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Abstract: Background: Major depression is a psychiatric disorder characterized neuropsychologically by
poor performance in tasks of memory, attention, processing speed, and executive function. The aim of this
systematic review was to examine the evidence regarding the neuropsychological profile of people with
major depression and to determine which of two explanatory models—the processing speed hypothesis
or the cognitive effort hypothesis—has most empirical support. Methods: We searched three relevant
databases and reviewed the reference lists of the articles retrieved. The results obtained with the Trail
Making Test and the Stroop Color-Word Test were reviewed for 37 studies published between 1993
and 2020. Results: The empirical evidence supports both hypotheses: cognitive effort and processing
speed, suggesting that depression is not only characterized by psychomotor slowing but also involves a
specific deficit in executive function. Discussion: We discuss potentially relevant variables that should
be considered in future research in order to improve knowledge about the neurocognitive profile of
depression. The main limitation of this study derives from the considerable heterogeneity of participants
with MD, which makes it difficult to compare and integrate the data.

Keywords: cognitive deficits; executive functions; major depressive disorder; psychomotor speed;
neuropsychological profile

1. Introduction

Major depression (MD) is a severe psychiatric disorder with an estimated lifetime preva-
lence in epidemiological studies of between 8% and 16% [1–5]. The WHO ranks depression as
the leading cause of disability worldwide, affecting around 322 million people [6].

Cognitive dysfunction is a common feature in people with MD. In fact, people with
depression present deficits in various cognitive domains which may explain many of
the difficulties that these people experience in daily life, including deficits in attention,
executive functioning, psychomotor speed and memory [7,8]. Specifically, some studies
have concluded that there is global impairment across a wide range of cognitive domains
and that deficits in attention, memory, and executive function are perhaps especially
prominent in people with MD [9–11]. Other authors suggest a specific impairment of
executive functions, affecting the processes of inhibitory control and verbal fluency [7,12].
Impairment in these domains appears to be independent of age and the severity and
subtype of depression, and in some cases it persists beyond clinical recovery [7,13]. Finally,
authors such as Nilsson et al. suggest that higher cognitive deficits in depression may be
secondary to a primary deficit in attention [14]. The basis for this hypothesis is that the
proper functioning of executive processes depends on the adequate functioning of more
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basis processes. It is assumed, therefore, that tasks assessing executive functions implicitly
evaluate more basic processes on which the former depend.

Despite numerous advances in knowledge, the mechanism underlying cognitive
deficits in MD remains uncertain. There are currently two main hypotheses: the processing
speed hypothesis and the cognitive effort hypothesis. The former proposes that a slowing
of information processing would have a negative impact on the higher cognitive functions
of people with MD [13,15,16]. This hypothesis assumes that cognitive speed is a basic
component of higher cognitive functioning, and thus impaired speed would undermine an
individual’s performance on tasks that require more complex cognitive processes. Various
studies have reported data in support of this hypothesis [15,17,18]. The premise of the
cognitive effort hypothesis, by contrast, is that impaired performance among people with
MD on tasks requiring higher executive functions is due not merely to generalized slowing
of information processing but to a specific executive deficit. This hypothesis distinguishes
between automatic tasks and those that require effort. Automatic processes are those
that do not require attention and which occur in parallel without interfering with other
operations or limiting the capacity of the cognitive system. By contrast, effortful processing
requires attentional resources, usually takes place serially, and is influenced by cognitive
capacity limitations [19]. A number of studies have found that people with depression
show deficits in effortful tasks but not in automatic tasks, thus providing support for the
cognitive effort hypothesis [7,19–22]. The aim of the present systematic review is to analyze
the mechanisms underlying the deficits reported by studies that have examined cognitive
deficits in people with MD, and more specifically to determine whether these deficits are
due to a slowing of psychomotor speed (processing speed hypothesis) or to a specific
executive deficit (cognitive effort hypothesis).To this end, we examine the performance
of people with MD on the Trail Making Test (TMT) [23] and the Stroop Color-Word test
(Stroop Test) [24]. These are commonly administered neuropsychological measures that
provides information about visual search speed, scanning, selective attention, processing
speed, mental flexibility, and executive functions [17,25,26]. A better understanding of
these mechanisms and the variables that influence them would enable a more precise and
specific characterization of the cognitive deficits associated with depression, thus providing
a platform for the development of more effective psychotherapeutic interventions that
reflect the profile of cognitive dysfunction.

2. Materials and Methods
2.1. Data Collection

Two strategies were used to identify studies for possible inclusion. First, we con-
ducted a systematic literature search in the Medline, Pubmed, and Web of Science elec-
tronic databases, using the following key terms: depression OR depressive disorder OR
depressive disorders OR major depressive disorder OR depressed OR major depression
OR affective disorder (in title), AND Stroop Color Word Test OR Trail Making Test OR
Stroop OR TMT (in topic). The search was conducted without language restriction and
covered the period between 1960 and 26 April 2020 in Medline and Pubmed, and between
1900 and 28 April 2020 in Web of Science. The same search strategy was applied to all
three databases. Second, we also identified potentially relevant studies by examining the
reference lists of the articles retrieved through the literature search.

2.2. Data Selection

A total of 850 potentially interesting abstracts were identified after removing duplicate
studies. Two reviewers working independently inspected the selected abstracts. Next,
copies of the full articles were obtained and examined in order to assess their eligibility
based on the following inclusion criteria: (a) studies with samples of people with a current
or remitted diagnosis of major depression; (b) studies that provided data for the Stroop,
TMT, or both; and (c) studies that included healthy control groups.
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Articles were excluded according to the following criteria: (a) participants with
comorbid disorders, substance use, substance abuse, major depression with psychotic
symptoms, bipolar depression, and major depression related to medical illnesses; (b) studies
in children, adolescents, or elderly people; (c) studies involving people with high risk of
depression or relatives of people with MD; and (d) studies using a modified version of
the TMT and/or Stroop test. Meta-analyses and reviews were also excluded because
their individual studies and references were inspected and assessed for inclusion in the
previous step.

Two independent reviewers carried out the study selection, with any discrepancies
being discussed in a consensus meeting involving a third reviewer.

2.3. Data Extraction

A coding manual and form were developed. For each study, two reviewers working
independently extracted sample and study characteristics for people with MD and controls.
Sample characteristics included the proportion of women, mean age, and scores obtained
on the Stroop, TMT or both. Illness duration, nature of the sample (inpatients, outpatients),
and current stage of diagnosis (acute, remitted stage) were also recorded for people with
MD. In cases where illness duration was not reported, we used illness onset as a reference to
obtain duration data. Regarding study characteristics, we recorded sample size, publication
year, and study location. Inter-rater reliability was as follows: mean Cohen’s [27] k = 0.99
for categorical variables and mean intra-class correlation r = 0.98 for continuous variables.
Disagreements were resolved by discussion with a third expert.

