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ABSTRACT
Objective: Differential predictors of response to alternative 
treatment options are needed to improve the outcomes in 
major depressive disorder. The symptom dimension comprising 
loss of interest and reduced activity has been reported as a 
predictor of poor outcome of treatment with antidepressants. We 
hypothesized that augmentation with partial dopamine agonist 
aripiprazole will be effective for individuals with pronounced 
interest-activity symptoms.

Methods: We tested the hypothesis in the 2-phase Canadian 
Biomarker Integration Network in Depression trial 1 (CAN-
BIND-1). All participants had a primary diagnosis of major 
depressive disorder confirmed with the Mini-International 
Neuropsychiatric Interview. In phase 1, 188 individuals received 
escitalopram monotherapy 10–20 mg daily for 8 weeks. In phase 
2, nonresponders received augmentation with aripiprazole 2–10 
mg daily while responders continued escitalopram monotherapy 
for another 8 weeks. Outcomes were measured with the 
Montgomery-Åsberg Depression Rating Scale (MADRS) every 2 
weeks. Effects of baseline interest-activity symptoms on outcomes 
were tested in repeated-measures mixed-effects models.

Results: Higher baseline interest-activity score (indicative of more 
severe loss of interest and reduction in activity) predicted worse 
outcome of escitalopram monotherapy in phase 1 (b = 1.75; 95% 
CI, 0.45 to 3.05; P = .009), but the association disappeared with the 
augmentation option in phase 2 (b = −0.19; 95% CI, −1.30 to 0.92; 
P = .739). A significant interaction between the baseline interest-
activity score and aripiprazole reflected the opposite direction 
of the relationship between baseline interest-activity score and 
degree of improvement with escitalopram monotherapy versus 
aripiprazole augmentation (b = −1.60; 95% CI, −2.35 to −0.84; 
P < .001).

Conclusions: Individuals with prominent loss of interest and 
reduction in activity benefit less from escitalopram monotherapy 
and more from aripiprazole augmentation. Future trials may test 
the benefits of early prodopaminergic augmentation guided by 
interest-activity symptoms.
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Major depressive disorder (MDD) continues to 
be a leading cause of disability partly because of 

limited efficacy of available treatments.1 While dozens of 
antidepressants and augmentation strategies are available, 
each one has variable success, and fewer than half of 
individuals with depression experience remission with 
their first prescribed treatments.2 Most individuals with 
depression eventually find an effective treatment after several 
trials,3 but there is a significant personal and societal cost 
attached to the delay in reaching remission. Many individuals 
with depression give up on trying other treatments if the 
first treatment attempt does not provide benefits.4,5 In 
combination, the availability of multiple treatment options 
and individually variable outcomes suggest that there is 
potential to reduce depression burden with personalized 
indications for existing treatments.6

https://clinicaltrials.gov/ct2/show/NCT01655706?term=NCT01655706&draw=2&rank=1
http://www.canbind.ca/about-can-bind/our-team/executive-committee/
http://www.canbind.ca/about-can-bind/our-team/executive-committee/
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Tapping the potential of existing treatments requires 
reliable predictors of treatment-specific outcomes.7,8 Several 
predictors of depression treatment outcomes have been 
identified, but most predictors are not robust enough to 
be clinically meaningful or are not specific to a particular 
treatment.8–11 Some biological differential predictors of 
alternative treatment outcomes have been reported and are 
awaiting replication,12,13 but symptom-based predictors may 
be more feasible for clinical practice. A symptom dimension 
of loss of interest and reduced activity was previously reported 
to be a strong and replicable predictor of poor outcome of 
treatment with commonly used antidepressants.14 The 
symptom score is easy and inexpensive to obtain, and 
it predicted outcome with a clinically meaningful effect 
size. However, higher scores on the symptom dimension 
predicted worse outcome with all antidepressants that were 
examined.14 If it is not known what alternative treatment is 
needed for those with predicted poor outcome with standard 
treatment, the clinical application of the predictor remains 
limited.

