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	 Background:	 Chronic obstructive pulmonary disease (COPD) and cerebral small vessel disease (CSVD) reportedly share sim-
ilar risk factors and pathogenesis. However, the relationship between these 2 diseases is not clear. This study 
aimed to investigate the association between COPD and CSVD.

	 Material/Methods:	 Patients with stable COPD and matched healthy control participants were recruited for this study. Clinical char-
acteristics were collected based on medical history, serological tests, brain magnetic resonance imaging, and 
pulmonary function tests. Individual CSVD imaging markers (white matter hyperintensities [WMH], enlarged 
perivascular space [EPVS], and brain atrophy) were assessed to determine their severity. Logistic analysis was 
used to test the relationship between CSVD markers and COPD.

	 Results:	 Significant differences in WMH, basal ganglia EPVS (BG-EPVS), and centrum semiovale EPVS (CSO-EPVS) were 
found between COPD and control groups (P<0.001). Logistic analysis showed that COPD was a risk factor for 
WMH (odds ratio [OR]=2.467, 95% confidence interval [95% CI]: 1.550–3.927, P<0.001), while it was a protective 
factor for BG-EPVS (OR=0.391, 95% CI: 0.246–0.621, P<0.001) and CSO-EPVS (OR=0.053, 95% CI: 0.021–0.138, 
P<0.001). Among patients in the COPD group, duration of COPD was a risk factor for WMH (P<0.001) and 
BG-EPVS (P=0.047, 0.013, 0.746), while there was no significant correlation between the COPD grade and the 
severity of WMH and BG-EPVS (P>0.05).

	 Conclusions:	 A significant correlation exists between COPD and imaging markers of CSVD, including WMH, BG-EPVS, and 
CSO-EPVS. In addition, the severity of WMH and BG-EPVS is positively related to the duration of COPD, sug-
gesting that COPD may be a risk factor for CSVD.
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Background

Cerebral small vessel disease (CSVD) is a general term that 
refers to a group of pathological processes involving arteri-
oles and their distal branches, capillaries, and venules in the 
brain [1]. The imaging markers of CSVD are small infarction, la-
cuna, white matter hyperintensities (WMH), enlarged perivas-
cular space (EPVS), cerebral microbleeds (CMBs), and brain at-
rophy [2]. It has been reported that 25% of ischemic strokes are 
caused by CSVD [3]. Furthermore, recent studies have shown 
that CSVD may led to cognitive dysfunction, gait abnormalities, 
affective disorders, decreased ability of daily living, and oth-
er poor outcomes [4]. Exploring the risk factors for CSVD and 
its pathogenesis, which is still unclear, is extremely important.

Chronic obstructive pulmonary disease (COPD) is a chronic dis-
ease characterized by persistent respiratory symptoms and air-
flow limitation. It can further develop into pulmonary heart dis-
ease and respiratory failure, which is one of the main causes of 
death worldwide [5]. Previous studies have shown that COPD 
is an independent risk factor for ischemic stroke [6]. In addi-
tion, COPD and CSVD share similar risk factors, such as age 
and smoking, and they have homogeneous pathophysiologi-
cal mechanisms, such as inflammatory response and oxidative 
stress [7]. However, the association between COPD and indi-
vidual CSVD markers is not clear. In order to diagnose, man-
age, and prevent the 2 diseases more effectively, we conduct-
ed this study to examine the association between the duration 
and severity of COPD and the individual CSVD markers and 
thereby explore the relationship between COPD and CSVD.

Material and Methods

Study population

A total of 125 inpatients with stable COPD in Beijing Chao-
Yang Hospital, Capital Medical University were recruited from 
January 2016 to September 2017, and 130 healthy individu-
als were selected for the control group, with age, sex, and ed-
ucation matching. Enrollment criteria for the COPD group in-
cluded (1) a definite diagnosis of COPD; (2) COPD in a stable 
stage; and (3) ability to cooperate with various examinations 
for the collection of clinical information. Enrollment criteria 
for the control group included (1) being a healthy individual 
matched to the COPD group in terms of age, sex, and educa-
tion; and (2) having the ability to cooperate with various ex-
aminations for the collection of clinical information. Exclusion 
criteria included having (1) other severe lung diseases (e.g., 
bronchial asthma, bronchiectasis, lung cancer, tuberculosis, re-
strictive ventilatory disorders); (2) severe medical diseases (e.g., 
kidney failure, liver disease, cardiac insufficiency, tumors); (3) 
nervous system disorders (e.g., white matter lesions caused 