2.4. Data Synthesis and Analysis

In order to synthesize and interpret the results we took into account the following
considerations. Regarding the TMT, if the TMT-A is taken as the baseline for the cognitive
skills required by both parts of the test [28], then it is possible to estimate the subject’s
performance specifically with respect to the higher-level skills required by the second
part (TMT-B). Therefore, we considered that those studies in which the group with MD
performed significantly worse than controls on Part A or on both parts of the TMT were
studies that provided evidence in support of the processing speed hypothesis. Conversely,
studies in which the group with MD performed worse on Part B than Part A, in comparison
with controls, were taken as evidence for the cognitive effort hypothesis. Poorer perfor-
mance on Part B was defined in terms of the difference score, B-A [29]. Regarding the
Stroop test, we considered that the first two conditions (Word, Color) reflect cognitive speed
for automatic information processing, and thus they involve more basic cognitive skills,
whereas the third condition (Color-Word or interference condition) involves suppression
or inhibition of the dominant response, and therefore requires more cognitive effort [30].
Studies were regarded as providing support for the processing speed hypothesis if the
scores obtained by the group with MD were significantly lower on the first two condi-
tions compared with the third, or on all three conditions, in comparison with controls.
Conversely, those studies in which the group with MD performed significantly worse on
the interference condition than on the congruent condition, in comparison with controls,
were taken as evidence for the cognitive effort hypothesis. Here we also considered the
interference score reported in the studies, based on the difference between the predicted
and actual score in the incongruent condition.

3. Results

A total of 199 articles were retrieved through the database search and examination of
reference lists. Of these, 37 met the inclusion criteria for review. Figure 1 provides further
details regarding the selection process. The selected articles were published between
1993 and 2020. Fifteen studies included participants experiencing a current episode of
MD, and six provided data for a sample of individuals in remission. Thirteen studies
reported that participants were outpatients, eight that they were inpatients, and two a



Brain Sci. 2021, 11, 147 4 of 18

mixture of the two. The participants in 14 studies were unmedicated or without treatment
at the start of the study, while in 20 studies either part or all of the sample was under
pharmacological treatment.
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Figure 1. Selection process for study inclusion.

The total sample comprised 1460 people diagnosed with MD and 1357 healthy con-
trols. One study [15] used two control samples: a healthy control group and a group of
people with rhinitis. There were also 211 participants with other diagnoses (bipolar disorder,
psychotic depression, vascular depression, schizophrenia, and obsessive-compulsive disorder).
Among people with depression the mean age was 40.21 years (SD = 9.99), and 56.71% were
female. The mean years of education across the 26 studies that provided this information was
12.65 (SD = 2.25), while the mean illness duration across the 17 studies where this was available
was 11.40 years (SD = 8.24). Table 1 shows sample characteristics and the main findings for the
TMT and the Stroop test.
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Table 1. Sample characteristics and main outcomes.

Participants Trail Making Test

Study Major Depression (MD) Other Diagnoses Sample Characteristics of People Diagnosed with MD Main Outcomes

Behnken et al. [31] MD: 20
CG: 20

37.27 mean age, 65% women, 12.13 years of education, 12.77 years of illness duration,
70% of them medicated in past month before the study, in remission MD < CG on both parts of the TMT.

Cabanel et al. [32] MD: 34
CG: 29

33.0 mean age, 47.06% women, 11.3 years of education, 76.47% medicated,
100% inpatients

MD = CG on the TMT-A, MD < CG
on the TMT-B

Franke et al. [33] MD: 15
CG: 30 30 people with schizophrenia 42.80 mean age, 100% inpatients in acute episode of major depression. MD < CG on both parts of the TMT.

Halappa et al. [34] MD: 65
CG: 19 34.60 mean age, 45.54% women, 11.86 years of education, outpatients.

MD < CG on the TMT-A, MD = CG in the
number of errors
MD < CG on the TMT-B, MD < CG in the
number of errors

Kaczmarczyk et al. [35] MD: 68
CG: 75

37.4 mean age, 54.41% women, 11.6 years of education, 1.4 years of illness duration,
at least 5 days without medication

MD = CG on on both parts of the TMT
MD = CG in the B-A difference score.

Landrø et al. [10] MD: 22
CG: 30

40.60 mean age, 81.82% women, 12.20 of years of education, 100% outpatients and
unmedicated, 72.73% with a recurrent episode of major depression. MD = CG in the B-A difference score.

Matsubara et al. [36] MD: 17
CG: 27

10 people with bipolar disorder
27 relatives

51.80 mean age, 58.82% women, 13.80 years of education, 8.2 years of illness duration,
100% medicated, 58.82% with a recurrent episode of major depression.

MD < CG on both TMT conditions,
MD = CG in the B-A difference score.

Miyata et al. [37] MD: 65
CG: 67 41.7 mean age, 9.23% women, 16 years of education, 100 medicated, 100% outpatients MD = CG on both parts of the TMT

Mondal et al. [38] MD: 30
CG: 30

31.77 mean age, 36.67% women; 100% with at least six years of education,
100% outpatients and unmedicated in a current episode of major depression. MD < CG on both parts of the TMT.

Moriguchi et al. [39] MD: 19
CG: 19

40.10 mean age, 42.10 women; 100% unmedicated; 89.47% with
melancholic characteristics.

MD = CG in the performance on TMT-A,
MD < CG on TMT-B.

Preiss et al. [40] MD: 97
CG: 97

46.30 mean age, 52.58% women; 16.30 of illness duration in years, 75% medicated,
in remission of at least two months.

MD < CG on parts A and B of the TMT.
Unmedicated individuals scored higher
on the TMT-B.
No correlation was observed between
performance and the number of
depressive episodes, but the number of
hospitalizations was correlated with
performance on the TMT.

Salik et al. [41] MD: 60
CG: 30 33.60 mean age, 73.33% women, 100% untreated major depression, outpatients MD < CG in the B-A difference score

Smith et al. [42] MD: 48
CG: 48

35.60 mean age, 56.25% women; 100% unmedicated in remission, with at least two
previous episodes of major depression

MD = CG on either condition of the TMT.
Vortioxetine reduces response time on
parts A and B, compared with MD group
that received placebo.

Yang et al. [43] MD: 30
CG: 30 30 people with bipolar disorder 24 mean age, 53.33% women, 9.5 months of illness duration, 100% unmedicated MD = CG in number of correct, number of

errors and response time
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Table 1. Cont.

Participants The Stroop Color-Word Test

Author Major Depression (MD) Other Diagnoses Sample Characteristics of People Diagnosed
with MD Main Outcomes

Concerto et al. [44] MD: 11
CG: 11 11 vascular depression

57.18 mean age, 54.55% women, 12.18 years of education, 29.36 years of illness duration,
100% medicated, in a current episode of recurrent and drug-resistant major depression
(4 or more episodes).

