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Objectives: This study aimed to explore the influence of depression severity, disease course, treatment status, and other factors on cog-
nitive function in adolescents with depressive disorders.

Methods: Participants who met the inclusion criteria were enrolled in the study. Sociodemographic data of each participant were record-
ed, including age, sex, and family history of mental disorders. Zung’s Self-Rating Depression Scale was used to assess depression status in
adolescents. Moreover, P300 and mismatch negativity (MMN) were used to objectively evaluate the participants’ cognitive function.
Results: Only 26.8% of the adolescents with depression received standard antidepressant treatment. The latencies of N2 (267.80+23.34
ms), P3 (357.71£32.09 ms), and MMN (212.10£15.61 ms) in the adolescent depression group were longer than those in the healthy con-
trol group (p<0.01). Further analysis revealed that the latency of MMN was extended with increased levels of depression in adolescents.
The MMN latency was short in participants with depression receiving standardized treatment. Furthermore, the latency of MMN was
positively correlated with the severity and duration of depression (correlation coefficients were 0.465 and 0.479, respectively) (p<0.01).
Conclusion: Receiving standardized treatment and shortening the course of depression can reduce cognitive impairment in adoles-

cents with depression.
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INTRODUCTION

With the increase in social and academic pressure, depres-
sive disorders have become rampant in adolescents [1]. In Chi-
na, the prevalence of adolescent depressive disorders is in-
creasing annually. Currently, the prevalence of adolescent
depressive disorder in China exceeds 15% [2]. Depression is
a significant disorder that jeopardizes the physical and men-
tal well-being of adolescents.

Cognition refers to the process through which the brain
receives external information, undergoes certain processes,
and transforms it into internal mental activity, thereby facili-
tating the acquisition and application of knowledge. Previ-
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ous studies have indicated that cognitive functions and emo-
tions are closely related [3]. In recent years, numerous studies
have identified that in addition to depression, decreased mo-
tivation, intellectual disability, and other symptoms [4], some
patients with depression also have varying degrees of cogni-
tive dysfunction [5]. For major depressive disorder in partic-
ular, a growing consensus is present that objective cognitive
impairment can occur not only in the acute phase but also in
the remission phase [6]. Cognitive deficits may affect social
and occupational functions in patients with depressive dis-
order [7]. Therefore, the severity of cognitive deficits in pa-
tients with depressive disorders is of great significance in their
clinical management [8]. Moreover, the degree of cognitive
impairment in patients with depressive disorder not only af-
fects the treatment strategy but also the subsequent treat-
ment course [9,10]. Previous studies have demonstrated that
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a significant proportion of adolescents with depression have
varying degrees of cognitive impairment [11]. Therefore, re-
ducing the severity of cognitive impairment may be a key
factor in shortening the course of the disease and promoting
full recovery in adolescents with depressive disorder.

Although the clinical importance of cognitive function is
being increasingly recognized, the risk factors and interven-
tion targets for cognitive impairment in patients with depres-
sive disorders remain unclear. Previous studies have demon-
strated that antidepressant treatment [12,13], neuromodulation
[14,15], and psychotherapy [16] can reduce the severity of de-
pressive symptoms and the degree of cognitive impairment
in patients with depressive disorders to a certain extent. How-
ever, whether other factors, such as the severity and duration
of depression, presence of psychotic symptoms, and treat-
ment status, are associated with cognitive impairment in ad-
olescents with depressive disorder remains unclear. The iden-
tification of related risk factors may provide new entry points
for the treatment of depression and reduction of cognitive
impairment in adolescents with depressive disorders.

This study aimed to explore the influence of depression
severity, disease course, treatment status, and other factors
on cognitive function in adolescents with depressive disor-
der providing valuable insights for mitigating cognitive im-
pairments in this population and fostering comprehensive
rehabilitation.

METHODS

This study was conducted between April 2022 and June
2023 at the Affiliated Brain Hospital of Guangzhou Medical
University. The study was approved by the Ethics Commit-
tee of the Affiliated Brain Hospital of Guangzhou Medical
University (reference code: AF/SC-08/02.3., file number:
2022-031) and conformed to the provisions of the Declara-
tion of Helsinki.

