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GOLD stage predicts thoracic aortic
calcifications in patients with COPD
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Abstract. Although some of the associations between chronic
obstructive pulmonary disease (COPD) and atherosclerosis
are based on shared risk factors such as smoking, recent
epidemiological evidence suggests that COPD is a risk factor
for vascular disease due to systemic inflammation. The
present study assessed the hypothesis that disease severity
(as expressed by the GOLD stage) independently predicts
the extent of vascular calcifications. A total of 160 smokers
diagnosed with COPD (GOLD I-1V, 40 subjects of each GOLD
stage) and 40 smokers at risk (GOLD 0; median age of 60 years
old; Q1:56;Q3:65; 135 males and 65 females) underwent
non-contrast, non-electrocardiography synchronized chest
computerised tomography. The volume of thoracic aortic
calcifications was quantified semi-automatically within a
region from T1 through T12. Multiparametric associations
with GOLD stage, smoking history, sex, age, body mass
index and emphysema index were evaluated using generalized
linear regression analysis. Thoracic aortic calcifications
were highly prevalent in this cohort (187/200 subjects,
709 (Q1:109;Q3:2163) mm?). Analysis of variance on ranks
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demonstrated a significant difference in calcium between
different GOLD-stages as well as patients at risk of COPD
(F=36.8,P<0.001). In the multivariable analysis, GOLD-stages
were indicated to be predictive of thoracic aortic calcifications
(P<0.0033) besides age (P<0.0001), while age appeared to be
the strongest predictor. Other variables were not statistically
linked to thoracic aortic calcifications in the multivariable
model. COPD severity, as expressed by the GOLD-stage,
is a significant predictor of thoracic aortic calcifications,
independent of covariates such as age or tobacco consumption.

Introduction

Chronic obstructive pulmonary disease (COPD) is mainly
caused by cigarette smoking and characterized by airflow
limitation due to small airways disease and parenchymal
destruction, mediated by chronic inflammation (1). COPD is
a leading cause of morbidity and mortality worldwide and
will become the fourth leading cause of death by 2030 (2). In
addition, co-morbid conditions such as cardiovascular disease
are found more frequently in COPD than would be expected
by chance, even after adjustment for shared risk factors (3,4).
These comorbidities contribute to the deterioration of COPD, as
well as mortality, especially due to cardiovascular disease (1).
Although the exact mechanisms of interaction between COPD
and vascular disease remain unclear, recent epidemiological
evidence suggests that airway disease and emphysema are risk
factors for vascular disease due to spillover of inflammatory
cells and mediators from the lungs, resulting in systemic inflam-
mation (4,5). This is assumed to lead into persistent systemic
endothelial dysfunction and subsequent atherosclerosis (6,7).
Hence, vascular disease in patients with COPD should be
identified and managed where clinically appropriate (8).
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In general, quantitative coronary artery calcium scoring
is a widely used approach to stratify the individual risk for
cardiovascular events (9,10). Thin-section non-contrast chest
CT datasets potentially suitable for vascular calcium scoring
are widely available in patients with COPD or smokers since
imaging is frequently performed due to lung cancer screening,
suspected pneumonia, or prior to endoscopic or surgical lung
volume reduction. However, such CT data are usually non ECG
(electrocardiography) synchronized, but motion correction
based on ECG synchronization is regarded as a prerequisite
for coronary artery calcium scoring since image artefacts
due to cardiac motion can falsify quantitative calcium values
of coronary arteries (8) even when using modern equipment
such as 64-row MDCT scanners (11). Since motion artifacts
are considerably lower in the thoracic aorta compared to coro-
nary arteries, thoracic aortic calcium scoring based on non
ECG-synchronized chest CT data provides potential surrogate
parameters for the stratification of the vascular risk of indi-
vidual COPD patients (11). The feasibility of thoracic aortic
calcium scoring using low dose non ECG synchronized chest
CT data has already been demonstrated (11-13). Moreover,
thoracic aortic calcifications were shown to correlate with the
extent of coronary artery calcifications (14) and to predict the
development of calcified coronary plaques (15), cardiovascular
events and especially non-cardiac events (13). Hence, thoracic
aortic calcium scores represent important indicators of
vascular health and provide appropriate parameters to clarify
the question whether COPD is an independent risk factor for
atherosclerosis. Previous CT based studies addressing asso-
ciations between airflow limitation and vascular calcifications
were mainly focused on coronary calcifications (16-19) mostly
including subjects with mild airflow obstruction (17-19) and
provided conflicting results. Hence, there is insufficient data on
the relationship of clinically manifest or advanced COPD and
the amount of vascular calcifications. Therefore, the study was
aimed to involve smokers at risk of COPD as well as COPD
patients with all degrees of disease severity, in order to test the
hypothesis that the calcified plaque load of the thoracic aorta
increases with COPD severity, expressed as GOLD stages (1),
independent of shared risk factors such as tobacco use.

