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Objective: The study aimed to explore the changes in the electrical power 
spectrum of the brain and its correlation with neutrophil/lymphocyte ratio (NLR) 
in patients with cognitively impaired cerebral small vessel disease (CSVD) and to 
explore its clinical application.

Methods: A total of 61 patients with CSVD who attended the People’s Hospital 
of Shaanxi Province from September 2021 to September 2022 were divided into 
the group with cognitive impairment (cerebral small vascular with cognitive 
impairment, CSVCI group, n =  29) and the group without cognitive impairment 
(CSVD group, n =  32) based on the Montreal Cognitive Assessment Scale (MoCA) 
score, while 20 healthy subjects were recruited as the control group (healthy 
control, HC group). EEG was performed in the three groups, and the difference 
in whole brain quantitative EEG power spectral density (PSD) was calculated and 
compared between the three groups.

Results: The PSD values in the δ and θ bands of the CSVCI group were higher than 
those of the CSVD group, while the PSD values in the α band were lower than 
those of the CSVD and HC groups. In addition, PSD values in the δ-band in the 
CSVD group were lower than those in the HC group (all p <  0.05). Multifactorial 
logistic regression showed that reduced α-band global average PSD and low 
years of education were independent risk factors for cognitive impairment in 
patients with CSVD (p  <  0.05). In patients with cerebral small-vessel disease, 
α-band PSD was positively and δ-band PSD negatively correlated with MoCA 
score, and paraventricular, deep white matter, and total Fazekas scores were 
negatively correlated with MoCA score. Furthermore, θ-band PSD is positively 
correlated with NLR (all p <  0.05).

Conclusion: EEG activity was slowed down in patients with CSVD with cognitive 
impairment. The α-band global mean PSD values independently affected the 
occurrence of cognitive impairment in CSVD patients beyond the Fazekas score. 
NLR may be one of the mechanisms leading to the slowing down of the EEG, 
which can be used as an objective indicator for the early prediction of cognitive 
impairment but still needs to be clarified by further studies.
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1 Introduction

Cerebral small-vessel disease (CSVD) is a general term for a series 
of clinicopathological syndromes that involve small blood vessels and 
capillary microcirculation in the brain, resulting in damage to the 
white matter and deep gray matter (1). CSVD has a wide range of 
etiologies and complex clinical manifestations, which may include 
focal neurological dysfunction, mood changes, subcortical 
dysfunction, and neurological dysfunction (2). In recent years, due to 
the impact of CSVD on cognitive function, neuropsychological 
assessment and biological and imaging markers have gradually 
become a hot research topic (3). However, more and more proofs have 
shown that structural imaging parameters lack sensitivity in early 
diagnosis of the disease, or structural phenotypes of the same disease 
entity are less consistent (4–6). Neuropsychological tests have a strong 
subjectivity and are affected by the patient’s mental state, education 
level, etc., and the diagnostic accuracy is not high enough. Biological 
tests such as blood and cerebrospinal fluid are invasive and 
lack specificity.

In contrast, electroencephalography (EEG), as a non-invasive 
method, is cheap, easily accessible, real time, and can be used to 
detect changes in cortical excitability, connectivity, and functional 
synchronization of EEG activity in patients with cognitive 
dysfunction, with good sensitivity and specificity for different 
types of cognitive dysfunction (7). In recent years, several research 
groups have used different analytical methods to find the 
relationship between EEG signals and Alzheimer’s disease (AD)/
mild cognitive impairment (MCI), and the results have shown that 
the effects of AD/MCI on the EEG can be  classified into the 
following categories (8): EEG activity slowdown, EEG complexity 
reduction, EEG synchronization perturbation, and gamma activity 
increase. Quantitative electroencephalography (QEEG) is a 
modern type of EEG analysis technique, and power spectral 
density (PSD) is the core part of QEEG, and PSD shows the 
strength of EEG signals and the frequency characteristics of EEG 
signals. However, the correlation between PSD and cognitive 
impairment in CSVD patients has not yet been reported in 
the literature.

In recent years, the study of inflammatory factors in CSVD has 
been gradually emphasized, especially the blood neutrophil-to-
lymphocyte ratio has been found to be possibly an important risk 
factor for CSVD within the last 3 years (9–11) and may be associated 
with the occurrence of cognitive impairment in CSVD (12). However, 
whether there is a correlation between CSVD and EEG indicators 
remains unclear. In this study, we  investigated the relationship 
between cognitive impairment and PSD and NLR in CSVD patients 
by EEG power spectrometry analysis in order to find early predictive 
biomarkers for the development of cognitive impairment in CSVD 
patients and to provide assistance in the clinical management of 
CSVD patients.

