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Background: Vitamin D deficiency, as a predisposing factor for coronary artery disease (CAD),
is a subject of increasing interest. However, its role as a risk factor has not been proven. This
study aimed to investigate the relationship between serum vitamin D levels and CAD.
Materials and methods: Using a cross-sectional design, 180 patients who were candidates
for coronary computed tomography angiography (CCTA) were selected. Serum levels of vitamin
D were measured and compared with the results of CCTA (including calcium score, and presence
and severity of coronary artery involvement due to atherosclerotic plaques).

Results: The mean age of the participants was 60.5+10.6 years and the mean serum vitamin
D level was 26.2+15.9 ng/dL (range, 3.5-83.2 ng/dL). Overall, 6.1% of the participants (n=11)
had vitamin D deficiency, 56.1% (n=101) had insufficient levels of vitamin D, and 37.8%
(n=68) had sufficient levels of vitamin D. The mean serum vitamin D level was significantly
lower in patients with severe CAD (P=0.004). The serum vitamin D level in the “positive for
CAD” group was 20.98 ng/mL, significantly lower than the level in the “negative for CAD”
group (30.47 ng/mL; P<0.001). The mean calcium score among participants was 533.5+87.9.
Based on the Spearman test, a significant negative correlation (—0.21) was detected between the
serum vitamin D level and coronary artery calcium score (CACS) (P=0.005). Conversely, the
mean CACS in the vitamin D deficient group was significantly higher than in the insufficient
and sufficient vitamin D groups (P<0.001 for both comparisons).

Conclusion: Vitamin D deficiency was associated with coronary artery calcification and sever-
ity of coronary artery stenosis in Iranian patients.

Keywords: coronary artery disease, vitamin D, multidetector computed tomography, athero-
sclerosis, angiography

Introduction
Although vitamin D is traditionally associated with bone health because of its crucial
role in bone and mineral metabolism,' different nonskeletal functions have been pro-
posed for this critical vitamin. Recently, a much broader role has been implicated for
this unique vitamin, owing to the presence of its receptor in different tissues, including
cardiovascular organs. Atherosclerosis, as a hallmark of cardiovascular disorders, is
a complex process that can progress for decades before presentation.? Inflammatory
changes, osteogenesis and bone-forming mechanisms, angiogenesis, and endothelial
dysfunction are examples of important issues associated with the pathogenesis of
atherosclerosis, which are directly or indirectly affected by vitamin D.3-#

Several studies have been performed on the association between vitamin D status
and different aspects of cardiovascular disorders, including metabolic syndrome,’
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hypertension,'*!" calcified atherosclerotic plaques,'>'? sever-
ity of luminal stenosis in coronary arteries,'*!3 tortuosity of
coronary arteries,'® and even the final outcomes or lethal
events of coronary artery disease (CAD)."” In this regard,
the need for increased attention has been proposed, sug-
gesting the role of vitamin D deficiency as a risk factor for
CAD. However, there remains insufficient evidence owing
to controversial reports in the literature both in favor of'®
and against' this concept. However, genetic polymorphism
of the vitamin D receptor could modify its role.? Thus, dif-
ferences in ethnicity, lifestyle, and geographic conditions
could potentially change its effects. The aim of this study
was to evaluate the relationship between vitamin D levels and
coronary artery computed tomography (CT) angiographic
findings in an Iranian population.

Materials and methods

In this cross-sectional study, we invited patients who had
been referred for coronary artery CT angiography (CTA)
by a cardiologist. Patients with a history of recent vitamin
D intake, chronic diseases (including known hepatic, renal,
endocrine, or metabolic diseases), and those with a history
of a coronary stent or bypass grafting were all excluded. All
subjects gave informed consent following explanation and
clarification of the process.

