC-MRT: n = 3, control: n = 8) or past (GC-
MRT: n =21, control: n=22) pharmacological treatment (ps >.09).

3.2 | Clinical change in major depression symptoms
following treatment

3.2.1 | Primary outcome

Figure 3a depicts the results of the GEE model for MADRS scores.
Analysis revealed a main effect of time (Wald ;(2(2) =46.79,
p<.0001), as well as nonsignificant effects of group (Wald

TABLE 1 Demographic characteristics, depression and anxiety
symptoms, and attention bias scores by group at pretreatment,
posttreatment, and follow-up

GC-MRT group Control group

Variable M SD M SD

Age (years) 43.37 10.89 40.33 12.91

Years of education 14.3 2.76 13.67 2.4

MADRS score at 28.6 443 304 5.14
pretreatment

MADRS score at 24.1 7.03 24.53 8.4
posttreatment

MADRS score at follow-up 20.36 9.69 20.25 10.95

BDI-Il score at pretreatment 29.94 9.66 30.76 8.71

BDI-Il score at posttreatment 24.096 8.82 22.68 10.66
BDI-Il score at follow-up 18.67 13.18 20.14 11.92

Dwell-time on sad faces at 49.56 3.07 49.35 2.64
pretreatment (%)

Dwell-time on sad faces at 43.66 11.46
posttreatment (%)

45.63 7.25

Dwell-time on sad faces at 45.13 10.97 46.32 7.62
follow-up (%)

Abbreviations: BDI-II, Beck Depression Inventory-1l; GC-MRT, gaze-
contingent music reward therapy; MADRS, Montgomery-Asberg
Depression Rating Scale.
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FIGURE 3 MADRS (a) and BDI-II (b) scores by group and time.
Higher values indicate greater depression. Error bars denote the
standard error of the estimated mean. BDI-II, Beck Depression
Inventory-Il; GC-MRT, gaze-contingent music reward therapy;
MADRS, Montgomery-Asberg Depression Rating Scale

£2(1)=0.23, p=.629), and group x time (Wald x?(2) =0.59, p=.743).
Follow-up analysis revealed a reduction of symptoms from pre- to
posttreatment (p<.0001, d=0.80), and from posttreatment to
follow-up (p <.01, d =0.44).
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3.2.2 | Secondary outcome

Figure 3b depicts the results of the GEE model for the BDI-II scores.
Analysis indicated a main effect of time (Wald )(2(2) =44.10, p < .00001),
as well as a nonsignificant effects of group (Wald )(2(1) =0.02, p =.887),
and group x time (Wald ;(2(2)= 1.20, p =.548). Follow-up analysis re-
vealed a reduction from pre- to posttreatment (p <.0001, d =0.73) and
from posttreatment to follow-up (p <.01, d =0.35).

3.2.3 | First versus multiple depressive episodes

Table 2 presents the results for GEE models (MADRS and BDI-II) for
first versus multiple episodes. For the MADRS scores, a non-
significant trend-level group x time x depression history interaction
emerged (Wald ¥?(2) = 5.22, p = .073). Follow-up analysis revealed a
trend-level time x depression history interaction effect in the GC-
MRT group (Wald ¥%(2) =5.95, p=.051, Figure 4a), but not in the
control group (Wald ¥*(2) = 1.85, p =.397, Figure 4c). In the GC-MRT
group, MADRS depression scores decreased from pre- to posttreat-
ment in first-episode patients (p <.001, d = 1.57) but not in patients
with multiple past episodes (p =.208). However, the difference be-
tween first versus multiple episode patients at posttreatment was at
a nonsignificant trend level (p=0.061). MADRS scores remained
stable from posttreatment to follow-up in first-episode patients
(p =.335), whereas patients with multiple past episodes exhibited an
additional reduction in symptoms (p=.039, d =0.52), resulting in a
nonsignificant difference between patients with first versus multiple
episodes at follow-up (p =.34). Among first-episode patients, MADRS
depression scores did not differ between GC-MRT and control at
posttreatment (p=.181), but did differ at follow-up (p=.029,
d=0.997).