Significantly greater interference in the
MD group compared with CG.
MD = CG in the number of errors

Dalby et al. [45] MD: 22
CG: 22

57.40 mean age, 68.18% women, 13.50 years of education, 100% medicated in a current
first episode of major depression, both inpatients and outpatients

MD = CG on the Word condition and the
Color condition. MD < CG on the
Color-Word condition
Significantly greater interference in the
MD group compared with CG.

Daniel et al. [46] MD: 25
CG: 29 25 bipolar disorder 50.60 mean age, 64.00% women, 13.72 years of education, 14.18 years of illness duration,

100% medicated, 100% outpatients
MD = CG with regard to the number of
errors and response time

Degl’Innocenti et al. [17] MD: 17
CG:17

48.20 mean age, 52.94% women, 14.40 years of education, 100% inpatients in the first
week of hospitalization.

MD < CG on congruent and incongruent
Stroop conditions, but not
disproportionately slower on the
incongruent condition.
Performance was not correlated with
symptoms or the severity of the disorder.

Den Hartog et al. [15]

MD: 30
CG1 38 (healthy control)

CG2: 20 (severe
allergic rhinitis)

41.60 mean age, 46.67% women, 3.3 years of education, 100% unmedicated,
100% outpatients, depressive episode moderate to severe.

MD < CG on automatic conditions,
MD = CG on the interference condition
(Color-Word).

Gomez et al. [47] MD: 37
CG: 18

40.89 mean age, 67.57% women, 14.84 years of education, 100% outpatients and
unmedicated, all of them with moderate melancholic or endogenous characteristics.

MD < CG on Color-Word condition,
significantly greater interference in the
MD group compared with CG.

Huang [48] MD: 19
CG:19

33.16 mean age, 73.68% women, 78.95% above junior school, 100% outpatients and
unmedicated in a current episode of major depression. MD < CG in response time

Lampe et al. [49] MD: 23
CG: 60

64.00 mean age, 100% women, 11.20 years of education, 31.10 years of illness duration,
100% outpatients with recurrent major depression (euthymic or mild depressive state),
95.65% medicated

MD < CG on all three Stroop conditions
No relationship was observed between
performance and current level of
depression or the number and duration of
past depressive episodes.

Nakano et al. [50] MD: 55
CG: 60

24 participants with MD older than
60 years

45.10 mean age, 41.82% women, 14.20 years of education, 4.60 years of illness duration,
100% medicated, 100% inpatients who were in remission at the time of the study.

Significantly greater interference in the
MD group compared with CG.

Paelecke-Habermann et al. [51] MD: 40
CG: 20

46.28 mean age, 8.74 years of illness duration, 65% medicated, 100% in remission of at
least three months. MD people divided into two groups based on their
hospital admissions.

MD = CG in the interference score
No significant differences were observed
with respect to severity.
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Table 1. Cont.

Participants Trail Making Test and Stroop Color-Word Test

Author Major Depression (MD) Other Diagnoses Sample Characteristics of People Diagnosed with MD Main Outcomes

Borkowska et al. [52] MD: 71
CG: 30

44 mean age, 67.61% women, 13.20 years
of education, 7 years of illness duration,
100% medicated.
Moderate to severe depression

Stroop (congruent
& incongruent conditions)
Trail Making Test (TMT)

MD < GC on part A and part B of the
Stroop test in the baseline assessment and
at 3 and 6months after starting treatment.
MD < GC on both parts of the TMT at
baseline, but there were no differences at
3-and 6-month follow-up.

Canpolat et al. [53] MD: 41
CG: 44

26.27 mean age, 68.29% women,
12.85 years of education, 100% medicated,
in a current episode of major depression.

Stroop (incongruent condition)
TMT

MD < CG in the incongruent condition.
MD < CG on both parts of the TMT.

Crews et al. [54] MD: 30
CG:30

20.33 mean age, 100% women, 14.37 years
of education, 100% unmedicated and
outpatients.

Stroop (three conditions)
TMT

MD = CG on the three Stroop conditions.
MD = CG on both parts of the TMT.

Dömötör et al. [55] MD: 71
CG: 99

51.40 mean age, 72.24 women, 3.3 years of
education, 46% medicated; 100%
outpatients in a current episode of major
depression.

Stroop (three conditions)
TMT (both conditions)

MD < CG on all three Stroop conditions.
MD < CG on both parts of the TMT.

Gohier et al. [56] MD: 20
CG: 20

41.35 mean age, 75.00% women,
13.12 years of education, 100% medicated,
100% inpatients (within two days of
admission, recently started medication).

Stroop (time and errors)
TMT

MD < CG in response time, MD = CG in
errors committed.
MD < CG on both parts of the TMT.

Harvey et al. [57] MD:22
CG:22

37.4 mean age, 63.64% women, 12.90 years
of education, 8.2 years of illness duration,
86.36% medicated, 100% inpatients.

Stroop (three conditions)
TMT

MD = CG on the Word condition,
MD < CG on the Color and
Word-Color conditions.
MD = CG on the TMT-A,
MD < CG on the TMT-B.

Hasselbalch et al. [58] MD: 88
CG: 50

59.80 mean age, 68.18% women,
11.90 illness duration in years,
100% medicated, in remission.

Stroop (incongruent condition and
interference score)
TMT (both conditions and B-A)

MD < CG on the incongruent Stroop
condition, MD = CG in the
interference score.
MD < CG on both parts of the TMT and
also in the B-A difference score.

Huang et al. [59] MD: 25
CG:26

31.40 mean age, 72.00% women, 12 years
of education, 12.10 years of illness
duration, 100% unmedicated in a first
episode of major depression.

Stroop (three conditions and
interference score)
TMT

MD = CG on the three Stroop conditions
and in the interference score.
MD = CG on both parts of the TMT.

Krogh et al. [60] MD: 112
CG: 57

41.60 mean age, 62.50% women,
47.10% high-school education,
100% outpatients, unmedicated, and 87.5%
in a current episode of major depression.

Stroop (three conditions)
TMT

MD < CG on all three Stroop conditions.
MD < CG on both parts of the TMT.

Moritz et al. [61] MD: 25
CG: 70

25 people with schizophrenia and
25 people with

obsessive-compulsive disorder

41.00 mean age, 46.00% women, 11 years
of education, 5.6 illness duration in years,
100% inpatients in an acute episode,
and 80% of them were medicated.

Stroop (interference score)
TMT (both conditions and B-A)

Significantly greater interference in the
MD group compared with CG.
Cognitive deficits in the MD and
schizophrenia groups are comparable.
MD < CG on both parts of the TMT and in
the B-A difference score.
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Table 1. Cont.

Participants Trail Making Test and Stroop Color-Word Test

Author Major Depression (MD) Other Diagnoses Sample Characteristics of People Diagnosed with MD Main Outcomes

Péron et al. [62] MD: 21
CG: 21

49.30 mean age, 71.43% women,
13.30 years of education, 9.8 illness
duration in years, 100% inpatients,
100% medicated, 66.67% with recurrent
episodes of major depression.

Stroop (interference score)
TMT (both conditions and B-A)

Significantly greater interference in the
MD group compared with CG.
MD < CG on both parts of the TMT and
also in the B-A difference score.