Samples and data collection

All enrolled adolescents with depression met the following
criteria: 1) under 18 years of age; 2) were diagnosed by two
psychiatrists and their main indications and symptoms met
the diagnostic criteria of International Diseases and Classi-
fication 10th Revision (ICD-10) [17] for depressive disorder;
3) Zung’s Self-Rating Depression Scale (SDS) [18] score >53;
4) no comorbidity of any other psychiatric disorder; and 5)
can cooperate with the staff to complete the relevant data col-
lection and evaluation. Exclusion criteria were as follows: 1)
suffering from psychological disorders other than depres-
sive disorder; 2) suffering from serious physical diseases; and
3) failing to cooperate with the staff to complete the relevant
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information collection and evaluation.

At the same time, some healthy adolescents were included
as healthy controls. Patients were recruited from the commu-
nity who met the following criteria: 1) less than 18 years old,
2) no mental illness, 3) no physical diseases, and 4) willing-
ness to cooperate with staff to complete the relevant data col-
lection and evaluation.

Written informed consent was obtained from all partici-
pants before their partaking in the study.

Sociodemographic
Sociodemographic data of each participant were recorded,
including age, sex, and family history of mental disorders.

The duration of depression and treatment

The duration of depression was recorded for all partici-
pants diagnosed with adolescent depression. Information
regarding previous treatment was collected from each par-
ticipant with adolescent depression. The treatments of the
participants were classified according to the data collected.
Participants who had no prior history of treatment were iden-
tified as having “no previous treatment.” Participants who had
received antidepressant treatment in the past, but had a his-
tory of receiving treatment that was not prescribed regular-
ly, were identified as having “received nonstandard treatment.”
Participants who received regular antidepressant treatment
in strict compliance with their doctor’s instructions without
interruption were considered to have “received standard
treatment.”

Assessment of depression status

SDS was used to assess the status of depression in adoles-
cent participants: 1) a total score of 53-62 indicated mild
depression, 2) a total score of 63-72 was considered moder-
ate depression, and 3) a total score >73 was considered se-
vere depression. The reliability and validity of the scale were
satisfactory.

Assessment of cognitive function

The measurement results of the P300 [19] and mismatch
negativity (MMN) [20] were not affected by the subjective
judgment of the test executive or the subjective factors of the
participants, so they were used to objectively evaluate the
cognitive function of the respondents.

P300 acquisition

The reference electrode was placed behind the ear on the
mastoid, the recording electrode was placed at the midline
central (Cz), and the ground electrode was placed in the mid-
dle of the forehead. The electrical impedance of each elec-
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trode was below 5 KQ, and the sensitivity was 5 uV. The au-
ditory Oddball mode was employed using the stimuli consisting
of two sounds with different frequencies. One of these sounds
was the target stimulus with an occurrence rate was 20%. The
other was a non-target stimulus with an occurrence rate of
80%, and the two stimuli appeared irregularly alternately,
with an interval of 1.5 s between acoustic stimuli. The test
was repeated twice, and the average value was calculated.
The latencies of the P300 (N2 and P3) were recorded and
analyzed.

MMN detection

The reference electrode was placed behind the ear on the
mastoid, the recording electrode was placed at Cz, and the
ground electrode was placed in the middle of the forehead.
The electrical impedance of each electrode was below 5 kQ),
and the sensitivity was 5 pV. The auditory Oddball mode
was used and the stimuli comprised two sounds with differ-
ent frequencies. The first was the target stimulus, also known
as a high-pitched stimulus, which had an occurrence rate of
20%. The second was a non-target stimulus, also known as
the Bass stimulus, with an occurrence rate of 80%. The two
stimuli appeared irregularly and alternately, and the sound
stimulus interval was 1.5 s. The subjects sat on a soft chair
in a quiet electrophysiology room, closed their eyes, and re-
laxed. The measurements were repeated twice, and the data
of the two measurements were superimposed. The wave-
forms evoked by the standard and deviation stimuli were col-
lected and subtracted. After processing, the maximum neg-
ative wave between 150 ms and 250 ms was defined as the
MMN and its latency was recorded.

Statistical analysis

IBM SPSS version 27 (IBM Corp., Armonk, NY, USA) was
used to analyze the data. Student’s t-test was used to detect
differences between continuous variables in the two groups.
The chi-square test was used to analyze the differences be-
tween categorical variables in the groups. One-way analysis
of variance was used to detect differences in continuous vari-
ables among the three groups. Pairwise comparisons were
adjusted for multiple testing using the least significant differ-
ence correction. Additionally, Pearson’s and Spearman’s cor-
relations were used to describe the association between dif-
ferent factors and the P300 or MMN. Statistical (two-tails)
significance was set at p<0.05.

