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Abstract

y disease (COPD) and obstructive sleep apnea (OSA) is termed
Background: The coexistence of chronic obstructive pulmonar
overlap syndrome (OS). COPD and OSA both have increased risks of developing cardiovascular diseases. This study aimed to
explore if patients with OS exhibited a higher prevalence of cardiovascular complications, and if patients with OS exhibited vascular
endothelial dysfunction and abnormalities in the cellular immune function of T lymphocytes.
Methods: Totally 25 patients with stable COPD (COPD group), 25 patients with OSA (OSA group), 25 patients with OS (OS
group), and 20 healthy adults (control group) were enrolled between January 2017 and December 2017 from the Respiratory
Department of Tianjin Medical University General Hospital. The clinical characteristics of the four groups were collected and the
expression levels of soluble vascular cell adhesion molecule-1 (sVCAM-1), tumor necrosis factor-a (TNF-a), and T-lymphocyte
subsets were detected. One-way analysis of variance, x2 test and Pearson correlation were used to manage the data.
Results: The prevalence of hypertension and coronary heart disease was significantly higher in the OS group than in the control,
OSA, and COPD groups (x2 = 20.69, P < 0.05 and x2 = 11.03, P < 0.05, respectively). The levels of sVCAM-1 and TNF-a were
significantly higher in the OS group than in other groups (F = 127.40, P < 0.05 and F = 846.77, P < 0.05, respectively). The
percentage of CD4+ lymphocytes and CD4+/CD8+ were both significantly lower in the OS group than in any other group
(F = 25.40, P < 0.05 and F = 75.08, P < 0.05, respectively). There were significantly negative correlations in the levels of sVCAM-1
and TNF-a with CD4+/CD8+ lymphocytes (r = –0.77, P < 0.05 and r = –0.83, P < 0.05, respectively).
Conclusions: The prevalence of hypertension and coronary heart disease was higher in patients with OS than in patients with either
OSA or COPD alone. Patients with OS exhibited more severe vascular endothelial injury, stronger inflammatory response, and
lower cellular immune function.
Keywords: Chronic obstructive pulmonary disease; Obstructive sleep apnea; Overlap syndrome; Endothelium; T-lymphocyte
subsets

Introduction anisms leading to cardiovascular diseases in patients with

OSA.[2,3] Similarly, patients with COPD may also have
Chronic obstructive pulmonary disease (COPD) and
obstructive sleep apnea (OSA) are often observed in
clinical practice. The coexistence of COPD and OSA is
termed overlap syndrome (OS). The prevalence of OS in
the general population has been reported to be 1.0% to
3.6%, whereas its prevalence among patients with OSA
and COPD are relatively high at 7.6% to 55.7% and 2.9%
to 65.9%, respectively.[1] Because of repeated episodes of
hypoxia and re-oxygenation, OSA causes systemic inflam-
mation, oxidative stress, endothelial dysfunction, auto-
nomic dysfunction, and metabolic disorders. All of which
have been considered important pathophysiological mech-
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increased risks of developing cardiovascular diseases.[4]

Studies have suggested that patients with OS have more
cardiovascular complications, with a poorer quality of life
and higher mortality rate, than do patients with either OSA
or COPD alone.[5] Endothelial dysfunction has long been
considered the pathophysiological mechanism underlying
cardiovascular diseases.[6] Some studies have also indicat-
ed that T lymphocyte abnormalities play important roles in
endothelial dysfunction. Hansson et al[7] found that the
cytotoxicity of activated CD8+ T lymphocytes can enhance
their killing potential toward vascular endothelial cells and
thus contributes to the progression of atherosclerosis. So
our study included OS patients as the study population to
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elucidate if patients with OS exhibited a higher prevalence
of cardiovascular complications, vascular endothelial

expressed as the number of cases and were compared
with x2 test. Pearson correlation coefficient was used to
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dysfunction, and abnormalities in the cellular immune
function of T lymphocytes. The relationship between the
cellular immune function of T lymphocytes and the
vascular endothelial function was also investigated.