The same analysis for BDI-Il scores revealed a significant
effect of time (Wald )(2(2) =61.65, p<.0001), that was qualified
by a group x time x depression history interaction effect (Wald
;(2(2) =11.57, p<.01). Follow-up analysis revealed a timex
depression history interaction in the GC-MRT group (Wald

TABLE 2 Depression estimated scores by group at pretreatment, posttreatment, and follow-up among patients with first versus multiple

depressive episodes

GC-MRT group

Control group

Pre Post Follow-up Pre Post Follow-up

Variable M SD M SD M SD M SD M SD M SD
MADRS

F. Episode 29.30 2.33 21.27 6.83 18.12 9.46 31.63 6.69 27.26 11.12 25.58 4.72

M. Episodes 28.25 5.14 25.62 6.32 21.42 9.61 29.95 435 23.73 7.33 18.50 11.46
BDI-II

F. Episode 3271 9.51 18.77 7.91 15.05 7.56 30.47 10.86 25.08 11.05 23.85 8.57

M. Episodes 28.55 9.44 26.71 8.11 20.34 14.00 30.87 7.79 21.94 10.07 18.86 12.08

Abbreviations: BDI-Il, Beck Depression Inventory-Il; F. Episode, first-episode; GC-MRT, gaze-contingent music reward therapy; M. Episode, multiple

episodes; MADRS, Montgomery-Asberg Depression Rating Scale.
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FIGURE 4 MADRS and BDI-II scores in the GC-MRT (a and b) and control (c and d) groups by time by history of depressive episodes. Higher
values indicate greater depression. Error bars denote the standard error of the estimated mean. BDI-II, Beck Depression Inventory-II; GC-MRT,
gaze-contingent music reward therapy; MADRS, Montgomery-Asberg Depression Rating Scale

£%(2)=9.61, p<.01, Figure 4b), but not in the control group (Wald
)(2(2)=1.91, p =.385, Figure 4d). In the GC-MRT group, BDI-II
scores decreased from pre- to posttreatment in first-episode pa-
tients (p <.0001, d=1.59) but not in patients with multiple past
episodes (p =.324), and a significant difference emerged between
patients with first versus multiple episodes at posttreatment
(p=.012, d=0.98). Finally, while BDI-Il scores remained stable

from posttreatment to follow-up in first-episode patients
(p =.173), patients with multiple past episodes exhibited a reduc-
tion in symptoms (p=.022, d =0.56). A nonsignificant difference
emerged between patients with first versus multiple episodes at
follow-up (p=.291). Among first-episode patients, BDI-II depres-
sion scores did not differ between GC-MRT and control at post-
treatment (p =.174), but did differ at follow-up (p =.023, d = 1.09).
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3.3 | Change in attention allocation across
treatment sessions

Average dwell-time on sad faces in the first five matrices of the first
treatment session was used to compare baseline performance of the
GC-MRT (M=44.98, SD=10.27) and control (M=46.66, SD =9.32)
groups, which did not differ at baseline (t(56) = -0.59, p = .56). Results
of the GEE model for percent dwell-time on sad faces across training
sessions are depicted in Figure 5a. Main effects of group (Wald
x*(1)=13.61, p<.001), and session (Wald x*(8) = 35.32, p <.0001),
were qualified by a group x session interaction (Wald x%(8) = 42.13,
p <.00001), reflecting differential learning in the two groups. Follow-
up analysis indicated that while no difference between groups in
percent dwell-time on sad faces was evident in the first training
session (t(57) =-0.44, p=.66), a significant between-groups differ-
ence was manifested in Sessions 2-8 (all ps < .01). Percent dwell-time
on sad faces decreased by 17.74% between Sessions 1-8 in the GC-
MRT group (p <.0001, d = 0.91), whereas no learning was evident in
the control group (p=.14). A significant linear and quadratic trends
emerged in the GC-MRT group (Fs(1,20) = 7.74 and 5.44, ps < .01 and
.03, respectively), but not in the control group (both ps>.49).

Percent Dwell-Time on Sad Faces by Group and by Time
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FIGURE 5 Percent dwell-time on sad faces by group and
treatment session (a; Session 1-8) and percent dwell-time on sad
faces not used in training by group and assessment session

(b; pretreatment, posttreatment, and follow-up). GC-MRT, gaze-

contingent music reward therapy

Additional analyses examining dwell-time (ms) for each face type
separately revealed that GC-MRT training led to both decreased
dwell-time on sad faces and increased dwell-time on happy faces (see

Supplemental Material for complete analyses and results).

3.4 | Change in attention allocation to novel faces

Figure 5b presents the results of the GEE model for percent dwell-
time on sad faces not used in training at pretreatment, posttreat-
ment, and follow-up. Analysis revealed a main effect of time (Wald
£2(2) = 14.94, p < .01), and nonsignificant effects of group (Wald x*(1)
=043, p=.51), and group xtime interaction (Wald x*(2)=0.74,
p =.69). Follow-up analysis revealed reduction in percent dwell-time
on sad faces from pre- to posttreatment (p <.001, d =0.68), and no
change from posttreatment to follow-up (p=.31, d=-0.11).