The sample comprised 180 patients. Initially, the age and
sex of each patient was recorded, as well as any family his-
tory of CAD and cigarette smoking. Patients were introduced
to a constant laboratory environment at our hospital on the
same day of CTA. Blood samples were taken and analyzed,
and serum levels of 25-hydroxyvitamin D (25(OH)D) were
measured using high-performance liquid chromatography.
Based on the levels of vitamin D measured, patients were
categorized into four groups as follows: vitamin D deficiency
(<10 ng/mL), insufficient level of vitamin D (10-30 ng/mL),
sufficient level of vitamin D (31-100 ng/mL), and toxic
level of vitamin D (>100 ng/mL).”" Noncontrast followed
by contrast-enhanced coronary CTA were performed for all
the participants using a 64-slice scanner system (Lightspeed
VCT 64; GE Healthcare Bio-Sciences Corp., Piscataway,
NJ, USA). The coronary artery calcium score (CACS) was
measured using the Agatston scoring method (Smart Score
software) and was recorded for each patient. Patients were
categorized into five groups based on their scores as follows
(based on Rumberger’s guidelines):?? normal (CACS =0),
minimal (CACS =1-10), mild (CACS =11-100), moderate
(CACS =101-400), and severe (CACS >400). A retrospec-
tive electrocardiogram-gated technique was used. The scan
delay was calculated using the test bolus technique. A bolus

of 85 mL of the iodinated contrast (Visipaque [GE Health-
care], Omnipaque [GE Healthcare], or Scanlux [Sanochemia,
Vienna, Austria]) was injected, followed by saline, intrave-
nously at a flow rate of 4-6 mL/s. The scan parameters were:
collimation, 64 x 0.625 mm; tube current, 400—-600 mA; tube
voltage, 120 kV; and gantry rotation time, 350 ms.

First, the source images were reconstructed at 75% of the
R-R interval to serve as default images; however, other phase
locations were available and reviewed if necessary. Both thin-
slice maximum intensity projections and curved multiplanar
reconstructions were utilized. Coronary artery stenosis was
assessed, and the severity of stenosis was estimated (as the
ratio of the luminal diameter of the most stenotic area over
that of the unaffected distal portion) and assumed as signifi-
cant if it was 50% or more. All scans were independently
reviewed by a cardiologist and a radiologist experienced
in coronary CTA. Accordingly, patients were categorized
into five groups: normal (no plaque), nonsignificant (pres-
ence of plaque with less than 50% stenosis), single-vessel,
double-vessel, and triple-vessel disease (significant plaque
in one, two, or three major coronary arteries, respectively).
We also divided patients into two larger groups, the “nega-
tive for CAD” group that included those who were normal
and nonsignificant and “positive for CAD” that included the
other three groups. All data about participants were analyzed
using the SPSS software (v20; SPSS Inc., Chicago, IL,
USA). Quantitative variables and qualitative variables were
expressed as mean + standard deviation, and proportions were
expressed as percentages. The data were analyzed using the
chi-squared test, paired #-test, Spearman correlation coef-
ficient, and linear regression analysis. A two-sided o level
of 0.05 was used to assess the statistical significance. This
study (research project number 394823) was reviewed and
approved by the Ethics Committee of the Isfahan University
of Medical Sciences.

Results

The most common reason for patient referral was atypical
chest pain or chest discomfort (59%). Typical chest pain,
arrhythmia, and unexplained reduced ejection fraction were
among the other indications. The mean age of participants
was 60.5110.6 years (range 30—80 years) and the age dis-
tribution was as follows: 16.7% (n=30) were less than 50
years of age; 26.1% (n=47) were between 50 and 59 years;
30.6% (n=55) were between 60 and 69 years; and 26.7%
(n=40) were older than 70 years. About 57% (n=102) were
male, 33% (n=60) were smokers, and 21.7% (n=39) had a
positive family history of CAD in first-degree relatives. The
distribution of serum vitamin D levels, calcium scores, and
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demographic variables at different stages of CAD is shown
in Table 1.

The CT angiographic findings among participants were
as follows: 22.2% (n=40) had normal CTA; 32.8% (n=59)
had nonsignificant findings; 11.7% (n=21) had single-vessel
disease (SVD); 8.3% (n=15) had double-vessel disease
(DVD); and 25% (n=45) had triple-vessel disease (TVD).
We also divided patients into two larger groups, the “nega-
tive for CAD” (n=99, 55%) and “positive for CAD” (n=81,
45%) groups. Positive CAD was more prevalent in males
and smokers (P=0.005). Negative CTA was more prevalent
in those with a negative family history; however, this differ-
ence was not significant (P=0.1).

The mean calcium score among participants was
533.5£87.9; 8.3% (n=15), 5% (n=9), 20.6% (n=37), 29.4%
(n=53), and 36.7% (n=66) had normal, minimal, mild, mod-
erate, and severe calcium scores, respectively. As expected,
the mean calcium score was significantly higher in patients
with severe CAD (P<0.001). According to the Spearman
test, a significant negative correlation coefficient (—0.21) was
detected between serum vitamin D levels and CACS (P=0.005)
(Figure 1). Conversely, the mean CACS in the vitamin D
deficient group was significantly higher than in the vitamin D
insufficient and sufficient groups (P<0.001) (Figure 2).