RESULTS

A total of 41 adolescent participants with depression and
33 healthy controls were included in this study. Forty-one
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adolescent participants with depression were assigned to the
depression group, and 33 healthy participants to the control

group.

Characteristics of adolescent depressed participants

The characteristics of the participants with adolescent de-
pression are displayed in Table 1. The mean age of 41 partic-
ipants with adolescent depression included in this study was
16.05 years. Among them, 48.8% were male, while 20 patients
(48.8%) had a family history of mental disorders. In terms of
depression, 12 (29.3%), 13 (31.7%), and 16 (39.0%) patients had
mild, moderate, and severe depression, respectively. Twenty-
two patients had psychotic symptoms, and their average du-
ration of depression was 17.84+10.37 mo. Only 11 patients
(26.8%) received standard antidepressant treatment.

Table 1. Characteristics of participants with depression

Depression group

Characteristics ) .
(n=41)
Age (yr) 16.05+1.55
Sex, male 20 (48.8)
Family history of mental disorders, yes 20 (48.8)
Depression levels
Mild 12(29.3)
Moderate 13 (31.7)
Severe 16 (39.0)
With psychotic symptoms or not, yes 22 (53.7)
The course of depression (mo) 17.84+10.37
Treatment status
No previous treatment 14 (34.1)
Received nonstandard freatment 16 (39.0)
Received standard treatment 11(26.8)

Values are presented as meanzstandard deviation or number
(%).

Table 2. The comparison between depression group and normal
confrol group

. Depression Healthy control
Variable \
group (n=41) group (n=33)

Age (yr) 16.05+1.55 16.18+1.10 0.668
Sex, male 20 (48.8) 15 (45.5) 0.777
P300

N2 (ms) 267.80+23.34  240.61£29.76  <0.01**

P3 (ms) 357.71£32.09  314.64£24.12 <0.01**
MMN (ms) 212.10£15.61 177.21£15.61  <0.01**

Values are presented as mean +standard deviation or number
(%). T-test was used to detect the differences between continu-
ous variables in the two groups. Chi-square test was used to de-
tect the differences between categorical variables in the two
groups. *p<0.01. MMN, mismatch negativity
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Adolescents with depression had longer latency
of P300 and MMN compared to healthy
adolescent participants

The results of the comparison of each characteristic be-
tween the depression group and the healthy control group
are presented in Table 2. No significant differences were ob-
served between the two groups in terms of age or sex (all p>
0.05).

The latencies of N2 (267.80+23.34 ms) and P3 (357.71+32.09
ms) of the participants in the adolescent depression group
were longer than those in the healthy control group (p<0.01).
Furthermore, the latency of MMN (212.10£15.61 ms) of the
participants in the adolescent depression group was longer
than that in the healthy control group (177.21£15.61 ms) (p<
0.01).

Participants with higher levels of depression had
longer MMN latency

In this study, adolescent participants with depression were
further categorized into mild, moderate, and severe depres-
sion groups based on the severity of their symptoms. A com-
parison of the characteristics of the different groups is dis-
played in Table 3.

No significant differences were observed in age, sex, fam-
ily history of mental disorders, comorbid psychotic symp-
toms, or treatment among the three groups (p>0.05). Partic-
ipants in the severe depression group had a longer disease
duration (25.1948.38 mo) compared to those in both the mild
depression group (15.04+10.41 mo) and the moderate de-
pression group (11.38+6.83 mo) (p<0.05). However, no sig-
nificant difference between the mild and moderate depres-
sion groups was identified (p=0.29).

In terms of cognitive function assessment, the latencies of
the N2, P3,and MMN in each depression group were longer
than those in the healthy control group, with statistically
significant differences (all p<0.05). The MMN latency of se-
vere depression group (221.38+7.68 ms) was longer than that
of mild depression group (204.83+14.74 ms) and moderate
depression group (207.38+18.66 ms) (p<0.05). However, no
significant difference was identified in the N2 and P3 laten-
cies between the different depression groups (p>0.05).

Adolescents with depression who received
standardized treatment had short MMN latency

To explore whether different treatment statuses affect cog-
nitive function in adolescents with depression, they were re-
grouped according to various treatment statuses. The laten-
cies of the N2, P3, and MMN in different groups of participants
were compared. The results are summarized in Table 4. The
MMN latency (202.88+16.74 ms) of participants in the stan-
dard treatment group was shorter than that of participants
in the no previous treatment group and the nonstandard
treatment group (p<0.05). However, no significant difference
was observed between the no previous treatment and non-
standard treatment groups (p>0.05). In addition, no signifi-
cant differences were identified in the N2 and P3 latencies
among the three groups (p>0.05).

