l\' frontiers
in Psychiatry

ORIGINAL RESEARCH
published: 21 January 2021
doi: 10.3389/fpsyt.2020.598835

OPEN ACCESS

Edited by:
Yanhui Liao,
Sir Run Run Shaw Hospital, China

Reviewed by:

Kai Yuan,

Xidian University, China

Warren Bernhard Logge,

Sydney Local Health District, Australia
Zezhi Li,

Shanghai JiaoTong University, China

*Correspondence:
Xuhui Zhou
Xuhuizhou2003@163.com

Specialty section:

This article was submitted to
Ad(dictive Disorders,

a section of the journal
Frontiers in Psychiatry

Received: 25 August 2020
Accepted: 15 December 2020
Published: 21 January 2021

Citation:

Cao H, Hou C, Huang S, Zhou X,
Yang J, Xu JB, Cao X, Li Z, Zhang W,
Zhang M, Liu X and Zhou X (2021) The
Evaluation of Cognitive Impairment in
Alcohol-Dependent Patients Through
RBANS Combined With ERPs.

Front. Psychiatry 11:598835.

doi: 10.3389/fpsyt.2020.5698835

Check for
updates

The Evaluation of Cognitive
Impairment in Alcohol-Dependent
Patients Through RBANS Combined
With ERPs

Hui Cao’, Chao Hou', Saiping Huang, Xiafeng Zhou', Jun Yang', Jia Bin Xu?,
Xiaoyun Cao', Zhenguang Li®, Wei Zhang*, Mei Zhang', Xuejun Liu’ and Xuhui Zhou ™

" Department of Psychiatry, The Second People’s Hospital of Hunan Province, The Hospital of Hunan University of Chinese
Medicine, Changsha, China, 2 Department of Psychiatry, Mental Hospital of Jiangxi Province, Nanchang, China, ° Department
of Electrophysiology, The Second People’s Hospital of Hunan Province, The Hospital of Hunan University of Chinese
Medicine, Changsha, China, * Department of Radiology, The Second People’s Hospital of Hunan Province, The Hospital of
Hunan University of Chinese Medicine, Changsha, China

Background: Recently, the cognitive impairment of patients with alcohol dependence
has attracted more and more attention. The combination of Repeatable Battery for the
Assessment of Neuropsychological Status (RBANS) and event-related potentials (ERPS)
for evaluating the degree of cognitive impairment in patients with alcohol dependence
has not undergone enough in-depth investigation.

Method: Sixty patients with alcohol dependence were selected as alcohol-dependence
group, whereas 40 healthy volunteers served as a normal control group. The original
scores of the RBANS sub-items, the incubation period, and volatility of ERPs between
the two groups were compared, and the correlation among the above indicators in the
alcohol-dependence group was further analyzed.

Results: The RBANS test showed that the original scores of speech function, attention
function, delayed memory, and immediate attention in the alcohol-dependence group
were significantly lower than those in the normal control group. Compared with the normal
control group, the latencies of P200 and P300 in the alcohol-dependence group were
significantly prolonged, and the amplitude of P200 and P300 was significantly reduced.
Correlation analysis between RBANS and ERPs in alcohol-dependence group showed
that immediate attention score was positively correlated with P300 and P200 amplitude,
visual breadth score was positively correlated with P200 latency, and attention function
score was negatively correlated with P300 latency.

Conclusion: As RBANS scale was highly correlated with the results of ERPs, the
combined use of these two scales may serve as an objective basis for early diagnosis of
cognitive impairment in patients with alcohol dependence.

Keywords: alcohol dependence patient, repeatable battery neuropsychological status (RBANS), event-related
potentials, cognitive impairment, evaluation
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INTRODUCTION

Alcohol is a neurosuppressant that passes through the blood-
brain barrier with a neurotoxic effect. Long-term alcohol use
disorder (AUD) leads to lower blood flow to the frontal
lobe, hippocampus, decreased oxygen metabolism, and reduced
volume, which eventually leads to neuronal damage. This is
the main cause of behavioral changes and cognitive impairment
in clinically dependent patients (1, 2). Alcohol dependence has
become one of the most serious public health problems. It
was estimated that 50-80% of alcohol-dependent people had
a certain degree of cognitive impairment (3), mainly in terms
of memory, executive ability, visual spatial tasks, attention,
learning ability, etc. (4). The cognitive impairment of alcohol-
dependent people has serious adverse effects on the patient’s
social function and quality of life (5). Early detection of cognitive
impairment in patients and early intervention can effectively
delay the progression of disease in alcohol-dependent people.
Therefore, the early assessment of cognitive impairment in
alcohol-dependent people is an important part in controlling the
harm caused by alcohol.