2 Materials and methods

2.1 Subjects

Thirty-two cases of CSVD patients, 21 male and 11 female 
subjects, with an average age of 63.91 ± 1.41 years, and 29 cases of 
CSVCI patients, 20 male and 9 female subjects, with an average age of 
66.55 ± 1.37 years, who were hospitalized in Shaanxi Provincial 
People’s Hospital from September 2021 to September 2022, were 
enrolled in this study. On average, 20 cases of the same period of 
health checkups were collected as the control group, 8 male and 12 
female subjects, with an average age of 61.30 ± 1.08 years. The inclusion 
criteria were as follows: 1. Age of 50–80 years old; 2. Examination in 
accordance with the diagnostic criteria of China’s 2021 edition of the 
Chinese Consensus on the Diagnosis and Treatment of Cerebral Small 
Vessel Disease (13); 3. Complete clinical data of patients or family 
members who are willing to join this study. The exclusion criteria were 
as follows: 1. Large cerebral infarction, cerebral hemorrhage, and other 
macrovascular lesions; 2. Encephalitis, normal pressure 
hydrocephalus, Alzheimer’s, Parkinson’s and other neurological 
diseases that cause cognitive dysfunction; 3. Other systemic diseases 
that cause cognitive changes, such as diabetes mellitus, obesity, and 
metabolic disorders; 4. People with color blindness and color 
weakness; 5. People with severe hearing, reading, and writing 
disorders; 6. Subjects with contraindications to MRI such as metal 
implants and claustrophobia. All subjects will be informed and sign a 
written informed consent form.

2.2 Clinical data acquisition

Basic data were collected from all patients, including age, sex, 
education, history of smoking, history of alcoholic consumption, 
history of hypertension, history of diabetes, MoCA scores, and scores 
of each cognitive domain during hospitalization. Hematological 
indices including total cholesterol (TC), triglyceride (TG), low-density 
lipoprotein-cholesterol (LDL-C), homocysteine (HCY), uric acid 
(UA) levels and blood neutrophil count (NE), lymphocyte count 
(Lym), and neutrophil/lymphocyte ratio (NLR) were collected for 
all subjects.

Cranial MRI data were acquired from a 3.0 T GE/Philips MRI 
scan. Periventricular white matter hyperintensity (PVH), deep white 
matter hyperintensity (DWMH), and total Fazekas scores were 
assessed by visual inspection.

Scalp EEG data were collected using a digital EEG detector 
(SOLAR2848B) from Beijing Sun Company, which utilized disk 
electrodes. Nineteen scalp disk electrodes (FP1, FP2, F3, Fz, F4, C3, 
Cz, C4, P3, Pz, P4, O1, O2, F7, F8, T3, T4, T5, and T6), grounding 
electrodes (Fpz), and bilaterally ear electrodes (A1, A2) were placed 
according to the international 10–20 standard system. The sampling 
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frequency was set at 1000 Hz, and the impedance between the scalp 
and the electrodes was lower than 5 kΩ. The test was performed in a 
quiet, awake state. Subjects were required to cooperate with the 
instructions to complete the eyes open and closed test. After the EEG 
data acquisition was completed, the data were first pre-processed: 
using the eeglab toolbox in Matlab2021a software, including filtering 
(high-pass 0.5 Hz, low-pass 128 Hz, trapping 50 Hz and 100 Hz), 
removing the bad channels, ICA removing artifacts 
(ophthalmoelectricity, myoelectricity, electrocardiography, etc.), 
interpolating the bad channels, and averaging the reference for the 
whole brain. For the pre-processed EEG data, the pwelch function in 
Matlab2021a software was used to find the PSD of each EEG channel. 
In total, eight segments of data (10 s each) were selected for each 
channel under each event based on the principle of equal step length, 
and after calculating the PSD of each 10 s segment, the PSD of the 
eight segments was averaged, and the averaged PSD data were further 
divided into four frequency bands, including α-frequency band 
(8–14 Hz), β-frequency band (14–25 Hz), θ-frequency band (4–8 Hz), 
and δ-frequency band (0.5–4 Hz), and the PSDs of each frequency 
band were averaged as the feature data of quantized EEG.

2.3 Statistical analysis

Clinical data were analyzed using SPSS 25.0 software, and the 
measurement data were expressed as average ± standard deviation 
(−X ± S); the F test was used for comparison between groups, and the 
LSD method was used for two-by-two comparison. Categorical 
variable data, expressed as frequencies and percentages, were 
compared between groups using the chi-square test and two-by-two 
comparisons using the U-test. EEG data were pre-processed in 
Matlab2021a software using the eeglab toolbox for EEG signals. The 
pwelch function was used in Matlab2021a software to find the power 
spectral density (PSD) of each EEG channel. EEG data were analyzed 
in Matlab2021a software using the self-contained ttest2 function 
(two-by-two comparisons of the feature data of the quantified EEGs 
were performed using the independent samples t-test). Pearson’s 
correlation was used to analyze the correlation between the global 
average PSD and MoCA scores under four frequency bands in the 
three groups of patients. Multivariate binary logistic regression 
analysis was used to identify risk factors for the development of 
cognitive impairment in patients with CSVD. Differences were 
considered statistically significant at a p-value of <0.05.

