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Abstract

Background—Treatment for major depressive disorder (MDD) is imprecise and often involves 

trial-and-error to determine the most effective approach. To facilitate optimal treatment selection 

and inform timely adjustment, the current study investigated whether neurocognitive variables 

could predict an antidepressant response in a treatment-specific manner.

Methods—In the two-stage Establishing Moderators and Biosignatures of Antidepressant 

Response for Clinical Care (EMBARC) trial, outpatients with non-psychotic recurrent MDD 

were first randomized to an 8-week course of sertraline selective serotonin reuptake inhibitor 

or placebo. Behavioral measures of reward responsiveness, cognitive control, verbal fluency, 

psychomotor, and cognitive processing speeds were collected at baseline and week 1. Treatment 

responders then continued on another 8-week course of the same medication, whereas non-

responders to sertraline or placebo were crossed-over under double-blinded conditions to 

bupropion noradrenaline/dopamine reuptake inhibitor or sertraline, respectively. Hamilton Rating 

for Depression scores were also assessed at baseline, weeks 8, and 16.

Results—Greater improvements in psychomotor and cognitive processing speeds within the first 

week, as well as better pretreatment performance in these domains, were specifically associated 

with higher likelihood of response to placebo. Moreover, better reward responsiveness, poorer 

cognitive control and greater verbal fluency were associated with greater likelihood of response to 

bupropion in patients who previously failed to respond to sertraline.

Conclusion—These exploratory results warrant further scrutiny, but demonstrate that quick 

and non-invasive behavioral tests may have substantial clinical value in predicting antidepressant 

treatment response.

Keywords

Biomarkers; bupropion; cognitive control; depression; placebo response; reward learning; 
sertraline; treatment response

Introduction

Major depressive disorder (MDD) is a serious public health problem that affects more 

than 240 million people worldwide (James et al., 2018). Being prevalent, debilitating and 

recurrent, it is associated with significant personal, societal and economic costs (Greenberg, 

Fournier, Sisitsky, Pike, & Kessler, 2015; Kessler et al., 2003). Unfortunately, the treatment 

of MDD continues to be challenging as clinicians typically rely on trial-and-error to find the 

most effective approach. In the STAR*D study, which provided every patient with up to four 

open-label treatment steps each 12 weeks in length, it was found that only ~50% of MDD 
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patients benefited (i.e. responded by showing ⩾50% improvement in symptoms) from the 

selective serotonin reuptake inhibitor (SSRI) citalopram (Trivedi et al., 2006), and over one-

third were resistant to two or more antidepressants (Rush et al., 2006; Souery, Papakostas, 

& Trivedi, 2006). Within primary care, the response rate to first-line antidepressants is even 

lower at ~30% (Katon et al., 1996). To worsen these issues, it takes at least 4 weeks to 

assess whether a particular antidepressant is working. This can result in unnecessarily long 

trials that can heighten the risk of suicidal behavior, treatment discontinuation and patient 

morbidity. Identifying variables that can predict response to different antidepressants would 

help clinicians to decide, as early as possible, whether a particular treatment might be 

suitable for the patient.

Emerging research suggests that quick and non-invasive behavioral tests, which index 

specific neurocognitive impairments in MDD, may be predictors or moderators of 

antidepressant response. Executive function, psychomotor speed and/or memory tests have 

been found to predict outcome to treatment by fluoxetine for 4 weeks (Gudayol-Ferré et 

al., 2010), 8 weeks (Dunkin et al., 2000) and 12 weeks (Taylor et al., 2006); escitalopram 

for 8 weeks (Etkin et al., 2015) and 12 weeks (Alexopoulos et al., 2015); citalopram for 6 

weeks (Kalayam & Alexopoulos, 2003) and 8 weeks (Sneed et al., 2007); bupropion for 8 

weeks (Herrera-Guzmán et al., 2008) and 8–12 weeks (Bruder et al. 2014); duloxetine for 6 

weeks (Mikoteit et al., 2015); agomelatine for 6–8 weeks (Cléry-Melin & Gorwood, 2017); 

as well as ketamine after 24 h (Murrough et al., 2014, 2015) and 12 days (Shiroma, Albott, 

et al., 2014). However, some investigators found no evidence of an association between 

cognitive performance and response/remission to 8 weeks of sertraline (Etkin et al., 2015), 

venlafaxine (Etkin et al., 2015), and escitalopram (Alexopoulos et al., 2007), as well as 12 

weeks of fluoxetine (Gudayol-Ferré et al., 2012). Although the cause of these discrepancies 

is unclear, they likely stem partly from differences in specific tasks used (Groves, Douglas, 