by demyelination, metabolism, poisoning, infection, and other 
nonvascular factors; brain tumors; non-small-artery occlusion 
strokes; Parkinson disease; brain trauma); (4) a contraindica-
tion for magnetic resonance imaging (MRI) examination or an 
inability to complete the head MRI scan; and (5) an unstable 
condition that required close monitoring. Demographics and 
clinical history of all participants were recorded, including age, 
sex, hypertension, diabetes mellitus, hyperlipidemia, smoking, 
alcoholism, history of stroke or transient ischemic attack, and 
history of coronary heart disease. In addition, all participants 
underwent brain MRI and laboratory tests, and all COPD pa-
tients also underwent pulmonary function tests.

Laboratory inspection

After participants fasted overnight (fasting for more than 8 h), 
anterior cubital venous blood was collected and placed in an 
EDTA vacuum tube. Laboratory indicators such as glycosylated 
hemoglobin, total cholesterol, high-density lipoprotein choles-
terol, low-density lipoprotein cholesterol, creatinine, erythro-
cyte sedimentation rate, alkaline phosphatase, and C-reactive 
protein were measured using HITACHI7170S automatic bio-
chemical analyzer (Hitachi, Yokohama, Japan).

Pulmonary function assessments

The COPD patients were tested for forced expiratory volume 
in 1 s (FEV1) and forced vital capacity (FVC) with a JAEGER 
MasterScreen Body plethysmograph (JAEGER, Wurzburg, 
Germany). FEV1/FVC less than 70% after bronchodilator in-
halation confirmed the presence of COPD. The severity of 
COPD was graded based on the percentage of FEV1 after in-
halation of bronchodilator according to the Global Initiative 
for Chronic Obstructive Lung Disease (GOLD) classification 
[5]: GOLD 1, mild, FEV1 ³80% of the predicted value; GOLD 2, 
moderate, 50% £FEV1 <80% of the predicted value; GOLD 3, 
severe, 30% £FEV1 <50% of the predicted value; and GOLD 4, 
very severe, FEV1 <30% of the predicted value.

MRI protocol and assessments

Brain MRI was performed using a 3.0 T scanner (Siemens, 
Berlin, Germany). Sequences included T1-weighted (T1-W), T2-
weighted (T2-W), diffusion-weighted imaging, and fluid-atten-
uated inversion recovery (FLAIR). All imaging data were eval-
uated by 2 neurologists who were blind to the clinical data. If 
their evaluations differed, a third neurologist was also asked 
to evaluate the data. The magnetic resonance acquisition se-
quence parameters were as follows: axial T1-W (repetition time, 
2000 ms; echo time, 9.2 ms; flip angle, 130°), axial T2-W (rep-
etition time, 4500 ms; echo time, 93 ms; flip angle, 120°), axi-
al diffusion-weighted imaging (repetition time, 3300 ms; echo 
time, 91 ms; flip angle, 90°), and coronal FLAIR (repetition time, 
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8000 ms; echo time, 86 ms; flip angle, 130°). All sequences had 
a 5-mm slice thickness and a 1.5-mm interslice gap.

WMH are defined by hyperintense areas on FLAIR and T2-W 
sequences and isointense or hypointense areas on T1-W se-
quences compared with normal brain tissue, excluding brain 
hemorrhage and encephala edema. Periventricular WMH 
(PWMH) and deep WMH (DWMH) were separately scored 

on the Fazekas scale [8]. Scores for PWMH were as follows: 
0=absence; 1=“caps” or pencil-thin lining; 2=smooth “halo”; 
and 3=irregular PWMH extending into the deep white mat-
ter (Figure 1). Scores for DWMH were as follows: 0=absence; 
1=punctate foci; 2=beginning confluence of foci; and 3=large 
confluent areas (Figure 2). WMH was rated based on the total 
score: 0–2, mild; 3–4, moderate; and 5–6, severe.

