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Introduction

An emerging body of research has shown that executive 
function (EF) impairments are common in adult patients 
with depressive disorders [33, 77]. EF relies on prefron-
tal lobe function, which has been found to differ between 
patients with major depressive disorder (MDD) and healthy 
control participants [21, 62]. While much research has been 
conducted within adult populations, relatively few stud-
ies have investigated EF in children and adolescents with 
depressive disorders. Impairments in cognitive function in 
the form of trouble making decisions or concentrating are 
recognised as symptoms of unipolar depression given the 
diagnostic criteria [2]. Deficits in attention, memory and 
problem solving may have profound impact on daily activi-
ties, particularly in children and adolescents, whose aca-
demic achievement may dependent on these skills [4, 9]. 
Furthermore, disturbances in attention, memory and execu-
tive function may limit coping skills, increase the risk of 
relapse and/or affect treatment compliance [77].

It is currently unclear whether depression in child-
hood and adolescence is mostly similar or different to 
adult depression. There may be important differences 
between early-onset and late-onset depression with early-
onset depression being more severe and with higher lev-
els of recurrence [14, 26]. Uncertainties also remain with 
regard to whether cognitive impairments should be consid-
ered vulnerability markers of depression, thus potentially 
preceding the development of depressive symptoms or, 
whether cognitive symptoms develop only after the onset 
of a major depressive episode [14].
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Early research has suggested that depression is character-
ised by general cognitive depletion [56] but others have sub-
sequently proposed that cognitive deficits should be consid-
ered as a difficulty in initiating efficient strategies that can be 
remediated by appropriate cuing or priming [38, 51]. Another 
potential confounding factor in understanding cognitive 
impairments in depressive disorders is motivation. It is pos-
sible that cognitive deficits are secondary and arise as a result 
of decreased motivation [51]. A better understanding of the 
association between cognitive deficits and paediatric depres-
sion will aid in the clarification of some of these uncertainties.

EF refers to higher order neurocognitive processes 
involved in goal-directed behaviour such as, for example, 
working memory, attentional flexibility, and inhibitory con-
trol [59]. While basic EF develops during preschool years, 
improvements in EF continue throughout childhood and ado-
lescence [8]. This development parallels the prolonged matu-
ration of the prefrontal cortex that continues into early adult-
hood [28, 53] and is thought to support crucial EF processes. 
In fact, recent advances in neuroimaging have triggered the 
distinction between “hot” and “cold” EF [40]. This heuris-
tic framework was developed to reflect a separation of affec-
tive processes, for example reward processing, and cognitive 
processes such as inhibitory control in the orbital/medial and 
dorsolateral prefrontal regions, respectively. In the context 
of paediatric depression neuroimaging evidence is slowly 
accumulating that shows atypical structural and functional 
changes in prefrontal, limbic and striatal brain regions [42]. 
While the distinction between affective and cognitive pro-
cessing regions in the brain is no longer considered help-
ful as most regions are involved in the processing of both, 
the separation of hot and cold EF extends the previously 
sole focus on abstract, decontextualised problem solving to 
include problems of reward processing and decision-mak-
ing. Given that neuroimaging evidence suggests abnormali-
ties in regions subserving both hot and cold EF in paediatric 
depression [42] it is of interest to find out whether behav-
ioural studies also support a deficit across both domains.

The purpose of this review was to systematically iden-
tify all studies that have investigated EF and attention 
deficits in children and adolescents with depressive dis-
orders, to determine whether EF and attention difficulties 
are common in this clinical group and whether there are 
specific subdomains of EF and attention that are particu-
larly impaired in paediatric depressive disorders. We did 
not perform a meta-analysis on the studies, as the number 
of studies available with comparable data is too limited. 
The domains of attention, response inhibition, set shifting, 
working memory, planning and verbal fluency were exam-
ined because these have previously been indicated to differ 
between adult patients with depression and healthy con-
trols. In addition, studies that examined hot EF of reward 
processing and decision-making were also included.

Method

Search strategy

PsycInfo, Scopus and Medline were systematically 
searched using the following keywords: (child* or kid* 
or youth or “young people” or boys or girls or adolesc* or 
teenage*) AND (“unipolar depression” or “major depres-
sive disorder” or “dysthymic disorder” or dysthymia or 
depression or “depressive episode” or depressive) and 
(“executive function” or “working memory” or planning 
or “verbal fluency” or “response inhibition” or “inhibitory 
control” or shifting or switching or neuropsychologic* 
or attention or “cognitive control” or “executive dysfunc-
tion” or” attention bias” or “decision making” or “selec-
tive attention” or reward). The asterisk shortens the word 
to identify different endings and parentheses are used to 
group search terms together. We employed a topic search in 
Medline, an abstract, title and keywords search in Scopus 
and an abstract search in PsycInfo. In all three databases 
the search was limited to peer-reviewed English journal 
articles that were published after 1994 (DSM-IV release) 
and up until October 2014. To make sure no relevant study 
was overlooked reference lists of the selected articles were 
also checked. Figure 1 displays a flow chart of the search 
and results.

