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ABSTRACT

Introduction: Processing of emotional stimuli
is altered in patients with depression. The pre-
sent feasibility study investigated the features of
emotional information recognition in people
with depressive disorders and how these differ
from individuals without depression to deter-
mine whether response times could potentially
be used as a diagnostic marker to identify indi-
viduals at high risk of depression and as an
indicator of antidepressant medication
response.
Methods: The study recruited 32 individuals,
16 with single or recurrent depressive episodes
and 16 control subjects without depression.
Patients with depression received 8 weeks of
antidepressant therapy. The severity of depres-
sive symptoms at baseline and their changes on

prescribed therapy were assessed using the
Montgomery-Åsberg Depression Rating Scale
(MADRS). The processing of emotional infor-
mation was assessed using the computerized
Penn Emotion Recognition Task (ER-40).
Results: The two groups were well matched in
terms of age and gender. There was no difference
between the groups in their ability to correctly
recognize happy or sad emotional facial expres-
sions, but the average time patients with depres-
sion took to recognize a happy face was
significantly longer than controls. In addition,
they were more likely to misinterpret facial
expressions as non-emotional. In patients with
depression, the mean MADRS total score
decreased from 26.3 ± 4.4 at baseline to
11.1 ± 8.9 at 8 weeks, a reduction of 57.8%. The
proportion of responders with greater than 50%
reduction in their baseline MADRS total score was
64.3%. Antidepressive treatment was associated
with a reduction in the mean time required for
recognition of a happy face (P\0.05).
Conclusions: Patients with depression are
slower to identify positive emotions but have a
similar time to recognition of negative emo-
tions as patients without depression. The
greater time required for recognition of happi-
ness distinguished the patients with depression
from control subjects, and was also the only
parameter that showed an improvement with
antidepressant therapy, suggesting a specific
relationship of this parameter with the depres-
sive state.
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Key Summary Points

This study examined the processing of
emotional information in patients with
depression and non-depressed control
patients.

Both groups correctly recognized positive
and negative emotional facial expressions,
but patients with depression took longer
to recognize a happy face than controls
did.

Antidepressive treatment was associated
with a reduction in the mean time
required for recognition of a happy face.

Studies are ongoing to determine whether
changes in emotion recognition times
may be used as a marker of treatment
response in patients with depression.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.12990791.

INTRODUCTION

Interest in cognitive impairment as a core fea-
ture of depressive disorders has increased over
the last decade [1–3]. This relevance can be
primarily explained by the conceptual view of
depression as a disturbance of ‘‘affective cogni-
tion’’, a term that describes the interaction
between cognitive functions and emotions,
including the processing of emotionally signif-
icant information in contexts that require cog-
nitive appraisal to produce an appropriate
response [4]. When affective cognition is

disturbed there is distortion in the perception,
processing, and synthesis of affective informa-
tion, hampering interactions of a person with
their surroundings [5].

The characteristics of affective cognition,
including those found in depressive disorders,
are studied using methods that identify the so-
called hot cognitive processes. Despite some
controversy over their theoretical significance
[6], the division of cognitive functions into hot
(emotional-affective) and cold (cognitive-delib-
erative) processes can be of practical value to
assess methods of experimental study, rather
than specific cognitive phenomena.

It is believed that tasks in which the stimuli
are emotionally neutral and in which the test
outcome is motivationally irrelevant evaluate
the so-called cold cognitive functions. In con-
trast, hot cognitive functions are evaluated by
the direct or indirect reactions of trial subjects
to the presented emotionally significant stimuli
(e.g., images or words). It should be noted that
almost any cold test can be changed into a hot
test by introducing some kind of motivational
influence (reinforcement) [7].

Research is ongoing to determine the opti-
mal experimental model for identifying cogni-
tive impairments in depressive disorders, and
both cold and hot research methods are being
evaluated. Knowledge of the relative severity
and reproducibility of the settings in which the
cognitive tests are conducted will be important
to allow identification of abnormalities charac-
teristic or even specific for depressive disorders.
These may then be used to identify diagnostic
markers [8], as well as to determine goals and
predictors for psychological and pharmacologi-
cal treatment methods [9, 10].

Moreover, the mismatch of cognitive–emo-
tional interactions in patients during depressive
episodes and periods of remission, and com-
pared with immediate relatives, can be a diag-
nostically relevant predisposing factor allowing
the identification of persons at high risk of
developing depression [11].