Materials and methods

Patient characteristics. A total of 200 subjects (further details
on ethics approval and consent to participate are described in a
separate section below) were enrolled into a retrospective study,
in detail 160 smokers with clinically stable COPD (40 subjects
of each GOLD stage I-IV) according to the GOLD criteria (1)
and 40 heavy smokers at risk of COPD. The intention was to
obtain a cohort with the complete spectrum of disease severity.
Subjects were either participants of a population-based
randomized lung cancer screening trial (20,21) (142/200) or
routine COPD patients (58/200). Key exclusion criteria were
previous lung surgery, prior lung cancer, recent exacerbation
of COPD (<4 weeks, requiring antibiotic treatment), major
pleural effusion, atelectasis, restrictive lung disease as well as
previous surgery of the aorta. The majority of subjects was
male (135/200). Ages ranged from 50 to 75 years. Median age
was 60 (56-65) years, and median FEV1% 67.4 (37.9-91.3).
199/200 patients were current or former heavy smokers.
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Pulmonary function testing. Whole-body plethysmographic
data (MasterScreen Body, E. Jaeger, Hoechberg, Germany)
were acquired according to the guidelines of the European
Respiratory Society and the American Thoracic Society (22),
with the European Coal and Steel Community predicted
values serving as standard of reference (23).

Multidetector computed tomography imaging. Volumetric
non-enhanced non-ECG-synchronized thin-section MDCT
datasets of the chest were acquired in caudocranial direction.
Scans were obtained at end-inspiration breath-hold in supine
position from the posterior costodiaphragmatic recess level to
the superior thoracic aperture. Prior to scanning, all subjects
received an instructed training to achieve full end-inspiratory
breath-hold. CT acquisitions in lung cancer screening
participants were performed with a 16 detector-row Toshiba
Aquilion 16 (TOSHIBA Medical Systems GmbH, Zoetermeer,
Netherlands) which is hereinafter referred to as ‘scanner A’,
using a tube potential of 120 kVp, an effective tube current
of 55 mAs, and a collimation of 16x1.0 mm (CTDI, =5.1).
Clinical indication based CT scans of routine COPD patients
were acquired with a 4 detector-row Siemens Somatom Volume
Zoom (Siemens AG, Helthcare Sector, Erlangen, Germany)
which is hereinafter referred to as ‘scanner B’, applying a tube
potential of 120 kVp, an effective tube current of 70 mAs,
and a collimation of 4x1.25 mm (CTDI,,=6.3). Axial images
for quantitative image evaluation were reconstructed using
a medium-smooth convolution kernel (FC13/B35f) and a
slice thickness of 3.0 mm with a reconstruction increment of
2.4 mm. All image data were reconstructed with a field of view
of 350-400 mm and a matrix of 512x512 voxels. Both scanners
were calibrated for water at regular intervals (quarterly) and
after major maintenance, and for air daily. All examinations
were visually inspected by an experienced chest radiologist,
validating sufficient inspiration, inclusion of all parts of the
chest, and absence of significant motion artifacts or atelectasis.

Calcium scoring. After pseudonymization, image datasets
were reviewed using a postprocessing workstation (Vitrea,
Vital Images Inc., Minnetonka, MN, USA). The quantifica-
tion of the total volume of thoracic aortic calcifications
(TAC) was carried out on the thoracic aorta (ascending aorta
including aortic bulb, aortic arch, and descending aorta down
to the level of the base plate of chest vertebra 12). Within this
region, semi-automated software-based calcium scoring was
applied on axial CT slices using Vitrea Vscore (Vital Images
Inc., Minnetonka, MN, USA). Calcified lesions exceeding a
threshold of 130 Hounsfield units (HU) and 3 coherent voxels
were highlighted automatically by a color overlay and verified
manually. In this context, only vessel wall associated lesions
were reported by the investigator. The TAC was summarized
for each patient dataset. Using non ECG synchronized CT
images, the volume score was favoured over the widespread
Agatston score due to reduced susceptibility to motion arti-
facts (24). To ensure consistency of the image evaluation
process, calcium scoring was performed by a single, experi-
enced chest radiologist.