3 Results

3.1 Clinical characteristics

There were differences between the three groups in terms of age, 
years of education, and history of hypertension. Furthermore, 
two-by-two comparisons between groups revealed that age was higher 
in the CSVCI group than in the HC group (p = 0.013), years of 
education were lower in both the CSVCI group than in both the 
CSVD and HC groups (p < 0.001), and both the CSVCI and CSVD 
groups were higher than the HC group in terms of percentage of 
hypertensive disease (p < 0.001). The rest of the general information 
did not differ between the three groups.

Hematologic indicators did not show significant differences 
among the three groups.

The results of the comparison of imaging indexes showed that the 
DWMH and the total Fazekas scores were higher in the CSVCI group 
than in the CSVD group and the HC group, and they were also higher 
in the CSVD group than in the HC group (all p < 0.001). In addition, 
the PVH Fazekas score was higher in the CSVCI group and the CSVD 
group than in the HC group (both p < 0.001, Table 1).

3.2 Comparison of PSD in the three groups

There were differences in global PSD values in the α, δ, and θ 
frequency bands, but not in the β frequency band, between the three 
groups. Comparing the two groups, the PSD values in the δ-band in 
the CSVCI group were higher than those in the CSVD group in FP1, 
FP2, F3, Fz, C3, Cz, P3, Pz, P4, O1, O2, T5, and T6 channels. The PSD 
values in the θ-band in the CSVCI group were higher than those in 
the CSVD group in the O1 and O2 channels. The PSD values in the 
α-band in the CSVCI group were lower than those in the CSVD group 
in almost all brain regions except the T4 channel and were lower than 
those in the HC group in FP1, FP2, F3, Fz, F8, C3, C4, Pz, P4, and O1 
channels. The PSD values of the δ-band in the CSVD group were 
lower than those in the HC group in T4 and Pz channels (all p < 0.05, 
Figures 1, 2).

3.3 Multivariate logistic regression analysis

Patients with CSVD with or without cognitive impairment were 
used as the dependent variable, and indicators that differed between 
groups in the t-test and α- and δ-frequency bands of global average 
PSD were included as independent variables, and the results suggested 
that years of education and the PSD value in α-band were negatively 
associated with the occurrence of cognitive impairment in CSVD 
patients (all p < 0.05, Table 2).

3.4 Correlation analysis

Pearson’s correlation analysis of α- and δ-band global average PSD 
values, Fazekas scores, and MoCA scores in patients with CSVD and 
healthy controls, respectively, revealed that in patients with CSVD, the 
α-band PSD values were positively correlated with the MoCA score 
(p = 0.004, R = 0.363), whereas the δ-band PSD values were negatively 
correlated with the MoCA score (p < 0.001, R = −0.505). In addition, 
the PVH Fazekas score (p = 0.009, R = −0.331), the DWMH Fazekas 
score (p = 0.026, R = −0.286), and the total Fazekas score (p = 0.012, 
R = −0.319) were negatively correlated with MoCA score. While NLR 
was significantly and positively correlated with θ-band whole-brain 
mean PSD (p < 0.001, R = 0.475) (Figures 3, 4).

4 Discussion

The aim of this study was to investigate the PSD changes in 
CSVD patients who developed cognitive dysfunction and its 
relationship with NLR. The results of the study showed that the PSD 
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values of CSVCI patients were mainly characterized by an increase 
in δ-activity and a decrease in α-activity in almost all brain regions, 
suggesting a slowing down of electroencephalographic activity in 
patients with small-vessel disease accompanied by cognitive 

dysfunction. The results of multivariate logistic regression indicated 
that decreased global average PSD values in the α-band were a risk 
factor for the development of cognitive impairment in patients with 
cerebral small-vessel disease independently of the severity of 

FIGURE 1

Topography of whole brain power in different frequency bands in three groups of patients. It can be visualized that the theta-band power spectrum of 
the CSVCI group increased, while the alpha-band power spectrum decreased compared with the other two groups.

TABLE 1 Comparison of baseline information among the three groups.

