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ABSTRACT

Individuals with depressive disorders have deficits in inhibitory control and exhibit symptoms of impaired
cognitive and emotional functioning. Individuals with subsyndromal depression are intermediate between the
healthy group and clinically diagnosed patients with depressive disorders, and studying the characteristics of
their inhibitory control functioning can help to investigate the mechanisms underlying the development of
depressive disorders. Using two classical paradigms of inhibitory control, Flanker and Go/NoGo, the present
study explored the differences in inhibitory control between individuals with subsyndromal depression and
healthy individuals from the perspectives of both response inhibition and interference control. Behavioral results
showed that both groups did not differ in response time and accuracy; in terms of event-related potentials, in-
dividuals with subsyndromal depression presented smaller N2 amplitudes as well as larger P3 amplitudes in the
NoGo condition of the Go/NoGo paradigm; and smaller N2 amplitudes in the incongruent condition of the
Flanker paradigm. Moreover, the depression-prone group showed lower theta power compared to the healthy
group in the NoGo condition of the NoGo paradigm and the incongruent condition of the Flanker paradigm. The
present study reveals that the depression-prone group may have a compensatory mechanism in the response
inhibition, which is mainly manifested as early under-activation as well as late over-activation.

1. Introduction

Inhibitory control, an important component of the central executive

Depressive disorder is a common mental disorder, affecting 4-7% of
the global population (Liu et al., 2020). The core symptoms of depres-
sive disorders include long-lasting negative moods, lack of pleasure, and

system, refers to the cognitive process of continuously recognizing and
evaluating stimuli in the environment, selecting task-relevant stimuli,
and ignoring irrelevant stimuli during information processing (Botvi-
nick, Braver, Barch, Carter, & Cohen, 2001; Wiecki & Frank, 2013). As
an important cognitive ability, there are large individual differences in
inhibitory control; individuals with weaker inhibitory control have
difficulty inhibiting distracting irrelevant stimuli and flexibly control-
ling their attention, which leads to altered behavioral patterns (Miyake
& Friedman, 2012). It has been suggested that an individual’s ability to
inhibit inappropriate or irrelevant thoughts and behaviors can not only
be used to predict task performance but also largely determine the
impact of a negative event on their mental health (Gotlib & Joormann,
2010).

significant impairment of cognitive and social functioning (Cambridge
et al,, 2018), and at least 30% of people with depressive disorders
relapse after being cured (Richards and Borglin, 2011). Because of the
serious burden depressive disorders place on individuals, families, and
even society, vulnerability factors for depression have been a focus of
research. Cognitive models of depression and negative affect point to
deficits in inhibitory control functions as a central component in the
pathogenesis of depressive disorders (MacQueen et al., 2000) and sub-
syndromal depression (Joormann & Gotlib, 2010).

Inhibitory control can be categorized into two parts: response inhi-
bition and interference control (Friedman & Miyake, 2004; Diamond,
2013). Response inhibition refers to the inhibition of automatized or
dominant responses that are not relevant to the current task, whereas
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interference control refers to the inhibition of informational distractions
that are not relevant to the current task and maintain the current task
goal. Previous research has examined the association between inhibitory
control and depression through a response inhibition or interference
control paradigm, in depressive disorder or subsyndromal depression
groups versus healthy group populations. For interference control,
Holmes and Pizzagalli’s (2008) study found that people with depressive
disorder responded slower than the healthy group in the Flanker task,
but there was no difference in accuracy; Dillon et al.’s (2015) study
found that people with depressive disorders responded slower to
incongruent trials in the Flanker paradigm and had a higher accuracy.
For response inhibition, a study by Shimony et al. (2021) found that in a
non-clinically depressed population, diminished Go/Nogo behavioral
results were significantly associated with increased depressive disorder
symptoms and excessive interference with negative affect, and a study
by Yitzhak et al. (2023) found that in a less symptomatic depressed
population, deficits in inhibitory control were associated with diffi-
culties in the regulation of negative affect. However, fewer studies have
compared both response inhibition and interference control in depressed
populations with normal populations; Li et al. (2021) conducted a
behavioral experiment of both response inhibition and interference
control and noted that patients with depressive disorders had significant
deficits in both dimensions, as evidenced by slower response time in the
stop-signal task and lower accuracy in incongruent conditions of the
Flanker task. In summary, behavioral results suggest that both inhibitory
control functions are deficient in patients with depressive disorders and
that worsening inhibitory control deficits may be accompanied by more
depressive symptoms.