Currently, neuropsychological scales, including Repeatable
Battery for the Assessment of Neuropsychological Status
(RBANS), the Mini-Mental State Examination, Montreal
Cognitive Assessment, and functional neuroimaging techniques
(6-9), are used for the cognitive function assessment of
alcohol-dependent people. Among them, RBANS, which is
used to assess neuropsychological state, is sensitive to cognitive
state in an equivalent form, taking a short time about 20 to
30 min (10). Originally used as a cognitive screening tool for
people with Alzheimer disease, RBANS has been extended
to a variety of neurological and mental disorders including
AUD samples (11, 12). However, owing to operation of the test
subjects, the educational levels, and compliance of the testee,
the cognitive function of alcohol-dependent patients assessed
by the neuropsychological test scale by far may have certain
subjectivity and bias, so it is unable to accurately and effectively
reflect the cognitive function of the subjects. Therefore, to carry
out a comprehensive quantitative assessment, the use of objective
examination for the cognitive function of alcohol-dependent
people is the premise of early diagnosis.

With the development of cognitive neuroscience, scholars
have applied various objective evaluation tools to reveal
the characteristics of neurocognitive impairment in patients
with alcohol dependence. Event-related potentials (ERPs) are
highly sensitive in identifying neurocognitive impairments even
when no behavioral impairment is detected (13). As a more
objective and sensitive electrophysiological index, it exhibits the
abnormality of brain electrical activity and then reflects the
change of cognitive function. Therefore, ERPs have obvious
advantages and irreplaceability clinically. The classic (narrow)
ERPs are mainly composed of the exogenous components P100,
N100, and P200 and the endogenous components N200 and P300
(14, 15). The main measurement indices in cognitive function
studies are the latent period and amplitude, which represent the
degree of effective resource participation in the brain’s perception
of input information. Among them, P300 is a representative

index to record the cognitive processing process, which provides
an important basis for clinical diagnosis and treatment (16).
Usually induced by the classical oddball paradigm, P300 reflects
complex psychocognitive activities. It is generally accepted that
the decrease in the P300 amplitude is a sign of susceptibility
to AUD (17). The P300 latent period is an evaluation of the
brain’s cognitive processing of information, which reflects brain
efficiency to a certain extent. However, at clinical level, although
ERPs is clearly highly sensitive and predictive, its specificity is
poor (18).

In the past, many scholars discussed the cognitive impairment
of alcohol dependence via neuropsychological tests and ERPs
(19-22), and abnormalities in the ERPs could be a candidate
of specific neuropsychological trait marker for AUD people.
Although several of them have combined neuropsychological
tests with ERP assessment as a comprehensive tool to assess
alcohol-dependent cognitive function and to explore the
correlation between clinical phenomenology and neuroelectrical
physiology, they either did not consider the educational level of
cases or did not recruit enough subjects. Specifically, apart from
making up for the deficiencies in previous studies, this is the first
study using two evaluation tools simultaneously to conduct two-
angle testing of cognitive impairment of alcohol dependence in
Chinese, aiming to link the clinical characteristics of cognitive
impairment with characteristics of neuroelectrical physiology,
thus revealing the neuropsychological and electrophysiological
mechanisms of cognitive impairment of alcohol dependence
and providing evidence-based support for early diagnosis and
treatment of alcohol dependence.

In this study, the cognitive impairments of alcohol-dependent
patients were evaluated by the combined scale of RBANS
and ERPs. We also analyzed the correlation between the two
evaluation indicators, which identified whether the RBANS scale
and ERPs could be verified with each other and provided an
objective basis for early identification and diagnosis of cognitive
impairment of alcohol-dependent people.

