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Purpose: Nicotine withdrawal is a multifaceted physiological and psychological process that can induce a spectrum of mood 
disturbances. Gaining a more nuanced understanding of how pure nicotine withdrawal influences cognitive control functions may 
provide valuable insights for the enhancement of smoking cessation programs. This study investigated changes in inhibitory control 
function in smokers after 2-hour nicotine withdrawal using the event-related potential (ERP) technique.
Participants and Methods: 28 nicotine dependence (ND) patients and 28 health controls (HCs) completed a smoking-cued Go/No- 
go task containing two different types of picture stimuli, smoking-cued and neutral picture stimuli. We analyzed the behavioral and 
ERP data using a mixed model Repeated Measure Analysis of Variance (ANOVA).
Results: No-go trials accuracy rate (ACC) at baseline (time 1) was lower in the ND group compared to HCs with smoking-cued 
stimuli, and No-go trials ACC after 2-hour nicotine withdrawal (time 2) was not lower in the ND group compared to HCs. When 
confronted with smoking-cued stimuli, the No-go trials ACC was higher in time 2 than in time 1 in the ND group. For the ERP 
component, the No-go N2 amplitudes in the ND group with smoking-cued stimuli were lower than that of HCs, whereas after 2-hour 
nicotine withdrawal, the ND group’s No-go N2 amplitudes higher than that at time 1, and did not differ from that of HCs. No-go P3 
amplitudes were not significantly different between the two groups.
Conclusion: Evidenced from ERP data, ND patients have an inhibitory control dysfunction in the face of smoking cues, which is 
mainly manifested in the early stage of response inhibition rather than in the late stage. Two-hour nicotine withdrawal improves 
inhibitory control dysfunction in ND patients. The No-go N2 component is an important and sensitive neuroelectrophysiological 
indicator of inhibitory control function in ND patients.
Keywords: nicotine dependence, inhibitory control, 2-hour nicotine withdrawal, event-related potentials, Go/No-go task

Introduction
Nicotine dependence (ND) is characterized by the compulsive use of tobacco products, primarily due to the psychoactive 
effects of nicotine.1,2 ND represents a global public health challenge with significant morbidity and mortality.3 The 
Nicotine withdrawal, commonly associated with smoking cessation, leads to significant neurochemical alterations in the 
brain, particularly in the dopaminergic, serotonergic, and noradrenergic systems which play crucial roles in mood 
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regulation.4,5 Nicotine withdrawal is a multifaceted physiological and psychological process that can induce a spectrum 
of mood disturbances, notably anxiety and depression.6,7

Cognitive function encompasses a range of mental processes that enable humans to acquire knowledge and under-
standing through thought, experience, and the senses.8 Inhibitory control belongs to a kind of cognitive function. It 
includes cognitive control and behavioral inhibition. Cognitive control refers to the ability to orchestrate thought and 
action in accordance with internal goals. Behavioral inhibition involves the suppression of actions that are inappropriate 
in a given context and that interfere with goal-driven behavior.

The Go/No-go task is a widely utilized paradigm for probing the mechanisms of cognitive control and behavioral 
inhibition. The cognitive control in this task is reflected by the necessity for the participant to constantly monitor the 
stream of stimuli and to discern between those that require a motor response and those that do not. Behavioral inhibition 
is demonstrated during the no-go trials. The Go/No-go task is a behavioral assay that provides insight into the interplay 
between cognitive control and behavioral inhibition. By requiring rapid decision-making concerning whether to execute 
or suppress a motor response, it encapsulates the essence of self-regulation and the neural circuitry that underlies this 
complex human capacity.

Numerous studies have demonstrated that nicotine withdrawal can precipitate a range of physiological, psychological, 
and cognitive disturbances.9–12 Especially, nicotine withdrawal may trigger depressive symptoms or even catalyze the 
onset of a major depressive episode.13 The potential cognitive impairments associated with nicotine withdrawal remain 
a topic of contention. A substantive body of research suggests that nicotine withdrawal is associated with deficits in 
working memory during periods of smoking cessation.14–17 In contrast, other studies have observed that abstaining from 
smoking may reduce attentional biases towards positive stimuli.18,19 The array of psychological symptoms manifesting 
from nicotine withdrawal, such as anxiety and depression, can further exacerbate cognitive dysfunctions. Deficits in 
cognitive control are notably associated with nicotine withdrawal and are indicative of the challenges faced during the 
cessation process. These deficits are considered distinctive features of nicotine withdrawal that could be strategically 
targeted to enhance the success rates of smoking cessation efforts.20 Consequently, the initial period following with-
drawal emerges as a particularly critical juncture for ND patients, presenting an essential opportunity to evaluate the 
prospects of sustained smoking withdrawal.