CT-based quantification of emphysema. The evaluation of
the extent of pulmonary emphysema was based on the fully
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Table I. Summary of patient characteristics.
Variable GOLD 0 GOLD1 GOLD II GOLD III GOLD IV
Patients (n) 40 40 40 40 40
Scanner A/B (n) 40/0 40/0 40/0 14/26 8/32
Male/female (n) 27/13 26/14 30/10 21/19 26/14
Age (y) 58 (54-63) 57 (53-63) 59 (56-65) 64 (59-67)*° 61 (57-67)°
FEV1% 94.8 (89.2-103.6) 922 (86.0-98.1) 69.0 (62.5-74.3) 40.9 (36.0-44.0) 259 (21.5-315)
Pack-years (n) 37 (32-54) 33 (26-45) 44 (33-63) 41 (30-60) 40 (30-60)
BMI (kg/m?) 27.3 (24.3-29.8) 24.8 (22.1-26.5)*  25.7(23.9-28.4) 25.2(23.4-28.0) 240 (19.8-25.9)*¢
LAA% 5.6(1.5-9.6) 9.5 (4.5-18.2) 12.3 (4.8-26.0) 43.7 (35.0-53.1)*¢ 49.6 (40.1-59.1)*°
TAC (mm?) 239 (25-1119) 141 (30-748) 789 (196-1861)° 1,868 (585-4097)** 1,385 (431-3005)""

All data reported as medians and interquartile range. FEV 1%, forced expiratory volume in 1 second percentage predicted; TAC, total volume of
thoracic aortic calcifications; Scanner A, Toshiba Aquilion 16; scanner B, Siemens Somatom Volume Zoom 4; BMI, body mass index; LAA%,
low attenuation areas in percent. *P<0.05 vs. at risk, °P<0.05 vs. GOLD I, °P<0.05 vs. GOLD II.

automatic quantitative in-house software YACTA (v1.0.9.38)
and MeVisPULMO 3D, (Fraunhofer MEVIS, Bremen,
Germany), calculating the relative volume of low attenuation
areas (LA A%, density threshold -950 HU) in relation to the
total lung volume. The exact steps of structural lung segmenta-
tion and emphysema quantification are described and validated
in detail elsewhere (25-27).

Statistical analysis. Calculations were performed using IBM
SPSS Statistics v19 (IBM Deutschland GmbH, Ehingen,
Germany), SigmaPlot v12.5 (Systat Software Inc., San Jose,
CA, USA) and SAS v9.4 (SAS Institute, Cary, North Carolina,
USA). Data are expressed as frequencies (percentages) or as
medians with interquartile range (Q1-Q3). Intergroup compar-
ison was performed using the independent samples t-test or
one-way ANOVA with appropriate post-hoc testing for normal
distributions. Intergroup comparison was performed by
Mann-Whitney U test or Kruskal-Wallis one-way ANOVA on
ranks with appropriate post-hoc testing for skewed distribu-
tions. Intergroup comparison for categorical data was based on
Fisher's exact test. Multivariable analysis was performed using
multivariable linear regression with logl0-transformed TAC
as a dependent variable and age, GOLD stage, BMI, sex and
LAA% as independent variables. Based on this multivariable
model, it was assessed whether age, GOLD stage, BMI, sex and
LAA% could independently predict the extent of loglOTAC.

Collinearity between dependent variables (age, GOLD
stage, BMI, sex, LAA%, pack years) was tested using
Pearson product-moment correlation coefficient for normal
and Spearman's rank correlation coefficient for skewed
distributions. Multiple testing was compensated for by the
Bonferroni-Holm method (28).

Results

Thoracic aortic calcifications were present in 187/200 subjects.
Median TAC was 709 (109-2163) mm? for the entire popula-
tion and increased from GOLD I to GOLD III without further
increase towards GOLD IV (Table I). Interestingly, smokers
at risk of COPD (GOLD 0) showed slightly higher TAC than

GOLD I subjects. Kruskal-Wallis one-way ANOVA on ranks
showed a significant difference in overall calcium between
subjects with different GOLD-stages as well as patients at risk
(F=36.8 P<0.001). Subjects with GOLD stage I and subjects
at risk of COPD showed significantly lower TAC values in
relation to GOLD stages IIT and IV (each P<0.05). Subjects
with GOLD stage I had significantly lower TAC compared to
GOLD II (P<0.05) (Table I).

