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Abstract Background and aim: Vitamin D deficiency is a pandemic disorder affecting over 1
billion of subjects worldwide. Calcitriol (1,25(OH)2D) represents the perpetrator of the several
systemic effects of vitamin D, including the anti-inflammatory, antithrombotic and anti-
atherosclerotic actions, potentially preventing acute cardiovascular ischemic events. Variability
in the transformation of vitamin D into 1,25(OH)2D has been suggested to modulate its cardio-
protective benefits, however, the determinants of the levels of calcitriol and their impact on the
cardiovascular risk have been seldom addressed and were, therefore, the aim of the present
study.
Methods and results: A consecutive cohort of patients undergoing coronary angiography for acute
coronary syndrome (ACS) were included. The levels of 25 and 1,25(OH)2 D were assessed at
admission by chemiluminescence immunoassay kit LIAISON� Vitamin D assay (Diasorin Inc)
and LIAISON� XL. Hypovitaminosis D was defined as 25(OH)D < 10 ng/ml, whereas calcitriol
deficiency as 1,25(OH)2D < 19.9 pg/ml.

We included in our study 228 patients, divided according to median values of 1,25(OH)2D (<or
� 41.5 pg/ml). Lower calcitriol was associated with age (p Z 0.005), diabetes (p Z 0.013), renal
failure (p < 0.0001), use of diuretics (p Z 0.007), platelets (p Z 0.019), WBC (p Z 0.032), 25(0H)
D (p Z 0,046), higher creatinine (p Z 0.011), and worse glycaemic and lipid profile.

A total of 53 patients (23.2%) had hypovitaminosis D, whereas 19 (9.1%) displayed calcitriol
deficiency (15.1% among patients with hypovitaminosis D and 7.1% among patients with normal
Vitamin D levels, p Z 0.09).

The independent predictors of 1,25(OH)2D above the median were renal failure (OR[95%CI] Z
0.242[0.095e0.617], p Z 0.003) and level of vitamin D (OR[95%CI] Z 1.057[1.018e1.098], p Z
0.004).

Calcitriol levels, in fact, directly related with the levels of vitamin D (r Z 0.175, p Z 0.035),
whereas an inverse linear relationship was observed with major inflammatory and metabolic
markers of cardiovascular risk (C-reactive protein: r Z �0.14, p Z 0.076; uric acid: r Z �0.18,
p Z 0.014; homocysteine: r Z �0.19, p Z 0.007; fibrinogen: r Z �0.138, p Z 0.05) and Lp-
PLA2 (r Z �0.167, p Z 0.037), but not for leukocytes.
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Conclusion: The present study shows that among ACS patients, calcitriol deficiency is frequent
and can occur even among patients with adequate vitamin D levels. We identified renal failure
and vitamin D levels as independent predictors of 1,25(OH)2D deficiency. Furthermore, we found
a significant inverse relationship of calcitriol with inflammatory and metabolic biomarkers, sug-
gesting a potential more relevant and accurate role of calcitriol, as compared to cholecalciferol, in
the prediction of cardiovascular risk. Future trials should certainly investigate the potential role
of calcitriol administration in the setting of acute coronary syndromes as much as in other in-
flammatory disorders, such as the SARS-CoV2 infection.
ª 2020 The Italian Diabetes Society, the Italian Society for the Study of Atherosclerosis, the Ital-
ian Society of Human Nutrition and the Department of Clinical Medicine and Surgery, Federico II
University. Published by Elsevier B.V. All rights reserved.
Introduction

Vitamin D deficiency represents a rising social problem,
affecting a huge part of the population of every age and
ethnicity and even over 50% of healthy subjects [1].

In the last years, evidence has emerged for several non-
calcium dependent hormonal effects of vitamin D, linking
its deficiency to increased mortality and to various chronic
pathological conditions, such as cancer, neurological dis-
orders, as well as autoimmune and inflammatory diseases,
hypertension, diabetes and atherothrombotic cardiovas-
cular events [2,3].