As nicotine enters the bloodstream through the lungs, smoking tobacco is an exceptionally addictive method of delivering 
drugs systemically. Research has demonstrated that nicotine can reach the brain within 10 to 20 seconds. Following the 
smoking of each cigarette, the concentration of nicotine in the brain spikes and then gradually diminishes over a period of 20 to 
30 minutes as nicotine is redistributed to other organs and tissues; the average half-life of nicotine in bodily tissues is 
approximately 2 hours.21 Earlier investigations into the effects of nicotine withdrawal on cognitive function primarily focused 
on periods exceeding 12 hours of withdrawal.12,22–25 These inquiries often conflated the cognitive dysregulation attributable 
solely to nicotine deprivation with psychological manifestations emergent from the withdrawal process. Namely, these studies 
were unable to separate the impairment of cognitive function caused by nicotine withdrawal from the psychological symptoms 
that withdrawal entails. Furthermore, recent evidence suggests that a nicotine withdrawal period within 2 hours is insufficient 
to precipitate psychological states commonly associated with withdrawal, such as depression and anxiety.26 Gaining a more 
nuanced understanding of how pure nicotine withdrawal influences cognitive control functions may provide valuable insights 
for the enhancement of smoking cessation programs.

Event-related potentials (ERPs) provide a noninvasive method to measure the brain’s electrical activity with excep-
tional temporal accuracy. Numerous investigations have utilized the Go/No-go task to explore cognitive control in 
smokers. During No-go trials, a pronounced enhancement of two principal ERP components is observed-The No-go N2 
and No-go P3. Increasing evidence has validated the No-go N2 amplitude as a critical marker for the response inhibition 
function.27–29 The No-go P3 component reflects the advanced stages of the inhibitory process. This stage is intricately 
associated with the actual suppression of motor activities within the pre-motor cortex.30,31

Deficits in cognitive control and behavioral inhibition attributed to nicotine withdrawal are generally not observed 
within the initial two-hour period following tobacco cessation.32,33 Comprehending the impact of nicotine abstinence on 
cognitive control function and behavioral inhibition could be instrumental in devising strategies to eradicate nicotine 
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dependency and avert the recurrence of smoking behaviors. However, the influence of pure nicotine abstinence on 
cognitive control and behavioral inhibition is still unclear.

In this study, male ND patients were selected as subjects. The cognitive control and behavioral inhibition of nicotine 
deprivation were measured with a smoking-cued Go/No-go task. To guarantee the influence of pure nicotine withdrawal on 
cognitive control and behavioral inhibition, above performances were collected at baseline and after 2-hour tobacco 
deprivation. The hypothesis of this study is that male ND patients present abnormal cognitive control and behavioral 
inhibition, and 2-hour Nicotine withdrawal would have some effects on these deficits. The purpose of this study was to 
investigate the effects of 2-hour tobacco abstinence on cognitive control and behavioral inhibition deficits in male ND patients.

Materials and Methods
Time and Setting
This research according to the Helsinki Declaration and was authorized by the Ethics Committee of the affiliated Wuxi 
mental health center of Nanjing medical university (WXMHCIRB2023LLky066). All of the participants gave written and 
informed consent. This study was carried out from January 01, 2023 to October 31, 2023 at the Department of psychiatry, 
the affiliated Wuxi mental health center of Nanjing medical university.

Diagnostic Approaches and Participants
The ND group inclusion criteria were as follows: a) meeting of the criteria for the diagnosis of ND in the Diagnostic and 
Statistical Manual for Mental Disorders (DSM-5); b) not meeting any of the diagnostic criteria for mental disorders the 
criteria for any DSM-5 axis I disorder or personality disorders; c) age range from 18 years old to 65 years old; d) never 
quit smoking and reported smoking at least 10 cigarettes per day in the past twelve months; e) there were no neurological 
or psychiatric disorders identified by clinical evaluation and medical records, or alcohol or other drug addiction.

