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Abstract

Homocysteine (Hcy) elevation and vitamin D deficiency have emerged as potential markers of coronary artery disease
(CAD). However, even tough hypovitaminosis D has been suggested to interfere with Hcy catabolism, no study has so far
addressed the interaction of vitamin D and Hey and their impact on CAD, that was the aim of present study. A cohort of
consecutive patients undergoing coronary angiography in a single center were included and analyzed within the year 2019.
Significant CAD was defined as at least 1 vessel stenosis > 50%, while severe CAD as left main and/or three-vessel disease.
Hcy and vitamin D levels were assesssed at admission. We included 3150 patients undergoing coronary angiography at our
centre, who were divided according to the quartiles values of vitamin D. Patients with lower levels of Vitamin D displayed a
higher cardiovascular risk profile and a higher prevalence of CAD. We observed an inverse linear relationship between lower
levels of vitamin D and higher Hcy (r=— 0.092, p<0.001) and a higher prevalence of hyperhomocysteinemia in patients
with lower quartiles values of vitamin D (p <0.001). By forward conditional regression model, low vitamin D appeared as
independent predictors of Homocysteine levels above the median (OR[95%CI]=1.79[1.37-2.33], p<0.001). In addition,
patients with low vitamin D (below the median) and increased Hcy displayed a non-significantly higher rate of CAD (81% vs
77.7%, p=0.13, adjusted OR[95%CI] =1.16[0.88—1.54], p=0.29) but a significant increase in the rate of severe left main/3-
vessel CAD (37.4% vs 30.5%, p=0.005, adjusted OR[95%CI]=1.29[1.02-1.67], p=0.04). Among patients with vitamin D
levels above the median, Hey levels did not impact on the prevalence and extent of CAD (77.7 vs 77.2%, p=0.81, adjusted
OR[95%CI] =0.94[0.73-1.20], p=0.60 for CAD and 31.8% vs 27.7%, p=0.08, adjusted OR[95%CI] =0.97[0.75-1.25],
p=0.81 for severe left main/3-vessel CAD). No significant interaction between Hcy and vitamin D with CAD or severe
CAD was observed. The present study shows an independent inverse linear relationship between vitamin D and Hcy values.
Moreover, the association of Hcy with the extent of CAD was significant only among patients with hypovitaminosis D, and
not in the cohort of subjects with vitamin D levels above the median, suggesting that a normal vitamin D status can prevent
the deleterious effects of hyperhomocysteinemia on coronary atherosclerosis, a hypothesis that certainly needs further con-
firmation in larger randomized trials.
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e We demonstrated an inverse independent relationship
between vitamin D and Hcy values in over 3000 patients
undergoing coronary angiography.

e The association of Hcy with the prevalence and extent
of CAD was significant only among patients with lower
vitamin D, and not in the cohort of subjects with vitamin
D levels above the median

Introduction

Pharmacological innovations in cardiovascular prevention
have not reduced the burden of coronary artery disease
(CAD), still representing the leading cause of mortality
worldwide [1-3]. Therefore, great attention has been focused
in the last years on the identification of new therapeutic tar-
gets, with a particular interest being addressed towards the
role of biomarkers [4-6].

Homocysteine (Hcy) is an intermediate metabolite of
methionine, whose elevation has been associated to pro-
oxidating and pro-trombotic status, thus inducing endothe-
lial dysfunction and platelet hyperreactivity, potentially
enhancing the risk of stroke and cardiovascular events and
favouring the progression of CAD [7-9]. However, despite
the strong association of hyperhomocysteinemia with coro-
nary atherosclerosis, the supplementation with folates for
lowering the levels of Hcy has not demonstrated any benefit
in the reduction of cardiovascular risk [10], suggesting the
presence of additional factors potentially interfering with
the metabolism of Hcy and conditioning the benefits of its
reduction.

