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Abstract The aim of the present study is to examine the

effect of neutral and emotional facial expressions on vol-

untary attentional control using a working memory (WM)

task in adolescents with major depressive disorder (MDD).

We administered the Emotional Face n-back (EFNBACK)

task, a visual WM task with neutral, happy and angry faces

as distractors to 22 adolescents with MDD (mean age

15.7 years) and 21 healthy controls (HC) (mean age

14.7 years). There was a significant group by distractor

type interaction (p = 0.045) for mean percent accuracy

rates. Group comparisons showed that MDD youth were

less accurate on neutral trials than HC (p = 0.027). The

two groups did not differ on angry, happy and blank trials

(p [ 0.05). Reaction time did not differ across groups. In

addition, when comparing the differences between accu-

racies on neutral trials and each of the happy and angry

trials, respectively [(HAP-NEUT) and (ANG-NEUT)],

there was a group effect on (HAP-NEUT) where the dif-

ference was larger in MDD than HC (p = 0.009) but not on

ANG-NEUT (p [ 0.05). Findings were independent of

memory load. Findings indicate that attentional control to

neutral faces is impaired and negatively affected perfor-

mance on a WM task in adolescents with MDD. Such an

impact of neutral faces on attentional control in MDD may

be at the core of the social-cognitive impairment observed

in this population.

Keywords Emotion processing � Depression �
Adolescent � Attentional control � Emotional

distracters

Introduction

Major depressive disorder (MDD) in adolescence is a

serious psychiatric condition with an estimated 5.3 %

prevalence for a 12-month period [1]. MDD in adolescence

is often associated with increased risk for substance use,

educational impairments, suicide and non-suicidal self-

injury which by itself also increases the risk for suicide

attempts in this population [2–4]. While longitudinal

studies of depressed adolescents report a fairly high 1-year

remission rate (60–90 %) [5], follow-up studies indicate a

50–70 % recurrence of depressive episodes within a period

of 5 years [6]. Considering the high recurrence rate and the

associated morbidity and mortality, understanding the

developmental pathophysiology of depression is crucial for

planning appropriate treatment strategies.
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There is mounting evidence demonstrating that emo-

tion regulation and in particular attentional control are

implicated in the pathophysiology of MDD. Two atten-

tional control processes, a voluntary one and an auto-

matic one play a major role in emotion regulation.

Voluntary attentional control in the context of emotion-

ally salient information involves the selective modulation

of attention toward goal-relevant information while

inhibiting emotionally salient distractors and automatic

attentional control involves the more implicit direction of

attention toward or away from emotional material [7].

Previous studies have investigated attentional control

processes in the context of emotional stimuli using behav-

ioral tasks. In a study using the Affective Go-No Go task,

depressed adults were less accurate than matched controls,

and slower on blocks of trials that required shifting from one

emotional category to the other [8]. Another study using an

emotional oddball task whereby participants respond to

target stimuli, which are preceded by sad or yoked neutral

pictures rated on a sadness/happiness Likert-type scale,

showed that depressed adults were significantly slower than

controls when responding to targets preceded by sad stimuli

[9]. Depressed adults have also been shown to demonstrate

reduced inhibition when processing negative material on the

Negative Affective Priming task compared to controls; this

effect was not observed among remitted depressed partici-

pants [10]. When using the Emotional and Face Go-No Go

tasks to compare performance of depressed adolescents to

that of healthy controls (HC), no significant differences in

reaction times were detected. Here, depression severity was

associated with greater reactivity to emotional stimuli [11].

