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Purpose: To explore the morphological alterations in small pulmonary vessels in populations at high risk for chronic obstructive 
pulmonary disease (COPD) and smokers based on multiple computed tomography (CT) quantitative parameters.
Patients and Methods: A total of 1969 Three Major Chest Diseases Screening Study participants with available demographic data 
and smoking history who underwent low-dose chest CT from 2018 to 2020 were included. All subjects were divided into normal, high 
risk for COPD, and COPD groups according to their pulmonary function test (PFT) results. Furthermore, the three groups were further 
subdivided into never-smokers, current smokers, and former smokers subgroups according to their smoking history. Quantitative 
parameters, such as the number, area at 6 mm~24 mm subpleura and volume of small pulmonary vessels, were extracted by computer 
software. Differences in small pulmonary vessel parameters among the groups were compared using two-way ANOVA.
Results: The number, area at 6 mm~24 mm subpleura and volume of small pulmonary vessels in the group at high risk for COPD 
were lower than those in the normal group (P<0.05). The number, area at 6 mm~24 mm subpleura and volume of small pulmonary 
vessels in the COPD group were higher than those in the normal group (P<0.05). The number, area of small pulmonary vessels at 
6 mm~12 mm subpleura in current smokers with high risk for COPD were higher than those in former smokers with high risk for 
COPD (P<0.05).
Conclusion: The number, area, and volume of small pulmonary vessels in populations at high risk for COPD were decreased. 
Smoking cessation may impede structural changes in small pulmonary vessels in populations at high risk for COPD.
Keywords: chronic obstructive pulmonary disease, computed tomography, pulmonary vascular structure, quantitative analysis, 
smoking

Introduction
Populations at high risk for COPD and their diagnostic criteria have recently garnered widespread attention,1 given that 
early diagnosis, intervention, and treatment of COPD patients could reverse the clinical course of COPD.2,3 Although 
PFT was the gold standard for the diagnosis of COPD, it is not sensitive in diagnosing populations at high risk for 
COPD. The Global Initiative for Chronic Obstructive Lung Disease (GOLD) 2020 Report proposed redefining the 
diagnosis of COPD based on environmental exposure, clinical symptoms, CT imaging, and spirometric criteria.4 Lancet 
Commission recommended a redefinition for COPD in 2019, which highlighted the importance of functional imaging as 
a quantitative structure for the early screening and diagnosis of COPD.5 Moreover, the latest GOLD COPD 2023 Report 
states that CT imaging is necessitated for the diagnosis and assessment of COPD.6 Based on quantitative CT and lung 
function parameters, our previous study corroborated that FEV1/FVC≥ 0.7 and FEV1% predicted value (FEV1% pre)< 
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72% are optimal classification criteria for high risk for COPD.7 The definition of populations at high risk for COPD is 
a premise for comprehending pulmonary micro-structural changes in these populations. Pathological manifestations of 
pulmonary vessels in early COPD and smokers include endothelial dysfunction, vasoconstriction, thick-walled vessels 
with a narrow lumen, and loss of micro-vasculature.8–10 In animal models, tobacco exposure induced early structural 
remodeling, which preceded emphysematous changes.11 In smokers at risk for COPD and mild COPD patients, perfusion 
deficits in peripheral small pulmonary vessels were observed on MRI images.12,13 However, the degree of damage to the 
pulmonary micro-vasculature in populations at high risk for COPD and smokers is unknown.

As is well documented, imaging findings can reflect pathologic changes in organs. In order to conduct a clinical 
intervention, it is necessary to identify pathological manifestations in populations at high risk for COPD. Small 
pulmonary vessels can be quantified non-invasively via computer-based image analysis of CT scans.14,15 Vessel pruning 
predominantly occurs in small pulmonary vessels below the pleura and is associated with low pulmonary perfusion.16 

According to Cho YH et al, CT quantitative parameters of small pulmonary vessels below the pleura comprise the 
number of vessels, number of vessels with a cross-sectional area below 5 mm2, area of pulmonary vessels, and total 
surface area of pulmonary vessels at 6 mm~24 mm subpleura.17 In addition to the number and area of small pulmonary 
vessels, blood vessel volume in vessels with a cross-sectional area less than 5mm2 (BV5) represents the distribution of 
peripheral vessel volume. Furthermore, additional small pulmonary vessel quantitative parameters below the pleura were 
collected, and more information on adjustments in small pulmonary vessel structure was obtained.

