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Background: Vascular cell adhesion molecule-1 (VCAM-1) is associated with vascular-
related inflammation and atherosclerosis. This study aimed to evaluate whether VCAM-1 can
be used for an indication of increased risk of CV events in patients with COPD.

Methods: Serum VCAM-1 levels were measured in 163 COPD patients. All COPD patients
were prospectively followed up for a median period of 48 months (range=3-54). Cox
proportional hazard analysis was performed to evaluate the prognostic value of serum
VCAM-1 for predicting CV events.

Results: Serum VCAM-1 levels were higher in COPD patients with CV events than in those
without CV events (1174.4+365.3 ng/mL vs 947.8+293.2 ng/mL; P<0.001). The logistic regres-
sion analysis revealed that serum VCAM-1 (OR=1.750; 95% CI, 1.324-2.428; Pycna=0.0012)
was independently associated with CVD (cardiovascular disease) history after adjusting for age,
sex, BMI, current smoker, current drinker, admission systolic and diastolic BP, LVEF and
laboratory measurements in patients with COPD at baseline. The Kaplan—Meier analysis demon-
strated that the rate of CV events was higher in COPD patients with serum VCAM-1 levels above
the median (517.3 ng/mL) than in those with VCAM-1 levels below the median. The Cox
proportional hazard analysis revealed that serum VCAM-1 (HR=2.617; 95% CI, 1.673-5.328;
Piena<0.001) may be an independent prognostic factor for CV events in the COPD patients.
Conclusion: Our results suggested that serum VCAM-1 was significantly and independently
associated with CV events in COPD patients. The inflammatory marker may help clinicians
predict CV complications early.

Keywords: vascular cell adhesion molecule-1, chronic obstructive pulmonary disease,

cardiovascular events, prognostic value

Introduction
Chronic obstructive pulmonary disease (COPD) is a smoking-related respiratory illness
and is the fifth leading cause of disability and/or death worldwide.'* Patients with COPD
are at a high risk of developing cardiovascular diseases (CVDs).>* Although the precise
mechanisms are currently poorly understood, increased inflammation and oxidative
stress in COPD are considered to be the main mechanisms causing an increased risk of
a cardiovascular (CV) event.” The early prediction of CVDs in patients with COPD
might provide an opportunity to develop strategies to improve their prognosis.
Vascular cell adhesion molecule-1 (VCAM-1) is a member of the immunoglobulin
(Ig) superfamily of proteins, which is composed of several extracellular Ig-like
domains that contain disulfide-linked loops, a single type I transmembrane domain,
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and a 19 amino acid carboxyl-terminus cytoplasmic
domain.®® The expression of VCAM-1 is induced by other
cytokines produced by neutrophils, macrophages and other
inflammatory cells in vascular tissue. VCAM-1, in combina-
tion with other inflammatory factors, regulates immune sur-
Novel
biomarkers for the prevention of CVDs have been reported

veillance and inflammatory responses. serum
worldwide, but few studies have suggested that serum mar-
kers can improve risk prediction beyond classical risk factors
such as high blood pressure and hyperlipidemia. VCAM-1
has been considered an early systemic inflammation marker
and a risk marker for atherosclerosis-related diseases.” '
Hence, high levels of this circulating molecule have been
hypothesized to be associated with an increased risk of
CVDs.

Importantly, existing studies have also suggested that
COPD is associated with inflammatory responses and is
considered to be a chronic inflammatory disease.'*'®
Given the close association between VCAM-1 and
inflammation,*'? we speculated that VCAM-1 may be
associated with CV events in COPD patients. This study
aimed to assess whether increased serum VCAM-1 levels
contribute to a higher risk for CV events, independent of
clinically confounding factors in COPD patients. This is the
first exploration of the prognostic value of VCAM-1 for

predicting CV events in COPD patients.

Materials and Methods

Study Population

We enrolled 163 COPD patients hospitalized because of
COPD in an acute stage from the National Population
Health Science Data China
January 2014 and December 2015. This database contains

Center in between
most of the clinical data about COPD from many hospitals
in China. Thus, this study has sufficient data for the
analysis of the association of serum VCAM-1 with CV
events in patients with COPD.