& Porter, 2018). All these studies, however, have focused on predicting response to a single 

antidepressant. Depressed patients who fail to benefit from an adequate trial of SSRI are 

often switched to a non-SSRI agent (Fredman et al., 2000). Yet, it remains unknown whether 

pretreatment cognitive performance could differentiate between responders to a second 

antidepressant, which is administered immediately after nonresponse to a pharmacologically 

distinct class of medication, and non-responders resistant to both arms of treatment.

More recently, several reports have suggested that early improvements in cognitive 

performance may be associated with antidepressant treatment response. However, they 

mostly focused on ‘hot’ cognition, which is related to the processing of emotional 

information. Specifically, greater improvements in early emotional recognition and 

processing were found to predict treatment outcome with citalopram (Shiroma, Thuras, 

Johns, & Lim, 2014; Tranter et al., 2009), escitalopram (Godlewska, Browning, Norbury, 

Cowen, & Harmer, 2016), and reboxetine (Tranter et al., 2009). Surprisingly, previous 

studies investigating changes in ‘cold’, non-emotional cognitive variables in MDD have 

mostly compared performance before and after treatment (Beblo, Baumann, Bogerts, 

Wallesch, & Herrmann, 1999; Hammar et al., 2009; Herrera-Guzmán et al., 2010; 

Hinkelmann et al., 2012; Reppermund et al., 2007; Reppermund, Ising, Lucae, & Zihl, 

2009). Only one study reported that improvements in cognitive speed, psychomotor 

function, motivation, and sensory perception from baseline to week 2 were predictive of 
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treatment response to agomelatine after 6 weeks – although these were based on a self-report 

questionnaire rather than objective behavioral tasks (Gorwood et al., 2015). Thus, the utility 

of early changes in ‘cold’ cognition as predictors of antidepressant response is still not well 

understood.

The current study sought to explore the two aforementioned gaps in the literature by using 

data from the two-staged Establishing Moderators and Biosignatures of Antidepressant 

Response for Clinical Care (EMBARC) trial (Trivedi et al., 2016). Task-based measures of 

reward processing, cognitive control, verbal fluency, psychomotor, and cognitive processing 

speed were collected at baseline and 1 week after the onset of an 8-week clinical trial, 

where outpatients with recurrent and non-psychotic MDD were randomized to receive the 

SSRI sertraline or placebo (stage 1). Our first goal was to examine whether changes in 

any behavioral tests within the first week might differentially predict eventual response 

to antidepressant treatment. Participants who achieved satisfactory response at the end of 

stage 1 continued on another 8-week course of the same medication, whereas nonresponders 

were crossed-over under double-blinded conditions. Accordingly, sertraline non-responders 

received bupropion, and placebo non-responders took sertraline in stage 2. This allowed us 

to pursue our second goal: to identify putative pre-treatment cognitive variables that might 

distinguish patients who benefit from a non-serotonergic antidepressant (bupropion), after 

failure to respond to an SSRI (sertraline), from non-responders who are resistant to both 

classes of medication.

