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Introduction: Neurocognitive disorders are commonly observed in patients 
suffering from traumatic brain injury (TBI). Methods to assess neurocognitive 
disorders have thus drawn the general attention of the public, especially 
electrophysiology parameter such as contingent negative variation (CNV), 
which has been given more emphasis as a neurophysiological marker in 
event-related potentials (ERPs) for diagnosing a neurocognitive disorder and 
assessing its severity. The present study focused on the correlations between 
CNV parameters and levels of daily living activities and social function to 
explore the potential of CNV as an objective assessment tool.

Methods: Thirty-one patients with a diagnosis of neurocognitive disorder 
after a TBI according to ICD-10 were enrolled as the patient group, and 24 
matched healthy volunteers were enrolled as the control group. The activity of 
daily living scale, functional activities questionnaire, social disability screening 
schedule, and scale of personality change following TBI were used to assess 
daily living activity and social function.

Results: The scale scores in patients were significantly higher than those in 
controls. Maximum amplitudes before S2 and during the post-imperative 
negative variation (PINV) period were also significantly higher in the patient 
group compared to the control group and were positively correlated with four 
scale scores. The duration of PINV at Fz and Cz was significantly shorter in the 
patient group than in the control group. The CNV return to baseline from a 
positive wave at electrode Fz and Cz occurred significantly earlier in the control 
group than in the patient group, while at Pz, the result showed the opposite.

Conclusion: Lower amplitudes of CNV were associated with more severe 
neurocognitive disorder and greater impairments in daily life abilities and social 
function. The duration of PINV and the latency of returning to baseline from a 
positive wave were correlated with the neurocognitive disorder to some extent. 
CNV could be used as an objective, electrophysiology-based parameter for 
evaluating the severity of the neurocognitive disorder and personality changes 
after TBI.
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Introduction

Traumatic brain injury (TBI) is a worldwide health concern 
often caused by traffic accidents (1), which might be a modifiable 
risk factor for dementia and neurodegeneration (2). In addition to 
causing substantial brain damage, TBI can lead to mental issues 
such as cognitive and memory impairment, personality changes, 
and psychotic symptoms. Studies have shown that up to 49% of 
patients with severe and moderate TBI, as well as 34% of those with 
mild TBI (mTBI), experience neurocognitive disorder (3). The 
global annual number of patients presenting with concussion after 
an mTBI is approximately 55.9 million (4). Despite the high 
prevalence of TBI-related neurocognitive disorders, follow-up 
assessments of TBI patients are often neglected due to economic 
considerations. As a result, many people suffer from long-term 
disability and morbidity. Therefore, advancing research on 
post-TBI neurocognitive disorders to address this urgent and 
important global issue is essential.

Computer tomography (CT) scanning and magnetic resonance 
imaging (MRI) are common imaging modalities for diagnosing 
TBI. CT is primarily used to identify intracranial injuries but cannot 
exclude TBI (5). Although advanced MRI techniques such as diffusion 
tensor imaging are sensitive in detecting axonal injury and structural 
abnormalities in the brain, they have limited utility in assessing 
functional injury following TBI (6). In contrast, altered and 
compensational brain activity can be detected through functional 
MRI (fMRI), revealing the effect of TBI on certain brain functions to 
some extent (7).

