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Abstract: Atherosclerosis and COPD are both systemic inflammatory diseases that may
influence each other. The aim of the present study was to determine the prevalence of COPD in
patients with cerebral and/or peripheral artery disease and to assess factors associated with the
presence of COPD. Following the diagnosis of cerebral and/or peripheral artery disease by means
of duplex sonography, 166 consecutive patients underwent body plethysmography with capillary
blood gas analysis. Thereafter, blood tests with determination of different parameters such as
lipid profile, inflammatory and coagulation markers were conducted in remaining 136 patients
who fulfilled inclusion criteria of the study. Thirty-six out of 136 patients suffered from COPD,
mostly in early stages of the disease. Residual volume indicating emphysema was increased
(162.9%155.9% vs 124.5%+37.0%, p<<0.05) and diffusion capacity was decreased (55.1%%19.5%
vs 75.3%%18.6%, p<<0.05) in COPD patients vs non-COPD group. In capillary blood gas analysis,
COPD patients had lower partial pressure of oxygen (70.9£11.5 vs 75.2+11.0 mmHg, p<<0.05)
and higher partial pressure of carbon dioxide (36.8+7.5 vs 34.4+4.4 mmHg, p<<0.05) compared
with non-COPD individuals. Presence of COPD was associated with predominance of diabetes
mellitus, interleukin-8-related systemic neutrophilic inflammation and anemia. In conclusion,
COPD is highly prevalent in patients with atherosclerotic artery disease.

Keywords: cerebral artery disease, peripheral artery disease, lung function, capillary blood

gas, diabetes mellitus, inflammation, interleukin-8, anemia

Introduction

Atherosclerosis and COPD are very common disorders that are the leading causes of
the morbidity and mortality.!? Atherosclerosis and COPD are both systemic inflam-
matory diseases that share common risk factors/pathways and thereby may occur
more frequently in the presence of each other.** There are many studies that identified
COPD as an independent predictor of atherosclerosis.® Conversely, little is known
about the potential impact of atherosclerosis on COPD development and progression.
Therefore, the aim of our present study was to assess the prevalence of COPD in
patients with atherosclerotic artery disease. Additional goal was to determine factors
that are associated with the presence of COPD.

Materials and methods

Study population

The present study was conducted between May 2016 and February 2017. The
inclusion criterion was confirmation of atherosclerotic cerebral and/or peripheral artery
disease in duplex sonography and ability of a patient to conduct properly breathing
maneuvers during body plethysmography. Exclusion criterion was identification of
restrictive pattern defined as total lung capacity (TLC)<<80% of a predicted value.
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One hundred sixty-six patients with atherosclerotic artery
disease underwent lung function test by body plethysmog-
raphy. Thirty patients either showing restrictive ventilatory
patterns or being unable to perform adequately lung function
test were excluded from the study. Remaining 136 patients
were included in the study. One hundred twenty-seven of
these patients were out-patients who visited our angiological
department either for control examination of the already
known atherosclerotic artery disease or for the first time
with suspected atherosclerotic artery disease to obtain
appropriate diagnosis and therapy. Nine patients were sta-
tionary patients who were subjected to the interventional
angiological treatment. All 136 patients were divided into
2 groups according to the presence of COPD. COPD was
defined as a post-bronchodilator airflow limitation of forced
expiratory volume in 1 s (FEV)) to forced vital capacity
(FVC) of <70%. According to the Global initiative for
chronic obstructive lung disease (GOLD), COPD severity
was divided into 4 grades based on FEV % predicted: stage I
FEV =80%, stage II: 80%> FEV =50%, stage III: 50%>
FEV,=30% and stage IV: FEV,<30%.""

A questionnaire was used to collect baseline charac-
teristics of patients such as body weight and height for the
subsequent calculation of the body mass index (BMI) and
the presence of coronary heart disease, cardiovascular risk
factors: arterial hypertension, diabetes mellitus, hypercholes-
terolemia and nicotine abuse, as well as autoimmune diseases,
COPD, asthma, allergies, inhalation therapy in bronchial
disorders and oral cortisone treatment.