The healthy control (HC) group inclusion criteria were as follows: a) not meeting criteria for ND according to the 
DSM-5; b) age range from 18 years old to 65 years old; c) no history of any kind of mental disorder and physical illness.

We used G-power software to estimate the required sample size in this study. With alpha = 0.05 for statistical 
significance in F-tests, a minimum of 18 persons per group was estimated to achieve high statistical power (1−β = 0.95). 
This study included 28 ND patients who only smoked cigarettes, without using e-cigarettes or any other tobacco 
products. The HC group included 28 healthy persons whose age, education and handedness were matched to the ND 
group. Recruitment for both groups was carried out through local advertisements, targeting citizens who lived in Wuxi 
city, Jiangsu Province, China. All participants were compensated 82.0 US dollars.

Experimental Procedures and the Smoking-Cued Go/No-Go Task
The experimental procedures are shown in Figure 1. At least 12 hours prior to the experiment, all participants were 
prohibited from drinking soft beverages, such as tea, coffee, and other recreational drugs. Prior to testing, the researchers 
gathered demographic data from participants to confirm/rule out current nicotine addiction. All participants completed 
the Hamilton Depression Scale (HAMD, 24-item version) and the Hamilton Anxiety Scale (HAMA, 14-item 
version).34,35 The Fagerstrom Test for Nicotine Addiction (FTND) was used to measure levels of nicotine 
dependence.36 For all participants, the Annett handedness scale was used for the assessment of handedness.37 The 
amount of carbon monoxide (CO) in breath was detected using a QT-200PLUS portable carbon monoxide Detector 
(Shenzhen Wellcome Technology Co., Ltd., China). The ND group were measured under the normal condition (baseline 
(time 1): just after the last cigarette smoked) and the withdrawal status (time 2: just at 2 hours after the last cigarette 
smoked). Participants were measured at a distance of 50 centimeters (cm) from the computer screen.

We used E-Prime 3.0 (Psychology Software Tools Incorporated, Pittsburgh, United States) to write the Go/No-go task 
paradigm. As shown in Figure 2, the Go/No-go task has two blocks, each with 180 Go stimuli and 60 No-go stimuli, and 
each type of picture is presented as a Go stimulus and a No-go stimulus in the two blocks. Each type of pictures was 
displayed for 200 ms, after which there was a random black screen between 1, 020 ms and 1, 220 ms. In the Go trials, the 
participants had to hit the “F” key as quickly as possible, while in the No-go trials, the button was forbidden. This task 
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included 20 smoking-cued pictures and 20 neutral pictures. Smoking-cued pictures displayed objects related to smoking 
(such as cigarettes, cigarette packs, etc.), while neutral pictures displayed neutral objects or scenes without smoking 
behavior. For the smoking-cued pictures and the neutral pictures, the degree of association with smoking cues was 
evaluated on a 7-point Likert scale ranging from 1 (very disapproved) to 7 (very approved) by thirty-five Senior high 
school students,38 and the average scores of the smoking-cued pictures were 6.84 (standard deviation (SD) = 0.07), the 
average scores of Neutral words were 1.21 (SD = 0.10). Each type of picture appeared as a Go stimulus or No-go 
stimulus, and two blocks were set up to distinguish between them. Each picture was presented in a pseudo random 
manner, with a maximum of 4 consecutive Go stimuli and 2 No-go stimuli. The ratio of Go stimulus to No-go stimulus 
was 3: 1. Before the start of the formal experiment, participants could practice to ensure understanding of the rules. The 
duration of two-round tests for ND patients in normal and withdrawal states was a total of 28 minutes. The HC group 
remained consistent.