Inclusion/exclusion criteria

The following inclusion criteria were applied:

–– The presence of a nonclinical control group
–– Mean age <19 years
–– Sample size ≥10 of the clinical group
–– DSM-IV or subsequent DSM diagnosis of MDD or dys-

thymic disorder (DD)

Exclusion criteria:

–– Neuroimaging studies (for a review of neuroimaging 
studies in paediatric depression see [42, 45]).

–– Studies investigating effects of medication
–– Studies that looked at offspring of parents with a history 

of affective disorder (note the exception here is [69] as 
they assessed and compared offspring with a current 
diagnosis).

Results

33 studies met inclusion criteria for this review and are 
listed in Table 1. Of those studies the clinical sample size 
ranged from 11 [18, 36, 75] to 61 [32] with a mean sample 
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size of 22.2 (±9.0) and a median sample size of 20.0 of 
the clinical group. The included studies covered a total age 
range from 6 to 19 years of age of participants. In the fol-
lowing we will examine attention and various subdomains 
of EF: response inhibition, set shifting, working memory, 
planning, verbal fluency and reward processing in turn and 
look at evidence for a deficit in children and adolescents 
with depressive disorders. Table 2 lists and describes com-
mon laboratory tasks that were used in the included studies.

Attention

Inattention forms part of the diagnostic criteria of MDD 
and dysthymic disorder regarding poor concentration or 
difficulty making decisions [2]. Although not a separate 
category of EF, attention is a basic building block for EF 
and we will briefly summarise findings on measures of 
attention in paediatric MDD. A distinction between meas-
ures of sustained attention and selective attention is made.

Of nine studies that have assessed the ability to sus-
tain attention in children and adolescents with depressive 
disorders five reported difficulties in patients. Six studies 
included in the review used different versions of the con-
tinuous performance test (CPT) to assess the ability to sus-
tain attention in paediatric depression [11, 13, 15, 34, 54, 
58]. Two reported medium effect sizes for CPT omissions, 
commissions and greater inconsistencies in reaction times 

for the clinical group [13, 15]. Bloch et al. [11] found sig-
nificant group differences in accuracy and mean response 
latencies; adolescents with MDD made more errors and 
responded more slowly than the healthy control par-
ticipants. On the same task Maalouf et al. [54] noted that 
the acutely depressed group had more false alarms and 
responded more impulsively than a remitted and healthy 
control group. On the other hand, Mayes et al. [58] found 
no difference on the Gordon Diagnostic System [30] ver-
sion of the CPT between healthy control participants and 
anxious/depressed children. Han and colleagues [34] 
employed a version that manipulated load thus adding a 
working memory component and found a difference but 
this disappeared when adjusting for IQ differences between 
the groups. Günther and colleagues found no evidence for 
a deficit in sustaining attention in children with depres-
sive disorders in either their 2004 or in their 2011 study. 
Wilkinson and Goodyer [79] reported a significant group 
effect showing that the depressed group that was on antide-
pressant medication was significantly less accurate than the 
healthy control group on sustained attention. These results 
remain difficult to interpret, as one would expect antide-
pressant medication to improve attention.

Five studies have included some measure of selective 
attention in their neuropsychological assessment of patients 
and healthy control participants [11, 15, 31, 32, 79]. Most 
tasks involved a form of target detection in a visual array 

Fig. 1   Flow chart detailing the 
literature search Ar�cles published between Jan 1994 

and Oct 2014 iden�fied through 
database searching. Title and abstract 

screened. 
PsycInfo (n = 2,638) 
Medline (n = 3,226) 
Scopus (n = 3,227) 

Ar�cles excluded based on screening of 
�tle and abstract 

(n = 8,813) 

Full-text ar�cles assessed for eligibility 
PsycInfo (n = 134) 
Medline (n = 79) 
Scopus (n = 65) 

Full-text ar�cles excluded, with reasons: 
No control group (n = 45) 

No relevant task used (n = 44) 
MDD/DD not primary diagnosis (n = 19) 

Neuroimaging study (n = 6) 
Mean age > 19 (n = 17) 

Review (n = 13) 
DSM-III diagnosis (n = 5) 

Offspring (n = 10) 
Duplicates (n = 59) 

Articles mee�ng inclusion criteria  
(n = 33)  

(See table 1) 
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of similar looking items. No difficulties in selective atten-
tion as measured on these tasks were found by any of the 
studies.