Interest and activity are part of the positive mood 
domain that may be distinct from the distress/negative 
mood domain of depressive symptoms. It has been 
suggested that positive and negative affect domains may be 
modulated through different monoamine neurotransmitter 
systems. While the distress dimension may be primarily 
modulated by serotonin, the positive mood dimension 
may be modulated through dopaminergic signaling.15,16 
Individuals with MDD who report profound loss of interest 
and severely reduced activity responded less well to both 
serotonergic (citalopram, escitalopram) and noradrenergic 
(nortriptyline) antidepressants.14 In a separate study,17,18 the 
prodopaminergic antidepressant bupropion led to greater 
improvement in positive mood symptoms, including 
increases in interest and activity. The potential of other, more 
potent dopaminergic treatments, such as partial dopamine 
agonists aripiprazole and brexpiprazole, to improve 
interest and activity remains to be established. Animal 
data suggest that antidepressant effects of an aripiprazole-
escitalopram combination are mediated through specific 
effects on activity levels.19 Dopamine agonists have also 
been shown to be effective in MDD when they are used in 
combination with other antidepressants and are often used 

as augmentation of selective serotonin reuptake inhibitors 
(SSRIs).20,21 We hypothesized that individuals with MDD 
who score high on the loss of interest and activity symptom 
dimension will respond poorly to monotherapy with an SSRI 
but will benefit from augmentation with a partial dopamine 
agonist. We tested this hypothesis in a clinical trial with 
initial escitalopram monotherapy followed by aripiprazole 
augmentation (see Kennedy et al22 for the initial report of 
results from this trial).

METHODS

Participants
Canadian Biomarker Integration Network in Depression 

trial 1 (CAN-BIND-1) enrolled 211 adults (78 men and 133 
women) with MDD in a multisite, 2-phase, 16-week treatment 
study. Six study sites in 5 Canadian cities (Vancouver, 
Calgary, Hamilton, Toronto, Kingston) enrolled participants 
between August 2013 and December 2016 following the 
same protocol.23 The study was approved by Research 
Ethics Boards of participating institutions, written informed 
consent was obtained from all participants, and the study was 
registered at ClinicalTrials.gov (identifier: NCT01655706).

Inclusion criteria were age 18 to 60 years, ability to 
understand and fluently speak English, diagnosis of MDD 
confirmed with the Mini-International Neuropsychiatric 
Interview (MINI),24 current depressive episode lasting 
3 months or longer, and a minimum score of 24 on the 
Montgomery-Åsberg Depression Rating Scale (MADRS).25 
Exclusion criteria were lifetime diagnosis of bipolar I or 
bipolar II disorder, current psychotic symptoms, current 
substance use disorder, suicide risk incompatible with 
outpatient treatment, previous unsuccessful trials of study 
medication (escitalopram, aripiprazole), pregnancy, or 
breastfeeding.23 The mean (SD) age of participants at baseline 
was 35.30 (12.65) years (Table 1).

The study was open-label, and all participants knew what 
treatment they were receiving. However, both participants 
and raters were unaware of the hypothesis concerning 
interest-activity symptoms. Interest-activity symptom scores 
were calculated only when the entire data collection stage of 
the study was completed.

Treatments
In phase 1 (week 0 to week 8), all participants were offered 

the same treatment with the antidepressant escitalopram for 
8 weeks. Escitalopram is an SSRI with a favorable efficacy-
tolerability profile in the treatment of MDD.2,26 Escitalopram 
monotherapy was started immediately after the baseline 
(week 0) assessment and adjusted during pharmacotherapy 
visits with a study psychiatrist every 2 weeks. The psychiatrists 
followed a treatment protocol. Escitalopram was started at 10 
mg to be taken once daily with food. In participants who could 
tolerate escitalopram, the dose was increased to 20 mg once 
daily at week 2. The maximum tolerated dose (10–20 mg) was 
continued for the remainder of the trial. At week 8 (end of 
phase 1), the outcome was evaluated as proportion reduction 

Clinical Points
 ■ Why some patients with depression improve with a 

single antidepressant but others require multiple trials or 
combination treatment is unknown. This study looked at 
symptom profiles of depressed patients, including loss of 
interest and reduction in activity.

 ■ Depressed patients with relatively preserved interest 
and activity will very likely benefit from treatment with 
escitalopram alone.

 ■ Depressed patients who have lost interest and are inactive 
may require adjunctive treatment with aripiprazole in 
addition to escitalopram.

https://clinicaltrials.gov/ct2/show/NCT01655706?term=NCT01655706&draw=2&rank=1
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in the primary outcome measure compared to baseline (week 
0) measurement. In phase 2 (week 8 to week 16), participants 
were offered further treatment depending on the outcome 
of phase 1. Those who achieved response (defined as 50% 
reduction on the primary outcome measure) by week 8 
continued treatment with escitalopram alone for another 8 
weeks.22,23 Those who did not meet response criteria at week 
8 were offered augmentation with aripiprazole. Aripiprazole 
is a partial dopamine agonist, which can enhance dopamine 
transmission if dopamine availability is low and act as a 
functional antagonist in conditions of accrued dopamine 
levels.27–29 Aripiprazole added to serotonin reuptake 
inhibitor antidepressants is an effective augmentation 
strategy recommended in cases of partial response or 
nonresponse to first-line antidepressants.26,30,31 Aripiprazole 
was started immediately after week 8 assessment (at the 
beginning of phase 2) at a dose of 2 mg taken once a day. At 
week 10, aripiprazole could be increased to 5 mg once daily 
in those who could tolerate it. Further increase to 10 mg was 
optional, depending on the tolerability and efficacy for the 
participant.22,23 Benztropine or propranolol was available for 
the management of treatment-emergent movement-related 
adverse effects. All participants continued escitalopram 
throughout phase 2. At weeks 2, 8, and 16, we measured 
levels of escitalopram, aripiprazole, and their metabolites to 
confirm compliance with prescribed medication.

