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Introduction: Major Depression Disorder (MDD) and Generalized Anxiety Disorder (GAD) often co-occur, but the
neurocognitive mechanisms of this co-occurrence remain unknown. Prominent views have pointed to attentional
processes as potent mechanisms at play in MDD and GAD, respectively. Yet uncertainty remains regarding the
very nature of attentional impairments in patients with co-occurring MDD and GAD.
Methods: Inspired by contemporary models of attentional networks, we compared the three main attentional
networks, namely the orienting, alerting, and executive networks of the Attention Network Task’s model, in four
groups of patients with, respectively, co-occurring DSM-5 MDD and GAD (n = 30), DSM-5 MDD only (n = 30),
DSM-5 GAD only (n = 30), or free from any DSM-5 diagnosis (n = 30). To capture the multivariate nature of our
data, we examined between-group differences in the attentional networks through a multivariate analysis of
variance.
Results: Patients with co-occurring MDD and GAD exhibited more severe impairments in the executive control
network than those with only one of the disorders. Although patients with MDD or GAD solely did not differ in
terms of attentional impairments, both groups showed significantly more impairments in the executive control
network than those free from any DSM-5 diagnosis (all Bonferonni-corrected post-hoc ps < 0.05).
Conclusions: Our findings align with a longstanding staging approach to comorbidity whereby, via synergistic
effects, co-occurring disorders produce more damages than the sum of each disorder. Here, for the first time, we
extended this approach to the executive network of attention in the context of the co-occurrence between MDD
and GAD.

1. Introduction
With lifetime comorbidity rates of nearly one-half [1,2], major
depressive disorder (MDD) and generalized anxiety disorder (GAD)
often co-occur [3]. For instance, in the general population, 51% of
people qualifying for the diagnosis of MDD also meet, in the same year,
the diagnostic criteria of an anxiety disorder, while only 11.8% of the
people without MDD do [4]. Likewise, studies conducted in the general
population indicated that individuals with GAD have a higher risk for
developing an MDD in the years following the onset of GAD [5],
particularly within the first year succeeding the onset of GAD [6].