METHODS

Subjects

Alcohol-dependent patients in the inpatient department of the
Psychiatry Department of the Second People’s Hospital of Hunan
Province from October 2017 to February 2018 were selected.
Inclusion criteria were as follows: (1) all cases met the diagnostic
criteria for alcohol dependence in the 4th Revision (DSM-IV-TR)
of the Diagnostic and Statistical Manual of Mental Disorders; (2)
those whose education level was junior high school or greater,
aged 18-60 years, Han nationality; (3) those who completed acute
withdrawal treatment for 7 days with no withdrawal symptoms.
Exclusion criteria were as follows: (1) those having past and
current history of brain injury, cerebral mental illness and
other mental disorders; (2) those having substances other than
nicotine dependence prior to entering the group; (3) those having
consciousness disorders and delirium; (4) those who could not
cooperate with the examination because of severe heart, liver, and
kidney dysfunction; (5) pregnant and lactating women; and (6)
those who exited the experiment.
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The normal controls who met the inclusion criteria were the
fixed or temporary employees of the Second People’s Hospital
of Hunan Province. Inclusion criteria were as follows: (1)
those whose education level were junior high school or greater,
aged 18-60 years, Han nationality; (2) all subjects had no
history of alcohol dependence and a history of mental illness.
Exclusion criteria were as follows: (1) those having past and
current history of brain injury, cerebral mental illness, and
other mental disorders; (2) those having substance other than
nicotine dependence prior to entering the group; (3) those
having consciousness disorders and delirium; (4) those who
could not cooperate with the examination because of severe
heart, liver, and kidney dysfunction; (5) pregnant and lactating
women; and (6) those who withdrew from the experiment.
This study informed both groups of subjects consenting to
participate and was approved by the Ethics Committee of
the Second People’s Hospital of Hunan Province. Self-made
general information of these recruited subjects included general
demographic characteristics, average daily alcohol consumption,
alcohol dependence years, alcohol dependence family history,
and the daily amount of smoking.

Written informed consent was obtained from subjects
recruited in both the alcohol-dependence group and the health
control group, and the clinical trial passed the review of the Ethics
Committee of the Second People’s Hospital of Hunan Province.

RBANS Scale

The study used RBANS (Randolph 1998 version) (23) with
a total of 12 entries, which were digital breadth, coding test,
picture naming, word fluency test, graphic reproduction, line
positioning, vocabulary learning, story learning, vocabulary
recall, vocabulary re-recognition, story recall, and graphical
recall. RBANS can evaluate the cognitive level of the normal
population and the degree of impairment of patients’ cognitive
function. The scale is widely used in the study of cognition
abroad. This 30 min test is conducted in a quiet and undisturbed
environment. Two alcohol addiction and Internet addiction
physicians who have experienced the rating scale evaluation
training will evaluate the subjects simultaneously. The correlation
efficient between two physicians assessing the subjects is 0.93.
Among them, a physician is randomly selected to inform the
subjects of the instructions for each item. A clear and uniform
speech of physician is required to ensure that subjects hear
all of the instructions clearly. Two doctors are responsible for
recording the original scores of 12 items simultaneously and
finally take the mean value of the original scores of the 12
items. Twelve mean values were then transformed into five scale
scores consisting of immediate memory, visual breadth, speech
function, attention function, and delayed memory as the RBANS
score for subjects. All subjects completed the test calmly, and
the test will be canceled once abnormal performances, such as
dizziness and vomiting, appear in subjects.

ERPs Assays and Its Determination
Both the studies of alcohol-dependence group and the health
control group were completed in the soundproof environment