HC group 
(n  =  20)

CSVD group 
(n  =  32)

CSVCI group 
(n  =  29)

F/χ2 p

Age (years) 61.30 ± 1.08 63.91 ± 1.41 66.55 ± 1.37a 3.28 0.043

Male (n, %) 8 (40.00) 21 (65.00) 20 (69.00) 4.74 0.094

Educational years (years) 11.25 ± 0.79 11.03 ± 0.57 7.66 ± 1.37ab 8.87 <0.001

History of alcoholic consumption (n, %) 4 (20.00) 9 (28.10) 8 (27.60) 0.49 0.784

History of smoke (n, %) 4 (20.00) 11 (34.40) 11 (37.90) 1.87 0.392

History of hypertension (n, %) 3 (15.00)b 27 (84.40)a 25 (86.20)a 36.49 <0.001

History of diabetes (n, %) 2 (10.00) 6 (18.80) 7 (24.10) 3.54 0.473

TC (mmol/L) 4.41 ± 0.28 3.89 ± 0.16 3.77 ± 0.16 2.77 0.069

TG (mmol/L) 1.71 ± 1.45 1.46 ± 0.79 1.36 ± 0.79 0.80 0.452

LDL-C (mmol/L) 2.46 ± 0.19 2.15 ± 0.11 2.01 ± 0.12 2.66 0.076

HCY (umol/L) 13.01 ± 5.15 17.73 ± 12.83 17.67 ± 8.72 1.67 0.195

UA (umol/L) 307.85 ± 122.11 323.40 ± 99.48 298.47 ± 73.44 0.51 0.604

Fazekas (PVH) 0.35 ± 0.49b 1.34 ± 0.75a 1.86 ± 1.03ab 20.75 <0.001

Fazekas (DWMH) 0.50 ± 0.61 1.53 ± 0.57a 1.86 ± 1.06a 18.48 <0.001

Fazekas (total) 0.85 ± 1.04b 2.88 ± 1.24a 3.72 ± 2.05ab 20.95 <0.001

NE (*10^9/L) 1.70 ± 0.45 1.79 ± 0.58 1.59 ± 0.50 0.62 0.542

Lym (*10^9/L) 3.16 ± 1.36 3.61 ± 1.44 3.47 ± 1.50 1.18 0.312

NLR 1.98 ± 0.94 2.11 ± 0.65 2.42 ± 1.37 1.28 0.284

TC, total cholesterol; TG, triglyceride; LDL-C, low-density lipoprotein-cholesterol; HCY, homocysteine; UA, uric acid; PVH, periventricular white matter hyperintensity; DWMH, deep white 
matter hyperintensity; NE, neutrophil; Lym, lymphocyte; NLR, neutrophil/lymphocyte ratio. 
aA statistically significant between-group comparison with the HC group.
bA statistically significant between-group comparison with the CSVD group.
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FIGURE 2

p-value and T-value statistical graphs for one-by-one comparisons of PSD between the three groups. For p-value statistical graphs, for PSD under 
different frequency bands, channels with significant differences between two groups are marked with black dots, while different colors are used to 
represent the degree of significant differences, with the redder color representing the more significant difference. For T-value statistical graph, for PSD 
under different frequency bands, the channels with significant differences between the two groups are marked with white dots, the blue color in the 
graph represents that the T-value is negative, which means that the front group is smaller than the back group, and the darker the blue color, it means 
that the difference is more significant, the red color in the graph represents that the T-value is positive, which means that the front group is larger than 
the back group, and the darker the red color, it means that the difference is more significant.
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cerebral white matter hyperintensities. Correlation analysis showed 
that MoCA scores in CSVD patients were positively correlated with 
PSD in the α-band and negatively correlated with PSD in the 
δ-band and also positively correlated with the severity of cerebral 
white matter hyperintensities, whereas there was no such 
correlation in healthy controls, suggesting that the PSD values in 
the relevant bands may be a potentially objective indicator to assist 
clinical diagnosis and treatment. In addition, correlation analysis 
also revealed a positive correlation between whole-brain mean 
theta-band PSD and NLR in patients with cerebral small-vessel 
disease, suggesting that NLR may lead to slowing down of EEG 
activity and cause or exacerbate cognitive deficits through 
inflammatory mechanisms.

An increase in the slow frequency bands (δ and θ) and decrease 
in the amplitude and power of the fast frequency bands (α and β) 
have also been found in many previous studies on AD patients and 
patients with mild cognitive impairment (14, 15). The results of the 
present study are consistent with this. The mechanism by which 
CSVD leads to cognitive dysfunction has not yet been fully elucidated, 
and it is hypothesized that it may be a combination of various risk 
factors and genetic factors that lead to brain dysfunction. Srinivasan 
et al. (16) concluded that EEG can reflect the physiological changes 
and functional alterations of the cerebral cortex and can directly 
reflect the cerebral cortex function. Physiologically, EEG cortical 
activity depends on a complex balance between different 
neurotransmitter systems, mainly cholinergic pathways. Alpha 

FIGURE 3

Correlation matrix of differential indices. MoCA was seen to be positively correlated with global α band PSD, while negatively correlated with global δ 
band PSD, PVH Fazekas, DWMH Fazekas, and total Fazekas score. In addition, NLR was positively correlated with global θ band PSD. *p  <  0.05.