In another study using the Affective Go-No Go, acutely

depressed adolescents were slower shifting to negative tar-

gets than shifting to happy targets as compared to remitted

and HC participants [12]. While the above studies assessed

attentional control in the context of emotional distractors

during tasks that involved lower order cognitive functions, to

our knowledge no study has examined attentional control

during a task that recruits higher-order cognitive functions

such as working memory (WM), among depressed adoles-

cents. Findings in the literature have not been consistent on

the effect of distractors in lower vs higher-order cognitive

tasks. According to Pessoa’s dual competition model of

information processing in the brain, stimuli compete for

limited perceptual processing capacity and control of

behavior [13]. Affective significance impacts the flow of this

information and higher-order cognitive tasks would theo-

retically require more attentional resources and are more

likely to be impacted by the interference of task-irrelevant

emotional stimuli than lower order cognitive tasks.

The present study aims to examine the extent to which

emotional distractors influence voluntary attentional con-

trol processes during performance on a WM task in

adolescents diagnosed with MDD as compared to HC. The

task used in the current study includes high vs low WM

demand which enables us to examine the extent to which

emotional interference effects are present in high vs low

order cognitive conditions.

It is known that emotionally salient stimuli can easily

capture attention and interfere with ongoing cognitive

processes [14, 15]. Working memory refers to the active

maintenance and flexible updating of goal or task-relevant

information. Such processes involve systematically revis-

ing items and resisting interference from irrelevant infor-

mation [16]. Indeed, several studies have demonstrated that

optimal WM function critically depends on interference

filtering supported by attentional control processes [17–

19]. In addition, the interaction among attentional control,

WM and their respective functional roles has been elabo-

rated in conceptual and computational work [20–22]. In the

present study, we are using the emotional face n-back

(EFNBack) task. It involves the performance on a visual

WM task while resisting interference from emotional di-

stracters that could potentially impair the ability to main-

tain focus on task-relevant information to be stored in WM

[23–25]. This task has previously been used in typically

developing youth [24] as well as in individuals diagnosed

with or at high risk for mood disorders [26, 27].

We hypothesized that adolescents with MDD compared

to HC would exhibit greater difficulty resisting interference

from the negative emotional distractors as evidenced by

slower reaction times and reduced accuracy rates on trials

with angry face distractors under the memory-load condi-

tion (2-back).

Methods

Participants

The study protocol was approved by the Institutional

Review Board. All participants and their parents were

informed about study procedures and signed informed

assent and consent forms, respectively. A total of 43 ado-

lescents aged 12–18 participated in the study. These

included 21 HC participants with no previous psychiatric

history and 22 participants meeting criteria for MDD cur-

rent (n = 19) or past (n = 3). MDD participants were

recruited from an outpatient Child and Adolescent Psy-

chiatry clinic at the American University of Beirut Medical

Center and HC were recruited through advertisements

placed in a Family Medicine clinic at the same institution.

Participants who met eligibility criteria according to their

treating clinicians and interested in the study were referred

to the study team for further evaluation and consenting.

One subject from the MDD group was excluded after
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screening due to not meeting intellectual quotient (IQ) cut-

off criterion and one subject from HC group was moved to

the MDD group after being found to have MDD. All MDD

and HC adolescents were administered a structured clinical

interview and completed self-report scales to assess for

depression severity, suicidality, and other psychiatric

symptoms. Current diagnoses were generated using the

Arabic version of the development and well-being assess-

ment (DAWBA), administered to adolescents alone [28,

29]. Exclusion criteria included a history of head injury,

neurological disorder (epilepsy, developmental disorder,

loss of consciousness for more than 10 min), premorbid IQ

estimate\70, current psychotic symptoms, current (within

the past month) history of alcohol and illicit substance

abuse or dependence, and current history of untreated

attention deficit hyperactivity disorder (ADHD). In addi-

tion, history of any psychiatric disorder was an exclusion

criterion for HC. Participants’ IQ score was derived using

the matrices and spatial span subscales of the Wechsler

nonverbal scale of intelligence. Eighteen participants from

the MDD group were medication naı̈ve at time of testing

and only three participants were taking fluoxetine. Fourteen

participants from the MDD group had one or more

comorbid anxiety disorders, one had comorbid oppositional

defiant disorder and one had comorbid treated ADHD

(Table 1).