Methods

Participants

Outpatients and healthy volunteers were recruited at four sites in the United States 

(Columbia University, New York; Massachusetts General Hospital, Boston; University of 

Texas Southwestern Medical Center, Dallas; and University of Michigan, Ann Arbor) 

after approval by the institutional review board of each site. All enrolled participants 

provided written informed consent and were aged between 18 and 65 years. Patients also 

met the criteria for MDD based on the Structured Clinical Interview for DSM-IV Axis 

I Disorders (SCID), scored ⩾14 on the Quick Inventory of Depressive Symptomatology 

Self-Report (Rush et al., 2003) at both screening and randomization visits, and were free of 

antidepressant medication for >3 weeks prior to completing any study measures. Exclusion 

criteria included: history of bipolar disorder or psychosis, substance dependence (except for 

nicotine) in the past 6 months or substance abuse in past 2 months, active suicidality, or 

unstable medical conditions. In total, 634 patients were assessed for eligibility; 338 were 

excluded, leaving 296 individuals who were randomized in stage 1. Forty healthy controls 

were also enrolled. Data from participants who passed quality control criteria for at least one 

of the cognitive tasks at baseline and completed at least 4 weeks of treatment in stage 1 were 

included here.

Clinical measure of depression

17-item Hamilton Rating Scale for Depression (HAMD17) (Hamilton, 1960)—
This is a clinician-administered scale used to assess severity of symptoms of depression 
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experienced over the past week. The HAMD17 was administered at each study visit for 

baseline, stage 1 (weeks 1, 2, 3, 4, 6, and 8), and stage 2 (weeks 9, 10, 12, and 16). Patients 

were defined as responders if they completed at least 4 weeks of treatment and showed a 

decrease in HAMD17 score of ⩾50% at the last observation compared to when the treatment 

started.

Neurocognitive measures

Probabilistic reward task (PRT)—This is a signal detection test that differentially 

rewarded correct responses to two difficult-to-discriminate stimuli in a 3:1 ratio, in order 

to assess the extent to which participants modulated their behavior as a function of reward 

(Pizzagalli, Jahn, & O’Shea, 2005). Performance was analyzed in terms of response bias, 

which is an objective measure of reward responsiveness (i.e. the tendency to choose the 

more rewarded stimulus). Details can be found in online Supplementary methods.

Eriksen flanker task (EFT)—On every trial, participants had to indicate, via a button 

press, whether an arrow in the center of the screen was pointing to the left or right. 

Crucially, this central arrow was presented with adjacent arrows that either pointed in the 

same direction (i.e. congruent condition) or opposite direction (i.e. incongruent condition) 

(Eriksen, 1995). Inhibitory control was indexed by the interference metric (RTincongruent trials 

– RTcongruent trials). Details can be found in online Supplementary methods.

Choice reaction time task (CRT)—One of four possible stimuli was presented on 

each trial and participants had to press the button that corresponded to that stimulus as 

quickly as they could (Thorne, Genser, Sing, & Hegge, 1985). There were 60 trials in total. 

Psychomotor processing speed was assessed by the median reaction time of correct trials, 

which is demographically-adjusted and z-scored to account for known age, gender, and 

education effects on scores.

A-not-B reasoning test (ABRT)—Participants were required to determine the accuracy 

of a statement describing the order of a pair of letters (‘AB’ and ‘BA’). The statements could 

be: (i) _ comes before _, (ii) _ comes after _, (iii) _ does not come before _, and (iv) _ 

does not come after _, in all permutations of A and B in the blanks (Baddeley, 1968). There 

were 32 trials in total. Cognitive processing speed was assessed by the median reaction time 

of correct trials, which is demographically-adjusted and z-scored to account for known age, 

gender, and education effects on scores.

Verbal fluency test (VFT)—Participants had to produce words beginning with a specific 

letter within a time limit of 1 min (Benton, Hamsher, & Sivan, 1983). Three different 

letters (‘F’, ‘A’, and ‘S’) were used and fluency was indexed by the total number of words 

produced across all three letters, which is demographically-adjusted and z-scored to account 

for known age, gender, and education effects on scores.

