1' frontiers ‘ Frontiers in Psychiatry

‘ @ Check for updates

OPEN ACCESS

EDITED BY
Roberto Esposito,
ASUR Marche, Italy

REVIEWED BY

Magdalena Sowa-Kucma,
University of Rzeszow, Poland
Alexandra Troyan,

Zaporizhzhia Medical Academy of
PostGraduate Education, Ukraine

*CORRESPONDENCE
Xue-Qin Wang
wangxuegin@bjmu.edu.cn

RECEIVED 17 March 2023
ACCEPTED 17 May 2023
PUBLISHED 22 June 2023

CITATION
Li Z, Wu T-T, Xiong Y-T, Zhang X-Y, Bao Y-P,
Guo L-B, Han B-J, Li S-X, Wang Y-F, Lu L and
Wang X-Q (2023) A pilot study on
improvements in attention function in major
depressive disorder after 12 weeks of
escitalopram monotherapy or combined
treatment with agomelatine.

Front. Psychiatry 14:1188175.

doi: 10.3389/fpsyt.2023.1188175

COPYRIGHT

© 2023 Li, Wu, Xiong, Zhang, Bao, Guo, Han, Li,

Wang, Lu and Wang. This is an open-access
article distributed under the terms of the

Creative Commons Attribution License (CC BY).

The use, distribution or reproduction in other
forums is permitted, provided the original
author(s) and the copyright owner(s) are
credited and that the original publication in this
journal is cited, in accordance with accepted
academic practice. No use, distribution or
reproduction is permitted which does not
comply with these terms.

Frontiersin Psychiatry

Tvpe Original Research
PUBLISHED 22 June 2023
Dol 10.3389/fpsyt.2023.1188175

A pilot study on improvements in
attention function in major
depressive disorder after 12
weeks of escitalopram
monotherapy or combined
treatment with agomelatine
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Objective: This study aimed to explore both impairments in attention function in
patients with major depressive disorder (MDD) and the efficacy of escitalopram
monotherapy or combination therapy with agomelatine.

Methods: A total of 54 patients with MDD and 46 healthy controls (HCs)
were included. Patients were treated with escitalopram for 12 weeks; those
who presented with severe sleep impairments were also given agomelatine.
Participants were evaluated using the Attention Network Test (ANT), which
included tests of alerting, orienting, and executive control networks.
Concentration, instantaneous memory, and resistance to information interference
were tested using the digit span test, and the logical memory test (LMT) was used
to evaluate abstract logical thinking. The Hamilton Depression Rating Scale—17
items, Hamilton Anxiety Rating Scale, and Pittsburgh Sleep Quality Index were
used to assess depression, anxiety, and sleep quality, respectively. Patients with
MDD were assessed at the end of weeks 0, 4, 8, and 12. HCs were assessed once
at baseline.

Results: Compared with HCs, patients with MDD showed significantly different
alerting, orienting, and executive control functions of attention networks.
Treatment with escitalopram alone or combined with agomelatine significantly
improved LMT scores at the end of weeks 4, 8 and 12 and restored
scores to the level of HCs at the end of week 8. Total Toronto Hospital
Test of Alertness scores in patients with MDD increased significantly after 4
weeks of treatment. The ANT executive control reaction time in patients with
MDD decreased significantly after 4 weeks of treatment, with this decrease
lasting until the end of week 12, but scores did not return to the levels of
HCs. Combined treatment with escitalopram and agomelatine led to more
improvement in ANT orienting reaction time and was accompanied by a greater
reduction of total scores on the Hamilton Depression Rating Scale—17 items
and Hamilton Anxiety Rating Scale compared with escitalopram monotherapy.
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Conclusions: Patients with MDD showed overall impairments in three domains
of attention networks as well as the LMT and a test of subjective alertness.
Escitalopram monotherapy significantly improved the LMT scores and the
executive control function scores in the ANT at the end of the fourth week of
treatment, and the improvement was more extensive with combined escitalopram
and agomelatine treatment.

KEYWORDS

major depressive disorder, attentional networks test, escitalopram, agomelatine,
cognitive function, efficiency, executive control of attention, logical memory

1. Introduction

Major depressive disorder (MDD) is an affective psychiatric
disorder characterized by significant and persistent depression,
often accompanied by loss of interest, diminished ability to think
or concentrate, and sleep disturbances. MDD has a high rate
of suicide and recurrence, which brings a heavy emotional and
financial burden to patients and their families (1). According to
the World Health Organization, MDD is expected to be the second
most disabling and life-burdening disease in the world by 2030 (2).
In addition, the prevalence of mental illness in Chinese adults is
now as high as 17.5%, with MDD being the most common mental
disorder (3).

Patients with MDD commonly experience impairments in
cognitive functions, including executive function, learning and
memory, processing speed, and attention (4, 5), which greatly
affects their daily life and work. Notably, attentional deficits in
MDD have been shown to be associated with higher relapse
rates and poorer outcomes (4, 6, 7). Patients with MDD exhibit
greater distractibility, an inability to sustain attention, and an
inability to multitask (6, 8, 9). Previous studies revealed that
attention has three separable networks that contribute to the
maintenance of readiness (alerting), selecting and moving attention
to stimuli (orienting), and resolving conflicts and coordinating
among thoughts and actions (executive control) (10-12). Alerting
is defined as achieving and maintaining an alert state, orienting is
the selection of information from sensory inputs, and executive
control is the resolution of conflict among responses. The three
attention networks are independent of each other and have specific
neuroanatomical and neurobiochemical mechanisms, but they are,
to some extent, interconnected and work together to complete
information processing.