Vitamin D deficiency represents an established and dif-
fuse cardiovascular risk factor, being involved in the patho-
genesis of hypertension and diabetes mellitus and promoting
the dysregulation of the inflammatory response and pro-oxi-
dant status [11-13]. In fact, several studies have associated
vitamin D deficiency with the development of CAD and with
metabolic disorders, including adverse serum lipid and gly-
cemic profiles and elevated Hcy [14, 15]. However, whether
this observation represents an independent association, or
rather the mirror of concomitant comorbidities, is still a
matter of debate. Moreover, no study has ever evaluated the
impact of vitamin D deficiency on Hcy and their associated
role on CAD, that was therefore the aim of the present study.

Methods

We included consecutive patients undergoing coronary
angiography between January 2010 and September 2016
at the Azienda Ospedaliera-Universitaria, “Maggiore della
Carita”, Novara, Italy. Informed consent was obtained from
all patients before angiography. The protocol was approved
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by our local Ethical Committee and is in accordance to the
Declaration of Helsinki statements. All demographic and
clinical data were prospectively collected in a dedicated
database. Hypertension was defined as a systolic blood pres-
sure (BP) > 140 mmHg and/or a diastolic BP >90 mmHg or
on-treatment with antihypertensive medications. The diag-
nosis of diabetes was based on previous history of diabetes
treated with or without drugs, fasting glycaemia> 126 mg/dl
or glycosylated haemoglobin > 6.5%. Hypercholesterolemia
was defined as previous history of hypercholesterolemia,
chronic treatment with any cholesterol-lowering agent at
admission, or fasting total cholesterol >200 mg/dl. No exclu-
sion criteria were applied but for patients’ refusal to sign
informed consent.

Biochemical measurements

Blood samples were drawn at admission from patients
undergoing elective (following a fasting period of 12 h) or
urgent coronary angiography for main chemistry and genetic
assessment. Glucose, creatinine, uric acid levels, homocyst-
eine, blood cells count and lipid profile were determined
by standard methods, as previously described [16]. Vitamin
D dosing was performed by chemiluminescence method
through LIAISON® Vitamin D assay (Diasorin Inc).
The normal range for 25-OH D3 levels in our laboratory
is from 30 to 100 ng/ml, according to literature reference
[17]. Severe vitamin D deficiency was considered for lev-
els beyond 10 ng/ml according to literature. Homocysteine
levels were analysed as previously described [16]. Hyperho-
mocysteinemia was defined for levels above 13.9 nmol/ml.
(Upper Limit Normal, ULN).

Coronary angiography

Coronary angiography was routinely performed by the
Judkins technique, preferring the radial approach, using
6-French right and left heart catheters. Quantitative coro-
nary angiography was performed by an automatic edge-
detection system (Siemens Acom Quantcor QCA, Erlangen,
Germany). After the visual inspection of the coronary artery,
the frame of optimal clarity was selected, showing lesion at
maximal narrowing and arterial silhouette in sharpest focus.
After the calibration of guiding catheter, the analysed arte-
rial segment with coronary lesion was defined by moving
the cursor from the proximal to the distal part of coronary
artery to ensure adequate determination of reference diam-
eter. We have measured minimal luminal diameter, reference
diameter, percent diameter stenosis and length of the lesion.

Significant CAD was defined as at least 1 coronary ste-
nosis > 50%. Severe CAD was defined as 3-vessel disease
and/or left main disease. In case of patients who had previ-
ously undergone percutaneous coronary intervention, even
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though no restenosis was observed, the treated vessel was
counted as significantly diseased. In previously bypassed
patients, native arteries and grafts were taken into account
in the evaluation of extension of artery disease (number of
diseased vessels).

Statistical analysis

Statistical analysis was performed using SPSS 22.0 statis-
tical package within the year 2019. Continuous data were
expressed as mean + SD and categorical data as percentage.
Analysis of variance and the chi-square test were used for
continuous and categorical variables, respectively. Patients
were grouped according to quartiles values of vitamin D.
Linear regression analysis was used to define the relation-
ship between homocysteine levels and vitamin D. A step-
wise forward conditional multivariate logistic regression
analysis was performed to assess the predictors of elevated
homocysteine, whereas a multivariate logistic analysis was
performed to assess the impact of Hcy on coronary artery
disease, according to vitamin D levels and after correction
for baseline confounding factors that were entered in the
model in block. Results were considered statistically signifi-
cant for a two-tailed p <0.05.