Cold EF

Response inhibition

Sixteen investigations have examined response inhibition 
in paediatric depression. Out of these only three reported 
significant group differences [15, 32, 36]. Response inhibi-
tion refers to the ability to hold back a prepotent response. 
Many of the tasks used to measure response inhibition 
require other cognitive resources such as working mem-
ory (keeping rules in mind) and activating an alternative 
response. Five studies were identified that have used the 
Stroop to assess inhibitory control in paediatric depres-
sive disorders [13, 15, 19, 23, 64]. While three of these 
five studies used the standard colour-word Stroop, Neshat-
Doost et  al. [19] and Dalgleish et  al. [64] employed a 
modified version with positive, neutral, depression-related, 
threat-related, and trauma-related words. Only one study 
found that the clinical group, which consisted of 19 chil-
dren and adolescents with either MDD or DD, performed 
significantly worse than the healthy control group using 
the difference in response time between the mismatching 
word-and-colour condition and the colour-naming condi-
tion [15]. Although Brooks et al.[13] did not find a signifi-
cant group difference they noted a small-to-medium effect 
size for errors on the Stroop task. On the modified Stroop 
test, Neshat-Doost et al. [64] noted greater response laten-
cies and more colour-naming errors in the depressed group 
independent of valence category. In the later study, no 
group differences were found [19].

Using a go/no-go task with letter stimuli Günther and 
colleagues [31] found that a group of 31 children with 
depressive disorders were no different from a group of 33 
healthy control children in their task performance. How-
ever, the same group found that children with DD or MDD 
had more false alarms than the healthy control group and 
were no different to the performance of children with atten-
tion-deficit/hyperactivity disorder (ADHD) and those with 
the comorbid condition in a later study with a larger sample 
and a narrower age range (10–15 years compared to 6 or 
8–17 years in the earlier study) [32].

Cataldo et al. [15] used the walk/don’t walk task, a child 
friendly version of the go/no-go task to measure response 
inhibition but found no difference between the depressed 
and the healthy control group. Because depression has been 
associated with an attention bias towards negative stimuli, 
four studies used an affective version of the go/no-go task 
in which positively and negatively valenced words [34, 
47, 55] and faces [34, 48] were presented. Kyte et al. [47] Ta
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Table 2   Cognitive domains and commonly used laboratory tasks to assess these

Attention

Continuous performance test Participants are presented with a continuous sequence of stimuli such as numbers, symbols, or 
sounds over a period of time. They are asked to respond or withhold a response to certain target 
stimuli

Attention bias

Dot-probe task Participants are presented with two faces of the same actor, one with a neutral and one with an 
emotional expression. One of the faces is then replaced with a dot to which subjects need to 
respond. The idea behind this task is that individuals who are biased towards negative facial 
expressions will have longer reaction times if the dot is incongruent with the negative stimuli 
and shorter response times in congruent trials

Response inhibition

Go/no-go In this task there are stimuli that require a response e.g. a button-press to certain letters and those 
that must not be responded to e.g. a specific letter. Usually the stimuli that require responding 
are presented in rapid succession so that it becomes difficult to withhold a response in ‘no-go’ 
trials

Stroop Participants are asked to read a list of colour words (e.g. ‘‘green’’) printed in colours incongruent 
with their name, and/or name the colour of the ink of the word while ignoring the content of the 
word

Eriksen Flanker Task The task requires participants to indicate whether a central arrow is pointing left or right. In 
congruent trials a central arrow is surrounded by identical arrows pointing in the same direction 
while in incongruent trials the surrounding arrows point in the opposite direction. Participants 
need to ignore the flankers to successfully complete the task

Set shifting

Trail making test (TMT) B The TMT B is a paper and pencil task in which participants are asked to connect circles of 
numbers and letters in ascending order, switching continuously between numbers and letters 
(1a2b3c…). Participants need to remember the rules but they also need to inhibit the prepotent 
response to connect items of the same category.

Wisconsin card sorting test (WCST) Here subjects are asked to determine the sort criterion of a set of cards based upon “correct” ver-
sus “incorrect” feedback. The matching feature changes once participants correctly match a card 
for 10 consecutive trials according to a stimulus feature (colour, form, or number)

CANTAB—intra-extra-dimensional set-shift Participants are required to learn to discriminate which of two stimuli is correct based on the feed-
back provided by a computer. Simple stimuli are made up of one dimension (either colour-filled 
shapes or white lines) whereas compound stimuli are made up of both. Only after six correct 
responses, the stimuli and/or rules change. The test becomes more difficult progressing from 
intra-dimensional (e.g. colour-filled shapes remain the only relevant dimension) to extra-dimen-
sional (white lines become the only relevant dimension) shifts

Working memory

CANTAB—spatial span This task measures the ability to remember a sequence of squares presented on the screen. After 
an incorrect attempt at choosing the squares in sequence, the next trial remains at the same dif-
ficulty level