Recently, event-related potentials (ERPs) have gained 
increasing attention as electrophysiological tests that can quantify 
and directly reflect neural activity. P300, mismatch negativity 
(MMN) and contingent negative variation (CNV) are the most 
widely used neurophysiological markers in EPRs. CNV is a 
composite slow wave known as the earliest cognitive potential, 
which reflects the reciprocal effect of a flashlight and short sound 
stimulus (8). Two negative-going components are found in CNV: 
the first is evoked by auditory warning (S1) and is related to 
orienting, while the later component, known as the “readiness 
potential,” precedes spontaneous movement and is associated with 
the imperative stimulus (S2) (9). Furthermore, a hypothesis was 
provided to suggest that the abnormal CNV reflects the function 
of the frontal lobe in maintaining cognitive processing (10). Thus 
far, despite some progress in ERPs and cognitive impairment (11, 
12), the correlation between TBI and neurocognitive disorder 
remains relatively unexplored. Most current studies have focused 
on P300 and MMN after a TBI (13–15), with few studies exploring 
CNV and remaining debating on the perceptual and cognitive 
functions of CNV. Previous studies have examined the correlation 
between CNV and personality change and psychotic traits in 
patients with depression and schizophrenia, showing that the lower 
amplitude of CNV is positively correlated with self-transcendence 
scores, which may be associated with psychosis and personality 
disorders (16, 17). Reduced amplitude of CNV was observed in 
patients with schizophrenia and patients with severe level of 
depression (18, 19). Thus, our study speculated that there may also 
exist relationship between CNV and social functioning, personality 
traits, and emotions in patients after a TBI. Besides, unlike P300 
and MMN, which focus on a single stimulus, CNV is elicited by 

both visual and auditory stimuli and might provide a more 
comprehensive assessment of mental disorders following 
TBI. Therefore, further investigation into CNV is needed to assess 
its utility in evaluating symptoms, particularly neurocognitive 
disorders, after a TBI.

Current developments in TBI and its long-term sequelae have 
underscored the importance of investigating the correlation between 
daily life abilities, social functioning, and primary trauma (20, 21). 
Therefore, our study proposed the hypothesis that variations in the 
subcomponents of EPRs, in particular CNV will differ between 
healthy subjects and patients suffering from sequelae of TBI and that 
degree of this aberrance will relate to the grade of the neurobehavioral 
disturbance. Based on the hypothesis, this study proposed CNV as an 
objective technique for assessing the severity of neurocognitive 
disorder after a TBI.

Materials and methods

Participants

Based on the International Statistical Classification of Diseases 
and Related Health Problems, Tenth Revision (ICD-10), cases with a 
diagnosis of neurocognitive disorder after a TBI (n = 31) were enrolled 
and compared to matched healthy controls (n = 24). The inclusion 
criteria were as follows: (1) aged 18–60 years, (2) right-handed, (3) met 
the ICD-10 diagnostic criteria for neurocognitive disorder after a TBI, 
and (4) recovered for at least six months after TBI and received clinical 
care. Cases were excluded if the participant (1) had experienced 
cranial trauma before presenting TBI or had other serious physical 
illnesses such as epilepsy and encephalitis, (2) had a history of mental 
disorders or had family members with mental disorders, (3) had a 
history of chronic alcohol, drug, or other psychoactive substance 
abuse, or (4) lacked consensus. The selected healthy controls met the 
exclusion criteria mentioned above and the inclusion criteria as 
follows: (1) aged 18–60 years, (2) right-handed, and (3) without 
neurocognitive disorders. All participants voluntarily participated in 
the study.

This study received approval from the ethics committee of the 
Academy of Forensic Science. All methods and procedures of this 
study were conducted in accordance with the Declaration of Helsinki 
and other relevant national and international standards for 
human research.

Scale assessment

Demographic and experimental data were collected by self-
designed research forms. Before the CNV examination was performed, 
the participants were assessed using the activity of daily living (ADL) 
scale, functional activities questionnaire (FAQ), social disability 
screening schedule (SDSS), and scale of personality change following 
TBI. The ADL, FAQ, SDSS scale, and scale of personality change 
following TBI were filled out by the researchers according to the 
patients’ clinical records and researchers’ interviews. An ADL 
score > 16 indicated impairment in daily life abilities, with the severity 
of the impairment corresponding to the score. A FAQ score > 5 
indicated problems with independence in family and society. A total 
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SDSS score > 2 indicated social dysfunction. The scale of personality 
change following TBI is a 19-item scale used to indicate the personality 
change of the subject. A total score > 7 indicated problems with 
personality change (22, 23). The ADL, FAQ, SDSS scale, and scale of 
personality change following TBI were filled out by the researchers 
according to the patients’ clinical records and researchers’ interviews. 
Basic demographic information and clinical history of the participants 
were also collected.