However, vitamin D supplementation for the preven-
tion of cardiovascular risk has not provided so far clear
evidence of benefit, both due to the lack of well con-
ducted dedicated trials and for the potential interference
of several conditions that could modulate the response to
the treatment [4,5]. In particular, the systemic effects of
vitamin D are mediated by the interaction of calcitriol
(1,25(OH)2D) with vitamin D receptor (VDR), therefore
genetic variants of the VDR, as much as factors regulating
the transformation of vitamin D into its active hydroxyl-
ated hormone, calcitriol, have been addressed for
defining the interindividual variability of the effect of
vitamin D [6,7]. Even though the evaluation of the pre-
cursor (25(OH)D) is generally preferred above the
assessment of calcitriol levels, for its longer plasma half-
life, previous studies have instead associated the levels of
1,25(OH)2D to cardiovascular disease and worse prog-
nosis, being more subject to transient variations in the
context of acute events, as potentially in the settings of an
acute coronary syndrome (ACS) [8,9]. In addition,
although the efficiency of calcitriol hydroxylation has
been strictly related to renal function [10], representing
the primary site for its transformation, extra-renal pro-
duction of 1,25(OH)2D has also been documented [11]. In
fact, 1a-hydroxylase enzyme has been identified in
several tissues and districts, including the cardiovascular
system, and its exact role is largely undefined, especially
in patients without severe renal disease.

Therefore, the aim of the present study was to evaluate
the determinants of calcitriol levels in a high-
cardiovascular risk population of ACS patients and to
evaluate their relationship with inflammatory biomarkers.
Methods

We included in our study a consecutive cohort of patients
admitted between November 2016 and January 2018 at the
Azienda Ospedaliera-Universitaria, “Maggiore dellaCarità”,
Novara, Italy and presenting the following inclusion
criteria: 1) acute coronary syndrome (ACS) treated with
coronary angiography and percutaneous coronary inter-
vention; 2) availability of 25(OH)D and 1,25(OH)D levels,
3) written informed consent before angiography. No
exclusion criteria were applied.

ACS (Unstable Angina, NSTEMI or ST-segment elevation
myocardial infarction), was defined by the presence of chest
pain at rest with or without cardiac biomarkers
elevation > ULN (respectively 0,04 mg/l for Troponin I and
5,00 mg/l for CK-MB) or electrocardiographic modifications
(either ST-segment depression or elevation�2mm in at least
2 contiguous leads or new LBB onset or T waves change).

The protocol was approved by our local Ethical Com-
mittee and is in accordance to the Declaration of Helsinki
statements. All demographic and clinical data were pro-
spectively collected in a dedicated database. Hypertension
was defined as a systolic blood pressure (BP) > 140 mmHg
and/or a diastolic BP > 90 mmHg or on-treatment with
antihypertensive medications. The diagnosis of diabetes
was based on previous history of diabetes treated with or
without drugs, fasting glycaemia >126 mg/dl or glycosy-
lated 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.
Biochemical measurements

Blood samples were drawn at admission from patients
undergoing elective (following a fasting period of 12 h) or
urgent coronary angiography. Glucose, creatinine, uric acid
levels, blood cells count and lipid profile were determined
by standard methods, as previously described [12].

25-hydroxyvitamin D and 1,25(OH)2D measurements
were performed by chemiluminescence method through
LIAISON� Vitamin D assay (Diasorin Inc) and LIAISON� XL
respectively. The normal range for 25-OH D3 levels in our



Table 1 Clinical characteristics according to median values of
1,25(OH)2D.

Baseline demographic
and clinical
characteristics

<41.5 pg/ml
(n Z 111)

�41.5 pg/ml
(n Z 117)

P value

Age (mean � SD) 68.9 � 12,8 64.4 � 11,3 0.005
Weight (Kg�SD) 78 � 17 74 � 14.3 0.14
Male Sex (%) 76,6% 69.2 0.24
BMI (mean � SD) 27.0 � 4,9 26.6 � 4.2 0.54
Hypercholesterolemia

(%)
48.3 59.3 0.11

Diabetes mellitus (%) 46.2 27.7 0.013
Renal failure (%) 29.3 9.3 <0.001
Active smokers (%) 28.4 26.3 0.62
Hypertension (%) 73.3 61.0 0.05
History of MI (%) 21.6 19.8 0.87
Previous PCI (%) 25.0 22.2 0.65
Previous CABG (%) 8.6 9.3 1.00
ACS type (%) 0.14
NSTEMI/UA (%) 65.3 77.8
STEMI (%) 34.7 22.2

CAD (%)
Left Main disease or 3-

vessel CAD (%)
52.5 44.6 0.46

Concomitant medications
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laboratory is from 30 to 100 ng/ml, according to literature
reference [13,14]. Hypovitaminosis D was defined, ac-
cording to the US Endocrine Society guideline (13), as 25-
hydroxyvitamin D < 10 ng/ml. Calcitriol deficiency was
defined for levels <19.9 pg/ml according to the
manufacturer.