The comorbidity between GAD and MDD has severe clinical impli
cations. First, it increases the risk of persistence and recurrence of both
disorders [7–9] as well as the likelihood of developing somatic com
plaints, like cardiovascular problems, ulcers, or migraines [10]. Second,
patients with co-occurring GAD and MDD have a higher risk of
attempting suicide than patients qualifying for only one of these disor
ders [7–11]. Finally, patients with co-occurring MDD and GAD benefit
less from pharmacological or psychological treatments [12–14] and
maintain fewer therapeutic gains over time [15,16]. Notably, some
specific MDD symptoms, such as concentration and attention problems,
may interfere with pharmacological and psychological treatments. In
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light of these adverse consequences, clarifying the mechanisms of the cooccurrence between GAD and MDD appears as a critical and timely step
to usher the field forward.
Research tagging attention control—i.e., the ability to voluntarily
regulate the allocation of attentional resources [17,18]—as a potential
neurocognitive mechanism of GAD and MDD has increasingly gained
traction during dueing the last decade [17,19–21]. Moreover, the recent
Research Domain Criteria (RDoC) initiative has placed attention control
in one of its five central dimensions for transdiagnostic mental health
research [22,23]. Note that this view should not come as a surprise as
the implication of attention in mood and anxiety has been discussed by
scholars for a long time [24].
Yet, although extensive empirical research has been done on inves
tigating the attentional impairments in patients with either GAD or MDD
[19,25–28], attentional impairments in patients with co-occurring GAD
and MDD have seldom been investigated. Moreover, research has so far
led to mixed findings and inconclusive outcomes. Notably, two studies
have thoroughly compared MDD patients with and without comorbid
anxiety disorders on a broad battery of neuropsychological tests [29,30].
Both studies reported that depressed patients with comorbid anxiety
showed impaired performance on tasks assessing attention and execu
tive control. In contrast, they found that depressed patients without
comorbid anxiety did not exhibit any impairment, thus pointing to a
specific debilitating role of the comorbid anxiety in the impairment of
attention control. However, other studies [31,32] did not find any dif
ference between MDD patients with and without comorbid anxiety
disorders in tasks measuring attention or executive functions, chal
lenging the claim that comorbid anxiety might damage attention
control.
However, in most of these studies, the very notion of “comorbid
anxiety” referred to distinct clinical phenomena, with each of these
studies relying on a different conceptualization. For instance, in some
studies [30], comorbid anxiety denoted a high score on a scale assessing
various features of anxiety. In contrast, in other research, comorbid
anxiety signified the presence of at least one concurrent anxiety dis
order—though often more than one comorbid disorder [29]. Further
more, although all previous studies contrasted the attentional abilities of
MDD patients with comorbid anxiety to those of depressed patients
without anxiety, none of these studies included anxious patients without
depression. As a result, because prior research only relied upon research
designs including at most three groups (i.e., patients with MDD and cooccurring anxiety disorders; patients with MDD only; healthy compari
son group), uncertainty remains regarding the respective influence of
GAD only (devoid of MDD) on the ANT performances observed in people
with co-occurring MDD and GAD [29,30]. This methodological flaw is
especially troubling given the well-documented literature on the impact
of anxiety on attentional abilities (for a meta-analysis, see [33–35]).
Altogether, these limitations seriously impede the inference and
generalization that one can make from these previous studies. As such,
the very contribution of depression versus anxiety in impaired attention
control among patients with co-occurring MDD and GAD remains un
clear. To consider GAD’s specific role and help the field move forward,
the present research relies on patients with MDD solely, GAD solely, or
co-occurring GAD and MDD, compared to healthy volunteers.
Another critical issue of prior research on the co-occurrence between
MDD and GAD pertains to the experimental tasks assessing attention
control. Indeed, previous studies relied on various neuropsychological
tasks, simultaneously exploring several distinct attentional functions,
ranging from lower levels of the attention systems (e.g., selective
attention) to top-down executive attention control. However, most of
these tasks were devoid of strong theoretical foundations, leading to the
use of tasks lacking a sound theoretical conceptualization of attention
and its subcomponents. As such, most of the previous research on the cooccurrence between MDD and GAD did not examine attentional im
pairments through the lens of different theory-driven approaches to the
attentional system; therefore, thwarting theoretical refinement and

ultimately blocking scientific and clinical progress [36].
Thus, a decisive and timely step to help usher forward research into
the co-occurrence between depression and anxiety involves exploring
attentional impairments through the lens of a sound integrative model of
the attention system and its subcomponents. According to the attentionnetwork perspective of attention (e.g., [37–41]), the attention systems
can be conceptualized as a multifaceted construct including three neu
roanatomically (but overlapping brain regions) and functionally distinct
attentional networks (for a review, see [40]). These are the alerting
network (i.e., maintenance of alertness), the orienting network (i.e.,
selective engagement and disengagement with certain stimuli rather
than others), and the executive network of attention (i.e., top-down
control of attention exemplified by the maintenance of attention on
certain stimuli and resisting distraction by other stimuli) [38,39].
To assess these three networks, scholars have devised the Attention
Network Test (ANT) [37], which combines attentional and spatial cues
with a flanker task [42,43] (i.e., a central imperative stimulus is flanked
by distractors that indicate either the same or opposite response to the
imperative stimulus). In this task, a spatial cue is presented onscreen for
each trial, followed by an array of five arrows located at either the top or
the bottom of the computer screen (see Fig. 1). The participant is asked
to indicate the direction of the central arrow as rapidly as possible. The
cue that precedes the arrows can be non-existent (i.e., no cue), a center
cue, a double cue (one presented at each of the two possible target lo
cations), or a spatial cue that deterministically indicates the upcoming
target location. The ANT has been developed to reliably evaluate three
attentional networks: the alerting, orienting, and executive control
network. The alerting network contrasts performance with and without
cues, the orienting network distinguishes performance on the task with
or without a reliable spatial cue, and the executive network (conflict) is
measured by interference from flankers.
Given the theoretical and metric foundations of the ANT, many
scholars have capitalized on this task to probe the nature of the atten
tional impairments in patients with psychiatric [44–49] and neurolog
ical disorders [50–52]. Moreover, concerning MDD and GAD, the ANT
has already been adopted to examine the distinct components of the
attentional networks involved in anxiety disorders, with studies pointing
to impairment in the orienting network in social anxiety disorder
[49,52,53] and an impaired executive control network in patients with
various other anxiety disorders [54]—i.e., either panic disorder, GAD,
obsessive-compulsive disorder, or posttraumatic stress disorder. Like
wise, the ANT has also been implemented in mood disorder research,
with several studies reporting impairments in the executive network in
patients with MDD [49] and bipolar disorders [55,56].
Despite the ability of the ANT to grant new insights on the attentional
impairments in patients with co-occurring GAD and MDD
[17,19,20,57], this task has curiously not yet been adopted to compare
patients with co-occurring MDD and GAD. Thus, the present study aimed
at probing, for the first time, the potential impairments in the three
attentional networks among patients with MDD solely, GAD solely, or
co-occurring GAD and MDD, as compared to healthy volunteers.
2. Method
2.1. Ethical statement
Participants received complete details about the aims of the study
and the procedure and we obtained written informed consent from each
of them. The study received the approval of the Institutional Review
Board B403201629865 and was carried out under the Helsinki
Declaration.
2.2. Participants
The sample consisted of 120 participants (73% women). Among
them, 30 patients qualified for the DSM-5 diagnosis of MDD without
2
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Fig. 1. Illustration of the Attention Network Task (ANT).
Note. (a) example of a trial sequence; (b) the four possible cues; (c) the six possible targets; (d) the scores computation. Adapted from Fan et al. [37].