A

C

B

D

Figure 1. �Different scores of PWMH. Scores of PWMH: (A) 0 score=absence; (B) 1=“caps” or pencil-thin lining; (C) 2=smooth “halo”; 
and (D) 3=irregular PWMH extending into the deep white matter. PWMH –periventricular white matter hyperintensities.
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Enlarged perivascular spaces (EPVS) were defined as lesions 
surrounding the cerebral vessels that had a round, oval, or 
linear shape; a maximum diameter of <3 mm; smooth delin-
eated contours; and a similar signal to cerebral spinal fluid 
(without a hyperintense loop around the lesions on T2 FLAIR) 
[9]. Basal ganglia EPVS (BG-EPVS) were rated according to the 
number of lesions in the slice containing the greatest number 
of EPVS: degree 1, <5 EPVS; degree 2, 5–10 EPVS; degree 3, 

>10 EPVS but still countable; and degree 4, innumerable EPVS 
(Figure 3). Centrum semiovale EPVS (CSO-EPVS) were defined 
as follows: degree 1, <10 EPVS in the total white matter; de-
gree 2, >10 EPVS in the total white matter and <10 in the slice 
containing the greatest number of EPVS; degree 3, 10–20 EPVS 
in the slice containing the greatest number of EPVS; and de-
gree 4, >20 EPVS in the slice containing the greatest number 
of EPVS (Figure 4).

A

C

B

D

Figure 2. �Different scores of DWMH. Scores of DWMH: (A) 0=absence; (B) 1=punctate foci; (C) 2=beginning confluence of foci; and 
(D) 3=large confluent areas. DWMH – deep white matter hyperintensities.
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Brain atrophy refers to the presence of lower brain volume 
from a variety of causes, excluding a specific macroscopic focal 
injury such as brain trauma or cerebral infarction. The global 
cortical atrophy scale (GCA-scale) was used to assess the se-
verity of brain atrophy: grade 0, no cortical atrophy; grade 1, 
mild, opening of sulci; grade 2, moderate, volume loss of gyri; 
and grade 3, severe, “knife blade” atrophy [10].

Statistical analysis

Continuous variables were tested for normality using the 
Kolmogorov-Smirnov test, and the data are presented as 
mean±SD for normally distributed variables and medians 
(interquartile range) for nonnormally distributed variables. 
Categorical variables are presented as absolute numbers and 
percentages. The comparison for continuous variables that 
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Figure 3. �Different scores of BG-EPVS. Scores of BG-EPVS: (A) degree 1, <5 EPVS; (B) degree 2, 5–10 EPVS; (C) degree 3, >10 EPVS but 
still countable; and (D) degree 4, innumerable EPVS. BG – basal ganglia; EPVS – enlarged perivascular space.
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conformed to the normal distribution was analyzed by t test 
or 1-way analysis of variance, and the comparison for abnor-
mally distributed variables was performed by Mann-Whitney 
U test or Kruskal-Wallis H test. Chi-square test or Fisher’s ex-
act test was used to compare categorical variables. Risk factor 
analysis was performed using multivariate logistic regression 

analysis, and the odds ratio (OR) and 95% confidence inter-
val (CI) were calculated. Analyses were performed with SPSS 
version 20.0. All analyses were performed using 2-sided tests, 
and P<0.05 was considered statistically significant.

A

C

B

D

Figure 4. �Different scores of CSO-EPVS. Scores of CSO-EPVS: (A) degree 1, <10 EPVS in the total white matter; (B) degree 2, >10 EPVS 
in the total white matter and <10 in the slice containing the greatest number of EPVS; (C) degree 3, 10–20 EPVS in the slice 
containing the greatest number of EPVS; and (D) degree 4, >20 EPVS in the slice containing the greatest number of EPVS. 
CSO – centrum semiovale; EPVS – enlarged perivascular space.
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Ethics statement

This study was approved by the Ethics Committee of Beijing 
Chao-Yang Hospital, Capital Medical University. The Declaration 
of Helsinki was followed during the implementation process, 
and all participants agreed to participate in our study with 
written informed consent.

Results

Characteristics of participants

The results from the baseline data comparison are shown 
in Table 1. There were statistical differences in hypertension 
(P<0.001), diabetes mellitus (P<0.001), stroke history (P<0.001), 
smoking history (P<0.001), erythrocyte sedimentation rate 
(P=0.012), and C-reactive protein (P<0.001) between the COPD 
and control groups.

Higher WMH and EPVS scores among patients with COPD

The individual markers of CSVD were compared between the 
COPD group and the control group, and significant differenc-
es were found in WMH (P<0.001), BG-EPVS (P=0.001), and 
CSO-EPVS (P<0.001). The extent of brain atrophy (P=0.537) 
was not significantly different between the 2 groups (Table 2).

