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Background: To investigate the relationship between pulmonary function and brachial-ankle pulse wave 
velocity (baPWV). 
Methods: A cross-sectional study was conducted. A total of 11,388 people with complete pulmonary function 
test and baPWV data and who participated in both the health examination of the Kailuan Occupational 
Disease Prevention and Treatment Center in 2014–2016 and the health checkup of the Kailuan Group in 2012 
and 2014 were selected as subjects. The study population was divided into four groups by forced vital capacity 
(FVC) quartiles (group 1: FVC <3.50 L; group 2: 3.50 L ≤ FVC <3.96 L; group 3: 3.96 L ≤ FVC <4.47 L;  
group 4: FVC ≥4.47 L) and divided into four groups by forced expiratory volume in one second (FEV1) 
quartile (group 1: FEV1 <3.15 L; group 2: 3.15 L ≤ FVC <3.61 L; group 3: 3.61 L ≤ FVC <4.08 L; group 4: 
FVC ≥4.08 L). Linear regression analysis and multivariate logistic regression were used to analyze the effects 
of pulmonary function on baPWV. 
Results: When grouped by FVC, the baPWV of the first group was significantly higher than the other 
groups. Similarly, the incidence of arteriosclerosis in the first group was significantly higher than the other 
groups. When grouped by FEV1, the baPWV of the first group was significantly higher than the other 
groups. The incidence of arteriosclerosis was also significantly higher in the first group than the other 
groups. After correcting for other confounding factors using linear regression, it was found that the effects of 
FVC and FEV1 on the study subject’s baPWV were −23.84 and −24.65 L, respectively. Multivariate logistic 
regression analysis showed that when grouped by FVC quartile, the risk of arteriosclerosis was increased 
by 34% in group 1 compared with group 4 (OR: 1.34, 95% CI: 1.17–1.52); the risk of arteriosclerosis was 
increased by 16% in group 2 compared with group 4 (OR: 1.16, 95% CI: 1.03–1.31). When grouped by the 
FEV1 quartile, the risk of arteriosclerosis was increased by 25% in group 1 compared with group 4 (OR: 1.25, 
95% CI: 1.10–1.42). 
Conclusions: Decreased pulmonary function is negatively correlated with baPWV and is an independent 
risk factor for arteriosclerosis.
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Introduction

Cardiovascular disease is the most fatal disease in the world, 
with high morbidity and mortality (1,2). Arteriosclerosis 
is a risk factor for cardiovascular disease, and it is also a 
pathophysiological basis of myocardial infarction, stroke, 
and all-cause death (3-5). The brachial ankle-pulse wave 
velocity (baPWV) is a sensitive indicator for detecting 
arteriosclerosis (6,7). Pulmonary function tests are an 
important method to evaluate the degree of airway patency 
and lung volume. Because of the close relationship between 
the respiratory system and the circulatory system, the 
relationship between pulmonary function and cardiovascular 
disease has been widely discussed. Studies by Tockman and 
Hyung found that pulmonary function decline is associated 
with the development of coronary artery disease (CAD), 
which serves as an independent risk factor for cardiovascular 
events (8,9). Amaral et al. found that total lung capacity 
(TLC) and forced vital capacity (FVC) were negatively 
correlated with PWV (10). In addition, a prospective study 
by Charlotte E Bolton et al showed a negative correlation 
between FVC and forced expiratory volume in one second 
(FEV1) and PWV, both in middle-aged and elderly 
subjects. Whether pulmonary function is related to pulse 
wave velocity is rarely reported. So, this study analyzed the 
relationship between pulmonary function and PWV of coal 
miners in northern China, based on the data of Kailuan 
Research (Registration No.: ChiCTR-TNC-11001489).

Methods

Study subjects

This study used a cross-sectional study method. Inclusion 
criteria: (I) gender is not limited; (II) races are not limited; 
(III) in-service and retired miners who participated in the 
2014–2016 Kailuan occupational disease prevention and 
treatment health examination and have complete pulmonary 
function test data; (IV) have complete baPWV data; (V) 
have taken part in the 2012 and 2014 Kailuan Group health 
checkups; (VI) agreed to participate in the study. Exclusion 
criteria: (I) age >60 years; (II) serious physical disability that 
precludes the examination; (III) loss of smoking history; (IV) 
research data missing.

The study protocol was approved by the Ethics 
committee of Tangshan Medical Ethics Society and written 
informed consent was obtained from each participant before 
data collection.

Epidemiological data collection

A unified epidemiological questionnaire was developed. 
The questionnaire was first filled out by individuals. Then 
the information was verified in person by trained doctors. 
The contents include demographic data, personal behavior 
habits (smoking and physical exercise, etc.), history of 
hypertension, diabetes, myocardial infarction, cerebral 
infarction and family history. A history of smoking is 
defined as an average daily intake of at least one cigarette 
per day for at least 1 year. Physical exercise is defined as a 
moderate-intensity exercise at least 3 days per week, more 
than 30 minutes each time.