Previous studies have suggested that alerting is associated
with the cortical distribution of norepinephrine (13), orienting
is associated with frontal and parietal acetylcholine (14, 15), and
executive control is associated with the mesocortical dopamine
(DA) pathway (16). However, serotonin and norepinephrine
reuptake inhibitors and alpha-2 adrenergic receptor agonists have
been shown to improve selective (17) and sustained attention
in some studies (18, 19), but the results have been mixed
(20, 21). Escitalopram is an SSRI with a high selectivity for
serotonin re-uptake (22) and has been shown to significantly
improve verbal, nonverbal, and working memory in patients
with MDD (23, 24). Serotonin has regulatory effects on the
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DA system (25) and, according to the “affect-as-information”
framework (26), emotional/mood states can influence attention
and overall cognitive styles. Thus, escitalopram may contribute
to improvements in attention function. In addition, more than
90% of patients with MDD simultaneously have varying degrees
of sleep problems (27), and cognitive functions in these patients
are severely negatively affected by poor sleep quality (28). Sedative
and hypnotic drugs can interfere with cognitive functions such as
attention and memory (29). Agomelatine, an agonist of melatonin
receptors (MT1 and MT2) and an antagonist of the serotonin 2C
receptor (5-HT,c), can exert different effects at different stages of
the diurnal cycle (30). During the daytime, the 5-HT,¢ antagonism
of the drug predominates, and vigilance arises (31). During the
night, agomelatine produces sleep-promoting effects that exceed
the vigilance effects (30). Through this double action, agomelatine
promotes and maintains sleep and helps to maintain diurnal
alertness (31).

We hypothesized that escitalopram, a typically prescribed SSRI
for MDD, can significantly improve attention network function
in patients with moderate or severe MDD. In the present study,
the effects of a 12-week full-dose escitalopram treatment were
compared with healthy controls (HCs). Further, patients with
severe sleep quality impairments were treated with a combination
of escitalopram and agomelatine to investigate the effect on sleep
symptoms in patients with moderate or severe MDD.

2. Materials and methods
2.1. Participants

Patients with MDD were enrolled through outpatient
clinics at Peking University Sixth Hospital after diagnosis
based on the Diagnostic and Statistical Manual of Mental
Disorders, 5th ed. (DSM-5) (32).
moderate or severe MDD without suicidal ideation. A group

Included patients had

of healthy controls, matched with the MDD group for age, sex,
and years of education, was recruited from the community
via advertisement.

2.1.1. Major depressive disorder group

The inclusion criteria were as follows: (1) met the DSM-5
diagnostic criteria of MDD, (2) age 18-50 years, (3) right-handed,
(4) Hamilton Depression Rating Scale—17 items (HAMD-17) score
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> 22, (4) Hamilton Anxiety Rating Scale (HAMA) score > 14,
(5) at least 5 years of education, and (6) the ability to understand
and read Mandarin Chinese. The exclusion criteria included: (1)
comorbidity with other mental disorders assessed by the Mini-
International Neuropsychiatric Interview (33), English Version
7.0.2 (34), (2) suicidal ideation (HAMD-17 item 3 score > 2),
(3) patients who had received any medical treatment, including
traditional Chinese medicine treatment, within 1 month of study
enrolment and treatments such as modified electroconvulsive
therapy, repeated transcranial magnetic stimulation, or transcranial
electrical stimulation within 6 months of study enrollment, (4)
current diagnosis with significant sleep disorders except for
insomnia, (5) alcohol use within 1 week prior to enrollment or
tobacco use of more than five cigarettes per day, and (6) shift work
or travel causing jet lag or the presence of social jet lag within 3
months of study enrollment.

2.1.2. Healthy control group

HCs were matched with patients in the MDD group according
to age, sex, and years of education. HCs had received a general
health examination within 6 months of enrolment and had no
medical conditions. All of the exclusion criteria for patients with
MDD applied to the HCs, and HCs did not have a current or
previous mental disorder as assessed by the Mini-International
Neuropsychiatric Interview 7th ed., including MDD.

2.2. Tests and assessments

2.2.1. Attention Network Test

The Attention Network Test (ANT) is an assessment tool
developed by Fan et al. to explore and assess the efficiency of three
separable attention networks (i.e., alerting, orienting, and executive
control networks) (35). The alerting network is responsible
for achieving and maintaining a state of alertness by altering
one’s internal state to prepare for perceiving and responding to
stimuli from the external environment. The orienting network is
responsible for the selection of information from sensory inputs.
The executive control network is responsible for resolving conflicts
between responses. The efficiency of each network was measured
using differences in response time (RT) and error rates (ER)
between different conditions (36).

The ANT was programmed and run using E-prime software
(v2.10) (37). A schematic of each trial is included in Figure 1. A
fixation cross was presented at the center of a screen during the
entire trial, and participants were required to maintain focus on the
cross. There was a 400-1,600-ms fixation period at the beginning
of each trial, and then an asterisk appeared for 100 ms as the cue.
After a 400-ms fixation interval, a row of five stimuli was presented
above or below the fixation cross, with a left/right-pointing arrow
in the middle as the target and the other four stimuli, which would
be four left/right-pointing arrows or four short horizontal bars, as
the distractors. Participants were required to indicate the direction
of the target by pressing the left or right arrow keys on a keyboard
as quickly and accurately as possible. The response window was
1,700 ms starting at the onset of the arrows. There was a varied
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fixation period at the end of the trial, and the total trial duration
per trial was fixed at 4,000 ms.

The task was given in a 4 (cueing type) x 3 (flanker type)
factorial design. Cueing type refers to (1) no cue (no star sign
displayed prior to arrow set); (2) center cue (star sign displayed
at the center of the screen); (3) spatial cue (star sign displayed
above or below the fixation cross to indicate the spatial location
of the upcoming target; 100% valid); and (4) double cue (two star
signs displayed respectively above and below the fixation cross to
alert that the target would appear soon). Flanker type refers to (1)
congruent (flanker arrows pointed in the same direction as the
target); (2) incongruent (flanker arrows pointed in the opposite
direction of the target); and (3) neutral (flankers were four bars).
There were 26 trials in each of the 12 conditions, and the entire
task consisted of 312 trials, with a total duration of approximately
30 min. Another 12 practice trials were provided before the formal
test to familiarize the participants with the task.