Schatzberg et al. [63] MD: 32
GC: 23

11 people with psychotic
major depression

43.10 years, 59.38 women, 15.30 years of
education, 100% unmedicated.

Stroop (three conditions and
interference score)
TMT

Non-psychotic MD = CG on the
Word condition.
Non-psychotic MD < CG on the
Color condition
Non-psychotic MD < on the
Color-Word condition
Non-psychotic MD had poorer
interference score (even though their
scores fell within the expected
normal range).
Non-psychotic MD = CG on the TMT-A.
Non-psychotic MD < CG on the TMT-B.

Shi et al. [64] MD: 33
CG: 20

31.52 mean age, 48.48% women,
12.13 years of education, 11.87 years of
illness duration, first episode without
medication

Stroop (three conditions and
interference score)
TMT

MD = CG on the three Stroop conditions
and in the interference score.
MD = CG on both parts of the TMT

Automatic condition of Stroop: mean of Color and Word conditions; CG: Control group; Color-Word: incongruent condition; MD: Major depression; MD < GC: People with MD performed significantly worse
than CG; MD = CG: there is no significant difference between MD and CG.



Brain Sci. 2021, 11, 147 9 of 18

3.1. Studies Reporting Data for the STROOP TEST

Four of the studies analyzed found no differences between people with MD and controls,
either when comparing the three conditions and the interference score [54,59,64] or with
the number of errors and task completion time [46]. Huang et al. [59] and Crews et al. [54]
suggest that these results could be due to sample characteristics such as short illness duration
(first episode of MD), a relatively high educational level, which may help to maintain brain
function, the type of treatment regime (outpatient or inpatient), and symptom severity.

Several studies report that people with MD performed worse than controls on one or
more Stroop conditions. Hasselbalch et al. [58] and Canpolat et al. [53] found a significant
difference between people with MD and controls in the incongruent test condition, but in
the case of Hasselbach et al. [58] the groups did not differ in their interference score. In four
studies [49,52,55,60] the group with MD performed significantly worse than controls on all
Stroop conditions. The participants in these studies were mostly outpatients and there was
considerable heterogeneity in terms of severity, number of past episodes of MD, and current
clinical status.

Degl’Innocenti et al. [17] reported that inpatients with MD performed slower than con-
trols on both Stroop conditions but were not disproportionately slower on the incongruent
versus the congruent condition. Participants with MD in the study by Schatzberg et al. [63])
performed significantly worse than controls, but their interference scores were within the
expected normal range. In a similar vein, one study [51] with a sample of MD people in
remission found a trend towards greater interference in comparison with controls, but this
was not statistically significant. Huang [48] and Gohier et al. [56] also found significant
differences in response time between people with MD and controls; but, in the case of
Gohier et al. [56], the groups did not differ significantly in the number of errors committed.
Likewise, the outpatients with MD in the study by Den Hartog et al. [15] performed worse
on the Color and Word conditions but not on the Color-Word (incongruent) condition.
These findings do not provide evidence of a greater interference deficit in people with
MD. Rather, they suggest that slower information processing among people with MD
interferes with their performance across all test conditions, consistent with the cognitive
speed hypothesis.

In contrast to the above results, seven studies did find a greater interference effect
in people with MD compared with controls [44,45,47,50,57,61,62], thus providing support
for the cognitive effort hypothesis. It should be noted that five of these studies involved
inpatients [50,57,61,62] or mixed inpatient-outpatient samples, aged over 50 [45]. In addi-
tion, one study included people with a diagnosis of drug-resistant recurrent MD and long
illness duration [44], while another recruited people experiencing a moderate episode of
MD with melancholic characteristics [47].

Aside from these findings, some studies also suggest that the cognitive deficits of
people with MD are more apparent during the acute phase of the disorder and that they
may persist in an attenuated form beyond symptom remission [50,51,58]. It certainly seems
that the interference deficit depends on certain clinical and demographic characteristics
of people with MD. For example, in the study by Nakano et al. [50], in which two age
groups of MD people were compared with controls, age had a significant effect on Stroop
performance. Overall, there is evidence of impaired performance among people with MD
on the Stroop test, and that they show a deficit in both information processing and in the
higher executive functions that process interference. Although the results are inconclusive,
the overall analysis suggests that their executive impairment is greater than would be
predicted based on their psychomotor impairment.

3.2. Studies Reporting Data for the TMT

Seven studies [35,37,42,43,54,59,64] report no significant differences between people
with MD and healthy controls on either part of the TMT. It should be noted that these
studies included younger participants (in comparison with the other studies in this review),
outpatients, those with a first episode of MD or in remission, and unmedicated people.
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Similarly, one study reporting data for the B-A difference on the TMT found no difference
in the B-A score between a group of people with MD and controls [10].

Several studies found that people diagnosed with MD performed significantly worse
than controls on both parts of the TMT. Six studies reported that MD groups performed
significantly worse on both parts of the TMT [31,38,40,53,55,60]. One study [52] reported
a significant difference between the MD group and controls on both parts of the TMT at
baseline but not at 3- and 6-month follow up, suggesting that their cognitive function had
improved as a result of treatment. Another study of inpatients [33], all with a current major
depressive episode, found that the MD group performed significantly worse than controls
on both parts of the TMT, suggestive of deficits in psychomotor speed and attentional
capacity. Matsubara et al. [36] also reported poorer performance in the MD group on both
parts of the test, although there was no significant difference with respect to controls in the
B-A difference score. These findings support the processing speed hypothesis.

Two studies also report data for the number of errors committed. Gohier et al. [56])
found that, while people with MD had significantly slower response times compared with
controls on both parts of the TMT, the groups did not differ in the number of errors on
either part of the test, suggesting that these inpatients had preserved cognitive flexibility.
By contrast, Halappa et al. [34] observed a significantly higher number of errors on part
B of the TMT among a group of outpatients with MD, suggesting that people with this
diagnosis need longer and have to make greater cognitive effort when performing tasks
that require inhibitory control.

Other studies suggest that a greater severity of depression is associated with greater
cognitive impairment. For example, Preiss et al. [40] found that people with a higher number
of previous hospitalizations performed worse on the TMT. In four studies [32,39,57,63] the MD
group performed worse than controls on part B of the TMT but not on part A. These studies
mainly involved inpatients, notably with melancholic depression and a mean of four or more
past episodes. As Harvey et al. [57] suggest, these results indicate the presence of executive
dysfunctions, including updating and inhibition processes, and they therefore support the
cognitive effort hypothesis.

Four studies reporting data for the B-A difference on the TMT were consistent with
the cognitive effort hypothesis. The studies by Hasselbalch et al. [58], Moritz et al. [61],
Péron et al. [62] and Salik et al. [41] reported deficits for the MD group on both parts
of the TMT, and poorer performance on part B. It should be noted that the studies by
Moritz et al. [61] and Péron et al. [62] involved inpatients, including those with a recurrent
episode of MD [62], whereas the study by Hasselbalch et al. [58] included remitted people
under pharmacological treatment in their first discharge from psychiatric hospital.