Measurement
We assessed the severity of depressive symptoms with 

2 scales, 1 clinician-rated and 1 self-report. The primary 
outcome measure was the clinician-rated MADRS, 
administered by trained clinical interviewers at baseline 
and in 2-week intervals through the 16-week trial.25 The 
second severity rating scale was the Quick Inventory for 
Depressive Symptomatology, Self-Report (QIDS-SR), 
completed by participants at baseline and weeks 2, 4, 8, 10, 
12, and 16.32 We calculated the interest-activity symptom 
score as the sum of 6 items that were previously identified 
through item-response factor analysis and used to score 
interest-activity in the Genome-based Therapeutic Drugs 
for Depression (GENDEP) and Sequenced Treatment 
Alternatives to Relieve Depression (STAR*D) studies.14,33 
Specifically, the MADRS items concentration, lassitude, and 
inability to feel and QIDS-SR items concentration, interest, 
and energy were used. As in the original interest-activity 
study,14 the QIDS-SR items with response options ranging 
from 0 to 3 were doubled to give them a weight equal to that 
of the MADRS items, whose response options range from 0 
to 6. Only baseline measurements were used in calculating 
the interest-activity score. Higher interest-activity score 
corresponds to more severe symptoms, including loss of 
interest and reduction in activity.

Statistical Analysis
The dependent variable was the total MADRS score at 

weeks 2 to 16. The predictor of interest was the interest-activity 
symptom score measured at baseline, before participants 

received study medication. We tested our hypothesis with 
mixed-effects models for repeated measurements (MMRM) 
with linear and quadratic effects of time in study. All models 
were controlled for total depression severity at baseline, 
participant age and sex, and recruitment site as fixed effects. 
The random effect was used to model the non-independence 
of repeated observations from the same individual. All 
valid outcome measures were used. No data were imputed. 
Models were fitted using full maximum likelihood with the 
missing-at-random assumption, which is more realistic 
and less restrictive than the missing-completely-at-random 
assumption. The MMRM approach to missing data in 
clinical trials has been shown to be preferable to both the 
traditional last-observation-carried-forward and multiple-
imputation approaches.34–36 We tested our hypothesis in 
3 stages. First, we tested the effects of baseline interest-
activity on the outcome of escitalopram monotherapy in 
phase 1 of the CAN-BIND-1 trial (weeks 2 to 8) to confirm 
that the previously reported finding that interest-activity 
predicts worse outcome of escitalopram monotherapy is 
reproducible in the current dataset. Second, we examined 
the effect of baseline interest-activity on outcomes in phase 
2 (weeks 10 to 16) to assess whether the predictive effect of 
interest-activity was modified through introduction of the 
aripiprazole augmentation option. Third, we directly tested 
the hypothesized differential prediction of outcomes with and 
without aripiprazole augmentation as an interaction between 
baseline interest-activity and aripiprazole prescription across 
the entire trial (weeks 2 to 16). We interpret effect with P 
values smaller than .05 as statistically significant. We report 
effect sizes of prediction as number of MADRS points per 
1 standard deviation in baseline interest-activity score. In 

Figure 1. Flow of Participants Through the Study

 

 4 Nonadherent to 
study medication

 19 No post-baseline 
outcomes

  22 No outcomes 
after week 8

 211 Enrolled

188 Included in phase 1 
analyses

166 Included in 
phase 2 analyses
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addition, we calculate standardized effect sizes as the 
number of standard deviations in outcome change per 
1 standard deviation difference in the predictor. In all 
analyses, we used the baseline interest-activity score 
as a continuous variable. For purposes of visualization 
only, we stratified the sample by terciles of baseline 
interest-activity score.

RESULTS

Participants Treatment and Data Completeness
Of the 211 enrolled participants, 19 did not 

complete any postbaseline assessments and an 
additional 4 participants were excluded because blood 
tests suggested that they did not take study medication 
(Figure 1). The remaining 188 participants were 
included in phase 1 analyses. Those who did not 
provide outcome data or did not take study medication 
were on average less severely depressed according 
to self-report measures and had milder interest-
activity symptoms but did not differ on demographic 
characteristics from the included participants (Table 
1).