Electroencephalogram Recording and Analysis
The BioSemi Active Two system (BioSemi Inc., Amsterdam, Netherlands) recorded the electroencephalogram (EEG) at 
500 Hertz (Hz). Electroencephalogram (EEG) was recorded using the International 10/20 system and a customized 
BrainCap (EasyCap, Herrsching, Germany) with 64 Ag/AgCl ring electrodes. The electrodes that record vertical and 
horizontal electrooculograms (EOG) were located under the left eye and on the lateral canthi of both eyes. The reference 
electrodes were on the right and left mastoid bone, and a grounding electrode was placed below the left collarbone. The 
band-pass-filtered of EEG and EOG was 0.05–100 Hz, and the electrode impedance was less than 5 kiloohm (kΩ). EEG 
was filtered offline using a band-pass-filtered with a cutoff frequency of 0.1–30 Hz. Independent Component Analysis 

Figure 1 The flowchart for the study. After processing of data, 28 nicotine dependent patients and 28 healthy control people were involved in the task. 
Abbreviations: ND, nicotine dependence; HC, healthy control.
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(ICA) was used to remove eye movement artefacts, muscle electrical activity and electrocardiography. For ERPs analysis, 
the continuous EEG data were segmented from −200 to 800 ms according to stimulus markers. Following that, a baseline 
correction was performed from −200 to 0 ms before stimulation, and all amplitude segments below −70 microvolt (µV) or 
above 70 µV were removed. The segments with diverse stimulus markers were averaged within the specified time frame.

In the Go/No-go task, the occurrence of the Go stimulus was marked as S1, and the occurrence of the No-go stimulus 
was marked as S2. Based on a previous nicotine dependence study on the Go/No-go task related to smoking cues,39 

combined with waveforms and topography, two time-related components were identified, namely No-go N2 and No-go 
P3. The amplitudes of No-go N2 were the mean amplitudes of the Fz electrode site at 200–300 ms, and the No-go P3 
amplitudes were the mean amplitudes of the Cz electrode site at 380–600 ms.

Figure 2 (A) Sketch map of the Go/No-go task process. (B) Diagrams for different types of picture stimuli.
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Statistical Analysis
IBM SPSS Statistics Version 25.0 (IBM Corp., Armonk, NY, United States) was used to analyze data. The mean age, 
education level, handiness, HAMD and HAMA scores were compared by independent t-test or Chi-square test. 
Comparison of CO levels in the ND group were conducted with a paired sample t-test. The Reactive times (RTs), 
accuracy rate (ACC) of the stimuli, the mean amplitudes and latencies of No-go N2 and No-go P3 were compared by 
using a mixed model Repeated Measure Analysis of Variance (ANOVA) with a 2 group (ND group vs HC group) × 2 
time point (time 1 vs time 2) × picture type (smoking-cued picture vs neutral picture) design. The degrees of freedom 
were corrected using the Greenhouse-Geisser method if the assumption of sphericity was violated. Effect sizes were 
further estimated using partial eta squared (η2

p). Post hoc analyses were performed when there was a significant 
interaction, and Bonferroni correction was employed to manage the possible type I errors caused by multiple compar-
isons. Alpha values of 0.05 were regarded as significant.

Results
Demographic Characteristics of Participants
The demographic characteristics of all participants are shown in Table 1. There were no significant differences in average 
age, average years of education, handedness, HAMD score, and HAMA score between the ND group and the HC group. 
In ND group, Mean score on the FTND was 6.04 (Standard deviation (SD) = 1.71), which reflects a moderate-to-high 
level of nicotine dependence.

Comparisons of CO Levels in the ND Group
Using paired t-tests to compare CO levels at two time points, there was a significant difference between the withdrawal 
state (mean 9.96 parts per million (ppm); SD = 3.27) and the normal state (mean 13.35 ppm; SD = 4.43) in the ND group 
(t = 8.939, p < 0.001), with CO levels in the withdrawal state being lower than those in the normal state.