Numerous studies have reported that
depression and depressed mood are associated
with distortions of the processes of attention
and perception when studied using hot meth-
ods. For example, studies using the emotional
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Stroop test have shown that patients with
depression pay more attention to the negative
content of words than to neutral or positive,
while non-depressed individuals pay more
attention to the positive content [12]. It has also
been shown that patients with depression have
difficulties recognizing positive facial expres-
sions [13, 14], whereas their ability to detect
negative faces is comparable to subjects without
depression; people in general tend to recognize
sad faces faster than joyful ones, among many
neutral faces [14]. Impaired emotional cogni-
tion in depression may therefore be associated
with a decrease or distortion in the processes of
recognition of positive information rather than
an increased susceptibility to negative infor-
mation [15]. This has led to speculation that
people with depression have difficulties distin-
guishing joyful faces, but no differences in the
recognition of negative emotions compared to
non-depressed subjects.

The present feasibility study was conducted
to investigate the features of recognition of
emotional information and, in particular,
mimic expressions, by patients with depressive
disorders with the aim of identifying features
that could potentially be used as diagnostic
indicators or markers of antidepressant treat-
ment response.

METHODS

This prospective, observational study recruited
patients aged 18–60 years of both sexes, who
were receiving outpatient, semi-inpatient, or
inpatient treatment for single or recurrent
depressive episodes without psychotic symp-
toms (defined by ICD-10 criteria), and had a
score of at least 15 points on the Mont-
gomery-Åsberg Depression Rating Scale
(MADRS) [16].

A control group of subjects without depres-
sive disorders was also recruited. The control
group comprised volunteers recruited from the
staff and students of Sechenov University, who
were examined by a psychiatrist to rule out a
diagnosis of depression, who were comparable
to the patients with depression in age and
gender, and who agreed to participate in the

study. The absence of depression was confirmed
both clinically during the interview and using
the MADRS (less than 7 points). The study was
conducted according to the criteria set by the
declaration of Helsinki and was approved by the
local ethics committee of the V.P. Serbsky
National Medical Research Center of Psychiatry
and Narcology, Moscow, Russia. Each subject
provided signed, informed consent before par-
ticipating in the study.

Exclusion criteria were the presence of psy-
chotic symptoms and signs of bipolar affective
disorder, as well as schizophrenia spectrum
disorders; the presence of mental and behav-
ioral disorders associated with the use of psy-
choactive substances; the presence of acute or
exacerbated chronic neurological and somatic
diseases; the state of disability; and women who
were pregnant or lactating.

Patients were examined at baseline and after
8 weeks of antidepressant therapy and under-
went clinical and psychopathological evalua-
tion, assessment using psychometric scales, as
well as psychodiagnostics. All patients took
antidepressants at medium therapeutic doses,
including amitriptyline, clomipramine, ven-
lafaxine, mirtazapine, paroxetine, vortioxetine,
and agomelatine, which were prescribed by
their attending physicians in accordance with
existing treatment standards for the treatment
of depressive disorder. A variety of classes of
antidepressants allowed us to evaluate the
actual class-specific antidepressant effect as a
whole, and not the effect of any particular drug
or class of antidepressants. Patients receiving
adjunctive psychopharmacy (e.g., atypical
antipsychotics, normothymics) were not enrol-
led to avoid bias related to the action of such
drugs. Some patients received short courses
(3–4 days) of benzodiazepines at the initiation
of treatment, but they were prescribed after
initial study examination and discontinued at
least 3–4 weeks before the second examination
and emotion recognition testing.

The severity of depressive symptoms at
baseline and their changes on prescribed ther-
apy were assessed using the MADRS [16].
Treatment responders were those with a greater
than 50% reduction in their baseline MADRS
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total score and treatment remitters were those
with a score greater than 7 according to MADRS.

The processing of emotional information
was assessed using the Penn Emotion Recogni-
tion Task (ER-40) from the Pennsylvania Com-
puterized Neuropsychological Test Battery
(PennCNP) [17]. This computerized test pre-
sents study participants with alternate images of
40 faces expressing happiness, sadness, anger,
fear, and no emotion (eight images of each
emotion of low and high intensity, four of
which are represented by male and four by
female faces). Subjects use the computer mouse
to select on the monitor screen the most
appropriate word to describe the emotion
depicted in the image. Test results recorded
include the number of correct and false positive
answers, as well as the recognition time for
emotional facial expressions. The length of time
between baseline and follow-up was 8 weeks.
The individuals were unaware of the correct and
incorrect answers from the ER-40. Thus, as a
result of the lack of direct feedback, the learning
effect was minimized and the reliability of the
study after a course of antidepressants was
increased.

