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Abstract

Introduction: It has been postulated that low vitamin D levels are associat-
ed with coronary artery diseases. Coronary artery ectasia (CAE) is associat-
ed with atherosclerosis, congenital cardiac defects, immunological diseas-
es and connective tissue diseases. In this study, we aimed to investigate
whether there is an association between vitamin D and parathormone levels
and isolated coronary artery ectasia and its extent.

Material and methods: The study included 93 participants: 47 patients (35
male, 12 female) with isolated CAE and 46 subjects (28 male, 18 female)
with normal coronary arteries. Demographic characteristics of patients and
controls were obtained from medical records, and Markis scores of patients
were calculated. Serum vitamin D and parathormone levels were quantita-
tively measured by the paramagnetic particle chemiluminescence method.
Results: Serumvitamin D levels were found to be significantly lowerin patients
with isolated CAE than the control group (9.15 +4.4 ng/ml, 13.35 5.9 ng/
ml, p < 0.001). Parathormone levels were significantly higher in the CAE
group than the control group (61.4 +31.6, 48.7 +25.5, p < 0.036). However,
the study revealed no association between serum vitamin D levels and the
extent of CAE according to the Markis classification (p = 0.23).
Conclusions: This study revealed that lower vitamin D levels and higher
parathormone levels were associated with isolated CAE, but there was no
association between vitamin D levels and the extent of CAE.
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Introduction

Coronary artery ectasia (CAE) is not a very rare finding of coronary angi-
ography, which is characterized by abnormal coronary dilatation. Coronary
artery ectasia is defined as local or diffuse luminal dilatations of coronary
artery segments which are 1.5 times greater than the diameter of the adja-
cent normal segment [1, 2]. It is a unique form of atherosclerotic coronary
artery disease (CAD) [1]. The incidence of CAE is reported to be between
0.3% to 10% in different studies, and it is either congenital or acquired. It
has been asserted that 50% of CAE patients have atherosclerosis [3-5]. Oth-
er associated diseases are congenital coronary anomalies and other cardiac
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defects (20-30%), inflammatory diseases (10-20%)
and connective tissue diseases (10-20%) [5]. Al-
though the underlying pathophysiology of CAE has
not been well defined yet, CAE is frequently associat-
ed with atherosclerosis and has similar histopatho-
logical features [6, 7]. Vitamin D (vit-D) is a hormone
with significant cardiovascular effects [8]. Scragg
et al. first published a report about the association
between cardiovascular diseases and vit-D deficien-
cy in 1990 [9]. They reported that there is higher
myocardial infarction prevalence in patients with re-
duced vit-D levels than in patients with normal vit-D
levels [9]. Subsequent studies showed that there is
an association between vit-D deficiency and CAD,
heart failure and stroke, and suggested that vit-D
deficiency is a risk factor for diabetes, hypertension,
dyslipidemia, endothelial dysfunction, subclinical
atherosclerosis and atherosclerosis [10-14]. The re-
ceptors of vit-D are located in vascular smooth mus-
cle cells, and the role of vit-D in the inflammatory re-
sponse, renin-angiotensin-aldosterone system and
insulin resistance may help to explain the association
between vit-D deficiency and CAD [14, 15]. Recently,
Demiretal. reported an association between 25(0H)D
and CAE [16]. They compared healthy people with
normal levels of 25(0H)D to patients with CAE. How-
ever, 25(0H)D levels are generally low in our popula-
tion [17, 18]. Also, they did not study the association
between 25(0H)D levels and the extent of CAE.

In this study, we aimed to investigate whether
there is an association between serum 25(0OH)D
and parathormone (PTH) levels and isolated CAE
and its extent in our population generally having
low levels of 25(0OH)D.

Material and methods
Study population

This comparative observational study was con-
ducted in a tertiary hospital. Ninety-three patients
were included in the study between 2012 and
2013. Forty-seven patients were diagnosed with
isolated CAE (12 female, 35 male) and 46 sex- and
age-matched controls consisted of people having
a normal coronary angiogram (CAG) (18 female,
28 male). Demographic characteristics were ob-
tained from medical records. Family history of CAD
was accepted as positive if any member of their
immediate family (parents or siblings) had a fatal
or nonfatal myocardial infarction and/or coronary
revascularization before 55 years of age. Body
mass index (BMI) was calculated according to
World Health Organization criteria. Electrocardio-
gram (ECG) and transthoracic echocardiography
(TTE) were performed in all patients before CAG.
TTE recordings were performed using a Vivid 7 (GE
Medical systems, USA) device with a 1.5-3.3 MHz
transducer. Patients with known CAD, estimated