Physical examination

Subjects were undressed, uncapped, and lightly dressed, 
using a calibrated RGZ-120 body mass scale to measure 
height (accurate to 1 mm) and body mass (accurate to  
0.1 kg). Body mass index (BMI) = weight/height2 (kg/m2). 
Blood pressure measurement: No smoking, tea or coffee 
was allowed within 30 min and subjects were seated for 
15 min before the blood pressure was measured. The 
right radial artery blood pressure was measured using a 
calibrated mercury sphygmomanometer. The first phase of 
Korotkoff sound was taken as the systolic pressure, and the 
fifth phase of Korotkoff sound was taken as the diastolic 
pressure. The measurements were taken 3 times, with a  
1–2 min measurement interval, and the average reading 
scores were selected as final data. In addition, the maximum 
value of systolic blood pressure of the left and right radial 
artery was collected.

Blood biochemical index

All subjects fasted for at least 8 h before taking venous blood 
samples. 5 mL of venous blood was collected in an EDTA 
vacuum tube at 7:00 am to 9:00 am. After centrifugation at 
3,000 g for 10 min at room temperature, the upper serum 
was taken to detect total cholesterol (TC), triglyceride 
(TG), low density lipoprotein cholesterol (LDL-C), uric 
acid (UA), fasting blood glucose (FBG), and hypersensitive 
C-reactive protein (CRP) within 4 h. The above analysis 
was performed on the Hitachi 7600 automatic biochemical 
analyzer. The operation was strictly carried out according 
to the reagent manual, and quality control was carried out 
by a professional inspector.
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baPWV determination

The baPWV was measured using a BP-203RPEIII, PWV/
ABI type arteriosclerosis tester manufactured by Omron 
Corporation of Japan. The patient’s age, sex, height, and 
body mass data were recorded prior to the examination. 
Before the examination, the participant was requested 
to rest for 15 min at room temperature. During the 
examination, the patient was lying on the examination bed, 
four oscillometric blood pressure cuffs were attached to 
the limbs. Simultaneously, the limb lead electrocardiogram 
electrode was connected, and a heart sound map PCG 
sensor was placed on the position of the electrocardiogram 
chest lead V4. Then the 4 cuffs were simultaneously inflated 
and deflated, and the ECG and PCG were monitored. 
The highest value of baPWV on the left and right sides 
was taken into the statistics. Arteriosclerosis was defined as 
baPWV >1,400 cm/s.

Pulmonary function test

It was forbidden to eat a large amount of food 2 h before the 
test, drink cola, coffee, tea, etc. on the day of the test, smoke  
1 h before the test or vigorously exercise 30 min before the 
test. During the test subjects were seated with their feet placed 
level on the ground. The examination was performed on a 
PTF lung function machine manufactured by the German 
company Jaeger. The tests were quality controlled and 
operated, and the participants were professionally instructed to 
ensure the accuracy of the results.

Test items include: FVC is the expiratory volume which 
requires inspiring to TLC position and exhaling as quickly 
and forcefully as possible to the residual volume (RV). 
FEV1 is the volume of air that is expired during the first 
second of a forced exhale after inspiration to the TLC.

Selection of test results: In three acceptable tests, the 
difference between the best and the suboptimal values of 
FVC and FEV1 should be ≤0.150 L; if FVC ≤1.000 L, the 
difference should be ≤0.100 L. Both FVC and FEV1 take 
the maximum of all tests that meet the acceptable criteria 
and correct for the effect of individual body differences on 
lung function (11,12). Correction formula: FVC = FVC 
measured value × (1.73/height)2; FEV1 = FEV1 measured 
value × (1.73/height)2.

Statistical analyses

The physical examination data were entered by each 

hospital terminal, uploaded to the computer room server 
of Kailuan Hospital through the network, and the oracle 
database was formed, and verified by the cardiovascular 
laboratory staff of Kailuan Hospital. The Epidata database 
was established and processed by SPSS13.0 statistical 
software. According to the FVC and FEV1 quartiles, the 
mean of the measurement data among the four groups 
was compared by variance analysis, and the homogeneity 
of the variance and the normality test were performed. 
The data which satisfied with the normal distribution 
were showed as mean ± standard error. The count data 
were showed as a percentage of N (%). The ratio was 
compared using the χ2 test. As CRP and TG data were 
skewed, the data were then logarithmically transformed 
and compared between groups. Linear regression analysis 
and multivariate logistic regression model were used to 
analyze the effect of lung function on baPWV. To exclude 
the possible effects of smoking history, a sensitivity 
analysis was performed after excluding the history of 
smoking. The difference was considered statistically 
significant at P<0.05 (two-sided test).