Statistical processing of the data was con-
ducted using Microsoft Excel and MedCalc
software. For variables with a normal distribu-
tion, one-way analysis of variance (ANOVA) was
used to assess differences between independent
groups, and for variables that did not follow a
normal distribution the Mann–Whitney U test
was used. Demographic characteristics such as
gender and marital status were compared with
the chi-squared test. Significant differences
between dependent groups with a normal dis-
tribution were tested using the repeated mea-
sures ANOVA, while in groups without a normal
distribution the Wilcoxon signed-rank test was
used. Bonferroni correction for multiple com-
parisons was applied. The difference was con-
sidered statistically significant if the probability
of random differences between the values was
less than 5% (P\0.05).

RESULTS

The study recruited 32 individuals, 16 with
depressive disorders and 16 healthy individuals
who comprised the control group (Table 1). The
control group was comparable in age and gen-
der with the study group. The mean age of
participants in the study and control groups was
37.9 ± 12.5 and 37.3 ± 11.7 years, respectively
(p = 0.64). In both groups, the majority of par-
ticipants were women (87.5% in the study
group, and 81.3% among controls, difference
not significant p = 0.87). There were no signifi-
cant differences between the groups in terms of
years of education (p = 0.73). Unmarried status

Table 1 General characteristics of study participants

Parameters Patients
(n = 16)

Controls
(n = 16)

P value

Gender, n (%)

Male 2 (12.5) 3 (18.8) 0.87

Female 14 (87.5) 13 (81.3)

Age, years 37.9 ± 12.5 37.3 ± 11.7 0.64

Education, years 16.3 ± 1.7 16.4 ± 2.7 0.73

Marital status, n (%)

Married 6 (37.5) 13 (81.25) 0.046

Single 9 (56.25) 3 (18.75)

Divorced 1 (6.25) 0

Diagnosis of the main disease, n (%)

Single depressive

episode

10 (62.5) – N/A

Recurrent

depressive

episode

6 (37.5) – N/A

MADRS mean

score at baseline

26.3 ± 4.4 – N/A

Data are presented as mean ± standard deviation or
number and percentage, as appropriate
MADRS Montgomery-Åsberg Depression Rating Scale
N/A indicates that none of the patients in the control
group had a psychiatric diagnosis, so the statistical criteria
were not applicable
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was higher among patients with depression
(56.3%) compared with control subjects (18.7%)
(p = 0.046).

Among the patients with depression, more
than half (10, 62.5%) were experiencing their
first depressive episode, while 6 (37.5%) had
recurrent depression. None of the patients had
received therapy for past depressive episodes.
The severity of the depressive symptoms was
predominantly moderate: 14 patients had
moderate depression and two had severe (the
MADRS scores of the last two were, however,
close to moderate at 35 and 37, respectively).
The mean baseline MADRS total score was
26.3 ± 4.4 (moderate severity depression).

Analysis of emotional information process-
ing revealed that patients with depression cor-
rectly recognized emotional facial expressions,
with the same number of correct answers
(around 80%) as subjects in the control group
(Table 2). The average time that patients with
depression spent on the recognition of emo-
tions was greater compared with subjects in the
control group, although this difference did not
reach statistical significance.

There was no difference between groups in
their ability to recognize emotions on female and
male faces, nor in their ability to recognize low-
and high-emotional intensity. In both groups,
women’s faces and higher intensity expressions
of emotion were recognized somewhat faster.

Correct emotion recognition was highest for
happiness in both depressed and control sub-
jects (at least 95% correct answers) and lowest
for the recognition of anger (55–56% of correct
answers). The rates of correct recognition of
fear, sadness, and absence of emotion were
77–79%, 84–85%, and 80–86%, respectively,
with no statistical differences between groups.

False positive recognition of anger was low in
both groups (no more than 1.3% on average). In
addition, rates of correct recognition of emo-
tions were lowest for anger (Table 2). The data
indicate that almost half of the face images
expressing anger were either not recognized as
emotional or mistakenly interpreted as fear or
sadness in both groups.

Some differences between patients with
depression and control individuals were also
revealed. Although it did not reach statistical

significance, patients with depression weremore
likely to misinterpret facial expressions as non-
emotional. At the same time, patients with
depression made significantly fewer mistakes in
the recognition of sad facial expressions
(P = 0.024). In cases of false positive recognition
of sadness, patients with depression took on
average significantly more time to make a deci-
sion than control subjects.