Statistical analysis

Aim 1—For each task, we selected subjects who passed pre-determined quality control 

criteria at baseline and week 1. Separate logistic regressions were used to evaluate whether 
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early changes from baseline in CRT, ABRT, and VFT – whose outcomes were converted 

to demographically-adjusted z-scores and are those used in the EMBARC study and prior 

studies (Gorlyn et al., 2008; Keilp, Sackeim, & Mann, 2005) – were associated with a 

difference in likelihood of response to sertraline v. placebo. The outcome variable was 

Responder (yes, no), and covariates were Treatment (sertraline, placebo), baseline score, 

change in score from baseline to week 1, interaction between Treatment and baseline 

score, interaction between Treatment and change score, and Site (Columbia, Massachusetts, 

Texas, Michigan). Because CRT, ABRT, and VFT analyses used demographically-adjusted 

z-scores, we entered age, gender, and education as additional covariates in logistic 

regressions for the PRT and EFT to harmonize analyses across tasks. For tasks in which 

early changes in performance differentially predicted response to placebo v. sertraline, 

additional sets of analyses were conducted. First, we broke the full logistic regression into 

two simpler analyses that included Treatment, either baseline score or change score as well 

as its interaction with Treatment, and Site. Second, analysis of covariances (ANCOVAs) 

were used to examine how placebo responders and non-responders compared to healthy 

controls. The outcome variable was change score from baseline to week 1, factor was Group 

(responders, non-responders, and controls) and covariates were Site and baseline score.

Aim 2—For each task, we selected subjects who passed the quality control criteria 

at baseline, were non-responders to sertraline or placebo in stage 1 and completed at 

least 4 weeks of stage 2 treatment with bupropion (after switching from sertraline) or 

sertraline (after switching from placebo). Separate logistic regressions were utilized to 

evaluate whether baseline performance in CRT, ABRT, and VFT was associated with 

a difference in likelihood of response to bupropion v. sertraline. The outcome variable 

was Responder (yes, no), and covariates were Treatment (bupropion, sertraline), baseline 

score, interaction between Treatment and baseline score, and Site (Columbia, Massachusetts, 

Texas, Michigan). To harmonize analyses across tasks, we used similar logistic regressions 

for PRT and EFT but with additional covariates of age, gender, and education. For tasks 

in which baseline performance differentially predicted response to bupropion v. sertraline, 

ANCOVAs were conducted to compare bupropion responders and non-responders with 

healthy controls. The outcome variable was pretreatment task score, factor was Group 

(responders, non-responders, controls) and covariates were Site, age, gender, and education. 

Independent samples’ t test also assessed whether responders and non-responders to 

bupropion and sertraline differed in baseline HAMD, week 8 HAMD, and change in HAMD 

from baseline to week 8.

The logistic regression analyses were not corrected for multiple comparisons as the tasks 

were carefully selected based on prior findings suggesting their potential for predicting 

response for antidepressants (Gorlyn et al., 2008; Vrieze et al., 2013) and we wanted to 

examine the value of each test as a predictor.
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Results

Early changes in psychomotor and cognitive processing speeds were associated with 
better response to placebo

For CRT [sertraline: N = 113, age = 37.1 (13.8) years; placebo: N = 125, age = 38.0 

(12.8) years], the full logistic regression revealed that greater improvement in reaction time 

from baseline to week 1 was associated with increased likelihood of response to placebo 

[B = 1.05, 95% confidence interval (CI) = 0.23–1.86, p = 0.012], but lower probability of 

sertraline response (B = −0.67, 95% CI = −1.32 to -0.06, p = 0.037). Importantly, these 

relationships were significantly different (B = 1.71, 95% CI = 0.71–2.79, p = 0.001), 

suggesting that early changes in CRT differentially predicted response to placebo and 

sertraline (Fig. 1a). There was also a significant difference in associations between baseline 

reaction time and likelihood of response to placebo v. sertraline (B = −0.69, 95% CI = 

−1.23 to −0.18, p = 0.010). Slower baseline reaction time was related to reduced odds of 

placebo response (B = −0.55, 95% CI = −0.97 to -0.13, p = 0.011), but not associated with 

probability of response to sertraline (B = 0.14, 95% CI = −0.18 to 0.47, p = 0.392). See 

online Supplementary Table S1 for details.

In two simpler logistic regressions that separately examined the effects of baseline and 

change scores, we found that early changes in CRT within the first week still differentially 

predicted outcome to placebo and sertraline (B = 1.03, 95% CI = 0.19–1.91, p = 0.018, 

online Supplementary Table S2). However, there was no longer a difference in relationships 

between baseline CRT and response to placebo v. sertraline (B = −0.25, 95% CI = −0.69 to 

0.19, p = 0.270, online Supplementary Table S3).