Almost all subjects were current or former heavy smokers
with similarly high amount of packyears 40 (30-60), which
did not differ significantly between groups of different
disease severity (F=6.7, P=0.15). The distribution of male
and female participants did not show significant variability
across the patient groups (P=0.06-1.00). The median BMI of
25.2 (23.0-28.1) of the cohort was slightly elevated. One-way
ANOVA showed a significant difference in BMI between the
respective groups (F=6.0, P<0.001). Holm-Sidak post-hoc test
indicated that the BMI of subjects with GOLD stage IV (24.0
(19.8-25.9)) was significantly lower compared to subjects at risk
of COPD (27.3 (24.3-29.8)) (P<0.001) and subjects with GOLD
stage II (25.7 (23.9-28.4)) (P<0.05; Table I). Kruskal-Wallis
One-way ANOVA on ranks showed a significant difference
in LAA% between the respective groups (P<0.001) with a
steady increase from subjects at risk of COPD towards GOLD
stage IV (Table I). Dunn's post hoc test revealed a significant
difference between GOLD stage IIT or I'V in relation to GOLD
stages I-IT as well as subjects at risk (each P<0.05). A signifi-
cant difference between GOLD stage III and IV could not be
observed (Table I).

The multivariable regression model (Table II) revealed that
GOLD-stage was a significant predictor of logl0TAC besides
age, each independent from other risk factors of atheroscle-
rosis, and age appeared to be the strongest predictor (Table II).
BMI, sex, pack years, and LAA% were not statistically linked
to the extent of TAC (Table II). The coefficient of determina-
tion (R?) of the regression model was 0.288, indicating that
28.8% of the variability of loglOTAC can be explained by age
and GOLD stage.

Since CT images of subjects attributed with GOLD
stages III and IV were acquired with two different CT
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Table II. Predictors of thoracic aortic calcifications based on
multivariable linear regression analysis.

Predictor Estimate P-value
Age 0.099 <0.0001
GOLD 0 -4.933 <0.0001
GOLD1 -4.879 <0.0001
GOLD I -4.204 0.0004
GOLD III -4.018 0.0014
GOLD IV -3.581 0.0033
BMI 0.038 0.1423
LAA% -0.009 0.2183
Sex 0.193 0.3194
Pack-years 0.001 0.8199

Estimate, parameter estimate; BMI, body mass index; LAA%, low
attenuation areas in percent.

scanners, the presence of substantial inter-scanner variability
concerning TAC and LAA% had to be ruled out: Importantly,
no significant difference in TAC was observed for scanner A
(1371(246-3002) mm?) vs. scanner B (2310(616-4751) mm?)
(P=0.38) in the subgroup with GOLD stage III or for scanner
A (1280(227-3826) mm?) vs. scanner B (1402(436-2755) mm?)
in the subgroup with GOLD stage IV (P=0.90). By analogy, no
significant difference in LAA% was observed for scanner A
(40.2(33.7-58.9)%) vs. scanner B (44.3(34.6-49.6)%) (P=0.74)
within GOLD stage III and for scanner A (52.1(45.2-73.5)%)
vs. scanner B (47.9(39.9-58.2)%) in GOLD stage IV (P=0.06).

Discussion

The study was conducted to elucidate associations between
thoracic aortic calcifications, COPD severity (at risk of COPD,
GOLD I-1V) and shared risk factors to test the hypothesis
that COPD on its own represents an independent predictor for
atherosclerosis.

Unsurprisingly, thoracic aortic calcifications were highly
prevalent in this cohort (187/200 subjects) with an average
plaque volume of 709 (109-2163) mm?®. Multivariable regression
analysis revealed that increasing COPD severity (as expressed
by the GOLD stage) was associated with aggravation of the
thoracic aortic calcium load, independently of tobacco use or
other shared risk factors. Besides, age was also shown to be a
significant predictor of thoracic aortic calcifications. All other
variables (BMI, sex, pack-years, LA A%) were not statistically
linked to thoracic aortic calcifications in the multivariable
analysis.