Results

We included 3150 patients undergoing coronary angiogra-
phy at our centre, that were divided according to quartiles
values of vitamin D (< 8.3; 8.3-14.59; 14.6-22.41;>22.42).

Main clinical and demographic features of included
patients and baseline chemistry profile are displayed in
Table 1.

Patients with lower levels of Vitamin D were older, more
often females, with larger BMI (p <0.001), and displayed
a higher rate of diabetes mellitus (p <0.001), renal fail-
ure (p=0.01), active smoke (p=0.01), previous history of
myocardial infarction (p=0.01), percutaneous and surgical
coronary revascularization (p < 0.001 and p=0.003, respec-
tively). Indication to angiography was more often an ACS
in patients with lower vitamin D quartiles (p <0.001) and
they received less frequently statins (p <0.001) and ASA
(p=0.03) and more often diuretics (p<0.001). An inverse
association was found for vitamin D and platelet count
(p=0.02), white blood cells (WBC; p<0.001), LDL cho-
lesterol, glycaemia, C-reactive protein, uric acid and gly-
cosylated haemoglobin (p < 0.001, respectively), whereas a
direct relationship was observed for haemoglobin and HDL
cholesterol (p <0.001 and p=0.02).

Patients with lower quartiles values of Vitamin D dis-
played a higher prevalence of CAD (82.1% vs 77.2% vs 79%

vs 75.3%, p=0.005) and severe CAD (37.9% vs 30.9% vs
30.5% vs 28.3%, p<0.001).

Vitamin D and Hcy

As shown in Fig. 1, we observed an inverse linear relation-
ship between lower levels of vitamin D and higher Hcy
(r=-10.092, p<0.001).

In fact, the prevalence of hyperhomocysteinemia was
increased in patients with lower quartiles values of vitamin
D (p<0.001, Table 1).

By forward conditional regression model, we identified
male gender, advanced age, renal failure, presentation with
acute coronary syndrome and the levels of haemoglobin and
vitamin D as independent predictors of Homocysteine levels
above the median (> 16.2 nmol/ml). The odds ratios with
confidence intervals for Hcy above the median are displayed
in Table 2.

Hcy and CAD according to vitamin D status

Patients were divided according to median values of vitamin
D (< 14.6 ng/ml, n=1541;>14.6 ng/ml, n=1563).

In patients with lower levels of vitamin D, Table 3 -Sup-
plementary displays the main clinical features between
patients with median values of Hcy below or above the
median (16.2 nmol/ml). Patients with higher Hcy levels
were older (p <0.001), males (p=0.001), with higher rate
of hypertension, renal failure and previous myocardial
infarction (p<0.001, p<0.001 and p=0.02, respectively).
Hcy elevation was associated with the use of beta-blockers
(p<0.001), nitrates, calcium antagonists (p=0.001) and diu-
retics (p<0.001), lower glycaemia (p=0.005) and higher
creatinine and uric acid (p <0.001).

As shown in Fig. 2, patients with lower vita-
min D and increased Hcy displayed a non-signifi-
cantly higher rate of CAD (81% vs 77.7%, p=0.13,
OR[95%CI] =1.29[1.001-1.63, p=0.06) and, as in
Fig. 3-Supplementary, a significant increase in the rate of
severe left main/3-vessel CAD (37.4% vs 30.5%, p=0.005,
OR[95%CI]=1.37[1.11-1.70], p=0.004).

Angiographic features according to median Hcy levels
are displayed in Table 4-Supplementary, showing a higher
prevalence of lesions of the left anterior descending artery
(p=0.001) and lower rate of intracoronary thrombus at angi-
ography (p=0.01).