Multivariate logistic regression analysis revealed that COPD 
was associated with WMH (P<0.001), BG-EPVS (P<0.001), and 
CSO-EPVS (P<0.001). In addition, COPD was a risk factor for 
WMH aggravation (OR=2.467, 95% CI: 1.550–3.927), but it 
appeared to be a protective factor for BG-EPVS (OR=0.391, 
95% CI: 0.246–0.621) and CSO-EPVS (OR=0.053, 95% CI: 
0.021–0.138) (Table 3).

WMH severity and COPD duration

The 125 patients with COPD were divided into mild, moderate, 
and severe WMH groups based on Fazekas scales. As shown 
in Table 4, there were significant differences in age (P=0.002), 
sex (P=0.009), stroke history (P=0.003), COPD grade (P=0.034), 
and COPD duration (P<0.001) between the mild, moderate, 
and severe WMH groups. Next, the association between the 
severity of WMH and the severity and duration of COPD was 
analyzed. After adjusting for age, sex, and stroke history, mul-
tivariate logistic regression analysis showed a significant asso-
ciation between the severity of WMH and the duration of COPD 
(P<0.001), with the severity of WMH increasing with the du-
ration of COPD. However, there was no significant correlation 
between COPD grade and WMH severity (Table 5).

Table 1. General characteristics of chronic obstructive pulmonary disease (COPD) group and control group.

Data are presented as mean±standard deviation, median (interquartile range) or counts (%). DM – diabetes mellitus; CHD – coronary 
heart disease; HbA1c – glycosylated hemoglobin; TC – total cholesterol; LDL-C – low density lipoprotein cholesterol; ESR – erythrocyte 
sedimentation rate; HDL-C – high density lipoprotein cholesterol; Cr – creatinine; CRP – C-reactive protein.

Characteristics COPD group (N=125) Control group (N=130) P

Age, years 	 69.62±11.46 	 68.01±9.66 0.224

Male, n (%) 	 82	 (65.6) 	 85	 (65.4) 0.971

Hypertension, n (%) 	 57	 (45.6) 	 95	 (73.1) <0.001

DM, n (%) 	 25	 (20.0) 	 60	 (46.2) <0.001

History of stroke, n (%) 	 12	 (9.6) 	 42	 (32.3) <0.001

History of CHD, n (%) 	 14	 (11.2) 	 25	 (19.2) 0.075

Alcoholism, n (%) 	 21	 (16.8) 	 27	 (20.8) 0.418

Smoking, n (%) 	 77	 (61.6) 	 49	 (37.7) <0.001

HbA1c, % 	 5.92±1.39 	 5.62±1.27 0.072

TC, mmol/L 	 4.18	 (3.71, 4.94) 	 4.20	 (3.57, 4.99) 0.939

LDL-C, mmol/L 	 2.43	 (2.06, 2.87) 	 2.40	 (1.80, 3.20) 0.852

ESR, mmol/L 	 12.00	 (5.00, 24.50) 	 9.00	 (5.00, 14.00) 0.012

HDL-C, mmol/L 	 1.18	 (0.99, 1.50) 	 1.13 	 (0.90, 1.30) 0.086

Cr, mmol/L 	 75.86±28.70 	 74.21±40.96 0.712

CRP, mmol/L 	 0.75	 (0.36, 2.52) 	 0.35	 (0.30, 0.70) <0.001
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BG-EPVS severity and COPD duration

Based on the BG-EPVS scores, the patients with COPD were di-
vided into 4 groups: BG-EPVS 1, BG-EPVS 2, BG-EPVS 3, and BG-
EPVS 4. As shown in Table 6, there was a significant difference 
in stroke history (P=0.048) between the 4 groups. Multivariate 
logistic regression demonstrated that the duration of COPD 
(P=0.047, 0.013, 0.746) was a risk factor for the severity of 
BG-EPVS, after adjusting for stroke (Table 7). No correlation 
was found between COPD grade and the severity of BG-EPVS.

Discussion

Many studies have investigated the correlation of COPD 
with WMH and brain atrophy. Several cross-sectional studies 
have shown an independent correlation between COPD and 
WMH [11–13]. A population-based prospective cohort study 
suggested that COPD patients without dementia were more 
likely to develop severe PWMH compared with the general pop-
ulation [11]. Another community-based study showed that lung 
function was associated with cognitive decline and subcortical 
atrophy after controlling for sex, age, and smoking, and that 
men with chronic respiratory diseases were more likely to de-
velop DWMH [12]. Dodd et al. [13] suggested that compared 

Table 2. �Comparisons for individual cerebral small vessel disease (CSVD) imaging markers between chronic obstructive pulmonary 
disease (COPD) group and control group.

