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Abstract

Aortic calcification—a marker of advanced atherosclerosis in large arteries—as-
sociates with cardiovascular mortality and morbidity. Little is known about the
soluble inflamJarmatory profiles involved in large artery atherosclerosis. We in-
vestigated the correlation between aortic calcification in the abdominal aorta and
cytokine levels in a cohort of peripheral artery disease patients. Aortic calcification
index was measured from computed tomography exams and circulating cytokine
levels were analyzed from blood serum samples of 156 consecutive patients prior
to invasive treatment of peripheral artery disease. The study included 156 patients
(mean age 70.7years, 64 (41.0%) women). The mean ankle-brachial index (ABI)
was 0.64 and the mean aortic calcification index (ACI) was 52.3. ACI was associ-
ated with cytokines cutaneous T-cell-attracting chemokine CTACK (3 23.08, SE
5.22,p <0.001) and monokine induced by gamma-interferon MIG (5 9.40, SE 2.82,
p 0.001) in univariate linear regression. After adjustment with cardiovascular risk
factors, CTACK and MIG were independently associated with ACIL, f 17.9 (SE
5.22, p<0.001) for CTACK and f 6.80 (SE 3.33, p 0.043) for MIG. CTACK was sig-
nificantly higher in the patients representing the highest ACI tertile (highest vs.
middle, 7.53 vs. 7.34 Tukeys HSD p-value 0.023 and highest vs. lowest tertile 7.53
vs. 7.29, Tukeys HSD p-value 0.002). MIG was significantly higher in the highest
tertile versus lowest (7.65 vs. 7.30, Tukeys HSD p-value 0.027). Cytokines CTACK
and MIG are associated with higher ACI, suggesting that CTACK and MIG reflect
atherosclerotic disease burden of the aorta. This might further suggest the pos-

sible association with other cardiovascular morbidities.

Study Highlights
WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?

Soluble inflammatory profile of atherosclerosis has been investigated, but to our
best knowledge, the circulating cytokine profile has not been correlated to the
degree of aortic calcification before.
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INTRODUCTION

Low-grade inflammation and accumulation of lipid-rich
calcified plaques in artery walls are the cornerstones of
atherosclerotic disease. Clinical problems arise from nar-
rowed arteries or ruptured plaques. Chronic inflamma-
tion is characterized by inflammatory cells of both innate
and adaptive immunity and several cytokines that direct
their expression and function.

The pathophysiology of atherosclerosis includes dys-
function of the endothelial layer, which is characterized
by an imbalance in the nitric oxide synthesis, faulty sig-
naling of the endothelial cells, and interrupted endothe-
lial layer. The median layer of the artery is also involved
in the pathophysiology of atherosclerosis. In the median
layer, vascular smooth muscle cells switch phenotype and
become pro-inflammatory and macrophage-like cells that
are non-contractile. Endothelial dysfunction allows in-
flammatory cells to access the median layer of the artery.
Macrophages in the median layer accumulate, consume
lipids, and become foam cells that form the core of the
atherosclerotic plaque.

Inflammatory cells introduced to the median layer
acquire pro-inflammatory state. Current understand-
ing is that several genetic and extrinsic factors together,
rather than one alone, can trigger the inflammation in
artery walls. For example, poor dental health and inflam-
matory disorders of the skin have been associated with
atherosclerosis.'™

Atherosclerosis presents in multiple artery beds.
Lesions can be found solitarily in a single artery seg-
ment, or it can be a multilevel disease comprising small
and large arteries. Even though the disease process and
preventive methods are shared, there are subtle differ-
ences in the pathophysiology of different vascular beds
in atherosclerosis. Different risk factors might contribute
unevenly to atherosclerotic changes in different loca-
tions, and inflammatory and histological details are dif-
ferently emphasized in different vascular beds.””® Aortic

WHAT QUESTION DID THIS STUDY ADDRESS?

This study investigates serum cytokine levels in patients with peripheral artery
disease, in relation to the degree of aortic calcification.
WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?

Cytokines CTACK and MIG are associated with increased aortic calcification.
HOW MIGHT THIS CHANGE CLINICAL PHARMACOLOGY OR
TRANSLATIONAL SCIENCE?