The latency of MMN was positively correlated with
the severity and duration of depression

To further explore the influence of different factors on
cognitive function in adolescents with depression, the cor-
relation between various factors and the latencies of N2, P3,
and MMN was analyzed (Table 5). Correlation analysis dis-

Table 4. The comparison between participants with different freatment status

No previous Nonstandard Standard
Variable treatment group (a) treatment group (b) treatment group (c) o} Post-test?
(n=14) (n=16) (n=11)

Age (yr) 15.79+£1.71 16.31+1.30 16.00£1.73 0.656
Sex, male 9 (64.3) 8 (50.0) 4(36.4) 0.389
With psychotic symptoms or not, yes 7 (50.0) 11 (68.8) 4 (36.4) 0.247
The course of depression (mo) 17.07+£11.74 15.41+9.75 22.36+8.71 0.222
P300

N2 (ms) 273.71£25.73 265.00+£18.28 264.56+24.62 0.517

P3 (ms) 363.29£39.35 361.73£29.10 350.06+27.13 0.483
MMN (ms) 219.71£11.10 215.82£12.73 202.88+16.74 0.006** a—b (0.49)

a—c (0.002**)
b—c (0.02%)

Values are presented as mean +standard deviation or number (%). Chi-square test was used to detect the differences of cate-
gorical variables between different groups. One-way ANOVA was used to detect the differences of continuous variables be-
tween different groups. *p <0.05; *p<0.01; fpairwise comparisons were adjusted for multiple testing using LSD correction. ANOVA,
analysis of variance; LSD, least significant difference; MMN, mismatch negativity
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Table 5. The correlation between different factors and P300 or
MMN

Variable PSOO MMN
N2 P

Age -0.109  -0.095 0.028
Sexrf 0.095 0.122  0.056
Family history of mental disorderst ~ 0.052  0.021  0.002
Depression levelst 0.012 0.248  0.465**
With psychotic symptoms or nott 0.079 0.182 -0.095
Treatment status® -0.143 0.003 -0.170
The course of depression -0.021 0.347*  0.479**

Values listed in the table were r for Pearson correlation. *p <0.05;
**p<0.01; Tr for Spearman’s correlation. MMN, mismatch nega-
fivity

played that the severity of depression was positively corre-
lated with the delay in MMN (r=0.465, p<0.01), indicating
that adolescents with severe depression had long MMN la-
tency. In addition, the course of depressive disorder was pos-
itively correlated with P3 latency and MMN latency (corre-
lation coefficients were 0.347 and 0.479, respectively) (p<
0.05), indicating that adolescents who had a long course of
depressive disorder had long P3 or MMN latency.

DISCUSSION

The results of this study demonstrated that only 26.8% of
the 41 participants with adolescent depression had previ-
ously received standardized treatment. The latency of the
P300 (either N2 or P3) and MMN in adolescent participants
with depression was longer than that in healthy controls,
suggesting that adolescent participants with depression have
a certain degree of cognitive impairment. Moreover, severe
depression was associated with a long MMN latency, indi-
cating that compared to healthy controls cognitive function
was more impaired in adolescents with depression. Howev-
er, standardized treatment seems to shorten the latency of
MMN to some extent, implying a reduction in the severity
of cognitive impairment. Similarly, when exploring the in-
fluence of different factors on cognitive impairment in ado-
lescents with depression, we identified that the severity and
duration of depressive symptoms were positively correlated
with the degree of cognitive impairment.