TABLE 2 Multivariate binary logistic regression analysis of factors affecting cognitive impairment in CSVD patients.

β SE p OR 95% CI

Age 0.040 0.051 0.434 1.041 0.941–1.151

Sex −1.631 0.989 0.099 0.196 0.028–1.360

History of hypertension −1.865 1.198 0.121 0.156 0.015–1.637

Educational years −0.382 0.130 0.003* 0.683 0.529–0.880

α-band PSD −66.427 29.287 0.023* 1.353 × 10−29 1.622 × 10−54–1.130 × 10−5

δ-band PSD 20.248 28.831 0.428 16.219*108 1.790 × 10−16–2.160 × 1033

Fazekas (PVH) 1.205 0.905 0.183 3.336 0.567–19.649

Fazekas (DWMH) −0.457 0.921 0.619 0.633 0.104–3.845

NLR 0.184 0.361 0.611 1.201 0.592–2.438

*p < 0.05. PVH, periventricular white matter hyperintensity; DWMH, deep white matter hyperintensity; NLR: neutrophil/lymphocyte ratio.
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rhythms are mainly regulated by thalamocortical interactions that 
facilitate or inhibit the transmission of sensory-motor and cognitive 
information between the subcortical and cortical pathways (17). 
Therefore, researchers have hypothesized that the reduced amplitude 
of cortical rhythms in patients with CSVCI may be related to the 
impairment of the cholinergic pathway, which results in the abnormal 
increase in cortical excitation or disinhibition in the resting state. In 
addition, Musaeus et  al. found a positive correlation between 
temporal area δ-band power and total cerebrospinal fluid tau protein 

in patients with AD, suggesting that the increase in slow waves may 
be  associated with abnormal deposition of tau protein (15). The 
increased δ-band PSD in CSVCI patients found in this study may 
then suggest that cognitive impairment occurs in CSVD patients due 
to abnormal deposition of tau protein for some reason. This 
hypothesis is supported by the study of Kim et al. who found that 
both CSVD scores and β-amyloid were independently associated 
with tau protein in patients with subcortical vascular cognitive 
impairment (18).

FIGURE 4

Correlation scatterplot for indicators with positive correlation.
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In order to clarify the independent effect of the EEG indicators on 
cognitive impairment in CSVD patients, imaging indicators were 
co-incorporated into the analysis in this study. The findings showed 
that Fazekas scores were higher in the CSVCI group and that Fazekas 
scores were negatively correlated with MoCA scores in patients with 
CSVD, suggesting that the severity of CSVD itself affects patients’ 
cognitive function. This has also been reported in a previous study 
(19). However, it is worth noting that although the F-test results 
showed that the Fazekas scores differed among the three groups, the 
results of multivariate logistic regression analyses that included them 
with EEG and general clinical indicators as independent variables 
showed that only the α-band global average PSD was negatively 
correlated with the occurrence of cognitive deficits, whereas there was 
no significant correlation with the Fazekas scores, which suggests that 
the α-band average PSD has a negative influence on the occurrence of 
cognitive deficits in CSVD patients. This suggests that the effect of 
α-band global average PSD on the development of cognitive deficits 
in CSVD patients is independent of white matter damage, i.e., brain 
function changes may aggravate cognitive deficits in CSVD patients 
independently from white matter structural damage, which means 
that the EEG power spectrum may be mediated by factors other than 
anatomical damage that are independent of those visible on imaging 
to cause cognitive dysfunction. However, it must be recognized that 
this point still needs to be clarified by further studies. The mechanism 
may be  related to the abnormal deposition of tau protein 
described above.

Rodriguez et  al. reported that MMSE scores were negatively 
correlated with relative power at 2.0–6.0 Hz and positively correlated 
with bilateral hemispheric relative power at 6.5–12.0 Hz (20). This is 
generally consistent with the results of the present study, suggesting 
that increased PSD in the δ-band and decreased PSD in the α-band 
may be a clinical marker of early neurological decline. In addition, a 
study applying transcranial magnetic stimulation (TMS) to intervene 
in AD patients showed that there was a mild increase in α-frequency 
band power in the whole brain of AD patients after 6 months of 
intervention and that α-band power was positively correlated with 
MMSE scores after intervention (21), suggesting that neuromodulation 
therapy may be used as a new therapeutic tool for AD and that α-band 
power may serve as an objective predictor of efficacy. Similarly, the 
present study found that the correlation between α- and β-band PSD 
values and MoCA scores in patients with CSVD also suggests that they 
may be used as an objective indicator to evaluate the cognitive severity 
of patients with CSVD and to predict the efficacy of neuromodulation 
interventions. In particular, the global average PSD values in the 
α-band may serve as an objective indicator for early prediction of 
cognitive impairment in CSVD patients. However, this still needs to 
be  validated by further large-sample, randomized controlled 
intervention studies.