Materials

Diagnostic interview

Diagnoses were generated using the computerized Arabic

version of the DAWBA [28], which is a structured

interview used to formulate a psychiatric diagnosis of a

child/adolescent based on DSM-IV-TR criteria. The Arabic

version of the DAWBA was recently validated in a sample

of adolescents seeking treatment at the same clinic with

preliminary findings demonstrating its validity and reli-

ability [29].

Other measures

Depression severity was assessed using an Arabic version

of the Beck depression inventory (BDI) [30]. The BDI is a

21-item self-report measure of cognitive, behavioral,

affective, and somatic components of depression based on

DSM-IV criteria. Items on the BDI are rated on a four-

point Likert-type scale ranging from 0 to 3. (0–12 = not

significant; 13–18 = mild; 19–28 = moderate; 29–63 =

severe) [31]. Current and past suicide ideation was assessed

using the 19-item Beck scale for suicide ideation (SSI) [32]

which was translated to Arabic by the study team. The SSI

evaluates intensity of suicidal thoughts, their characteristics

and interviewee’s attitude towards them. The SSI is scored

by the clinician based on individuals’ answers on a semi-

structured interview (cutoff = 6). The Arabic version of

the strengths and difficulties questionnaire (SDQ) [33],

which has been validated in the Arabic language [34] was

administered as part of the DAWBA as a measure of

emotional and behavioral difficulties. The SDQ yields five

scores for difficulties—conduct problems (normal = 0–3,

borderline = 4, abnormal = 5–10), inattention-hyper-

activity (SDQ-HYP) (normal = 0–5, borderline = 6,

abnormal = 7–10), emotional symptoms (normal = 0–5,

borderline = 6, abnormal = 7–10), peer problems (nor-

mal = 0–3, borderline = 4–5, abnormal = 6–10), and

Table 1 Demographic and clinical data

MDD (n = 22) HC (n = 21) Statistics

Sex (male/female) 6/16 11/10 v2(1) = 2.83, p = 0.09

Age in months, mean (SD) 188.68 (18.42) 176.57 (22.08) t(41) = 1.96, p = 0.06

IQ, mean (SD) 91.45 (10.19) 102.62 (13.45) t(41) = 3.08, p = 0.004, r = 0.19

BDI, mean (SD) 27 (8.34) 6.86 (9.38) t(41) = 7.45, p = 0.000, r = 0.57

SDQ total, mean (SD) 17.09 (7.48) 9.48 (5.56) t(41) = 3.77, p = 0.001, r = 0.26

SSI prior total, mean (SD) 8.71 (9.16) 0.05 (0.22) t(40) = -4.34, p = 0.000, r = 0.32

SSI current total, mean (SD) 9.27 (11.79) 0.05 (0.22) t(41) = -3.58, p = 0.001, r = 0.24

SDQ-emotional symptoms: mean(SD) 5.36 (2.82) 2.33 (2.78) t(41) = 3.55, p = 0.001, r = 0.23

SDQ-conduct, mean (SD) 3.95 (1.59) 1.81 (1.25) t(41) = 4.91, p = 0.000, r = 0.37

SDQ-anxiety score, mean (SD) 2.95 (1.67) 1.67 (1.88) t(41) = -2.36, p = 0.023, r = 0.34

SDQ-hyperactivity score, mean (SD) 4.60 (1.70) 3.10 (2) t(39) = 2.59, p = 0.01, r = 0.15

SD standard deviation, IQ intellectual quotient, BDI Beck depression inventory, SDQ strengths and difficulties questionnaires, SDQ-ESS

strengths and difficulties questionnaire emotional symptoms score, SDQ-CON strengths and difficulties questionnaire conduct problems score,

SDQ-HYP strengths and difficulties questionnaire hyperactivity score, PDS pubertal development scale, SSRI selective serotonin reuptake

inhibitor, SSI scale of suicide ideation
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total difficulties score (normal = 0–15, borderline =

16–19, abnormal = 20–40)—and one score for strength/

pro-social behavior (normal = 6–10, borderline = 5,

abnormal = 0–4). We, in addition, have generated an

SDQ-anxiety score (SDQ-ANX) using answers to the fol-

lowing statements specific to anxiety symptoms: I worry a

lot, I am nervous in new situations. I easily lose confidence

and I have many fears, I am easily scared.