According to the Three Major Chest Diseases Screening Study, low-dose chest CT scans were performed on urban 
community residents. Not only data on the number and area of small pulmonary vessels at 6 mm~24 mm depth from the 
pleural surface were retrieved, but also data on total blood volume (TBV) and peripheral pulmonary vascular volume 
were gathered from the CT quantitative analysis. We hypothesized that small pulmonary vessels are damaged in 
populations at high risk for COPD. Therefore, this study aimed to evaluate differences in the small pulmonary vessels 
of populations at high risk for COPD and smokers using multiple pulmonary vessels CT quantitative parameters.

Materials and Methods
Participants
A total of 1969 consecutive community residents were screened from August 2018 to December 2020 in our hospital. The 
subjects were all over 40 years of age. The inclusion criteria were as follows: 1) subjects with complete information 
regarding questionnaire survey results, PFT, and inspiratory phase CT scan; 2) All small pulmonary vessel parameters were 
collected by CT analysis. Exclusion criteria were: 1) subjects with incomplete clinical information; 2) subjects were unable 
to undergo PFT; 3) marked respiratory motion or metal artifact on CT images; 4) underlying lung diseases such as lung 
cancer, severe pulmonary interstitial fibrosis, and massive pulmonary infection, which may cause CT image not being 
analysed by software; 5) subjects who had a previous history of asthma. The study was approved by the institutional review 
board of Second Affiliated Hospital of Naval Medical University, Shanghai, China, and the study was registered in the 
Chinese Clinical Trials Registry (http://www.chictr.org.cn/index.aspx; ChiCTR2000035283). The study was conducted in 
accordance with the Declaration of Helsinki. All the subjects signed written informed consent for participating in this study.

Study Design
Questionnaire Survey
The questionnaire included subjects’ baseline information, including age, sex, weight, height, and history of smoking.

Pulmonary Function Test
All patients underwent PFT using a Multi-Functional Spirometer (HI-801 Chestgraph, CHEST M.I., Inc., Tokyo, Japan). 
Among 15 PFT parameters, FEV1/FVC and FEV1% predicted values were selected for this study. According to the 
GOLD guidelines and classification criteria for high risk for COPD populations in our previous study,7 all subjects were 
divided into three groups, namely the normal group with FEV1/FVC≥ 0.70 and FEV1% predicted value≥ 72%, group at 
high risk for COPD with FEV1/FVC≥ 0.70 and FEV1% predicted value< 72%, and COPD group with FEV1/FVC< 0.70.
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CT Scanning
All patients underwent breath-hold training before the CT scan and were subsequently placed in the supine position with 
arms above the head. Non-contrast-enhanced volumetric chest CT scanning was performed at peak inspiration using 
a 256-slice CT scanner (Brilliance iCT, Philips Medical Systems, Netherlands) from the thoracic inlet to the diaphragm, 
respectively. The following CT scanning parameters were used: collimation 128×0.625 mm, tube energy 120 kV, Z-axial 
and 3D automatic tube current modulation, Doseright® collimator (Philips Healthcare), reduced dose level 3 (inspiratory / 
expiratory scanning), pitch 0.915, slice thickness 1 mm, slice increment 1 mm, Field of View (FOV) 350 mm*350 mm, 
matrix 512*512, and high and standard resolution algorithms.