Soluble inflammatory profile of aortic calcification might have distinctive fea-
tures. Cytokines seen in atherosclerosis and aortic calcification might overlap
with cytokines detected in other diseases like psoriasis.

calcification is a manifestation of atherosclerosis in the
aorta. Merely atherosclerotic plaques in the abdominal
aorta have little immediate clinical significance as they
are often observed in computed tomography studies
conducted for other indications, but it has been linked
to clinical risks and manifestations of cardiovascular
disease. In the big picture, different phenotypes respec-
tive to different vascular beds atherosclerosis are not yet
definitively established.'®** Inflammation that drives
atherosclerosis cannot be directly visualized in current
clinical practice, and the disease in a certain arterial bed
becomes apparent only when an event occurs or a dis-
eased artery bed is detected during imaging or invasive
investigation. Therefore, associations between risk fac-
tors, inflammatory markers, and diseased arterial beds
should be established. Current understanding of athero-
sclerotic inflammation is mainly based on studies inves-
tigating atherosclerosis in carotid and coronary arteries
and peripheral artery disease (PAD), but to the best of
our knowledge, inflammatory profile and/or phenotype
of aortic atherosclerosis is not established yet.

The present study's primary aim is to explore associa-
tions between large artery atherosclerosis as measured by
aortic calcification and certain circulating cytokines in a
cohort of patients with PAD. This establishes hypotheses
for future studies investigating large artery atherosclero-
sis. Previous publications have reported the association of
cytokine levels with different risk factors within the same
cohort.” Based on this, our hypothesis is that certain cyto-
kine levels would be elevated in individuals with greater
aortic calcification.

METHODS
Study population

PURE ASO (The Role of Purinergic Signaling in
Atherosclerosis) is a prospective cohort including 226
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patients with invasively treated PAD enrolled between
February 2012 and March 2013 in Turku University
Hospitals Department of Vascular Surgery. Cohort data
consists of demographic factors, relevant medical history,
prescribed medication, previous invasive procedures re-
garding cardiovascular diseases, and circulating cytokine
levels. Circulating cytokine levels were determined from
serum samples using a multiplex assay kit (Bio-Plex
Pro Human Cytokine 21- and 27-plex panels, Bio-Rad
Laboratories). Samples were obtained prior to the index
invasive treatment. This method is described in detail in
our previous article about this same cohort.'*'* Cytokines
in these panels represent well cytokine profile associated
with atherosclerosis.'***> All cohort patients who had no
missing values (n=156) regarding cytokines, aortic calci-
fication index (ACI) measurements or significant clinical
variables compose a subgroup of patients for this study.
Categorical demographic factors are recorded as binary
variables, and this categorization is also utilized in the
multivariate analysis. No composite or sum variables were
used.

Measurements

ACI measurement method is elaborated in our recent
publications.'® Briefly, calcification of aorta is determined
using enhanced or unenhanced computed tomography
studies showing the entire abdominal aorta. The degree
of calcification in cross-sections (axial plane) of the aorta
5mm apart from each other was recorded on a scale from
0 to 12. The index was calculated using the following
formula:

ACI = (Total sum of calcification in all slices) / (12*n) +100.

ACI is measured from imaging studies that were available
in our institutions’ Picture archiving and communication
system (PACS). We did not perform additional imaging due
to this study protocol. Many of the patients had recent im-
aging studies available due to the diagnostic workup of PAD
and the rest had available imaging studies related to other
visits at our institution. Ankle-brachial index (ABI) and Toe-
brachial index (TBI) were measured at our department's vas-
cular laboratory.'” Lowest ABI and TBI measurements were
noted. ABI and TBI are reported as indices and they do not
have a unit.

Statistical methods

Categorical variables are reported as n (%). Continuous
variables are reported as mean (standard error, SE, p-value)

ASCPT

and regression coefficients are reported as f (standard
error, SE, p-value). Continuous variables fit for formal dis-
tribution were tested visually and using the Shapiro-Wilks
test. A p-value of less than 0.05 is considered statistically
significant. Logarithmic transformations of cytokine lev-
els were used in univariate regressions because none of
the cytokine levels were normally distributed. Simple lin-
ear regression was used to analyze associations between
continuous variables. Clinically relevant risk factors were
selected as variables for multivariate linear regression
analysis. Logarithmic transformation of cytokine values
was used in regression analyses. Univariate binary regres-
sion was conducted to determine each cytokine's associa-
tion with higher ACI. Patients were further categorized in
tertiles according to ACI, and also in relation to ACI over
or under 50. Key cytokines were analyzed in these groups
and binary regressions were run with ACI over 50 and
ACI higher than lowest tertile as response variables. ACI
over 50 was selected as a threshold level because the mean
and median of ACI are both close to 50 (mean ACI=51.27,
median ACI is 52.26). Each binary regression ROC curves
AUC value with 95% confidence intervals was analyzed
and plotted. Statistical analysis including AUC/ROC anal-
yses and plots were conducted using JMP®, Version Pro
17. SAS Institute, Cary, NC, 1989-2021, and for visualiza-
tion, we used GraphPad Prism version 9.5.1 for Windows,
GraphPad Software, San Diego, California USA, www.
graphpad.com.