CANTAB—spatial working memory A self-ordered search task that requires test takers to look through a number of boxes on the 
screen with the aim of finding a blue token hidden inside. Once a token has been taken out of 
a box, that box will not be used again to hide a token. The task consists of four test trials with 
each of three, four, six and eight boxes. Returning to a box, already opened and a token removed 
on a previous search, constituted an error

N-back task The task presents a series of letters and participants must identify when the current stimulus 
matches the one n stages back, where n allows manipulating load

Planning

Tower of London/Hanoi Test takers are asked to re-arrange coloured beads on several vertical pegs to copy a given pattern. 
They must plan the sequence of moves before initiating movement

Verbal fluency

Semantic Test takers are instructed to produce as many words as possible in a given time frame of a seman-
tic category (e.g. animals)

Phonemic Words starting with a given letter (e.g. F) need to be generated in a set-time period

Reward processing
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found that adolescents with a recent first depressive episode 
made more errors when the target stimuli were happy but 
also found that the clinical participants made fewer errors 
than the healthy control participants on sad faces. Ladou-
ceur et  al. [48] noted faster reaction times to sad faces in 
children with MDD but no difference in the percentage 
of correct responses or false alarms compared to typically 
developing children. No other group differences emerged 
in any of the other studies.

On an Eriksen Flanker task medication-naïve young 
people with a first episode of depression and without 
comorbid anxiety were as accurate as well-matched control 
children in responding [75]. Although the sample here was 
very well defined, unfortunately it was very small (n = 11) 
and covered a wide age range from 7 to 17 years. Han et al. 
[34] used a similar task but neither found a significant 
group difference in an older, larger sample of adolescents 
with MDD.

A few studies have employed other, less commonly used 
tests to measure response inhibition in paediatric depres-
sive disorders. Klimkeit et al. [46] used a local–global and 
serial choice reaction time task that both had an inhibition 
and set-shifting component. No significant group difference 
emerged for errors made in the serial choice reaction time 
task while in the local–global task the minor depressed 
group made significantly less errors than both the major 
depressed and healthy control group. One group reported 
no difference in task performance between adolescents 
with MDD and typically developing children in the neutral 
condition of a rewarded antisaccade task [44] while a later 
study using a modified version of the same task found more 
direction errors in patients than the healthy control group 
[36].

Set shifting

Three of ten studies provided evidence for a set-shifting 
deficit in paediatric depression. Set shifting refers to the 
ability to adjust responses according to changing rules. It 
is a demanding process that requires both, inhibition and 
working memory. Two studies used the trail making test 
(TMT) to assess EF function in children with depression. 

One reported more perseverative errors in a group of 9- 
to 11-year-old boys with high self-reported symptoms of 
depression [22]. This study had a high rate of comorbid-
ity with anxiety, which means that impaired performance 
on the TMT B may have been due to the presence of anxi-
ety rather than depression. Favre et al. [23] found no sig-
nificant group differences but noted greater variance in the 
performance of a larger group of children and adolescents 
with MDD. They also found no group difference on the 
Wisconsin Card Sorting Test (WCST). Using a different 
approach Holler et al. [39] combined WCST perseverative 
errors and TMT B performance to yield a cognitive flex-
ibility/set shifting subdomain. They reported that the MDD 
group scored significantly lower than the outpatient control 
group on this subdomain. This difference was only found 
for the MDD but not the minor depressed group.

Three studies used the intra-dimensional and extra-
dimensional set-shifting task of the Cambridge Neuropsy-
chological Test Automated Battery (CANTAB) (Cambridge 
Cognition, Cambridge UK) to assess set-shifting skills in 
adolescents but found no differences in group performance 
[11, 47, 57]. Other measures of set shifting also failed to 
reveal significant group differences in error rate although 
group differences in reaction times were detected [32, 79]. 
Brooks et  al. [13] did find a significant differences and 
medium effect size for errors on the shifting attention test 
of the CNS vital signs battery.

Working memory

Working memory refers to a system for temporary stor-
age and manipulation of information. Although limited 
in its capacity it is crucial for everyday behaviour and 
supports higher cognitive function such as planning, 
learning, comprehension and reasoning [5]. The storage 
components of the working memory model are equal to 
short-term memory and comprise a system for phono-
logical and visuospatial rehearsal of information. These 
two storage systems are controlled by a central executive 
component, which is responsible for attention allocation 
and necessary for the manipulation of information. It also 
lies at the interface of short- and long-term memory [6]. 