The observed discrepancies in the behavioral research results may
stem from differences in the selected study participants and employed
research paradigms. For instance, studies conducted by Holmes and
Pizzagalli (2008) and Dillon et al. (2015) measured interference control
using the Stroop and Flanker paradigms, respectively. On the other
hand, Shimony et al. (2021) and Yitzhak et al. (2023) measured
response inhibition with the Go/NoGo paradigm, but their participants
were non-clinical. Li et al. (2021) simultaneously investigated interfer-
ence control and response inhibition, but their chosen paradigm for
response inhibition differed from the aforementioned studies. Neuro-
physiological methods somewhat compensate for the limitations of
experimental design. N2 is an ERP component that is closely associated
with inhibitory control (Larson et al., 2014; Hsieh et al., 2022; Pires
et al., 2014). For example, the N2 component is a symbol in the classic
Go/NoGo or Flanker paradigm (Cheng et al., 2019; Erb & Cavanagh.
2019; Overbye et al., 2021), where the appearance of a NoGo stimulus or
a Flanker incongruent stimulus is characterized by a significant increase
in the amplitude of N2 so that the N2 amplitude increase reflects an
elevated functional demand of inhibition. Monitoring the emergence of
a conflicting stimulus and creating a need for inhibition, the brain will
be activated, and the P3 component that appears after the N2 demon-
strates the brain’s processing of the target stimulus (Erb & Cavanagh.
2019; Lopez Zunini et al., 2016; Pires et al., 2014). The amplitude of the
P3 component showed a significantly greater increase in the cognitive
conflict condition (Overbye et al., 2021; Rueda et al., 2004). The neural
significance of the P3 lies in what extent top-down control is involved in
the conflict resolution process (Erb & Cavanagh, 2019; Groom & Cragg,
2015). A study by Alderman et al. (2015) found that patients with
depressive disorders had significantly lower N2 amplitudes during the
Flanker task and that only the healthy group could show a significant
Flanker effect. With a larger sample of depressed patients, a research
group found that the P3 amplitude during the Flanker task was signifi-
cantly smaller in patients with depressive disorders (Klawohn et al.,
2020). The study by Santopetro et al. (2021) used the P3 of the Flanker
paradigm to track the progression of patients with depressive disorders
and found that patients with smaller P3 amplitudes showed more severe
depressive disorder symptoms in the follow-up. As for response inhibi-
tion, Kaiser et al. (2003) found that patients with depressive disorders
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presented smaller NoGo-N2 amplitudes during the Go/NoGo paradigm.
A study by Ruchsow et al. (2008) found that patients with depressive
disorders would exhibit smaller NoGo-N2 and NoGo-P3.

Neural oscillations in the theta frequency band (4-7 Hz) provide
neural communication between the functional brain networks involved
in inhibitory control. Inhibitory control involves the coordinated ac-
tivity of multiple brain regions, regardless of the type of subfunction
(Cavanagh & Frank, 2014). As a large-amplitude and low-frequency
temporal scheme, the theta band is suitable for organizing activities
across large spatial distances (Buzsaki & Draguhn, 2004). The signifi-
cance of the theta band lies in its integration of sensory and
response-related information during inhibitory control (Hoffmann &
Beste, 2015; Chmielewski & Beste, 2017). Although there is a lack of
studies comparing the theta oscillations in the inhibitory control task
directly between the depressive disordered/depressively inclined group
and the healthy group, an interventional study by Schoenberg and
Speckens (2014) found that meditation therapy ameliorated symptoms
and rumination in patients with depressive disorders while enhancing
theta oscillations during an emotional Go/NoGo task, suggesting the
possibility of theta oscillatory attenuation in patients with depressive
disorders. Although evidence on neural oscillations is scarce, previous
studies have more consistently demonstrated a deficient activation in
inhibitory control in patients with depressive disorders (Kato et al.,
2022; Vahid et al., 2018).

Deficits in cognitive and emotional functioning in patients with
depressive disorders stem from deficits in inhibitory control to some
extent. Previous studies have largely clarified the abnormalities of
inhibitory control in patients with depressive disorders utilizing
behavioral or neurological experiments. However, there are some
problems unsolved as follows: (1) studies tend to measure inhibitory
control in a single paradigm; (2) previous studies have focused more on
inhibitory control deficits in clinically depressive populations and may
overlook the changes in inhibitory control during the development of
depression. In this study, a depression-prone population is selected to
explore the characteristics of inhibitory control from two perspectives,
response inhibition and interference control. In this study, we will test
the response inhibition and interference control ability of the
depression-prone group through two paradigms of Flanker and Go/Nogo
respectively, and combined with the EEG test, we will observe the
characteristics of neural activity of inhibitory control of the group by
three neural indicators of N2, P3 and theta in the middle frontal area. N2
and theta oscillations in the middle frontal area characterize the conflict
monitoring in the early stage of the inhibitory control, and P3 charac-
terizes the conflict resolution. The expected results of this study are as
follows: (1) the depression-prone group does not show significant dif-
ferences compared with the healthy group in behavioral indices; (2) the
NoGo-N2 and N2 in Flanker incongruent trials of the depression-prone
group are smaller than that of the healthy group, and the P3 is smaller
as well; and (3) the mid-frontal theta power during cognitive conflict is
lower in the depression-prone group.