At multivariate analysis, after correcting for base-
line values, we confirmed the significant independ-
ent association of Hcy above the median only for Left
Main/3-vessel CAD while not for overall CAD (adjusted
OR[95%CI] =1.29[1.02-1.67], p=0.04 for severe CAD and
adjusted OR[95%CI]=1.16[0.88-1.54], p=0.29 for CAD).
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Table 1 Clinical characteristics

. S . Baseline clinical characteristics I quart 1I quart III quart IV quart P value
according to vitamin D quartiles (<8.3) (83-14.59)  (14.6-22.41) (222.42)
N=772 N=769 N=782 N=781
Age (mean + SD) 694 +11.7 679+11.2 665+109 67.7+10.7 <0.001
Male Sex (%) 62 74.9 76.8 70.3 <0.001
BMI (mean =+ SD) 273 £5.1 275+4.6 272 +43 26.5+4.3 <0.001
Hypercholesterolemia (%) 55.6 55.6 56 56 0.84
Diabetes mellitus (%) 43.8 354 37.4 31.8 <0.001
Renal failure (%) 31.5 23.5 22 25.6 0.01
Active smokers (%) 28.4 24.6 19 15.9 0.01
Hypertension (%) 71.5 72.7 72.4 75.4 0.35
History of MI (%) 23.8 24.3 20.6 19.2 0.01
Previous PCI (%) 28.3 325 32.8 37.2 <0.001
Previous CABG (%) 13.9 10.6 8.2 9.8 0.003
Hyperhomocysteinemia (%) 72.1 68.5 66.5 63.9 <0.001
Indication to angiography <0.001
Stable angina/silent ischemia (%) 20.1 28.2 31.9 38.6
STEMI/ACS (%) 56.9 54.7 51.8 44
Cardiomyopathy/valvular dis- 23 17.2 16.3 17.4
ease/arrhythmias (%)
Concomitant medications
ACE inhibitors (%) 37.1 36.5 315 353 0.19
ARB (%) 23.2 20.6 23.1 27.3 0.08
Beta blockers (%) 539 53.7 56 61.4 0.08
Nitrates (%) 30.5 31.8 34 35.8 0.37
Statins (%) 45.5 48.9 533 57.9 <0.001
ASA (%) 56 57.4 60.2 64.7 0.03
Clopidogrel (%) 17 17 17.6 22.4 0.14
Calcium antagonists (%) 20.6 19.8 22.5 19.7 0.74
Diuretics (%) 40.3 31.7 27.9 29.6 <0.001
Biochemistry parameters
Platelets (10%ml; mean + SD) 230.4 £80.5 223.1 £+64.6 222.6 +64.4 219.8 +66.7 0.02
Haemoglobin (g/dL) 13.1+1.9 134 +1.8 135+ 1.7 134+ 1.7 <0.001
WBC (10%/ml; mean + SD) 8.7+3.1 82+27 8.1+28 75+23 <0.001
HDL cholesterol (mg/dL) 42 +13.6 429+ 131 43.6+£135 4411132 0.02
LDL cholesterol (mg/dl) 98 + 37 963 +35.6 944+374 88x312 <0.001
Glycaemia (mg/dL) 129.6 +55.3 122.6 +53.1 121.8 +43.7 1163 +35.6 <0.001
Glycosylated haemoglobin (%) 65+15 62+12 62+12 6+1 <0.001
Creatinine (mg/dL) 1.03+£0.51 1.04+0.71 1.01+0.51 1.04+0.63 0.66
C reactive protein (mg/dL) 1.5+29 1.1+23 09+2.1 098 +23 <0.001
Uric acid (mg/dL) 63 +2.1 62+19 59+1.7 58+18 <0.001

CAD Coronary Artery Disease, MI Myocardial Infarction, PCI Percutaneous Coronary Interventions,
CABG Coronary Artery Bypass Grafting; STEMI ST-Elevation Myocardial Infarction, ACS Acute Coro-
nary Syndrome, CMD Dilated Cardiomyopathy, LV Left Ventricle, ACE Angiotensin Converting Enzyme,