Methods
Ethical approval

The study was conducted in accordance with the
Declaration of Helsinki and was approved by the Ethics
Committee of TianjinMedical University General Hospital
(No. IRB2015-YX-008). Informed written consent was
obtained from all patients prior to their enrollment in this
study.

Study population
Expression levels of sVCAM-1 and TNF-a
Between January 2017 and December 2017, 25 patients
with each condition (stable COPD, OSA, and OS)
diagnosed in the Respiratory Department of Tianjin
Medical University General Hospital were assigned to
the COPD group, OSA group, and OS group, respectively.
In addition, 20 healthy volunteers were enrolled to the
control group. For these healthy volunteers, pulmonary
function test and polysomnography were performed to
exclude COPD and OSA, respectively. Diagnostic criteria
for COPD: presence of dyspnea, chronic cough or sputum
production, a history of exposure to risk factors, and
a post-bronchodilator forced expiratory volume in 1 s
/forced vital capacity (FEV1/FVC) <70%. Other diseases
that caused persistent airflow limitation were excluded.
Diagnostic criteria for OSA: apnea-hypopnea index (AHI)
≥5/h. According to the disease severity of COPD andOSA,
percentage of FEV1 in predicted value (FEV1% predicted)
was in the range of 30% to 80%, and AHI ≥15/h in OS
groups.

Measurement of soluble vascular cell adhesion molecule-1,

tumor necrosis factor-a, and T-lymphocyte subsets
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Five-milliliter peripheral blood was collected from all the
enrolled patients, and 2 mL of the blood sample was placed
at 4°C for 1 h and then centrifuged at 3000 � g for 15 min.
The serum was stored at –80°C until analyzed. The
concentrations of soluble vascular cell adhesion molecule-
1 (sVCAM-1) and tumor necrosis factor-a (TNF-a) were
detected using enzyme-linked immunosorbent assay kits
(Invitrogen, Carlsbad, California, USA). The remaining
3 mL of the blood sample was used to detect T-lymphocyte
subsets. They were analyzed using a flow cytometer
(Beckman, Brea, California, USA).

Statistical analysis

SPSS 20.0 (SPSS Inc., Chicago, IL, USA) was used for data
analyses. Measurement data were expressed as mean 
± standard deviation, one-way analysis of variance
(ANOVA) was used for intergroup comparisons, and
the least significant difference test was used for compar-
isons between two groups. Enumeration data were

1

measure the relationships between variables. P values
< 0.05 were considered statistically significant.

Results
Characteristics of study subjects

There were no significant differences in sex, age, and
smoking rate across the four groups (x2 = 1.28, P > 0.05;
F = 0.93, P > 0.05; and x2 = 0.45, P > 0.05, respectively).
The AHI was higher in the OS and OSA groups than in the
control and COPD groups (F = 381.49, P < 0.05). FEV1%
predicted and FEV1/FVC were lower in the OS and COPD
groups than in the control and OSA groups (F = 209.94,
P < 0.05 and F = 121.59, P < 0.05, respectively). The
differences were statistically significant. The body mass
index (BMI) of the OS, OSA, and COPD groups were
significantly higher compared with the control group
(F = 23.15, P < 0.05). The highest BMI was observed in
the OSA group. There was no significant difference in BMI
between the OS group and the COPD group. Examina-
tions of hypertension, coronary heart disease (CHD), and
stroke complications revealed that the number of hyper-
tension and CHD cases were higher in the OS group than
in the OSA and COPD groups (x2 = 20.69, P < 0.05 and
x2 = 11.03, P < 0.05, respectively). The absolute number
of stroke was the highest in the OS group, but the
difference was not statistically significant when compared
with the OSA and COPD groups (x2 = 4.96, P > 0.05)
[Table 1].
There were significant differences in the levels of sVCAM-1
and TNF-a in the four groups, of which the levels in the OS
group were significantly higher than the OSA and COPD
groups (F = 127.40, P < 0.05 and F = 846.77, P < 0.05,
respectively), as shown in Figure 1.