glomerular filtration rate (e-GFR) < 60 ml/min, se-
rious valvular heart disease, congenital heart dis-
ease, pregnancy, uncontrolled hypertension, heart
failure, serious hepatic failure, acute or chronic
inflammatory disease, autoimmune or connective
tissue disease, rheumatic valvular disease, malig-
nancy, osteoporosis, older than 75 years old and
under vit-D treatment were excluded from the
study. The study protocol was approved by the lo-
cal ethics committee and written informed consent
was taken from all participants. The study was con-
ducted in accordance with the Declaration of Hel-
sinki, Good Clinical Practice (GCP) and International
Conference on Harmonization (ICH) guidelines.

Coronary angiography

Coronary angiogram was performed with the
standard Seldinger technique using a CAG device
(Axiom Artis, Siemens Medical Solutions, UK). All
of the angiograms were recorded and evaluated
visually later by two experienced interventional
cardiologists. Coronary artery ectasia was defined
as localized or diffuse coronary artery luminal
dilatation at least 1.5-fold higher than the adja-
cent normal coronary artery diameter. The extent
of CAE was scored using the Markis score [2, 6].
Markis et al. classified CAE into 4 groups according
to the topographic extent of the ectasia in the ma-
jor epicardial coronary artery [2, 6]. Type 1 —diffuse
ectasia in 2-3 vessels; type 2 — diffuse ectasia in
one vessel and focal ectasia in another vessel; type
3 —diffuse ectasia in a single vessel, type 4 — focal
or segmental ectasia in a single vessel [2, 6].

Vitamin D and parathormone
measurements

For vit-D measurement, blood samples were
collected from all patients and centrifuged and
stored in Eppendorf tubes with protection from
light, at —80°C until studied. All of the samples
were studied quantitatively by the paramagnetic
particle chemiluminescence method using a Beck-
man Coulter, UniCel DxI800 Immunoassay ana-
lyzer (Beckman Coulter Inc, U.S.A.). Results were
expressed as ng/ml. For PTH measurement, blood
samples were collected from all patients and
centrifuged immediately to separate the serum
sample. All of the samples were studied quanti-
tatively by the chemiluminescence method with
an Immulite 2000 model analyzer using original
kits (Siemens Healthcare, Germany). Results were
expressed as pg/ml.

Statistical analysis

Statistical analyses were performed using SPSS
software version 18.0 for Windows (SPSS Inc., Chi-
cago, lllinois, USA). Normal distributions of numeric
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data were analyzed by visual (histogram) and an-
alytic (Kolmogorov-Smirnov) methods. Determina-
tive analyses were expressed as mean * standard
deviation. The parameters not normally distributed
among groups were assessed by the Mann-Whit-
ney U test, and normally distributed parameters
among groups were assessed by Student’s t-test.
The frequencies of categorical variables such as de-
mographic features were analyzed among groups
by cross tables. Statistical differences of these fre-
quencies among groups were analyzed by y? or
Fisher tests. The Spearman test was used for de-
termining correlation coefficients and statistical
significance of variables not normally distributed,

and Pearson’s test was used for determining cor-
relation coefficients and statistical significance of
normally distributed variables. To determine the in-
dependent risk factors for CAE, a forward stepwise
logistic regression model was established. One-way
ANOVA was used for determining the median PTH
and vit-D levels of the 4 sub-groups of patients who
had CAE because both of the parameters showed
normal distribution. P-values lower than 0.05 were
considered as statistically significant.

Results

Baseline characteristics and laboratory results
of groups are presented in Table I. There were no

Table 1. Baseline characteristics and laboratory results of the CAE and control group