Procedures of the CNV paradigm

CNV waves were recorded by a Neuroscan device (Australia, 
Compumedics). During the study, the subjects were seated in a dark 
and quiet room with an ambient temperature of 22–24°C. The subjects 
were instructed to be relaxed, stay awake, and focus on the screen. 
ERPs were recorded according to the 10–20 system. The reference 
electrodes were linked to the mastoid process. The impedance of 
Ag/AgCl surface electrodes was maintained below 5 kΩ. The classical 
CNV experimental model was utilized in this study, which involved 
presenting an auditory warning (S1) as a 50 ms pure tone at 1000 Hz 
and 90 dB, followed by the imperative stimulus (S2) after a 1,500-ms 
interval. S2 was presented as a flashing light that disappeared 
automatically after 200 ms. Participants were instructed to focus on 
the computer screen, maintain concentration, and press a button 
immediately upon seeing the flash. No response was required for S1. 
Each period from S1 presentation to the button press was defined as 
a trial. The interval between each trial was randomly set to 2–5 s to 
eliminate habituation effects on attention. A total of 30 trials were 
completed by each participant.

CNV is a negative wave that can be  recorded using 
electroencephalography (EEG). For this study, three scalp sites (Fz, 
Cz, and Pz) situated over the midline were selected for EEG 
recording. Bilateral retroauricular mastoid processes were chose as 
the reference electrode and epicenter of the forehead was chosen 
as the ground electrode. The baseline period was set as 200 ms 
before S1, and the period from −200 ms to 2,500 ms was 
continuously recorded. The study designated point A as the point 
where the CNV returned to baseline from a positive wave, point B 
as the maximum amplitude before S2, point C as the maximum 
amplitude during the period of post-imperative negative variation 
(PINV), and point D as the point where the CNV returned to 
baseline from a negative wave. The duration of PINV was the 
period between S2 and point D. The maximum amplitude of the 
CNV before S2 and during PINV, as well as the duration of the 
PINV period, were recorded and analyzed. For a clearer description 
of the parameters taken in our study, four point and the PINV 
period has been marked in Figure 1. The procedure of the CNV 
paradigm is shown as a flowchart in Figure 2.

Statistical analysis

ERPs data were collected and processed by Curry Neuroimaging 
Suite (version 7.0). Baseline calibration, parameters filtering, and 
artifact reduction were conducted before scanning the data. The 
stimulus artifact of electro-oculogram and electromyography, high-
amplitude noise (≥ 75 μV), 50 cycle, and bad block were removed 

before analysis. The instrumental noise and physiological interference 
from the body were processed by denoising algorithms. SyAmps2/RT 
was chosen as the amplifier. The sampling rate was set at 1 kHz. The 
passband parameter was set at 0.1 Hz-200 Hz.

In this study, data were analyzed using IBM Statistical Product 
and Service Solutions, Version 22.0 (IBM SPSS 22.0). Recorded data 
were presented in the form of mean ± standard deviation (SD). All 
data were corresponded to normal distribution. Chi-square tests were 
employed to compare categorical data and Student’s t-test were 
employed to compare variable data, respectively, between patients 
with the neurocognitive disorder after a TBI and matched controls. 
Pearson’s correlation analysis was used to calculate the correlations 
between CNV parameters and scale scores. The level of significance 
was set to p < 0.05.

Results

Demographic and clinical characteristics

Table  1 indicates that there was no statistically significant 
difference in gender, age and education level between TBI patient and 
control groups. The ADL, FAQ, SDSS, and personality change scale 
scores were significantly higher in the TBI patient group than in the 
control group (p < 0.001).