As mentioned in the introduction section, there is limited
information on the relationship between COPD severity and
the amount of vascular calcifications. Using multiple logistic
regression analysis, Chae et al (29) demonstrated age and
FEV1/FVC ratio to be independent predictors of the amount of
intrathoracic arterial calcifications (Agatston score >1,000) in
206 subjects diagnosed with (mean FEV1%=53.5) or at risk of
COPD. Although the proportional distribution of GOLD stages
in this cohort is not reported, the findings of Chae et al (29)
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are in conformity with our results. By analogy to our study,
other risk factors such as smoking history, BMI or diffusing
capacity for carbon monoxide (DLCO) were not predictive of
thoracic arterial calcifications in their multivariable regression
model. Using a multivariable regression in a similar cohort
with 240 subjects, Dransfield et al (30) found independent
associations between the thoracic aortic calcium load (assessed
by Agatston score) and age as well as quantitative CT-based
emphysema metrics, but not with airflow limitation in terms of
FEV1/FCV ratio. The role of FEV1% or GOLD stage was not
investigated in their multivariable model. Williams et al (16),
addressed coronary artery calcifications and demonstrated that
patients with COPD had higher coronary calcium scores than
smokers and non-smoking controls in a cohort of 672 subjects
with COPD, 199 smokers without airflow obstruction and
71 non-smokers. Moreover, they demonstrated that coronary
calcium scores were increased in subjects who died until the
3-year follow-up compared to those who survived.

Since atherosclerosis is well known to be an age-related
disease, the increase of vascular calcifications with age as
observed in the present study and other studies (30) is not
surprising.

An increased BMI is a well-known risk factor for vascular
calcifications (31) and BMI values are known to be slightly
elevated in subjects with early stages of COPD (32). In
advanced stages, BMI values decrease (32) due to cachexia and
muscle wasting. In the present study, subjects at risk of COPD
as well as in GOLD stages II and 111 showed slightly increased
BMI, whereas subjects with GOLD stage 4 showed normal
BMI, which was significantly lower compared to smokers at
risk and GOLD stage II patients. However, in the present study
BMI was not linked to the aortic plaque load as demonstrated
by multivariable analysis.

It has been known for many decades, that vascular diseases
are more frequent in men than in women, amongst others due
to a love for rich food, alcohol, and tobacco (33). However, the
gender was not identified as a predictor of atherosclerosis in
our study cohort after adjustment for other risk factors.

It can be assumed that in this cohort, smoking history
was not identified as a predictor of aortic calcium, since
almost all subjects (199/200) were current or former heavy
smokers, with almost matching amount of pack-years 40
(30-60), which did not differ significantly between different
GOLD stages. By analogy, Dransfield et al (30) reported that
the amount of pack years did not show significant associa-
tions with aortic calcium after adjusting for covariates in a
cohort of heavy smokers diagnosed with or at risk of COPD.
However, the importance of cigarette smoking in the devel-
opment of COPD and atherosclerosis has been extensively
described before (34,35).

Although LAA% gradually increased from subjects
at risk of COPD towards GOLD stage IV, it was not a
significant predictor of aortic calcifications. By analogy,
Williams et al (16) demonstrated that the calcium load of
coronary arteries was higher in subjects with COPD compared
to normal smokers and non-smokers and correlated with age,
pack years, and 6-minute walk test, but not with the extent of
emphysema or FEV1%. Discrepancies concerning the associa-
tion between emphysema and vascular calcifications may be
explained by the fact that COPD is a heterogeneous disease
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with different phenotypes, such as airway predominant and
emphysema predominant phenotypes (36,37), which were not
taken into account in the present study. Different CT equipment
is known to potentially influence the quantitative evaluation of
lung parenchyma (38) and vascular calcifications (39) in the
context of multicentre imaging. However, quantitative aortic
calcium and LAA% values were not significantly different
between the two CT devices used in this study, implying that
scanner-related effects on quantitative CT analyses can be
regarded negligible in this study. Of note, FEV1% as a vari-
able was excluded from the multivariable model due to high
collinearity with the variable ‘GOLD stage’.

For the sake of completeness, it has to be mentioned that
TAC increased from GOLD I to GOLD III without further
increase towards GOLD IV. Instead, TAC values showed
a moderate decrease in GOLD IV, which may be partly
explained by the fact that the median age was lower in GOLD
IV 61 (57-67) than in the GOLD III group 64 (59-67). This
difference was not statistically significant, but the multivari-
able analysis demonstrated age to be a strong predictor of
TAC. Besides, the lower TAC in GOLD IV may be partly
based on factors which were not considered in this study,
such as vasoprotective medication or genetic disposition. In
this context, the GOLD IV group showed a higher degree of
COPD severity at younger age than GOLD 111, although the
amount of pack years being very similar, possibly reflecting
different genetic disposition for smoke-induced lung disease
and maybe vascular disease. The fast progression of COPD
of the GOLD IV group may have driven early therapy onset
(earlier in life compared to GOLD III), possibly including
vasoprotective medication.