GAD (hereafter MDD), 30 for GAD without MDD (hereafter GAD), 30 for
both diagnoses (hereafter MDD/GAD), and 30 healthy comparison
participants, qualifying neither for MDD nor GAD (hereafter, HC). Pa
tients were recruited from the “Beau Vallon” Psychiatric Hospital
(Belgium) and local community listservs for clinical psychology.
Exclusion criteria were: (a) the presence of other psychiatric disorders,
(b) current or past heart or neurological problems, (c) pregnancy at the
time of the testing, (d) impaired visual functioning, and (e) insufficient
knowledge of the French language. These criteria were checked through
a medical interview and an evaluation of DSM-5 mental disorders [58].
A certified CBT therapist completed all the interviews. HC were
recruited through the institutional volunteer pool. Their absence of
current and past psychiatric symptomatology was checked using the
DSM-5 criteria interview. Participants’characteristics are in Table 1.

Table 1
Participant’s characteristics (SD in parentheses).
Control (n
= 29)

GAD (n =
30)

MDD (n =
30)

GAD/MDD
(n = 29)

F or χ 2

79.3
12.72(2.67)

7.12b
20.32a,*

33.66
(12.60)
14.28(4.56)

77.16a,**

2.14(1.97)

35.73
(14.99)
53.3
12.57
(2.45)
26.40
(7.60)
8.53
(5.38)

2.31a

GAD-7

29.40
(11.61)
80
14.23
(3.21)
13.13
(4.21)
12.23
(3.85)

32.97(7.43)

BDI-II

29.34
(8.35)
75.1
17.41
(2.33)
4.93(4.44)

Age
%Female
Education

48.00a,**

Note. GAD = Generalized Anxiety Disorder; MDD = Major Depressive Disorder;
GAD/MDD = Co-occurring Generalized Anxiety Disorder and Major Depressive
Disorder. Education level was assessed according to the number of years of
education completed since starting primary school. BDI-II, Beck Depression In
ventory (2nd edition); GAD-7, Generalized Anxiety Disorder 7-items.
a
Value for F(3, 114).
b
Value for χ 2 (3, N = 118).
*
p < .05.
**
p < .01.

2.3. Measures
2.3.1. Questionnaires
All participants completed the Beck Depression Inventory (BDI-II)
[59] and the Generalized Anxiety Disorder Scale (GAD-7) [60]. The BDIII is a self-reported questionnaire measuring depression symptoms via
21 items. The GAD-7 is a self-reported questionnaire measuring GAD
symptoms via 7 items. We used the validated French versions of these
scales [59,61]. Their internal reliability was high in the current sample,
with Cronbach’s alphas of 0.94 and 0.91, repectively, for the BDI-II and
the GAD-7.