ARB Angiotensin Receptor Blockers

Among patients with vitamin D levels above the median,
as shown in Table 5-Supplementary, elevated Hey (above
16.2 nmol/ml) was associated to more advanced age
(p<0.001), male sex (p=0.01), renal failure (p <0.001),
hypertension (p=0.02), previous MI (p=0.03) and ACS
at presentation (p=0.01), a more frequent treatment with
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ARBs (p=0.005), nitrates and beta-blockers (p=0.02), ASA
(p=0.05) and diuretics (p <0.001). C-reactive protein, cre-
atinine and uric acid levels were higher in patients with Hcy
above the median (p=0.006 and p <0.001, respectively).
As shown in Fig. 2, patients with vitamin D above the
median displayed a similar rate of CAD (77.7 vs 77.2%,
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=-0.092, p<0.001
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Fig. 1 Linear relationship between vitamin D levels and Homocyst-
eine (Hcy)

Table2 Clinical predictors of Homocysteine above the median
(Hey >16.2)

Variable Adjusted OR  CI P value

Hcy above median
Male gender 1.67 1.34-2.05 <0.001
Age 1.02 1.02-1.04 <0.001
Renal failure 4.59 3.6-5.89 <0.001
Hemoglobin 1.1 1.04-1.17 <0.001
Acute coronary syndrome  0.67 0.56-0.81 <0.001
Vitamin D (Ist vs II-1V) 1.79 1.37-2.33 <0.001

p=0.81, OR[95%CI] =1.01[0.80-1.29], p=0.91) and,
as shown in Fig. 3, of severe left main/3-vessel CAD
(31.8% vs 27.7%, p=0.08, OR[95%CI] = 1.18[0.95-1.47],
p=0.13), independently from Hcy levels.

Angiographic features according to Hcy median are dis-
played in Table 6, showing a higher prevalence of lesions
on the left anterior descending artery (p=0.008) and
calcifications (p=0.01) and lower rate of intracoronary
thrombus and TIMI flow < 3 at angiography (p=0.04 and
p=0.01, respectively).

At multivariate analysis among patients vitamin D
above the median, after correcting for baseline val-
ues, we confirmed the lack of an independent asso-
ciation of elevated Hcy (above the median) with
overall CAD and Left Main/3-vessel CAD (adjusted
OR[95%CI1] =0.94[0.73-1.20], p=0.60 and adjusted
OR[95%CI]=0.97[0.75-1.25], p=0.81, respectively).

No significant interaction between Hcy levels and vita-
min D was observed for CAD (p=0.73) or severe CAD
(p=0.78).
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Fig.2 Bar graph showing the prevalence of coronary artery disease
(a) and severe left main/3-vessel coronary artery disease (b) accord-
ing to median values of Homocysteine (Hcy<or>16.2 nmol/L)
in patients with vitamin D levels below and above the median
(<or>14.6 mg/dl)

Discussion

The present study represents the first attempt to define the
relationship between vitamin D levels and Hcy and their
impact on CAD in a large single centre cohort of patients
undergoing coronary angiography.

We demonstrated an inverse independent relationship
between vitamin D and Hcy values. Moreover, the asso-
ciation of Hcy with the prevalence and extent of CAD was
significant only among patients with lower vitamin D, and
not in the cohort of subjects with vitamin D levels above
the median.

Great efforts have been accomplished in recent years in
order to reduce the burden of cardiovascular disease and
spread preventive measures in general population [18-20].
However, despite the improvements in the management of
patients with acute myocardial infarction, the diagnosis
of CAD is generally accomplished only after a first acute
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cardiovascular event [21], therefore still establishing CAD
as the leading cause of mortality worldwide (1). Thus, rais-
ing attention has been addressed towards the identification
of those early markers of atherosclerosis, that could allow a
better stratification of cardiovascular risk [22, 23].