The emotional faces n-back task

The EFNBACK task [24] is a modified version of a visual

sequential letter WM n-back task. The visual n-back task

consists of visually presenting a pseudorandom sequence of

letters and asking participants to respond to a pre-specified

letter appearing on the computer screen. The n-back

includes two memory-load conditions: a no-memory load

(0-back, press the button when you see the letter ‘‘M’’) and

a memory load (2-back, press the button when the letter is

identical to two letters back -N-L-N). The EFNBACK task

consists of presenting the visual n-back task flanked by two

identical pictures of an actor depicting either a neutral,

fearful, or happy facial expression. Participants were

informed that pairs of faces portraying three different

emotions would flank either side of the letters and were

instructed to attend to the letter while ignoring the faces. It

includes eight blocks comprising two memory-load con-

ditions by four distractor conditions] neutral, angry, happy

or no distractors (i.e., letter alone)]. Each block includes 12

trials. Each trial consists of presenting a letter flanked with

either no picture, or with a face distractor. The face stimuli

consist of gray-scaled images 400 9 600 pixels of 20

individuals (10 males and 10 females) with neutral, angry,

and happy expressions taken from the NimStim set that is

available to the scientific community at (http://www.

macbrain.org/resources.htm). All images were cropped

using an oval shape and normalized for size and luminance.

The modified pictures were then aligned according to the

positioning of the eyes on each face to ensure that every

face was positioned the same across every trial. Most

participants completed three runs of eight blocks, with 12

trials in each block (total duration 21 min 12 s). Trial

duration was 500 ms. The intertrial interval (ISI) consisted

of a fixation cross (flanked with faces). The ISI was jit-

tered, with a mean duration of 3,500 ms. Participants are

instructed to respond to target letters by pressing number

‘‘2’’ on the keyboard with their index finger as quickly as

possible while ignoring the faces that flanked the letters.

Each block began with the 0-back no-face condition to ease

participants into the task followed by different combina-

tions of the distracter type by memory condition presented

in a pseudorandom order. Brief instructions, informing

participants about whether the block was a 0-back or

2-back condition, were presented on the screen at the

beginning of each block. When projected on the screen, the

size of each distractor picture was approximately

5.5 cm 9 8 cm. Participants sat 50 cm from the screen,

giving a visual angle of approximately 3.5� between the

edges of the pictures (Fig. 1).

Data analyses

The IBM Statistical Package for Social Sciences version 19

was used to analyze the data. Mean differences in response

accuracy (percent of accurate responses) and reaction time

between MDD and HC were analyzed using two separate

mixed multivariate analyses of variance with distractor

type (neutral, angry, happy, blank) and memory condition

(0-back, 2-back) entered as repeated measures variables

and group as a between measures variable. The multivar-

iate statistic reported was Wilk’s Lambda. Main effects and

interactions between groups were followed up with uni-

variate analyses of variance and covariance (ANCOVA).

Separate within subjects MANCOVAs were also con-

ducted. In all analyses, participants’ IQ, mean scores on

SDQ-HYP, mean scores on SDQ-ANX and sex were

entered as covariates. Bonferroni corrections were applied

where necessary, and two-tailed tests were used. SDQ-

HYP data were missing for two subjects in the MDD group

and as such, when conducting MANCOVA and ANCOVA

these missing values were replaced by the mean of the

MDD group.

While most participants completed three runs of the

EFNBACK task, three participants completed two runs.