New written informed consent was waived based on
the study design. This study protocol is covered by the
informed consent which was acquired from patients in-
cluded in the cohort at the time of the enrollment. All pa-
tients have signed an informed consent upon recruitment
into the cohort. The study protocol adheres to the ethical
guidelines of the 1975 Declaration of Helsinki. The study
protocol has been approved by the Institute's ethics com-
mittee (institutional review board). The patient data of
the cohort will not be made available because the data
contains information that could compromise the privacy
of the cohort patients. All authors had full access to all
the data and are responsible for data integrity and the
data analysis.

RESULTS
Clinical characteristics

Mean (SE) age of 156 cohort subgroup patients was 70.7
(9.5) years. 64 (41.0%) were women. 100 (64.1%) of patients
were ex- or current smokers. The mean ABI was 0.64 (0.5)
69 (46.3%) patients had ABI 0.5-0.9 and 64 (42.2%) had
ABI <0.5. The mean ACI was 52.3 (25.3). The mean LDL
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TABLE 1 Baseline clinical characteristics.

n (%) or Mean

(SD)

Age 70.7 (9.5)
Women 64 (41.0)
Hypertension 110 (70.5)
Dyslipidemia 50 (32.0)
Type 2 diabetes 43(27.6)
Type 1 diabetes 10 (0.06)
No diabetes 103 (66.0%)
Coronary artery disease 45 (28.8)
Congestive heart failure 26 (16.7)
Chronic kidney failure 33(21.1)
Previous stroke 19 (12.2)
Atrial fibrillation 26 (16.7)
COPD 38 (24.4)
Smoking (current and post-cessation) 100 (64.1)
Serum

LDL 2.24(0.97)

HDL 1.44 (0.54)

Creatinine 93.8 (72.7)
ACI 51.3 (25.3)
ABI (lower) 0.64 (0.48)
TBI 0.31(0.17)

was 2.24mmol/L (1.0) and the mean HDL was 1.4 mmol/L
(0.5). The mean serum creatinine was 93.8 pumol/L (72.7).
Clinical characteristics are presented in Table 1. Patients
were categorized also into tertiles according to ACI, see
baseline characteristics in Table S1.

Cytokines and ACI

Compared in ACI tertiles, logCTACK was significantly
higher in the highest tertile compared with the lowest
or middle tertiles, logCTACK (SE) 7.29 (0.05) in the first
tertile, 7.35 (0.05) in the second tertile and 7.53 (0.05) in
the third tertile, ANOVA p-value of 0.002, Tukey's HSD
p-value of 0.002 for the third versus first tertile and 0.023
for the third tertile versus second tertile. LogMIG was
significantly higher in the highest tertile compared with
the lowest tertile, 7.65 versus 7.30, Tukey's HSD p-value
of 0.028.

Out of the 39 cytokines screened in univariate analysis,
only Log MIP 1a (f 12.54, SE 5.81, p 0.033), log CTACK
(p 23.08, SE 5.22, p<0.001) and log MIG (f 9.40, SE 2.82,
p 0.001) were statistically significantly associated with
higher ACI. Of clinical characteristics, only age was as-
sociated with ACI (f 0.88 per year, SE 0.20, p<0.001) in

TABLE 2 Cytokines in multiplex assay.

IL-1b Interleukin-1-beta

IL-1ra Interleukin-1 receptor antagonist

IL-2 Interleukin-2

IL-2Ra Interleukin-2 receptor alpha

IL-4 Interleukin-4

IL-5 Interleukin-5

IL-6 Interleukin-6

IL-7 Interleukin-7

IL-8 Interleukin-8

IL-9 Interleukin-9

IL-10 Interleukin-10

IL-12 Interleukin-12

IL-13 Interleukin-13

IL-16 Interleukin-16

IL-17 Interleukin-17

IL-18 Interleukin-18

Eotaxin Eotaxin

TNF-a Tumor necrosis factor-alpha

IFN-g Interferon-gamma

IP-10 Interferon-gamma-induced protein-10
CTACK Cutaneous T-cell-attracting chemokine
MCP-1 Monocyte chemotactic protein-1