Special attention has been dedicated to inflammatory bio-
markers, with contrasting results [24]. Indeed, inflammation
plays a central role in the pathogenesis of atherosclerosis
and an elevation of inflammatory markers can mirror the
activation of these processes of vascular damage [25]. How-
ever, while several humoral indicators of acute response and
endothelial dysfunction have failed to demonstrate a predic-
tive role in CAD [26], more promising results have emerged
with homocysteine, an intermediate metabolite of methio-
nine, whose plasmatic concentration may be influenced by
environmental and genetic factors. Hyperhomocysteinemia,
however, is a quite common condition, mainly related to
chronic kidney disease, due to impaired renal escretion of
homocysteine metabolites. Moreover, an important associa-
tion has been described with older age and inflammatory
disorders [8, 27, 28].

Hyperhomocysteinaemia has been associated to endothe-
lial dysfunction, enhanced platelet function and pro-throm-
botic status, involving several mechanisms as increased
oxidative stress, and unbalance among clotting factors, thus
potentially enhancing the risk of stroke and cardiovascular
events [7, 29, 30]. In fact, previous studies reported that even
mild homocysteine elevation could increase cardiovascular
risk, [31] with Wald et al. [8] reporting a rise in relative risk
by 32% every 5 umol/L of Hcy elevation. In fact, Schaf-
fer et al. [16] documented in a large cohort of patients, the
independent association of Hcy elevation with angiographic
findings in terms of prevalence and extent of CAD. Moreo-
ver, Hcy has been potentially involved in the development
of restenosis after percutaneous coronary revascularization,
although such findings were not confirmed in subsequent
studies [32, 33].

However, Hcy lowering, by supplementation with folates
and vitamin B12 has not provided the expected benefits in
cardiovascular prevention [10, 34]. Indeed, due to the multi-
factorial pathogenesis of hyperhomocysteinemia, additional
factors have been suggested to modulate the levels of Hcy
and their cardiovascular impact.

In particular, Vitamin D levels have been associated
to cardiovascular risk, as hypovitaminosis D has been
involved in the pathogenesis of hypertension, diabetes and
in the modulation of inflammatory processes, therefore
potentially conditioning the development of atherosclero-
sis and acute cardiovascular events [12, 13]. In addition,
vitamin D has been displayed to act as a co-factor in the
metabolism of homocysteine, by the direct regulation of
the levels of cystathionine B-synthase, an enzyme involved
in a second pathway of degradation of Hcy, differing from
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the commonly addressed remethylation to methionine, that
is instead controlled by folates [35].

In fact, in the large National Health and Nutrition
Examination Survey (NHANES) the authors found a
significant inverse association between vitamin D status
and serum homocysteine concentrations [36], although
this relationship was more evident among patients with
vitamin D deficiency. Similar findings were obtained by
Pham et al. [37], among 4475 participants involved in a
primary prevention programme in Canada. However, in
this population, the association of vitamin D and Hcy
was significant also among patients with vitamin D levels
above 50 nmol/L, and a decrease in Hcy was observed
in those patients whose levels of vitamin D raised dur-
ing the follow-up period, suggesting that improvements
in the levels of vitamin D could favour the correction of
hyperhomocysteinemia.

Opposite results, instead, were achieved by Garcia-Bailo
et al. [38] in about 1900 subjects enrolled in the Canadian
Health Measures Survey, where vitamin D levels related
with several cardiometabolic risk biomarkers, involved in
glucose metabolism and lipid profile, but not with Hcy.
However, these contrasting data were achieved in “healthy”
subjects, whereas no study has so far addressed the potential
interaction of vitamin D and Hcy and their impact on CAD,
that was, therefore, the aim of the present study.

In a large cohort of patients undergoing coronary angi-
ography, we observed an inverse linear relationship between
Hcy and vitamin D levels, with lower vitamin D quartiles
being confirmed as an independent predictor of increased
Hcy levels.