Correct trials with reaction times below 100 and above

3,000 were removed from the analysis. Mean reaction

times per distractor type and memory condition for target

trials were calculated for each participant. Accurate

response was defined as responding to target stimuli (0 or 2

letters back) and not responding to non-target stimuli.

Accuracy rates were converted to percentages from the

total number of trials per participant to account for the

differing number of total trials completed per participant.

The data was free of missing values. Univariate and mul-

tivariate outliers were checked separately for each group.

The data was normally distributed and was free of influ-

ential outliers.

Results

Demographic and clinical variables

The groups were not different in age [t(41) = -1.96,

p [ 0.05]. There were more females (72 %) in MDD than

in HC (48 %); however, the groups were not different on
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sex distribution [v2(1) = 2.83, p = 0.09]. A significant

difference between MDD and HC was found on IQ,

[t(40) = 3, p = 0.004, r = 0.18) (Table 1).

The two groups differed on their respective SDQ total,

SDQ emotional, conduct, hyperactivity and anxiety sub-

scores in addition to SSI past and current and BDI scores

(p \ 0.05, for all) with effect sizes ranging from small

(r = 0.15 on the SDQ-hyperactivity subscale) to large

(r = 0.57 on the BDI). On these variables MDD scored

significantly higher than HC (Table 1).

Response accuracy

Main analyses

In the mixed multivariate analysis of covariance (MAN-

COVA), Mauchley’s test indicated that the assumption of

sphericity was not met for the main effect of valence and

the interaction term of distracter type by memory

[v2(5) = 19.6, p \ 0.05 and v2(5) = 20.9, p \ 0.05,

respectively]. As such, the Greenhouse Geisser correction

was used for the within subjects analyses.

The mixed MANCOVA indicated a significant group

by distractor type interaction F(3,34) = 2.97, p = 0.045.

In addition, there was a significant main effect for

memory [F(1,36) = 6.21, p = 0.017]. This indicates that

regardless of distractor type and group belonging, par-

ticipants’ performance was different across the two

memory conditions. As expected, participants were less

accurate on the 2-back memory condition compared to

the 0-back condition (p \ 0.05). The group by distractor

type interaction effect was followed up with analyses of

covariance conducted on mean percent accuracies for

each distractor type across both memory-load conditions

while covarying for IQ, sex, SDQ-HYP and SDQ-ANX.

MDD were less accurate on neutral trials than HC

[F(1,36) = 5.35, p = 0.027] while the two groups were

not different on any of the other distracter types

(p [ 0.05) (see Table 2).

Other analyses

To further explore the group by distractor type interaction

effect, separate within subjects repeated analyses of vari-

ance and covariance were conducted for MDD and HC. No

valence effect in either group was statistically significant

(p [ 0.05) but rather a memory effect was evidence in

MDD (p = 0.009) but not HC (p [ 0.05), suggesting that

Fig. 1 Illustration of the emotional face n-back task (2-back happy

face distracter condition). During the 0-back condition, participants

must respond to the letter M. ITI intertrial stimulus interval.

Copyright � 2009 by the American Psychological Association.

Reproduced with permission. The official citation that should be used

in referencing this material is Ladouceur et al. [24]. The use of APA

information does not imply endorsement by the APA
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MDD’s performance on the 2-back condition was worse

than their performance on the 0-back condition.

To better understand the difference in the patterns of

responding between both groups, we calculated the dif-

ferences in percent accuracy on neutral trials and happy

trials (HAP-NEUT) and neutral trials and angry trial

(ANG-NEUT) in each group. Here, analyses of covariance

after covarying for IQ, sex, SDQ-ANX and SDQ-HYP

showed a group effect on HAP-NEUT (p = 0.009) but not

on ANG-NEUT (p [ 0.05). These findings highlight the

fact that as compared to HC, MDD showed more inter-

ference by neutral faces relative to happy faces (Table 2).