CNV parameters
As shown in Figure 3, the time of point A in patients was later 

than that in healthy controls at electrodes Fz and Cz. In contrast, the 
outcome showed the opposite at electrode Pz. Compared to the 
control group, the TBI patient group exhibited significantly lower 
amplitudes at points B and C (p < 0.001), as shown in Table 2 and all 
three grand average EPR response figures. The topographic 
distribution also showed that the CNV amplitudes in the patient 
group were much lower than that in the control group, while the high-
amplitude range was much smaller (Figure  4). Furthermore, the 
duration of PINV at Fz and Cz was significantly shorter in the TBI 
patient group than in the control group (p = 0.017 and p = 0.009, 
respectively). However, there was no statistically significant difference 
in the duration of PINV at Pz between the two groups (p = 0.720). The 
time at point A of Fz and Cz was significantly earlier in the control 
group than in the patient group (p = 0.034 and p < 0.001, respectively). 
In contrast, the time at point A of Pz was significantly earlier in the 
patient group (p < 0.001) (Figure 5).

Correlations between CNV and scale scores
As shown in Table 3, in the TBI patient group, the time at point A 

of Fz was positively correlated with ADL, FAQ, SDSS, and personality 
change assessment scale scores (p < 0.05). The time at point A of Pz 
was negatively correlated with FAQ, SDSS, and personality change 
assessment scale scores (p < 0.05). However, no other statistically 
significant correlations were found between the time at point A and 
scale scores. Additionally, both amplitudes B and C were positively 
correlated with four scale scores (p < 0.05). The duration of PINV at 
Fz was negatively correlated with FAQ scale scores (p = 0.024). This 
negative correlation was also found between the duration of PINV at 
Cz and ADL, SDSS, and personality change assessment scale scores 
(p = 0.042, p = 0.047, and p = 0.004, respectively). There was no other 
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correlation between PINV duration and scale assessment scores 
(p > 0.05).

Discussion

Numerous factors are linked to the severity of mental disorders, 
yet assessing their correlations can be  challenging. The 
subcomponents of ERPs are regarded as ideal markers to evaluate 
brain function, indicating the severity of cognitive impairment. 
While most research has focused on P300 and MMN abnormalities 
after TBI, previous studies reported CNV abnormalities in TBI 
patients compared to healthy controls (24). Current study focused on 
using CNV to evaluate neurocognitive disorder and its severity after 
TBI. Our results indicate that TBI patients have significantly higher 
ADL, FAQ, SDSS, and personality change scale scores than the 
control group, suggesting that TBI might accompany neurocognitive 
disorders and patients after a TBI might suffer from social 
dysfunctions and personality disorders.

A lower amplitude of the pre-response CNV component is related 
to the reaction time (RT) in patients with TBI, which is correlated with 
electrophysiological measures of attention and information processing 
(25). Additionally, late amplitude is smaller in mTBI patients than in 
healthy controls (26). Therefore, it was presumed that decreased CNV 
amplitude could be  an indicator reflecting a psychotic state or 
attention problems resulting from suboptimal cortical excitability 

(27). The negative level of CNV was related to the interval time 
between two stimuli and repetition enhancement, indicating the 
influence of decisional and memory mechanisms on CNV and a lager 
amplitude is associated with better behavior (28, 29). In our study, the 

TABLE 1 Demographic and clinical characteristics between patients with 
neurocognitive disorders after TBI and controls.