Lipoprotein-associated Phospholipase A2 (Lp-PLA2)
was analyzed on ADVIA� 1800 Clinical Chemistry Analyzer
(Siemens Healthcare Diagnostics). For the quantitative
determination of Lp-PLA2 activity, the Diazyme Lp-PLA2
Activity Assay was utilized (Diazyme Laboratories, CA
92064, USA). Diazyme'sLp- PLA2 Activity Assay is an
enzymatic assay. Lp-PLA2 in a sample hydrolyzes the
acetyl group at the sn-2 position of phospholipids, 1-
myristoyl-2-(4-nitrophenylsuccinyl)-sn-glycero-3-
phosphocholine (MNP) to generate 4-nitrophenyl group, a
colorful product, which can be monitored spectrophoto-
metrically at 405 nm. The activity of Lp-PLA2 in the sample
is proportional to the absorbance increase. The instrument
calculates the Lp- PLA2 activity of a sample by using the
Diazyme Lp-PLA2 Activity Calibrator Set (REF DZ331A-
CAL) to generate a calibration curve [15].
ACE inhibitors (%) 22.1 23.7 0.8
ARB (%) 28.1 17.9 0.085
Beta blockers (%) 44.7 40.7 0.6
Nitrates (%) 18.3 13.7 0.37
Statins (%) 36.5 40.2 0.59
ASA (%) 45.2 42.7 0.79
Clopidogrel (%) 10.6 6.0 0.24
Calcium antagonists

(%)
28.1 17.8 0.085

Diuretics (%) 33.3 18.1 0.007
Vitamin D (%) 3.6 6.0 0.54
Antidiabetic therapy 0.02
Oral hypoglycemic

drugs (%)
13.6 5.2

Insulin (%) 14.4 4.3
Biochemistry parameters
Platelets (10̂6/ml;

mean � SD)
222.82� 69.7 244.24� 68.9 0.019

Haemoglobin (g/dl) 13.3 � 2.1 13.8 � 3.1 0.16
WBC (10̂3/ml;

mean � SD)
10.2 � 4.2 9.2 � 2.8 0.032
Statistical analysis

Statistical analysis was performed using SPSS 22.0 statis-
tical package. 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 median values of 1,25(OH)2D. For-
ward conditional logistic regression analysis was per-
formed to evaluate the independent predictors of calcitriol
deficiency among variables displaying a significant asso-
ciation (p < 0.05) at baseline. Linear regression analysis
was applied for evaluating the relationship of calcitriol
with other continuous laboratory parameters. Results were
considered statistically significant for a two-tailed
p < 0.05.
HDL cholesterol (mg/
dL)

43.9 � 19.5 47.4 � 20.7 0.2

LDL cholesterol (mg/
dl)

98.3 � 34 112.3 � 40 0.03

Glycaemia (mg/dL) 135.3 � 61 114.2 � 29.8 0.01
HbA1c (%) 6.2 � 1.1 5.9 � 0.9 0.068
25(OH)D (ng/ml) 16.5 � 10.3 19.1 � 8.8 0.046
Creatinine (mg/dL) 1.04 � 0.6 0.86 � 0.497 0.011
C reactive protein

(mg/dL)
1.2 � 2.2 0.7 � 1.4 0.09

Uric acid (mg/dl) 6.1 � 1.6 5.7 � 1.6 0.056

CADZ Coronary Artery Disease; MI ZMyocardial Infarction; PCI Z
Percutaneous Coronary Interventions; CABG Z Coronary Artery
Bypass Grafting; STEMI Z ST-Elevation Myocardial Infarction;
ACS Z Acute Coronary Syndrome; ACE Z Angiotensin Converting
Enzyme; ARB Z Angiotensin Receptor Blockers.
Results

We included in our study 228 patients, divided according
to median values of 1,25(OH)2D (<or � 41.5 pg/ml).