Behavioral Data Analysis
Acc
As shown in Table 2, for the ACC of Go trials, the interaction effect for group × time × picture was not significant (F1, 54 = 1.933, 
p = 0.170, η2

p = 0.035). There was no significant interaction effect for group × time (F1, 54 = 0.437, p = 0.512, η2
p = 0.008), group 

× picture (F1, 54 = 0.031, p = 0.862, η2
p = 0.001), and time × picture (F1, 54 = 1.405, p = 0.241, η2

p = 0.025). The main effects of 
time (F1, 54 = 2.671, p = 0.108, η2

p = 0.047) and picture (F1, 54 = 0.692, p = 0.409, η2
p = 0.013) were not significant. Although the 

Table 1 Demographic Characteristics and Clinical Information of Two Groups

Variables ND (n = 28) HC (n = 28) Statistics p-value

Age range (years) 22–58 24–53 - -

Mean age (SD) 38.89 (10.69) 34.61 (8.35) t = 1.672 0.100

Year of education (SD) 13.75 (2.63) 14.79 (2.04) t = −1.644 0.106

Handedness (R/M/L) 10/9/9 10/8/10 χ2 = 0.111 0.946

FTND 6.04 (1.71) - - -

The number of cigarettes smoked per day (SD) 17.04 (6.52) - - -

HAMD-24 (SD) 5.25 (0.59) 5.04 (0.69) t = 1.250 0.217

HAMA-14 (SD) 4.50 (0.69) 4.21 (0.99) t = 1.247 0.219

Abbreviations: ND, nicotine dependence; HC, healthy control; SD, standard deviation; R, right; M, mixed; L, left; FTND, 
Fagerstrom Test of Nicotine Dependence; HAMD-24, Hamilton depression scale (24-item edition); HAMA-14, Hamilton anxiety 
scale (14-item edition).
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main effect of group (F1, 54 = 3.487, p = 0.067, η2
p = 0.061) was not significant, but Post hoc analyses revealed that the ACC of 

ND group under the smoking-cued pictures stimuli was lower than the HC group at time 2 (p = 0.012).
For the ACC of No-go trials, the interaction effect for group × time × picture was not significant (F1, 54 = 0.921, 

p = 0.342, η2p = 0.017). There was no significant interaction effect for group × time (F1, 54 = 0.237, p = 0.629, 
η2

p = 0.004), group × picture (F1, 54 = 2.636, p = 0.110, η2
p = 0.047), and time × picture (F1, 54 = 2.075, p = 0.155, η2

p = 
0.037). The main effect of group (F1, 54 = 0.792, p = 0.377, η2

p = 0.014) was not significant. The main effects of time 
(F1, 54 = 10.338, p = 0.002, η2

p = 0.161) and picture (F1, 54 = 32.946, p < 0.001, η2
p = 0.379) were significant. Post hoc 

analyses revealed that the ND group had higher ACC at time 2 than at time 1 under the stimulation of smoking-cued 
pictures (p = 0.005). The ACC of neutral pictures stimuli was higher than the ACC of smoking-cued pictures stimuli at 
time 1 and at time 2 for the two groups (all p < 0.05).

RTs
For the RTs of Go trials, the interaction effect for group × time point × picture type was not significant (F1, 54 = 0.139, p = 
0.711, η2

p = 0.003). There was no significant interaction effect for group × time point (F1, 54 = 1.081, p = 0.303, η2
p = 0.020). 

The interaction effect for group × picture type (F1, 54 = 5.275, p = 0.026, η2
p = 0.089) and time point × picture type (F1, 54 = 

21.497, p < 0.001, η2
p = 0.285) was significant. The main effects of time point (F1, 54 = 16.140, p < 0.001, η2

p = 0.758) and 
picture type (F1, 54 = 169.555, p < 0.001, η2

p = 0.015) were significant. The RTs at time 1 were shorter than at time 2 with 
smoking-cued picture stimuli, and RTs for smoking-cued picture stimuli were shorter than those for neutral picture stimuli at 
all times for two groups. While the main effect of group (F1, 54 = 0.421, p = 0.519, η2

p = 0.008) was not significant.