Analysis of T-lymphocyte subsets
There was no significant difference in the percentage of
CD3+ lymphocytes (CD3+%) in the peripheral blood
of the four groups (F = 0.27, P > 0.05). The percentage of
CD4+ lymphocytes (CD4+%) and CD4+/CD8+ lympho-
cytes were both lower in the OS group than in the other
three groups (F = 25.40, P < 0.05 and F = 75.08,
P < 0.05, respectively), whereas the percentage of CD8+
lymphocytes (CD8+%) in the OS group was higher than
that in the other three groups. The differences were
statistically significant (F = 18.53, P < 0.05), as shown in
Figure 2.

Correlations in sVCAM-1 and TNF-a with CD4+/CD8+
lymphocytes

There were significant negative correlations in the levels of
sVCAM-1 and TNF-a with CD4+/CD8+ lymphocytes
(r = –0.77, P < 0.05 and r = –0.83, P < 0.05, respective-
ly), as shown in Figures 3 and 4.
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Discussion damage, and inflammation, particularly with inflammato-
ry factors such as TNF-a, the expression of VCAM-1 and

Table 1: Clinical characteristics of the study subjects in four groups.

Characteristics Control (n = 20) OSA (n = 25) COPD (n = 25) OS (n = 25)

Age (years) 63.6 ± 5.7 62.1 ± 4.4 63.2 ± 3.4 64.1 ± 4.0
Sex (femal/male) 5/15 6/19 9/16 6/19
Smoke (yes/no) 15/5 18/7 20/5 19/6
BMI (kg/m2) 24.40 ± 3.23†,‡,x 30.15 ± 2.50∗,‡,x 27.13 ± 1.50∗,† 28.14 ± 2.00∗,†
FEV1% predicted 92.45 ± 8.74‡,x 91.78 ± 7.89‡,x 40.35 ± 12.54∗,† 39.88 ± 10.24∗,†
FEV1/FVC (%) 93.24 ± 9.47‡,x 92.75 ± 8.46‡,x 58.89 ± 8.42∗,† 57.47 ± 9.21∗,†
AHI (n/h) 1.80 ± 0.54†,x 27.90 ± 5.95∗,‡ 2.10 ± 0.74†,x 29.93 ± 4.58∗,‡
Hypertension (n) 0†,‡,x 5

∗,x 9
∗,x 15

∗,†,‡

CHD (n) 0x 3x 4x 9
∗,†,‡

Stroke (n) 0 3 2 5

The prevalence of hypertension and CHD were higher in the OS group than in the OSA and COPD groups.
∗
P < 0.05 vs. control, †P < 0.05 vs. OSA,

‡P < 0.05 vs. COPD, xP < 0.05 vs. OS. OSA: Obstructive sleep apnea; COPD: Chronic obstructive pulmonary disease; OS: Overlap syndrome; BMI:
Bodymass index; FEV1%predicted: Percentage of forced expiratory volume in 1 s in predicted value; FEV1/FVC: Forced expiratory volume in 1 s /forced
vital capacity; AHI: Apnea-hypopnea index; CHD: Coronary heart disease.
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Figure 1: Concentrations of sVCAM-1 (A) and TNF-a (B) in control, OSA, COPD, and OS groups. The concentrations of sVCAM-1 and TNF-a in the OS group were significantly higher than the
OSA and COPD groups.

∗
P < 0.05 vs. control, †P < 0.05 vs. OSA, ‡P < 0.05 vs. COPD, xP < 0.05 vs. OS. COPD: Chronic obstructive pulmonary disease; OS: Overlap syndrome; OSA:

Obstructive sleep apnea; sVCAM-1: Soluble vascular cell adhesion molecule-1; TNF-a: Tumor necrosis factor-a.
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The coexistence of COPD and OSA is referred to as OS.
Patients with either OSA or COPD are at an increased risk
of cardiovascular complications. Previous studies have
shown that the prevalence of hypertension, CHD, and
diabetes is significantly higher in OS patients than in
patients with either OSA or COPD alone.[8-10] However,
there are few reports that evaluate the pathogenesis of the
increased incidence of cardiovascular complications in OS.
Studies have shown that any factor leading to vascular
endothelial cell injury can cause endothelial dysfunction,
which in turn triggers cardiovascular disease.[11] Vascular
endothelial cells are a continuous layer of flat cells lining
the inner layer of blood vessel walls. They form a natural
biological barrier between the blood and endothelium that
can help maintain blood flow balance and stabilize
endothelial function. At the same time, they also secrete
a variety of vasoactive factors that are involved in
inflammation, cell migration, and blood vessel prolifera-
tion and remodeling in the vascular endothelium.[12]