WMH – white matter hyperintensities; BG-EPVS – basal ganglia enlarged perivascular spaces; CSO-EPVS – centrum semiovale enlarged 
perivascular spaces.

CSVD imaging makers COPD group (N=125) Control group (N=130) P

WMH, n (%) Mild (0–2) 	 25	 (20.0) 	 56	 (43.1) <0.001

Moderate (3–4) 	 53	 (42.4) 	 44	 (33.8)

Severe (5–6) 	 47	 (37.6) 	 30	 (23.1)

BG-EPVS, n (%) 1 	 71	 (56.8) 	 42	 (32.3) 0.001

2 	 14	 (11.2) 	 18	 (13.8)

3 	 22	 (17.6) 	 34	 (26.2)

4 	 18	 (14.4) 	 36	 (27.7)

CSO-EPVS, n (%) 1 	 120	 (96.0) 	 72	 (55.4) <0.001

2 	 1	 (0.8) 	 22	 (16.9)

3 	 2	 (1.6) 	 15	 (11.5)

4 	 2	 (1.6) 	 21	 (16.2)

Brain atrophy, n (%) 0 	 35	 (28.0) 	 38	 (29.2) 0.537

1 	 57	 (45.6) 	 53	 (40.8)

2 	 22	 (17.6) 	 31	 (23.8)

3 	 11	 (8.8) 	 8	 (6.2)

OR (95% CI) P

WMH 	 2.467	 (1.550–3.927) <0.001

BG-EPVS 	 0.391	 (0.246–0.621) <0.001

CSO-EPVS 	 0.053	 (0.021–0.138) <0.001

Brain atrophy 	 0.978	 (0.622–1.536) 0.922

Table 3. �The results of multivariate logistic regression analysis between group membership (chronic obstructive pulmonary disease 
[COPD] group and control group) and cerebral small vessel disease (CSVD) markers.

WMH – white matter hyperintensities; BG-EPVS – basal ganglia enlarged perivascular spaces; CSO-EPVS – centrum semiovale enlarged 
perivascular spaces.
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with control subjects, patients with nonhypoxic COPD had de-
creased white matter integrity and increased white matter le-
sion volume, which could contribute to cognitive dysfunction. 
They also found that COPD patients had higher WMH scores 
than the control group, which was consistent with the previ-
ous studies. Further, logistic regression also showed that COPD 
was a risk factor for WMH. The authors then analyzed the as-
sociation between the severity of WMH and the grade and 
duration of COPD. Their results showed that the severity of 
WMH was positively correlated with the duration of COPD after 

adjusting for age, sex, and stroke, suggesting that the severity 
of WMH increased with prolonged COPD duration. However, 
Dodd et al. [13] found no significant association between the 
severity of WMH and the COPD grade, which may have been 
related to the retrospective design and small sample size.

A Chinese retrospective case-control study showed that COPD 
patients had decreased gray matter density in the limbic and 
paralimbic structures compared with controls [14]. In the 
COPD patients, gray matter density in damaged regions had a 