of the electrophysiological room. The room temperature was
maintained at around 25°C. First, the experimental process
was explained to the subjects, and the subjects were asked
to take a seat and keep clear-headed and relaxed. Pretests
including all the procedures in the formal experiment mentioned
below were conducted before each formal examination, and the
subjects began the formal experiments after they mastered the
requirements of the experiment. In this study, the MEB9200K
detector of Japanese optoelectronics was selected for the data
recording, which placed the recording electrode on the Cz
point. The reference electrode was double earlobe (A1, A2). The
front of the head was grounded by the center patch electrode.
All the electrode impedance was <5 K. Stimulation was
induced in the oddball paradigm. A pseudorandom sequence of
deviant stimuli (15%) and standard stimuli (85%) was presented
binaurally by a STIM 2 sound generator (Compumedics, El
Paso, TX, USA), and 300 stimuli were presented binaurally
through earphones. Each stimulus had a duration of 100 ms
(10 ms rise and fall times) with uniform intertrial intervals of
1,250 ms. Target stimulation and non-target stimulation were
2,000 Hz, 80 dB of pure sound, and 1,000 Hz, 60 dB of pure
sound, respectively. The probability ratio of target stimulation
and non-target stimulation was 1/5. The subjects were asked
to do the key press reaction responding to the target stimulus.
The subjects with response time of <800 ms were averaged and
analyzed, and those with response times of more than 800 ms
were considered error responses. The analysis index was the
incubation period and amplitude of P300 and P200, and the
incubation period of N100 and N200 at Cz point. Component
peaks were identified as the maximum voltage within the ranges
as follows: N100 (maximum negative voltage from auditory
tone to 150ms), N200 (maximum negative voltage from 150
to 350ms), and P300 (maximum positive voltage from 250
to 600ms). Curry 7 software (Compumedics) was then used
for processing electrophysiological signals offline. Recordings
were down-sampled to 250 Hz, and data were then filtered
using a referenced frequency of 0.3 to 30 Hz. Data were further
segmented into 1,000-ms epochs, which all segments with voltage
> +70 wV were automatically discarded.

Statistical Analysis

All data were analyzed by the SPSS Statistics 23.0 statistical
software and R project (version 3.6.1, https://www.r-project.
org/). The measurement data were represented in X + S.
The independent-sample ¢-test was used to compare RBANS
cognitive function score, ERP amplitude, and incubation period
between the alcohol-dependent group and the normal group.
The correlations between the indicators were analyzed by partial
correlation analysis using R package ggm. The visualization of
significantly correlated indicators was performed by R package
ggplot2 and ggstatsplot. P < 0.05 was considered statistically
significant. After adjusting by Bonferroni correction in the
independent-sample ¢-test, P-values divided by the number of
comparisons were considered statistically significant.
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RESULTS

The General Information of Patients

The alcohol-dependence group had 60 male cases, with an
average age of 42.33 £ 7.57 years. The control group had 40 male
cases, with an average age of 42.03 & 6.61 years. The alcohol-
dependence group had an average age at first drinking of 16.83 £
2.14 years, an average daily drinking of 217.7 £ 32.63 g/d alcohol,
average alcohol dependence years of 11.30 £ 6.94 years, and
an average alcohol dependence questionnaire score of 20.13 £
6.21. Compared with the general data of the alcohol-dependence
group and the normal group, the differences between the age, the
years of education, and the daily smoking volume group are not
statistically significant (P > 0.05), as shown in Table 1.

Comparison of RBANS Original Score
Between the Alcohol Dependence Group
and the Normal Control Group

Bonferroni correction was conducted by the number of
comparisons. P < 0.01 was considered statistically significant.
Compared with the normal control, the original scores of speech
function, attention function, delayed memory, and immediate
attention in the alcohol-dependent group are significantly
reduced (Figure 1A; t = —2.918, t = —3.426, t = —3.822, t =
—12.928; P = 0.004, 0.001, 0.000, 0.000, respectively); Compared
with the normal control, there is no significant difference in the
original score of visual breadth in the alcohol-dependent group (¢
= —1.895, P =0.054), as seen in Table 2.

The Correlation Between the First Drinking
Age, Alcohol Dependence Years, Daily
Alcohol Consumption, and RBANS Scores
in the Alcohol Dependence Group

The correlation between the first-drinking age, the age at alcohol
dependence, and the amount of daily alcohol consumption in the
alcohol-dependence group and the RBANS scores are shown in
Table 3. Notably, items from RBANS scores have no statistically
significant correlation with the three alcohol-related factors.