The research was conducted according to the principles
of the Declaration of Helsinki and was approved by the
ethics committee of the University of Bonn (ethics approval
number: 388/15). Written informed consent was obtained
from all subjects.

Angiological examinations

Angiological diagnostics comprised Doppler sonography,
color-coded duplex sonography (ie, 33 Philips, Philips,
Amsterdam, the Netherlands) and the measurement of ankle
brachial index (ABI). Presence of atherosclerotic artery
disease was defined by =1 atherosclerotic plaque in duplex
sonography. ABI was calculated as the ratio of the blood pres-
sure at the ankle to the blood pressure in the upper arm. An
ABI >1.3 was associated with increased vascular stiffness
and the presence of media sclerosis.!” Relevant cerebral artery
stenosis was defined as at least 50% narrowing of the lumen
of the brain-supplying artery. Patients with peripheral artery
disease underwent Fontaine classification (Table 1).!!

Table | Fontaine classification

Stage Symptoms

| Asymptomatic, incomplete blood vessel obstruction
Il Mild claudication pain in limb

A Claudication at a distance >200 m

1B Claudication at a distance <200 m

11l Rest pain, mostly in the feet

v Necrosis and/or gangrene of the limb

Note: Data from a previous study.''

Body plethysmography and capillary

blood gas analysis

FEV,,FEV /FVC, residual volume (RV), dynamic total pul-
monary resistance (Rtot), TLC and diffusion capacity of lung
for carbon monoxide (DLCO) in a single breath method were
assessed by body plethysmography (Bodyplethismograph,
Aveo-Diffusiontest, Jaeger GmbH, Wuerzburg, Germany).
Predicted values for the above parameters were calculated
automatically based on age, sex, height and race by the
software of the pulmonary function test, according to the
pulmonary function reference equations.'? Percentages of
the predicted values for FEV,, RV, Rtot, TLC and DLCO
and absolute value for FEV /FVC were used for the subse-
quent statistical analysis. In the arterialized capillary blood
gas analysis, partial pressure of oxygen (pO,) and partial
pressure of carbon dioxide (pCO,) were determined. Five to
ten minutes after the application of the vasodilating cream
(Finalgon composed of Nonivamid + Nicoboxil, Boehringer
Ingelheim Pharma GmbH & Co.KG, Ingelheim am Rhein,
Germany) to the lower tip of the right earlobe, the blood
sampling was performed by the use of an automated inci-
sion device and a capillary tube. The collected blood was
immediately analyzed in a blood gas analyzer.

Blood tests

The following blood parameters were determined at the time
point of the body plethysmography conduction: sodium,
potassium, creatinine, glomerular filtration rate (GFR),
lipoprotein (a), interleukin-6, interleukin-8, high-sensitivity
C-reactive protein (CRP), fibrinogen and complete blood
count. Anemia was defined as hemoglobin (Hb) level
of <13 g/dL (8.1 mmol/L) in men and 12 g/dL (7.5 mmol/L)
in women, based on the World Health Organization
guidelines.” GFR was calculated according to the Chronic
Kidney Disease Epidemiology Collaboration (CKD-EPI)
equation. The CKD-EPI equation is more accurate in
estimating GFR and prognosis, especially at higher GFR
levels than the 2006 Modification of Diet in Renal Disease
Study equation.!*!
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Statistical analysis

Statistical analysis was conducted with SPSS Statistics, version
23 (IBM Corp., Armonk, NY, USA). Parametric values were
expressed as means + SD. Differences between the means of
2 groups were assessed by the Student’s #-test. Comparisons
between categorical variables were performed by use of the chi-
square test. p<<0.05 was considered as statistically significant.