Results

General data analysis

According to the inclusion criteria, 12,743 people both 
took part in the 2014–2016 Open Occupational Disease 
Prevention and Treatment Hospital health check-up and 
participated in the 2012 and 2014 Kailuan Group health 
examinations. While, based on the exclusion criteria, 
one was missing baPWV and pulmonary function test 
data, 16 people over 60 years of age, 184 people with 
missing smoking history, and 1,154 people with missing 
biochemical indicator data were excluded. The final number 
of participants was 11,388, which included 11,172 males 
and 216 females. The study population was divided into 
four groups by FVC quartiles (group 1: FVC <3.50 L; 
group 2: 3.50 L ≤ FVC <3.96 L; group 3: 3.96 L ≤ FVC 
<4.47 L; group 4: FVC ≥4.47 L). There were statistically 
significant differences in physical examination age, BMI, 
systolic blood pressure, fasting blood glucose, TC, HDL-C, 
LDL-C, lgTG, lgCRP, uric acid, baPWV, incidence 
of arteriosclerosis, hypertension, diabetes, and physical 
exercise (Table 1). The study population was also divided 
into four groups by FEV1 quartile (group 1: FEV1 <3.15 L; 
group 2: 3.15 L ≤ FEV1 <3.61 L; group 3: 3.61 L ≤ FEV1 
<4.08 L; group 4: FEV1 ≥4.08 L), the difference between 
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Table 1 General situation of different FVC level groups

Characteristics
Group 1 (<3.50) 

(N=2,796)
Group 2 (3.50–3.96) 

(N=2,918)
Group 3 (3.96–4.47) 

(N=2,859)
Group 4 (>4.47) 

(N=2,815)
P value

Age 47.14±6.95 43.45±8.21a 41.15±8.32ab 36.86±8.33abc <0.001

BMI (kg/m2) 25.23±3.23 25.02±3.34a 25.01±3.31a 24.72±3.28abc <0.001

Systolic pressure (mmHg) 130.99±16.13 128.80±15.23a 128.56±14.44a 127.24±13.27abc <0.001

Diastolic pressure (mmHg) 83.60±10.32 81.95±10.07a 81.69±9.97a 80.20±9.48abc <0.001

Fasting blood glucose (mmol/L) 5.73±2.38 5.54±1.48a 5.42±1.21ab 5.34±1.23ab <0.001

TC (mmol/L) 5.19±1.04 5.10±2.07a 5.00±1.05ab 4.85±1.13abc <0.001

HDL (mmol/L) 1.36±0.78 1.37±0.48 1.39±0.60 1.43±1.20ab 0.015

LDL (mmol/L) 2.80±0.88 2.81±0.87 2.79±0.95 2.72±1.02abc 0.002

LgTG (mmol/L) 0.43±0.73 0.32±0.68a 0.29±0.67a 0.23±0.66abc <0.001

LgCRP (mg/dL) 0.08±1.38 −0.09±1.44a −0.17±1.55a −0.45±1.84abc <0.001

Uric acid (μmol/L) 349.62±103.21 343.47±105.71a 340.38±107.14a 337.66±107.41ab <0.001

BaPWV (cm/s) 1,538±275 1,469±246a 1,440±238ab 1,378±200abc <0.001

baPWV ≥1,400 cm/s, n (%) 1,857 (66.4) 1,630 (55.9) 1,462 (51.1) 1,139 (40.5) <0.001

Hypertension, n (%) 1,003 (35.9) 830 (28.4) 780 (27.3) 609 (21.6) <0.001

Diabetes, n (%) 278 (9.9) 203 (7.0) 161 (5.6) 95 (3.4) <0.001

History of smoking, n (%) 1,829 (65.4) 1,918 (65.7) 1,872 (65.5) 1,862 (66.1) 0.938

Physical exercise, n (%) 426 (15.2) 310 (10.6) 259 (9.1) 181 (6.4) <0.001

Data are presented as mean ± SEM or number (percentage). Compared with the first quartile, aP<0.05; compared with the second quartile, 
bP<0.05; compared with the third quartile, cP<0.05. FVC, forced vital capacity; BMI, body mass index; TC, total cholesterol; HDL, high-
density lipoprotein cholesterol; LDL, low-density lipoprotein cholesterol; baPWV, brachial-ankle pulse wave velocity; lgTG, log-transformed 
glycerol Triester; lgCRP, log-transformed hypersensitive C-reactive protein.

the groups did not change significantly (Table 2).

Linear regression analysis

A linear regression analysis method was applied, FVC 
was used as the dependent variable, baPWV was used as 
the independent variable. After correcting for physical 
examination age, BMI, CRP, LDL-C, TG, hypertension, 
diabetes, smoking history and physical exercise, the effect of 
FVC on baPWV in the study population was −23.84 cm/s, 
the difference was statistically significant (P<0.001, Table 3).  
Moreover, FEV1 was negatively linearly correlated with 
baPWV (P<0.001, Table 4).