2. Methods
2.1. Participants

Recruitment for university students was conducted through the
Internet and posters. Volunteers who willingly participated in the
experiment were screened using the Center for Epidemiologic Studies
Depression Scale (CES-D) and the Beck Depression Inventor-
y—II—Chinese (BDI-II-C). Inclusion criteria for volunteers in this study
were as follows: (1) For the depression-prone group: BDI-II-C scores
greater than or equal to 15 and CES-D scores greater than or equal to 20,
and not meeting the diagnostic criteria for depression according to the
Chinese Classification and Diagnostic Criteria of Mental Disorders, Third
Edition (CCMD-3); (2) For the healthy control group: BDI-II-C less than
15 and CES-D scores less than 20. All volunteers also needed to meet the
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following criteria: right-handedness, normal or corrected-to-normal
vision, no history of neurological or psychiatric disorders, no prior use
of psychiatric medication, and no prior experience with psychological
therapy. Before the formal initiation of the experiment, a total of 232
university students were screened, and 65 individuals initially met the
criteria for the depression-prone group. Among them, 43 individuals
ultimately passed the screening and participated in the experiment.
Additionally, 45 healthy participants were selected from the initial pool
of 232 university students to serve as controls. During the course of the
experiment, 2 participants from the healthy group and 1 participant
from the depression-prone group withdrew from the study. Further-
more, the data from 2 participants in the healthy group and 1 participant
in the depression-prone group were deemed ineligible for further anal-
ysis due to substantial artifacts in the EEG data. Therefore, the final
analysis included data from 41 participants with depression tendencies
and 41 healthy participants, with ages ranging from 18 to 27 years. All
volunteers signed informed consent forms before the start of the
experiment and received compensation upon completion. This study
was approved by the Ethical Evaluation of Research Projects of the
Department of Psychology in the School for Social and Behavioral Sci-
ences at Nanjing University. All participants provided informed written
consent and received a cash payment at the end of the experiment.

2.2. Flanker task

This study used the classic arrow Flanker paradigm to measure
interference control (as shown in Fig. 1). During the task, participants
sat in front of a 21-inch display screen at a distance of approximately 70
centimeters. The formal experiment consisted of 4 blocks, with each
phase containing 80 trials. In each trial, a row of 5 arrows was presented
simultaneously for a duration of 200 ms. Half of the arrows were
congruent, with no visual conflict, while the other half were incon-
gruent, involving visual conflicts. The inter-trial interval fluctuated be-
tween 2000 and 2400 ms, and the presentation order was random.
Volunteers were required to quickly determine the direction of the
middle arrow, pressing the "F" key on the keyboard if the middle arrow
pointed to the left, and the "K" key if it pointed to the right. To ensure
that volunteers understood the task rules, they needed to complete 16
practice trials before the formal experiment, achieving an accuracy of
75%.

BT TR .

Go/NoGo

B oo
Incongruent
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2.3. Go/NoGo task

This study employed a classic letter Go/NoGo paradigm to measure
response inhibition (as illustrated in Fig. 1). During the task, participants
sat in front of a 21-inch display screen at a distance of approximately 70
centimeters. The formal experimental procedure consisted of 2 blocks,
with each block containing 240 trials. Within each block, there were 200
trials in the Go condition and 40 trials in the NoGo condition: in the Go
condition, participants were required to respond as quickly as possible
by pressing the spacebar when the letter "X" appeared in the center of the
screen; in the NoGo condition, the letter "Y" appeared in the center of the
screen, and participants were instructed to simply gaze at the letter
without making a response. The letter stimuli were presented for
200 ms, and the inter-trial interval varied between 2500 ms and
3000 ms. To ensure that volunteers understood the task rules, they un-
derwent 24 practice trials before the formal experiment, and they were
required to achieve an accuracy of 75%.

2.4. EEG data collection and analysis

During the Flanker and Go/NoGo paradigms, EEG data were
collected using Curry 8-40 scalp electrodes placed according to the In-
ternational 10-20 system. Scalp EEG was recorded using Ag/AgCl
electrodes, with bilateral mastoids as the reference and AFz as ground
lead. The bandpass filter settings were 0.01-100 Hz, with a sampling
rate of 1000 Hz, and scalp impedance was kept below 10 kQ.