An ANCOVA comparing early change in CRT performance among placebo responders, 

non-responders, and healthy volunteers revealed a significant effect of group (F(2,157) = 4.94, 

p = 0.008, partial η2 = 0.059). Post-hoc tests found that placebo responders did not differ 

from controls (t(84) = 0.272, p = 0.79, Cohen’s d = 0.05) whereas non-responders had less 

improvement from baseline to week 1 than healthy individuals (t(117) = −2.38, p = 0.055, 

Cohen’s d = 0.46) and responders (t(124) = −2.77, p = 0.019, Cohen’s d =0.51).

For ABRT [sertraline: N = 102, age = 36.8 (13.4) years; placebo: N = 114, age = 37.7 (12.7) 

years], we similarly found in the full logistic regression that greater improvement in reaction 

time from baseline to week 1 was related to higher likelihood of response to placebo (B = 

0.81, 95% CI = 0.16–1.47, p = 0.015). However, change in ABRT within the first week was 

not associated with the odds of sertraline response (B = −0.29, 95% CI = −1.05 to 0.43, 

p = 0.429); and crucially, these relationships were significantly different (B = 1.11, 95% 

CI = 0.16–2.12, p = 0.027), suggesting that early change in ABRT differentially predicted 

response to placebo and sertraline. We also found a trending difference in associations 

between baseline reaction time and probability of response to sertraline v. placebo (B = 

−0.52, 95% CI = −1.13 to 0.07, p = 0.088). Slower baseline ABRT led to reduced likelihood 

of response to placebo (B = −0.52, 95% CI = −0.97 to -0.07, p = 0.025), but was not related 

to sertraline response (B = −0.002, 95% CI = −0.41 to 0.41, p = 0.994) (Fig. 1b). See online 

Supplementary Table S4 for details.
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Simpler logistic regressions investigating the baseline and change scores separately revealed 

that early changes in ABRT within the first week still differentially predicted outcome to 

placebo and sertraline, albeit at a trend level (B = 0.74, 95% CI = 0.018–1.52, p = 0.052, 

online Supplementary Table S5). In contrast, the difference in relationships between baseline 

ABRT and response to placebo v. sertraline was no longer significant (B = −0.14, 95% CI = 

−0.60 to 0.32, p = 0.553, online Supplementary Table S6).

A significant effect of group was found when comparing early change in ABRT performance 

between placebo responders, nonresponders, and healthy individuals (F(2,144) = 3.32, p = 

0.039, partial η2 = 0.044). Post-hoc tests revealed that placebo responders had greater 

improvement from baseline to week 1 than non-responders (t(113) = 2.49, p = 0.043, Cohen’s 

d = 0.48), but there was no difference between controls v. responders (t(80) = 1.93, p = 0.168, 

Cohen’s d = 0.42) and controls v. non-responders (t(106) = 0.30, p = 0.76, Cohen’s d = 0.06).

In contrast, neither baseline nor early change in performance for the VFT, PRT, and EFT 

differentially predicted response to placebo v. sertraline. Details of all these analyses can be 

found in online Supplementary Tables S7–S9. At the request of an anonymous reviewer, we 

also repeated all the analyses by adding an additional covariate of smoking status and found 

that conclusions from all p value significance tests remained the same.

Pretreatment reward responsiveness, cognitive control, and verbal fluency are associated 
with bupropion response

We found that greater pretreatment response bias was associated with higher likelihood of 

response to bupropion [after switching from sertraline; N = 38, age = 38.4 (14.7) years] (B = 

9.59, 95% CI = 2.46–16.3, p = 0.008). However, there was no relationship between response 

bias and probability of response to sertraline [after previous non-response to placebo; N = 

49, age = 41.1 (13.1) years] (B = −2.20, 95% CI = −6.27 to 1.35, p = 0.249). Critically, these 

associations were significantly different from each other (B = 11.8, 95% CI = 4.60–20.6, p = 

0.003), suggesting that baseline response bias differentially predicted response to bupropion 

and sertraline (Fig. 2a). An ANCOVA comparing baseline response bias among bupropion 

responders, non-responders, and healthy volunteers revealed a significant effect of group 

(F(2,67) = 6.99, p = 0.002, partial η2 = 0.173). Post-hoc tests found no difference between 

responders and controls (t(53) = 0.585, p = 0.56, Cohen’s d = 0.16), whereas non-responders 

had significantly lower response bias than healthy people (t(59) = 3.27, p = 0.005, Cohen’s d 
= 0.86) and responders to bupropion (t(37) = 3.22, p = 0.006, Cohen’s d = 1.00).