The mean vitamin D serum level was 26.2+15.9 ng/
dL with a range of 3.5-83.2 ng/dL. Based on the results of

Table | Demographic variables, serum vitamin D levels, and coronary artery calcium score according to severity of coronary artery

disease
Variables Coronary artery disease, n (%)
Normal Nonsignificant Single-vessel Double-vessels Triple-vessels
Age Mean £ SD (years) 57.2t11.1 60.5£8.9 57.519.4 59.8+12.7 65+10.6
Gender Male 15 (37.5) 31 (52.5) Il (52.4) 12 (80) 33 (73.3)
Female 25 (62.5) 28 (47.5) 10 (47.6) 3 (20) 12 (26.7)
Vitamin D level Mean + SD (ng/mL) 32.1420.1 29.3t16.3 23.6x14.7 20.818.5 19.8+10
Deficiency 1 (2.5) 0(0) 2 (9.5) 1 (6.7) 7 (15.6)
Insufficiency 18 (45) 32 (54.2) 11 (52.4) 12 (80) 28 (62.2)
Sufficiency 21 (52.5) 27 (45.8) 8(38.1) 2 (13.3) 10 (22.2)
Calcium Score Mean = SD 14.3£12.5 170.8+19.9 366.5t114.9 816.8£158.3 821.8+88.7
Normal 9 (22.5) 4(6.8) | (4.8) 0 (0) 1(22)
Minimal 6 (15) 2 (3.4) 0(0) 0 (0) 0 (0)
Mild 25 (62.5) 18 (30.5) Il (52.4) 0(0) 2 (44)
Moderate 0(0) 34 (57.6) | (4.8) 8(53.3) 12 (26.7)
Severe 0(0) 1 (1.7) 838.1 () 746.7 () 30 (66.7)
2500 R? linear =0.043
2000 P-value <0.001
o
8 1500
»
1S
=i
S
S 1000
5
y=5.51E2-6.7*x
0.00
0.00 20 40 60 80 100
Serum level of vitamin D (ng/mL)
Figure | Spearman correlation between vitamin D levels in serum and the coronary artery calcium score.
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vitamin D serum levels, 6.1% of all participants (n=11) had
vitamin D deficiency, 56.1% (n=101) had insufficient levels
of vitamin D, and 37.8% (n=68) had sufficient levels of
vitamin D. The mean vitamin D serum levels in males and
females were 20.78+9.9 and 33.28+19.3 ng/dL, respectively,
and this difference was statistically significant (P<0.001). The
mean serum vitamin D level declined remarkably (P=0.004)
as the severity of CAD increased (from normal to nonsig-
nificant status, to single-, double-, and triple-vessel stenosis),
as shown in Figure 3. The distribution of serum vitamin D
(median, 25th and 75th percentile) at different stages of
CAD is also shown in Figure 4. The serum vitamin D level
in the “positive for CAD” group was 20.98 ng/mL, a value
that was significantly lower than that (30.47 ng/mL) in the
“negative for CAD” group (P<0.001). Logistic regression
analysis (the backward conditional method) showed that sex,
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cigarette smoking, and calcium score played significant roles
in CAD. The odds ratios (OR) for males, cigarette smoking,
and calcium score were 4.4 (P=0.002), 4.5 (P=0.002), and
1.006 (P<0.001), respectively. According to this analysis,
family history and vitamin D levels played no significant
roles in modifying the risk of coronary artery involvement.