Of the 188 participants who provided outcome 
data, 22 discontinued participation between weeks 
2 and 10. The remaining 166 who provided valid 
outcome data during at least 1 assessment from week 
10 to week 16 were included in phase 2 analyses. 
Those who did not provide outcome data toward 
phase 2 analyses were more likely not to be married 
or in a cohabiting relationship and to report ethnicity 
other than White/European but were similar on other 
demographic and clinical characteristics to those 
included in phase 2 analyses (Table 2).

Of the 166 phase 2 participants, 90 received 
augmentation with aripiprazole. Participants 

who received aripiprazole augmentation had higher scores on 
depression rating scales and higher scores of interest-activity at 
baseline compared to those who continued to receive escitalopram 
alone (Table 3).

Interest-Activity Symptoms and Outcome of Escitalopram 
Monotherapy

First, we examined how baseline interest-activity symptom score 
affected response to escitalopram monotherapy over the 8 weeks of 

Table 2. Sample Description and Comparison of Participants 
Who Were and Were Not Included in Phase 2 Analyses

Not Included 
in Phase 2 
Analyses 
(n = 45)

Included 
in Phase 2 
Analyses 
(n = 166)

Test of 
Difference

Variable n % n % χ2 P
Female 33 73.3 100 60.2 2.60 .107
Married/cohabiting 5 11.1 50 30.1 6.64 .010
Employed/student 29 64.4 102 61.4 0.14 .713
White/European 26 57.8 124 74.7 4.93 .026
Comorbid anxiety disorder 20 44.4 79 47.6 0.14 .708
Comorbid substance use 1 2.2 7 4.2 0.39 .534

Mean SD Mean SD t P
Age, y 32.9 12.9 36.0 12.5 −1.45 .149
Baseline MADRS total score 29.6 5.8 29.9 5.6 −0.34 .732
Baseline QIDS-SR total score 14.8 4.0 4.0 4.1 −1.81 .072
Baseline interest-activity scorea 20.1 4.5 21.4 4.8 −1.53 .128
aThe interest-activity score was calculated as the sum of the MADRS items 

concentration, lassitude, and inability to feel and the QIDS-SR items 
concentration, interest, and energy.

Abbreviations: MADRS = Montgomery-Asberg Depression Rating Scale;  
QIDS-SR = Quick Inventory of Depressive Symptomatology, Self-Report.

Table 3. Comparison of Participants Who Did and Did not Receive 
Aripiprazole Augmentation in Phase 2 of the CAN-BIND-1 Trial

Continued
Escitalopram 
Monotherapy 

(n = 76)

Aripiprazole 
Augmentation 

(n = 90)
Test of 

Difference
Variable n % n % χ2 P
Female 50 65.8 50 55.6 1.80 .179
Married/cohabiting 20 26.3 30 33.3 0.96 .326
Employed/student 47 61.8 55 61.1 0.01 .923
White/European 54 71.1 70 77.8 0.99 .321
Comorbid anxiety disorder 37 48.7 42 46.7 0.07 .795
Comorbid substance use 2 2.6 5 5.6 0.87 .350
Responder at week 8 (MADRS) 74 97.4 2 2.2 139.26 < .001
Responder at week 16 (MADRS) 69 90.8 56 62.2 18.08 < .001

Mean SD Mean SD t P
Age, y 35.6 12.4 36.3 12.7 −0.33 .740
Baseline score

MADRS total 28.8 5.4 30.9 5.6 −2.41 .017
MADRS interest-activity items 9.9 2.3 10.6 2.0 −2.15 .033
Other MADRS items 18.9 4.0 20.3 4.4 −2.04 .043
QIDS-SR total 15.1 3.9 16.8 4.1 −2.76 .007
QIDS-SR interest-activity  

items
5.2 1.6 5.8 1.8 −2.32 .022

Other QIDS-SR items 9.9 2.8 11.0 2.8 −2.52 .013
Interest-activitya 20.3 4.8 22.3 4.6 −2.67 .008

aThe interest-activity score was calculated as the sum of the MADRS items 
concentration, lassitude, and inability to feel and the QIDS-SR items concentration, 
interest, and energy.

Abbreviations: CAN-BIND-1 = Canadian Biomarker Integration Network in 
Depression trial 1; MADRS = Montgomery-Asberg Depression Rating Scale; 
QIDS-SR = Quick Inventory of Depressive Symptomatology, Self-Report.