EEG data was processed using the EEGLAB 14.1.1b toolbox on the
Matlab 2018a platform (Delorme & Makeig, 2004). The offline analysis
involved using bilateral mastoids as reference, applying a 30 Hz
low-pass filter and a 0.1 Hz high-pass filter, and segmenting the data
from 1000 ms before stimulus onset to 1500 ms after stimulus onset. The
data of bad electrode sites was replaced with the arithmetic mean of
adjacent electrode sites using the linear interpolation method, and
epochs with large drift at any electrode were manually removed. Eye
movements, head movements, cardiac artifacts, and other components
in the EEG data were manually identified and removed using the Inde-
pendent Component Analysis (ICA) algorithm. Finally, any trials with
amplitude values exceeding + 75uV on any electrode were excluded.

For event-related potentials (ERP) data analysis, baseline correction
was applied using the — 200 ms-0 ms time window before stimulus
onset. Based on previous literature (Folstein & Van Petten, 2008; Wei
et al.,, 2022) and visual inspection, the analysis electrodes for the N2

Congruent

- 2000-2400ms

- 1000.1500ms

2500-3000ms

Fig. 1. Schematic representation of Flanker and Go/NoGo task.
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component in both Go/NoGo and Flanker paradigms were selected as Fz,
and the time window was set from 250 ms to 350 ms after stimulus
onset. The analysis electrodes for the P3 component were CPz, and the
time window was set from 300 ms to 600 ms after stimulus onset.

Time—frequency distributions of EEG trials were obtained using a
windowed Fourier transform (WFT) with a fixed 200 ms Hanning win-
dow. This was done using the Letswave7 toolbox (Mouraux & lannetti,
2008), in the frequency range of 1-30 Hz, with a 1 Hz step, and data
from — 1000 ms to 1500 ms were analyzed with a 1 ms step. To obtain
average time-frequency representation, single-trial time-frequency data
were averaged. To analyze the changes in energy of post-stimulus brain
activity in the time-frequency representation, Event-Related Spectral
Perturbation (ERSP) was calculated for each time-frequency point. The
resulting spectrogram, P(t, f) = ||F(t, )] |2, which represents the signal
power as a joint function of time and frequency at each time—frequency
point, contained brain responses both phase-locked (ERP) and
non-phase-locked (event-related synchronization and desynchroniza-
tion, ERS and ERD, respectively) to laser stimulation. Based on previous
literature (Cavanagh & Frank, 2014; Nigbur et al., 2011; Wei et al.,
2022) and visual inspection, analysis of theta power in the Flanker and
Go/NoGo tasks was conducted using EEG data from the Fz electrode, in
the frequency range of 4-7 Hz. The time window was set from 200 ms to
400 ms after stimulus onset.

2.5. Statistical analysis

The statistical analysis was performed using SPSS 26.0 software.
Independent samples t-tests were conducted for the scores on the Center
for Epidemiologic Studies Depression Scale (CES-D) and the Beck
Depression Inventory-II-C (BDI-II-C).

For the Flanker paradigm, repeated measures analysis of variance
(ANOVA) was used to analyze reaction times, accuracy, N2 amplitude,
P3 amplitude, and theta power, with a 2 (Group: depression-prone
group, healthy group) * 2 (Task condition: congruent stimulus, incon-
gruent stimulus) design. If the assumption of sphericity was violated in
the repeated measures ANOVA, the Greenhouse-Geisser correction was
applied. The significance level was set at p < 0.05, and effect sizes were
reported using np>.

For the Go/NoGo paradigm, repeated measures ANOVA was also
used to analyze reaction times, accuracy, N2 component amplitude, P3
component amplitude, and theta band energy with a 2 (Group:
depression-prone group, healthy group) * 2 (Task condition: Go condi-
tion, NoGo condition) design. Similarly, if the sphericity assumption was
violated, the Greenhouse-Geisser correction was applied. The signifi-
cance level was set at p < 0.05, and effect sizes were reported using np>.
Post hoc multiple comparisons were conducted using the Bonferroni
test.

3. Results
3.1. CES-D and BDI-II-C

The results of the demographic variables and scores on the Center for
Epidemiologic Studies Depression Scale (CES-D) and the Beck Depres-
sion Inventory-II (BDI-II) are presented in Table 1. The results indicate
that there were no significant differences in age between the two groups
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(t=-1.62, p=.277), and there were no differences in gender distri-
bution (X? = 2.242, p =.134).

However, there were significant differences in the depression ques-
tionnaire scores between the two groups. The depression-prone group
had significantly higher CES-D scores compared to the healthy group
(t=-16.47, p < .001), and the depression-prone group had signifi-
cantly higher BDI-II scores compared to the healthy group (t = —13.25,
p < .001).

3.2. Flanker

3.2.1. Behavioral results

The behavioral results of the Flanker task for the depression-prone
group and the healthy group are presented in Table 2. A repeated
measures analysis of variance (ANOVA) was conducted for reaction time
and accuracy of the Flanker task with a 2 (Group: depression-prone,
healthy) * 2 (Task condition: congruent stimulus, incongruent stim-
ulus) design.