Results
Prevalence of COPD and characteristics

of study patients

Thirty-six of 136 patients suffered from COPD (Table 2).
Most of them (n=22) were in GOLD grade II (Figure 1),
followed by patients in GOLD grade I (n=8). Only a few
patients were in GOLD grades III (n=3) and IV (n=3). COPD
patients were characterized by the relevantly decreased

Table 2 Baseline characteristics of COPD and non-COPD
patients

COPD Non-COPD  p-values
n=36 n=100

Age (years), mean = SD 72.418.6 68.9+12.0 0.114
Male sex, n (%) 20 (55.6) 71 (71.0) 0.091
BMI (kg/m?), mean £ SD 27.315.2 273445 0.978
AQOD, n (%) 36 (100.0) 100 (100.0)
CAD, n (%) 26 (72.2) 73 (73.0) 0.430

with <50% stenosis, n (%) 22 (61.1) 68 (68.0)

with =50% stenosis, n (%) 4 (I1.1) 5(5.0)
PAD, n (%) 34 (94.4) 91 (91.0) 0.516

Fontaine I, n (%) 20 (55.6) 70 (70.0)

Fontaine 2a, n (%) 6 (16.7) 7 (7.0)

Fontaine 2b, n (%) 6 (16.7) 13 (13.0)

Fontaine 3, n (%) | (2.8) 0 (0.0)

Fontaine 4, n (%) | (2.8) 1 (1.0)
Media sclerosis, n (%) 5(13.9) 19 (19.0) 0.490
CHD, n (%) 13 (36.1) 35 (35.0) 0.905
Arterial hypertension, n (%) 29 (80.6) 86 (86.0) 0.438
Diabetes mellitus, n (%) 12 (33.3) 17 (17.0) 0.040
Hypercholesterolemia, n (%) 27 (75.0) 69 (69.0) 0.498
Nicotine abuse 0.218

never smoker, n (%) 10 (27.8) 35 (35.0)

current smoker, n (%) 3 (83) 17 (17.0)

former smoker, n (%) 23 (63.9) 48 (48.0)

pack-years, mean + SD 37.0445.1 18.4126.8 0.004
Autoimmune diseases, n (%) 9 (25.0) 23 (23.0) 0.808
Self-referred COPD, n (%) 13 (36.1) 4 (4.0) <0.001
Self-referred asthma, n (%) | (2.8) 4 (4.0 0.738
Allergy, n (%) 8(22.2) 23 (23.0) 0.924
Inhalation therapy of 14 (38.9) 9 (9.0) <0.001
bronchial disorders, n (%)
Oral cortisone, n (%) 5(13.9) 6 (6.0) 0.137

Notes: Data are presented as a mean + SD or n (%). p<<0.05= significant.
Abbreviations: AOD, arterial occlusive disease; BMI, body mass index; CAD,
cerebral artery disease; CHD, coronary heart disease; PAD, peripheral artery
disease.
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Figure | Predominance of COPD in early stages of the disease.
Note: Data are presented as n.
Abbreviation: GOLD, global initiative for chronic obstructive lung disease.

airflow obstruction-related parameters measured by body
plethysmography compared with the non-COPD group:
FEV % predicted: 66.4%%20.3% vs 97.5%%19.6%,
FEV /VC: 57.2.%%12.6% vs 82.3%%7.9%, RV%
predicted: 162.9%+55.9% vs 124.5%%37.0%, Rtot% pre-
dicted: 149.9%187.8% vs 79.6%128.0%, TLC% predicted:
110.7%%20.6% vs 102.0%=x17.1% and DLCO% predicted:
55.1%x£19.5% vs 75.3%x18.6%, p<<0.05 for each (Figure 2).
In the capillary blood gas analysis of COPD patients, pO,
and pCO, were, respectively, significantly lower and higher
in comparison with the non-COPD group: 70.9£11.5 vs
75.2+11.0 mmHg and 36.817.5 vs 34.4+4.4 mmHg, p<0.05
for each (Figure 3). There were no significant differences
in age, sex and BMI between COPD and non-COPD group
(Table 2). Based on the inclusion criterion, atherosclerotic
artery disease was present in all patients from both groups.
Peripheral artery disease was predominant and detected

250 %
*
| o COPD B
o 20 ® Non-COPD
5 1
5 150 "
>
& 100 1
50 -
FEV,%  FEV/ RV% Rtot% TLC% DLCO%
predicted FVC  predicted predicted predicted predicted

Figure 2 Body plethysmography parameters in COPD and non-COPD patients.
Notes: Data are presented as a mean £ SD. ¥p<<0.05.