Table 1. Sample Description and Comparison of Participants 
With and Without Valid Outcome Data

Not Included 
in Analyses 

(n = 23)

Included 
in Phase 1 
Analyses 
(n = 188)

Test of 
Difference

Variable n % n % χ2 P
Female 18 78.3 115 61.2 2.57 .109
Married/cohabiting 4 17.4 51 27.1 1.01 .315
Employed/student 13 56.5 118 62.8 0.34 .560
White/European 13 56.5 137 72.9 2.67 .103
Comorbid anxiety disorder 12 52.2 87 46.3 0.29 .593
Comorbid substance use 0 0.0 8 4.3 1.02 .313

Mean SD Mean SD t P
Age, y 35.9 13.4 35.2 12.6 0.23 .821
Baseline MADRS total score 28.4 5.9 30.1 5.6 −1.35 .179
Baseline QIDS-SR total score 14.1 3.8 16.0 4.1 −2.08 .039
Baseline interest-activity scorea 18.5 3.4 21.4 4.8 −2.78 .006
aThe interest-activity score was calculated as the sum of the MADRS items 

concentration, lassitude, and inability to feel and the QIDS-SR items 
concentration, interest, and energy.

Abbreviations: MADRS = Montgomery-Asberg Depression Rating Scale; 
QIDS-SR = Quick Inventory of Depressive Symptomatology, Self-Report.
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Figure 2. Baseline Interest-Activity Symptoms and Improvement in Depressive Symptoms in 166 Participants Who Provided 
Valid Outcome Data for Phase 1 and Phase 2 of the CAN-BIND-1 Triala

aBoth panels show results for the same group of participants. The numbers of individuals in terciles 1, 2, and 3 are 55, 55, and 56 respectively. The y-axis shows 
the mean percentage improvement in MADRS total score from baseline to week 8 in the left panel and to week 16 in the right panel. The error bars show 1 
standard error on each side of the mean.

Abbreviations: CAN-BIND-1 =  Canadian Biomarker Integration Network in Depression trial 1, MADRS = Montgomery-Asberg Depression Rating Scale.
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Phase 1: Escitalopram monotherapy 
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Phase 2: Aripiprazole augmentation 

treatment. Escitalopram was titrated up to a mean dose of 
18.7 mg (range, 10–20 mg), and 188 participants provided 
valid outcome data while on escitalopram monotherapy. 
Escitalopram dose was not significantly related to the 
baseline score of interest-activity (b = 0.34; 95% CI, −0.13 to 
0.81; P = .153). After controlling for baseline total MADRS 
score, age, sex, and site, each 1 standard deviation in 
baseline interest-activity score was associated with a 1.75-
point increase in the MADRS scores during escitalopram 
treatment (b = 1.75; 95% CI, 0.45 to 3.05; P = .009). The 
standardized effect size of this prediction was 0.18 (95% 
CI, 0.05 to 0.32). Overall, individuals who reported greater 
loss of interest and lack of activity at baseline experienced 
substantially less reduction in their overall depression scores 
with escitalopram (Figure 2, left panel).

Interest-Activity Symptoms and Outcome of 
Aripiprazole Augmentation

Across the 166 participants, the baseline interest-activity 
symptoms were no longer associated with treatment 
outcome during phase 2 (b = −0.19; 95% CI, −1.30 to 0.92; 
P = .739) and the overall degree of improvement was similar 
for individuals with low and high levels of interest-activity 
symptoms at baseline (Figure 2, right panel).

Aripiprazole was titrated to a mean dose of 5.0 mg (range, 
2–10 mg) daily. Among those who received augmentation, 
aripiprazole dose was not significantly associated with 
baseline interest-activity (b = 0.59; 95% CI, −0.01 to 1.18; 
P = .052).

There was a significant interaction between the baseline 
interest-activity score and aripiprazole in their effect on 
MADRS score reduction (b = −1.60; 95% CI, −2.35 to −0.84; 
P < .001). The standardized effect size of this interaction was 
0.15 (95% CI, 0.07 to 0.23). Higher baseline interest-activity 
symptoms were associated with less improvement during 
escitalopram monotherapy but more improvement during 
aripiprazole augmentation (Figure 3).

Additional analyses, including the change in self-reported 
depressive symptoms and change in interest-activity and 
other depressive symptoms, are reported in Supplementary 
Appendix 1 and Supplementary Figures 1–5.