Multivariate logistic regression analysis

Arteriosclerosis (baPWV >1,400 cm/s) was used as 
the dependent variable and FVC quartile was used as 

independent variable in group 1. Group 4 was used as 
baseline to perform the logistic regression analysis. After 
correcting for physical examination age, BMI, CRP, LDL-C, 
TG, hypertension, diabetes, smoking, physical exercise, our 
study showed that the risk of arteriosclerosis was increased 
by 34% in group 1 compared with group 4 (OR: 1.34, 
95% CI: 1.17–1.52, Table 5). The risk of arteriosclerosis 
increased by 16% in group 2 compared with group 4 (OR: 
1.16, 95% CI: 1.03–1.31, Table 5). Arteriosclerosis (baPWV 
>1,400 cm/s) was used as the dependent variable, the FEV1 
quartile was grouped as the independent variable, and group 
4 was used as the baseline. Based on the logistic regression 
analysis, after adjusting for various confounding factors, 
the results showed that compared with group 4, the risk of 
developing arteriosclerosis in group 1 increased by 25% 
(OR: 1.25, 95% CI: 1.10–1.42, Table 6). Sensitivity analysis 
was performed after excluding the smoking population, the 
results indicated that the risk still increased (Table 7).
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Table 2 General situation of different FEV1 level groups

Characteristics
Group 1 (<3.15) 

(N=2,812)
Group 2 (3.15–3.61) 

(N=2,875)
Group 3 (3.61–4.08) 

(N=2,838)
Group 4 (>4.08) 

(N=2,863)
P value

Age (years) 47.16±6.96 43.35±8.26a 41.15±8.41ab 37.01±8.25abc <0.001

BMI (kg/m2) 25.19±3.22 25.03±3.36 25.07±3.28 24.70±3.29abc <0.001

Systolic pressure (mmHg) 131.02±16.19 128.74±15.11a 128.42±14.54a 127.42±14.86abc <0.001

Diastolic pressure (mmHg) 83.50±10.32 81.96±10.05a 81.69±10.04a 80.31±9.47abc <0.001

Fasting blood sugar (mmol/L) 5.70±2.36 5.55±1.50 5.43±1.23b 5.35±1.22bc <0.001

TC (mmol/L) 5.19±1.18 5.10±2.01a 5.00±0.97ab 4.85±1.19abc <0.001

HDL (mmol/L) 1.37±0.79 1.38±0.60 1.38±0.44 1.43±1.19abc 0.033

LDL (mmol/L) 2.81±0.95 2.80±0.95 2.78±0.79 2.73±1.01ab 0.006

LgTG (mmol/L) 0.41±0.72 0.34±0.68a 0.30±0.68a 0.23±0.67abc <0.001

LgCRP (mg/dL) 0.02±1.41 −0.09±1.47 −0.16±1.56a −0.40±1.78abc <0.001

Uric acid (μmol/L) 348.26±102.37 345.95±105.96 342.22±107.07a 334.88±107.90abc <0.001

baPWV (cm/s) 1,537±273 1,468±250a 1,439±236ab 1,382±200abc <0.001

baPWV ≥1,400 cm/s 1,859 (66.1) 1,587 (55.2) 1,449 (51.1) 1,193 (41.7) <0.001

Hypertension 1,014 (36.1) 818 (28.5) 749 (26.4) 641 (22.4) <0.001

Diabetes 264 (9.4) 209 (7.3) 159 (5.6) 105 (3.7) <0.001

History of smoking 2,242 (79.7) 2,213 (77.0) 2,142 (75.5) 1,951 (68.1) <0.001

Physical exercise 264 (9.4) 169 (5.9) 124 (4.4) 73 (2.5) <0.001

Data are presented as mean ± SEM or number (percentage). Compared with the first quartile, aP<0.05; compared with the second quartile, 
bP<0.05; compared with the third quartile, cP<0.05. FEV1, forced expiratory volume after 1 second; BMI, body mass index; TC, total 
cholesterol; HDL, high-density lipoprotein cholesterol; LDL, low-density lipoprotein cholesterol; baPWV, brachial-ankle pulse wave velocity; 
lgTG, Number-converted triglyceride; lgCRP, log-transformed hypersensitive C-reactive protein.

Discussion

The respiratory system is closely related to the circulatory 
system. Many studies have shown that decreased lung 
function is an independent risk factor for cardiovascular 
disease (2,3,13). Some studies suggest that arteriosclerosis 
may be the link between pulmonary dysfunction and 
cardiovascular disease. One diagnostic procedure (4,5), 
baPWV, is an early sensitive indicator of arteriosclerosis, 
and its  increase is  an independent risk factor for 
cardiovascular disease. There are few reports on the 
relationship between lung function and baPWV.