Major clinical and demographic features of the included
population are displayed in Table 1. Lower calcitriol was
associated to age (p Z 0.005), diabetes (p Z 0.013), renal
failure (p < 0.0001), use of diuretics (p Z 0.007), platelets
(p Z 0.019), WBC (p Z 0.032), 25(0H)D (p Z 0.046),
higher creatinine (p Z 0.011), and worse glycaemic and
lipid profile.

A total of 53 patients (23.2%) had hypovitaminosis D,
whereas 19 (9.1%) displayed calcitriol < 19.9 pg/ml (15.1%
among patients with hypovitaminosis D and 7.1% among
patients with normal cholecalciferol levels, p Z 0.09), as
shown in Fig. 1.

The independent predictors of 1,25(OH)2D above the
median were renal failure (OR[95%CI] Z 0.242
[0.095e0.617], p Z 0.003) and vitamin D levels (OR[95%
CI] Z 1.057[1.018e1.098], p Z 0.004).

Calcitriol levels, in fact, directly related with the levels
of 25(OH)2D (r Z 0.175, p Z 0.035, Fig. 2) whereas an



Figure 1 Prevalence of 25 and 1,25(OH)2D in included population.
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inverse linear relationship was observed with major in-
flammatory and metabolic markers of cardiovascular risk
(C-reactive protein: r Z �0.14, p Z 0.076; uric acid:
r Z �0.18, p Z 0.014; homocysteine: r Z �0.19,
p Z 0.007; fibrinogen: r Z �0.138, p Z 0.05), as shown in
Fig. 3 A, B, C and D respectively, and with Lp-PLA2
(r Z �0.167, p Z 0.037, Fig. 4).

No relationship was observed for calcitriol with white
blood cells count (r Z �0.08; p Z 0.29), neutrophils
(r Z 0.06, p Z 0.37) and lymphocytes (r Z 0.008,
p Z 0.91).

Discussion

This is the first study conducted so far to evaluate the
clinical determinants of calcitriol levels and their rela-
tionship with inflammatory and cardiovascular risk bio-
markers among ACS patients undergoing early invasive
management. Even though we observed a significant in-
dependent association of 1,2(OH)2D with vitamin D levels,
calcitriol deficiency was much less frequent as compared
Figure 2 Linear relationship between 25 and 1,25(OH)2D.
to hypovitaminosis D, suggesting a potential “reserve” of
vitamin D activation despite a deficiency of the substrate.
Moreover, the prevalence of calcitriol deficiency was non-
significantly lower in patients with hypovitaminosis D,
therefore suggesting the relevance of factors modulating
the transformation of calcitriol and the importance of the
direct dosing of the activated hormone rather than vitamin
D. In addition, despite the inclusion of high-risk ACS
population, calcitriol related with several parameters
mirroring the pro-inflammatory status and the cardio-
vascular risk, therefore suggesting a more complex disease
and potentially worse long-term outcomes.

Even though calcitriol represents the perpetrator of the
effects of vitamin D, few studies have so far addressed the
impact of its deficiency on the maintenance of the sys-
temic homeostasis and on the pathogenesis of the several
disorders linked to hypovitaminosis D [16,17]. In fact, the
relatively shorter plasmatic half-life of 1,25(OH)2D, only
12e36 h, in the human circulation as compared to its
precursor has often been considered a barrier for its clin-
ical application [18], therefore accounting for the large
amount of literature providing evidence for the relation-
ship of vitamin D and cardiovascular disorders [19e22].

However, 25(OH)D and 1,25(OH)2D cannot be consid-
ered equivalent measurements, since several genetic and
metabolic factors, as much as comorbidities, can prevent
its transformation into the active hormone [23]. Indeed,
circulating calcitriol can be considered in a relatively
steady state in healthy subjects [24] and, based on the
development of more accurate methods for its measure-
ment, raising interest has been addressed towards its
evaluation, and especially after the inconclusive results of
the studies with 25(OH)D supplementation.