Table 2   continued

Iowa gambling task The task consists of four card decks. Participants continuously select cards from each deck to 
maximise winnings. Usually two decks are advantageous leading to small but continuous gains 
and small losses while two other decks lead to large gains but also to large losses. Healthy par-
ticipants will learn to choose from the advantageous decks as the game proceeds

CANTAB Cambridge gambling task On each trial, participants are presented with a row of ten boxes, some of which are red and some 
of which are blue. The participant must guess whether a yellow token is hidden in a red or a blue 
box. In the gambling stages, participants start with a number of points and select a proportion of 
these points to gamble on their confidence in this judgement
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Working memory tasks thus differ with regard to whether 
the information to be remembered is merely maintained 
over a short delay or whether it needs to be manipulated. 
For example, the simple digit span requires information 
to be maintained and repeated. In contrast the complex 
digit span in which participants are asked to report a 
number sequence in order or backwards requires manipu-
lation of information.

Visuospatial tasks

The CANTAB test battery offers several different tasks that 
assess spatial working memory. The delay-match-to sample 
requires test takers to recognize visual patterns after vary-
ing delays. It may be classified as a storage or short-term 
memory task. Medication-naïve depressed adolescent girls 
were found to make more mistakes compared to healthy 
control participants in the delay condition [57] but another 
study found no group differences on this task between 
acutely depressed, those remitted and healthy control ado-
lescents [54]. Three studies reported worse performance 
on the spatial working memory task of the CANTAB in 
patients [11, 25, 57] but only one of these also found a 
reduced spatial span in the clinical group [25].

Verbal tasks

In an affective version of the n-back task Ladouceur et al. 
[49] used letters superimposed onto neutral, positive and 
negative valenced pictures in a 0- and 2-back condition to 
assess working memory function. No significant differ-
ences across diagnostic groups were detected on correct 
responses, omissions or commissions. In a similar affec-
tively manipulated n-back task Tavitian et al. [72] found the 
adolescent MDD group to be less accurate than the healthy 
control group when letters were flanked by neutral facial 
expressions. No group differences were detected in condi-
tions with happy or fearful expressions or a blank condition. 
Because two forms of the verbal digit span form part of the 
Wechsler Intelligence Scale for Children several studies 
have reported comparison of performance on the digit span 
in healthy control participants and children with depression. 
Mayes and Calhoun [58] did not find the anxious/depressed 
group to perform worse on the digit span than the healthy 
control group. In contrast, Klimkeit et  al. [46] found a 
reduced digit span in both adolescents with MDD and those 
with  DD or a depressive disorder not otherwise specified. 
Three studies included a measure of verbal learning and 
memory in their investigations some of these tasks require 
immediate recall and may be considered short-term verbal 
memory. None reported group differences on immediate 
recall [13, 18, 31] but two of these noted worse performance 
on the delayed recall component [13, 31].

Planning

Two of three studies found difficulties in planning in clini-
cal participants with depression. A version of the Tower of 
London/Hanoi tasks was used in all studies [11, 54, 57]. 
In Maalouf et al. [54] the acutely depressed group needed 
more moves than the healthy control group and those that 
had remitted from depression on the four move problem 
specifically. Adolescents with MDD needed significantly 
more time to initiate moves and completed less problems 
than the healthy control group in the study by Bloch et al. 
[11]. Matthews and colleagues [57] used the same comput-
erized task but failed to find any difference in performance 
between depressed girls and controls.

Verbal fluency

Verbal fluency deficits have been noted in two of four stud-
ies. Both Cataldo et al. [15] and Klimkeit et al. [46] found 
a difficulty of the clinical group in the phonemic but not the 
semantic task. Klimkeit et al. [46] noted this deficit only in 
the dysthymic/depressive disorder not otherwise specified 
group but not the major depressed group. Investigating only 
the phonemic component, two other studies did not observe 
group differences [23, 39].

Hot EF

Reward processing and decision‑making

A popular way to assess decision-making is the Iowa Gam-
bling Task (IGT) [7]. Han and colleagues [34] used the IGT 
in their sample of 31 children diagnosed with MDD and 30 
healthy control children. After controlling for IQ they found 
a gender effect in that boys with MDD selected more cards 
from the disadvantageous decks than the healthy control 
boys. No difference was observed between depressed and 
healthy control girls. Oldershaw et al. [66] failed to observe 
significant performance differences on the IGT between ado-
lescents with MDD, adolescents who deliberately self-harm 
and a healthy control group. Using a similar paradigm where 
probabilities of winning points and the amount to be won 
are systematically varied, Forbes et  al. [24] observed that 
11-year-old boys with DD or MDD chose a large reward less 
often than children without a diagnosis in a condition where 
the probability of winning was high. The response pattern 
during these trials of high probability of winning a large 
amount predicted internalizing symptoms at age twelve. In 
one study using a decision-making task with betting options 
no group differences emerged between adolescents with 
MDD and healthy control participants [47] but in another 
study employing a similar task adolescents with depression 
exhibited less reward seeking by betting lower amounts than 
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healthy control participants [69]. This study also reported 
that task performance at baseline was associated with sever-
ity of depressive symptoms one year later [69].