In this study, coal miners in northern China were used 
as research subjects, and pulmonary function was measured 
by FVC and FEV1. We found that the level of baPWV 
was significantly higher in the low FVC group and the low 
FEV1 group (P<0.05). The higher the FVC and FEV1, 
the lower the incidence of arteriosclerosis (FVC: 66.4% 

in group 1 and 55.8% in group 2, 51.1% in 3 groups, 
40.4% in group 4; FEV1: 66.1% in group 1, 55.2% in 
group 2, 51% in group 3, 41.7% in group 4). In the low 
pulmonary function group, the incidence of arteriosclerosis 
was significantly higher than that in normal lung function 
group (P<0.05). There was a significant negative correlation 
between pulmonary function and baPWV. This is consistent 
with the findings of Bolton et al. (14).

In this study, we found through linear regression model 
that after adjusting for confounding factors, the effects of 
FVC and FEV1 on baPWV in the study population were 
−23.84 and −25.58 cm/s, respectively, which is consistent 
with the results of Andre et al.  A cross-sectional study was 
performed by them, showing that after adjusting for age, 
gender, height and race, the effects of TLC and FVC on 
PWV were −1.53 and −2.66 m/s. In addition, continuing 
to adjust for smoking and BMI, the results showed no 
change. Meanwhile, in the logistic regression model, after 
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Table 3 Linear regression analysis of the effect of FVC on baPWV (n=11,388)

models B value (95% CI for B) SE B value T value P value Adjusted R2 VIF

Model 1

FVC −89.18 [−95.57–(−82.79)] 3.26 −0.25 −27.36 <0.001 0.062 1.000

Model 2

FVC −25.67 [−32.38–(−18.96)] 3.42 −0.07 −7.49 <0.001 0.180 1.264

Age 10.83 (10.30–11.35) 0.27 0.38 40.32 <0.001 1.260

BMI 3.10 (1.85–4.35) 0.64 0.04 4.85 <0.001 1.004

Model 3

FVC −23.71 [−30.41–(−17.00)] 3.42 −0.06 −6.93 <0.001 0.188 1.270

Age 10.79 (10.26–11.32) 0.26 0.38 40.26 <0.001 1.264

BMI 1.98 (0.72–3.25) 0.65 0.03 3.07 0.002 1.036

CRP 2.26 (1.01–3.52) 0.64 0.03 3.54 <0.001 1.016

LDL-C 10.94 (6.48–15.39) 2.27 0.04 4.81 <0.001 1.014

TG 6.65 (5.12–8.18) 0.78 0.07 8.51 <0.001 1.023

Model 4

FVC −22.59 [−28.90–(−16.29)] 3.21 −0.06 −7.02 <0.001 0.281 1.271

Age 8.37 (7.86–8.88) 0.26 0.29 40.26 <0.001 1.344

BMI −1.60 [−2.81–(−0.39)] 0.62 −0.02 3.07 0.009 1.061

CRP 0.98 (−0.19–2.16) 0.60 0.01 3.54 0.103 1.021

LDL-C 9.11 (4.91–13.29) 2.14 0.03 4.81 <0.001 1.014

TG 4.45 (3.00–5.90) 0.74 0.05 8.51 <0.001 1.033

Hypertension 158.77 (149.75–167.78) 4.59 0.28 4.81 <0.001 1.102

Diabetes 117.42 (101.27–133.57) 8.24 0.12 8.51 <0.001 1.053

Model 5

FVC −23.84 [−28.90–(−17.00)] 3.22 −0.06 −7.41 <0.001 0.284 1.270

Age 8.34 (10.26–11.32) 0.26 0.29 31.69 <0.001 1.264

Model 1 uses baPWV as the dependent variable and FVC as the independent variable; Model 2 corrected for physical examination age and 
BMI; Model 3 further corrects for CRP, LDL-C, and TG based on Model 2; Model 4 corrects for hypertension or diabetes based on Model 
3; Model 5 corrects for history of smoking and physical exercise based on Model 4. FVC, forced vital capacity; baPWV, brachial-ankle  
pulse wave velocity; BMI, body mass index; CRP, C-reactive protein; LDL, low-density lipoprotein cholesterol; TG, glycerol triester.

adjusting for confounding factors, the risk of arteriosclerosis 
in the lowest group of FVC (group 1) was 34% higher 
than in the highest FVC group (group 4; OR: 1.34, 95% 
CI: 1.25–1.63). The risk of arteriosclerosis was increased 
by 25% in the lowest FEV1 group (group 1) compared 
with the highest FEV1 group (group 4; OR: 1.25, 95% 
CI: 1.17–1.52). This suggests that decreased pulmonary 
function can lead to an increased risk of arteriosclerosis 
and can be an independent risk factor for arteriosclerosis. 