DISCUSSION

The domain of symptoms consisting of loss of interest and 
reduced activity level was previously identified as a strong 
predictor of poor outcome of treatment with antidepressant 
monotherapy. In addition to replicating this earlier finding, 
we found that the same domain of symptoms is associated 
with a relatively good outcome of augmentation with 
aripiprazole, a partial dopamine agonist. This new finding 
suggests that an easily obtainable predictor, considered until 
now as a predictor of a negative outcome, may also be used 
as an indicator or predictor of a positive outcome for an 
add-on treatment with a potential of improving outcomes 
of depression in clinical practice.

The symptom dimension of interest-activity was identified 
in a combined item factor analysis of clinician-rated and 



Yo
u 

ar
e 

pr
oh

ib
it

ed
 fr

om
 m

ak
in

g 
th

is
 P

D
F 

pu
bl

ic
ly

 a
va

ila
bl

e.

For reprints or permissions, contact permissions@psychiatrist.com. ♦ © 2020 Copyright Physicians Postgraduate Press, Inc.

It is illegal to post this copyrighted PDF on any website.

e6     J Clin Psychiatry 81:4, July/August 2020

Uher et al

self-report measures of depression severity as a grouping of 
symptoms including loss of interest, lack of motivation, low 
energy, and reduced activity.33 Individuals with MDD who 
reported more severe interest-activity symptoms responded 
less well to treatment with citalopram, escitalopram, and 
nortriptyline in 2 large depression treatment trials.14,37 
The predictive effect of interest-activity symptoms was 
robust to statistical control for overall severity of symptoms, 
suggesting that among individuals with similar overall 
depression severity, those who endorse other depressive 
symptoms (eg, depressed mood, worthlessness, insomnia, 
suicidal ideation) derive more benefits from antidepressants 
than those with loss of interest and reduced activity. The 
predictive effect of interest-activity was replicated in the first 
8 weeks of the CAN-BIND-1 study, when all participants 
received treatment with escitalopram monotherapy. The 
consistency of findings across 3 multicenter trials conducted 
in Europe, the United States, and Canada suggests that the 
symptom dimension of interest-activity is a generalizable 
predictor of treatment outcome with frequently prescribed 
antidepressants.

Generalizable predictors of treatment outcome may 
be useful in clinical practice as clinicians consider more 
intensive treatment options earlier for individuals with 
predicted poor outcomes.10 However, predictors become 
even more useful if there is a defined alternative treatment 
that is demonstrably more effective for those who have a 
predicted poor outcome with standard treatment. The 
present study suggests that aripiprazole augmentation 
may be an effective adjunctive treatment for individuals 

with depression who experience profound loss of interest 
and reduced activity. While individuals with this symptom 
profile had a poorer response to escitalopram monotherapy, 
they benefited more from aripiprazole augmentation than 
individuals with preserved interest and activity levels. The 
effect size of the prediction is approximately one half of 
the effect of augmentation with atypical antipsychotics for 
treatment-resistant depression compared to placebo.38 This 
finding was apparent in observed improvement (Figure 2) 
and robust to statistical control for a number of baseline 
characteristics, including overall severity of depression. 
Taken together, these observations suggest that in addition 
to being a predictor of poor outcome with monotherapy, 
high score on interest-activity may be used as an indicator 
for augmentation with aripiprazole.

We are not aware of other reports suggesting that 
anhedonia, low interest, and/or reduced activity may predict 
good response to aripiprazole augmentation in MDD. 
However, the present finding is consistent with previous 
pharmacologic knowledge, results of animal experiments, 
effects observed in individuals with other disorders, and 
effects of other dopaminergic agents in individuals with 
MDD. Dopamine is the key neuromediator involved in 
the processes that underlie interest and activity, such 
as reinforcement learning and incentive motivation.39 
Consequently, it has been suggested that dopaminergic agents 
may be advantageous in treating the types of depression 
that are marked by profound loss of interest (anhedonia) 
and reduced activity.15,16 As predicted by these models, 
aripiprazole has shown efficacy in improving reward-directed 

Figure 3. Baseline Interest-Activity Symptoms and Improvement in Depressive Symptoms in Participants Who (A) Continued 
Escitalopram Monotherapy or (B) Received Aripiprazole Augmentation in Phase 2a

aPanel A shows data on 76 participants who continued escitalopram monotherapy in phase 2. Panel B shows data on 90 participants who received 
aripiprazole augmentation. The lower, green lines show percentage reduction in MADRS total score by week 8. The upper, blue lines show percentage 
reduction in MADRS total score by week 16. The width of the red area between the 2 lines shows the additional improvement during phase 2.