2.3. Calculating the efficiency of attention
networks

The RTs and ERs in each condition were computed. For each
participant, the ERs for each condition were calculated as the
proportion of trials with incorrect responses or no responses to
the number of trials in that condition. The RT for each trial was
calculated as the interval between the onset of the target and the
button press. Trials with no responses or incorrect responses were
excluded from the RT analysis. We further excluded trials with RTs
exceeding three standard deviations of the mean RT (also known
as overall RT; the average RT of all trials with correct reactions,
regardless of network) in each condition, and the condition-
wise mean RT across the remaining trials was then computed.
Attention function was then computed as the difference between
corresponding conditions in terms of RT and ER, as in Fan et al.
(38). Specifically, the alerting effect was computed as the values
of the no cue condition minus those of the double cue condition,
with larger values indicating a higher efficiency of the alerting
network. The orienting effect was computed as the values of the
double cue condition minus those of the spatial cue condition, with
larger values indicating higher efficiency of the orienting network.
The conflict effect was computed as the values of the incongruent
condition minus those of the congruent condition, with larger
values indicating lower efficiency of the executive control network.
In addition, we also computed the mean RTs and ERs across
all conditions.

2.4. Memory assessments

The digit span test (DST) of the Wechsler Memory Scale
(39) mainly measures concentration, instantaneous memory, and
resistance to information interference. The logical memory test
(LMT) of the Wechsler Memory Scale is a standardized assessment
of narrative episodic memory that assesses the process of forming
an understanding or conclusion through abstract logical thinking
such as conceptual thinking, reasoning, analysis, and judgment
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FIGURE 1

Illustration of attention network test. Adapted with permission from Fan et al. (35). Copyright 2002 Massachusetts Institute of Technology.

Time

after receiving external information, and the maintenance of these
in episodic memory.

2.5. Clinical scales

The Toronto Hospital Test of Alertness (THAT) and the
ZOGIM-A (Alertness Questionnaire) (40-42) were used to assess
alertness function and influencing factors using self-reports.
A lower total THAT score indicates impaired alertness. The
ZOGIM-A assesses alertness throughout the day, measuring
the effects of various environmental factors (e.g., caffeine,
exercise) on subjective alertness and the proportion of the
time spent at a high level of alertness. The THAT and
the ZOGIM-A are not only applied to measure different
aspects of alertness but can also be combined functionally
(43). Depression, anxiety, and sleep quality were assessed
using the HAMD-17 (44), the 14-item HAMA (45), and
the Pittsburgh Sleep Quality Index (PSQI) (46), respectively.
Intelligence quotients were measured using the Wechsler Adult
Intelligence Scale (47). A general questionnaire was designed to
collect demographic data, such as sex, age, years of education, and
other information.

2.6. Study design and procedure

Clinical assessments and an ANT evaluation of all participants
were performed at baseline. Then, patients with MDD were given
escitalopram alone for 12 weeks of treatment (open-label). The dose
of escitalopram was 10-20 mg QD determined by a medical doctor.
Patients with severely poor sleep were administered agomelatine
(25mg) to be taken before sleeping. For patients with MDD,
all tests and evaluations were performed repeatedly at the end
of the 4th, 8th, and 12th weeks of treatment. The response
rate was measured as the total number of patients who had a
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reduction of more than 50% of their total HAMD-17 score (22),
and clinical remission was defined as a HAMD-17 score of <7
(20). To further understand whether escitalopram combined with
agomelatine was better for cognitive improvement, in addition
to comparing patients with MDD with HCs, we also divided
the MDD group into two subgroups of escitalopram treatment
alone and combined treatment with agomelatine. Raters were
single-blinded and conducted the ANT and clinical assessments
separately from the treatment team. More details are shown in
Figure 2.

This study was reviewed and approved by the Medical
Ethics Committee of Peking University Sixth Hospital
(Mental Health (Approval No. 2016-12), and
all participants signed informed consent forms. The study

Institute)

protocol was registered at clinicaltrials.gov with the identification
number NCT04978220.

2.7. Statistical analysis

Statistical analysis was performed using SPSS software (v20.0;
IBM Corp., Armonk, NY, USA). Demographic characteristics
were analyzed using descriptive statistics (mean and standard
deviation or frequency). A scatterplot fitting analysis was used
to find whether data of ANT parameters conformed to normal
distribution. ANT parameters are expressed as median and
quartiles (Q1, Q3). One-way analysis of variance was used to
compare differences in clinical assessments between different
time points (0, 4, 8, and 12 weeks). Considering possible
variance, determined by homogeneity tests, ANT parameters
were analyzed using the Mann-Whitney U test within the
MDD group at different time points. The Mann-Whitney U
test was also used to compare differences in ANT parameters
between groups. Correlation coefficients were calculated
using partial correlation analysis. P < 0.05 were considered

statistically significant.