Overall, the literature reviewed suggests that people with MD perform worse on the
TMT, and that their performance deteriorates with increasing severity of depression [40,52,63].
Although the association between symptom severity and executive performance is not sup-
ported by all studies [49], some authors [40,52,54] consider there to be a clear relationship.
In summary, although once again there are research findings consistent with both hypotheses,
the evidence lends greater support to the cognitive speed hypothesis.

4. Discussion

The 37 articles reviewed provide evidence of a clear performance deficit among people
with MD on the executive tasks considered. The results obtained appear to lend support
both hypotheses, since the samples analyzed generally perform disproportionately worse
on test conditions that require greater psychomotor speed and cognitive effort, as compared
with controls. Thus, although many studies report poor performance among people with
MD on the simpler conditions of the TMT or Stroop test [15,17,33,36,38,58,63], suggestive of
psychomotor slowing, this deficit may not be sufficient to explain their poor performance
on more complex tasks, which are significantly affected with respect to the simpler test
conditions. The studies that report this pattern of results involved in-patients with MD,



Brain Sci. 2021, 11, 147 11 of 18

either in the acute phase or with a recurrent episode. This supports a relationship between
clinical severity and test performance.

Overall, the results of the studies do not fully coincide, which may be due to sample
heterogeneity with regard to concomitant variables such as the subtype of depression,
age, the number of lifetime episodes of depression, and current medication. It is also not
known to what extent these variables affect the performance of people with depression on
executive tasks, and this makes it difficult to compare results and to opt confidently for
one or the other explanatory hypothesis. What this diversity of results does indicate is a
characteristic widely observed in people with MD, namely the considerable heterogeneity
of their neuropsychological profile. Godard et al. [65] noted this heterogeneity with respect
to the nature and extent of cognitive deficits in these people. Regarding executive functions,
Stordal et al. [66] defined 56% of people in their group with depression as unimpaired
in executive function, although the group as a whole differed significantly from controls
on all subtests. These findings raise the question of what variables may account for these
differences in the same target population.

4.1. State or Trait?

A crucial question that arises from the present review concerns the relationship be-
tween depressive symptoms and cognitive deficits in people. Specifically, are the cognitive
deficits associated with MD maintained after symptom remission (and thus can be con-
sidered a trait of the disorder), or is the cognitive performance of people only affected
during acute episodes (i.e., it is state-related)? The studies reviewed suggest that cognitive
deficits in people with MD persist—at least in an attenuated form—beyond symptom
remission [50,51,58]. Studies using tests other than the TMT or Stroop also support this
idea, showing that the improvement in cognitive performance following symptomatic
recovery tends to be only partial [13,67–71]. As Hammar et al. [7] note, the residual deficits
may represent a vulnerability factor for relapse of MD, although the characteristics of the
deficits that persist remain to be elucidated. However, only 54% of the studies reported if
the participants were in an acute episode, in remission or were inpatients. More research on
this topic is needed to clarify the relation between the evolution of depressive symptoms
and cognitive impairment.

4.2. Subtypes of Depression

Schatzberg et al. [63] compared a group of people with psychotic depression with a
non-psychotic depression group and controls. They found that the psychotic depression
group performed significantly worse than the group with non-psychotic depression on
both the TMT and the Stroop test. However, it is hard to find additional support for these
findings, since studies tend either to use mixed samples of psychotic and non-psychotic
depression or to include exclusively the latter. In fact, the majority of studies exclude
individuals with psychotic symptoms because of the possibility that these two types
of depression may present different cognitive deficits. This aspect could explain part
of the variability across studies that examine performance on the TMT and Stroop test,
and considering this may help to interpret the data in favor of one or the other hypothesis.
In a meta-analysis, Zaninotto et al. [72] concluded that people with melancholic depression
showed more severe symptoms and poorer cognitive performance on tasks involving
attention, working memory, visual learning, reasoning, and problem solving, in comparison
with people with non-melancholic depression.

In summary, the subtype of depression may imply different cognitive deficits, and hence
it is a factor that should be more widely considered when conducting research in this field.
The specific deficits associated with each subgroup also require more in-depth investigation.

4.3. Anxiety

Tarsia et al. [73] suggest that people with mixed anxiety-depression present specific
cognitive deficits that are different to those affecting individuals with either depression
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or anxiety alone. Furthermore, some studies have reported a correlation between anxiety
and performance on the TMT or Stroop test, highlighting that anxiety may be a con-
founding variable when interpreting the results obtained by people with MD. Specifically,
Lyche et al. [74] found that people diagnosed with MD and with comorbid anxiety disorder
differed significantly from controls on the different conditions of a modified version of
Stroop. Similarly, Markela-Lerenc et al. [75] observed that performance on a mixed Stroop
task was correlated with the level of anxiety. By contrast, Lemelin and Baruch [76] did not
observe this correlation when using a computerized version of the same Stroop test in
people with MD. Regarding the data obtained with the TMT, both Smitherman et al. [77]
and Misdraji and Gass [78] failed to find a correlation between test performance and anxiety
scores. However, their participants were not diagnosed with MD, and hence their results
do not provide information about the effect of anxiety on this disorder. It is important to
note, therefore, that the studies which report poorer performance among people with MD
and anxiety used versions of the Stroop test [74,75], suggesting that this test is more sensi-
tive to the effects of anxiety on performance. However, the extent to which anxiety may
affect the performance of people with MD on executive tasks is something that requires
further investigation.

4.4. Age

Age is a natural variable that affects cognitive performance. Some studies found
that age was correlated with TMT performance in both a group with MD and among
controls [28,79]. Specifically, one study reported that depressive episodes had an especially
negative effect on part A of the TMT, and that this effect was more pronounced among
older participants (Mahlberg et al. [79]). Hammar et al. [7], using the Stroop paradigm,
and Kertzman et al. [80], using a reverse variant of the Stroop task, also found an association
between age and performance on all the test conditions they applied. However, another
study found no age-related differences in the Stroop interference score [81].

It is possible that part of the age effect on cognitive deficits in MD is due merely to
the course of the disorder. As has been observed with other disorders, the chronicity of
depression may itself undermine cognitive functioning, such that older people perform
worse on different TMT and Stroop tasks.

4.5. Symptom Severity

Various studies have reported less executive impairment in subclinical populations
or those without MD [78,82–84]. For example, Vanderhasselt and De Raedt [84] found no
differences between the performance of remitted people with MD and controls, although
EEG findings during task performance did differ between the groups, leading the authors to
conclude that deficits in cognitive control increase with each depressive episode and persist
after symptom remission. Airaksinen et al. [85] observed impairment associated with MD,
but found that minor depression did not affect cognitive performance. In a similar vein,
Birinder et al. [86], Cohen et al. [87], Hartlage et al. [19], Preiss et al. [40], and Dong et al. [88]
found a correlation between symptom severity and executive performance, thus providing
support for the state-related hypothesis. However, Biringer et al. [86] suggested that
Stroop interference deficits might not be reversed for up to two years. For their part,
Merens et al. [89] found no differences between a remitted group and controls on any of
the conditions of a computerized Stroop test.