The results showed that the main effect of group was not significant,
F(1,80)=1.148 ,p=.288, nﬁ =.027, indicating that there were no
significant differences in reaction time between both groups. However,
the main effect of task condition was significant, F(1 , 80)= 18.266 ,
p <.000, ng =.291, indicating that reaction time was significantly
slower in the incongruent condition compared to the congruent condi-
tion. The interaction effect of Group * Task condition was not signifi-
cant, F(1 , 80)=1.664 , p = .2, n? =.019.

A repeated measures ANOVA was also conducted for accuracy in the
Flanker task with the same 2 (Group: depression-prone, healthy) * 2
(Task condition: congruent stimulus, incongruent stimulus) design. The
results showed that the main effect of Group was not significant, F(1 ,
80)=.438 ,p = .51, ;11% =.005, indicating that there were no signifi-
cant differences in accuracy between both groups. However, the main
effect of Task condition was significant, F(1 , 80)=5.691,
p=.037, ng =.112, indicating that accuracy was significantly lower in
the incongruent condition compared to the congruent condition. The
interaction effect of Group * Task condition was not significant, F(1 ,
80)=1.576 , p = .213, i = .031.

In addition, we explored the potential influence of gender and did
not find the interaction effect of gender, group and task conditions, (Fs <
1.700, ps >.200).

3.2.2. ERP

The ERP results are shown in Fig. 2. A repeated measures analysis of
variance (ANOVA) was conducted for the N2 component amplitude with
a 2 (Group: depression-prone, healthy) * 2 (Task condition: congruent
stimulus, incongruent stimulus).

The results revealed a significant main effect of Group, F(1, 80)
=9.817, p =.002, 11§ =.111, indicating that the N2 component ampli-
tude was greater in the healthy group compared to the depression-prone
group. There was also a significant main effect of Task condition, F(1,
80) =7.541, p =.007, ;13 =.087, showing that the N2 component
amplitude was greater in the incongruent condition compared to the
congruent condition. Moreover, there was a significant interaction effect
of Group * Task condition, F(I, 80) = 4.370, p =.040, '73 =.052.
Further simple effect analysis revealed that in the incongruent

Table 1 Table 2
Demographic variables, CES-D and BDI-II scores of both groups (M + SD). Behavioral results of Flanker task (M4SD).
Depression-prone Healthy P Depression-prone Healthy
N =41 N=41 N =41 N = 41
Age 22.19 + 3.68 2245+ 4.14 277 Congruent RT (ms) 420.98 + 58.17 411.18 + 51.00
Gender (Female%) 60% 52.5% 134 Imcongruent RT (ms) 471.70 £ 70.00 460.97 + 44.39
CES-D scores 29.47 + 4.98 16.89 + 3.90 <.001 Congruent ACC (%) .96 £+ .060 .98 +.039
BDI-IIscores 22.21 +£5.58 4.66 + 4.39 <.001 Imcongruent ACC (%) .90 £+ .088 .92 +.075
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Fig. 2. Flanker related ERP waveforms at electrode site FZ and CPz.

condition, the N2 component amplitude was significantly greater in the
healthy group compared to the depression-prone group, F(I1, 80)
=14.70,p < .001, 2 =.157.

Similar analyses were conducted for the P3 component amplitude,
and the results indicated a significant main effect of Group, F(1, 80)
=12.872, p <.001, 115 =.140, with the depression-prone group
showing greater P3 component amplitude compared to the healthy
group. There was also a significant main effect of Task condition, F(1,
80) =5.898, p =.024, 113 =.080, with the P3 component amplitude
being greater in the incongruent condition compared to the congruent

Health Group
Congruent

Health Group
Incongruent

w

condition. However, there was no significant interaction effect between
Group and Task condition for the P3 component amplitude.

For the peak latency, we conducted statistical analyses consistent
with those for the N2 and P3 amplitude, and found no differences in the
peak latency. Hereby, we also explored the potential influence of gender
factors and did not find the interaction effect of gender, group and task
conditions (Fs < 1, ps >.320).

3.2.3. Theta Power
The time-frequency results are depicted in Fig. 3. A repeated

I [

Depression-prone
Congruent

Depression-prone
Incongruent

“02uv?

Fig. 3. The spectrograms of the mean power at electrode Fz and the topographies of theta power between 200 ms and 400 ms in the Flanker paradigm.
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measures analysis of variance (ANOVA) was conducted for theta power
with a 2 (Group: depression-prone, healthy) * 2 (Task condition:
congruent stimulus, incongruent stimulus).