Discussion

Vitamin D deficiency is a major global health challenge,
particularly in developing countries such as Iran, which has
a high prevalence of the condition.*?* In the present study,
~6.1% of all patients had vitamin D deficiency (below 10 ng/
mL), and 56.1% had insufficient levels of vitamin D (below
30 ng/mL). Recent studies have used a cutoff point of 20 ng/
mL to define deficiency and a range of 21-30 ng/mL to define
insufficiency.” However, we used a limit of 10 ng/mL because
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Figure 2 Mean calcium score in different groups based on vitamin D level.
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Figure 3 Mean vitamin D levels in different coronary artery disease groups.
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Figure 4 Median 25th and 75th percentile of vitamin D in different coronary artery disease groups.

it has been the value that is consistently used in the reporting
sheet of our referral laboratory. If we assume, however, a value
of 30 ng/mL as the cutoff point for normal versus abnormal
levels, the abnormal vitamin D levels in our study (62%)
would be similar to those of previous Iranian reports.?*?’
The role of vitamin D deficiency in various disorders,
including CAD, has been evaluated, but with conflicting
results. However, genetic polymorphisms in the vitamin
D receptor suggest that ethnicity-related differences might
affect the incidence of vitamin D deficiency. These find-
ings motivated the present evaluation among the Iranian
population. Our study demonstrated that there is indeed a
relationship between serum vitamin D levels and severity
of CAD. These results are contrary to those of Ho et al;?
however, this disparity could be attributed to differences in
geographic location and ethnicity, as well as a lower CAD
prevalence in that study and the absence of female partici-
pants. Furthermore, the relatively small sample in the present
study was also a contributing factor. Other studies that have
focused on this issue in Iran®*3° have consistently found a
relationship between coronary artery-related disorders and
vitamin D deficiency, but they have not focused directly
on detailed angiographic data. However, the present study
showed a significant relationship between increased CACS
and the severity of vitamin D abnormalities (deficiency or
insufficiency). Considering the important and proven role
of the CACS in predicting the plaque burden of coronary
arteries, its significant relationship with low vitamin D levels
(in the present study) could support the idea of a meaningful
relationship between CAD severity and abnormal vitamin
D levels. In addition, the average CACS in different CAD

groups were compared and found to be in agreement with the
findings of another study in a similar population.!

In a recently published study by Manousaki et al, geneti-
cally reduced 25(OH)D levels were not associated with an
increased risk of CAD, suggesting that a possible relationship
between vitamin D levels and CAD might either be con-
founded or due to reverse causation.' Vitamin D deficiency
is associated with various conditions, including obesity,
insulin resistance, diabetes, metabolic syndrome, hyperten-
sion, and hyperlipidemia.>!**? Significant relationships also
exist between vitamin D-associated abnormalities and major
cardiovascular events, such as heart failure, myocardial
infarction, sudden cardiac death, stroke, atrial fibrillation,
and peripheral vascular disease.!”*?

The pathophysiology of these relationships is not clearly
understood; however, hyperactivity of the renin-angiotensin-
aldosterone system seems to play an important role,** and
vitamin D regulates the renin-angiotensin axis by directly
suppressing the expression of the renin gene. Vascular smooth
muscle cells and endothelial cells express receptors for vita-
min D, and the vascular effects of vitamin D include modula-
tion of smooth muscle cell proliferation, inflammation, and
thrombosis.’> However, vitamin D deficiency can lead to
secondary hyperparathyroidism. Parathyroid hormone can
cause myocyte hypertrophy and vascular remodeling, and has
proinflammatory effects that increase cytokine release from
vascular smooth muscle cells.’**7 In addition, inflammation
of epicardial adipose tissue, which has been considered in
pathogenesis of CAD, is enhanced by vitamin D deficiency.?®

Although we demonstrated a significant relationship
between vitamin D deficiency and CAD, some limitations

Vascular Health and Risk Management 2017:13

submit your manuscript

365

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Moradi and Foroutanfar

Dove

remain. We must acknowledge that CAD is a chronic process
that usually begins during childhood; however, we only had
a single laboratory report of vitamin D levels that could not
have been representative of past or lifelong vitamin D status.
Vitamin D levels can also change, depending on the season,
and this was not evaluated in the present study. However, our
sampling almost evenly covered all the four seasons, to reduce
the effects of seasonal fluctuations. We also relied on patient
memory regarding the avoidance of supplements around the
time of sampling; thus, memory bias could not have been
eliminated. Many studies support the relationship between
hypertension and vitamin D deficiency, and considering the
relationship between hypertension and CAD, this condition
could represent a confounding variable. Further studies
devoid of these limiting factors and including larger samples
are needed for clarification of this hypothesis.

Conclusion

Vitamin D levels were associated with the CACS and severity
of luminal stenosis due to atherosclerotic plaques. Based on
the relatively high incidence of cardiovascular disease and
vitamin D deficiency in the screening population, treatment
with vitamin D supplements could be beneficial.

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