In fact, in a recent study on dialysis patients no change
in the intestinal absorption of Caþþ was obtained after
3months of 20,000 IU/week of cholecalciferol therapy
before the normalisation of 25D and improvement of
1,25D levels [25]. In further studies, no effect on bone
metabolism parameters was evident following cholecal-
ciferol supplementation of dialysis patients [26].

A similar superiority of calcitriol above vitamin D has
been documented in the cardioprotective, pleiotropic ef-
fect. In a recent study, Zitterman et al. [24] documented
among over 500 patients with heart failure that lower
calcitriol was associated with a higher rate of coronary
artery disease and increased mid-term mortality. More-
over, in vitro studies have shown that the active form of
vitamin D induces a complex dual upregulation of endo-
thelin and nitric oxide in cultured endothelial cells, re-
duces the expression of the angiotensin-1 receptor,
improving endothelial function and preventing reactive
oxygen species overproduction and downregulates hy-
perinsulinism and insulin resistance, lowering also the
concentrations of various inflammatory markers including
TNF-a, CRP and IL-6 in an overweight animal model
[27e29].

In addition, calcitriol has been shown to raise the levels
of IL-12, that is relevant to macrophage activity and
atherogenesis [30] and to modulate the coagulation



Figure 3 Linear relationship between 1,25(OH)2D, uric acid (A, upper left), homocystein (B, upper right), fibrinogen (C, lower left) and C-reactive
protein (D, lower right).
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cascade, increasing thrombomodulin and down-regulating
tissue factor [31]. However, its role in coronary thrombosis
has never been assessed.

Indeed, it could be hypothesized that the direct
assessment of the levels of calcitriol could provide a more
strict correlation with the pathogenesis of atherosclerotic
lesions and that their transient variations could favour
Figure 4 Linear relationship between 1,25(OH)2D and lipoprotein-
associated phospholipase A2 (Lp-PlA2).
plaques rupture, which represents the well-established
causal mechanisms for acute coronary syndromes. Never-
theless, such hypotheses have never been considered, so
far, in a dedicated clinical study.

We firstly report the prevalence and predictors of cal-
citriol deficiency in a consecutive cohort of ACS patients
undergoing early invasive management. We documented
that lower calcitriol levels were associated with main
established cardiovascular risk factors, and in particular
with hypertension, diabetes and worse lipid profile, but
also with renal function, and with a non-significant trend
for presentation with ST-segment elevation MI.

However, at multivariate analysis, only renal failure and
baseline levels of 25(OH)D emerged as independent pre-
dictors of calcitriol inadequate levels, whereas no impact
was played by age or gender, in accordance to the previous
reports by Levin et al. [32] in an unselected cohort of 1814
subjects. However, in this study, 1,25(OH)2D levels were
related to diabetic status and parameters of renal function,
as glomerular filtration and albumin-to-creatinine levels,
although they recruited a large proportion of patients with
kidney disease. In addition, oppositely to our results, in the
study by Levin et al. the prevalence of calcitriol deficiency
was much higher than cholecalciferol deficiency. However,
in the above study [32], about 35e40% of the study cohort
was receiving a multivitamin supplementation, thus
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potentially accounting for the lower prevalence of hypo-
vitaminosis D, as compared to our data.

In fact, similarly to our conclusion, in a previous study
over 500 patients with different degrees of renal dysfunc-
tion (from no chronic kidney disease-CKD to haemodial-
ysis), Pasquali et al. [33] documented that both vitamin D
levels, renal function and parathyroid hormone could
modulate the efficiency of the hydroxylation of 25(OH)D to
calcitriol. In fact, the lowest absolute values were observed
in haemodyalisis patients without cholecalciferol defi-
ciency, as these patients cannot be expected to substan-
tially increase circulating levels of calcitriol from damaged
kidneys simply because of substrate availability. In com-
parison, Vitamin D-replete CKD patients exhibited a hy-
droxylation efficiency that, on average, did not significantly
differ from haemodyalisis patients, suggesting that the
system is blunted in spite of some residual renal function.