It is important to note that the main result of the present study is the 
difference between the CSVCI group and the other two groups, which 
suggests that the slowing down of the EEG activity in the resting state 
mainly represents the onset of cognitive impairment but not CSVD 
itself. In a study applying EEG power spectroscopy to assess AD, high-
risk ApoE gene carriers without dementia and healthy controls (22), it 
was found that for EEG in the resting, closed-eye state, there were 
differences mainly in AD patients, whereas for EEG in the 
hyperventilation state, there were differences mainly in high-risk ApoE 
gene carriers without dementia (or pre-AD), suggesting that EEG 

spectrum power in different states may represent different periods of 
cognitive impairment. In contrast, the EEG analyzed in the present 
study were resting, closed-eye state EEG and thus may be  a more 
accurate characterization of cognitive impairment. Despite the small 
number of results, the present study also found differences in the PSD 
between the CSVD and HC groups, but it is worth noting that the CSVD 
group had lower EEG slow-wave activity than the HC group, which may 
represent compensatory brain activity in the pre-cognitive phase.

Several previous studies have confirmed that NLR is an important 
risk factor for CSVD (9–11) and may be involved in the mechanism 
by which it develops cognitive impairment (12). In recent years, some 
studies have also reported that elevated NLR in the acute phase may 
be a predictor of cognitive dysfunction after stroke (23, 24). Although 
the present study did not directly find a relationship between NLR and 
cognitive impairment in CSVD, the results of correlation analysis 
showed that NLR was significantly correlated with theta-band PSD in 
CSVD patients, which laterally suggests that NLR may lead to 
electroencephalogram slowing in CSVD patients through 
inflammatory mechanisms and further lead to or aggravate cognitive 
impairment. This suggests that early detection of NLR and timely anti-
inflammatory intervention in CSVD patients may improve their 
cognitive prognosis, but further studies are needed to clarify this.

In summary, the results of the present study suggest that the 
slowing of EEG activity in CSVD may be  an early marker for the 
development of cognitive deficits, and its mechanism may be related to 
tau protein deposition and that PSD values in the α- and δ-bands in 
patients with CSVD may be used as an objective indicator for assessing 
clinical severity and predicting the efficacy of interventional treatments, 
and in particular, the global average PSD value in the α-band may 
be used as an early predictor of the development of cognitive deficits in 
patients with CSVD independently of from white matter 
hyperintensities. However, the results of this study must be interpreted 
with the following limitations in mind: first, this study is a single-center, 
small-sample, cross-sectional pilot study, and the generalizability of the 
results needs to be further confirmed by a large-sample, multicenter, 
prospective observational study. Second, the EEG analysis method 
applied in this study is a basic power spectrum analysis, which can only 
reflect the average intensity of brain function activity during a certain 
period of time locally and cannot accurately reflect the functional 
connection between different brain regions and the dynamic changes 
of brain function at different times. Further studies can apply wavelet 
conversion, non-linear EEG analysis methods, complexity entropy, and 
other methods to comprehensively characterize the changes in brain 
function. Finally, the incomplete imaging data led to the study not take 
the total burden of CSVD as a covariate for corrective analysis, and the 
results of the study may be affected by the different degrees of severity 
of other lesions in CSVD except for the white matter hyperintensity, 
and further studies can combine the multimodal neuroimaging 
methods to explore its brain function changes in more depth, to 
improve the sensitivity and specificity of the diagnosis of CSVCI, and 
to provide assistance for the early detection and treatment of CSVCI.

Data availability statement

The original contributions presented in the study are included in 
the article/supplementary material, further inquiries can be directed 
to the corresponding author.

https://doi.org/10.3389/fneur.2023.1300240
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Guo et al. 10.3389/fneur.2023.1300240

Frontiers in Neurology 09 frontiersin.org

Ethics statement

The studies involving humans were approved by Shaanxi Province 
People’s Hospital Ethics Committee. The studies were conducted in 
accordance with the local legislation and institutional requirements. 
The participants provided their written informed consent to 
participate in this study.

Author contributions

XG: Conceptualization, Writing – review & editing. ZL: Formal 
analysis, Methodology, Writing – review & editing. WY: Formal 
analysis, Methodology, Writing – review & editing. AW: Data curation, 
Formal analysis, Writing – original draft. GL: Investigation, Writing –  
review & editing.