Characteristics
Mild WMH group 

(N=25)
Moderate WMH group 

(N=53)
Severe WMH group 

(N=47)
P

Age, years 	 69	 (55, 76) 	 69	 (60, 76) 	 74	 (69, 80) 0.002

Male, n (%) 	 22	 (88.0) 	 28	 (52.8) 	 32	 (68.1) 0.009

Hypertension, n (%) 	 10	 (40.0) 	 20	 (37.7) 	 27	 (57.4) 0.117

DM, n (%) 	 6	 (24.0) 	 11	 (20.8) 	 8	 (17.0) 0.767

History of stroke, n (%) 	 1	 (4.0) 	 1	 (1.9) 	 10	 (21.3) 0.003

History of CHD, n (%) 	 1	 (4.0) 	 6	 (11.3) 	 7	 (14.9) 0.435

Alcoholism, n (%) 	 3	 (12.0) 	 9	 (17.0) 	 9	 (19.1) 0.742

Smoking, n (%) 	 14	 (56.0) 	 36	 (67.9) 	 27	 (57.4) 0.456

HbA1c,% 	 5.95±1.49 	 5.92±1.26 	 5.91±1.49 0.994

TC, mmol/L 	 4.26±0.93 	 4.28±0.84 	 4.26±0.79 0.990

HDL-C, mmol/L 	 1.23±0.30 	 1.21±0.37 	 1.28±0.41 0.611

LDL-C, mmol/L 	 2.53±0.96 	 2.46±0.62 	 2.50±0.75 0.918

ESR, mmol/L 	 19.96±22.72 	 20.18±21.74 	 16.77±16.42 0.667

ALP, mmol/L 	 89.04±25.72 	 94.83±38.27 	 83.13±18.65 0.150

Cr, mmol/L 	 73.46±17.45 	 73.38±31.95 	 79.92±29.66 0.473

CRP, mmol/L 	 3.20±4.21 	 2.52±4.29 	 2.38±4.45 0.736

COPD grade, n (%) 0.034

GOLD 1 	 17	 (68.0) 	 21	 (39.6) 	 16	 (34.0)

GOLD 2 	 4	 (16.0) 	 19	 (35.8) 	 23	 (48.9)

GOLD 3 	 4	 (16.0) 	 13	 (24.5) 	 8	 (17.0)

GOLD 4, – – –

Duration of COPD, years 	 2	 (1, 5) 	 10	 (9, 20) 	 20	 (10, 40) <0.001

Table 4. �Comparison of the characteristics of chronic obstructive pulmonary disease (COPD) patients among groups according to white 
matter hyperintensities (WMH) burden.

Data are presented as mean±standard deviation, median (interquartile range) or counts (%). WMH – white matter hyperintensities; 
DM – diabetes mellitus; CHD – coronary heart disease; HbA1c – glycosylated hemoglobin; TC – total cholesterol; LDL-C – low density 
lipoprotein cholesterol; ESR – erythrocyte sedimentation rate; HDL-C – high density lipoprotein cholesterol; ALP – alkaline phosphatase; 
Cr – creatinine; CRP – C-reactive protein; GOLD – global initiative for chronic obstructive lung disease; COPD – chronic obstructive 
pulmonary disease.
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significant positive correlation with arterial oxygen saturation 
and a negative correlation with disease duration. COPD patients 
exhibited impaired microstructural integrity, mainly in the vi-
sual cortex of the occipital lobe, the posterior parietal lobe, as 
well as the temporal lobe. In addition, a German study using 
voxel-based morphometric analysis of MRI aimed to measure 
differences in generalized cortical degeneration and regional 
gray matter between 30 moderate-severe COPD patients and 
30 matched control participants [15]. No generalized cortical 
degeneration was found in the COPD group, but gray matter 
was decreased in the posterior cingulate cortex (whole-brain 
analysis), anterior and midcingulate cortex, hippocampus, and 
amygdala (regions-of-interest analyses). In our study, brain at-
rophy was assessed using the whole cerebral cortical atrophy 
scale. However, there was no significant correlation between 
COPD and brain atrophy. This result may be related to the se-
lection of a whole-brain scale for this study, and it may also 
be related to the small sample size.

Currently, few studies have examined the relationship between 
COPD and EPVS. In the current study, the association between 
COPD and EPVS was assessed, and the results showed that the 
patients with COPD had lower BG-EPVS and CSO-EPVS com-
pared with the control group. After adjusting for stroke, the 
duration of COPD was found to be a risk factor for the severi-
ty of BG-EPVS. However, since the lungs provide oxygen to the 
blood, impairment of the lungs would be expected to affect 
the structure and function of the brain in a negative way [7]. 
Previous studies have also largely suggested that patients with 
COPD have higher rates of EPVS and brain lesions [7,11,15]. 
These conflicting results may be related to the different brain 
regions studied. Previous studies have tended to investigate 
the incidence of EPVS and lesions in the whole brain or the 
whole deep brain. In contrast, the study on the incidence of 
EPVS in the current study focused on the centrum semiovale 
and basal ganglia. We did not find previous studies on centrum 
semiovale in patients with COPD. However, the amplitude of 

low-frequency fluctuations in basal ganglia of COPD patients 
was previously reported to be abnormally changed [16], and 
this finding may have some as yet unknown relationship with 
the results of the current study. In addition, the rate of hyper-
tension in the healthy control group was significantly higher 
than that in the COPD group in the current study, which would 
obviously also have some impact on the results. If COPD is in-
deed a protective factor for BG-EPVS and CSO-EPVS, as shown 
in our results, then the pathophysiological mechanisms of these 
disorders still need further study.