All COPD patients were stable for 6 months without
acute diseases before admission. After standardized hospi-
tal treatment, all included patients with COPD were pro-
spectively followed up after discharge. COPD was
diagnosed by two respiratory specialists according to the
same diagnostic criteria for all of these patients: “The
Global Initiative for Chronic Obstructive Lung Disease”.!”

Among the COPD patients, 46 had a CVD history. For
the purpose of this study, a CVD history was defined as
coronary heart disease, stroke and hypertension. Five

patients with COPD were excluded from the study because
of neoplastic diseases, chronic kidney disease, severe liver
or lung diseases, and other severe systemic diseases.

Data on clinical characteristics, including age, sex,
body mass index (BMI), current smoking status, current
alcohol consumption status, blood pressure, and left ven-
tricular ejection fraction (LVEF), were collected from
patient interviews or medical records.

In addition, we also collected 102 healthy subjects as
the control group, which was compared with the COPD
patients for serum VCAM-1 levels. There were no differ-
ences in age or sex between the healthy subjects and the
COPD patients, and the healthy subjects did not have any
serious health problems. According to the Declaration of
Helsinki guidelines, the Ethics Committee from Suizhou
hospital of Hubei medical university approved this study,
and all patients gave written informed consent.

Follow-Up

All patients with COPD were followed up for a median of 48
months (range=3-54) prospectively. Patients were followed
up by review of their medical record or telephone 4 times
a year until the occurrence of a CV event (the end point). The
CV events in this study were myocardial infarction, heart
failure (HF), stroke and CVD death. CVD death was defined
as death due to myocardial infarction, progressive HF and
stroke confirmed by two cardiologists.

Measurement of VCAM-I

Fasting venous blood samples were drawn from the COPD
patients and healthy subjects within the first 24 hours after
admission. The samples were prepared immediately by cen-
trifugation and processed for the determination of VCAM-1
levels. At the commencement of the study, serum VCAM-1
was measured using commercially available ELISA kits
according to the manufacturers’ instructions (Abcam, UK).
All samples were measured in duplicate. The mean of two
measurements was taken (coefficient of variation of preci-
sion [CV], <5%; detection limit, 5 ng/mL).

Laboratory Measurements

The venous blood samples drawn from the COPD patients
in the early morning within the first 24 hours after admis-
sion were also tested for hemoglobin (Hb), HbAlc
(glycosylated hemoglobin), LDL (low-density lipopro-
tein), hs-CRP (hs-C reactive protein) and albumin (ALB)
with the use of the Siemens ADVIA 2400 automatic
biochemistry analyzer (Siemens AG). Serum N-terminal
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prohormone of B-type natriuretic peptide (NT-proBNP)
levels were tested by using immunoassays on an
ELECSYS2010 instrument (ELECSYS proBNP, Roche
Diagnostics, Germany). The Modification of Diet in
Renal Disease (MDRD) formula was used to calculate
the estimated glomerular filtration rate (eGFR)."®

Statistical Analyses

All of the analyses were conducted by using SPSS 23.0.
The data that were not normally distributed are presented
as the median (interquartile range) and were further ana-
lyzed by using the Mann—Whitney U-test. Normally dis-
tributed data are expressed as the mean =+ standard
deviation (SD) and were further analyzed by independent
t-test analysis Categorical variables were tested by using
the chi-square test. In multivariable analyses, serum
VCAM-1 levels were categorized by quartiles (quartile 4:
>75th percentile, quartile 3: >50th to 75th percentile,
quartile 2: >25th to 50th percentile, quartile 1: <25th
percentile). At baseline, the independent relationship
between serum VCAM-1 levels and CVD history in
COPD patients was analyzed by multivariate logistic
regression analysis. Cox proportional hazard analysis was
used to assess whether serum VCAM-1 could be regarded
as a valuable prognostic factor for CV events in COPD
patients. CV event-free curves were constructed according
to the Kaplan—Meier method and were compared using the
Log rank test. P < 0.05 was considered to be statistically
significant.