Results for the VFT [bupropion: N = 42, age = 38.0 (14.4) years; sertraline: N = 52, age = 

40.6 (13.4) years] were similar to the PRT. There was a significant difference in associations 

between baseline verbal fluency and likelihood of response to bupropion v. sertraline (B = 

1.01, 95% CI = 0.097–2.00, p = 0.035). Specifically, greater verbal fluency was related to 

higher probability of bupropion response at a trend level (B = 0.66, 95% CI = −0.046 to 

1.37, p = 0.067), but not associated with odds of response to sertraline (B = −0.34, 95% 

CI = −0.97 to 0.24, p = 0.259) (Fig. 2b). There was a significant effect of group (F(2,76) = 

6.20, p = 0.003, partial η2 = 0.140) when comparing baseline performance among bupropion 

responders, non-responders, and healthy volunteers. Specifically, bupropion responders and 

controls did not differ in verbal fluency (t(56) = 0.505, p = 0.62, Cohen’s d = 0.15), but 
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non-responders performed worse than healthy individuals (t(64) = −3.45, p = 0.003, Cohen’s 

d = 0.88) and responders (t(41) = −2.29, p = 0.074, Cohen’s d = 0.71).

For the EFT [bupropion: N = 36, age = 37.4 (13.5) years; sertraline: N = 50, age = 

40.4 (13.5) years], we also found a significant difference in the relationships between 

baseline interference and odds of response to bupropion v. sertraline (B = 0.081, 95% 

CI = 0.027–0.15, p = 0.007). Greater baseline interference (i.e. poorer cognitive control) 

was surprisingly associated with increased likelihood of bupropion response (B = 0.065, 

95% CI = 0.016–0.11, p = 0.010), whereas there was no relationship between pretreatment 

interference and probability of response to sertraline (B = −0.016, 95% CI = −0.049 to 

0.015, p = 0.321) (Fig. 2c). There was a trending effect of group (F(2,64) = 2.73, p = 

0.073, partial η2 = 0.079) when comparing pretreatment performance between bupropion 

responders, non-responders, and controls. Healthy individuals did not differ from responders 

(t(50) = −2.05, p = 0.134, Cohen’s d = 0.65) or non-responders (t(58) = 0.38, p = 0.71, 

Cohen’s d = 0.10), but responders had greater interference than non-responders at a trend 

level (t(35) = 2.22, p = 0.089, Cohen’s d = 0.74).

Importantly, for each treatment, responders and non-responders did not differ in their 

HAMD17 at baseline, at week 8, and their change in HAMD17 from baseline to week 8 (see 

online Supplementary Tables S15 and S16). This indicates that even though the tasks were 

administered at baseline, they can be used to distinguish responders from non-responders 

in stage 2. Together, these findings suggest that reward processing, verbal fluency and 

cognitive control are capable of distinguishing bupropion responders who did not previously 

respond to sertraline from non-responders resistant to both classes of medication.

In contrast, pretreatment performance in CRT and ABRT did not differentially predict 

response to bupropion and sertraline. See online Supplementary Tables S10–S14 for details 

of these analyses. We also repeated all analyses by adding an additional covariate of 

smoking status and found that conclusions from all p value significance tests remained 

the same.

Discussion

Treatment for MDD is challenging and often proceeds via trial-and-error with limited 

success. To facilitate optimal treatment selection and inform timely adjustments, we sought 

to identify cognitive variables that can predict response in a treatment-specific manner by 

analyzing data from the EMBARC clinical trial. Several key findings emerged.