Abbreviations: DLCO, diffusion capacity of lung for carbon monoxide; FEV , forced
expiratory volume in | second; FVC, forced vital capacity; RV, residual volume; Rtot,
dynamic total pulmonary resistance; TLC, total lung capacity.
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90 Table 3 Blood test results in COPD and non-COPD patients
* . o COPD
80 = Non-COPD [ COPD Non-COPD p-values
70 n=36 n=100
3 60 Creatinine (umol/L) 97.4+35.4 106.2+88.5 0.497
=] GFR (mL/min/1.73 m?) 58.2+14.7 60.5+13.0 0.436
g 50 [ Lipoprotein (a) (nmol/L) 88.6+99.4 68.3+70.8 0.298
g 40 Interleukin-6 (pg/mL) 4.2+2.1 4.9+6.4 0.594
é’ 30 Interleukin-8 (pg/mL) 13.5£13.3 9.2+4.9 0.030
20 hsCRP (nmol/L) 13.3£8.6 10.5+6.7 0.141
Fibrinogen (umol/L) 10.9+2.4 10.615.6 0.841
10 Leukocytes (G/L) 8.3+4.6 7.642.1 0.256
0 T 1 Neutrophils (%) 67.918.7 61.4+10.7 0.012
PO, pCO, Lymphocytes (%) 19.848.7 26.549.2 0.003
Figure 3 Capillary blood gas analysis in COPD and non-COPD patients. Monocytes (%) 9.242.0 8.6+2.5 0275
Notes: Data are presented as a mean + SD. *p<<0.05. Eosinophils (%) 24+1.5 2.7+3.2 0.697
Abbreviations: pO,, partial pressure of oxygen; pCO,, partial pressure of carbon Basophils (%) 0.6+0.3 0.740.3 0.463
dioxide. e B ’
Erythrocytes (T/L) 43+0.7 45406 0.049
Hemoglobin (mmol/L) 7.7+1.2 8.5+1.1 0.001
in >90% of patients in each group. Cerebral artery disease ~ Hematocrit (%) 377453 40.244.9 0.015
was demonstrated in more than 70% of patients in respec- MCV (fL) 88.6%5.9 89.0+4.4 0.691
. . . MCH (fmol 1.8+0.1 1.9£0.1 0.003
tive collectives. The prevalence of coronary heart disease (fmol)
) ) i ) MCHC (mmol/L) 20.4+0.8 21.0+1.4 0011
amounted to approximately one-third of patients in each .\ %) 14743.7 133412 0.002
group. The distribution of cardiovascular risk factors suchas  thrombocytes (G/L) 234341414  230.64625 0.838

arterial hypertension and hypercholesterolemia was similar
across the groups. Diabetes mellitus was significantly more
frequent in the COPD group. Although there were no relevant
differences in the smoking habitus between both populations,
the amount of smoked cigarettes expressed as pack-years was
higher in COPD patients. In 13 out of 36 COPD patients, the
diagnosis of COPD had already been known and COPD was
treated with inhaled anti-obstructive drugs. One patient in the
COPD group reported to have asthma, but according to the
guidelines mentioned previously defining COPD as, opposed
to asthma, persistent airflow limitation of FEV /VC <70%
following use of bronchodilatator, this diagnosis was not
correct. Inversely, 4 individuals from the non-COPD group
indicated to suffer from COPD, which could not be confirmed
in the present tests. Generally, significantly more patients
were under inhaled anti-obstructive therapy in COPD vs
non-COPD group. There were no significant differences
in the prevalence of allergies, autoimmune diseases or oral
cortisone treatment between both groups.

Predominance of neutrophilic
inflammation and anemia in

COPD patients

The analysis of the blood test results revealed that the patients
from COPD and non-COPD groups suffered from renal
insufficiency (Table 3). High-sensitivity CRP, interleukin-6
and fibrinogen did not differ between COPD and non-COPD

Notes: Data are presented as a mean + SD. p<<0.05= significant.