Several studies have also found no association between task performance and symp-
tom severity [7,49,51,75,76,79,90]. For example, Hammar et al. [7] applied the Stroop
paradigm to people in the acute phase of depression and again six months later, when their
symptoms had remitted. They found that people continued to differ from controls at
follow-up, suggesting that the deficits associated with depression are a trait of the disorder
and that they persist despite symptom remission.

The relationship between symptom severity and cognitive deficits in MD requires
further elucidation. Furthermore, the use of different scales to measure symptom severity
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makes it difficult to compare results. A more in-depth review of the methods used to assess
depressive symptoms and their relationship to cognitive performance would help to shed
light on the question of whether the deficits associated with depression are state-related or
a trait of the disorder.

4.6. Number of Episodes

Gorwood et al. [91] analyzed data from a sample of 2048 people with depression
and found that those with more past depressive episodes had a more severe clinical
level of psychomotor retardation and needed longer to perform the TMT. In addition,
the differences persisted beyond symptom remission. These findings are consistent with
those of Kessing [67], who reported that people with recurrent episodes were significantly
more impaired than were those with a single episode. Other studies have likewise found
a relationship between the number of past episodes and performance on the TMT or
a Stroop task [40,84], although not all reports support this association [49,51,75,92,93].
For example, Talarowska et al. [93] found that people with recurrent depression performed
worse than did those with a first episode, but this difference became apparent as early
as the second episode; in other words, performance was not associated with the actual
number of episodes.

Overall, the findings suggest that the number of past depressive episodes is an impor-
tant factor to consider in future research, being a sign both of the severity of the disorder
and its resistance to treatment.

4.7. Medication

The effect of medication on cognitive performance is a complex question that has been
widely debated in relation to several severe mental disorders, not only depression [94,95].
One of the main difficulties in interpreting the findings is that studies vary in terms of the
dose and type of medication they consider, to which one must add the problem of different
degrees of treatment compliance among people groups. The influence of medication on
executive performance is thus an aspect that requires further elucidation.

With respect to the relationship between executive performance and treatment response
among people with depression, mention should be made of the studies by Pimontel et al. [96]
and Sneed et al. [97]. These authors found that people who did not respond to medication
scored significantly worse than responders, the conclusion being that treatment response in
late-onset depression may be associated with impaired executive function. For their part,
Dunkin et al. [98] found a correlation between pre-treatment measures of executive function
and subsequent response to fluoxetine, suggesting that subtle prefrontal dysfunction in persons
with MD may be predictive of poor response to certain medications. With respect to the effect
of different drug treatments on the cognitive performance of people with depression, one study
reviewed pharmacological treatments aimed at improving cognition in MD and concluded
that monotherapy with certain drugs appears to reduce cognitive impairment [95]. However,
the wide variability across studies and some inconsistent results make it difficult to draw clear
conclusions, leading the authors to highlight the need for further research into this question.

4.8. Limitations

The main limitation of this study derives from the considerable heterogeneity of partici-
pants with MD across the studies reviewed. Although our selection criteria sought to achieve
as much homogeneity as possible, the results are dependent on the information available in
individual studies. Hence, we were unable to consider other variables (e.g., illness duration,
number of hospitalizations or past episodes) for selection and analysis because they were
not reported in all the studies included in the review. Furthermore, with the aim of ensuring
that the associated implications of executive deficits in people with MD were relevant for
evidence-based practice, we decided to focus on published studies, rather than also considering
gray literature. Finally, since there were not enough data regarding clinical features of the
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participants, we were not able to establish if there were differences in cognitive performance
between individuals with an acute episode of MD and individuals in remission.

5. Conclusions

The variable results reported by the large number of studies considered in this review
suggest that there may be a bidirectional relationship between MD and neuropsychological
deficits, and that both the processing speed hypothesis and the cognitive effort hypothesis
may account for certain phases and characteristics of depression. At some stages of the
disorder, people may only show higher-level executive impairment, even though there
could also be other underlying cognitive deficits. For example, the social and occupational
functioning and ability to perform daily living activities of some individuals with mild
depressive episodes may appear to be normal. However, they may in fact have cognitive
deficits that they manage to compensate for through greater cognitive effort, and conse-
quently their impairment only becomes apparent when asked to perform tasks that imply
a high cognitive demand.

More research is clearly needed to consolidate the available findings. At all events,
it would be wise, perhaps, to maintain an open mind regarding possible explanatory
models, leaving room for an alternative model that considers the neuropsychological
profile of depression to be heterogeneous and variable depending on the duration and
course of the disorder. Analyzing cross-sectional and longitudinal studies separately and
comparing groups of people with different disorder duration would help to determine
whether there is a specific pattern of cognitive impairment among people with depression.
Thus, for example, cognitive slowing might explain better the impairment on certain
automatic tasks during a first episode of depression, whereas at more advanced stages of
the disorder the cognitive effort hypothesis would account for the deficits observed on
tasks requiring executive processing.

It may be that the wide variety of variables and results reflects a highly variable
neuropsychological profile, which can only be captured through the integration of several
hypotheses. This highlights the importance of analyzing and controlling for the concomi-
tant variables that may influence the performance of depressed individuals on executive
tasks. In this respect, future studies should consider the neuropsychological profile of
depression as being dynamic and highly variable depending on the number of episodes,
the type of course, and symptom severity, while also paying attention to subtypes of
depression and the presence of comorbid disorders. Moreover, it should be considered
if the cognitive deficits associated with MD persist after symptom remission (and thus
can be considered a trait of the disorder) or if the cognitive impairment in individuals
with MD only occurs during acute episodes (i.e., it is state-related). Further research,
including controlled trial studies, should be done to continue studying both cognitive
performance hypotheses in DM and whether the impairment is a trait of MD or a state
related to depressive symptoms.

Author Contributions: Authors L.N. and J.G.-B. participated in the concept, design, acquisition,
coding and interpretation of data, and writing of the first manuscript draft. V.R.C. conducted the
update of the literature search, coding and interpretation of data and assisted with the analyses and
writing of the second manuscript draft. Authors J.G.-B. and O.P. designed the study and provided
summaries of previous research. O.P. provided critical review of the final manuscript. All authors
certify that they have participated sufficiently in the work to take public responsibility for the content.
All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the Ministry of Universities, Research and the Information
Society of the Government of Catalonia, grant number 2017SGR1681.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.