The cue that preceded the arrays of arrows can be non-existent (i.e.,
no cue), a center cue (i.e., an asterisk replacing the fixation cross), a
double cue (two asterisks, each presented of one of the two possible
target locations), or a spatial cue (an asterisk positioned above or below
the fixation cross and deterministically indicating the upcoming target
location). In addition to the target, the task also involved flankers
appearing horizontally on each side of the target. As shown in Fig. 1,
there were three possible flanker types: congruent (i.e., two arrows
pointing in the same direction as the target), incongruent (i.e., two ar
rows pointing in the direction opposite to the target), and neutral (i.e.,
two dashes).
Given the potential combination of the four types of cues, the three
types of flankers, and the two directions of the target arrow (see Fig. 1),
there were 48 possible trials. The experiment included three blocks of 96
trials each (presenting twice the 48 possible trials), resulting in 288

2.3.2. Experimental measure
We assessed the three independent attentional networks via the ANT
[37]. In this task, participants were instructed to determine, by clicking
as quickly and accurately as possible on the corresponding button (i.e.,
left or right), the direction of a target, a central arrow flanked by four
distractors that indicate either the same or opposite response and this
array of arrows (or dashes, see below) was projected either at the top or
the bottom of the screen. The target remained on screen until a response
was detected (or for 1700 ms if no response occurred). A schematic
representation of the ANT appears in Fig. 1.
3
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trials presented in random order. There were short breaks between
blocks. For each trial, RT (in ms) and accuracy were recorded.

dependent variables and the 4 groups as a fixed factor, while simulta
neously controlling for education level (given the presence of a signifi
cant difference between groups in terms of education level2; see below).3
For each analysis, the significance level was set at an alpha level of 0.05
(bilateral). Significant multivariate effects were followed-up with uni
variate ANCOVAs. Bonferroni-corrected t-tests were used to examine
post hoc comparisons while controlling for multiple comparisons. Twotailed Pearson correlations (while controlling for education) were also
computed to explore the relations between the three attentional scores
(i.e., ANT scores) and GAD-7 and BDI-II scores). In an open science
fashion, de-identified data as well as the data analysis code have been
made publicly available via the Open Science Framework and can be
accessed at https://osf.io/kjgn9/.

2.4. Procedure
Participants completed the task individually in a quiet, dimly lit
room and were sat around 50 cm from the computer screen. The
instructor provided them with full details concerning the aims of the
study and the procedure to be followed, and they signed the written
informed consent. Then, the participants filled in the questionnaires.
Participants were then provided with the instructions of the ANT as well
as with a training phase comprising 24 randomly selected trials. Par
ticipants then completed the ANT. We-Prime 2 Professional® to run the
experiment. After the experiment, the participants were debriefed
individually. HC participants received compensation (10 euros) for their
participation but, to align with the ethical approval, in-patients from the
MDD, GAD, and MDD/GAD groups did not receive compensation.

3. Results
3.1. Groups description
As shown in Table 1, the four groups did not significantly differ in
age and gender. However, there was a significant difference in terms of
years of education between groups.
Moreover, the clinical groups reported significantly higher levels of
symptomatology (see Table 1). The GAD and MDD/GAD groups showed
significantly higher scores on the GAD-7 than the MDD and HC groups,
thus confirming the severity of the anxiety symptoms within those two
groups. In contrast, the MDD and MDD/GAD groups reported signifi
cantly higher scores on the BDI-II than the GAD and HC groups, thus
endorsing the severity of the depression symptoms within those two
groups.