Funding

The author(s) declare financial support was received for the 
research, authorship, and/or publication of this article. This study was 
funded by the Shaanxi Provincial Key R&D Program Project 
(2023-ZDLSF-20).

Acknowledgments

The authors wish to acknowledge Xiangyu Lei for his contribution 
in data analysis and article revision.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the 
authors and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed or 
endorsed by the publisher.

References
 1. Wardlaw JM, Smith C, Dichgans M. Mechanisms of sporadic cerebral small vessel 

disease: insights from neuroimaging. Lancet Neurol. (2013) 12:483–97. doi: 10.1016/
s1474-4422(13)70060-7

 2. Cannistraro RJ, Badi M, Eidelman BH, Dickson DW, Middlebrooks EH, Meschia 
JF. Cns small vessel disease: a clinical review. Neurology. (2019) 92:1146–56. doi: 
10.1212/wnl.0000000000007654

 3. Chen X, Wang J, Shan Y, Cai W, Liu S, Hu M. Cerebral small vessel disease: 
neuroimaging markers and clinical implication. J Neurol. (2019) 266:2347–62. doi: 
10.1007/s00415-018-9077-3

 4. Dubois B, Feldman HH, Jacova C, Dekosky ST, Barberger-Gateau P. Research 
criteria for the diagnosis of Alzheimer's disease: revising the Nincds-Adrda criteria. The 
Lancet Neurology. (2007) 6:734–46. doi: 10.1016/s1474-4422(07)70178-3

 5. Murray AD. Imaging in Alzheimer’s disease and other dementias. Preface. 
Neuroimaging Clin N Am. (2012) 22:8. doi: 10.1016/j.nic.2011.12.001

 6. Poulakis K, Pereira JB, Mecocci P, Vellas B, Tsolaki M. Heterogeneous patterns of 
brain atrophy in Alzheimer’s disease. Neurobiol Aging. (2018) 65:98–108. doi: 10.1016/j.
neurobiolaging.2018.01.009

 7. Hornberger J, Michalopoulos S, Dai M, Andrade P, Dilla T, Happich M. Cost-
effectiveness of Florbetapir-pet in Alzheimer’s disease: a Spanish societal perspective. J 
Ment Health Policy Econ. (2015) 18:63–73.

 8. Dauwels J, Vialatte F, Cichocki A. Diagnosis of Alzheimer’s disease from Eeg 
signals: where are we  standing? Curr Alzheimer Res. (2010) 7:487–505. doi: 
10.2174/156720510792231720

 9. Chuang SY, Hsu YC, Chou KW, Chang KS, Wong CH, Hsu YH. Neutrophil-
lymphocyte ratio as a predictor of cerebral small vessel disease in a geriatric community: 
the I-Lan longitudinal aging study. Brain Sci. (2023) 13:1087. doi: 10.3390/
brainsci13071087

 10. Jiang L, Cai X, Yao D, Jing J, Mei L, Yang Y. Association of Inflammatory Markers 
with cerebral small vessel disease in community-based population. J Neuroinflammation. 
(2022) 19:106. doi: 10.1186/s12974-022-02468-0

 11. Wang Y, Ma L, Zhang M, Wei J, Li X, Pan X. Blood neutrophil-to-lymphocyte ratio 
as a predictor of cerebral small-vessel disease. Medical Sci Monitor: Int Med J Exp Clin 
Res. (2022) 28:e935516. doi: 10.12659/msm.935516

 12. Hou L, Zhang S, Qi D, Jia T, Wang H, Zhang W. Correlation between 
neutrophil/lymphocyte ratio and cognitive impairment in cerebral small vessel 
disease patients: a retrospective study. Front Neurol. (2022) 13:925218. doi: 
10.3389/fneur.2022.925218

 13. Liwen LY, Li H, Huang Y. Chinese consensus on the diagnosis and treatment of 
cerebral small vessel disease. Zhong guo cu zhong za zhi. (2021) 16:10. doi: 10.3969/j.
issn.1673-5765.2021.07.013

 14. Kim JS, Lee SH, Park G, Kim S, Bae SM, Kim DW, et al. Clinical implications of 
quantitative electroencephalography and current source density in patients with 
Alzheimer’s disease. Brain Topogr. (2012) 25:461–74. doi: 10.1007/s10548-012-0234-1

 15. Musaeus CS, Engedal K, Høgh P, Jelic V, Mørup M, Naik M. Eeg Theta power is 
an early marker of cognitive decline in dementia due to Alzheimer’s disease. J Alzheimer’s 
Disease. (2018) 64:1359–71. doi: 10.3233/jad-180300

 16. Srinivasan R. Anatomical constraints on source models for high-resolution Eeg 
and meg derived from Mri. Technol Cancer Res Treat. (2006) 5:389–99.