Image Analysis
Image analysis was carried out by a thoracic radiologist with 2 decades of experience who was blinded to the patients’ 
clinical information and PFT results. The parameters of pulmonary small vessels were analyzed using commercial 
software (A-VIEW, Suhai Alderi Information Technology Ltd., Suzhou, China). Pulmonary vessels were automatically 
segmented, and parameters of pulmonary vessels were obtained on the inspiratory image, as illustrated in Figure 1. At 
6 mm, 9 mm, 12 mm, 15 mm, 18 mm, 21 mm, and 24 mm depth from the pleural surface, parameters of pulmonary 
vessels consisted of the number of small pulmonary vessels (No. Vessels), number of pulmonary vessels with a cross- 
sectional area less than 5 mm2 (No. Vessels CSA< 5 mm2), surface area of low-attenuating-areas below −950 HU 
(Surface area of LAA), area of small pulmonary vessels (Vessel Area) and total surface area of small pulmonary vessels 
(Total Vessel Surface Area). Figure 2 displays the difference between the area and total surface area of small pulmonary 
vessels. The following parameters were also included: lung volume (LV), total blood volume (TBV), blood vessel 
volume in vessels with a cross-sectional area less than 1mm2 (BV1), blood vessel volume in vessels with a cross- 
sectional area less than 5mm2 (BV5), the ratio of BV1 to TBV (BV1/TBV), and the ratio of BV5 to TBV (BV5/TBV). 
Parameters were obtained at the levels of the whole lung.

Statistical Analysis
Statistical analyses were performed using SPSS 26.0 software (IBM SPSS Statistics, Armonk, NY, USA). Data were 
expressed as mean±standard deviation. Parameters among groups were compared using two-way ANOVA. Comparisons 
of categorical parameters between groups were evaluated using the chi-square test or rank sum test. A two-sided 
p-value< 0.05 was considered statistically significant.

Figure 1 Extraction of pulmonary vessels based on low-dose CT images. (a) showed tracing pulmonary vessels from low-dose chest CT images. (b) showed extraction of 
pulmonary vessels.
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Results
Differences in Demographic and Clinical Characteristics, PFT Parameters, and 
Cigarette Smoke Exposure Between the Normal, High Risk for COPD and COPD 
Groups
Among the 2333 community residents recruited, 364 subjects were excluded. 1968 subjects with available demographic and 
clinical characteristics, smoking history, PFT results, and pulmonary small vessel parameters were eligible for further analysis. 
Table 1 details the baseline characteristics of all included subjects. The proportion of males in the high risk for COPD and normal 
groups was significantly lower than those in the COPD group (P<0.001). On the other hand, the proportion of never-smokers in 
the high risk for COPD and normal groups were significantly higher than that in the COPD group (P<0.05). Besides, subjects in 
the group at high risk for COPD were significantly older than those in the normal and COPD groups (P<0.05). Nonetheless, BMI 
was comparable among the three groups (P=0.37).

Differences in Parameters of Pulmonary Small Vessels at the Whole Lung Level 
Between the Normal, High Risk for COPD, and COPD Groups
The results revealed that No. Vessels, No. Vessels CSA< 5 mm2 and Total Vessel Surface Area at 6~12 mm subpleura, as 
well as LV, TBV, BV1, BV5, BV1/TBV and BV5/TBV, were significantly lower in subjects in the group at high risk for 
COPD than those in the normal group (P<0.05) (Table 2). Contrastingly, the surface area of LAA was comparable 
between the group at high risk for COPD and normal group (P>0.05) (Table 2). At 6 mm subpleura, No. Vessels and No. 
Vessels CSA< 5 mm2 were significantly lower in the COPD group compared with those in the normal group (P<0.05), 
but these parameters were significantly greater at 9 and 12 mm below pleura in patients in the COPD group compared 
with those in the normal group (P<0.05) (Table 2). Additionally, Total Vessel Surface Area at 6, 9, and 12 mm subpleura 
and LV, TBV, BV1 and BV5 were significantly higher in the COPD group than that in the normal group (P<0.05) 
(Table 2). Likewise, the Surface area of LAA at 6, 9, and 12 mm subpleura was significantly higher in the COPD group 
than that in the normal group (P<0.001) (Table 2). Differences in parameters of small pulmonary vessels at 15~24 mm 
among three groups are summarized in Supplementary Table 1. Figure 3 depicts the differences in small pulmonary 
vessel parameters between the normal, high risk for COPD, and COPD groups.