Parameter CAE group Control group P-value
(N =47) (N = 46)
Age, median + SD 55.3 £10.5 54.8 £+8.9 0.8*
Gender, n (%):
Female 12 (26) 18 (39) 0.16**
Male 35 (74) 28 (61)
Smoking
Yes, n (%) 16 (34) 12 (26) 0.4**
No, n 31 34
Diabetes mellitus
Yes, n (%) 10 (21) 10 (22) 0.95**
No, n 37 36
Hypertension
Yes, n (%) 29 (62) 21 (46) 0.12**
No, n 18 25
Hyperlipidemia
Yes, n (%) 10 (21) 9 (20) 0.8**
No, n 37 37
Family history
Yes, n (%) 10 (21) 14 (30) 0.31*
No, n 37 32
BMI, median + SD: 29.2 £4.2 29 +3.7 0.8*
< 25kg/m? n 6 3 0.48***
> 25 kg/m?, n (%) 41 (87) 43 (93)
Ca [mg/dl] 9.3+0.4 9.4 +0.4 0.47*
P [mg/dl] 3.15 +0.48 3.1 +0.56 0.65*
ALP [U/1] 84 +21 85.3 £26.3 0.79*
Total cholesterol [mg/dl] 198 +37 192.5 +46.3 0.52*
Triglyceride [mg/dl] 169.6 +83 147 +83.2 0.19*
HDL [mg/dl] 41.9 £8.5 46 +12.7 0.17%***
LDL [mg/dl] 122.2 £32.4 117 £35.9 0.46*
Vitamin D [ng/ml] 9.15 +4.4 13.35 +5.9 < 0.001*
PTH [pg/ml] 61.4 £31.6 48.7 £25.5 0.036*

CAE — coronary artery ectasia, BMI — body mass index, Ca — calcium, P — phosphorus, ALP — alkaline phosphatise, HDL — high-density
lipoprotein, LDL — low-density lipoprotein, PTH — parathormone. *Student’s t test; **y? test; ***Fisher’s test; ****Mann-Whitney U test.
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significant differences among groups. The distri-
butions and frequencies of CAE among vessels
are given in Table Il. The left anterior descend-
ing artery (LAD) was the most frequently involved
vessel in CAE (35.37%), followed by the right cor-
onary artery (RCA) (31%), circumflex (Cx) artery
(27%) and left main coronary artery (LMCA) (5%).
Mean 25(0H)D levels were significantly lower in
the CAE group than the control group (9.15 4.4
ng/mlvs. 13.35 +5.9 ng/ml, p < 0.001), and PTH
levels were significantly higher in the CAE group
than the control group (p = 0.036) (Table I). It
was found that PTH (p < 0.001) and 25(0H)D (p <
0.001) levels were independent predictors of CAE
as a result of the forward stepwise logistic re-
gression analysis. Comparisons of vitamin D lev-
els among groups are presented in Table Ill. The
Markis classification of the CAE group is given in
Table V. Twenty patients had type 1, 10 patients
had type 2, 10 patients had type 3 and 7 patients
had type 4 CAE. The comparisons of vit-D and PTH
levels and the extent of CAE are given in Table IV.
The lowest vit-D and PTH levels were detected in
the Markis type 4 group (6.14 +2.12 ng/ml and
68.5 £32.8 ng/ml., respectively) and the highest
vit-D levels were detected in the Markis type 1
group (10.14 #5.17 ng/ml and 46.6 +20 ng/m|,
respectively). The ANOVA variance test revealed
no significant difference among groups in terms
of mean vitamin D and PTH levels (p = 0.23, p =
0.41, respectively) (Table IV).

Table IlI. Distribution and frequency of CAE

Discussion

The present study showed that there were
significantly lower vit-D and higher PTH levels in
patients with CAE than in patients with normal
coronary arteries. However, there was no asso-
ciation between vitamin D levels and the extent
of CAE classified by the Markis score. Coronary
artery ectasia is an example of exaggerated
over-expansive remodeling [2]. Decreased syn-
thesis or increased degradation of collagen may
cause development of ectasia [19]. Although the
specific pathophysiological mechanism of CAE
still remains unclear, some autopsy series showed
progressive atherosclerotic changes in segments
with ectasia [20]. On the other hand, some oth-
er studies also investigated other possible fac-
tors that might be responsible for CAE [20]. Yolcu
et al. reported higher plasma von Willebrand fac-
tor levels and plasminogen activator inhibitor-1
levels in patients with isolated CAE [21]. Yetkin
et al. demonstrated thinner carotid intima media
thickness in CAE patients with stenotic CAD than
in patients with CAD only [22]. Coronary artery ec-
tasia is now recognized as a component of inflam-
matory-related systemic arteriopathy disease [23].
Vitamin D is essential for optimal functioning of
many organ and tissue systems including the car-
diovascular system [8]. Recently published studies
have demonstrated an association between vit-D
deficiency and atherosclerosis [9, 11]. Although