2.5. Data preparation and analysis plan
2.5.1. Power analysis
An a priori power analysis was computed to estimate the suitable
total sample size for testing our hypothesis (G*Power 3.1.3; [62]). The
power analysis indicated that a sample of at least 19 participants per
group would yield adequate power (i.e., 90%) to detect a small effect
size of f = 0.10 at p < .05 using a 4-group MANOVA with the three
attentional networks as dependent variables, thus confirming that this
study has sufficient statistical power to test our hypothesis.
2.5.2. Data preparation
As in previous research [46,50,63], we first discarded data from
trials with incorrect responses and RTs lower than 200 ms or greater
than 2000 ms for each participant. Two subjects (one MDD/GAD and
one HC) were excluded due to abnormaly elevated number of outliers
and errors in their response pattern.1 The four groups did not differ in
terms of pourcentage of error rates, F(3, 117) = 0.82, p = .48, η2p = 0.02
[MMDD/GAD = 0.01%, SDMDD/GAD = 0.02; MMDD = 0.007%, SDMDD =
0.009; MGAD = 0.008%, SDGAD = 0.006; MHC = 0.006%, SDHC = 0.006].
Following Fan et al. [37] and prior research on the use of ANT in
mental health research [44–54], we computed the three attentional
scores using the formulae depicted in Fig. 1 (panel d): 1) the alerting
effect was computed by subtracting the mean reaction time (RT) for
double cue trials from the mean for no cue trials (No cue – Double cue);
2) the orienting effect by subtracting the mean for spatial cue trials from
the mean result for center cue trials (Center cue – Spatial cue); 3) and the
executive conflict effect by subtracting the mean for congruent trials
(summed across cue types) from the mean for incongruent trials
(Incongruent – Congruent). For both alerting and orienting effects,
greater subtraction scores for RT indicate greater efficiency. In contrast,
greater subtraction scores for RT on executive conflict indicate increased
difficulty with executive control of attention [37–39].

3.2. Difference in the attentional networks
The MANCOVA revealed a significant multivariate main effect of
Group, Wilks’ λ = 0.77, F(9, 270) = 3.35, p < .01, η2p = 0.08. The
univariate ANCOVAs only showed a significant group difference for the
executive control network, F(4, 117) = 5.80, p < .001, η2p = 0.17. There
were no significant differences between groups for the alerting, F(4,
117) = 0.72, p = .58, η2p = 0.03, or the orienting networks of attention,
F(4, 117) = 2.21, p = .07, η2p = 0.07.
Follow-up Bonferroni-corrected t-tests revealed that the MDD/GAD
group show significantly higher scores for the executive control network
of attention, and thus higher impairments in the efficiency of this
attentional network, than the GAD (p = .006) and the HC (p < .001)
groups, but did not differ from the MDD group (p = .24). Moreover, the
GAD and MDD groups also exhibited significantly higher scores than the
HC group (p = .03 and p = .001, respectively) but were not significantly
different from each other (p = .10). Fig. 2 shows the attentional network
scores of each group.

2.5.3. Statistical analyses
We performed all statistical analyses using SPSS® version 25.0 (SPSS
Inc.). Potential group differences in clinical severity and demographics
were examined through separate one-way analyses of variance
(ANOVAs). Given the multivariate nature of the dataset, the differences
in the three attention networks were probed via a one-way multivariate
analysis of covariance (MANCOVA), including the 3 attentional scores as

2
We also analyzed the data without controlling for education, and it resulted
in the same patterns of findings. However, we decided to present the analyses
with the covariate to be as conservative as possible.
3
We only focused on the three indices, following prior research using the
ANT in psychiatry [42–51]. Moreover, from a statistical perspective, examining
and comparing each of the ANT trials’ types among the four groups would have
led to a linear model of 4 (Cue types) X 3 (Flanker types) X 4 (groups), with the
two first factors in within-subject and the last one in between-group design. In
other words, it would have resulted in comparing 48 different cells between
them (i.e., 2304 possible post-hoc comparisons). Such an approach would have
obscured the interpretability of the present results, especially given our theorydriven approach grounded in a three-component framework of attention.