Brain Sci. 2021, 11, 147 15 of 18

References
1. Andrade, L.; Caraveo-Anduaga, J.J.; Berglund, P.; Bijl, R.V.; De Graaf, R.; Vollebergh, W.; Dragomirecka, E.; Kohn, R.; Keller, M.;

Kessler, R.C.; et al. The Epidemiology of Major Depressive Episodes: Results from the International Consortium of Psychiatric
Epidemiology (ICPE) Surveys. Int. J. Methods Psychiatr. Res. 2003, 12, 3–21. [CrossRef] [PubMed]

2. Gabilondo, A.; Rojas-Farreras, S.; Vilagut, G.; Haro, J.M.; Fernández, A.; Pinto-Meza, A.; Alonso, J. Epidemiology of Major
Depressive Episode in a Southern European Country: Results from the ESEMeD-Spain Project. J. Affect. Disord. 2010, 120, 76–85.
[CrossRef] [PubMed]

3. Hasin, D.S.; Goodwin, R.D.; Stinson, F.S.; Grant, B.F. Epidemiology of Major Depressive Disorder: Results from the National
Epidemiologic Survey on Alcoholism and Related Conditions. Arch. Gen. Psychiatry 2005, 62, 1097–1106. [CrossRef] [PubMed]

4. Kessler, R.C.; Berglund, P.; Demler, O.; Jin, R.; Koretz, D.; Merikangas, K.R.; Rush, A.J.; Walters, E.E.; Wang, P.S. National
Comorbidity Survey Replication. The Epidemiology of Major Depressive Disorder: Results from the National Comorbidity
Survey Replication (NCS-R). JAMA 2003, 289, 3095–3105. [CrossRef] [PubMed]

5. Kessler, R.C.; Berglund, P.; Demler, O.; Jin, R.; Merikangas, K.R.; Walters, E.E. Lifetime Prevalence and Age-of-Onset Distributions
of DSM-IV Disorders in the National Comorbidity Survey Replication. Arch. Gen. Psychiatry 2005, 62, 593–602. [CrossRef]

6. World Health Organization. WHO|Depression and Other Common Mental Disorders. Available online: http://www.who.int/
mental_health/management/depression/prevalence_global_health_estimates/en/ (accessed on 15 December 2020).

7. Hammar, A.; Sørensen, L.; Ardal, G.; Oedegaard, K.J.; Kroken, R.; Roness, A.; Lund, A. Enduring Cognitive Dysfunction in Unipo-
lar Major Depression: A Test-Retest Study Using the Stroop Paradigm. Scand. J. Psychol. 2010, 51, 304–308. [CrossRef] [PubMed]

8. Goodall, J.; Fisher, C.; Hetrick, S.; Phillips, L.; Parrish, E.M.; Allott, K. Neurocognitive Functioning in Depressed Young People:
A Systematic Review and Meta-Analysis. Neuropsychol. Rev. 2018, 28, 216–231. [CrossRef]

9. Elliot, R. The Neuropsychological Profile in Primary Depression. In Cognitive Deficits in Brain Disorders; Martin Dunitz: London,
UK, 2002; pp. 370–392.

10. Landrø, N.I.; Stiles, T.C.; Sletvold, H. Neuropsychological Function in Nonpsychotic Unipolar Major Depression. Neuropsychiatry
Neuropsychol. Behav. Neurol. 2001, 14, 233–240.

11. Veiel, H.O. A Preliminary Profile of Neuropsychological Deficits Associated with Major Depression. J. Clin. Exp. Neuropsychol.
1997, 19, 587–603. [CrossRef]

12. Trivedi, M.H.; Greer, T.L. Cognitive Dysfunction in Unipolar Depression: Implications for Treatment. J. Affect. Disord. 2014,
152–154, 19–27. [CrossRef]

13. Austin, M.P.; Mitchell, P.; Goodwin, G.M. Cognitive Deficits in Depression: Possible Implications for Functional Neuropathology.
Br. J. Psychiatry J. Ment. Sci. 2001, 178, 200–206. [CrossRef] [PubMed]

14. Nilsson, J.; Thomas, A.J.; Stevens, L.H.; McAllister-Williams, R.H.; Ferrier, I.N.; Gallagher, P. The Interrelationship between
Attentional and Executive Deficits in Major Depressive Disorder. Acta Psychiatr. Scand. 2016, 134, 73–82. [CrossRef] [PubMed]

15. Den Hartog, H.M.; Derix, M.M.A.; Van Bemmel, A.L.; Kremer, B.; Jolles, J. Cognitive Functioning in Young and Middle-Aged
Unmedicated out-Patients with Major Depression: Testing the Effort and Cognitive Speed Hypotheses. Psychol. Med. 2003, 33,
1443–1451. [CrossRef] [PubMed]

16. Nebes, R.D.; Butters, M.A.; Mulsant, B.H.; Pollock, B.G.; Zmuda, M.D.; Houck, P.R.; Reynolds, C.F. Decreased Working
Memory and Processing Speed Mediate Cognitive Impairment in Geriatric Depression. Psychol. Med. 2000, 30, 679–691.
[CrossRef] [PubMed]

17. Degl’Innocenti, A.; Agren, H.; Bäckman, L. Executive Deficits in Major Depression. Acta Psychiatr. Scand. 1998, 97, 182–188.
[CrossRef] [PubMed]

18. Egeland, J.; Rund, B.R.; Sundet, K.; Landrø, N.I.; Asbjørnsen, A.; Lund, A.; Roness, A.; Stordal, K.I.; Hugdahl, K. Attention
Profile in Schizophrenia Compared with Depression: Differential Effects of Processing Speed, Selective Attention and Vigilance.
Acta Psychiatr. Scand. 2003, 108, 276–284. [CrossRef] [PubMed]

19. Hartlage, S.; Alloy, L.B.; Vázquez, C.; Dykman, B. Automatic and Effortful Processing in Depression. Psychol. Bull. 1993, 113,
247–278. [CrossRef]

20. Ellis, H.C.; Ashbrook, P.W. Resource allocation model of the effects of depressed mood. In Affect, Cognition and Social Behaviour;
C. J. Hogrefe: Toronto, ON, Canada, 1988; pp. 25–43.