A prospective study conducted by Wannamethee et al. (12) 
showed that FVC and FEV1 were significantly negatively 
correlated with the incidence of fatal cardiovascular events, 
and decreased pulmonary function was an independent 
risk factor for cardiovascular disease, which is consistent 
with our study. Moreover, other studies showed that the 
decline in pulmonary function was associated with increased 
risk for cognitive dysfunction (15), microalbuminuria 
and acute kidney injury (16). A common pathological 
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Table 4 Linear regression analysis of the effect of FEV1 on baPWV (n=11,388)

Models B value (95% CI for B) SE B value t value P value Adjusted R2 VIF

Model 1

FVC −90.76 [−97.33–(−84.19)] 3.34 −0.25 −27.09 <0.001 0.061 1.000

Model 2

FVC −27.27 [−34.12–(−20.43)] 3.49 −0.07 −7.80 <0.001 0.180 1.247

Age 10.82 (10.29–11.34) 0.26 0.38 40.55 <0.001 1.244

BMI 3.14 (1.89–4.39) 0.64 0.04 4.92 <0.001 1.003

Model 3

FVC −25.56 [−32.39–(−18.72)] 3.48 −0.07 −7.33 <0.001 0.188 1.251

Age 10.78 (10.25–11.29) 0.26 0.38 40.46 <0.001 1.248

BMI 2.01 (0.74–3.27) 0.65 0.03 3.11 0.002 1.036

CRP 2.32 (1.07–3.57) 0.64 0.03 3.63 <0.001 1.015

LDL-C 11.00 (6.55–15.45) 2.27 0.04 4.84 <0.001 1.014

TG 6.64 (5.11–8.17) 0.78 0.07 8.50 <0.001 1.023

Model 4

FVC −24.65 [−31.08–(−18.22)] 3.28 −0.07 −7.52 <0.001 0.282 1.251

Age 8.34 (7.83–8.85) 0.26 0.29 32.29 <0.001 1.328

BMI −1.58 [−2.78–(−0.37)] 0.62 −0.02 −2.57 0.010 1.060

CRP 1.03 (−0.19–2.16) 0.60 0.01 1.71 0.087 1.020

LDL-C 9.17 (4.98–13.36) 2.14 0.03 4.29 <0.001 1.014

TG 4.44 (2.99–5.88) 0.74 0.05 6.02 <0.001 1.033

Hypertension 158.84 (149.83–167.85) 4.59 0.28 34.55 <0.001 1.102

Diabetes 117.34 (101.19–133.49) 8.24 0.11 14.25 <0.001 1.053

Model 5

FVC −25.58 [−32.00–(−19.15)] 3.27 −0.07 −7.80 <0.001 0.284 1.254

Age 8.32 (7.81–8.84) 0.26 0.29 31.86 <0.001 1.363

BMI −1.37 [−2.58–(−0.17)] 0.61 −0.02 −2.24 0.025 1.063

CRP 1.02 (−0.16–2.19) 0.60 0.01 1.69 0.090 1.020

LDL-C 8.75 (4.57–12.94) 2.13 0.03 4.10 <0.001 1.016

TG 4.26 (2.82–5.71) 0.74 0.05 5.78 <0.001 1.035

Hypertension 158.17 (149.18–167.17) 4.59 0.29 34.46 <0.001 1.103

Diabetes 116.69 (100.56–132.81) 8.23 0.12 14.18 <0.001 1.054

History of smoking 23.26 [−32.54–(−6.75)] 4.17 0.04 5.57 <0.001 1.014

Physical exercise −19.65 [−32.01–(−19.15)] 6.57 −0.02 −2.98 0.003 1.034

Model 1 uses baPWV as the dependent variable and FEV1 as the independent variable; Model 2 corrects for physical examination age 
and BMI; Model 3 further corrects for CRP, LDL-C, and TG based on Model 2; Model 4 corrects for hypertension or diabetes which is 
based on Model 3; Model 5 corrects for history of smoking and physical exercise based on Model 4. FEV1, forced expiratory volume after 
1 second; baPWV, brachial-ankle pulse wave velocity; BMI, body mass index; LDL, low-density lipoprotein cholesterol; TG, triglyceride; 
CRP, C-reactive protein.



4558 Yan et al. Relationship between pulmonary function and brachial-ankle pulse wave velocity

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2019;11(11):4551-4561 | http://dx.doi.org/10.21037/jtd.2019.10.71

Table 5 Logistic regression model of the influence of different FVC groups on baPWV (>1,400 cm/s)

Variable
OR (95%CI)

Model 1 Model 2 Model 3 Model 4 Model 5

Group 4 (>4.08) – – – – –

Group 1 (<3.15) 2.91 (2.61–3.25) 1.33 (1.18–1.51) 1.28 (1.13–1.45) 1.31 (1.15–1.48) 1.34 (1.17–1.52)

Group 2 (3.15–3.61) 1.86 (1.67–2.07) 1.13 (1.01–1.27) 1.11 (0.99–1.25) 1.15 (1.02–1.29) 1.16 (1.03–1.31)

Group 3 (3.61–4.08) 1.54 (1.38–1.71) 1.11 (0.99–1.25) 1.10 (0.98–1.23) 1.11 (0.99–1.25) 1.12 (0.99–1.26)