ERPs Data Analysis
No-Go N2 Component
As shown in Figure 3, using No-go N2 mean amplitudes as dependent variables, a 2 group (ND group vs HC group) × 2 
time point (time 1 vs time 2) × 2 picture type (smoking-cued picture vs neutral picture) repeated measures ANOVA with 
group (ND group vs HC group) as a between-subjects factor and time point (time 1 vs time 2) and picture type (smoking- 
cued picture vs neutral picture) as a within-subjects factor revealed the interaction effect for group × time point × picture 
type was not significant (F1, 54 = 0.113, p = 0.738, η2

p = 0.002). There were also no significant interaction effects for group 
× time point (F1, 54 = 0.597, p = 0.443, η2

p = 0.011), group × picture type (F1, 54 = 0.023, p = 0.881, η2
p < 0.001), and time 

point × picture type (F1, 54 = 0.169, p = 0.682, η2
p = 0.003). The main effect of group was significant (F1, 54 = 4.669, p = 

0.035, η2
p = 0.080). The main effects of time point and picture type were also observed (For time point: F1, 54 = 15.831, p < 

0.001, η2
p = 0.227; for picture type: F1, 54 = 71.567, p < 0.001, η2

p = 0.570). Post hoc analyses revealed that the No-go N2 
mean amplitudes in the ND group was lower than that in the HC group (p = 0.024) under the stimulation of smoking-cued 
pictures at time 1. However, there were no differences in the No-go N2 mean amplitudes between the ND group and the HC 
group at time 2 (p = 0.070). In the ND group, the No-go N2 mean amplitudes were higher at time 2 than that at time 1 under 
various types of picture stimuli (all p < 0.05). In both groups, the No-go N2 mean amplitudes under the smoking-cued 
picture stimuli were higher than that under the neutral picture stimuli (all p < 0.001).

Table 2 Behavior Data (Mean (SD)) of ND Group (n = 28) and HC Group (n = 28)

Variables Go trial RTs Go trial ACC No-go trial ACC

ND HC ND HC ND HC

T1 T2 T1 T2 T1 T2 T1 T2 T1 T2 T1 T2

Smoking-cued 

picture

371.97 

(51.33)

400.49 

(57.55)

372.89 

(56.68)

396.29 

(59.64)

0.98 

(0.05)

0.99 

(0.02)

0.99 

(0.01)

1.00 

(0.00)

0.83 

(0.10

0.88 

(0.07)

0.84 

(0.11)

0.86 

(0.10)

Neutral 

picture

434.31 

(60.43)

440.28 

(61.94)

421.90 

(53.30)

418.80 

(57.23)

0.98 

(0.05)

0.99 

(0.02)

1.00 

(0.01)

1.00 

(0.01)

0.90 

(0.08)

0.92 

(0.05)

0.87 

(0.09)

0.89 

(0.10)

Abbreviations: ND, nicotine dependence; HC, healthy control; RTs, reaction times; ACC, accuracy rate; SD, standard deviation; T1, time 1; T2, time 2.
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For the latencies of No-go N2, the significant interaction effect for group × time × picture was not significant (F1, 54 = 
0.002, p = 0.962, η2

p < 0.001). There were also no significant interaction effects for group × time point (F1, 54 = 0.009, 
p = 0.927, η2

p < 0.001), group × picture type (F1, 54 = 0.851, p = 0.360, η2
p = 0.016), and time point × picture type (F1, 54 

= 0.090, p = 0.766, η2
p = 0.002). The main effects of time point (F1, 54 = 0.177, p = 0.675, η2

p = 0.003), picture type 
(F1, 54 = 2.129, p = 0.150, η2

p = 0.038) and group (F1, 54 = 0.004, p = 0.949, η2
p < 0.001) were not significant.

No-Go P3 Component
The grand averaged amplitude and topographical map of the No-go P3 that correctly responded to both groups under 
different times and pictures stimuli were shown in Figure 4. For the mean amplitude of No-go P3, the interaction effect 

Figure 3 Averaged ERPs and topographic maps of both groups under different types of picture stimuli and time points. (A) Averaged ERPs of the No-go N2 was elicited by 
No-go task at time 1 and time 2. The No-go N2 components were presented within a 200–300 ms latency window at the FZ electrode site. (B) Topographic maps of the 
distribution of No-go N2 components within a time window of 200–300 ms. 
Abbreviations: ND, nicotine dependence; HC, healthy control; T1, Time 1; T2, Time 2.
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for group × time × picture was not significant (F1, 54 = 1.670, p = 0.202, η2
p = 0.030). There were no significant 

interaction effects for group × time (F1, 54 = 1.757, p = 0.191, η2
p = 0.032), group × picture (F1, 54 = 0.682, p = 0.412, η2

p 

= 0.012), and time × picture (F1, 54 = 0.033, p = 0.857, η2
p = 0.001). The main effects of group (F1, 54 = 2.124, p = 0.151, 