Figure 2 Diagram of area and surface area of small pulmonary vessel. (A) represented the vascular surface area within the solid line. (B) represented the vascular area 
within the dashed line.
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Differences in Pulmonary Small Vessel Parameters Among Never-Smokers, Current 
Smokers, and Former Smokers in the Group at High Risk for COPD
No. Vessels, No. Vessels CSA< 5 mm2, Total Vessel Surface Area, Surface Area of LAA at 6~12 mm subpleura, LV, 
TBV, BV1 and BV5 in current smokers with high risk for COPD were significantly higher than those in never smokers 
with high risk for COPD (P<0.05) (Table 3). Similarly, No. Vessels, No. Vessels CSA< 5 mm2, Total Vessel Surface 
Area, Surface Area of LAA at 6~12 mm subpleura, LV, TBV, BV1, BV5, BV1/TBV and BV5/TBV were significantly 
higher in current smokers than those in never-smokers in the normal group (P<0.05) (Supplementary Table 2). It is 
worthwhile emphasizing that No. Vessels CSA< 5 mm2, Total Vessel Surface Area at 6~12 mm subpleura, and LV were 
significantly lower in former smokers with high risk for COPD than those in current smokers with high risk for COPD 
(P<0.05) (Table 3). Interestingly, the surface area of LAA was similar between the two groups (P>0.05) (Table 3). Lastly, 
there were no significant differences in any of the small pulmonary vessel parameters between current smokers with 
COPD and former smokers with COPD (P>0.05) (Supplementary Table 3). Figure 4 delineates the differences in TBV 
between never-smokers, current smokers, and former smokers.

Discussion
CT imaging can reflect aberrant lung micro-structural alterations and provide additional information on morphological 
changes. In this study, a reduction in the number, area, and volume of small pulmonary small vessels was noted in 
populations at high risk for COPD. The number, area, and volume of current smokers with high risk for COPD were 
higher than that of never smokers with high risk for COPD. And also, clinical intervention and proper treatment of 
populations at high risk for COPD may alleviate the damage in pulmonary vessels.

Table 1 Demographic and Clinical Characteristics and PFT Among Normal, High Risk for COPD and COPD Groups

Normal 
(n=1776)

High-Risk 
(n=90)

COPD 
(n=103)

P P

Normal Vs  
High-Risk

Normal Vs 
COPD

High-Risk Vs 
COPD

Sex <0.001 0.95 <0.001 <0.001
Male 756 (42.6%) 38 (42.2%) 76 (73.8%)

Female 1020 (57.4%) 52 (57.8%) 27 (26.2%)

Age 65.73±6.81 68.09±6.11 66.3±4.89 0.006 0.004 0.22 0.009
Height(m) 1.64±0.08 1.63±0.08 1.68±0.07 <0.001 0.66 <0.001 0.002

Weight(Kg) 64.56±10.52 64.63±11.48 66±10.16 0.37

BMI(Kg*m−2) 23.98±3.13 24.13±3.36 23.45±3.18 0.25
FEV1/FVC 0.84±0.06 0.82±0.09 0.63±0.09 <0.001 0.005 <0.001 <0.001

FEV1% pre 102.57±14.65 60.85±12.93 69.36±21.64 <0.001 <0.001 <0.001 <0.001

Smoking status <0.001 0.94 <0.001 0.001

Never smokers 1317 (74.2%) 66 (73.3%) 49 (47.5%)

Current 
smokers

338 (19%) 17 (18.9%) 39 (37.9%)

Former 

smokers

121 (6.8%) 7(7.8%) 15 (14.6%)

Pack-years <0.001 0.89 <0.001 <0.001

0 1317 (74.2%) 66 (73.3%) 49 (47.5%)

1--10 96 (5.4%) 5(5.6%) 7(6.8%)
11–25 117 (6.6%) 5(5.6%) 11 (10.7%)