The results showed a significant main effect of Group, F(1 , 80)
=8.400,p=.012, ;13 =.095, indicating that theta power was greater
in the healthy group compared to the depression-prone group. There
was also a significant main effect of Task condition, F(1 , 80)= 7.065 ,
p=.018, ;15 =.084, showing that theta power was greater in the
incongruent condition compared to the congruent condition. Further-
more, there was a significant interaction effect of Group * Task condi-
tion, F(1 ,80) =4.837 ,p=.033, 115 =.061. Further simple effect
analysis revealed that in the incongruent condition, theta power was
significantly stronger in the healthy group compared to the depression-
prone group, F(1 ,80) =6.70 ,p =.022, ;13 =.077. Similarly, we did
not find an effect of gender here, F(1 , 160)= .440, p = .511, ;15 =.020.

3.3. Go/NoGo

3.3.1. Behavioral results

The results indicate that there were no significant statistical differ-
ences in Go accuracy, NoGo accuracy, and Go reaction time between the
depression tendency group and the healthy group. These results are
presented in Table 3.

In addition, we explored the potential influence of gender and did
not find the interaction effect of gender, group and task conditions (Fs <
0.8, ps >.400).

3.3.2. ERP

The ERP results are displayed in Fig. 4. A repeated measures analysis
of variance (ANOVA) was performed for the N2 component amplitude
with a 2 (Group: depression-prone, healthy) * 2 (Task condition: Go
condition, NoGo condition) design.

The results revealed a significant main effect of Group, F(1 , 80)
=5.426 ,p=.023, 72 =.078, indicating that the N2 component
amplitude was greater in the healthy group compared to the depression-
prone group. There was also a significant main effect of Task condition, F
(1,80)=10.175,p < .001 , 1712, =.122, showing that N2 component
amplitude was greater in the NoGo condition compared to the Go
condition.

Furthermore, there was a significant interaction effect of Group
* Task condition, F(1, 80)=5.285,p=.029, 115 =.072. Further
simple effect analysis revealed that in the NoGo condition, the N2
component amplitude was significantly greater in the healthy group
compared to the depression-prone group, F(1,80)=6.872,
p=.011, n? = .083.

Similar analyses were conducted for the P3 component amplitude,
and the results indicated a significant main effect of Group, F(1 , 80)=
10.786 , p < .001 , ;7}3 =.125, with the healthy group showing smaller
P3 component amplitude compared to the depression-prone group.
There was also a significant main effect of Task condition, F(1 , 80)=
4.547 ,p=.037 , 113 =.060, with the NoGo condition having greater
P3 component amplitude compared to the Go condition.

Additionally, there was a significant interaction effect of Group
* Task condition, F(1,80)=5.645,p=.027, n}f =.074. Further
simple effect analysis revealed that in the NoGo condition, the healthy

Table 3
Behavioral results of Go/NoGo task (M=£SD).
Depression-prone Healthy P
N =41 N =41
Go ACC (%) .99 £+ .02 .99 £+ .01 .683
NoGo ACC (%) .82+ .11 .87 £.10 244
Go RT (ms) 360.29 + 48.17 387.47 £+ 89.36 .198
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group had significantly smaller P3 component amplitude compared to
the depression-prone group, F(1 , 80)=7.386 , p =.009 , 173 =.085.

For the peak latency, we conducted statistical analyses consistent
with the N2 and P3 amplitude, and no differences were found in the peak
latency. Moreover, We did not find the interaction effect of gender,
group and task conditions (Fs < 1.860, ps >.180).

3.3.3. Theta Power

The Go/NoGo time-frequency results are presented in Fig. 5. A
repeated measures analysis of variance (ANOVA) was conducted for
theta power with a 2 (Group: depression-prone, healthy) * 2 (Task
condition: Go condition, NoGo condition) design.

The results showed a significant main effect of Group, F(1, 80)
= 9.308, p = .004, 17; =.102, indicating that theta power was greater in
the healthy group compared to the depression-prone group. There was
also a significant main effect of Task condition, F(I, 80) = 7.583,
p =.007, 1113 =.086, showing that theta power was greater in the NoGo
condition compared to the Go condition.

Furthermore, there was a significant interaction effect of Group
* Task condition, F(1, 80) = 5.340, p = .028, ;13 =.072. Further simple
effect analysis revealed that in the incongruent condition, the healthy
group had significantly stronger theta power compared to the
depression-prone group, F(1, 80) = 6.320, p = .020, ;13 =.075. There is
no effect of gender on theta oscillations, F(1, 160)= .527, p = .472, 173
=.009.