Abbreviations: GFR, glomerular filtration rate; hsCRP, high-sensitivity C-reactive
protein; MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin;
MCHC, mean corpuscular hemoglobin concentration; RDW, red blood cell
distribution width.

patient collectives. Lipoprotein (a) measurements showed
a tendency toward higher values in the COPD group;
however, because of the high standard deviation, without
statistical significance. Concentration of interleukin-§8 was
relevantly increased in the COPD (13.5£13.3 pg/mL) vs
non-COPD group (9.2+4.9 pg/mL). Leukocyte number
tended to be higher in the COPD population (8.314.6 G/L
vs 7.612.1 G/L). An analysis of leukocyte subsets demon-
strated elevated percentage of neutrophils (67.9%+8.7%)
and decreased percentage of lymphocytes (19.8%x8.7%)
in COPD compared with non-COPD group (61.4%+10.7%,
26.5%%9.2%, resp, p<<0.05 for each). Examination of
red blood cell indices showed that the following param-
eters were significantly reduced in COPD compared with
non-COPD patients: erythrocyte number (4.3+£0.7 T/L vs
4.5+£0.6 T/L), Hb (7.7£1.2 mmol/L vs 8.5£1.1 mmol/L,
specifically for women: 7.4+1.2 mmol/L vs 8.1+£0.8 mmol/L,
for men: 7.9£1.2 mmol/L vs 8.6£1.2 mmol/L), hematocrit
(37.7%=£5.3% vs 40.2%14.9%), mean corpuscular Hb (MCH:
1.840.1 fmol vs 1.940.1 fmol) and mean corpuscular Hb con-
centration (MCHC: 20.4£0.8 mmol/L vs 21.0+1.4 mmol/L).
Erythrocyte distribution width was relevantly increased in
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COPD group vs non-COPD group (red blood cell distribution
width [RDW]: 14.7%%3.7% vs 13.3%£1.2%).

Discussion
Our present study shows a high prevalence of COPD among
patients with atherosclerosis. In a general German population,
the prevalence of COPD was estimated to be ~13% depending
on age and smoking habits.'® Similar result was obtained in
the collective of Japanese patients consulting clinics for non-
respiratory diseases. However, reversibility testing was not
performed in this study, so that other respiratory disorders
such as asthma may have partly accounted for the diagnosed
airflow limitation."” In other Japanese study, airflow limita-
tion as a result of different conditions such as newly and
previously diagnosed COPD, asthma, heart failure, etc., was
demonstrated in 26% of patients who underwent spirom-
etry as a preoperative evaluation for elective surgeries.!®
In Middle Eastern patients with acute coronary syndrome,
the prevalence of COPD was 5.3% and was associated with
higher risk of heart failure.' In patients with lifestyle-related
diseases, COPD detection frequency amounted to 22.5%;
herein, the prevalence of COPD was the highest in individuals
with atherosclerosis (about 29%).%° This last result showed
even higher detection of COPD in atherosclerosis patients
than in our present work (26%); however, in the study of
Matsumoto et al, the data collection was carried out retro-
spectively using electronic medical records.? In comparison
with some other reports, our study was a prospective one,
with the use of reversibility test, when appropriate, to rule
out conditions other than COPD underlying obstructive
respiratory disorders and based not only on spirometry but
also on the body plethysmography with measurements of
diffusion capacity and blood gas analysis. Therefore, we
could exclude a concomitant restriction and better quantify
the degree of obstructive disorders with their impact on the
blood gas parameters.?! Indeed, patients with COPD had,
besides reduced FEV /VC and FEV % values, elevated RV%
measures implying relevant emphysema. Decreased DLCO%
could partly explain reduced pO, and increased pCO, values
compared with non-COPD study participants.
Pathomechanisms explaining the identification of a high
proportion of patients suffering from atherosclerosis to have
concurrently COPD are not clear. In our work, diabetes mel-
litus was significantly more frequent in patients with COPD
than in non-COPD patients. It has been shown that diabetes
mellitus occurs more often in COPD individuals. Similar
pathological processes such as inflammation, oxidative stress,
hyperglycemia, reduced physical activity and nicotine abuse