An important difference between the groups
was noted in the time to emotion recognition,
with patients with depression taking significantly
more time on average to recognize a happy face
even though their ability to correctly recognize
happy faces was comparable to the control group.

During the course of the antidepressant ther-
apy, two patients were lost to follow-up. In most
of the remaining 14 patients, a significant
reduction in severity of depressive symptomswas
achieved at the end of the 8-week therapy. The
mean MADRS total score decreased from
26.3 ± 4.4 at baseline to 11.1 ± 8.9 at 8 weeks, a
reduction of 57.8%. The proportion of respon-
ders with greater than 50% reduction in their
baseline MADRS total score was 64.3% (nine
patients). Seven of these responders were also
remitters (50% of follow-up depression group).

Despite the positive changes in depressive
symptoms in most patients, the only parameter
related to the processing of emotional infor-
mation for which there was a statistically sig-
nificant change from baseline was the mean
recognition time for happy faces (P = 0.0028
with Bonferroni correction). By the end of the
study, the mean recognition time for happy
faces in patients with depression had approa-
ched the mean value in the control group.
Changes in time of reaction to happy faces are
shown in Table 3. It should be noted that
improvement of happy face recognition was not
associated with an overall improvement of cold
cognition and reduction of lassitude. This was
evident as there was no improvement in time of
recognition to sad and no emotion faces
(p = 0.16 and P = 0.86 with Bonferroni correc-
tion, respectively).

Interestingly, there was no statistically sig-
nificant difference in mean change of reaction
time between responders and non-responders
(658 vs. 503 s, p = 0.387).
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Table 2 Results of emotion recognition assessment using the Penn Emotion Recognition Task (ER-40)

Parameters Patients at baseline
(n = 16)

Patients after 8 weeks of
therapy (n = 14)

Controls
(n = 16)

Correct answers (% of 40 images) 80.2 ± 6.5 82.9 ± 8.7 79.1 ± 8.0

Response time (ms) 2851.5 ± 711.1 2546.1 ± 643.7 2471.0 ± 541.4

Correct recognition of female faces (% of 20

images)

83.1 ± 8.3 83.9 ± 9.2 80.9 ± 10.8

Correct recognition of male faces (% of 20

images)

77.2 ± 9.1 81.8 ± 10.3 77.2 ± 8.0

Recognition time for female faces (ms) 2771.0 ± 736.9 2432.1 ± 581.1 2338.1 ± 511.1

Recognition time for male faces (ms) 3043.3 ± 1059.1 2675.6 ± 770.4 2707.4 ± 867.3

Correct recognition of low intensity emotions

(% of 16 images)

71.1 ± 14.4 72.3 ± 16.8 69.1 ± 14.0

Correct recognition of high intensity

emotions (% of 16 images)

85.9 ± 6.3 87.1 ± 8.7 88.7 ± 8.3

Recognition time for low intensity emotions

(ms)

3117.2 ± 887.3 2805.5 ± 775.7 2812.5 ± 769.6

Recognition time for high intensity emotions

(ms)

2927.0 ± 801.4 2599.3 ± 766.4 2449.4 ± 799.5

Correct recognition of anger (% of 8 images) 56.3 ± 12.9 60.7 ± 20.7 54.7 ± 15.7

Correct recognition of fear (% of 8 images) 78.9 ± 17.5 79.5 ± 22.3 77.3 ± 21.0

Correct recognition of happiness (% of 8

images)

95.3 ± 6.3 96.4 ± 5.9 98.4 ± 4.3

Correct recognition of sadness (% of 8

images)

83.6 ± 14.2 82.1 ± 13.6 85.2 ± 13.1

Correct recognition of neutral emotions (% of

8 images)

86.7 ± 16.8 95.5 ± 6.2 79.7 ± 20.3

False positive recognitions of anger (% of 32

images)

1.6 ± 3.0 0.4 ± 1.1 1.0 ± 1.9

False positive recognitions of fear (% of 32

images)

4.7 ± 3.8 3.8 ± 4.1 3.5 ± 3.0

False positive recognitions of happiness (% of

32 images)

1.2 ± 1.9 0.9 ± 1.5 1.8 ± 2.3

False positive recognitions of sadness (% of 32

images)

7.0 ± 6.3* 6.3 ± 4.7* 12.1 ± 5.8

False positive recognitions of neutral emotions

(% of 32 images)

10.4 ± 9.3 10.0 ± 9.5 7.8 ± 5.5

Recognition time for anger (ms) 3339.3 ± 1210.6 3163.0 ± 999.5 2899.5 ± 993.6
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Parameters such as the number and time to
false positive recognition of sadness were not
sensitive to antidepressant treatment.