At present, the precise mechanism for the relationship between 
CSVD and COPD is not well established. COPD patients have 
been reported to have significantly higher levels of C-reactive 
protein, fibrinogen, leukocytes, and tumor necrosis factor-a 
than controls, suggesting the existence of a continuous sys-
temic inflammatory response in COPD patients [17]. In addi-
tion to being in a state of inflammatory response, patients with 
COPD also remain in a state of chronic hypoxemia. Hypoxemia 
and insufficient blood perfusion can aggravate brain ischemic 
damage [18]. Cerebral blood flow will increase physiologically 
to maintain the oxygen demand of brain when the blood oxy-
gen content is reduced [19]. Periventricular white matter is at 
the junction area of the cerebral artery. COPD patients are in 
a state of chronic hypoxemia, which can result in hypoperfu-
sion of white matter. This may be a potential mechanism by 
which COPD is more likely to cause WMH. Furthermore, COPD 
is associated with a paradoxical response of cerebral vessels, 
which is possibly due to endothelial dysfunction [20]. Extensive 
data support a relationship between systemic inflammation 
and adverse outcomes both in stroke patients and in experi-
mental stroke models. Experimental models of stroke and co-
morbidities have shown that systemic inflammatory conditions 
exacerbate brain damage via cerebrovascular inflammation, 
blood-brain barrier damage, encephala edema, and excitotox-
icity [21]. Systemic inflammation can activate microglia to in-
duce cyclooxygenase-2-dependent neuroinflammation, leading 

Moderate WMH OR (95% CI) Severe WMH OR (95% CI)

Age 	 0.968	 (0.920–1.019), P=0.218 	 1.062	 (0.992–1.137), P=0.082

Male 	 0.086	 (0.016–0.453), P=0.004 	 0.351	 (0.060–2.045), P=0.244

Stroke 	 0.660	 (0.029–15.045), P=0.795 	 10.083	 (0.775–131.219), P=0.078

COPD grade

	 GOLD 1 	 0.436	 (0.088–2.161), P=0.309 	 0.574 	 (0.088–3.742), P=0.562

	 GOLD 2 	 2.754	 (0.431–17.606), P=0.284 	 3.868	 (0.517–28.935), P=0.188

	 GOLD 3 – –

Duration of COPD 	 1.222	 (1.081–1.380), P=0.001 	 1.275	 (1.126–1.443), P<0.001

Table 5. Results of multivariate logistic regression analysis.

WMH – white matter hyperintensities; OR – odds ratio; CI – confidence interval; GOLD – global initiative for chronic obstructive lung 
disease; COPD – chronic obstructive pulmonary disease.
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Characteristics
BG-EPVS 1 

(N=71)
BG-EPVS 2 

(N=14)
BG-EPVS 3 

(N=22)
BG-EPVS 4 

(N=18)
P

Age, years 	 71	 (60, 78) 	 70	 (64, 73) 	 76	 (66, 80) 	 71	 (68, 81) 0.195

Male, n (%) 	 44	 (62.0) 	 10	 (71.4) 	 14	 (63.6) 	 14	 (77.8) 0.605

Hypertension, n (%) 	 29	 (40.8) 	 6	 (42.9) 	 9	 (40.9) 	 13	 (72.2) 0.110

DM, n (%) 	 14	 (19.7) 	 2	 (14.3) 	 5	 (22.7) 	 4	 (22.2) 0.927

History of stroke, n (%) 	 4	 (5.6) 	 1	 (7.1) 	 2	 (9.1) 	 5	 (27.8) 0.048

History of CHD, n (%) 	 7	 (9.9) 	 2	 (14.3) 	 3	 (13.6) 	 2	 (11.1) 0.890

Alcoholism, n (%) 	 13	 (18.3) 	 1	 (7.1) 	 4	 (18.2) 	 3	 (16.7) 0.827

Smoking, n (%) 	 44	 (62.0) 	 12	 (85.7) 	 12	 (54.5) 	 9	 (50.0) 0.177

HbA1c,% 	 5.80	 (4.90, 7.00) 	 6.17	 (4.88, 6.96) 	 5.30	 (5.00, 6.00) 	 5.30	 (4.68, 5.85) 0.186