Previous studies established that most adolescents with
depression have varying degrees of cognitive impairment
significantly impacting their social function [21]. Therefore,
multiple interventions for adolescents with depression to re-
lieve their depressive symptoms and reduce the damage to
their cognitive functions have a positive effect on their com-
prehensive rehabilitation. Many relevant studies have also
indicated that various interventions such as drug therapy
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[21], physical therapy [22,23], and behavioral therapy [24]
have positive effects in alleviating depressive symptoms and
reducing the degree of cognitive impairment in adolescents
with depression. However, interventions that have proven to
be effective in previous studies are only helpful if the patient
receives them for a sustained period. In other words, the ef-
fectiveness of these interventions was time-dependent. This
requires patients to adhere to treatment rather than arbi-
trarily interrupting it. However, this study identified that
only 26.8% of the adolescents with depression received stan-
dardized treatment. This means that only a small proportion
of depressed adolescents adhere to the various types of anti-
depressant treatments directed by their physicians. In other
words, this phenomenon undoubtedly suggests that a large
proportion of adolescents with depression are not treated
properly or do not receive proper treatment, thereby their re-
covery process is hindered. In addition to focusing on the ef-
fectiveness of different treatment modalities for adolescent
depression, future studies should appropriately shift their fo-
cus to altering the treatment of adolescent depression through
comprehensive interventions (such as reducing the rate of
treatment discontinuation and more comprehensive person-
alized treatment). Only when their relevant treatment status
improves can adolescents with depression truly benefit from
comprehensive intervention strategies and achieve better re-
habilitation outcomes.

Depressive disorder has a negative impact on cognitive
function [25], including attention [10], executive function
[26], and processing speed [26,27]. The results of this study
are consistent with those of previous studies. The results sug-
gest that cognitive impairment is more significant in adoles-
cents with depression than in healthy controls. Cognitive im-
pairment can further affect the social functioning of depressed
adolescents [6] and is detrimental to their recovery. There-
fore, it is a crucial aspect to consider.

Previous studies have demonstrated that antidepressant
treatment can, to some extent, reduce the degree of cognitive
impairment in patients with depression. The underlying
mechanism may be related to a series of physiological regu-
latory mechanisms induced by antidepressants, such as
changes in neurotransmitter levels, brain structure, or brain
function [28]. A previous study demonstrated that antide-
pressant treatment can reduce negative affective bias in pa-
tients with depression and that a change in affective bias can
lead to cognitive and psychological reconsolidation [29]. Over
time, this effect may lead to increased responsiveness and
improvement in mood, which, in turn, reduces the patients’
social withdrawal. Similarly, the results of the present study
suggest that the greater the severity of depression in adoles-
cents, the greater their cognitive impairment. Additionally,
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the duration of depression negatively impacts cognitive func-
tion. After receiving standardized treatment, the duration of
depression in adolescents may be moderately reduced and
their cognitive impairment may be milder than that of those
who do not receive standardized treatment and/or have a
long duration of depression. Therefore, reducing the severi-
ty of depression and shortening its course in adolescents may
be key points that must be considered in the future develop-
ment of treatment strategies.

In recent years, the Chinese government has implement-
ed numerous policies aimed at safeguarding the mental well-
being of adolescents. These policies endorse the establish-
ment of a comprehensive mental health service model that
integrates schools, communities, families, media, and medi-
cal and health institutions. They also promote the implemen-
tation of preventive and intervention measures for address-
ing psychological and behavioral issues and mental disorders
among adolescents. Additionally, efforts have been made to
improve psychological counseling services for vulnerable
groups. This lays an important foundation for improving
adolescent health and well-being. However, knowledge of
depressive disorders among the Chinese population is rela-
tively rudimentary, and knowledge of adolescent depression
is low. This leads to low detection and treatment rates of ado-
lescent depression. Therefore, the popularization of depres-
sion-related knowledge remains crucial. The popularization
of depressive disorder-related knowledge, especially adoles-
cent depression-related knowledge, is conducive to improv-
ing public awareness of this mental disease. Furthermore,
the popularization can also improve the detection rate of ad-
olescent patients with depression, reduce the physical and
psychological damage caused by the disorder, help individ-
uals get rid of depressive disorder, and promote comprehen-
sive physical and psychological rehabilitation.

Limitations

The present study had some limitations. First, this study
included a limited number of participants with adolescent
depression (n=41). The treatment of depression was catego-
rized based on the extent to which adolescents with depres-
sion adhered to their doctors’ prescribed treatment and re-
habilitation interventions, rather than on the specific impact
of their treatment on cognitive function. In addition, other
potential confounders such as intelligence quotient and at-
tention were not included in the analysis. Therefore, the re-
sults of the present study are preliminary.

CONCLUSION

Changes in cognitive function are evident in adolescents
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with depression. However, only a small proportion receive
standardized treatment to manage depression. The severity,
duration, and treatment of depression have a significant im-
pact on cognitive function in adolescents with depression.
Therefore, in future research and clinical practice, reducing
the severity of depression in adolescents, shortening the
course of depression, and allowing more adolescents with
depression to receive standardized treatment is key to re-
ducing cognitive impairment and promoting comprehen-
sive rehabilitation.
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