Age – 1.08 (1.08–1.09) 1.08 (1.08–1.04) 1.07 (1.06–1.07) 1.07 (1.06–1.08)

BMI – 1.04 (1.03–1.05) 1.03 (1.02–1.04) 1.00 (0.99–1.01) 1.00 (0.99–1.03)

CRP – – 1.02 (1.00–1.03) 1.01 (0.99–1.03) 1.01 (0.99–1.02)

LDL-C – – 1.16 (1.10–1.23) 1.15 (1.08–1.21) 1.14 (1.08–1.20)

TG – – 1.07 (1.04–1.09) 1.04 (1.02–1.06) 1.03 (1.01–1.06)

Hypertension – – – 3.57 (3.23–3.95) 3.56 (3.22–3.94)

Diabetes – – – 2.09 (1.71–2.56) 2.08 (1.70–2.55)

History of smoking – – – – 1.18 (1.08–1.29)

Physical exercise – – – – 0.81 (0.70–0.93)

Model 1 is based on whether baPWV ≥1,400 cm/s (yes = 1, no = 0), FVC quartiles are grouped as independent variables, with group 4 as 
the baseline; Model 2 corrects for age, and BMI; Model 3 further corrects for CRP, LDL-C, and TG based on Model 2; Model 4 corrects for 
hypertension and diabetes based on Model 3; Model 5 corrects for smoking history and physical exercise based on Model 4. FVC, forced 
vital capacity; baPWV, brachial-ankle pulse wave velocity; BMI, body mass index; CRP, C-reactive protein; LDL, low-density lipoprotein 
cholesterol; TG, glycerol triester.

Table 6 Logistic regression model of the effects of different FEV1 groups on baPWV (>1,400 cm/s)

Variable
OR (95%CI)

Model 1 Model 2 Model 3 Model 4 Model 5

Group 4 (>4.47) – – – – –

Group 1 (<3.50) 2.73 (2.45–3.04) 1.24 (1.10–1.40) 1.20 (1.06–1.36) 1.24 (1.09–1.40) 1.25 (1.10–1.42)

Group 2 (3.50–3.96) 1.72 (1.55–1.91) 1.05 (0.94–1.17) 1.03 (0.92–1.15) 1.07 (0.95–1.21) 1.08 (0.96–1.22)

Group 3 (3.96–4.47) 1.46 (1.31–1.62) 1.05 (0.94–1.18) 1.04 (0.94–1.16) 1.08 (0.96–1.21) 1.18 (0.97–1.22)

Age – 1.08 (1.08–1.09) 1.08 (1.08–1.09) 1.07 (1.06–1.07) 1.07 (1.06–1.08)

BMI – 1.04 (1.03–1.05) 1.03 (1.02–1.04) 1.00 (0.99–1.02) 1.00 (0.99–1.03)

CRP – – 1.02 (1.01–1.04) 1.02 (0.99–1.03) 1.01 (0.99–1.03)

LDL-C – – 1.17 (1.11–1.23) 1.15 (1.09–1.21) 1.14 (1.08–1.21)

TG – – 1.07 (1.04–1.09) 1.04 (1.02–1.06) 1.04 (1.01–1.06)

Hypertension – – – 3.56 (3.22–3.94) 3.56 (3.21–3.93)

Diabetes – – – 2.10 (1.72–2.57) 2.09 (1.71–2.56)

History of smoking – – – – 1.18 (1.08–1.28)

Physical exercise – – – – 0.81 (0.71–0.93)

Model 1 is based on whether baPWV ≥1,400 cm/s (yes = 1, no = 0), FEV1 quartiles are grouped as independent variables, with group 4 
as the baseline; Model 2 corrects for age, and BMI; Model 3 further corrects for CRP, LDL-C, and TG based on Model 2; Model 4 corrects 
for hypertension and diabetes based on Model 3; Model 5 corrects for smoking history and physical exercise based on Model 4. FEV1, 
forced expiratory volume after 1 second; baPWV, brachial-ankle pulse wave velocity; BMI, body mass index; LDL, low-density lipoprotein 
cholesterol; TG, triglyceride; CRP, C-reactive protein.