1

Note that we analyzed the data with and without those participants. Their
inclusion did not lead to any significant difference in the pattern of findings.
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Fig. 2. Comparison of the three attentional networks reaction
time in the four groups controlling for education level.
Note. Error bars show the standard error of the mean. Co
variate appearing in the model is evaluated as an education
level = 14.22. GAD = Patients with GAD, MDD = Patients
with MDD, MDD/GAD = Patients with co-occurring MDD and
GAD.
* p < .05; ** p < .01; *** p < .001.

and functional impairment in daily life than either of the disorders alone
[8,72,73]. Here, we offered the very first observation that such a staging
phenomenon may occur for executive control impairments in cooccurring MDD and GAD. Of note, we found that patients with cooccurring MDD and GAD did not merely perform poorly across all
conditions and that the staging effect was specific to the executive
control network of attention. Should the patients with co-occurring
MDD and GAD perform poorly across all the conditions, it would have
led to significant differences between this group and the three others on
all the ANT indices—an observation not confirmed in the present study.
To the best of our knowledge, this is also the first study to include a
group of patients with GAD solely. Indeed, in most previous studies
about attentional impairments among people with MDD and comorbid
anxiety, the very assessment of comorbid anxiety referred to distinct
clinical phenomena, often departing from GAD. For instance, in some
studies [30], comorbid anxiety denoted a high score on a scale assessing
various anxiety features. In others, comorbid anxiety indicated the
presence of at least one concurrent anxiety disorder—though often more
than one comorbid disorder [29]. Altogether, this confusion regarding
the construct of “comorbid anxiety” had blocked progress for years.
Here, for the first time, we strictly aligned with the construct of GAD.
Our findings thus also dovetail with previous theoretical and empirical
works of top-down executive impairments in GAD patients compared to
healthy comparison groups [54].
Of note, our observation of impaired executive control in GAD pa
tients aligns with GAD’s most prominent cognitive models [17,74],
which postulate that compromised top-down executive control may
foster excessive worrying, once the hallmark symptom of GAD—a pre
diction confirmed by empirical research [75,76]. Like rumination,
worrying has been designated a core transdiagnostic process of
depression and anxiety-related psychopathology [77]. Therefore, a
critical step for future research will be to examine the specific role of
executive control in the co-occurrence between MDD and GAD and the
potential contribution of both executive control and worrying. Beyond
the issue of the comorbidity between MDD and GAD, many studies have
emphasized the clinical importance of the interplay between executive
control and repetitive negative thinking [78–80]. In particular, research
has stressed the potential role of repetitive negative thinking in
depleting top-down executive control resources, ultimately leading to a
full-blown episode of GAD or MDD [28]. On the other hand, a couple of
studies have suggested that it might also work the other way around, i.e.,
poor executive control triggering anxiety and depression via repetitive
negative thinking [57]. A critical next step in future iterations will thus
be to clarify the respective contributions of repetitive negative thinking

3.3. Associations between clinical severity and impairments in the
attentional networks
As depicted in Table 2, higher scores on either BDI or GAD-7 were
associated with with more impairments of the executive control network
of attention. None of the other correlations were significant.
4. Discussion
The main aim of this study was to compare, for the first time, the
efficiency of the three attentional networks of patients with co-occurring
GAD and MDD to patients with MDD solely, GAD solely, or free from any
DSM-5 diagnosis. Our findings reveal that the co-occurrence of MDD and
GAD as well as as we either MDD or GAD solely are associated with
specific impairments in the executive control but not in the alerting or
orienting networks of attention. Moreover, we found that patients with
co-occurring MDD and GAD exhibited more severe impairments than
those with MDD or GAD solely and that there was no significant dif
ference between patients with MDD solely and GAD solely, though these
latter groups show more significant impairment than those free from
either diagnosis. Altogether, our findings thus call for a staging approach
to the executive control’s deficits, wherein patients with co-occurring
disorders exhibit more impairment than those with only one disorder,
and those latter showing more impairment than those free from any
diagnosis.
Such a staging effect dovetails with longstanding health care models
of comorbidity [64–71]. From this approach, a staging effect reflects a
situation wherein the comorbidity between any pair of disorders (that is,
physical and/or mental) is considered as more damaging than the
impact of any disorder alone ([64–67]; for mental health, see [68–71]).
Note that this damaging effect has been especially viewed in terms of
severity and functional impacts [64,68]. For instance, co-occurring
anxiety and mood disorders have been associated with more distress
Table 2
Pearson correlations between the three attentional networks and clinical
severity.
BDI-II
GAD-7