MIP-1a Macrophage inflammatory protein-1 alpha
MIP-1b Macrophage inflammatory protein-1 beta
MIF Macrophage migration inhibitory factor
MIG Monokine induced by interferon-gamma
M-CSF Macrophage colony-stimulating factor
GM-CSF Granulocyte-macrophage colony-stimulating factor
G-CSF Granulocyte colony-stimulating factor
FGF Basic fibroblast growth factor

PDGF Platelet-derived growth factor

HGF Hepatocyte growth factor

VEGF Vascular endothelial growth factor

SCF Stem cell factor

SCGF-b Stem cell growth factor beta

SDF-1a Stromal cell-derived factor-1 alpha
b-NGF Beta nerve growth factor

GROa Growth-regulated oncogene alpha
TRAIL Tumor necrosis factor-related apoptosis-inducing

ligand

Note: MCP-3, IFN-«2, LIF, IL-1q, IL-3, IL-15, and TNF-p were mostly below
a detectable limit and therefore excluded from the analyses. Cytokine
RANTES was constantly higher than the measurable range and therefore
excluded from the analyses.

univariate linear regression. Cytokines are presented in
Tables 2 and 3. Univariate regression analyses are pre-
sented in Table 4.
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TABLE 3 Key cytokines.
Mean Median Min Max SE SD 25% quartile 75% quartile
CTACK 1730.1 1634.0 664.98 3663.4 49.87 622.9 1219.3 2143.4
MIG 2222.2 1739.8 249.02 14,697.6 143.42 1791.3 1161.0 2732.5
MIP1la 45,027 45,566 32,203 35.67 0.35 11,414 8.18 12.56

TABLE 4 Univariate and multivariate linear and binary
regressions of log ACI.

Unadjusted g (SE) p-Value

Univariate linear

log MIP-1a 12.54 (5.81) 0.033

log CTACK 23.08 (5.22) <0.001

log MIG 9.40 (2.82) 0.001

Age 0.88 (0.20) <0.001

Adjusted  (SE)* p-Value

Multivariate linear

log MIP-1a 5.22 (5.90) 0.377

log CTACK 17.90 (5.55) 0.002

CTACK® 0.11 (0.003) 0.001

100 units CTACK? 1.08 (0.32) 0.001

log MIG 6.80(3.33) 0.043

Age 0.91 (0.22) <0.001
Multivariate binary for ACI over 50

log MIP-1a 0.21 (0.54) 0.693

log CTACK 0.97 (0.53) 0.068

log MIG 0.38 (0.31) 0.221
Multivariate binary for ACI over lowest tertile

log MIP-1a 1.28 (0.62) 0.038

log CTACK 1.01 (0.55) 0.068

log MIG 0.63(0.34) 0.063

Note: Bold=p <0.05 indicating statistical significance.
Abbreviations: SE, standard error; /3, regression coefficient.

*Adjusted for cardiovascular risk factors age, sex, smoking, hypertension,
dyslipidemia, diabetes type 1 or type 2, chronic kidney disease.

"No logarithmic transformation.

In multivariate analysis, log CTACK was associated
with ACL when the analysis was adjusted for cardiovascu-
lar risk factors (hypertension, smoking, sex, diabetes type
1 or type 2, age, dyslipidemia, and chronic kidney disease,
each as a separate binary categorical variable). Regression
estimate f for log CTACK was 17.90 (SE 5.55, p 0.002). Age
was associated with increased ACI in multivariate analysis,
regression estimate S for age was 0.91 (SE 0.22, p<0.001)
per 1year. Multivariate analysis with the same risk factor
variables was run separately with MIP-1a and MIG instead
of CTACK. MIP-1a was not significantly associated with
ACI. MIG was associated with ACI, estimate g for MIG

was 0.003 (SE 0.001, p 0.030) per one unit. The estimate
p for logarithmic transformation of MIG was 6.80 (SE 3.33,
p 0.043). Univariate and multivariate regression analyses
are presented in Table 4.