frontiersin.org


https://doi.org/10.3389/fpsyt.2023.1188175
http://clinicaltrials.gov
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Lietal. 10.3389/fpsyt.2023.1188175
Screening for eligibility (n=110) [
| MDD group (n=60) | | HC group (n=50) |
. e Exclusion criteria . _—
Indusion criteria ToAnvrnsd cal freatment Inchsion criteria Exclusion criteria
1.Between 18-50 years old, e T 1.Having no physical 1..An_y medica treatment
right-handed 2. Physiotherapeutic within 6 illness. ] within 1 month
2. HAMD-17 score = 19 and| months 2. Nothave a current or 2. Physiotherapeutic within
{'IAMA score 2 14 3. HAMD-17 item3 > 2 previous mental disorders ?"’”“}‘ iy
3No less than 5 years of 4.Comorbidity with other 3.matched withthe MDD 3. HAMD-17 stem3 2
education and be able to 5 i nd d 4.Comorbidity with other
mental disorders or sleep Srowp In age, gender a: ey
understand and read : : : vears of education mental disorders or sleep
Chinese disorder except insormia / & : :
5 Psychoactive substance sorder e Ry
> 5.Psychoactive substance
usage 3
usage
]
| I
Eligible at Baseline: MDD group (n=54) and HC group (46)
Baseline
ANT: Alerting, Alertness Clinical Scales:
Orienting, DST and LMT Scales: THAT, HAMD-17,
Executive control ZOGIM- A HAMA, PSQI
Same assessments as
12 weeks treatment baseline per 4 weeks in
MDD group
Data entry, statistical analysis
FIGURE 2
Flowchart of the study. MDD, major depressive disorder; HC, healthy control; HAMD, Hamilton Depression Rating Scale; HAMA, Hamilton Anxiety
Rating Scale; ANT, Attention Network Test; DST, digit span test; LMT, Logical Memory test; THAT, Toronto Hospital Alertness Test; ZOGIM-A, Alertness
Questionnaire; PSQI, Pittsburgh Sleep Quality Index.

3. Results

3.1. Demographics and clinical assessments
at baseline

3.1.1. Demographics

In total, 54 of 60 patients with MDD and 46 of 50 HCs
successfully enrolled at baseline. There were 38 (70.37%),
37 (68.52%), and 33 (61.11%) patients with MDD who
completed 4, 8, and 12 weeks of treatment and all assessments,
respectively. There were no significant differences in age,
sex, years of education, or IQ between the HCs and the
patients with MDD. In the MDD group, eight patients
(14.81%) had depressive episodes. The

recurrent major
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duration of the current depression episode was 5.98 £ 4.79
months in the 54 patients with MDD measured at baseline
(Table 1).

3.1.2. Assessment scales and memory tests

The total THAT scores were significantly lower in the MDD
group compared with the HC group (t+ = 1047, P < 0.01),
suggesting that there was an impaired level of alertness in patients
with MDD. However, differences in the total ZOGIM-A scores
between the groups were not significant (¢ = 0.52, P > 0.05),
indicating that subjective alertness levels of the patients with
MDD and the HCs were not affected by environmental factors
(e.g., caffeine, exercise). Meanwhile, the logical memory of the
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TABLE 1 The demographic characteristics of patients with major depressive disorder and healthy controls at baseline.

Variable MDD (n = 54) HCs (n = 46)

Mean Mean
Age (years) 31.06 9.41 30.04 7.20 —0.60 0.553%
Gender
Male (n [%]) 18 [33.33] 16 [34.78] 0.02 0.879°
Female (n [%]) 36 (66.67] 30 [65.22]
Education (years) 14.91 3.38 14.83 4.06 —0.11 0.913¢
1Q 120.98 14.61 118.87 22.47 —0.55 0.586%
Recurrent MDE (n [%]) 8[14.81]
Duration of the current MDE 5.98 4.79
(months)

Independent Samples t-test, "chi-square test. The values are expressed as numbers (%), mean + standard deviation. MDD, major depressive disorder; HC, healthy control; SD, standard

deviation; IQ, intelligence quotient; MDE, major depressive episode.

patients with MDD was impaired, and their LMT error scores
were significantly higher than those of the HCs (t = —3.12, P <
0.01). The patients with MDD included in the present study had
moderate to severe depressive episodes (HAMD-17 = 25.76 + 5.43)
accompanied by symptoms of anxiety (HAMA = 22.54 + 6.14)
and poor sleep quality (PSQI = 13.41 + 4.14) (Table 2). Only one
patient with MDD had no sleep disturbances according to the PSQI
(total score < 5).

3.1.3. Attention Network Test

The patients with MDD showed significant impairments in
all three attentional networks compared with HCs, as detailed in
Table 3. The patients with MDD showed significantly longer RTs
in the alerting network (Z = —4.65, P < 0.01) and the executive
control network (Z = —6.09, P < 0.01) but showed shorter RTs
in the orienting network (Z = —5.99, P < 0.01) compared with
those in the HC group. Compared with the HCs, the patients with
MDD also showed significantly higher ERs in the orienting network
(Z = —2.00, P < 0.05) and significantly higher mean ERs (Z =
—6.23, P < 0.01). The miss rate was higher in the patients with
MDD compared with that in the HCs (Z = —6.55, P < 0.01) at
baseline. These findings suggested that patients with moderate to
severe MDD accompanied by anxiety and poor sleep quality had
significant overall deficits in attention networks.

3.2. Clinical assessments during treatment
in patients with major depressive disorder

As shown in Figure 3, there were significant differences in
total THAT scores between baseline and measurements at 4, 8,
and 12 weeks of treatment (F39¢ = 18.35, P < 0.01). Post hoc
least significant differences (LSD) comparisons of the THAT scores
revealed a significant improvement at weeks 4, 8, and 12 compared
to baseline (P < 0.001), and no significant differences were found
among the scores at weeks 4, 8 and 12 of treatment (P > 0.05). The
results indicated that subjective alertness in the patients with MDD

Frontiers in Psychiatry

improved after 4 weeks of treatment and these levels were sustained
until the end of the 12-week treatment course (Figure 3).

No significant changes in the ZOGIM-A total scores were found
after treatment (F3 96 = 1.13, P > 0.05), suggesting that subjective
alertness levels were not influenced by environmental factors (e.g.,
caffeine, exercise) in the patients with MDD. Improvements in
alertness assessed by THAT might have been due to antidepressant
treatment (Figure 3).

As for the DST scores, significant changes in the total
scores were found between time points (F3g6 = 2.89, P <
0.05). After 4 weeks of treatment, the DST scores showed
significant improvement from baseline (P < 0.05) in the
MDD group, but the DST scores were not significantly
different at baseline (P > 0.05) between the MDD and
HC groups (Figure 3).