Results

Clinical Characteristics at Baseline

In order to compare the levels of serum VCAM-1 between
COPD patients and healthy subjects, 102 age- and sex-
matched subjects who had undergone a health examination
were selected as the control group (Table 1). The patients
with COPD had higher serum VCAM-1 levels (1034.6+345.1
ng/mL) than the control group (733.2£226.5 ng/mL). The
clinical characteristics of the patients with COPD are pre-
sented in Table 2. CV events were identified in 41 (25.2%)
patients with COPD. According to the occurrence of CV
events, 163 patients with COPD were divided into 2 groups.
Patients with CV events tended to be current drinkers, older
and have a higher BMI than patients without CV events (all
P<0.05). Patients with CV events had a lower LVEF, eGFR,
Hb and ALB levels and higher VCAM-1, NT-proBNP, LDL,
and hs-CRP levels than those without CV events (all

Table | Baseline Characteristics of Patients with COPD and
Control Subjects

Variables Healthy Control Patients with P value
Subjects COPD
(n=102) (n=163)
Age (years) 64.8 (60.1-72.1) 65.2 (60.9-72.6) | 0.753
Sex (male/ 48/54 77/86 0.844
female)
VCAM-I 733.2+226.5 1034.6+345.1 <0.001
(ng/mL)

Notes: Data are presented as mean + SD for normally distributed data and as
median (interquartile range) for nonnormally distributed data.

Abbreviations: COPD, chronic obstructive pulmonary disease; VCAM-I, vascular
cell adhesion molecule-1.

P<0.001). There were no significant differences in the other
variables, including sex and current smoker (all 7>0.05).

Serum VCAM-I| Levels Were Associated
with CVD History in 163 COPD Patients
at Baseline by Using Multivariate Logistic

Regression Analysis

To assess the association of serum VCAM-1 with CVD
history in COPD patients, multivariate logistic regression
models were performed (Table 3). Model 1 indicated that
increased serum VCAM-1 levels were significantly asso-
ciated with a higher possibility of a CVD history after
adjustments were made for age and sex. By adjusting for
age, sex, BMI, current smoker, current drinker, admission
systolic and diastolic BP, LVEF and treatments, the results of
Model 2 were similar to those of Model 1. This association
remained statistically significant and changed minimally
after adding laboratory measurements to Model 2
(Model 3). The fully adjusted OR of CVD history in
Model 3 was 1.750 (1.324-2.428) in quartile 4 (the highest)
versus quartile 1 (the lowest) of serum VCAM-1 levels.

Serum VCAM-I Levels Were Associated
with CV Events in 163 COPD Patients
During the Follow-Up of 4 Years by Using

Cox Proportional Hazard Analysis

All included COPD patients (N=163) were followed up for
a median period of 48 months (range=3—-54) prospectively.
CV events occurred in 41 of the included patients. Among
these, 15 patients died, and 13 of those deaths were caused
by CVDs, which included myocardial infarction (n=0),
stroke (n=4) and progressive HF (n=3). Additionally, 28
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Table 2 Clinical Characteristics Among 163 Patients with COPD at Baseline