Multivariate analysis was run for ACI as categorical
variable, comparing the lowest tertile with two higher
tertiles. Odds ratio (OR) for logCTACK for having ACI
greater than the lowest tertile was 1.01 (SE 0.55), p-value
of 0.067. Analysis was adjusted with the above-mentioned
cardiovascular risk factors. LogMIG was associated with
two higher tertiles of ACI, OR 0.63 (SE 0.34), p 0.063).
When ACI was used as a categorical variable comparing
patients with ACI < 50 with those who had ACI> 50 in the
same model, logCTACK, logMIG, or logMIP-1a were not
associated with higher ACI. These results are presented in
Table 4.

Each cytokine's association with ACI was further
established using AUC/ROC values; we ran a binary
regression model with binary variable “ACI over 50”
as a dichotomic outcome variable separately with each
cytokine. Then, every model's ROC curve and AUC
value with respective 95% confidence interval were de-
termined. The results of the ROC-analysis are illustrated
in Figure 1. CTACK, MIG, IFNg, IL5, and MIP1la were
associated statistically significantly with ACI over 50.
Further categorization in relation to ACI over 50 was
not conducted.

DISCUSSION

CTACK, MIG, and MIP-la demonstrated associa-
tions with ACI as univariates, while MIG and CTACK
remained associated with ACI in the multivariate analy-
sis. These three cytokines stood out from the other 39
cytokines in AUC/ROC analyses derived from regres-
sion models where CTACK, MIG, and MIP-1a showed
association with higher ACI whereas other cytokines
did not. Cutaneous T-cell-attracting chemokine
(CTACK), also known as C-C motif chemokine ligand
27 or CCL27, is a chemotactic cytokine associated with
the skin and other barrier tissues. It is predominantly
expressed in the skin keratinocytes and it is induced by
TNFa.'® The primary function of CTACK is to recruit
resident T-cells and regulate T-cell-related immune
homeostasis in the skin. While the direct association of
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FIGURE 1 AUC values for each ROC curve derived from binary regression run for binary variable “ACI over 50” with each cytokine

separately. AUC values for each cytokine tested for ACI over 50. Upper and lower bars represent AUC values 95% confidence intervals.

AUC value was statistically significant for CTACK, MIG, IFN-y, MIP-1a, and IL-5. AUC value is derived from binary univariate regression

where the response variable was a binary variable of ACI over 50 was coded as 1, positive level. Each cytokine was tested separately against

this binary variable and ROC curve was analyzed for each test and AUC value for each ROC curve was plotted here. *AUC values 95%

confidence intervals do not cross 0.5.

CTACK with cardiovascular diseases has not been pre-
viously established, it has been utilized as a biomarker
in the CHDRA model for predicting cardiovascular risk,
which is comparable to the Framingham risk score. In
that model, CTACK demonstrated a significant associa-
tion with the risk of cardiovascular disease.'® Previous
analyses of the present PUREASO cohort revealed asso-
ciations between CTACK and age, CTACK and proximal
PAD, and CTACK and Th1-IFN-y induced cytokines.’
Disturbances in the CTACK regulation have been
linked with inflammatory skin diseases, such as atopic
dermatitis and psoriasis..lg’zo’21 Psoriasis, in turn, is asso-
ciated with systemic inflammation and a higher risk of
cardiovascular diseases, sharing similarities in inflamma-
tory mechanisms.*** In both atherosclerosis and psoriasis,
T-helper cells type 1 and 17 (Th1, Th17) as well as inter-
leukins 1 and 17 play crucial roles. Novel pharmacother-
apy targeted at these cascades has shown a reduction in
atherosclerotic signs in psoriasis patients.A"23 Monokine
induced by gamma-interferon (MIG; CXCL9) has been
relatively less studied. MIG is a cytokine that serves as a
chemoattractant for Thl-cells and it is induced by IFN-y.

MIG is known to be associated with atherosclerosis and
cardiovascular diseases.?*** Excessive MIG expression
is seen in skin inflammations, particularly in conditions
other than psoriasis, although MIG is associated with pso-
riasis to some degree.26‘27

Pathophysiology of atherosclerosis varies between the
affected vascular beds (lower extremities, coronary, and
carotid arteries). Clinically, PAD manifestations occur
mainly due the thrombosis without plaque rupture,
whereas coronary artery disease events occur mainly due
to plaque rupture. The influence of the risk factors varies
between the different vascular beds, and atherosclerotic
inflammation is more pronounced in coronary and carotid
arteries than in peripheral arteries. The atherosclerosis
in the peripheral arteries presents with fibroprolifera-
tive pathology instead of lipid-rich cores and thin fibrous
caps seen in clinically unstable coronary artery disease.
Coronary, carotid, and peripheral arteries face distinct
blood flow conditions and luminal shear stress, which
may also affect pathological alterations. There are also dif-
ferences in circulating miRNA profiles in different arterial
beds of atherosclerosis. Aortic atherosclerosis biomarkers
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have been sought in relation to atherosclerosis-related an-
eurysms, and proteomics have revealed differences in aor-
tic and coronary atherosclerosis, but the detailed soluble
inflammatory profile of the aortic atherosclerosis is not
yet established - even though aortic calcification is con-
nected to cardiovascular disease burden.” ***%