4. Discussion

This study used the classic paradigms of Flanker and Go/NoGo,
which measure inhibitory control functions, in conjunction with the
electroencephalographic event-related potential (ERP) technique to
explore inhibitory control differences between subsyndromal in-
dividuals with depressive tendency and a healthy group. It was found
that, in terms of behavioral indices, individuals with depressive ten-
dency did not show significant differences in response time and accuracy
compared to the healthy group in both paradigms. However, in terms of
ERP components, individuals with depressive tendency exhibited
smaller N2 amplitudes and larger P3 amplitudes in the Go/NoGo para-
digm’s NoGo condition compared to the healthy group. They also
showed smaller N2 amplitudes in the Flanker paradigm’s incongruent
condition. In terms of neural oscillations, individuals with depressive
tendency showed lower theta power compared to the healthy group in
both the Go/NoGo paradigm’s NoGo condition and the Flanker para-
digm’s incongruent condition.

This study did not find significant differences in response times and
accuracy between individuals with depressive tendency and the healthy
group, and there were no similar experimental results available for
comparison in previous research. In studies on depressive disorders,
Alderman et al. (2015) did not find behavioral differences between in-
dividuals with depressive disorders and the healthy group. On the other
hand, Dillon et al. (2015), Holmes and Pizzagalli (2008), and Li et al.
(2021) found more pronounced differences, but their conclusions were
not entirely consistent. Dillon et al.’s study (2015), which used the
drift-diffusion model, found it challenging to directly establish the
presence of a clear trade-off relationship in the current results. There-
fore, it can be observed that, whether it is response inhibition or inter-
ference control, the current research faces difficulties in determining the
extent of behavioral differences between individuals with depressive
disorders and the healthy group. The observed discrepancies in the
behavioral research results may stem from differences in the selected
study participants and employed research paradigms. The characteris-
tics of volunteers recruited in previous studies on depressive disorders,
such as age, gender, and illness duration, varied to some extent, and
inhibitory control abilities also undergo significant changes with age
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Fig. 5. The spectrograms of the mean power at electrode Fz and the topographies of theta power between 200 ms and 400 ms in the Go/NoGo paradigm.

(Hillman et al., 2006), further affecting the consistency of different
research results.

Regarding EEG indices, the depression-prone group exhibited a
different neurophysiological pattern during the completion of inhibitory
control tasks compared to the healthy group. Previous studies that focus
on depression and EEG recording often used a single inhibitory control
paradigm (measuring only response inhibition or interference control)
to investigate clinically diagnosed individuals with depressive disorders.
The results from these studies typically showed that individuals with

depressive disorders had smaller N2 and P3 amplitudes than healthy
individuals under conditions of cognitive conflict (Klawohn et al., 2020;
Santopetro et al., 2021; Ruchsow et al., 2008). The results of this study
align with the expected findings, as individuals with depressive ten-
dency exhibited smaller N2 amplitudes in the NoGo condition of the
Go/NoGo paradigm and the incongruent condition of the Flanker
paradigm. Previous research has already established that, in both
response inhibition and interference control processes, an increase in N2
amplitude under conditions of cognitive conflict signifies an individual’s
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awareness of conflicting stimuli (Jonkman et al., 2004; Smith et al.,
2010) and an early inhibitory process against inappropriate behavioral
attempts before responding (Falkenstein et al., 1999). The neural source
of the N2 component is the anterior cingulate cortex (Nieuwenhuis et al.,
2003), which monitors the appearance of conflicting stimuli and gen-
erates stronger mid-frontal theta-band oscillations. Enhanced theta os-
cillations indicate an increased demand for top-down control, with theta
oscillations being transmitted from the anterior cingulate cortex to the
lateral frontal cortex. Subsequently, the prefrontal regions exert control
and resolve conflicting stimuli (Eschmann et al., 2018; Helfrich &
Knight, 2016). The inability of depression-prone individuals to exhibit
the corresponding enhancement process based on task demands suggests
a decrease in network connectivity between the anterior cingulate cor-
tex, prefrontal cortex, and parietal cortex. Individuals with depressive
disorders also exhibit reduced theta activity during the maintenance
phase of working memory, which reflects the loss of their top-down
inhibitory function (Murphy et al., 2019). Working memory and inhib-
itory control both fall under the category of executive functions (Dia-
mond, 2013), and their relationship is one of mutual support (Diamond,
2013). Therefore, the results of this section also provide further evidence
of the impairment caused by depression on executive functions.

Previous research in the field of depression has focused on the
changes in theta activity in the anterior cingulate cortex following brain
stimulation, with individuals benefiting from such interventions often
exhibiting enhanced theta activity in this region (Bailey et al., 2018;
Widge et al., 2019). Based on the conclusions drawn from these studies,
both theta oscillations and N2 amplitudes during inhibitory control
processes are neural indicators of early conflict monitoring and pro-
cessing. The results of this study indicate that individuals with depres-
sive tendency exhibit deficits in monitoring and processing conflict
stimuli at the neural level, regardless of whether it’s in the context of
response inhibition or interference control. These findings are consistent
with the previous research conducted by Alderman and colleagues in
individuals diagnosed with depressive disorders in 2015. The blunting of
N2 responses reflects impaired early conflict processing abilities, sug-
gesting that deficits in early conflict monitoring and processing occur
before the development of depressive disorders. Clawson et al., (2013)
proposed that individuals who exhibit some symptoms of depressive
disorders but do not meet the diagnostic criteria for depression also
display cognitive impairments, including deficits in conflict monitoring
and adaptation. The results of this section of the study corroborate the
findings of that research, providing further evidence that even in in-
dividuals with depressive tendency who do not meet the diagnostic
criteria for depression, there are still observable deficits in cognitive
functions related to conflict processing and adaptation.