26–50 97 (5.5%) 6(6.7%) 19 (18.4%)

51–75 19 (1%) 1(1.1%) 3(2.9%)
Missing 130 (7.3%) 7(7.7%) 14 (13.6%)

Note: Data are shown as mean±standard deviation.
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The prevalence of COPD increases with age. Indeed, there is a five-fold increased risk of COPD in patients aged over 65 
years compared with patients under 40 years.18 Herein, all participants were community residents over 40 years old. The 
current study found that populations in the group at high risk for COPD were typically older than those in the normal and 
COPD groups. According to previous studies, the prevalence of COPD is higher in males, which is consistent with our 
findings. More importantly, the risk of developing COPD has been rapidly increasing among women, possibly because women 
appear to be more susceptible to the toxic effects of tobacco smoke than men. Tobacco smoking is an established risk factor for 
COPD. An earlier study concluded that approximately 50% of smokers eventually develop COPD.19 In addition, genetics, air 

Table 2 Differences in Parameters of Pulmonary Vessels Among Normal, High Risk for COPD and COPD Groups

Normal (n=1776) High-Risk (n=90) COPD (n=103)

Parameters of small pulmonary vessels (at 6mm~12mm depth from the pleural surface)

6mm No. Vessels(ea) 1999.92±565.84 1688.57±492.09a 1851.05±637.84a,b

No. VesselsUnder5mm2(ea) 1689.79±514.82 1387.97±433.65a 1570.12±569.25a,b

Surface Area of LAA(mm2) 9827.64±10,565 10,343.53±12,944.7 27,612.36±26,806.4a,b

Total Surface Area(mm2) 216,403.46±45,801.04 192,037.41±45,173.75a 251,771.59±47,752.53a,b

9mm No. Vessels(ea) 1491.31±368.59 1287.27±320.02a 1595.8±398.6a,b

No. VesselsUnder5mm2(ea) 1048.91±319.88 883.26±274.6a 1163.42±332.89a,b

Surface Area of LAA(mm2) 7255.85±8319.08 7704.84±10,546.89 21,657.82±23,215.86a,b

Total Surface Area(mm2) 176,030.7±40,854.62 155,428.81±40,810.33a 208,152.11±43,345.84a,b

12mm No. Vessels(ea) 1037.3±262.28 901.08±240.03a 1175.17±269.17a,b

No. VesselsUnder5mm2(ea) 590.17±196.06 502.49±179.22a 710.01±202.94a,b

Surface Area of LAA(mm2) 5126.89±6271.18 5450.01±8208.54 16,365.12±19,454.7a,b

Total Surface Area(mm2) 139,041.17±36,088.75 121,062.22±35,832.97a 167,741.64±38,677.52a,b

Parameters of pulmonary vessel volume

Lung Volume(cc) 4303.81±1126.48 3732.27±1091.26a 5204.74±1255.58a,b

TBV(cc) 249.57±59.58 221.66±57.3a 275.65±64.12a,b

BV1 (cc) 10.34±3.7 9.25±3.18a 11.31±3.68a,b

BV5 (cc) 120.74±34.42 106.46±30.98a 132.27±36.36a,b

BV1/TBV 0.41±0.01 0.42±0.01 0.41±0.01

BV5/TBV 0.48±0.05 0.48±0.06 0.48±0.05

Note: Data are shown as mean±standard deviation. aSignificant difference with “normal” subjects (p < 0.05). bSignificant difference with “high-risk” subjects (p < 0.05).