Changes in the LMT scores from baseline to weeks 4, 8, and 12
showed statistical significance (F 396 = 20.57, P < 0.01). Post hoc
LSD comparison revealed continuous improvement from week 4 to
week 12 (all P < 0.0001), and there were no significant differences
between the LMT scores at weeks 8 and 12 within the MDD group
(P > 0.05), There were no significant differences between the MDD
and HC groups at the end of 4 weeks treatment (P > 0.05). This
suggested that improvement in logical memory appeared after 4
weeks of treatment and the LMT scores were restored to the levels
of HCs at 8 weeks and were sustained until the end of the 12-week
treatment course (Figure 3).

After 8 weeks of treatment, the remission rate was 33.33%
and the response rate was 48.15% in the patients with MDD.
Among the 33 patients with MDD who completed the 12-week
treatment course, the remission rate was 48.65% and the response
rate was 70.27%.

One-way analysis of variance was performed to analyze all
clinical assessments. The total scores of both HAMD-17 (F396 =
59.50, P < 0.01) and HAMA (F39¢ = 33.241, P < 0.01) were
significantly lower at the end of the 12-week treatment in the
MDD group compared with those at baseline, and post hoc LSD
tests showed that the total scores of both HAMD-17 and HAMA
continuously decreased until the end of the measurement period
(P < 0.0001) (Figure 3).
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TABLE 2 Clinical assessments of patients with major depressive disorder and healthy controls at baseline.

Variable MDD (n = 54) HCs (n = 46)
WIET! Mean

THAT 13.37 6.90 29.54 8.32 10.47 0.000
ZOGIMA 3476 527 35.39 6.92 0.52 0.606
DST 14.26 3.67 14.70 3.17 0.63 0.529
LMT 5.17 4.03 3.07 2.66 —3.12 0.002
HAMD 25.76 5.43 0.96 0.99 3296 0.000
HAMA 22.54 6.14 115 0.89 —2527 0.000
PSQI 13.41 4.14 3.61 259 —14.40 0.000

?Independent Samples t-test. The values are expressed as mean = standard deviation. MDD, major depressive disorder; HC, healthy control; SD, standard deviation; THAT, Toronto Hospital
Alertness Test; ZOGIM-A, Alertness Questionnaire; DST, digit span test; LMT, Logical Memory test; HAMD, Hamilton Depression Rating Scale; HAMA, Hamilton Anxiety Rating Scale; PSQI,

Pittsburgh Sleep Quality Index.

TABLE 3 Attention Network Test parameters in patients with major depressive disorder and healthy controls at baseline.

Variable MDD (n = 54) HCs (n = 46)

Median Quartile (Q1, Q3) Median Quartile (Q1, Q3)
RT (msec)
Alert 40.02 (19.96, 61.13) 0.00 (0.00, 0.04) —4.65 0.000
Orienting 22.82 (3.62,53.24) 84.24 (49.25, 118.58) —6.09 0.000
Conflict 115.24 (79.53, 141.96) 4056 (22.65, 88.80) —5.99 0.000
Mean RT 612.37 (534.80, 662.94) 619.43 (560.81, 685.89) ~0.39 0.699
ER (%)
Alert 0.00 (—2.08,2.08) 0.00 (—0.52, 2.60) —1.58 0.115
Orienting 0.00 (0.00, 2.08) 0.00 (—1.69, 2.08) —2.00 0.046
Conflict 2.78 (0.00, 4.51) 2.08 (0.00, 5.73) ~0.50 0.614
Mean RT 1.39 (0.69,3.21) 35.59 (5.43, 63.15) —6.23 0.000
Miss rate 0.00 (0.00, 0.01) 0.69 (0.03,2.17) —6.55 0.000

#Mann-Whitney test. The values are expressed as medians, quartiles (Q1, Q3); MDD, major depressive disorder; HC, healthy control; ANT, Attention Network Test; RT, reaction time; ER,

error rate.

The changes in the total PSQI scores in the MDD group
between baseline, 4, 8, and 12 weeks were statistically significant
(F396 = 9.054, P < 0.01). Post hoc LSD comparison revealed
significant improvement in sleep quality at 4, 8, and 12 weeks
compared to baseline (P < 0.01), and no significant differences were
found between scores at weeks 8 and 12. There were no significant
differences of PSQI scores among 4, 8 and 12 weeks of treatment (P
> 0.05). These results indicated that sleep quality in patients with
MDD improved after 4 weeks of treatment and this improvement
was sustained until the end of the measurement period 12 weeks
(Figure 3).

3.3. Attention Network Test scores during
treatment in patients with major depressive
disorder

A scatterplot  fitting showed that ANT

parameters were linearly distributed at every measurement

analysis
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different across the four

were not

point. However, parameters
linearly ~distributed. Therefore,

nonparametric analysis was adopted to analyze changes in

measurements

ANT parameters.

As shown in Figure 4, the patients with MDD had significantly
longer alerting (Z = —4.65, P < 0.01) and conflict (Z = —6.09,
P < 0.01) RTs and shorter orienting (Z = —5.99, P < 0.01)
RTs compared with the HCs. The conflict RTs showed significant
differences over the 12 weeks of treatment ( X2= 21.10,df =3, P
< 0.01). The conflict RTs improved significantly after 4, 8, and 12
weeks of treatment compared with those at baseline (4 weeks, Z =
—2.18, P < 0.05; 8 weeks, Z = —3.56, P < 0.01; 12 weeks, Z =
—3.92, P < 0.01). There were no significant differences between
conflict RTs at weeks 4, 8, and 12 (4 weeks vs. 8 weeks, Z =-
1.06, P > 0.05; 4 weeks vs. 12 weeks, Z = —1.70, P > 0.05; 8
weeks vs. 12 weeks, Z = —0.81, P > 0.05). Conflict RTs after 12
weeks of treatment in the MDD group were significantly lower
compared with those at baseline in the HCs (Z = —4.658, P < 0.01).
Regarding alerting and orienting RTs, there were no significant
differences between different measurement points in the MDD
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group (alertness, Z =-0.27, P > 0.05; orienting, Z = —0.88, P >
0.05) (Figure 4).