4559Journal of Thoracic Disease, Vol 11, No 11 November 2019

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2019;11(11):4551-4561 | http://dx.doi.org/10.21037/jtd.2019.10.71

Table 7 Logistic regression model of the effects of different FVC groups on baPWV (>1,400 cm/s) (after excluding smokers)

Variable
OR (95% CI)

Model 1 Model 2 Model 3 Model 4 Model 5

Group 4 (>4.47) – – – – –

Group 1 (<3.50) 3.27 (2.85–3.75) 1.39 (1.19–1.63) 1.32 (1.13–1.55) 1.34 (1.14–1.57) 1.34 (1.14–1.58)

Group 2 (3.50–3.96) 1.98 (1.74–2.25) 1.14 (0.98–1.31) 1.12 (0.97–1.29) 1.16 (0.99–1.34) 1.16 (1.00–1.35)

Group 3 (3.96–4.47) 1.61 (1.42–1.84) 1.13 (0.98–1.30) 1.12 (0.97–1.29) 1.13 (0.97–1.30) 1.13 (0.97–1.30)

Age – 1.08 (1.07–1.09) 1.08 (1.08–1.09) 1.07 (1.06–1.08) 1.07 (1.06–1.08)

BMI – 1.03 (1.02–1.05) 1.02 (1.00–1.04) 0.99 (0.97–1.01) 0.99 (0.98–1.01)

CRP – – 1.03 (1.01–1.05) 1.02 (1.00–1.04) 1.02 (1.01–1.04)

LDL–C – – 1.19 (1.12–1.29) 1.18 (1.10–1.26) 1.18 (1.10–1.26)

TG – – 1.09 (1.06–1.12) 1.06 (1.03–1.09) 1.06 (1.03–1.09)

Hypertension – – – 3.63 (3.20–4.11) 3.63 (3.20–4.11)

Diabetes – – – 2.21 (1.72–2.86) 2.21 (1.71–2.86)

Physical exercise – – – – 0.88 (0.75–1.05)

Model 1 is based on whether baPWV ≥1,400 cm/s (yes = 1, no = 0), FEV1 quartiles are grouped as independent variables, with group 
4 as the baseline; Model 2 corrects for age, and BMI; Model 3 further corrects for CRP, LDL-C, and TG based on Model 2; Model 
4 corrects for hypertension and diabetes based on Model 3; Model 5 corrects for physical exercise based on Model 4. FVC, forced 
vital capacity; baPWV, brachial-ankle pulse wave velocity; BMI, body mass index; CRP, C-reactive protein; LDL, low-density lipoprotein 
cholesterol; TG, glycerol triester; FEV1, forced expiratory volume after 1 second.

feature of cardiovascular diseases, cognitive dysfunction, 
microalbuminuria, acute kidney injury and other diseases 
is arteriosclerosis. Thus, the decline in pulmonary 
function can be considered as an independent risk factor 
for developing arteriosclerosis and its accompanying 
comorbidities.

At present, the mechanism of arteriosclerosis caused 
by decreased pulmonary function may be as follows: (I) 
changes in pulmonary function and arterial function may 
be partly due to the same pathophysiological process which 
means under the influence of common risk factors, the two 
experience the same pathological process. Related studies 
have shown a significant correlation between decreased 
pulmonary function and hypertension (17), insulin  
resistance (18), impaired glucose tolerance and diabetes (19),  
and metabolic syndrome (MS). In this study, age, systolic 
blood pressure, fasting blood glucose, TC, TG, and CRP 
levels were significantly higher in the low FVC group 
than in the high FVC group, and the same pattern was 
observed in the low FEV1 group. It can be seen that there 
is a complex interaction between pulmonary function 
and various conventional cardiovascular risk factors, 
and common risk factors may lead to the decline of 

pulmonary function and arteriosclerosis simultaneously. 
(II) Hypoxia: patients with pulmonary diseases, especially 
those with chronic obstructive pulmonary disease, have 
chronic hypoxia, and chronic hypoxia has been shown to 
cause atherosclerosis through multiple effector pathways. 
In animal models,  lack of oxygen can also induce 
atherosclerosis through the NF-κB pathway and increase 
the oxidative stress marker lipid peroxide (20). (III) Chronic 
inflammatory response: a number of studies have shown that 
the level of inflammatory index C-reactive protein (CRP) is 
significantly increased in people with decreased pulmonary 
function and inflammation plays an important role in the 
occurrence and development of atherosclerotic lesions 
(11,21,22). CRP can locally deposit in arteriosclerotic 
lesions during chronic inflammation, induce endothelial 
cells to express adhesion factors and chemotactic factors, 
activate monocytes to release inflammatory cytokines, and 
lead to atherothrombosis (23).

Limitations of this study: (I) this database is limited to 
employees in North China and Kailuan Group. Whether 
there will be the same results for different regions and 
different occupational groups, a larger sample of prospective 
studies is needed. (II) Only the 2014 annual brachial-ankle 
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pulse wave velocity data were collected which means only 
the prevalence of arteriosclerosis can be calculated and not 
its incidence. (III) The study population is mainly male, 
whether gender will affect the results still needs to be 
further explored. However, due to the large sample size, this 
study still can explain the correlation between pulmonary 
function and pulse wave velocity in a certain degree.

In conclusion, our study revealed decreased pulmonary 
function was negatively correlated with baPWV and acts 
as an independent risk factor for arteriosclerosis. However, 
whether the relationship between decreased pulmonary 
function and arteriosclerosis leads to an increased risk of 
future cardiovascular disease requires further study.
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