Atherosclerotic diseases in different vascular beds
seem to present with distinct circulating cytokine pro-
files, even though evidence is still scarce. Coronary ar-
tery disease and carotid atherosclerosis are associated
with several interleukins in slightly different proportions.
Especially interleukin 6 (IL-6) and tumor necrosis factor-
alpha (TNF-a) seem to be promoted in coronary artery dis-
ease.’”! A recent study suggests that slightly different sets
of circulating cytokines are present in patients with PAD.
For example, one of the inflammatory cytokines found by
Ferreira et al. was MIP-1a, which also showed the associa-
tion with ACI in this study.*® Expression of IL-6 is also in-
creased in PAD. Also, MCP-1 and TNF-alfa are associated
with PAD.* IL-6 seems to be associated with atherosclero-
sis in large, coronary, and peripheral arteries.*

In this study, these conventional pro-inflammatory
cytokines were not highlighted, presumably, we did not
compare PAD patients to disease-free controls. However,
previous studies on this same cohort showed that multi-
ple cytokines are associated with more severe PAD. In this
context, it is interesting that non-conventional cytokines
CTACK and MIG presented an association with ACI.

We aimed to explore cytokines and aortic atheroscle-
rosis relationship to establish a correlation, and further
studies are needed to determine causative relationships
underlying this finding. For this purpose, our results
provide valuable insight into the potential link between
dysregulation of inflammation in aortic atherosclerosis.
Based on what is already known about these cytokines,
one potential hypothesis to be explored is that the skin, as
a barrier tissue, might act as an initial site of inflamma-
tion dysregulation that eventually contributes to the de-
velopment of atherosclerosis and cardiovascular disease.
The significant associations of CTACK and MIG with ACI
support this concept, and we suggest that a systematic in-
vestigation of skin-related inflammatory mechanisms and
their potential association with atherosclerotic cardiovas-
cular diseases should be carried out. Understanding these
associations can potentially shed light on the underlying
mechanisms of cardiovascular diseases and open avenues
for targeted therapeutic interventions in the future.

CONCLUSION

Cytokines CTACK and MIG are associated with increas-
ing aortic calcification.

ASCPT

LIMITATIONS

There are limitations regarding this study. Our method is
merely explorative, and validation of these findings is war-
ranted in a controlled or comparative setting. Also, due
to the explorative approach, careful consideration is war-
ranted in the interpretation of results regarding causality
and correlation, as the latter would require a comparative
setting and different categorization of subjects. For the
purposes of this study, control group or validation cohort
is not available, and as we aim for exploration and hypoth-
esis generation, we see that such is not needed. We did
not find significant results in all conventional cytokines
associated with atherosclerosis. This may be due to the
lack of a comparison group or due to the fact that all our
subjects suffered from symptomatic atherosclerotic dis-
ease and had heavy atherosclerotic burden, which might
mean that all groups already had high values and there-
fore differences are not significantly noticeable. There are
several comorbidities that might elevate cytokine levels,
and our approach does not allow us to control all of them.
The soluble cytokine profile of aortic atherosclerosis can
be investigated in various settings, including patients with
different degrees of clinical and subclinical atherosclero-
sis, but our cohort does not reach such categorization and
therefore our results may not be generalizable to differ-
ent patient categories. Moreover, multicollinearity might
be present with multiple cytokines but they were ana-
lyzed individually in this study. Risk factor contribution
and potential collinearity with these cytokines cannot be
controlled in this study setting, but we see that multiple
statistical methods that are applied can reduce the risk of
significant collinearity.

Finally, age might contribute to the known risk factors
of atherosclerosis and it is included as an individual risk
factor in the multivariable analyses. Age might be a risk
factor and a confounding factor in these analyses. Our ap-
proach does not allow us to control bias generated by age
or other confounding factors, but for the purposes of this
study, we see that such is not needed as we did not aim to
study age in relation to aortic calcification.
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