 17. Selden NR, Gitelman DR, Salamon-Murayama N. Trajectories of cholinergic 
pathways within the cerebral hemispheres of the human brain. Brain J Neurol. (1998) 
121:2249–57. doi: 10.1093/brain/121.12.2249

 18. Kim HJ, Park S, Cho H, Jang YK, San Lee J, Jang H. Assessment of extent and role of 
tau in subcortical vascular cognitive impairment using 18f-Av1451 positron emission 
tomography imaging. JAMA Neurol. (2018) 75:999–1007. doi: 10.1001/jamaneurol.2018.0975

 19. Uchida Y, Kan H, Sakurai K, Arai N, Inui S, Kobayashi S. Iron leakage owing to 
blood-brain barrier disruption in small vessel disease Cadasil. Neurology. (2020) 
95:e1188–98. doi: 10.1212/wnl.0000000000010148

 20. Rodriguez G, Nobili F, Rocca G, De Carli F, Gianelli MV, Rosadini G. Quantitative 
electroencephalography and regional cerebral blood flow: discriminant analysis between 
Alzheimer's patients and healthy controls. Dement Geriatr Cogn Disord. (1998) 
9:274–83. doi: 10.1159/000017072

 21. Gandelman-Marton R, Aichenbaum S, Dobronevsky E, Khaigrekht M. 
Quantitative Eeg after brain stimulation and cognitive training in Alzheimer disease. J 
Clin Neurophysiol. (2017) 34:49–54. doi: 10.1097/wnp.0000000000000301

 22. Ponomareva NV, Korovaitseva GI, Rogaev EI. Eeg alterations in non-demented 
individuals related to apolipoprotein E genotype and to risk of Alzheimer disease. 
Neurobiol Aging. (2008) 29:819–27. doi: 10.1016/j.neurobiolaging.2006.12.019

 23. Lee M, Lim JS, Kim CH, Lee SH, Kim Y, Hun Lee J. High neutrophil-lymphocyte 
ratio predicts post-stroke cognitive impairment in acute ischemic stroke patients. Front 
Neurol. (2021) 12:693318. doi: 10.3389/fneur.2021.693318

 24. Shang T, Ma B, Shen Y, Wei C, Wang Z, Zhai W. High neutrophil percentage and 
neutrophil-lymphocyte ratio in acute phase of ischemic stroke predict cognitive 
impairment: a single-center retrospective study in China. Front Neurol. (2022) 
13:907486. doi: 10.3389/fneur.2022.907486

https://doi.org/10.3389/fneur.2023.1300240
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1016/s1474-4422(13)70060-7
https://doi.org/10.1016/s1474-4422(13)70060-7
https://doi.org/10.1212/wnl.0000000000007654
https://doi.org/10.1007/s00415-018-9077-3
https://doi.org/10.1016/s1474-4422(07)70178-3
https://doi.org/10.1016/j.nic.2011.12.001
https://doi.org/10.1016/j.neurobiolaging.2018.01.009
https://doi.org/10.1016/j.neurobiolaging.2018.01.009
https://doi.org/10.2174/156720510792231720
https://doi.org/10.3390/brainsci13071087
https://doi.org/10.3390/brainsci13071087
https://doi.org/10.1186/s12974-022-02468-0
https://doi.org/10.12659/msm.935516
https://doi.org/10.3389/fneur.2022.925218
https://doi.org/10.3969/j.issn.1673-5765.2021.07.013
https://doi.org/10.3969/j.issn.1673-5765.2021.07.013
https://doi.org/10.1007/s10548-012-0234-1
https://doi.org/10.3233/jad-180300
https://doi.org/10.1093/brain/121.12.2249
https://doi.org/10.1001/jamaneurol.2018.0975
https://doi.org/10.1212/wnl.0000000000010148
https://doi.org/10.1159/000017072
https://doi.org/10.1097/wnp.0000000000000301
https://doi.org/10.1016/j.neurobiolaging.2006.12.019
https://doi.org/10.3389/fneur.2021.693318
https://doi.org/10.3389/fneur.2022.907486

	Electroencephalographic power spectrum changes in cerebral small vessel disease combined with cognitive dysfunction and its relationship with neutrophil/lymphocyte ratio and its clinical value – a pilot study
	1 Introduction
	2 Materials and methods
	2.1 Subjects
	2.2 Clinical data acquisition
	2.3 Statistical analysis

	3 Results
	3.1 Clinical characteristics
	3.2 Comparison of PSD in the three groups
	3.3 Multivariate logistic regression analysis
	3.4 Correlation analysis

	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions

	References