First, greater improvements in psychomotor and cognitive processing speeds within the first 

week, as well as better pretreatment performance, were specifically associated with higher 

likelihood of response to placebo. Moreover, the improvement of placebo responders in 

CRT was comparable to healthy individuals, which suggests they might possess a resilience 

factor. In contrast, non-responders had less CRT improvement than controls, suggesting the 

presence of a deficient factor. High placebo responses are commonly reported in clinical 

trials of novel antidepressants (Enck, Bingel, Schedlowski, & Rief, 2013; Schatzberg, 2015) 

and treatment with placebo has been found to induce distinct changes in brain functioning 
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of depressed individuals (Enck et al., 2013; Leuchter, Cook, Witte, Morgan, & Abrams, 

2002; Mayberg et al., 2002). Together, these findings suggest that, rather than having no 

effect, the administration of placebo is actually an active form of treatment. Accordingly, 

identifying MDD patients likely to respond to placebo in advance might have real-world 

clinical implications. Instead of a long-term antidepressant prescription, MDD patients 

identified as placebo responders could be treated with briefer, lower-cost interventions that 

are associated with fewer side effects (Enck et al., 2013). Previous studies in this area 

have largely focused on demographic variables and depressive symptom severity (Entsuah 

& Vinall, 2007; Fournier et al., 2010; Holmes, Tiwari, & Kennedy, 2016; Kirsch et al., 

2008). More recently, Trivedi et al. analyzed 283 baseline variables from the EMBARC 

study and found that a higher likelihood of placebo response was predicted by baseline 

theta current density in the rostral anterior cingulate cortex (rACC) and several pretreatment 

clinical variables, such as anxious arousal, anhedonia, and neuroticism (Trivedi et al., 2018). 

However, they did not include early changes in cognition. Data from the sertraline arm 

were also not examined and thus, some of these predictors might not be specific to placebo. 

For example, Pizzagalli and coworkers demonstrated that increased baseline rACC theta 

activity represents a nonspecific marker of treatment outcome to both placebo and sertraline 

(Pizzagalli et al., 2018). Thus, our results extend the findings from these previous studies, 

suggesting the baseline and early changes in CRT and ABRT might be more specific 

predictors of placebo response.

Second, greater improvement in CRT within the first week was specifically associated with 

lower likelihood of response to sertraline. To the best of our knowledge, this is the first time 

that early changes in objective measures of ‘cold’ cognition have been reported to predict 

response to SSRIs. Several prior studies have focused on improvements in ‘hot’ cognition 

instead, consistently finding that early increases in emotional processing are associated with 

subsequent improvement in depressive symptoms during treatment with SSRIs (Godlewska 

et al., 2016; Shiroma, Thuras, et al., 2014; Tranter et al., 2009). Gorwood et al. also 

examined early changes in ‘cold’ cognition and found that improvements in various domains 

such as psychomotor function, motivation, cognitive speed, and sensory perception within 

the first 2 weeks all predicted response to the melatonin agonist, agomelatine, after 6 weeks 

(Gorwood et al., 2015). However, that study utilized a self-report questionnaire of cognition, 

which is inherently subjective and might be a less accurate measure of cognitive ability than 

behavioral tasks.

Third, better reward responsiveness, poorer cognitive control, and greater verbal fluency 

were associated with greater likelihood of response to bupropion in patients who previously 

failed to respond to sertraline. Furthermore, bupropion responders had comparable response 

bias and verbal fluency to healthy volunteers, whereas non-responders performed worse 

than controls. These findings suggest that responders to bupropion possess a resilience 

factor whereas a deficient factor might be present in non-responders. Prior studies have 

investigated cognitive predictors of treatment response to various antidepressants, including 

bupropion (Alexopoulos et al., 2007, 2015; Bruder et al., 2014; Cléry-Melin & Gorwood, 

2017; Dunkin et al., 2000; Etkin et al., 2015; Groves et al., 2018; Gudayol-Ferré et al., 