TC, mmol/L 	 4.35±0.86 	 4.26±1.00 	 4.23±0.75 	 3.98±0.67 0.420

HDL-C, mmol/L 	 1.30±0.37 	 1.08±0.37 	 1.19±0.35 	 1.19±0.41 0.179

LDL-C, mmol/L 	 2.48±0.72 	 2.61±1.01 	 2.46±0.67 	 2.47±0.73 0.931

ESR, mmol/L 	 19.28±21.11 	 13.41±10.79 	 15.86±14.26 	 25.06±25.87 0.353

ALP, mmol/L 	 87.67±34.18 	 90.93±21.67 	 92.18±25.28 	 90.78±23.89 0.921

Cr, mmol/L 	 76.25±33.88 	 68.32±17.56 	 75.66±20.35 	 80.43±21.55 0.702

CRP, mmol/L 	 2.75±4.39 62.24±4.16 	 1.63±3.43 	 3.53±5.12 0.552

COPD grade, n (%) 0.459

GOLD 1 	 34	 (47.9) 	 4	 (28.6) 	 6	 (27.3) 	 10	 (55.6)

GOLD 2 	 24	 (33.8) 	 6	 (42.9) 	 11	 (50.0) 	 5	 (27.8)

GOLD 3 	 13	 (18.3) 	 4	 (28.6) 	 5	 (22.7) 	 3	 (16.7)

GOLD 4, – – – –

Duration of COPD, years 	 10	 (3,20) 	 20	 (5, 33) 	 15	 (10, 40) 	 10	 (2, 20) 0.067

Table 6. �Comparison of the characteristics of patients with chronic obstructive pulmonary disease (COPD) among groups according to 
basal ganglia enlarged perivascular space (BG-EPVS) burden.

Data are presented as mean±standard deviation, median (interquartile range) or counts (%). BG-EPVS – basal ganglia enlarged 
perivascular spaces; DM – diabetes mellitus; CHD – coronary heart disease; HbA1c – glycosylated hemoglobin; TC – total cholesterol; 
LDL-C – low density lipoprotein cholesterol; ESR – erythrocyte sedimentation rate; HDL-C – high density lipoprotein cholesterol; 
ALP – alkaline phosphatase; Cr – creatinine; CRP – C-reactive protein; GOLD – global initiative for chronic obstructive lung disease; 
COPD – chronic obstructive pulmonary disease.

to an increase in superoxide anion production and causing 
oxidative stress [22]. In addition, systemic inflammation and 
oxidative stress promote cerebral vascular dysfunction and 
platelet hyperactivity, which increase the susceptibility to 
thrombotic events and are independent risk factors for isch-
emic stroke [23]. Therefore, the interaction of inflammation, 
oxidative stress, vascular endothelial dysfunction, and blood-
brain barrier damage may play important roles in the mech-
anisms underpinning the link between COPD and CSVD. This 

hypothesis provides a direction for future clinical prevention 
and treatment of patients with COPD complicated by CSVD.

Some limitations of the current study include the retrospec-
tive collection of clinical data and the small sample size. The 
results are not as representative as those of a large-sample 
multicenter prospective study would be. In future work, we 
plan to conduct prospective research to obtain more accurate 
and representative conclusions.
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BG-EPVS 2 OR (95% CI) BG-EPVS 3 OR (95% CI) BG-EPVS 4 OR (95% CI)

Stroke 	 1.503	 (0.140–16.181), P=0.737 	 1.877	 (0.282–12.488), P=0.515 	 6.405	 (1.410–29.102), P=0.016

COPD grade

	 GOLD 1 	 0.492	 (0.097–2.488), P=0.391 	 0.583	 (0.138–2.465), P=0.463 	 0.878 	 (0.187–4.127), P=0.870

	 GOLD 2 	 0.828	 (0.190–3.611), P=0.802 	 1.196	 (0.325–4.399), P=0.788 	 0.767	 (0.154–3.830), P=0.747

	 GOLD 3 – – –

Duration of COPD 	 1.046	 (1.001–1.094), P=0.047 	 1.049	 (1.010–1.090), P=0.013 	 1.008	 (0.960–1.058), P=0.746

Table 7. Results of multivariate logistic regression analysis.

BG-EPVS – basal ganglia enlarged perivascular spaces; OR – odds ratio; CI – confidence interval; GOLD – global initiative for chronic 
obstructive lung disease; COPD – chronic obstructive pulmonary disease.

Conclusions

In summary, our study found a significant correlation between 
COPD and imaging markers of CSVD including WMH, BG-EPVS, 
and CSO-EPVS. In addition, the severity of WMH and BG-EPVS 
was positively related to the duration of COPD, suggesting that 
COPD may be a risk factor for CSVD.
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