η2
p = 0.038) and time (F1, 54 = 0.034, p = 0.854, η2

p = 0.001) were not significant. The main effect of picture was 
significant (F1, 54 = 37.118, p < 0.001, η2

p = 0.407). Post hoc analyses revealed that the mean amplitude of No-go P3 
under the stimulation of smoking-cued pictures was higher than the amplitude under the stimulation of neutral pictures 
for two group at time 1 and time 2 (all p < 0.05).

For the latencies of No-go P3, the significant interaction effect for group × time × picture was not significant (F1, 54 = 
0.125, p = 0.725, η2

p = 0.002). There were also no significant interaction effects for group × time point (F1, 54 = 0.090, 

Figure 4 Averaged ERPs and topographic maps of both groups under different types of picture stimuli and time points. (A) Averaged ERPs of the No-go P3 was elicited by 
No-go task at time 1 and time 2. The No-go P3 components were presented within a 380–600 ms latency window at the CZ electrode site. (B) Topographic maps of the 
distribution of No-go P3 components within a time window of 380–600 ms. 
Abbreviations: ND, nicotine dependence; HC, healthy control; T1, Time 1; T2, Time 2.
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p = 0.765, η2
p = 0.002), group × picture type (F1, 54 = 0.014, p = 0.907, η2

p < 0.001), and time point × picture type (F1, 54 

= 0.706, p = 0.404, η2
p = 0.013). The main effects of time point (F1, 54 = 0.125, p = 0.725, η2

p = 0.002), picture type 
(F1, 54 = 0.125, p = 0.725, η2

p = 0.002) and group (F1, 54 = 1.217, p = 0.275, η2
p = 0.022) were not significant.

Analysis of Correlations
The Pearson correlation analysis method was used to analyze the correlations among the Go trials RTs, No-go trials ACC and 
the amplitudes and latencies of the No-go N2 and No-go P3 under the smoking-cued pictures stimuli for the ND group. No- 
go P3 amplitudes were negatively correlated with latencies (for time 1: r = −0.496, p = 0.007; for time 2: r = −0.472, p = 
0.011). The ACC was negatively correlated with No-go P3 amplitudes (r = −0.463, p = 0.013) at time 2. The No-go P3 
amplitudes and ACC were uncorrelated at time 1. The ACC did not correlate with the amplitudes and latencies of No-go N2 
and the latencies of No-go P3. RTs did not correlate with the amplitudes and latencies of No-go N2 and No-go P3.

Discussion
This study is the first to explore the influence of a 2-hour tobacco abstinence on cognitive control and behavioral 
inhibition deficits in ND patients using a smoking-cued Go/No-go task. Additionally, we utilized the ERP components 
N2 (No-go N2) and No-go P3 to assess changes in inhibitory control function following a 2-hour nicotine withdrawal in 
male ND patients. Our findings indicate that while ACC during No-go trials triggered by smoking-cued picture was 
lower in the ND group compared to the HC group, this difference was not statistically significant. Interestingly, the ACC 
in No-go trials for the ND group was higher after 2 hours of nicotine withdrawal compared to baseline (time 1) under the 
same smoking-cued picture stimulation. The RTs for smoking-cued pictures at baseline were shorter than those observed 
after 2 hours of nicotine withdrawal. Most notably, the average No-go N2 amplitudes in the ND group were lower than 
those in the HC group under smoking-cued pictures at baseline. However, no differences were found in the No-go N2 
mean amplitudes between the ND and HC groups after 2 hours of nicotine withdrawal. In the ND group, the No-go N2 
mean amplitudes were higher after 2 hours of nicotine withdrawal compared to baseline under various types of picture 
stimuli. Additionally, No-go P3 amplitudes were negatively correlated with latencies in both time 1 and time 2 in the ND 
group. Our study confirms that a two-hour nicotine withdrawal improves inhibitory control dysfunction in male smokers, 
as evidenced by ERP data.