2010, 2012; Herrera-Guzmán et al., 2008; Kalayam & Alexopoulos, 2003; Mikoteit et 

al., 2015; Murrough et al., 2014, 2015; Shiroma, Albott, et al., 2014; Sneed et al., 2007; 
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Taylor et al., 2006). For example, Herrera-Guzmán et al. (2008) showed that bupropion 

responders had lower pretreatment cognitive processing speed (as indexed by the Stockings 

of Cambridge test) compared to non-responders. Another study reported that baseline 

cognitive control (based on the Stroop interference effect) and verbal fluency were not 

significantly different in eventual responders and non-responders to bupropion (Bruder et 

al., 2014). In contrast, we found that lower cognitive control and higher verbal fluency 

predicted bupropion response, but cognitive processing speed did not. These discrepancies 

might have occurred due to differences in tasks used and smaller sample sizes in previous 

studies (N = ~20 v. N = ~40 here). Also, our findings may be specific to patients receiving 

secondary treatment with bupropion after failure to respond to sertraline. With regard to 

reward processing, our finding that bupropion responders have greater response bias on the 

PRT than non-responders has been reported in a recent publication (Ang et al., 2020), in 

which greater reward responsiveness and resting state frontostriatal functional connectivity 

were associated with response to bupropion, and is in line with substantial evidence showing 

that reward processes are modulated by dopaminergic system in the brain (Berridge, 

Robinson, & Aldridge, 2009). It is also consistent with a recent study showing depressed 

individuals with enhanced baseline response bias respond more favorably to pramipexole, a 

selective dopamine agonist (Whitton et al., 2020). In sum, our study is the first to address 

cognitive predictors of response to the noradrenaline/dopamine reuptake inhibitor (NDRI) 

bupropion following a failure to respond to the SSRI sertraline. This might have significant 

clinical value in identifying patients who are likely to respond to secondary treatment with 

bupropion and those who are unlikely to benefit from both SSRIs and NDRIs, so that they 

can be recommended alternative forms of treatment.

Limitations of this study should be acknowledged. First, multiple logistic regressions were 

conducted, but none of the findings would survive multiple comparisons. Although this 

might increase the chances of committing a type 1 error, our study is exploratory in nature 

and we were specifically interested in identifying whether each of the cognitive tasks 

could be a potential predictor of treatment outcome (Huberty & Morris, 1989). This liberal 

approach may not be stringent enough and thus, our findings are tentative and require 

replication. Second, this study adopted relatively strict inclusion criteria in order to minimize 

clinical heterogeneity. Thus, it is unclear whether findings will generalize to other depressed 

samples, such as those with psychosis or substance dependence. Third, this study did not 

exclude participants who had tobacco use disorder. Although chronic cigarette smoking 

has been associated with poorer cognitive performance across multiple domains (Durazzo, 

Meyerhoff, & Nixon, 2012; Nooyens, van Gelder, & Verschuren, 2008), all conclusions 

remained after accounting for an additional covariate of smoking status in our analyses.

Conclusion

Cognitive tasks that are quick, non-invasive, and easy to administer may have important 

clinical value as predictors of response to antidepressant treatment. The current study 

showed that psychomotor and cognitive processing speed after 1 week were associated 

with enhanced clinical response to placebo. Reward sensitivity, cognitive control, and 

verbal fluency at baseline also differentiated bupropion responders, who did not respond 
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to sertraline previously, from non-responders resistant to both classes of medication. These 

initial results warrant further scrutiny for possible implementation in clinical care.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Log odds ratio for the associations between likelihood of response to placebo and sertraline 

with (a) choice reaction time task and (b) A-not-B reaction time task. Greater improvements 

in psychomotor and cognitive processing speeds within the first week, as well as better 

pretreatment performance, were specifically associated with higher likelihood of response to 

placebo. ⍿p <0.10, *p <0.05, **p <0.01, ***p <0.001.
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Fig. 2. 
Log odds ratio for the associations between likelihood of response to bupropion and 

sertraline with (a) probabilistic reward task, (b) verbal fluency task, and (c) Eriksen flanker 

task. Better response bias, greater verbal fluency, and higher response interference were 

specifically associated with greater likelihood of response to bupropion in patients who 

previously failed to respond to sertraline. ⍿p < 0.10, *p < 0.05, **p < 0.01, ***p < 0.001.
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