Vessels with CAE LMCA LAD X RCA l-vessel  2-vessel  3-vessel 4-vessel
(n) (n) (n) (n) (n) (n) (n) (n)
Number 5 35 25 29 17 16 11 3
Percentage 5 37 27 31 36 34 24 6
LMCA - left main coronary artery, LAD - left anterior descending artery, Cx — circumflex artery, RCA — right coronary artery.
Table IIl. Comparisons of vitamin D levels among groups
Vitamin D [ng/ml] Patients Controls P-value
< 10, n (%) 29 (62) 11 (24) < 0.001**
>10, n 18 35
**y2 test.
Table IV. Comparison of vitamin D and PTH levels and extent of CAE
Type Patients, n (%) Vitamin D, median * SD P-value* PTH, median £ SD P-value*
1 20 (42) 10.14 £5.17 68.5 £32.8
2 10 (21.3) 9.33 +3.59 023 55.4 +37.1 0.41
3 10 (21.3) 9.08 +4.21 63.6 +29.6
4 7 (14.9) 6.14 £2.12 46.6 20

PTH — parathormone, *one-way ANOVA.
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the underlying pathophysiology is not fully un-
derstood yet, the role of vit-D in the inflammatory
response, the renin-angiotensin-aldosterone sys-
tem, and insulin resistance may help to reveal the
pathogenesis [14]. Vitamin D deficiency has been
associated with CAD, heart failure and stroke and
identified as a risk factor for diabetes, hyperten-
sion, dyslipidemia and endothelial dysfunction
[10]. The NHANES Il (National Health and Nutri-
tion Examination Surveys) study demonstrated
an inverse relation between 25-hydroxyvitamin D,
(25(0OH)D,) levels and hypertriglyceridemia, diabe-
tes, hypertension and obesity [24]. The Framing-
ham Offspring study revealed 53-80% higher ma-
jor cardiovascular event incidence in patients with
low 25(OH)D3 levels who do not have a history of
cardiovascular disease after 5.4 years of follow-up
[25]. Hao et al. studied the association between
vit-D deficiency and subclinical atherosclerosis by
measuring carotid-intima-media thickness (CIMT)
[11]. They included 1001 middle-aged male pa-
tients and emphasized vit-D deficiency as an in-
dependent factor influencing to CIMT [11]. Carrelli
et al. also observed an inverse association be-
tween CIMT and vit-D levels in 203 communi-
ty-dwelling adults [26]. Joergensen et al. reported
a higher coronary artery calcification score (CACS)
in patients with low vit-D levels than the control
group in a study that included 200 diabetic pa-
tients without known CAD [27]. Similarly, Young
et al. determined vit-D deficiency as a predic-
tor of coronary artery plaque burden in patients
with type 1 diabetes [12]. In another study, it was
found that low levels of 25(0OH)D were associated
with coronary atherosclerosis and plaque burden,
but there was no significant correlation between
25(0OH)D and plague morphology [28]. Demir et
al. reported an association between 25(0H)D and
coronary artery ectasia, and our results are partly
consistent with their results in terms of the lower
level of 25(0OH)D in patients with CAE [16]. In our
study, we found that 25(0OH)D levels were low in
both groups, which is consistent with other stud-
ies in our population [17, 18].

This study does have some limitations. The
main limitation of our study was its small patient
population size. We diagnosed CAE visually, so we
did not support the diagnosis by using an invasive
diagnostic method, such as intravascular ultra-
sound, which provides information about the ves-
sel wall. On the other hand, such invasive diagnos-
tic methods are not used for the proof of CAE and/
or atherosclerosis routinely in daily clinical prac-
tice because of the high cost. We did not evaluate
vit-D deficiency effects on atherosclerosis histo-
pathologically, since it is outside the scope of the
present study. However, we used the knowledge
from previously published data indicating the
association between vit-D deficiency and athero-

sclerosis [9-11, 25]. Because of inadequate data,
we were not able to investigate the associations
between CAE and other factors such as microal-
buminuria, hyperhomocysteinemia, plasma uric
acid, von Willebrand factor, plasminogen activator
inhibitor-1, insulin resistance, diabetes and met-
abolic syndrome. Despite all the limitations, the
strength of the present study derives from the fact
that it is the first study investigating the associa-
tions between vit-D levels and the extent of CAE.

In conclusion, this study revealed that lower
vitamin D levels and higher parathormone levels
were associated with isolated CAE, but there was
no association between vitamin D levels and the
extent of CAE.
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