Abbreviation: MADRS = Montgomery-Asberg Depression Rating Scale.
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activity in an animal model of anhedonia.40 Aripiprazole 
also led to improvement in interest in humans with bipolar 
depression and with schizophrenia.41,42 In addition to 
partial agonism on dopamine D2 receptors, aripiprazole 
may induce the release of endogenous dopamine through 
its action on serotonergic 5-HT1A and 5-HT7 receptors.43–45 
Other psychotropic agents that enhance dopaminergic 
transmission, including the dopamine reuptake inhibitor/
releaser bupropion and the D3/D2 receptor agonist 
pramipexole, have been noted to improve interest and 
motivation in individuals with MDD.18,20 In combination, 
these findings point to dopaminergic transmission as the 
mediator of pharmacologic effects on depression marked by 
profound reduction of interest and activity. In addition to 
aripiprazole as implicated by the current study, bupropion 
and pramipexole may be explored as add-on treatments for 
individuals with high scores on the interest-activity symptom 
dimension in future studies.

Interest-activity symptoms provide a potentially widely 
applicable tool for personalized treatment indication as 
they can be easily measured in routine clinical settings. We 
envisage two potential ways to apply the present findings. 
First, interest-activity symptoms can be used as an indicator 
for using aripiprazole augmentation in individuals who 
have not responded to antidepressant monotherapy. Since 
aripiprazole augmentation is one of the best evidence-
based options in case of partial response or nonresponse,26 
the threshold for this application may be relatively low, and 
the present level of indicative evidence may be appropriate. 
Second, it is possible that individuals with profound loss of 
interest and severe reduction in activity may obtain the best 
benefit-to-risk balance from combination treatment with an 
antidepressant and aripiprazole early in the treatment course, 
without waiting for a nonresponse. Such an accelerated 
approach would constitute a significant departure from 
present clinical practice, although the advantages in 
potentially improved efficacy as well as risk in terms of 
increased side effect burden should be explicitly tested in a 
new randomized controlled trial before adoption in clinical 
practice is considered. The adoption of interest-activity in 
any application should include at least one self-report and 
at least one clinician-rated depression measurement scale, 
as the two ways of measuring depression complement one 
another.46,47 Interest-activity symptoms may be usefully 
combined with other predictors of response to aripiprazole 
augmentation, such as cognitive testing, anxiety, and illness 
history.48–50

While the prediction of antidepressant treatment 
outcome by interest-activity symptoms has been robustly 
replicated across studies, the new finding that individuals 
with severe interest-activity symptoms respond well to 
aripiprazole augmentation relies on a single study and 
should be interpreted in the context of its limitations. 
First, our study did not include random allocation, and 
the differential prediction of response to escitalopram 
monotherapy and aripiprazole augmentation partly depends 
on a within-individual contrast comparing weeks before 

and after adding aripiprazole to escitalopram monotherapy. 
The nonrandomized design does not allow distinguishing 
between the effect of aripiprazole augmentation and delayed 
response to escitalopram. Previous studies found that the 
predictive effect of interest-activity symptoms lasted for 
at least 12 weeks, suggesting that the change in this trend 
at week 8 in the present study is most likely the result of 
augmentation with aripiprazole. However, the comparative 
efficacy of aripiprazole and alternative augmentation or 
switching procedure in escitalopram nonresponders with 
high interest-activity symptoms remains to be established 
in randomized studies. Second, the study was open-label, 
and there was no attempt to blind participants or raters 
to the treatment they were receiving. This could have led 
to a degree of bias with participants or raters being more 
inclined to report improvement after a treatment was started 
or added. However, neither participants nor raters were 
aware of the interest-activity hypothesis, and, therefore, the 
lack of blinding is an unlikely explanation for the unique 
prediction from interest-activity that is independent of 
overall depression severity. Third, while the sample size was 
sufficient to replicate previously reported prediction and find 
a significant interaction between predictor and treatment, the 
effect size estimates come with relatively broad confidence 
intervals. More accurate estimates of the prediction effect 
size and threshold level of interest-activity symptoms for 
considering aripiprazole augmentation will require a larger 
study. Finally, our study is limited to the comparison of 
escitalopram monotherapy and aripiprazole augmentation 
of escitalopram. It is possible that aripiprazole monotherapy 
may also be effective for MDD with pronounced interest-
activity symptoms, but the evidence of aripiprazole efficacy 
in MDD is primarily as an augmentation agent and the 
use of aripiprazole monotherapy remains an experimental 
option.51–53

In conclusion, we report that loss of interest and 
reduction of activity in MDD may predict poor response 
to antidepressant monotherapy and indicate the need for 
aripiprazole augmentation. Future studies may evaluate 
accelerated use of augmentation with dopaminergic agents 
for depression with prominent interest-activity symptoms 
earlier in the course of treatment.
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Appendix 1. Supplementary Results: 