Patients with hyperhomocysteinemia and hypovitamino-
sis D displayed a higher prevalence of CAD. After dividing
our population according to median values of vitamin D, the
association of Hcy elevation with CAD extent was signifi-
cant only among patients with vitamin D deficiency.

A similar conclusion was reached by Esteghamati et al.
[39] in a cohort of more than 4000 patients, where they
documented that, among obese patients with metabolic
syndrome, lower vitamin D levels were associated with an
“unhealthy status” and a worse cardiometabolic profile,
increased homocysteine, elevated liver enzymes and inflam-
matory markers.

In addition, Mao et al. [15] reported among more than
9000 patients, a significant correlation between Hcy, vita-
min D and folates among patients with a history of cardio-
vascular disease, hypertension or diabetes, and especially
in advanced age, suggesting that the role of both B and D
vitamins supplementations should be overlooked in patients
with a high cardiovascular risk profile.

In fact, the present data suggest that a normal vitamin D
status can prevent the negative effects of hyperhomocyst-
einemia on coronary atherosclerosis.
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However, despite the positive impact of vitamin D supple-
mentation on mortality and health status, contrasting find-
ings have been reported so far on the cardiovascular benefits
of the treatment with vitamin D [40, 41]. Indeed, promising
results have come from the large RECORD trial [42], where
treatment with vitamin D could reduce the rate of heart fail-
ure among more than 5000 elderly patients, although ran-
domized studies on the topic are still ongoing. Therefore,
future large scale trials are certainly needed to better define
the pathophysiological basis of vitamin D and homocysteine
interaction and to confirm the potential outcome benefits of
the use of vitamin D in order to condition homocysteine lev-
els and to prevent the development of CAD and thrombotic
events, and especially in vue of the suggested association
between COVID-19 prognosis and these biomarkers, whose
pathogenetic effects are strictly linked to a pro-thrombotic
milieu [43, 44].

Limitations

A first limitation of our study is represented by the cohort
design of our study, therefore enrolling a heterogeneous
population of high-cardiovascular risk patients. However,
despite the interaction of vitamin D and Hcy had already
been suggested in large cohorts of “healthy” subjects [39],
our analysis represents the first exploratory study to assess
this relationship among patients with already developed
CAD, further confirming this association. Therefore, no
pre-analytical planning could be performed.

In addition, we did not include a control healthy group
in our study as this strategy would have raised some issues:
as coronary angiography still represents the gold standard
technique to evaluate the presence and extent of CAD, such
exam could not have been performed in healthy subjects. In
fact, the absence of symptoms would not have excluded with
certainty the absence of coronary atherosclerosis, especially
among elderly and diabetic patients, that represented the
majority of our population. By the inclusion of a prospective
consecutive cohort of patients undergoing coronary angiog-
raphy, we could certainly overcome the potential bias due to
patients’ selection, when they are retrospectively identified.

Moreover, we did not perform a systematic follow-up of
our patients, therefore we could not evaluate the variations
of Hcy and vitamin D levels on the progression of CAD and
on the occurrence of major cardiovascular events, especially
among patients undergoing PCI.

Finally, we did not evaluate the levels of folates or vita-
min B12 in our population, and neither the potential impact
of their supplementation. Therefore we could not evaluate
the potential interaction of these vitamins with vitamin D,
Hcy and coronary disease.

Conclusion

The present study represents the first attempt to evaluate
the interaction of vitamin D and homocysteine with the
prevalence and extent of angiographically defined coro-
nary artery disease.

We observed an independent inverse linear relationship
between vitamin D and Hcy values. Moreover, the associa-
tion of Hcy with the prevalence and extent of CAD was
significant only among patients with hypovitaminosis D,
but not in the cohort of subjects with vitamin D levels
above the median, suggesting that higher vitamin D levels
can prevent the negative effects of hyperhomocysteine-
mia on coronary atherosclerosis. However, more definite
results on the indications to vitamin D supplementation in
CAD will certainly be warranted by ongoing trials.
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