Figure 3 Difference in small pulmonary vessel parameters among normal, high risk for COPD and COPD groups. No. Vessels and total vessel surface area at 6mm below 
pleura and BV5 (blood vessel volume in vessels with a cross-sectional area less than 5mm2) in high risk for COPD subjects were less than that in normal subjects (P<0.05). 
No. Vessels at 6mm below pleura in COPD subjects was less than that in normal subjects, but No. Vessels at 9mm below pleura in COPD subjects was more than that in 
normal subjects (P<0.05). Total vessel surface area at 6mm below pleura and BV5 (blood vessel volume in vessels with a cross-sectional area less than 5mm2) in COPD 
subjects were also more than that in normal subjects (P<0.05).

https://doi.org/10.2147/COPD.S436242                                                                                                                                                                                                                               

DovePress                                                                                              

International Journal of Chronic Obstructive Pulmonary Disease 2024:19 56

Pu et al                                                                                                                                                                Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


pollutants, second-hand smoking, and environmental tobacco smoke are also risk factors for COPD.20 In our study, the 
proportion of smokers in the COPD group was higher than that in the normal group and the group at high risk for COPD. 
Furthermore, our study found that the proportion of non-smokers in the populations at high risk for COPD was 73.3%. This 
signified that smoking is not a determinant risk of COPD. Besides, some studies shown that BMI was closely associated with 

Table 3 Differences in Pulmonary Vessel Parameters Among Never-Smokers, Current-Smokers and Former-Smokers in Group at 
High Risk for COPD

Never Smokers 
(n=66)

Current Smokers 
(n=17)

Former Smokers 
(n=7)

Parameters of small pulmonary vessel (at 6mm~12mm depth from the pleural surface)

6mm No. Vessels(ea) 1625.33±447.56 1989.12±575.74a 1554.86±466.12

No. Vessels aSA< 5mm2(ea) 1319.94±390.56 1710.06±480.41a 1247.14±391.75b

Surface Area of LAA(mm2) 6919.41±9166.8 21,918.47±16,014.35a 14,517.44±19,037.54
Total Surface Area(mm2) 178,362.1±37,000.36 244,999.14 

±30,046.91a

192,354.74 

±55,014.98b

9mm No. Vessels(ea) 1203.29±268.23 1625.53±311.48a 1257.57±279.67

No. Vessels aSA< 5mm2(ea) 805.26±231.12 1192.29±211.51a 868.14±287.74b

Surface Area of LAA(mm2) 4968.86±7341.17 16,723.72±13,438.11a 11,598.28±15,941.5
Total Surface Area(mm2) 142,778.64±33,123.98 203,042.54 

±28,078.84a

159,068.49 

±50,167.65b

12mm No. Vessels(ea) 832.14±197.48 1168.24±213.32a 902.29±237.17
No. Vessels CSA< 5mm2(ea) 450.83±145.12 700.24±143.52a 509.29±230.58b

Surface Area of LAA(mm2) 3367.8±5560.48 12,271.99±11,094.82a 8514.65±12,072.82

Total Surface Area(mm2) 110,174.24±29,321.42 161,853.05 
±24,979.91a

124,656.84 
±45,107.24b

Parameters of pulmonary vessel volume

Lung Volume(cc) 3400.13±889.25 4990.44±780.07a 3808.37±1330.23b

TBV(cc) 210.85±52.77 267.31±62.33a 221.2±40.92
BV1 (cc) 8.7±2.89 11.37±3.68a 9.22±2.57

BV5 (cc) 101.64±28.26 127.67±35.87a 100.38±24.08

BV1/TBV 0.04±0.01 0.04±0.01 0.04±0.01
BV5/TBV 0.48±0.06 0.48±0.05 0.45±0.06

Note: Data are shown as mean±standard deviation. aSignificant difference with “never smokers” (p < 0.05). bSignificant difference with “current smokers” (p < 0.05).

Figure 4 Total blood volume among subjects with different pulmonary function compared with smoking status. TBV (total blood volume) in never-smoker with high risk for 
COPD was less than that in current-smoker with high risk for COPD (P<0.05). This difference can also be seen in the normal and COPD subjects. Moreover, TBV in never- 
smokers with normal PFT (pulmonary function test) was less than that in current-smokers with normal PFT (P<0.05).
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the incidence of COPD, low BMI was an important risk factor for the development of COPD, and a predictor for COPD 
severity.21–23 Being underweight might be related to malnutrition and/or low socioeconomic status, which are considered as 
environmental risk factors for COPD. BMI of COPD patients was significantly lower than that of non-COPD subjects.24 In 
this study, we found that no significant difference in BMI between the normal, high risk for COPD, and COPD groups. The 
following factors may contribute to this finding. All subjects in this study who were community residents came from 
economically-advanced city, good education, wealthy, great nutritional status and socioeconomic status and cognizance of 
exercise may contribute to the subgroups without BMI difference.