Pearson's correlations between changes in percent dwell-time on
sad faces and MDD symptoms from pre- to posttreatment and from
pretreatment to follow-up revealed nonsignificant correlations for
the MADRS (rs(48) = 0.18 and .32, ps =.22 and .08, respectively), and
significant correlations for the BDI-Il (rs(47) =0.36 and .38, ps =.01
and .04, respectively).

3.5 | GC-MRT rule-learning

Thirteen participants in the GC-MRT group reported that they had
learned the contingency between face emotion and music embedded
in the training task. GEE analysis of percent dwell-time on sad faces
across the training sessions within the GC-MRT group, with explicit
rule-learning (yes, no) as a between-subjects variable and Session
(1-8) as a within-subjects variable, revealed a main effects of session
(Wald )(2(8) =104.65, p<.0001), and rule-learning (Wald
;(2(1) =76.67, p<.0001), which were subsumed under a rule-
learning x session interaction effect (Wald )(2(8) =100.29, p <.0001;
see Figure S1). Follow-up analysis indicated that while no difference
in percent dwell-time on sad faces between explicit rule learners and
non-learners was evident in the first training session (t(17.46) = 1.83,
p=.08), a significant between-groups difference was manifested in
Sessions 2-8 (all ps <.01). Percent dwell-time on sad faces decreased
by 26.7% from Session 1-8 among those who explicitly reported the
rule (p<.0001, d=1.41), whereas no learning was indicated among
those who did not (p =.77). A significant linear and quadratic trends
emerged among those who explicitly learned the contingency (Fs
(1,10) = 15.06 and 41.50, ps<.01 and .001, respectively), but not
among those who did not (Fs(1,9) = 0.27 and 4.80, ps =.614 and .056,
respectively).

Importantly, however, even those who explicitly learned the
contingency did not generalize this knowledge to new faces (Wald
;{2(2) =2.63, p=.268, Figure S1), and had no advantage over those
who did not report the rule in clinician-rated (MADRS, Wald
£2(2)=1.81, p=.40), or self-reported (BDI-lIl, Wald x?(2)=4.23,
p =.12) depression.
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3.6 | Effects of expectancy and treatment
credibility on clinical outcome

Following explanation at baseline, patients found the treatment ra-
tional moderately credible (M = 6.07, SD = 1.90) and expected a mean
of ~54% improvement in their symptoms. Importantly, expectancy
and credibility were not associated with treatment outcomes
(MADRS or BDI-Il), rs range = -.29 to .20, all ps >.10.

3.7 | Additional potential mediators

Models that included gender, comorbid generalized anxiety, and co-
morbid social anxiety as additional predictors yielded no difference
from the above-detailed results for MADRS, BDI-Il, and percent
dwell-time on sad faces during assessment sessions (all ps >.20).
Models that included age as a covariate yielded no difference from
the original results for MADRS and percent dwell-time on sad faces
during assessment sessions (all ps>.08). For self-reported BDI-II
scores, a significant group x time x age interaction effect emerged
(Wald )(2(2) =8.07, p=.018). However, follow-up analyses, introdu-
cing age as a covariate, revealed no differences between groups at
posttreatment or at follow-up (Fs=0.20 and 0.39, ps =.66 and .54,

respectively).

4 | DISCUSSION

This study examined the efficacy of GC-MRT, a novel gaze-
contingent feedback-based therapy, for patients with MDD. Results
indicate effective target engagement in the GC-MRT group, reflected
in reduced dwelling on sad faces over time, but no near-transfer
generalization of learning to new faces. Reduction in depressive
symptoms occurred in both groups with no advantage for GC-MRT.
While some evidence emerged for moderation by past depression
history, results only emerged in a posthoc analysis and mainly for the
secondary outcome measure.

Lack of group differences in symptom reduction may be attrib-
uted to lack of learning generalization in the GC-MRT group. Gen-
eralization of training is essential for clinical efficacy in ABM.
Modification of behavior during training sessions alone is unlikely to
result in far-transfer therapeutic effect (Hertel & Mathews, 2011).
Indeed, in the current study, change in bias toward novel sad faces
was correlated with self-reported depression severity, suggesting
that individuals who better generalized the learning contingency also
manifested greater far-transfer therapeutic effect. Previous GC-MRT
studies in anxiety patients did show group differences in near-
transfer effects and in symptom reduction (Lazarov et al., 2017;
Linetzky et al, 2019). In contrast, the depressed patients in the
current study showed no generalization of learning to untrained fa-
ces. This difference in findings may be related to deficient reward
processing in MDD (Eshel & Roiser, 2010; Nestler & Carlezon, 2006;
Whitton, Treadway, & Pizzagalli, 2015). More specifically, Anderson,

Leal, Hall, Yassa, and Yantis (2014) demonstrated that while de-
pressed individuals were capable of learning associations between
stimuli and reward, they later failed to modulate their attention to
such associations outside the training sessions. Similarly, in the pre-
sent study, even participants in the GC-MRT group that managed to
learn the reward contingency during training failed to generalize the
learned contingency to novel faces outside the treatment sessions.
To shed light on the mechanisms underlying such learning deficits,
future studies could compare the GC-MRT-related learning and
generalization processes of patients with MDD and nondepressed
individuals.