The awareness that COPD is independently linked to ather-
osclerosis bears relevance, since vascular disease significantly
contributes to deterioration and mortality in COPD patients (1).
The quantification of thoracic aortic calcium has already been
demonstrated to provide a surrogate parameter for the vascular
risk of COPD patients (11). In this context, data from the
Multi-Ethnic Study of Atherosclerosis (MESA) demonstrated
excellent correlation between thoracic aortic and coronary
calcifications (14). In a large lung cancer screening population,
the aortic calcium load has been shown to be rather associated
with non-cardiac events such as stroke and peripheral artery
disease (13). Interestingly, coronary calcium scores seemed to
correlate better with all-cause mortality (13). Since non ECG
synchronized chest CT data are widely available in subjects
with COPD through clinical imaging or recently established
lung cancer screening programs, they provide a huge potential
for vascular risk stratification and optimized treatment of clini-
cally relevant vascular comorbidity, thus preventing vascular
events and reducing mortality in COPD patients (40). While
coronary calcium scoring on non ECG synchronized CT
data is discussed controversely due to motion artifacts (8,11),
the calcium load of the thoracic aorta can be effectively
quantified on non ECG synchronized chest CT data (11-13).
Consequently, calcium scoring on non ECG synchronized
CT data helps to gather more information about the patient,
thus making the most out of radiation-based images. While
population-based reference values of the vascular calcium load
already exist for coronary artery calcium scoring and allow to
estimate the individual risk for vascular events and to optimize
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the treatment, such reference values have not been established
yet for the thoracic aorta.

A potential limitation of the present study is that the calcium
load was not normalized in relation to the body size of the
subjects. Moreover, several factors potentially influencing the
vascular plaque load such as diabetes, triglyceride levels, genetic
disposition or vasoprotective medication were not considered
in the present study. The present study only addressed calcified
plaques. However, noncalcified plaques are of high relevance
in vascular disease as demonstrated by Biiytiikterzi et al (41) in
a study with 288 subjects lacking calcified plaques in the coro-
nary arteries, with 17.4% of their patients showing substantial
coronary soft plaques, and 2.1% showing significant stenosis
on coronary computed tomography. Besides, cardiovascular
diseases reflect a broad spectrum of disease entities, such as
cardiac diseases of different origin, and atherosclerosis with
its diverse manifestations, while these entities are often linked
or have common risk factors (42-44). Cardiovascular disease
was not excluded from our study population since the study
design required the investigation of aortic calcifications. In
this context, aortic calcifications themselves are a marker or
surrogate parameter for the extent of atherosclerosis which
is strongly associated with other entities of cardiovascular
disease (13,15). Therefore, excluding subjects with cardiovas-
cular disease would have resulted in significant selection bias.
Consequently, caution should be taken when interpreting the
findings. However, since we did not investigate calcium scores
of coronary arteries, the presence of coronary artery stents
(potentially mimicking calcified plaques) in subjects with
coronary artery disease did not affect our results. It is also
unknown whether aortic aneurysms or ectasia have impact on
aortic calcium scores. However, aortic aneurysms were absent
in our study population.

In brief, including subjects with the entire spectrum of
disease severity and also subjects at risk of COPD, we could
demonstrate that the severity of COPD (GOLD stage) is a signifi-
cant predictor of thoracic aortic calcifications, independent from
other risk factors such as age or cigarette smoking, underlining
the role of COPD as a risk factor for atherosclerosis as suspected
by other studies with different design. Besides, age was identi-
fied to be a strong predictor of thoracic aortic calcifications.
Thoracic aortic calcium scoring can be accurately performed
on non-ECG-synchronized CT images, which are frequently
performed in COPD patients due to various clinical indications.
Considering the fact that vascular disease significantly contrib-
utes to deterioration and mortality in COPD patients, calcium
scoring performed on non-ECG-synchronized CT images may
help to stratify the vascular risk and optimize the vascular treat-
ment of COPD patients.
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