Comparison of ERPs Between the Alcohol
Dependence Group and the Normal

Control Group

Bonferroni correction was conducted by the number of
comparisons. P < 0.008 was considered statistically significant.
The results show that the incubation period of P300 in the
alcohol-dependence group is significantly longer than that of
the normal control group (Figure 1B; t = —6.986, P = 0.000).
The differences in the incubation periods of N100 and N200 in
the two groups are not statistically significant (f = —0.716, t =
—1.208, P < 0.05), as seen in Table 4. The correlation between the
first-drinking age, the age at alcohol dependence, and the amount
of daily alcohol consumed in the alcohol-dependence group and
the ERPs is shown in Table 5.

Correlation Between RBANS Scores and
ERPs in the Alcohol Dependence Group

The correlations between RABNS scale scores and the
components of ERPs were analyzed in the alcohol-dependence
group by partial correlation analysis that has adjusted for
confounding covariates, including age, education, age at first
drinking, daily drinking, alcohol dependence years, and the
daily amount of smoking, as seen in Tables 6, 7. The results
show that the visual breadth is positively correlated with the
P200 incubation period (Figure2A, r = 0.278, P = 0.043).
The immediate attention in the alcohol-dependence group is
positively correlated with the amplitudes of P300 and P200
(Figures 2B,C; r = 0.282, r = 0.307; P = 0.041, 0.025). The
attentional function is negatively correlated with the P300 latent
period (Figure 2D, r = —0.338, P = 0.013).

DISCUSSION

In this study, we confirmed that the alcohol-dependence
group had significant impairments in immediate attention,
attentional function, delayed memory, and speech function.
Further, an abnormality of P300 in alcohol-dependent people was
observed, which was characterized by an extended incubation
period and a decrease in amplitude. A significantly positive

TABLE 1 | General demographic data and alcohol use in the alcohol-dependence group and the normal control group.

Alcohol-dependence Normal control group F P
group (n = 40)
(n = 60)

Age (year) 42.33 +7.57 42.03 + 6.61 0.044 0.834
Education (year) 9.00 £1.85 9.58 £ 2.11 2.058 0.155
Age at first drinking (year) 16.83 £ 2.14 — — —
Daily drinking converted into pure alcohol (g/d) 217.7 £ 32.68 — — —
Alcohol dependence years (year) 11.30 + 6.94 — — —
Alcohol dependence questionnaire score (#) 20.13 £ 6.21 — — —
The daily amount of smoking (stick/d) 22,28 £10.34 21.03 £9.68 0.355 0.553
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FIGURE 1 | Column plot depicting the differences of alcohol-dependence group and the normal control group. (A) The correlation between the first-drinking age,
alcohol dependence years, daily alcohol consumption, and RBANS scores in the alcohol-dependence group. (B) Comparison of ERPs between the
alcohol-dependence group and the normal control group. Error bars refer to the SEM of each variable.
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TABLE 2 | Comparison of the original score in RBANS (mean + SD).

Alcohol-dependence Normal control group t p
group
Visual breadth 16.37 + 5.00 18.20 + 4.31 —1.895 0.054
Speech function 28.65 + 5.70* 32.00 + 5.51 —-2.918 0.004
Attentional function 68.12 + 11.02* 75.85 £ 11.12 —3.426 0.001
Delayed memory 56.47 + 14.69* 67.23 + 12.30 -3.822 0.000
Immediate attention 33.53 + 7.41* 49.43 + 4.89 —12.928 0.000

‘0 < 0.01.

TABLE 3 | Analysis of the correlation between the first-drinking age, year of
alcohol dependence, daily alcohol consumption, and RBANS scores in the
alcohol-dependence group.

TABLE 5 | Analysis of the correlation between the first-drinking age, year of
alcohol dependence, daily alcohol consumption, and ERPs in the
alcohol-dependence group.