Interest-activity symptoms and change in self-reported depressive symptoms 

The self-report Quick Inventory for Depressive Symptomatology (QIDS-SR) was administered at weeks 2, 
4, 8, 10, 12 and 16 as a secondary outcome measure. There were more missing data on QIDS-SR than on 
on the primary outcome measures (MADRS) on all post-baseline visits and QIDS-SR was not collected at 
weeks 6 and 14. Across all visits, QIDS-SR was available on 544 occasions for 187 participants, compared 
to 725 occasions and 188 participants for MADRS, i.e. there were 25% fewer measurements on QIDS 
than on MADRS. With the limitation of missing data, we explored the effect of baseline interest-activity 
symptoms on QIDS-SR changes with treatment in phases 1 and 2. 

In phase 1, more severe interest-activity symptoms at baseline were associated with less improvement 
in QIDS-SR with escitalopram monotherapy. Specifically, after controlling for baseline total QIDS-SR 
score, age, sex and site, each one standard deviation in baseline interest-activity score was associated 
with a 0.96 point increase on the QIDS-SR scores during escitalopram treatment (b = 0.96, 95%CI 0.17 to 
1.74, p=0.017).  

In phase 2, the baseline interest-activity symptoms were no longer significantly associated with 
treatment outcome measured with QIDS-SR  (b = 0.56 95%CI -0.38 to 1.49, p = 0.243). The interaction 
between baseline interest-activity and aripiprazole was not statistically significant for QIDS-SR (b = -0.39 
95%CI -0.91 to 0.12, p = 0.135) 

The time course of the relationship between baseline interest activity and change in QIDS-SR is 
visualized in Supplementary Figure S2. 

The pattern of results with QIDS-SR is similar to what was found for MADRS, but the effects are smaller 
and statistically less robust. Because of the missing data on QIDS, we are unable to interpret the 
difference as being due to systematic difference between clinician-rated or self-report outcomes or due 
to differential patterns of missing data. 
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Change in interest-activity symptoms and in other depressive symptoms during treatment 

The interest-activity and other depressive symptoms followed a similar course of improvement over the 
16 weeks (Figure S3). In phase 1, when all participants were receiving escitalopram monotherapy, other 
depressive symptoms improved slightly more than interest-activity symptoms. In phase 2, there was a 
slightly more pronounced improvement in interest-activity symptoms so that by week 16, the degree of 
improvement in interest-activity and other depressive symptoms was very similar (Figure S3).  

In phase 1, higher baseline interest-activity predicted less improvement in interest-activity symptoms (b 
= 1.16, 95%CI 0.65 to 1.66, p<0.001; Figure S4), but not in other depressive symptoms (b = 0.59, 95%CI -
0.29 to 1.47, p=0.189; Figure S5). 

The interaction between baseline interest-activity score and aripiprazole significantly affected 
improvement in both interest-activity symptoms (-0.39, 95%CI -0.71 to -0.07, p=0.017) and other 
depressive symptoms (-1.03; -1.59 to -0.47, p<0.001). In individuals with more severe interest-activity 
symptoms at baseline, both types of symptoms were responding less well to escitalopram monotherapy 
and better to aripiprazole augmentation compared to individual with milder interest-activity symptoms 
at baseline.  

We conclude that high interest-activity symptoms respond less well to escitalopram monotherapy and 
this is primarily driven by smaller change in the interest-activity symptoms. However, the better 
response to aripiprazole augmentation in individuals with more severe interest-activity symptoms 
extends to improvement in other types of depressive symptoms. 
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Supplementary Figure 1: Time course of improvement in MADRS by terciles of interest-activity symptoms at baseline. 
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Supplementary Figure 2: Time course of improvement in QIDS-SR by terciles of interest-activity symptoms at 
baseline. 
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Supplementary Figure 3: Time course of improvement in interest-activity vs other depressive symptoms. 
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Supplementary Figure 4: Time course of change in interest-activity items by baseline interest-activity tercile. 

Interest-activity

Severe

Medium

Mild

Phase 1: escitalopram monotherapy Phase 2: escitalopram +/- aripiprazole

0

-10%

-20%

-30%

-40%

-50%

-60%

-70%

R
ed

uc
tio

n 
in

 in
te

re
st

-a
ct

iv
ity

 s
ym

pt
om

s

0 2 4 6 8 10 12 14 16
Week

It is illegal to post this copyrighted PDF on any website. ♦ © 2020 Copyright Physicians Postgraduate Press, Inc.



8 

Supplementary Figure 5: Time course of change in other (non-interest-activity) depressive 
symptoms by baseline interest-activity tercile. 
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