Vascular cell adhesion molecule-1 (VCAM-1) is expressed
at a low level in normal endothelial cells. In response to
certain biological triggers such as hypoxia, oxidative

1

TNF-a can both drastically increase. The surface receptor
of VCAM-1 can induce the adherence of lymphocytes and
neutrophils to the blood vessel wall, which is believed to be
an important part of the inflammatory response. sVCAM-
1 is the soluble form of VCAM-1 and sVCAM-1 is believed
to be a serum marker for assessing endothelial dysfunction
or inflammatory reactions of endothelial cells.[13,14]

Therefore, the extent of endothelial dysfunction can be
assessed through detecting sVCAM-1. As an important
chemokine secreted by neutrophils, TNF-a can promote
the synthesis of inflammatory cells and the release of
inflammatory mediators through activating neutrophils,
macrophages, and lymphocytes.[15] Meanwhile, TNF-a
can stimulate airway epithelial cells to increase the
transcription of intercellular adhesion molecule 1
(ICAM-1) mRNA, suggesting that the systemic inflamma-
tory response can up-regulate the expression of cell
adhesion molecules, which may play an important role
in endothelial dysfunction.[16] Peripheral blood T lympho-
cyte subsets can reflect the status of cellular immunity in
patients. Specifically, CD4+ helper T cells secrete lympho-
kines to enhance and expand the immune response, while
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CD8+ helper T cells suppress B and T lymphocytes to
maintain immune homeostasis. The ratio of CD4+/CD8+

endothelial cells and vascular remodeling.[18] Therefore,
sVCAM-1, TNF-a, and T-lymphocyte subsets were
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Figure 3: Correlation between CD4+/CD8+ lymphocytes and sVCAM-1. There was
significant negative correlation between CD4+/CD8+ lymphocytes and sVCAM-1. sVCAM-1:
Soluble vascular cell adhesion molecule-1.
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Figure 4: Correlation between CD4+/CD8+ lymphocytes and TNF-a. There was significant
negative correlation between CD4+/CD8+ lymphocytes and TNF-a. TNF-a: Tumor
necrosis factor-a.
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Figure 2: Analysis of T lymphocytes in control, OSA, COPD, and OS groups. (A) No significant difference in the percentage of CD3+ lymphocytes (CD3+%) in the peripheral blood among the
four groups was found. (B–D) The percentage of CD4+ lymphocytes (CD4+%) and CD4+/CD8+ lymphocytes were both lower in the OS group than in the other three groups, whereas the
percentage of CD8+ lymphocytes (CD8+%) in the OS group was higher than that in the other three groups.

∗
P < 0.05 vs. control, †P < 0.05 vs. OSA, ‡P < 0.05 vs. COPD, xP < 0.05 vs. OS.

COPD: Chronic obstructive pulmonary disease; OS: Overlap syndrome; OSA: Obstructive sleep apnea.
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T lymphocytes can directly reflect the abnormalities in
T lymphocyte subsets in patients, which allows us to
understand the state of cellular immunity to a certain
extent.[17] Another important function of T lymphocytes is
its ability to modify the microvascular environment. Under
the influence of cytokines secreted by antigen-activated T
cells or contact-dependent signals, T lymphocytes promote
the adhesion of leukocytes to the endothelial cells in post-
capillary veins, leading to morphological changes of the

1

selected to be as observational indicators.