Variables All Patients COPD without CV Events (n=122) COPD with CV Events P value
(n=163) (n=41)
Age (years) 65.2 (60.9-72.6) 63.4 (59.2-70.1) 66.3 (63.5-76.9) 0.017
Sex (men/women) 77186 57/122 20/41 0.158
BMI 26.2 (23.4-27.3) 25.6 (22.5-27.7) 27.6 (24.6-28.9) 0.013
Current smoker, n (%) 26 (16.0) 20 (16.4) 6 (14.6) 0.206
Current drinker; n (%) 57 (35.0) 38 31.1) 19 (46.3) 0.009
Admission systolic BP (mmHg) 127.9 (112.5-146.8) 126.1 (106.9-145.5) 128.5 (113.6-149.2) 0.113
Admission diastolic BP (mmHg) 78.7 (71.2-86.5) 77.5 (66.3-80.2) 79.6 (76.5-88.3) 0.327
LVEF, n (%) 63.1+4.3 65.7+4.9 60.2%4.1 <0.001
CVD history
Hypertension, n (%) 33 (20.2) 24 (19.7) 9 (22.0) 0.371
Diabetes mellitus, n (%) 48 (29.4) 35 (28.7) 13 (31.7) 0.295
Coronary heart disease, n (%) 33 (20.2) 18 (14.8) 15 (36.6) 0.002
Stroke, n (%) 23 (14.1) 10 (8.2) 13 (31.7) <0.001
Others, n (%) 12 (7.4) 8 (6.6) 4 (9.8) 0.150
Treatments
ACEI/ARB 20/163 14/122 7/41 0.004
beta-Blocker 39/163 29/122 10/41 0.310
CCB 28/163 21/122 7/41 0.779
Diuretic 42/163 32/122 10/41 0413
Lipid-lowering drug 24/163 18/122 6/41 0.272
Laboratory measurements
eGFR (mL/min/1.73 m?) 56.8 (45.1-63.7) 63.1 (57.1-66.2) 52.7 (43.2-60.5) <0.001
NT-proBNP (pg/mL) 623 (428-781) 437 (277-670) 688 (521-947) <0.001
Hs-CRP (pg/mL) 7.3 (2.6-13.5) 5.7 (2.1-84) 9.8 (3.7-17.6) <0.001
Hb (g/L) 105 (91-119) 113 (98-126) 101 (85-112) <0.001
ALB (g/L) 38.1 (36.6-41.2) 39.2 (37.4-44.0) 36.3 (34.2-39.3) <0.001
HbAlc (%) 5.8 (5.6-6.2) 5.8 (5.5-6.0) 6.1 (5.8-6.5) 0.088
LDL (mmol/L) 2.47+0.97 2.16+0.89 2.67+1.38 <0.001
VCAM-I (ng/mL) 1034.6+345.1 947.8+293.2 1174.4£365.3 <0.001

Notes: Data are presented as mean * SD for normally distributed data, as median (interquartile range) for nonnormally distributed data, and as n (%) for categoric variables.
Abbreviations: COPD, chronic obstructive pulmonary disease; CV, cardiovascular; BMI, body mass index; BP, blood pressure; LVEF, left ventricular ejection fraction; CVD,
cardiovascular disease; ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CCB, calcium channel blocker; eGFR, estimated glomerular
filtration rate; NT-proBNP, N-terminal prohormone of B-type natriuretic peptide; Hb, hemoglobin; hs-CRP, hs-C reactive protein; ALB, albumin; HbAlc, glycosylated

hemoglobin; LDL, low-density lipoprotein; VCAM-1, vascular cell adhesion molecule-1.

COPD patients had CV events that required rehospitaliza-
tion due to myocardial infarction, stroke and progressive
HF during the follow-up of 4 years.

Kaplan—Meier analysis demonstrated that COPD patients
with serum VCAM-1 levels above the median (517.3 ng/mL)
had a significantly higher rate of CV events than patients with
serum VCAM-1 levels below the median value (Log rank
test, P<0.001) (Figure 1). To further determine the indepen-
dent association of serum VCAM-1 with CV events in
patients with COPD, multivariate Cox proportional hazard
regression analysis was used (Table 4). Multivariate Cox
proportional hazard analysis suggested that VCAM-1
(HR=2.617; 95% CI 1.673-5.328; P,,4<0.001) was an

independent prognostic factor for CV events after adjust-
ments were made for age, sex, BMI, current smoker, current
drinker, admission systolic and diastolic BP, LVEF, CVD
history, treatments and laboratory measurements.