Two studies showed that incentives were less effective 
in modulating performance in adolescents with MDD on a 
rewarded antisaccade task, unlike healthy control partici-
pants who showed reductions in latencies and peak veloc-
ity [36, 44]. However, anxiety symptoms in particular may 
have driven these results [36]. Dickstein and colleagues 
[20] used a reversal learning task in children and adoles-
cents with a range of mood disorders. In this task par-
ticipants first need to learn stimulus/reward and stimulus/
punishment associations by trial and error and then reverse 
these. There was a trend but large effect size for more 
reversal errors in the MDD group.

Attentional bias and affective manipulations of cold EF 
tasks

Rather than a general deficit in attention some have pro-
posed that individuals with depression have an attentional 
bias towards negative stimuli and potentially away from 
positive stimuli [1]. Only one of four studies investigating 
an attentional bias using the dot-probe task found perfor-
mance differences between clinical and healthy control par-
ticipants. Neshat-Doost et al. [63] and Dalgleish et al. [19] 
used emotionally valenced words and did not find a bias 
in their sample of depressed children but a bias towards 
threat in children with anxiety disorders. Also using words 
Taghavi et  al.[71] neither observed an attentional bias in 
an anxious/depressed group of children and adolescents. 
Hankin et al. [35] used neutral, happy, sad and angry faces 
in a dot-probe task with 161 children aged 9–17. The 
depressed group exhibited a bias towards sad faces while 
an anxiety/depression comorbid group had a bias towards 
sad and angry faces. The majority of the sample had a past 
history of MDD, with only a relatively small proportion 
reporting current symptoms. In the same study there was 
also a gender divide in that boys but not girls in the comor-
bid group avoided happy faces.

Information processing bias including attention and 
other cognitive domains in paediatric depression has previ-
ously been reviewed by Jacobs et al. [43]. Although not the 
main focus of the present review of those studies included 
here there were eight studies and nine tasks that used some 
form of affective manipulation within other EF tasks. Four 
of these found that the affective manipulation of stimuli 
had no effect on task performance in depressed participants 
[19, 34, 64]. The other five tasks elicited some effect: [55] 
observed shorter reaction times to negative than positive 
stimuli only in the acute MDD group but not in the remit-
ted MDD or healthy control group. However, none of the 
measures obtained on this task correlated with symptom 

severity. This is supported by a study that also found faster 
reaction times to sad faces in depressed adolescents using 
the same go/no-go task [48]. Also using a response inhibi-
tion task Kyte et al. [47] reported that the depressed group 
committed fewer errors on trials that depicted sad faces 
but more errors on incongruent sad/happy trials. In con-
trast, Ladouceur and colleagues [49] noted larger response 
latencies when neutral stimuli were presented on a nega-
tively valenced background during an n-back task. Tavitian 
et al. [72] noted that the depressed group’s performance on 
an n-back task was worse when neutral facial expressions 
were presented, but not happy or fearful expression.

Discussion

We conducted a systematic review into EF and attention 
deficits in depressive disorders in children and adoles-
cents. Primarily studies that compared a clinical group to a 
matched healthy control group were included in the review. 
Generally, across all domains results have been mixed with 
a greater tendency for null results. The results have shown 
little support for impairments in response inhibition, selec-
tive attention, set shifting, verbal working memory and 
verbal fluency. More research, with larger homogenous 
samples is needed to clarify possible deficits in sustaining 
attention, planning, spatial working memory and hot EF of 
reward processing and decision-making. There is some evi-
dence that affectively valenced stimuli, particularly nega-
tive stimuli may impact the performance on neuropsycho-
logical tasks.

Interpretation of results is difficult given the large num-
ber of methodological issues such as sample selection and 
differing inclusion criteria [e.g. mixed diagnosis (MDD and 
DD), diagnostic status (current versus past MDD), comor-
bidities and medication status]. To illustrate this difficulty: 
on the WCST Holler et  al.[39] noted that only the MDD 
but not the minor depressed group had difficulties. Simi-
larly, planning difficulties have been observed in an acutely 
depressed group but not in moderately depressed children 
[54]. Other results suggest that less severe symptoms may 
also differentially impact certain aspects of EF e.g. phone-
mic fluency deficits were only observed in a moderately 
depressed group but not a MDD group [46] as well as a 
sample of children of which the majority was dysthymic 
[15].

Medication effects may also differentially impact 
results. Wilkinson and Goodyer [79] reported that only the 
medicated MDD group experienced difficulties on a meas-
ure of sustained attention. This may explain why Brooks 
et  al. [13] found evidence for a sustaining attention defi-
cit as the majority of clinical participants in their sample 
were medicated. All other studies investigating sustained 
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attention found no group differences. Other methodological 
issues are task selection and presentation. On tests of set 
shifting it was observed that difficulties are less likely to be 
detected on computerized tasks [32, 47, 57, 79] (except for 
[13]). On attention tasks face stimuli and affective pictures 
seem to more reliably evoke a bias than words.