Reaction time

In the mixed MANCOVA, Mauchley’s test indicated that

the assumption of sphericity was met for both the main

effect of distracter type v2(5) = .94, p [ 0.05, but not the

interaction term of distractor type by memory

v2(5) = 11.6, p = 0.04.

There was a significant main effect for memory condi-

tion on reaction times F(1,36) = 6.63, p = 0.014, Here,

both MDD and HC showed slower reaction times for the

2-back compared to the 0-back condition. No other sig-

nificant main effects or interactions were found.

Exploratory analyses

Both mixed MANCOVAs on accuracy and reaction time

were repeated once excluding the three remitted MDD

participants and once excluding participants with two en-

back runs. Results remained unchained in both repetitions.

We then explored the possible effect of our clinical out-

comes (SDQ total, SDQ-ESS, SDQ-CON, SDQ-HYP, SSI

prior and current, and BDI) on reaction time and percent

accuracy scores per group using Pearson’s correlations in

all four EFNBACK conditions. No significant correlations

were found (p [ 0.05).

Discussion

The present study examined the effect of distracting emo-

tional stimuli on attentional control during performance on

a WM task in a sample of adolescents with MDD and HC.

We showed that the two groups differed in their patterns of

performance across different emotional stimuli. Specifi-

cally, MDD had reduced performance on neutral face

distractors as compared to HC. We also showed that rela-

tive to HC, the difference between performance on happy

and neutral trials was much larger in MDD than HC sug-

gesting that MDD did worse on neutral trials than happy

trials as compared to HC. These findings were independent

of memory load.

This pattern of responding among adolescents with

MDD suggests that attentional control to neutral faces was

impaired and negatively affected WM. To our knowledge,

such difficulties in attentional control to neutral face dis-

tractors during a WM task have not been reported in ado-

lescents with MDD. Our results are consistent with recent

findings that brain activation to neutral faces in depressed

participants has a different pattern than brain activation to

neutral faces in HC [35]. They are also consistent with

other behavioral findings in adults showing that depressed

participants are slower responding to neutral faces as

compared to other valences, an impairment that was still

evident after remission [36]. Other work also reported that

brain activity during the presentation of neutral faces

accurately differentiated between youth at high risk for

mood disorders and HC [37]. Findings similar to the ones

presented here have been reported as well in a study of

attentional control in generalized anxiety disorder using the

Rapid Serial Visual Presentation task. Results indicated a

significant decrease in percent accuracies for targets pre-

ceded by neutral and fearful distracter images; an effect not

observed among controls. Moreover, this relationship was

mediated by deficits in attentional control [38].

The interference effect of neutral faces in MDD sheds

some light on how depressed youth process information in

daily life. The capacity to control attention processes pro-

gresses gradually over the course of a child’s development

[39], and is considered a central cognitive function nec-

essary in acquiring skills in other cognitive areas. Atten-

tional control processes allow the allocation of attention to

information-rich areas that are necessary for learning [40].

If attentional control is impaired in youth with MDD then

the use of information in the environment in a way that

promotes learning would be compromised.

Table 2 Mean percent

accuracy per valence group
Distractor type MDD (n = 22) HC (n = 21) Statistics

Neutral, mean (SD) 91.95 (9.71) 96.66 (3.84) F(1,36) = 5.35, p = 0.027

Angry, mean (SD) 90.69 (13.78) 94.71 (5.83) F(1,37) = 2.39, p [ 0.05

Happy, mean (SD) 95.50 (6.38) 96.94 (3.79) F(1,36) = 0.78, p [ 0.05

Blank, mean (SD) 94.57 (4.49) 94.97 (5.62) F(1,36) = 0.27, p [ 0.05

HAPP-NEUT, mean (SD) 3.55 (5.35) 0.28 (3.01) F(1,36) = 7.56, p = 0.009

ANG-NEUT, mean (SD) -0.96 (6.19) -1.95 (3.98) F(1,36) = 0.004, p [ 0.05
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Interestingly, both MDD and HC did not differ in their

performance on angry trials and this may be due to the fact

that accuracy on these trials was low in both groups. This

may indicate a natural inclination towards alertness to

negative stimuli in the environment which in evolutionary

terms, is necessary for survival purposes [41].