We performed an additional sensitivity analysis to
evaluate the association of serum VCAM-1 with CV
events in COPD patients who had no previous CVD his-
tory (n=131). In these COPD patients, the number of total
CV events was 27. Similarly, compared with COPD
patients who had VCAM-1 levels below the median
value, Kaplan—Meier survival curves showed that the rate
of CV events was still higher in patients with VCAM-1

levels above the median (Log rank test, P<0.001) (data not
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Table 3 The Association Between the CVD History and VCAM-1 in 163 Patients with COPD by Logistic Regression Analysis

Variables Model | Model 2 Model 3

VCAM-I levels (ng/mL)

Quartile | 1.000 (ref.) 1.000 (ref.) 1.000 (ref.)
Quartile 2 1.314 (1.120-1.689) 1.245 (1.116-1.608) 1.215 (1.112-1.493)
Quartile 3 1.476 (1.235-1.924) 1.415 (1.220-1.855) 1.345 (1.183-1.751)
Quartile 4 1.964 (1.463-3.459) 1.841 (1.396-2.995) 1.750 (1.324-2.428)
P-trend <0.001 0.001 0.012

Notes: Model |: Adjusted for age and gender; Model 2: Adjusted for age, gender, BMI, current smoker, current drinker, admission systolic and diastolic BP, LVEF and
treatments, Model 3: Adjusted for age, gender, BMI, current smoker, current drinker; admission systolic and diastolic BP, LVEF, treatments and laboratory measurements.
Abbreviations: CVD, cardiovascular disease; COPD, chronic obstructive pulmonary disease; VCAM-1, vascular cell adhesion molecule-I; BMI, body mass index; BP, blood

pressure; LVEF, left ventricular ejection fraction.

shown). The multivariate Cox analysis showed that higher
VCAM-1 levels were still independently associated with
a higher risk of CV events (data not shown).

Discussion

These are the new findings in this study: 1) COPD patients
with CV events had higher serum VCAM-1 levels than
those without CV events; 2) serum VCAM-1 was indepen-
dently associated with a CVD history in COPD patients by
multivariate logistic regression analysis; 3) VCAM-1 may
be a valuable factor for predicting CV events by multi-
variate Cox proportional hazard analysis; and 4) Kaplan—
Meier analysis suggested that COPD patients with higher
VCAM-1 levels had significantly higher rates of CV
events.

Patients with COPD show accelerated lung and vascu-
lar aging that may be the result of the activation of the
inflammatory response and oxidative stress.'”*° COPD
significantly increases the risk of atherosclerosis-related

0.8
Log-rank test, P = 0.009

b4
@
1

o
=
1

----VCAM-1 level <517.3 (ng/mL)

CV events free rate (%)

—VCAM-1 level >2517.3 (ng/mL)
0.2

T T T T
0 10 20 30 40 50

Follow-up period (months)

Figure | Kaplan—Meier analysis of cardiovascular (CV) events free stratified into 2
groups by the median levels of serum vascular cell adhesion molecule-1 (VCAM-I).

diseases, including myocardial infarction, stroke, carotid
and other atherosclerosis-related diseases.”’*”> Damage to
the cerebral microvascular by atherosclerosis can result in
both mild cognitive impairment or dementia that is sig-
nificantly correlated with COPD severity.”> > Around 9%
of COPD patients have peripheral vascular diseases, and
these patients have reduced vascular function or adverse
health status.’® Therefore, it is of great clinical signifi-
cance to determine the independent risk factors or predic-
tors of CV events in COPD patients.

VCAM-1 is composed of several extracellular Ig-like
domains, and it plays an important role in immunity and
inflammatory responses.®® As a member of the immunoglo-
bulin superfamily, VCAM-1 is a cell surface protein and it is
expressed by several cell types, including endothelial cells,
macrophages, smooth muscles, and dendritic cells.?’
Increased circulating VCAM-1 is a result of an excess sur-
face expression or increased shedding, and it is a key player
in the adhesion and transmigration of leukocytes from the
circulation into the surrounding tissue and thus contributes to
tissue inflammation. Some previous clinical studies have
suggested that VCAM-1 is relevant to various cardiac
diseases, including congestive heart failure, ischemic heart
disease and rheumatic heart disease.”®>' Higher serum
VCAM-1 levels are also significantly associated with new-
onset atrial fibrillation.>*** Several basic studies have
demonstrated that VCAM-1 expression is upregulated in
the vascular tissue and it potentially contributes to inflamma-
tion-related pathological changes in vitro and in vivo.***