Occlusion and loss of pulmonary small vessels, thickening of pulmonary vascular walls and lumen narrowing, and 
reduced lung perfusion are the primary manifestations of pulmonary vascular remodeling.25–28 Muscularization in 
arterioles, smooth muscle cell proliferation, as well as elastin and collagen deposition promote the thickening of the 
vessel walls and is characterized by increased cross-sectional area and volume of small pulmonary vessels. Quantitative 
parameters of the vascular area and volume were higher in COPD patients than in healthy populations, as determined in 
this study. Although pulmonary vascular volumes were increased, the pulmonary blood flow may not have increased, as 
portrayed in functional MRI images, which exhibited distal lung perfusion defects in COPD patients.9 Emphysema and 
increased residual volume in COPD patients contributed to the increase in lung volume compared to the healthy 
population, which was in agreement with the observation of earlier studies. Previous studies also reported that the 
histologic evidence of small vascular loss was consistent with the pruning of distal pulmonary small vessels on CT 
images.13,29 The current study identified that COPD patients possessed a lower number of small vessels at 6 mm below 
the pleura and a higher number at 9 mm and above compared to the healthy population. Occlusion and absence of 
terminal pulmonary vessels resulted in increased blood flow in the proximal pulmonary vessels. With congestion and 
dilatation of vessels on the proximal side, more pulmonary vessels were captured on the CT scan, and more vessels were 
visualized on the images. Humbert M et al described that micro-vasculature pruning may suggest loss, narrowing, or 
reduced filling of smaller vessels or even proximal vessel dilation.30 Moreover, the pruning of vessels was associated 
with severity of pulmonary hypertension and an increase in right ventricular volume.31,32

CT imaging and post-processing techniques uncovered that morphological changes in small pulmonary vessels in 
populations at high risk for COPD were characterized by a decrease in the number, area, and volume of vessels compared 
to normal populations. To our knowledge, studies on pulmonary vascular changes in populations at high risk for COPD 
using multiple quantitative parameters are scarce. We speculated that the change in pulmonary small vessels in the 
populations at high risk for COPD might be associated with pulmonary vasoconstriction. For example, endothelial 
dysfunction leads to the generation of vasoconstricting and vasoproliferative agents and interferes with the effects of 
vasodilators.33 The effect of increased residual volume and emphysema on pulmonary vascular changes also needs to be 
considered. Increased emphysema can result in an increase in residual volume. Previous studies found that the percentage 
of cross-sectional area of vessels <5mm2 (%CSA <5) and BV5 was negatively correlated with LAA%-950 in COPD 
patients.14,34 It suggested that small peripheral pulmonary vessels were susceptible to emphysema leading to loss, 
narrowing, or decreased filling. The effects of asthma on the pulmonary vasculature cannot be ignored. In our study, 
the subjects at high risk for COPD may contain undiagnosed asthma populations. The changes of pulmonary vasculature 
are manifested by an increase in the number of small peripheral blood vessels and an increase in blood flow in 
asthma.35,36 Nevertheless, Small pulmonary vessel changes in COPD combined with asthma require more researches. 
Unexpectedly, the number, area, and volume of pulmonary vessels in the populations at high risk for COPD were not 
only lower than those in the normal populations but also lower than those in COPD patients. This observation signals that 
pulmonary vessel remodeling may not be as severe in populations at high risk for COPD as in COPD patients. Thus, 
adequate intervention and treatment may be more effective in promoting pulmonary vessel remodeling in populations at 
high risk for COPD relative to COPD patients. Park SW et al reported that the number of small pulmonary vessels was 
decreased during GOLD stage progression.37 Unlike their study, our study did not collect follow-up data on the subjects. 
What’s more, the paucity of animal models or vivo tissue tests for high risk for COPD impedes a comprehensive 
understanding of the pathological mechanisms underlying the decline in vessel number, area, and volume.