There is some evidence that the affective manipulation 
of stimuli can impact the performance on EF task of chil-
dren and adolescents with depression. When a response to a 
negative/sad stimuli is required individuals with depression 
appear to react faster [49, 55] while when the negative stim-
uli is used as a distractor or is presented in incongruent trials 
with positive stimuli at the same time this may hamper reac-
tion times [47]. It should, however, be noted that other stud-
ies have failed to detect such a bias [19, 34, 63, 64]. There 
may be other variables that drive attentional biases. For 
example, it has been shown that genetic risk factors, experi-
ence of childhood adversity as well as the mother’s history 
of depression can interact to influence children’s attentional 
biases [27, 67]. In addition, mother’s negative affect towards 
their children also resulted in greater attentional bias away 
from sad faces [16]. This study also found that an emo-
tion regulation strategy differentially influenced this bias in 
youth with depressive symptoms. While there is some evi-
dence for an attentional bias in paediatric depressive disor-
ders, it is currently unclear whether depressive symptoms 
alone drive this bias towards negative stimuli. There are a 
multitude of variables that may mediate such a bias.

The seeming lack of evidence for neuropsychologi-
cal deficits in depressive disorders in children and adoles-
cents is echoed in community studies that have looked at 
the relationship of EF and depressive symptoms in non-
clinical samples [17, 61]. In the largest community study 
with more than 1,800 participants that were followed over 
5 years a few noteworthy findings emerged [76]: first, this 
study found significant gender differences in neurocogni-
tive performance in accord with previous findings in devel-
opmental studies of typically developing children (e.g. 
[3]). Affective problems as measured by the Youth Self-
report of the CBCL were related to lower baseline reaction 
times and more variability in reaction times, lower work-
ing memory capacity and lower response inhibition in girls 
only. No association was found between EF measures and 
self-reported affective problems in boys. Longitudinally the 
only significant relationship observed showed that response 
inhibition scores at baseline predicted affective problems 
in girls at 5 but not at 2.5 years follow-up. Response time 
variability also predicted subsequent affective problems in 
girls, but this relationship disappeared when adjusting for 
baseline affective symptoms. It is unclear why response 
inhibition would predict affective problems 5 but not 
2.5 years later. The authors suggested that response inhibi-
tion may be a prodromal factor for affective problems in 

late adolescence and therefore linked to late-onset rather 
than early-onset depression.

The present review has shown that very few studies 
have found EF impairments in children and adolescents 
with depressive disorders. The absence of reliable findings, 
despite methodological issues, suggests that EF deficits are 
unlikely to play a major role in the aetiology of the major-
ity of paediatric patients with depression. As such atten-
tion and EF deficits may be secondary effects that arise out 
of primary symptoms such as e.g. anhedonia and/or low/
irritable mood. Support for this hypothesis comes from 
adult MDD studies that have shown that cognitive deficits 
increase with the number of depressive episodes, age and 
melancholic symptoms [77]. Such an account is in accord 
with the scarring and/or kindling hypothesis which suggest 
that a major depressive episode leaves behind biological 
and/or psychological scars that increase the vulnerability of 
developing a subsequent episode [26, 52, 68].

An open question in the paediatric depression literature 
remains as to whether depression in children and adoles-
cents is similar to or different from adult populations. More 
importantly though developmental differences have been 
noted not only between child and adult populations but also 
within paediatric samples. MDD in adolescents and older 
youth differs in symptom patterns [78]. Additionally, differ-
ences have also been noted between depression in preado-
lescent children and adolescents with the former differing 
in aspects of epidemiology, aetiology and prognosis [37, 
73, 74]. Unfortunately, many of the studies included in the 
present review covered a wide age range. Rates of depres-
sion in prepubertal children are generally low and it may be 
difficult and costly to identify a sample of children with cur-
rent MDD. Nevertheless, combining children and adoles-
cents with a diagnosis of MDD into one sample may not be 
informative given known differences in symptoms patterns.

Recommendations for future studies

Future studies into depressive disorders and EF in paedi-
atric samples should attempt to include larger samples 
with a narrower age range. Half of the studies included 
in this review had 21 or fewer participants in the clinical 
group and many covered wide age ranges. For children and 
adolescents developmental aspects need to be taken into 
account. While basic EF develops during preschool years, 
improvements in EF continue throughout childhood and 
adolescence [3, 8]. In addition, other skills that are subject 
to developmental differences may influence task perfor-
mance e.g. reading skills. Younger children may have more 
difficulties with tasks that require processing of verbal as 
compared to visual stimuli.