First- Year of Daily alcohol First- Year of Daily alcohol
drinking alcohol consumption drinking alcohol consumption
age dependence age dependence
Visual breadth —0.031 0.054 0.020 N100 latent period (ms) 0.197 0.204 —0.181
Speech function 0.079 —0.108 0.004 N200 latent period (ms) —0.051 —0.033 —0.004
Attentional function -0.019 0.189 0.119 P200 latent period (ms) —0.159 —0.049 —0.050
Delayed memory —0.145 —0.154 —0.056 P200 amplitude (V) —0.092 —0.051 0.066
Immediate attention 0.009 0.069 0.224 P300 latent period (ms) —0.108 —0.036 —0.075
D <005, P300 amplitude (V) —-0.113 —-0.117 0.031
*p < 0.05.
TABLE 4 | Comparison of event-related potentials between the
alcohol-dependence group and normal control groups (mean =+ SD).
Alcohol- Normal control t p impairments. Our study provided further evidence that alcohol-
dependence groups dependent people had significant impairments in immediate
group attention, attention function, delayed memory, and speech
N100 latent period (ms)  92.62 & 11.98  90.854 1226 0716 0476 function, indicating that the severity of cognitive impairment
N200 latent period (ms)  212.12£ 2620  205.73+2534 1208 0230 in alcohol dependents may be involved in language, attention
P200 latent period (ms)  172.30 4+ 24.64°  150.034 2573 2503 oofo  function,and Ot_her cognitive fields. . . .
P200 ampiitude (V) 547 4401 8684418  _8.853 0.000 Further, previous sFudles supported that the incubation period
PG00 latent period (ms) 895,43 £ 42.25°  B47.68+ 2606  6.985 0.000 of P3.00 of patients with alcohol dependence was exte.nded, and
P300 amplitude (V) .47 1471 19974418 5012 0.000 amplitude of P300 was reduced, compared to healthier people,

"0 < 0.008.

correlation was finally obtained between items in ERPs and
RBANS scale, indicating the interconnection between these two
assessment tools.

Previous studies have already shown that alcohol impaired
an individual’s attention function, creating a “short-sighted”
effect, as a result of drinkers being able to pay only limited
attention to some of the clues (9). In addition, under the
influence of impaired attention ability, the activating and
monitoring balance system of drinkers was disrupted, which
further affected their cognitive and behavioral abilities (7,
24). Moreover, some scholars found that alcohol-dependent
people could not completely reverse their impaired cognitive
function even after temperance (25, 26). These studies supported
that alcohol dependents may have multidisciplinary cognitive

indicating that their information-processing capacities were
worse, and their cognitive functions were decreased compared
with that of healthy subjects (27, 28), which was consistent
with our findings. These findings suggest that auditory P300
could serve as a trait marker for alcohol dependents. Moreover,
Park et al. showed that the P300 amplitude in the parietal area
and the central region of the alcohol-dependence group was
lower than that of the normal group (29). Restricted to the
experimental design in this study, future research is expected to
locate the different regions of subjects to improve the reliability
and comprehensiveness of results.

The study also found no significant difference in the
incubation period of N200 in the alcohol-dependent group
compared to the normal group, which was consistent with
Crego’s report (30). However, there was an opposite view that the
incubation period of N200 was prolonged in alcohol dependents.
Maurage et al. compared ERPs in binge drinkers and normal
subjects, showing no significant difference in baseline values
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TABLE 6 | Correlation analysis between RBANS scores and ERPs in alcohol-dependence group (1).

P300 P300 P200 P200 N100 N200
latent amplitude latent amplitude latent latent
period period period period

Immediate attention —0.204 0.282* —-0.175 0.307* —-0.107 —0.151
Visual breadth —0.006 —0.079 0.278* —-0.144 —0.248 0.248

Speech function 0.130 —-0.139 0.046 —-0.113 —0.004 0.110

Attentional function —0.338* 0.077 —0.098 0.135 0.206 —0.103
Delayed memory —0.001 0.004 0.217 0.002 —0.226 0.175

*n < 0.05.

TABLE 7 | Correlation analysis between RBANS scores and ERPs in alcohol-dependence group (o).