Parameter TBI 
(n  =  31)

Controls 
(n  =  24)

Value of p

Gender 0.164a

Male 14 15

Female 17 9

Age in years 36.90 ± 10.81 32.96 ± 12.10 0.251

Education in years 12.81 ± 2.50 14.77 ± 3.66 0.123

ADL scale scores 19.16 ± 4.20 14.58 ± 0.58 <0.001b

FAQ scale scores 5.65 ± 2.51 1.38 ± 1.17 <0.001b

SDSS scale sores 2.94 ± 2.35 0.17 ± 0.38 <0.001b

Personality change 

scale sores
10.89 ± 6.00 3.04 ± 1.57 <0.001b

Except gender, other data were presented as mean ± SD. ADL, activity of daily living; FAQ, 
functional activities questionnaire; SDSS, social disability screening schedule; TBI, traumatic 
brain injury. aChi-square test; other statistics: Student’s t-test. bStatistically significant 
differences.

FIGURE 1

The points A, B, C, D and the duration of PINV in the EEG topography maps.

FIGURE 2

Procedures of the CNV paradigm.
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FIGURE 3

The grand average ERPs response between patients and healthy controls.
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TBI patient group had significantly lower amplitudes at points B and 
C compared to the control group, which is consistent with previous 
research mentioned before.

PINV reflects the period during which the negative wave returns 
to baseline after S2 and the duration of PINV may differ depending 
on different impairment symptoms. Our findings showed that the 
duration of PINV was significantly shorter at Fz and Cz in the TBI 
patient group compared to the control group, indicating 
neurocognitive impairment symptoms after TBI. The decrease in the 
duration of PINV and the amplitude might suggest a lower level of 

arousal and attention. However, there was no statistically significant 
difference in the duration of PINV at Pz between the two groups. 
Furthermore, our result showed that the time at point A of Fz and Cz 
was significantly shorter in the control group than in the patient 
group, while the time at point A of Pz was significantly shorter in the 
patient group. The delay in latency at point A was also a significant 
sign of inattention.

TBI is associated with the impairment of daily life ability and 
social function (30). Recent studies have also linked abnormal CNV 
late amplitude with motor manifestations in Parkinson’s disease, 

TABLE 2 The results of CNV between patients with neurocognitive disorders after TBI and controls.

Parameter TBI (n  =  31) Controls (n  =  24) Value of p

Amplitude B (μV)

Fz −(5.55 ± 2.25) −(8.21 ± 1.69) <0.001a

Cz −(3.82 ± 1.46) −(6.86 ± 1.33) <0.001a

Pz −(1.63 ± 1.10) −(3.68 ± 0.79) <0.001a

Amplitude C (μV)

Fz −(4.45 ± 2.77) −(8.15 ± 2.01) <0.001a

Cz −(3.61 ± 1.42) −(6.80 ± 1.23) <0.001a

Pz −(2.21 ± 1.02) −(5.06 ± 1.53) <0.001a

Duration of PINV (ms)

Fz 219.11 ± 160.43 337.39 ± 203.15 0.017a

Cz 210.65 ± 88.69 282.75 ± 100.52 0.009a

Pz 227.41 ± 116.34 246.33 ± 114.37 0.720

Time at point A (ms)

Fz 302.82 ± 62.27 270.04 ± 41.16 0.034a

Cz 308.32 ± 36.56 265.33 ± 39.09 <0.001a

Pz 370.22 ± 86.22 493.88 ± 98.20 <0.001a

TBI, traumatic brain injury. Data were presented as mean ± SD. Data were calculated by Student’s t-test. aStatistically significant differences.

FIGURE 4

The topographic distribution of the grand average CNV amplitudes between patients healthy controls.
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conduct disorder, and antisocial personality traits (31, 32). Although 
the accurate reason for personality change after a TBI remains 
unknown, several factors, such as dysfunction of the frontal lobe, 
were suggested to be associated with personality change (33). In this 
study, we  aimed to assess brain impairment after TBI more 
comprehensively by exploring the correlation between CNV 
parameters and daily life ability, as well as social function, through 
assessment scales. ADL, FAQ, SDSS, and personality change scale 
scores were significantly higher in the TBI patient group than in the 
control group, indicating the impairment of daily life and social 
function after a TBI. According to our study, lower amplitudes of 
CNV at points B and C were associated with more severe 
neurocognitive disorder and greater impairment of daily life ability 
and social function. As mentioned before, this correlation might 
result from impairment of information processing, arousal, and 
attention. Personality change is also regarded as a main symptom of 
neurocognitive disorder after a TBI, which is correlated with the 
impairment of daily life ability and social function. Lower amplitudes 
of CNV at points B and C, a shorter duration of PINV at Cz, and a 
delay in latency at point A meant a more severe level of personality 
change according to our result. Therefore, our study assumed that 
CNV parameters could also reflect a personality disorder to some 