Our study population included patients who had been
hospitalized for COPD, and the aim was to evaluate the
value of serum VCAM-1 levels for predicting CV events in
patients with COPD. In this study, we found that serum
VCAM-1 had a close association with a CVD history at
baseline, which may be partly or mostly explained by the

mechanistic research performed in previous studies.® **3>
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Table 4 Cox Proportional Hazard Analysis for Predicting CV Events in 163 Patients with COPD

Variables Model | Model 2 Model 3

VCAM-I levels (ng/mL)

Quartile | 1.000 (ref.) 1.000 (ref.) 1.000 (ref.)
Quartile 2 2.011 (1.400-3.691) 1.865 (1.313-3.207) 1.594 (1.210-3.088)
Quartile 3 2.460 (1.744—4.249) 2.217 (1.523-4.014) 2.154 (1.456-3.449)
Quartile 4 3.152 (2.093-6.150) 2.846 (1.774-5.871) 2.617 (1.673-5.328)
P-trend <0.001 <0.001 <0.001

Notes: Model I: Adjusted for age and gender, Model 2: Adjusted for age, gender, BMI, current smoker, current drinker, admission systolic and diastolic BP, LVEF, CVD
history and treatments, Model 3: Adjusted for age, gender, BMI, current smoker, current drinker, admission systolic and diastolic BR, LVEF, CVD history, treatments and

laboratory measurements.

Abbreviations: CVD, cardiovascular disease; COPD, chronic obstructive pulmonary disease; VCAM-1, vascular cell adhesion molecule-1; BMI, body mass index; BP, blood

pressure; LVEF, left ventricular ejection fraction.

These studies have demonstrated that chronic vascular
inflammation caused by COPD promotes atherosclerosis-
related CV events. The increased VCAM-1 levels may be
the result of the aggravation of inflammation in COPD
patients and it is involved in the occurrence and develop-
ment of CVDs. The chronic inflammation may be a possible
explanation for the increased VCAM-1 levels, which is
consistent with our hypothesis and results. The early detec-
tion of CVDs in these patients may provide an opportunity
to develop strategies aiming to reduce its medical burden
and improve their prognosis. Our results seem to imply that
serum VCAM-1 might be a sensitive biomarker for the
early recognition of CV events in COPD patients.

This study has some strengths. We found that serum
VCAM-1 may be used as a valuable prognostic marker for
CV events in patients with COPD. The serum test is con-
venient and simple for application to COPD patients. We
also ensured a comprehensive follow-up and rigorous
adjudication of CV events. Finally, the VCAM-1 assay
chosen for this analysis is both widely available and ana-
lytically stable.

Limitations

This study has several limitations. First, the study included
a small sample size. Large-scale prospective cohort studies
and randomized controlled trials are needed to better under-
stand the association between serum VCAM-1 and CV events
in patients with COPD. Second, some inflammatory factors
associated with VCAM-1 should also be evaluated in order to
identify their prognostic value for predicting CV events. Third,
confounding factors for COPD, such as treatment and respira-
tory function, were not included in this study, which may bring
some biases to our results. Additionally, VCAM-1 was ana-
lyzed only once at enrollment, whereas the COPD patients
were followed-up for 48 months. Thus, we are not able to

exclude that the circulating VCAM-1 levels had changed
substantially during the follow-up period. Furthermore, the
patients were included in this study during a COPD exacerba-
tion and we cannot exclude that this condition has not strongly
affected the study outcomes.

Conclusions

Serum VCAM-1 is an independent prognostic factor for
predicting CV events in patients with COPD. VCAM-1
might enable the early recognition of COPD patients at
risk of developing CV complications. Future studies
should address whether VCAM-1 is capable of improving
the risk classification of CV events among COPD patients.

Disclosure
The authors report no conflicts of interest in this work.
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