While in the current study symptoms reduction did not differ
between groups, a significant symptom reduction was evident in
both, which could have occurred for many reasons. First, this may
reflect spontaneous remission characterizing the natural course of
depressive episodes (Whiteford et al., 2013). However, this account
is somewhat unlikely given that the observed symptom reductions
occurred after a 4-week treatment, whereas spontaneous remission
in MDD typically occurs after longer time periods (Posternak
et al, 2006). Moreover, the persistence of improvement at post-
treatment follow-up also suggests a change in symptom trajectories
related to some aspect of study participation. Second, it is possible
that similar expectations for improvement in both groups drove
clinical results. Pretreatment expectancies have been found to pre-
dict symptoms change in MDD (Webb, Kertz, Bigda-Peyton, &
Bjorgvinsson, 2013), and evidence points to strong placebo response
among depressed patients (Rief et al., 2009). Importantly, however, in
the current study pretreatment expectancies were not associated
with symptoms change, therefore somewhat diminishing the like-
lihood of this explanation. Third, a common therapeutic mechanism
could conceivably be shared across the two treatment conditions.
One possible mechanism is the therapeutic effect of music per se
(Erkkila et al., 2011; Maratos, Gold, Wang, & Crawford, 2008), which
has been shown to improve mood and increase arousal (Juslin &
Sloboda, 2013; Salimpoor, Benovoy, Longo, Cooperstock, & Zatorre,
2009). Moreover, assuming that music itself indeed has a therapeutic
effect, this could explain the lack of group difference in clinical out-
comes. Specifically, while participants in the control group listened to
music continuously without interruptions, participants in the
GC-MRT group listened to interrupted music based on their gaze
patterns. Thus, the therapeutic effect of GC-MRT might have been
masked by an enhanced effect of music in the control condition.
Future studies could attempt to tackle this possibility by using
different control conditions better controlling for music exposure
(e.g., yoked music between participants in the different groups or a
no music control condition).

The results do not indicate superior clinical efficacy for GC-MRT
over a control condition. Nevertheless, additional analyses suggest
that GC-MRT may have enhanced efficacy for patients dealing with
their first depressive episode, as indicated by self-reported depres-
sion (not observed when using the clinician-rated measure). This
tentative finding is in line with Gorwood et al. (2010), who found that

multiple depressive episodes are associated with poor treatment
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response in MDD. GC-MRT requires cognitive control and relies on
reward processing, both of which have been associated with the
number of previous depressive episodes (Morgan et al., 2016;
Vanderhasselt & De Raedt, 2009). Given the exploratory nature of
these analyses in the current study, future research should further
test whether GC-MRT may be more efficacious for patients on their
first depressive episode and devise training protocols that improve
near transfer of training to other faces.

The current study carries some limitations. First, since previous
research has found both attention bias toward sad faces and away
from happy faces (Duque & Vazquez, 2015; Lazarov et al., 2018), our
training and measurements included both facial expressions pre-
sented concurrently. However, a study on ABM for patients with
MDD demonstrated a near-transfer effect for sad-neutral faces, but
not for happy-neutral faces (Beevers, Clasen, Enock, & Schnyer,
2015). It is possible that by presenting sad and happy facial expres-
sions simultaneously this direct effect was blunted. Future studies
could use matrices of neutral and emotional faces (e.g., sad-neutral)
to maximize independent effects. Second, the current study has a
modest sample size that may possess limited power to detect small
between-group differences. Relatedly, the current study is potentially
underpowered to systematically explore the effect of depression
history on treatment outcome. We preliminarily examined the effect
of first versus multiple depressive episodes on treatment outcome
with no direct control over the number of first-episode patients in
the study. Future research is advised to control for this important
variable and ascertain larger numbers of participants with different

depression histories.

5 | CONCLUSION

This RCT is the first to examine efficacy of GC-MRT for MDD. No
specific treatment effects were found, though preliminary findings
tentatively suggest a potential moderation by depression history.
Lack of near-transfer learning may account for the failure to
observe group differences, reflecting deficits in reward learning
among MDD patients. Future studies might adapt the current
GC-MRT procedures in an attempt to improve learning general-
ization among MDD patients or to bypass this potential learning-
related deficit. As compared with anxiety disorders, more
research on underlying mechanism is needed to inform refine-
ments in GC-MRT for MDD.
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