We hypothesized that the P3 amplitude in the NoGo and Flanker
incongruent conditions would be smaller in the depression-prone group
compared to the healthy group. However, the research results indicate
that the depression-prone group exhibited larger P3 amplitudes in the
NoGo condition of the Go/NoGo task compared to the healthy group,
while there were no significant P3 amplitude differences in the incon-
gruent condition of the Flanker paradigm. Larger-sample experiments
involving individuals with depressive disorders have shown that P3
amplitudes in the Flanker task are significantly smaller in depressive
patients (Klawohn et al., 2020). Previous studies using the Oddball
paradigm (for measuring response inhibition) have found associations
between increased depressive symptoms and reduced P3 amplitudes
(Nan et al., 2018; Zhou et al., 2019). These previous studies were con-
ducted on clinical depression populations, whereas the depression-prone
group recruited for this study did not meet the diagnostic criteria for
depressive disorders. Therefore, we speculate that a compensatory
mechanism may exist as depressive symptoms gradually worsen.

The P3 amplitude represents the awareness of conflict stimuli and
the subsequent control processes over the motor system after the need
for inhibition arises (Kok et al., 2004). The amplitude reflects the degree
of top-down engagement (Erb & Cavanagh, 2019; Groom & Cragg,
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2015). Results from this study, including the N2 and theta power find-
ings, suggest that individuals with a tendency toward depression exhibit
deficits in monitoring and early processing of conflict stimuli during
inhibitory control, with insufficient early attentional resources. Since
the depressive symptom is not yet severe, despite their deficits in early
control abilities, individuals with depressive tendency may compensate
by allocating more cognitive resources during subsequent inhibitory
control processes, which could explain why their behavioral responses
do not appear weaker than those of the healthy group.

In a study conducted with bipolar disorder individuals (Morsel et al.,
2017), it was found that they exhibited larger P3 amplitudes in the NoGo
condition compared to the healthy group, while their N2 amplitudes
during NoGo were significantly smaller than those of the healthy group,
which is consistent with the results of our study. Previous research has
shown that compared to bipolar disorder, both depression and bipolar
disorder are more likely to produce cognitive deficits due to excessive
negative emotional perception (Martinez-Aran et al., 2011; Morsel et al.,
2018). Negative emotional perception makes individuals with depres-
sion excessively concerned about their behavioral performance and
prone to avoiding errors (Langenecker et al., 2007). Some researchers
(Morsel et al., 2014) have found that depression increases the amplitude
of error-related negativity, which reflects an individual’s perception of
errors and the monitoring process of conflicts. The similarities in
inhibitory control patterns between individuals with depressive ten-
dency and those with bipolar disorder may suggest that the group
selected through depression scales may not necessarily develop into
depressive disorders, and differences in early diagnosis and intervention
strategies should be considered among different disorders.

At present, there is a lack of dynamic longitudinal data in research,
which limits researchers’ ability to dynamically observe inhibitory
control functions in populations at risk for mental disorders and to
distinguish between different mental disorders. Cognitive function
impairment has a significant impact on the emotional and social func-
tioning of individuals with depressive disorders; therefore, the N2 and
P3 components in EEG may serve as a biomarker for depressive disor-
ders. These two indicators may be used to predict the development of
depressive disorders and recovery after intervention. This study found
that the inhibitory control function of individuals with depressive ten-
dency is negatively affected earlier than their interference control
function, and individuals with depressive tendency have already shown
some compensatory phenomena during inhibitory control.

5. Conclusion

The study found that individuals with a tendency towards depression
exhibited smaller N2 amplitudes and larger P3 amplitudes in the NoGo
condition of the Go/NoGo paradigm compared to the healthy group.
They also showed smaller N2 amplitudes in the incongruent condition of
the Flanker paradigm. Regarding neural oscillations, the depression-
prone group displayed lower theta power in the NoGo condition of the
Go/NoGo paradigm and the incongruent condition of the Flanker
paradigm. This study suggests that individuals with a tendency towards
depression have a compensatory mechanism in their response inhibition
function. This compensation is characterized by a deficit in the early
processing of conflict awareness, but they compensate by overactivation
during the control execution phase to achieve task control.
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