Performance on enback measures voluntary attentional

control processes which is one of two attentional control

processes, the second one being automatic attentional

control. Other tasks, including, for example, the emotional

STROOP task have been employed to study automatic

attentional control processes. Here, individuals attend to a

nonemotional stimulus feature (for example, color of the

stimulus) at the expense of the emotional content of the

same stimulus. These two processes subserve different

neural mechanisms [7]. Automatic attentional control

processes appear to primarily implicate the medial pre-

frontal cortical system while voluntary attentional control

processes appear to primarily implicate the lateral pre-

frontal cortical system [7]. Future studies should aim at

comparing and contrasting both automatic and voluntary

attentional control processes in this population.

Our findings also indicated that the impact of neutral

facial expression on attentional control in MDD was

independent of memory load suggesting that task difficulty

did not affect attention allocation processes in our study.

This finding is in line with previous research showing a

decrease in emotion interference with increased task diffi-

culty due to preferential allocation of attentional resources

to the task at hand over task-irrelevant emotional stimuli.

In some other studies, however, the interference effect was

solely present during a higher memory load [27]. It would

be advantageous that future studies employ tasks that

manipulate cognitive load to gain a better understanding of

the effect of this load on emotional interference in

depression.

A possible limitation of our study is the fact that par-

ticipants with comorbid diagnoses were not excluded from

the present sample and as a consequence this may have

affected the specificity of our findings with regard to MDD.

For example, ADHD is highly comorbid with depressive

disorders in adolescents [42] and is associated with exec-

utive dysfunctions [43]. Although not primarily an emo-

tional disorder, ADHD has also been shown to be

associated with emotional dysregulation [44]. A study that

has looked at the effect of emotion processing on WM in

children with ADHD as compared to children with bipolar

disorder found that while the group with bipolar disorder

had lower accuracy across emotions as compared to HC,

the group with ADHD did not differ from HC [45]. It is

expected that when examining attentional control in the

context of emotional distractors in ADHD, deficits would

be present across emotional valences rather than be specific

to a certain valence since ADHD is primarily a disorder of

executive control rather than emotion regulation. None-

theless, to avoid the potential confounding effect of

comorbid ADHD in the present study, we excluded sub-

jects who have untreated ADHD and controlled for the

presence of residual/subthreshold ADHD symptoms in our

analyses. In addition and as it would be expected in this

population, the prevalence of anxiety disorders was high in

our sample. We also controlled for the presence of anxiety

symptoms in our analyses in an effort to address this issue.

Although future studies should aim at replicating our

findings in a sample of adolescents with MDD and no

comorbidities, this may not add to the generalizability of

the findings to a clinical sample.

The lack of an emotion labeling task preceding the

EFNBACK task administration is another limitation. Such

a task would have provided some insight as to whether

deficits in emotion labeling, if any, contributed to the

present findings. Another limitation is the failure to include

negative mood priming in the current study. Recognizing

that according to the content-specific hypothesis, cognitive

biases in information processing may be activated to a

greater extent when depression-specific schema are acti-

vated [46], it was not clear how activation conditions

would have affected performance of this novel task in

youth with MDD.

In summary, this is the first study to demonstrate that

distracting neutral faces impair attentional control during a

WM task in adolescents with MDD as compared to HC. An

interference effect of neutral faces with attentional control

in adolescents with MDD suggests significant socio-cog-

nitive impairment in this population. As such, there may be

a need to develop treatment modalities focusing on cog-

nitive training with emotional faces paradigms in this

population. In addition, future studies are warranted to

determine whether this interference effect is state or trait

marker in adolescent MDD.
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