Another important aspect for future studies is the care-
ful definition of the clinical group. The reviewed studies 
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included a wide range of diagnoses: current depressive epi-
sode, past diagnosis of MDD, DD, remitted MDD, depres-
sive disorder not otherwise specified. When these diag-
noses are combined to form one ‘depressed’ group it may 
be more difficult to detect any relationship between each 
of these diagnosis and neurocognitive function. A better 
approach may be to combine groups according to symp-
tom severity and/or duration of illness. Participants should 
be homogenous for either current symptoms or history of 
depressive episodes. However, this may not suffice. Symp-
toms may vary across individuals and future studies should 
collect more information about the specific symptoms that 
characterise their samples e.g. it may be important to note 
whether symptoms of inattention, anhedonia, rumination, 
low self-esteem, sad or primarily irritable mood are present 
and their severity and duration. Using any of these vari-
ables in addition to a MDD diagnosis will help identify-
ing risk factors for attention and EF deficits. Furthermore, 
family history, neuroimaging markers or genetic risk fac-
tors may be used to define groups more precisely. The pres-
ence of comorbidities also poses challenges in comparing 
results across studies. It is well known that MDD is highly 
comorbid with anxiety disorders [12]. Some of the studies 
included here explicitly excluded comorbid anxiety while 
others had high rates of comorbid anxiety. Although includ-
ing comorbidities may be more representative of the wider 
population of patients, it makes it more difficult to deter-
mine whether depressive symptoms alone are associated 
with cognitive dysfunction.

Few of the reviewed studies have investigated possible 
gender effects. Out of the 30 studies that have included 
mixed gender samples only eight have investigated a possi-
ble effect. Five [46, 48, 49, 58, 69] found no difference but 
three [34, 35, 47] did report significant differences between 
boys and girls on performance measures. There are known 
differences in the prevalence of MDD between boys and 
girls after the age of fifteen [65]. In addition, there are gen-
der differences in brain maturation [50]. Given this evi-
dence of differing developmental trajectories any future 
studies should consider taking possible gender effects into 
account.

Other concerns are the selection of neuropsychologi-
cal tests. We observed a large range of test batteries being 
used that all assess different constructs of EF. While child 
friendly tasks may make testing more ‘fun’ for participants 
these tasks may not be comparable to more traditional 
measures [41]. It should also be noted that psychometric 
properties of some EF tasks are relatively weak [10]. This 
limits the conclusions that can be drawn from any observed 
group differences. Several studies included in the present 
review used test batteries with a large number of subtest 
and report significant results of at least one measure. In 
the absence of specific hypotheses these results may be 

false positives. Rather than running a large battery of tests 
to infer group differences researchers may want to con-
sider selecting a task that specifically addresses an a priori 
defined hypothesis.

Clinical significance

The discrepancy between results in adults with MDD and 
children with depressive disorders on measures of EF and 
attention may suggest that duration and severity of symp-
toms play a key role in perpetuating those deficits. It is 
also possible that chronicity alone accounts for EF defi-
cits in depressive disorders. Compared to children and 
adolescents, adults diagnosed with a depressive disorder 
may have had a prolonged previous history of subthresh-
old symptoms or depressive episodes that have remained 
unnoticed. The kindling hypothesis [60, 68] proposes that 
the circumstances associated with the occurrence of a first 
major depressive episode are different to those of recur-
rent episodes. Cognitive deficits may be less relevant to the 
development of a first major depressive episode but poten-
tially play a key role in contributing to the recurrence of 
episodes. Hammar and Ardal [33] reported in their review 
on cognitive function in adult MDD that there is mounting 
evidence that improvement of cognitive function does not 
parallel symptom improvement to the same degree. Moni-
toring of EF deficits after initial diagnosis and treatment 
may therefore be important and indicative of risk of relapse 
but, more importantly may be subject to intervention [70].

Limitations

This was a qualitative and not a quantitative review. To 
draw firm conclusions as to whether attention and EF defi-
cits are common in paediatric depressive disorders a meta-
analysis would be necessary. Currently, there are too few 
studies for each EF process to warrant conducting a meta-
analysis on them individually. However, we hope that the 
present review will aid researchers in making better deci-
sions on study design and methodology so that a meta-anal-
ysis will be facilitated in the future.

Conclusion

Altogether the reviewed studies offer little support for 
reliable EF and attention deficits in paediatric depression. 
While the lack of evidence may be due to primarily meth-
odological issues of small, heterogeneous samples the 
other possibility is that EF deficits in paediatric depression 
are rare and if they exist may be due to a range of other 
factors e.g. inattentive symptoms, comorbid anxiety and/
or duration of illness. Symptom severity may also play an 
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important role but to date relatively few studies have distin-
guished between severely depressed individuals and those 
with mild or moderate symptoms.
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