The mean RTs were statistically different (8 weeks, Z = —2.00,
P < 0.05; 12 weeks, Z = —2.32, P < 0.05) in the MDD group after
8 and 12 weeks of treatment compared to baseline, but there was
no significant difference after 4 weeks of treatment (Z = —1.77, P
> 0.05). Similarly, there was a significant difference between the
patients with MDD at the end of the 12-week treatment course and
the HCs (at baseline) in mean RT (Z = —2.395, P < 0.05). These
results suggested that the executive control network in the patients
with MDD did not recover to the levels seen in the HCs after 12
weeks of treatment.

The ERs of the orienting network were higher in the MDD
group than in the HC group (Z = —2.00, P < 0.05). However, no
differences in the ERs of both the alerting network (Z = —1.58, P >
0.05) and the executive control network (Z = —0.50, P > 0.05) were
found between the two groups. The mean ERs of the three networks
in the MDD group were higher than those in the HC group (Z =
—6.23, P < 0.01).

To clarify whether improvements in sleep quality could
further help improve cognitive function, we divided patients
with MDD into two subgroups (escitalopram treatment alone
[29 patients] and combination with agomelatine [25 patients]).
At Dbaseline, there were no significant differences between the
subgroups in demographic data and clinical assessment scores
(Supplementary Tables S1-S3). There were significant differences
in the HAMD-17 (t = 291, P < 0.01) and HAMA (¢t = 2.40,
P < 0.05) scores between the two subgroups after 4 weeks of
treatment. However, there was no significant difference in the total
PSQI scores between the two subgroups (f = —1.05, P > 0.05).
There were also no statistically significant differences in the THAT,
ZOGIM-A, DST, or LMT scores between the two subgroups after 4
weeks of treatment (P > 0.05; Supplementary Table 54).

As shown in Supplementary Table S5, compared with the
escitalopram alone subgroup, escitalopram combined with
agomelatine had better effects on the improvement of the orienting
RTs (Z = —1.98, P < 0.05) after 4 weeks of treatment. The
differences in the conflict RTs (Z = —0.23, P > 0.05) and the
alerting RTs (Z = —1.49, P > 0.05) between the two subgroups
were not significant after 4 weeks of treatment. There were no
significant changes in all the ERs (all P > 0.05) between the
subgroups (Supplementary Table S5).

3.4. Correlation analysis after 4 weeks of
treatment

Figure 5 shows the partial correlation analysis of changes
in each ANT network and clinical parameter after 4 weeks of
treatment. The reduction in the orienting RTs was negatively
correlated with the reduction in the orienting ERs in the patients
with MDD (r = —0.43, P < 0.05) as well as with the reduction in the
mean ERs in the ANT (r = —0.34, P < 0.05), implying a potential
speed-accuracy trade-off for the orienting network. There was no
significant correlation between changes in the orienting RTs and
changes in all clinical assessments, namely the HAMD-17, HAMA,
PSQI, THAT, ZOGIM-A, DST, and LMT (P > 0.05); therefore,

Frontiersin Psychiatry

10.3389/fpsyt.2023.1188175

clinical improvements might not have contributed to reductions
in the orienting RTs after 4 weeks of treatment. The reduction in
the alerting RTs was positively correlated with the reduction in the
LMT scores (r = 0.53, P < 0.05) and negatively correlated with
the reduction in the THAT scores (r = —0.308, P < 0.05). The
reduction in the conflict RTs was only positively correlated with the
reduction of the ANT mean RTs (r = 0.64, P < 0.05), and all the
other clinical assessment changes were not significantly correlated
with the conflict RTs (P > 0.05).

The reduction in the alerting ERs positively correlated with
the improvement of the HAMD-17 total scores (r = 0.24, P <
0.05), and the reduction in the orienting ERs negatively correlated
with the reduction in the HAMD-17 total scores (r = —0.25, P
< 0.05) after 4 weeks of treatment. The reduction in the alerting
ERs and orienting ERs were positively (r = 0.243, P = 0.017)
and negatively (r = —0.251, P = 0.013) correlated, respectively,
with reductions in the psychomotor retardation item scores of the
HAMD-17 after of 4 weeks of treatment. However, there was no
significant correlation between the changes in the ANT parameters
and the PSQI total scores; the miss rate of the ANT was moderately
negatively correlated with the daytime function changes of the
PSQI (item 7) (r = —0.53, P < 0.01).

4. Discussion

Patients with moderate and severe MDD showed significant
abnormalities in the three attention networks, such as lower
alertness and executive control function accompanied by more
errors in sustaining attention. Treatment with escitalopram alone
or combined with agomelatine significantly improved executive
control function measured by the ANT in the patients with MDD
after 4 weeks of treatment, and this effect lasted until the end
of the present 12-week treatment course; however, these levels
were not restored to normal levels. Compared with escitalopram
monotherapy, combination treatment with agomelatine showed
better improvement in the ANT orienting RTs accompanied
by better improvement in the HAMD-17 and HAMA scores.
Treatment with escitalopram alone or combined with agomelatine
significantly improved the THAT and LMT scores of the patients
with MDD after 4 weeks of treatment, and the LMT scores were
restored to normal levels after 8 weeks of treatment. Changes in
all the assessment scale scores had no significant correlation with
the RTs in the ANT, but the reduction in the ANT alerting RTs was
negatively correlated with the reduction of the THAT scores and
positively correlated with the reduction of the LMT scores after 4
weeks of treatment.