DISCUSSION

From an evolutionary and adaptive perspective,
mimic expressions of basic emotions are typical
social signals that are automatically recognized
and modify interpersonal behavior [18]. The
ability to accurately recognize emotions is an
important component of human ontogenesis
that is formed in early childhood. Even a severe
depressive state, in the absence of psychotic
symptoms or impaired consciousness and
intelligence, does not lead to the loss of this
basic cognitive function.

In the present study, no differences were
found between patients with depression and
subjects without depression in either the total
number of correctly recognized emotional and
non-emotional faces or the number of low
expressed emotions that are harder to

recognize. These findings are consistent with
the results of Douglas and Porter [19] that also
revealed no statistically significant differences
in the recognition of anger, happiness, sadness,
or fear between patients with severe depression
and control subjects.

It is of interest that compared with patients
with depression, control individuals were sig-
nificantly more likely to make mistakes in the
recognition of sad faces. This finding suggests
that the negativity bias (greater attention paid
to negative emotions than to positive) that is
often attributed to patients with depression is
also observed in people without depression [20].

The only parameter improved during treat-
ment was the response time to happy faces.
However, this improvement was reported by
both responders and non-responders. Two
explanations can be put forward to explain this
result. First, the finding could have been
obtained as a result of the small sample size and
the associated statistical error. Second, chang-
ing the reaction time to happy faces could be
linked to some action of antidepressant

Table 2 continued

Parameters Patients at baseline
(n = 16)

Patients after 8 weeks of
therapy (n = 14)

Controls
(n = 16)

Recognition time for fear (ms) 4535.2 ± 2988.2 4227.0 ± 2200.1 4259.6 ± 1939.8

Recognition time for happiness (ms) 2478.4 ± 672.8* 1920.3 ± 307.1# 1795.3 ± 232.2

Recognition time for sadness (ms) 3251.6 ± 980.5 3388.9 ± 2231.9 2789.4 ± 1038.4

Recognition time for neutral emotions (ms) 2902.4 ± 830.9 2429.2 ± 873.1 2702.1 ± 1291.4

Time to false positive recognitions of anger

(ms)

6891.9 ± 5369.1 5355.0 ± 1849.8 4461.3 ± 2429.8

Time to false positive recognitions of fear

(ms)

6771.0 ± 4583.4 9423.4 ± 11,407.2 6789.0 ± 5743.0

Time to false positive recognitions of

happiness (ms)

4343.8 ± 1181.4 4309.0 ± 1634.3 7382.0 ± 3651.2

Time to false positive recognitions of sadness

(ms)

6487.7 ± 3280.1* 6555.8 ± 4266.8 4340.8 ± 1837.0

Time to false positive recognitions of neutral

emotions (ms)

6681.7 ± 4545.0 5628.7 ± 4418.6 6628.7 ± 2973.7

*P\ 0.05 vs controls; #P\ 0.05 vs patients after 8 weeks of antidepressant therapy
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therapy, which is necessary but not sufficient to
achieve a response to therapy.

Study Limitations

The current study has several limitations
including its small sample size and lack of a
placebo group. Most of the patients included in
the study were women, which reflects the fact
that women are more likely to experience
depression than men [21] and women with
depression are generally more likely than men
to turn to the psychiatric service for help
[22, 23]. There was also a predominance of
married persons in the depression group. The
results of the study may therefore have limita-
tions for extension to a general population. It is
also possible that learning by repeating the
same recognition tests may bias the contribu-
tion of antidepressant treatment, although this
was not apparent in the present study. Conse-
quently, further studies in a large cohort of

patients are now warranted to assess how soon
after treatment initiation changes in recogni-
tion times are observed, whether they are rela-
ted to the response to therapy or reflect the
patient’s reaction to an antidepressant neces-
sary but not sufficient to respond to therapy,
and whether the reaction time can be used as a
predictor of response to therapy.

CONCLUSIONS

The current study confirms that patients with
depression are slower to identify positive emo-
tions, but have a similar time to recognition of
negative emotions as patients without depres-
sion. The greater time required for recognition
of happiness distinguished the patients with
depression from control subjects, and was also
the only parameter that showed a positive
improvement with antidepressant therapy,
suggesting a specific relationship of this
parameter with the depressive state. These
findings may have important implications for
the treatment of depression. For example, if
time to recognition of positive emotions is
related to the clinical effectiveness of treatment,
this could be used as a potential predictor of
therapeutic response as well as to tailor treat-
ment to individual patients.
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