P300 P300 P200 P200 N100 N200
latent amplitude latent amplitude latent latent
period period period period

Immediate attention 0.143 0.041* 0.211 0.025* 0.444 0.280
Visual breadth 0.966 0.576 0.043* 0.304 0.073 0.073
Speech function 0.355 0.321 0.741 0.420 0.978 0.430
Attentional function 0.585 0.013* 0.337 0.484 0.464 0.139
Delayed memory 0.978 0.994 0.990 0.119 0.210 0.103

0 < 0.05.

for the latency periods of N200, P300, and P100 in binge
drinkers, but a significant increase in the incubation period
when measured again 9 months later. It was believed that the
latency changes caused by severe AUD in a short period of time
were similar to alcohol dependence, reflecting a pathological
slowdown in information processing (31). In other words, the
body intake of a large amount of alcohol in a short period of time
may induce obvious brain dysfunction.

Although many previous studies on the cognitive function of
alcohol dependence have similar and robust conclusions about
P300 and N200, there were few reports on N100 and P200 in
alcohol dependence. Considered an exogenous component, N100
occurs without effortful task demands. N100 is positioned in
the primary auditory cortex and modulated by attention, as a
reliable index to evaluate the subjects’ selective attention and
working memory (32). P200 may be produced in the primary
and secondary auditory cortex, mainly reflecting the early stages
of perceptual processing (33). Our results showed that there
was no significant difference between the incubation period of
N100 component between the alcohol-dependence group and the
normal group, but a significant difference between the incubation
period and the amplitude of P200. These results suggested that
the P200-related sensory cortex of alcohol-dependent people
may be impaired, leading to impaired perception and attention
function in patients.

Our study, first, combined the RBANS scale with ERPs to
evaluate cognitive impairment in alcohol-dependent Chinese.
The correlation analysis showed that the incubation period of
P300 in alcohol-dependent group was negatively correlated with
attention function, and amplitudes of P300 and P200 were

positively correlated with immediate attention score. Previous
study has reported a decrease in visual N100 amplitudes in
individuals with AUD (34). Consistently, our finding indicated
that the incubation period of N100 was positively correlated
with visual breadth. These results showed that with the
increased amplitude of P300 and P200, the immediate attention
function of alcohol dependents was aggravated. With the
extended incubation period of P300 and P200, attention function
and visual breadth were gradually alleviated and aggravated,
respectively. Notably, Kim and Lee (35) observed that in
25 alcohol-dependent patients the incubation period of P300
was prolonged and the cognitive ability screening test score
decreased, in line with our results (35). This suggested that the
latency period of P200, P300, and amplitude of P300 had good
consistency in regard to the scale scoring results, verifying each
other on cognitive function tests.

Although our study was not yet certain whether ERPs
were directly involved in the cognitive process, based on
the correlation between ERPs and RBANS scores, ERPs with
multicomponent had its unique advantages in comprehensively
understanding the electrophysiological characteristics in
cognitive impairment among alcohol-dependent people,
providing a relatively objective criteria for the diagnosis of
cognitive impairment in alcohol dependents. However, there
are also several limitations to this study. One major limitation
is that the study included only male participants, which limits
the generalizability of the results. Another limitation is that this
study is a cross-sectional study without longitudinal observation
of alcohol dependents. Moreover, the alcohol-dependence group
and normal control group are not strictly intelligence quotient
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FIGURE 2 | Scattering plot depicting the correlation between items in RBANS and items in ERPs with statistical significance. (A) Correlation between visual breadth
and P200 latent period. (B) Correlation between immediate attention and P300 amplitude period. (C) Correlation between immediate attention and P200 amplitude
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(IQ) linked, and education year is insufficient to represent the
IQ level of subjects that could potentially influence the accuracy
of results. Recently, imaging is of great significance to the
prevention, diagnosis, and treatment of cognitive impairment in
alcohol dependents. But there are no imaging data used for the
assessment of cognitive function in this study, and it needs to be
further strengthened.

In summary, alcohol dependents have different degrees of
cognitive impairment, which was characterized by immediate
memory, attention function, delayed memory, and speech
function. Using ERPs, alcohol-dependent cognitive impairment
was characterized by an extended incubation period of P200,
P300, and a decrease in amplitude. This study verified that ERPs
and RBANS scales had good consistency in the evaluation of
cognitive impairment, such that ERPs may be used as an objective
and reliable neuroelectrophysiological index to assess cognitive
impairment in alcohol-dependent people. Combined scale of
RBANS and ERPs provided an objective basis for early diagnosis
of alcohol dependence cognitive impairment.
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