Previous studies (4, 5) have reported impairments in cognitive
function in patients with MDD, but few studies have been
conducted specifically in patients with moderate and severe MDD.
In the present study, no significant differences were observed
between the patients with MDD and HCs in the ZOGIM-A
scores at baseline, indicating that subjective alertness in patients
with moderate (HAMD-17 scores between 19 and 22) and
severe (HAMD-17 scores > 23) MDD may be less affected by
psychological factors, behavioral factors, and other factors (43).
At the same time, the present findings indicated that the obvious
and extensive impairment of attention networks in patients with

frontiersin.org


https://doi.org/10.3389/fpsyt.2023.1188175
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Lietal.

10.3389/fpsyt.2023.1188175

Psal
HAMA
HAMD

Miss rate o036

Mean RT .

Conflict RT

Orienting RT
Alerting RT
Overall ER N
Conflict ER
Orienting ER
Alerting ER
LMT
DST
ZOGIMA
THAT

A
,3? & o‘*‘
1,0

.

&QQ \QQ 8”9 &Q
v o& Oo 0

FIGURE 5

Index; RT, reaction time; ER, error rate.

x“é‘«?’«?‘«?‘@-

Correlation between changes in Attention Network Test (ANT) parameters and changes in clinical scale assessments in patients with major depressive
disorder (MDD) at the end of the 4-week treatment course. Partial correlation analysis was performed for all correlations. “p < 0.05, “p < 0.01, ™p
0.001. values are expressed as partial correlation coefficients. THAT, Toronto Hospital Alertness Test; ZOGIM-A, Alertness Questionnaire; DST, digit
span test; LMT, logical memory test; HAMD, Hamilton Depression Rating Scale; HAMA, Hamilton Anxiety Rating Scale; PSQI, Pittsburgh Sleep Quality

1.00

-1.00

MDD might be a specific biological characteristic. The alerting and
conflict control RTs were significantly longer and the orienting
RTs were significantly shorter in the patients with MDD compared
with the HCs, suggesting that patients with moderate and severe
MDD have lower alertness levels, less ability to sustain attention,
and poorer executive function compared with HCs. Moreover, the
ERs of the orienting network, but not those of the alerting and
conflict control networks, were also higher in the MDD group
than in the HC group. Interestingly, antidepressant treatment
significantly improved the conflict RTs after 4 weeks of treatment
and sustained these until the end of the 12-week measurement
period, but this was not true for the alerting and orienting RTs in
the ANT. Previous studies have shown that executive control of
attention is supramodal, a mechanism that acts irrespectively of
sensory input, and efficiently coordinates mental operations across
modalities (48, 49). The executive control of attention, a high-level
supervisory entity, coordinates thoughts and actions and efficiently
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allocates attentional resources to cross-modal relevant inputs and
suppresses irrelevant information in further processing (49). This
means that the executive control of attention may play a key role
in the whole attention network. Longer conflict control RTs in the
ANT indicates a lower efficiency of executive control of attention.
This is in line with the present findings in patients with MDD,
which suggest that the longer conflict control RTs might be a core
characteristics of attention network function (19).

Although no significant differences were seen between the
patients with MDD and HCs in the ERs of both the alerting and
executive control networks, the ERs of the orientation network
were significantly higher in the patients with MDD compared
with those in the HCs; this contributed to a higher mean ER of
the three networks in the patients with MDD and might be the
result of shorter orienting RTs, showing that the higher likelihood
of diversion of attention might increase task mistakes in patients
with MDD. The lack of significant differences in the alerting
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and conflict ERs in the patients with MDD may have resulted
from the compensatory effects of longer RTs in the ANT. In
view of this, we performed a correlation analysis between the
scores of psychomotor retardation items on the HAMD-17 and the
changes in the ANT parameters. Reductions in the alerting ERs and
increases in the orienting ERs were correlated with improvements
in psychomotor retardation symptoms. These findings suggested
that the improvement of subjective reaction speed resulted from
alertness accuracy. However, the finding that orientation correction
was negatively correlated with the improvement of psychomotor
retardation symptoms needs to be comprehensively explored in
future studies. Additionally, we also found that the miss rate
was higher in patients with MDD than in HCs, indicating multi-
dimensional cognitive impairment in patients with MDD.

Regarding logical memory, we found that treatment with
escitalopram alone and combined with agomelatine significantly
improved the LMT scores of the patients with MDD after 4 weeks,
and scores were restored to those of the HCs after 8 weeks of
treatment. Semkovska et al. found that patients with MDD had
impairments in logical and working memory during both phases of
active symptoms and remission, and logical memory impairments
were more severe (50). Mendes et al. (51) also found that logical
memory scores were lower in patients with MDD than in HCs,
and logical memory scores did not recover to normal levels at
the time of initial remission after antidepressant treatment (52).
Interestingly, the present results showed that the LMT scores
improved at 4 weeks of treatment and returned to the levels of
the HCs after 8 weeks of treatment in the patients with MDD.
These findings are not consistent with previous studies in terms
of restoration to normal levels of logical memory ability. Given
that the DST scores of the patients with MDD at baseline were
not different from those of the HCs, the patients with MDD in the
present study did not show impairments in instantaneous memory.
In addition, we did not evaluate working memory in patients with
MDD, and the clinical characteristics of the patients and the tools
used to evaluate logical memory were different between previous
studies and the present study.