extent, indicating that CNV might be used as an indicator to reveal a 
personality change and assess its severity after a TBI.

Limitations

In this study, several limitations should be acknowledged. 
First, the sample size was relatively small, which might have led 
to statistical bias resulting from individual differences. Second, 
TBI patients’ symptoms were comparatively mild due to 
consideration of the subjects’ cooperation level. Third, we did not 
analyze the specific type of brain injury, as the primary focus of 
this study was to explore the association between CNV 
parameters and the severity of neurocognitive disorder following 
a TBI. Additionally, only three individual electrodes were used in 
this study. If a more precise correlation between CNV and the 
severity of mental disorders following a TBI is sought, future 
studies should select more electrodes and contain a larger sample 
size. Considering that mTBI is more difficult to detect and the 
cognitive impairment of mTBI may differ compared to severe or 
moderate TBI, future studies should categorize TBI according to 
the different severities of TBI as well as the type of brain injury.

FIGURE 5

The parameters of CNV between patients with neurocognitive disorders after TBI and controls.
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Conclusion

Patients with neurocognitive disorder following a TBI often 
experience impairments in daily life abilities, social function, and 
personality. Our study found that lower amplitudes of CNV at points 
B and C were associated with more severe neurocognitive disorder 
and greater impairments in daily life abilities and social function. 
Additionally, the duration of PINV and the latency of point A were 
correlated with the neurocognitive disorder to some extent. 
Personality changes and their severity could be revealed through CNV 
parameters. In conclusion, CNV has the potential to be used as an 
objective, electrophysiology-based parameter for evaluating the 
severity of neurocognitive disorder and personality changes 
after a TBI.
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TABLE 3 Correlations between CNV and scale scores in patients with neurocognitive disorders after TBI.

Parameter ADL scale FAQ scale SDSS scale Personality change scale

Value of p r-value value of p r-value value of p r-value value of p r-value

Amplitude B (μV)

Fz 0.005a 0.385 0.001a 0.45 0.001a 0.466 0.023a 0.328

Cz <0.001a 0.489 <0.001a 0.557 <0.001a 0.529 <0.001a 0.527

Pz <0.001a 0.48 <0.001a 0.491 0.001a 0.469 <0.001a 0.544

Amplitude C (μV)

Fz 0.002a 0.418 0.001a 0.437 0.002a 0.433 <0.001a 0.499
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Pz 0.004a 0.395 <0.001a 0.491 0.001a 0.442 0.001a 0.475

Duration of PINV (ms)

Fz 0.095 −0.236 0.024a −0.315 0.065 −0.26 0.050 −0.284

Cz 0.042a −0.276 0.052 −0.263 0.047a −0.269 0.004a −0.394

Pz 0.439 −0.111 0.705 −0.054 0.314 −0.144 0.362 −0.135

Time at point A (ms)

Fz 0.001a 0.461 <0.001a 0.477 <0.001a 0.496 <0.001a 0.493

Cz 0.402 0.115 0.079 0.239 0.11 0.218 0.077 0.248

Pz 0.066 −0.26 0.002a −0.418 0.012a −0.348 0.010a −0.367

ADL, activity of daily living; FAQ, functional activities questionnaire; SDSS, social disability screening schedule; TBI, traumatic brain injury. Data were calculated by Pearson’s correlation 
analysis. aStatistically significant differences.
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