may constitute a link between these 2 conditions. In addition,
therapy with corticosteroids may increase the risk of glu-
cose intolerance.??> Furthermore, we have demonstrated that
COPD patients had higher neutrophil percentages in blood
compared with the non-COPD group. Smoke-induced neu-
trophilic inflammation was presented in a mouse model of
COPD.? In the recent clinical trial, COPD patients exhibited
a prominent airway and systemic inflammation compared
with healthy subjects.?* Along with the predominance of
systemic neutrophilia in our work, increased blood levels of
interleukin-8 were detected in COPD population. Elevated
blood concentrations of certain cytokines, mainly interleu-
kin (IL)-8 reinforce and maintain inflammation in COPD,
even after smoking cessation.”® Stimulated human airway
smooth muscle cells release 1L-8.2¢ IL-8 is known to induce
neutrophilia.” In other studies, further markers of systemic
inflammation such as high-sensitivity C-reactive protein
(hsCRP), fibrinogen, IL-6 and TNF-a were elevated in
COPD patients.””*® In our present work, no relevant differ-
ences were found in the blood levels of hsCRP, fibrinogen
or IL-6 between COPD and non-COPD groups. It could
be caused by the relatively low number of enrolled study
participants, heterogeneity of population and the presence
of pronounced atherosclerosis not only in COPD, but also
in the non-COPD (= control) group, which itself is a chronic
inflammatory disease. Another finding of our work was the
identification of anemic patients in COPD group vs non-
COPD individuals. Anemia is an important comorbidity of
COPD and is related to more frequent COPD exacerbations,
increased mortality and reduced quality of life.? Mechanisms
leading to anemia in COPD patients are multifactorial and
include chronic inflammatory state, renal impairment,
androgen deficiency, malnutrition and therapy side effects.?
Interestingly, reduced GFR was seen in patients from both
groups in our study, so that it seems that renal impairment
was not the leading causative factor for the development of
anemia in this COPD patient collective. Another possible
cause of anemia could be iron deficiency. Typical pattern
for the iron-deficiency anemia is microcytosis (reduced
MCV), hypochromia (reduced MCH, MCHC) and elevated
degree of anisocitosis (increased RDW).3° In our work,
MCYV did not differ between COPD and non-COPD groups.
In contrast, MCH and MCHC were significantly lower and
RDW was relevantly higher compared with the non-COPD
patients. As up to 40% of iron-deficiency anemia cases are
normocytic, the aforementioned laboratory characteristics of
our COPD patient collective could indicate incipient iron-
deficiency anemia.* Indeed, systemic inflammation-driven
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disturbed iron homeostasis is common among COPD
patients. Iron deficiency may augment hypoxemia-induced
pulmonary hypertension in COPD individuals, which is an
independent predictor for mortality.*! To clarify definitively
the question of the possible iron deficiency underlying the
anemia detected in our COPD patient group, the determi-
nation of further parameters of iron metabolism such as
ferritin and transferrin saturation index would be helpful,
especially to distinguish between absolute and functional
iron deficiency.*

Limitations

Our work has some limitations such as a relatively low
number of study participants and a determination of pO, by
means of capillary blood gas analysis. Whereas the capillary
blood is a good alternative to arterial blood for the measure-
ment of pCO,, the assessment of pO, in the capillary blood
may not accurately reflect the analogical measurements con-
ducted in the arterial blood. However, such a procedure may
be appropriate unless high precision is required and when
earlobe capillary instead of fingertip capillary is a puncture
site and a post-sampling analysis time is short.*>** All these
conditions were fulfilled in our study.

Further limitation of our work is the lack of data provid-
ing quantification of symptoms by use of appropriate scales
or assessment tests. Generally, spirometric screening of
asymptomatic non-smokers is not recommended in order to
avoid overtreatment associated with high costs and potential
side effects. However, many patients tend to underestimate
their symptoms, which leads to the failure of the early treat-
ment and in consequence, to the further development of the
disease with its complications.** Therefore, assessment of the
symptoms seems to be helpful, but not decisive with respect
to the initiation of the therapy.

Conclusion

Taken together, our present study showed a high prevalence
of COPD among patients with atherosclerotic artery disease.
COPD individuals were characterized by the predominance of
diabetes mellitus, neutrophilic inflammation and anemia.

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