Despite changes in the THAT scores suggesting a marked
improvement in subjective alertness levels after treatment, with the
improvements lasting until the end of the 12-week measurement
period, these did not recover to the levels seen in the HCs.
At the same time, reductions in the ANT alerting RTs were
negatively correlated with reductions in the total THAT scores,
suggesting that subjective and objective tests of alertness showed
consistent results after 4 weeks of treatment. Regarding the ANT,
the conflict RTs improved significantly in the MDD group after
4 weeks of treatment, and these improvements lasted until the
end of the 12-week measurement period. However, these also
did not recover to the levels seen in the HCs; the RTs of the
orienting and alerting networks did not improve significantly at
any measurement point in the treatment. Compared to other
SSRIs, the effects of escitalopram are thought to purely result
from the reuptake of serotonin (53, 54), which may theoretically
have a negative effect on attention functions (11). Unexpectedly,
escitalopram was shown to improve working memory, attention,
and executive function as effectively as duloxetine (23) and led to a
significant improvement in attention function in the treatment of
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attention-deficit/hyperactivity disorder in children and adolescents
(55). A previous meta-analysis on the effects of second-generation
antidepressant therapy on attention and mental processing speed
in patients with MDD suggested that SSRIs and dual inhibitors
had the greatest positive effects on the processing speed of patients,
and age, years of education, antidepressant treatment duration, and
depressive status were major influencing factors (56). This is in line
with the present study. A previous study in rats (57) showed that an
injection of escitalopram (40-640 g/kg i.v.) could directly increase
DA release from the ventral tegmental area (VTA) and enhance DA
transmission from the VTA to the frontal cortex, which directly
improved executive function. A previous study also indicated that
sigma-1 receptors were associated with various neurotransmitter
systems and could affect their functions (58). Escitalopram was
shown to enhance nerve growth factor-induced neurite growth
in PC12 cells via sigma-1 receptor activation (59). In summary,
improvements due to escitalopram in executive function in patients
with MDD may be attributed to enhanced DA function through
increases in DA release in the VTA and the activation of sigma-
1 receptors. Therefore, the improvements in executive control
networks assessed by the conflict RTs in the ANT may be related
to escitalopram treatment. However, the mechanisms underlying
the improvement in attention functions induced by escitalopram
need further study, especially regarding long-term improvements
in attention functions.

In the present study, patients who had poor sleep quality
were administered a combined treatment of escitalopram and
agomelatine. After 4 weeks of treatment, these patients showed
better antidepressant and anxiolytic effects than those who took
escitalopram alone. This difference, however, was no longer present
in measurements after 8 and 12 weeks of treatment. Agomelatine,
a melatonin receptor 1 and 2 agonist and 5-HT,c antagonist,
has unique antidepressant and anxiolytic mechanisms (60). Little
is known about its effects on attention networks in patients
with MDD. A previous study revealed that the mechanisms
underlying the antidepressant effects of agomelatine were related
to enhanced activity of the dopaminergic and adrenergic pathways
projecting to the frontal cortex (60), and the mechanisms
underlying the anxiolytic effects derived from the antagonism of
5-HT,c receptors (61). Agomelatine heteromeric complexes of
melatonin receptors MT1 and MT2 with 5-HT,c receptors at
the cellular level could translate into a synergistic action that
can increase neuronal proliferation, maturation, and survival in
the hippocampus through the modulation of multiple cellular
pathways (i.e., increasing trophic factors, synaptic remodeling, and
glutamate signaling) and key targets (i.e., immediate early genes
and kinases) (60). The unique mechanisms of agomelatine may be
related to the combination therapy being superior to escitalopram
monotherapy after 4 weeks of treatment in the present study.

We found that escitalopram combined with agomelatine was
superior to escitalopram monotherapy in improving the orienting
RTs and not increasing the orienting ERs, with no correlation
with changes in HAMD-17 and HAMA scores for the patients
with MDD after 4 weeks of treatment. This suggests that cognitive
dysfunction in patients with MDD may be independent of
emotional symptoms (61). Agomelatine heteromeric complexes of
MT1 and MT2 receptors with 5-HT,c receptors at the cellular
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level could translate into synergistic actions that directly improve
neuronal plasticity and resilience and increase neurogenesis in the
hippocampus (62), which might contribute to improvements in the
orienting network as measured by the ANT.

We also found that escitalopram alone and combined with
agomelatine significantly improved the ANT conflict RTs after 4
weeks of treatment, and this improvement in the conflict RTs
was not related to the improvement of emotional symptoms,
which is in line with the previous study (63). A previous study
reported that treatment with 10 and 20 mg/d of vortioxetine
(64) could improve overall cognitive functions, including attention
functions, compared with a placebo, independent of the alleviation
of depressive symptoms (65), which is in line with the present
findings. The present study found that the ANT miss rate was
influenced by daytime functioning measured by the PSQI. No
significant correlations were found between changes in the ANT
RTs and changes in the total PSQI scores in the present study. This
might be due to the use of subjective scales in evaluating sleep
problems before and after treatment. Polysomnography should
be used in future studies to objectively explore the association
among sleep problems, attention networks, and specific symptoms
in MDD.

4.1. Conclusions

Patients with moderate and severe MDD showed overall
impairments of attention functions, including the three networks
assessed by the ANT, namely the alerting, orienting, and executive
control networks. Additionally, logical memory and subjective
alertness were significantly impaired in patients with MDD.
Treatment with both escitalopram alone and in combination
with agomelatine could improve the RTs of the executive control
network assessed by the ANT after 4 weeks of treatment, and
this persisted until the end of the 12-week measurement period,
but the levels did not recover to those of the HCs. Logical
memory in patients with MDD was also improved after 4 weeks
of treatment and recovered to the levels of the HCs after 8
weeks, lasting until the end of the 12-week treatment. Notably,
combination with agomelatine was superior to escitalopram
monotherapy regarding antidepressant and anxiolytic effects after
4 weeks. This was also true for the improvement of the orienting
network RTs. The comorbidity of sleep problems in MDD
might provide a useful scenario for exploring the relationship
depressive
attention impairments.

between specific and anxious symptoms and

4.2. Limitations

There are some limitations to the present study. First,
this was exploratory research using a single-blinded design,
and there may be partial bias to some extent. Second, the
sample size was relatively small and it was a pilot study. In
the future, larger sample sizes should be used to carry out a
randomized double-blind controlled study to further verify the
present results.
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