21. Hammar, Å. Automatic and Effortful Information Processing in Unipolar Major Depression. Scand. J. Psychol. 2003, 44,
409–413. [CrossRef]

22. Hammar, Å.; Strand, M.; Ardal, G.; Schmid, M.; Lund, A.; Elliott, R. Testing the Cognitive Effort Hypothesis of Cognitive
Impairment in Major Depression. Nord. J. Psychiatry 2011, 65, 74–80. [CrossRef]

23. Reitan, R.M. Trail Making Test: Manual for Administration and Scoring; Reitan Neuropsychology Laboratory: Mesa, AZ, USA, 1992.
24. Golden, C.J. Stroop Color and Word Test: A Manual for Clinical and Experimental Uses; Stoelting Co: Chicago, IL, USA, 1978.
25. Rabin, L.A.; Barr, W.B.; Burton, L.A. Assessment Practices of Clinical Neuropsychologists in the United States and Canada:

A Survey of INS, NAN, and APA Division 40 Members. Arch. Clin. Neuropsychol. Off. J. Natl. Acad. Neuropsychol. 2005, 20,
33–65. [CrossRef]

26. Tombaugh, T.N. Trail Making Test A and B: Normative Data Stratified by Age and Education. Arch. Clin. Neuropsychol. Off. J.
Natl. Acad. Neuropsychol. 2004, 19, 203–214. [CrossRef]

http://doi.org/10.1002/mpr.138
http://www.ncbi.nlm.nih.gov/pubmed/12830306
http://doi.org/10.1016/j.jad.2009.04.016
http://www.ncbi.nlm.nih.gov/pubmed/19428121
http://doi.org/10.1001/archpsyc.62.10.1097
http://www.ncbi.nlm.nih.gov/pubmed/16203955
http://doi.org/10.1001/jama.289.23.3095
http://www.ncbi.nlm.nih.gov/pubmed/12813115
http://doi.org/10.1001/archpsyc.62.6.593
http://www.who.int/mental_health/management/depression/prevalence_global_health_estimates/en/
http://www.who.int/mental_health/management/depression/prevalence_global_health_estimates/en/
http://doi.org/10.1111/j.1467-9450.2009.00765.x
http://www.ncbi.nlm.nih.gov/pubmed/20042028
http://doi.org/10.1007/s11065-018-9373-9
http://doi.org/10.1080/01688639708403745
http://doi.org/10.1016/j.jad.2013.09.012
http://doi.org/10.1192/bjp.178.3.200
http://www.ncbi.nlm.nih.gov/pubmed/11230029
http://doi.org/10.1111/acps.12570
http://www.ncbi.nlm.nih.gov/pubmed/27037665
http://doi.org/10.1017/S003329170300833X
http://www.ncbi.nlm.nih.gov/pubmed/14672253
http://doi.org/10.1017/S0033291799001968
http://www.ncbi.nlm.nih.gov/pubmed/10883722
http://doi.org/10.1111/j.1600-0447.1998.tb09985.x
http://www.ncbi.nlm.nih.gov/pubmed/9543305
http://doi.org/10.1034/j.1600-0447.2003.00146.x
http://www.ncbi.nlm.nih.gov/pubmed/12956828
http://doi.org/10.1037/0033-2909.113.2.247
http://doi.org/10.1046/j.1467-9450.2003.00361.x
http://doi.org/10.3109/08039488.2010.494311
http://doi.org/10.1016/j.acn.2004.02.005
http://doi.org/10.1016/S0887-6177(03)00039-8


Brain Sci. 2021, 11, 147 16 of 18

27. Cohen, J. Weighted Kappa: Nominal Scale Agreement Provision for Scaled Disagreement or Partial Credit. Psychol. Bull. 1968, 70,
213–220. [CrossRef] [PubMed]

28. Mrazik, M.; Millis, S.; Drane, D.L. The Oral Trail Making Test: Effects of Age and Concurrent Validity. Arch. Clin. Neuropsychol.
2010, 25, 236–243. [CrossRef] [PubMed]

29. Lamberty, G.J.; Putnam, S.H.; Chatel, D.M.; Bieliauskas, L.A. Derived Trail Making Test Indices: A Preliminary Report. Neuropsychiatry
Neuropsychol. Behav. Neurol. 1994, 7, 230–234.

30. Besner, D.; Stolz, J.A. Unconsciously Controlled Processing: The Stroop Effect Reconsidered. Psychon. Bull. Rev. 1999, 6,
449–455. [CrossRef]

31. Behnken, A.; Bellingrath, S.; Symanczik, J.-P.; Rieck, M.J.; Zavorotnyy, M.; Domschke, K.; Arolt, V.; Zwanzger, P.
Associations between Cognitive Performance and Cortisol Reaction to the DEX/CRH Test in Patients Recovered from
Depression. Psychoneuroendocrinology 2013, 38, 447–454. [CrossRef] [PubMed]

32. Cabanel, N.; Schmidt, A.-M.; Fockenberg, S.; Brückmann, K.F.; Haag, A.; Müller, M.J.; Kundermann, B. Evening Preference
and Poor Sleep Independently Affect Attentional-Executive Functions in Patients with Depression. Psychiatry Res. 2019, 281,
112533. [CrossRef]

33. Franke, P.; Maier, W.; Hardt, J.; Frieboes, R.; Lichtermann, D.; Hain, C. Assessment of Frontal Lobe Functioning in Schizophrenia
and Unipolar Major Depression. Psychopathology 1993, 26, 76–84. [CrossRef]

34. Halappa, N.G.; Thirthalli, J.; Varambally, S.; Rao, M.; Christopher, R.; Nanjundaiah, G.B. Improvement in Neurocognitive
Functions and Serum Brain-Derived Neurotrophic Factor Levels in Patients with Depression Treated with Antidepressants and
Yoga. Indian J. Psychiatry 2018, 60, 32–37. [CrossRef]

35. Kaczmarczyk, M.; Wingenfeld, K.; Kuehl, L.K.; Otte, C.; Hinkelmann, K. Childhood Trauma and Diagnosis of Major Depression:
Association with Memory and Executive Function. Psychiatry Res. 2018, 270, 880–886. [CrossRef]

36. Matsubara, T.; Matsuo, K.; Harada, K.; Nakano, M.; Nakashima, M.; Watanuki, T.; Egashira, K.; Furukawa, M.; Matsunaga, N.;
Watanabe, Y. Distinct and Shared Endophenotypes of Neural Substrates in Bipolar and Major Depressive Disorders. PLoS ONE
2016, 11, e0168493. [CrossRef] [PubMed]

37. Miyata, A.; Iwamoto, K.; Kawano, N.; Aleksic, B.; Ando, M.; Ebe, K.; Fujita, K.; Yokoyama, M.; Akiyama, T.; Igarashi, Y.; et al.
Driving Performance of Stable Outpatients with Depression Undergoing Real-World Treatment. Psychiatry Clin. Neurosci. 2018,
72, 399–408. [CrossRef] [PubMed]

38. Mondal, S.; Sharma, V.K.; Das, S.; Goswami, U.; Gandhi, A. Neuro-Cognitive Functions in Patients of Major Depression. Indian J.
Physiol. Pharm. 2007, 51, 69–75.

39. Moriguchi, S.; Yamada, M.; Takano, H.; Nagashima, T.; Takahata, K.; Yokokawa, K.; Ito, T.; Ishii, T.; Kimura, Y.; Zhang, M.-R.; et al.
Norepinephrine Transporter in Major Depressive Disorder: A PET Study. Am. J. Psychiatry 2017, 174, 36–41. [CrossRef] [PubMed]

40. Preiss, M.; Kucerova, H.; Lukavsky, J.; Stepankova, H.; Sos, P.; Kawaciukova, R. Cognitive Deficits in the Euthymic Phase of
Unipolar Depression. Psychiatry Res. 2009, 169, 235–239. [CrossRef] [PubMed]
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