Quantitative parameters such as the number, area, and volume of small pulmonary vessels in current smokers with high 
risk for COPD were higher than those in never-smokers with high risk for COPD. The same results were observed in the 
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normal population. Synn AJ et al demonstrated that current smokers had a higher pulmonary vascular volume compared with 
never-smokers.38 Interestingly, Aaron CP et al found that total pulmonary vascular volume was higher in former non-COPD 
smokers than that in non-COPD never smokers,39 in line with our results. There are several possible explanations for our 
findings with regard to the higher number, area, and volume in participants exposed to tobacco. To begin, carbon monoxide (a 
byproduct of tobacco combustion) facilitates vasodilation via nitric oxide-mediated mechanisms, which was validated in 
mouse models.40,41 Secondly, pulmonary surfactant is decreased during smoking, leading to increased surface tension, 
alveolar collapse, ventilation perfusion mismatches and hypoxemia. Increased vessel calibre as a result of negative pressure 
surrounding pulmonary capillaries and engorgement of blood capillaries. Thirdly, interstitial fibrosis, inflammation adjacent to 
pulmonary vessels or fluid filtration may be misclassified as being part of the vessel by the algorithm, a concern that was raised 
by Jacob J et al.42 Fourthly, as previously mentioned, the increase in volume and area of small pulmonary vessels may be 
attributed to vascular wall thickening, while blood flow was not increased. In our study, the number and area of small 
pulmonary vessels in current smokers with high risk for COPD were higher than in former smokers with high risk for COPD. 
We theorize that clinical management of populations at high risk for COPD may delay pulmonary vascular change. 
Takayanagi S et al claimed that management has a superior effect on pulmonary vasculature in early-stage COPD.3 In 
populations at high risk for COPD, remodeling of peripheral pulmonary vessels, including their distensibility in some degree, 
may be opposite to the impact of cumulative smoking burden on vessels. More studies of populations at high risk for COPD 
are necessary to confirm this hypothesis. And studies regarding the follow-up of populations at high risk for COPD and 
smokers are also essential. Follow-up of populations at high risk for COPD and smokers could help us to comprehend the 
dynamics change of pulmonary vessels and the impact of smoking cessation on change of pulmonary vessels.

There were several limitations to this study that cannot be overlooked. Firstly, this study was conducted at a single center 
using retrospective data, which may limit the generalization and applicability of our observations to other populations or 
regions. In addition, radiographic assessment of the small pulmonary vessel structure did not distinguish venous from arterial 
vessels. Pulmonary vein remodeling is observable in COPD patients, as evidenced by arterialization of the pulmonary vein 
wall and intimal fibrosis, and is positively correlated with pulmonary artery remodeling.43 It is reasonable to speculate that 
pulmonary venous remodeling also occurs in populations at high risk for COPD. Artificial intelligence techniques are paving 
the way for future studies to investigate differences in pulmonary arteriovenous remodeling in populations at high risk for 
COPD.44 All subjects in our study were from urban communities, and the majority of subjects were normal populations and 
populations at high risk for COPD. Given that this was a real-world study, the imbalance in the number of non-COPD and 
COPD subjects may have affected the accuracy of our results. Populations with previous history of asthma were excluded 
from this study, which may included people with undiagnosed asthma. More researches are needed about pulmonary vascular 
changes in populations with asthma-COPD overlap. In addition, further studies on longitudinal pulmonary vascular changes in 
populations at high risk for COPD and smokers are warranted.

Conclusion
Based on quantitative CT parameters, the number, area, and volume of small pulmonary vessels were decreased in the 
populations at high risk for COPD. The number, area, and volume of current smokers with high risk for COPD were 
higher than that of never smokers with high risk for COPD. And also, clinical management of populations at high risk for 
COPD, such as smoking cessation, may be effectively improve pulmonary vascular change in populations at high risk for 
COPD.
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