Previous research has established that inhibitory control is markedly diminished in substance-dependent individuals 
when confronted with drug-related cues [48–50]. From a neuroelectrophysiological perspective, No-go N2 amplitudes 
are a crucial metric for response inhibition, often demonstrating greater sensitivity to behavioral outcomes in the Go/No- 
go paradigm.40,41 Earlier neuroimaging studies have pinpointed the anterior cingulate cortex and the inferior/orbital 
prefrontal cortex as the neural origins of the No-go N2 component.42 According to conflict monitoring theory, the 
anterior cingulate cortex communicates conflict data to other systems, such as the prefrontal cortex.43 These systems then 
engage cognitive control strategies, including attentional selection, response initiation, and goal maintenance. The No-go 
N2 is indicative of the inhibitory processes in early behavioral planning, occurring before action levels, and thus reflects 
the capacity to prevent erroneous responses before they manifest behaviorally.44,45

Our findings reveal that No-go N2 mean amplitudes are reduced in nicotine-dependent patients under smoking cues, 
suggesting a decrease in response inhibition consistent with many addiction studies.46–48 Furthermore, we observed an 
increase in mean No-go N2 amplitudes after a 2-hour nicotine withdrawal, indicating an improvement in response 
inhibition deficits in nicotine-dependent patients. This improvement was associated with lower nicotine concentrations in 
the brain, and there was also consistency in the behavioural data, ie smokers had a higher ACC after 2 hours of nicotine 
withdrawal than before withdrawal. Nicotine’s entry into the body activates the anterior cingulate cortex, with morpho-
logical changes in this area closely linked to addiction.49,50 Our results suggest that high nicotine concentrations impact 
the anterior cingulate cortex, diminishing response inhibition. Conversely, a decrease in nicotine levels appears to lessen 
this impact, leading to enhanced inhibitory control.

Previous research has shown that the No-go N2 component is indicative of the early stages of response inhibition, 
while the No-go P3 may represent the latter stages, linked to the actual suppression of motor activity.31 Our findings 
suggest that reduced inhibitory control in nicotine-dependent individuals stems from impaired cortical processing during 
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the initial phases of inhibition, whereas the later stages appear to function normally. This aligns with earlier studies on 
patients dependent on nicotine and heroin.39,51

We correlated No-go P3 amplitudes with latencies in the ND group and found that they were negatively correlated, 
which is an interesting result. We speculate that the shorter the latency, the faster the brain detects the stimulus, the more 
fully it processes the stimulus, the more brain resources it uses, and the larger the amplitudes.

According to existing literature, nicotine’s average half-life in human tissue is about 2 hours, and typically, no withdrawal 
symptoms are observed during a 2-hour nicotine abstinence.21,26 In our study, we collected behavioral and ERP data 2 hours post- 
nicotine withdrawal. This timing was strategic, as it mitigated cognitive deficits that might arise from psychological symptoms, 
allowing for a clearer investigation into the influences of pure nicotine withdrawal on response inhibition. Our findings shed light 
on the characteristics of inhibitory control dysfunction and its underlying neural mechanisms in nicotine-dependent patients. This 
has significant implications for the treatment and prevention of relapse in individuals addicted to nicotine.

The present study is constrained by several limitations. Firstly, the results must be considered preliminary, primarily 
due to the small sample size. Secondly, the study’s participants were exclusively male smokers, with an absence of 
female smokers. Consequently, the applicability of the results to the general smoking population is limited. Furthermore, 
while the use of ERP in this study offered advantageous temporal resolution, it is important to note the method’s inherent 
limitation in spatial resolution. Future investigations could benefit from integrating high spatial resolution methodologies, 
such as functional Magnetic Resonance Imaging and Positron Emission Tomography.

Conclusion
Our results confirm that No-go N2 amplitudes are an important and sensitive neuroelectrophysiological indicator of 
inhibitory control function. Nicotine dependent patients have an inhibitory control dysfunction in the face of smoking 
cues, which is mainly manifested in the early stage of response inhibition rather than in the late stage, which may be 
reflected by the decrease in No-go N2 amplitudes. After two-hour nicotine withdrawal, there was an improvement in 
inhibitory control deficits, which is supported by the increase in No-go N2 amplitudes.
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