In our study, the rate of patients with inadequate cal-
citriol levels was less than 50% of the patients displaying
severe cholecalciferol deficiency, suggesting the possibility
to recruit a synthetic “reserve” for preserving the levels
and function of the active hormone. In fact, the efficiency
of 1,25(OH)2 D hydroxylation, however, can be rapidly
increased by paracrine and auto-regulatory mechanisms,
stimulating a local activity of the 1-a-hydroxylase in
presence of high PTH, low calcium or inflammatory factors
and cytokines. In fact, Pasquali et al. [33] showed in sub-
jects with no CKD, that the efficiency of calcitriol pro-
duction was linearly related to the levels of substrate, but
became an exponential increment when 25(OH)D levels
declined below 20 ng/ml. On the contrary, such reserve
was not observed in presence of renal dysfunction, con-
firming that kidney activity and vitamin D levels represent
the principal determinants of calcitriol production.

Indeed, vitamin D transformation is a tubular process,
therefore being potentially less related with the levels of
renal clearance and glomerular filtration rate (GFR).
Consistently, in the previous report of Prince et al. [34] and
Pasquali et al. [33] vitamin D hydroxylation was main-
tained in moderate renal dysfunction and not completely
abolished in hemodialysis patients, furthermore pointing
at a potential role of extra-renal production of calcitriol.

Such paracrine activation of vitamin D could play an
intriguing role in preventing the acute inflammatory pro-
cesses leading to the instabilization and rupture of a pla-
que and therefore to the onset of acute coronary
syndromes. In fact, we observed a direct linear correlation
of calcitriol with several biomarkers of the inflammatory
and thrombotic process, and the levels of Lp-PlA2 even in a
selected population of high-risk ACS patients, where an
elevation of such parameters could be expected in all pa-
tients. Nevertheless, such hypothesis certainly needs
further confirmations in larger dedicated studies, aiming
at the exact definition of the pathophysiological mecha-
nisms and the prognostic relevance of our observations,
potentially offering new targets for the treatment and risk
stratification of ACS patients.
Due to the high prevalence of low calcitriol levels, our
findings certainly pave the way for future investigations on
the potential role of acute calcitriol supplementation in the
setting of ACS or in special acute inflammatory settings,
including those patients suffering from acute pulmonary
inflammatory disease, especially in light of recent studies
showing that the COVID-19 is associated with panvascular
inflammation [35,36], rather than an isolated pulmonary
disease, that may strongly condition the survival of these
patients.
Study limitations

The first limitation to our study is the relatively small
sample size, with subsequent low statistical power. In
fact, our study represents the first exploratory investiga-
tion in ACS. Therefore, in the absence of specific refer-
ences, we could not appropriately calculate a priori the
sample size.

Indeed, the differential distribution of cardiovascular
risk factors could have partially represented a confounder,
and especially for diabetes. In fact, diabetic status and
glycaemic control could have impacted on vitamin D levels
and activation, but also on inflammation markers. How-
ever, we could not evaluate the duration of diabetes on the
impact of the different oral hypoglycaemic drugs.

Neither, we assessed the levels of parathyroid hor-
mone or cytokines such as TNF alpha and IL6, that would
have given more insight about the modulation of
inflammation by vitamin D and its metabolites in pa-
tients with ACS.

Moreover, we restricted our analysis to higher-risk
ACS patients, in absence of a control population. Never-
theless, such recruitment was planned on purpose, since
no data have been so far reported for calcitriol in an
acute cardiovascular setting, representing on the con-
trary a subset of patients that could achieve the greatest
benefits from the restoration of the cardioprotective ef-
fects of vitamin D.

Finally, we did not collect follow-up data, especially in
patients undergoing coronary angioplasty, and thus we
cannot exclude an impact of 1,25(OH)2D of the progression
of CAD, recurrent cardiovascular events and the risk of
adverse events after PCI.
Conclusions

The present study shows that among ACS patients, calci-
triol deficiency is frequent and can occur even among
patients with adequate vitamin D levels. We identified
renal failure and vitamin D levels as independent pre-
dictors of 1,25(OH)2D deficiency. We observed a signifi-
cant inverse relationship of calcitriol with inflammatory
and metabolic biomarkers, therefore pointing at a poten-
tial more relevant and accurate role of calcitriol, as
compared to vitamin D in the prediction of cardiovascular
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risk. Future trials should certainly investigate the potential
role of acute calcitriol administration in the setting of
acute coronary syndromes as much as in other inflam-
matory disorders.
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