Alerting

Orienting

Executive control

− 0.05
0.04

− 0.06
− 0.01

0.36**
0.38**

Note. These correlations include the level of education as a covariate. BDI-II =
Beck Depression Inventory (2nd edition), GAD-7 = Generalized Anxiety Disor
der Scale.
**
p < .01.
5
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and executive control in co-occurring MDD and GAD.
The present study may yield clinical implications. Prominent
cognitive models of psychopathology have put forward attention control
as a potential candidate for maintaining anxiety and depression
[17,19–21,57]. Although our findings cannot directly speak to the
maintenance of MDD, GAD, and their co-occurrence, they lend some
support to mounting recommendations for the implementation of
cognitive rehabilitation—that is, the use of psychological intervention
targetting cognitive processes—in the alleviation of mental disorders
(for a review, see [81]). Of clinical promise for practitioners, research
already pointed to a few potent neuropsychological procedures for the
rehabilitation of the attentional networks [82–84], and practitioners
may thus capitalize on those targeting the executive control network
[85–87]. Mindfulness training has also been identified as a highly
promising and robust intervention for improving the executive control
network [88,89]. Finally, recent studies have pointed to non-invasive
brain stimulation techniques, and particularly transcranial direct cur
rent stimulation techniques, as plausible candidates to help restore the
executive control network of attention in clinical and non-clinical
samples ([90,91] but see [92]).
Several limitations require further examination in future iterations.
First, our cross-sectional study design precludes strong inference
regarding the cause-effect relationship between executive control and
the co-occurrence between MDD and GAD. Future studies may thus want
to capitalize on longitudinal and experimental research methods to
move us closer to elucidating these variables’ relations. In this way,
examining, through longitudinal research designs, whether impairments
in the executive control network precedes the transition from MDD or
GAD alone to their co-occurrence will be of critical importance in future
research.
Second, the symptoms’ structure of co-occurring MDD and GAD may
differ from those of patients with MDD or GAD only [69]. Notably, the
association between each individual symptom and the three attentional
scores may differ between our four groups. However, examining the
symptom’s organization and its association with each of the three
attentional networks would have required a very different methodo
logical approach—for instance, a network approach [41,69]. Interest
edly, recent network research on the co-occurrence between MDD and
GAD pointed to the critical role of executive control compared to the two
other attentional networks in the connections with key symptoms
common to MDD and GAD, and particularly sleep problems [93]. A
critical step in future iteration would thus be to test whether this
connection increases in patients with co-occurring MDD and GAD, as
compared to those with MDD or GAD solely—i.e., in other words,
whether one can expect a staging approach to the network structure of
the relations between symptoms and attentional networks.
Third, in the group of patients with co-occurring MDD and GAD, we
were unable to determine whether MDD preceded GAD or vice versa
since we relied upon a DSM-5 structured interview, devoid of any con
siderations regarding the temporal order of the disorders’ onset. A
critical step in future iterations would thus be to explore whether the
results differ between patients with MDD with comorbid GAD and those
with GAD with comorbid MDD. On the other hand, such an approach
would require extensive longitudinal data collections. In the same vein,
we focused on co-occurring GAD in MDD. A critical step would be to
examine whether the present findings generalize to other anxiety and
stress-related disorders that are frequently associated with MDD, like
social anxiety disorder [94] or posttraumatic stress disorder [95].
Finally, patients with co-occurring MDD and GAD were significantly
less educated. However, lower educational levels and poverty have
unfortunately been associated with the severity of mental disorder
s—often reflected by their co-occurrence (for a review, see [96]). On the
other hand, our conclusions remain unchanged when controlling for
educational level.

5. Conclusions
These limitations notwithstanding, this study is the first to examine
the efficiency of the three attentional networks in patients with cooccurring GAD and MDD, as compared to patients with either one of
these disorders, thus filling a critical gap for the field’s larger crusade to
tackle comorbidity, one of the—if not the—toughest theoretical and
clinical challenges of today’s mental health research.
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