In our study, we enrolled four groups of age- and sex-
matched patients with a similar number of cases per
condition. Analyses of clinical characteristics showed that
the differences in BMI were statistically significant among
the four groups. The BMI of the OSA, COPD, and OS
groups were higher than that of the control group, with the
BMI of the OSA group being the highest. There was no
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significant difference in BMI between the COPD group
and the OS group. Our study also confirmed that the

In summary, this study examined if cardiovascular
complications occurred more frequently in patients with

1. Shawon MS, Perret JL, Senaratna CV, Lodge C, Hamilton GS,
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prevalence of hypertension and CHD was higher in the OS
studies. This result was similar to the previous study. The
serum levels of sVCAM-1 are elevated in patients with
COPD as well as in patients with OSA which have been
demonstrated in previous researches.[19,20] Our study also
confirmed that the sVCAM-1 levels in the COPD and OSA
groups were higher compared with the control group. In
addition, the level of sVCAM-1 was higher in the COPD
group than in the OSA group. The highest sVCAM-1 level
was observed in the OS group, which was significantly
higher than the other three groups. These results suggested
that patients with OS, COPD, and OSA all exhibited
endothelial dysfunction, and the endothelial injury was the
most severe in patients with OS. This observation was in
line with the clinical characteristics, in which the incidence
of hypertension and CHDwas the highest in the OS group.

It has been shown that the expression of TNF-a is elevated
in both COPD and OSA patients.[21,22] Elevated levels of
TNF-a in serum and endothelial cells have also been
demonstrated in animal models of COPD and OSA.[23] In
our study, the changes of TNF-a were similar to that of
sVCAM-1. There was a gradual increasing trend in the
control, OSA, COPD, and OS groups, suggesting that a
systemic inflammatory response existed in all patients with
OSA, COPD, and OS. Compared with patients with OSA
and COPD, patients with OS exhibited a stronger
inflammatory response, which was consistent with the
trends in sVCAM-1 level changes. Dyugovskaya et al[24]

showed that the functional and morphological changes of
CD4+ and CD8+ T lymphocytes in patients with OSA
enhanced the function of CD8+ T lymphocytes, which
became cytotoxic. This could lead to an increased
incidence of cardiovascular events. Bhat et al[25] investi-
gated the phenotype of immune cells in patients with
COPD and supported the conclusion that immune
dysfunction leads to exacerbations and disease severity
in COPD. Our findings demonstrated that compared with
the control group, the OSA, COPD, and OS groups had
increased levels of CD8+ T lymphocytes and reduced levels
of CD4+ T lymphocytes and CD4+/CD8+ T lymphocyte
ratios. The increase in CD8+ T lymphocytes was the most
significant in the OS group, which also showed the most
significant reduction in CD4+ T lymphocytes and CD4
+/CD8+ ratios. These results suggest that while all patients
with OSA, COPD, and OS had abnormal immune
functions, the condition was the most severe in patients
with OS. At the same time, our study found that sVCAM-1
and TNF-a were significantly and negatively correlated
with CD4+/CD8+ lymphocytes, which suggests a decrease
in cellular immune function, accompanied by an increase
in inflammatory response and endothelial dysfunction. As
shown previously, systemic inflammatory response and
cell adhesion were both important factors in endothelial
dysfunction and T lymphocytes might play a role in
morphological changes of the endothelial cells and
vascular remodeling. Our data has shown the relationship
between sVCAM-1, TNF-a, and CD4+/CD8+ lympho-
cytes. This result suggested T lymphocytes were related to
endothelial dysfunction.

1

OS, as well as the possible pathogenesis underlying the
phenomenon. The data showed that the prevalence of
hypertension and CHD was higher in patients with OS
than in patients with either OSA or COPD alone. Patients
with OS exhibited more severe vascular endothelial injury,
a stronger inflammatory response, and a weaker cellular
immune function. These could be the mechanism underly-
ing the high incidence of cardiovascular complications in
patients with OS. In particular, the cellular immune
function mediated by T lymphocytes should not be
neglected, as it could be related to inflammation and
vascular endothelial function. The limitation of our study
is the small sample size. Although it is compliance with the
statistical requirement, enlarging the sample size will
improve the test efficiency. This will be achieved in our
further research. And another research idea will be
whether modifying T lymphocyte subsets can reduce the
prevalence of cardiovascular disease in patients with OS,
the elucidation of which may provide a new direction for
future treatment in clinical settings.
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