34

Research article

Heart valve disease: The role of calcidiol
deficiency, elevated parathyroid hormone
levels and oxidative stress in mitral and aortic
valve insufficiency

Esin Eren?, Hamit Yasar Ellidag?, Yesim Cekin?, Raif Umut Ayoglu3,
Ali Osman Sekercioglu2, Necat Yilmaz?

'Antalya Public Health Center of Ministry of Health, Antalya, Turkey, *Central Laboratories of Antalya Education
and Research Hospital of Ministry of Health, Antalya, Turkey, *Cardiovascular Surgery of Antalya Education and
Research Hospital of Ministry of Health, Antalya, Turkey

Objectives: Endothelia, intima, and connective tissues comprise the heart valves, but the relationship
between heart valve damage, the pathogenesis of valve degeneration, and vitamin D, oxidative stress
remains unclear. Here, we assessed serum 25(OH) vitamin D (calcidiol), parathormone (PTH), and redox
balance in patients with mitral valve regurgitation (MR) and aortic valve regurgitation (AR).

Methods: This study includes 56 chronic heart valve disease (HVD) patients. Patients were diagnosed with
MR or AR depending on the echocardiographic findings. Also, 40 sex-matched healthy control participants
were enrolled for comparison. Serum calcidiol, PTH, total oxidative status (TOS), and total antioxidative
capacity were measured, and the oxidative stress index (OSI) was calculated.

Results: Patients with HVD demonstrated significantly higher PTH, increased TOS and OSI, and a higher
frequency of calcidiol deficiency than the control participants. Calcidiol and TOS were negatively
correlated (r= —0.29; P <0.005), as were calcidiol and OSI (r=—-0.413; P=0.001). PTH and OSI were
positively correlated (r=0.22; P=0.02).

Discussion: We demonstrate that vitamin D deficiency and secondary increases in PTH are highly prevalent.
Heart valve regurgitation (AR and MR) is correlated to oxidative stress and hypovitaminosis D.
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Introduction
Heart valve disease (HVD), a major public health
problem, can only be effectively treated using
surgery. Its pathophysiology is not fully understood.
The estimated overall age-adjusted prevalence of valv-
ular heart disease is 2.5%, and mitral valve regurgita-
tion (MR) is the most common valvular heart
condition reported worldwide. MR, aortic regurgita-
tion, aortic stenosis, and mitral stenosis demonstrate
prevalences of 1.7, 0.5, 0.4, and 0.1%, mspectively.1
HVD develops and progresses with age. Aging
results in reduced outdoor activity, food intake, and
vitamin D synthesis in the skin. The nutritional
intake of vitamin D is often too low to compensate
for reduced dermal vitamin D synthesis. Vitamin D
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synthesis in the skin usually contributes 80-90% of
the vitamin D required by a healthy person.?

The cellular actions of vitamin D are mediated by
the membrane-bound and cytosolic vitamin D recep-
tors (VDR). VDR is nearly universally expressed,
and nearly all cells react to vitamin D exposure.
About 3% of the human genome is organized, directly
or indirectly, by the vitamin D endocrine system.® >

Furthermore, it has been previously reported that
cardiac myocytes and fibroblasts express the la-
OHlase and 24-OHlase enzymes. The conversion of
25-hydroxycholecalciferol to calcitriol (1,25-dihydroxy-
vitamin D3), the active form of vitamin D, by la-
OHlase mainly depends on substrate availability in
extrarenal tissues; this finding suggests that circulating
calcidiol concentrations might be a significant deter-
minant of vitamin D effects in the myocardium.®”
So, the available accumulating evidence suggests that
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calcitriol exerts important physiological effects on car-
diomyocytes, smooth muscle cells, and the vascular
endothelium. Several large, prospective, observational,
and cohort studies have reported that high vitamin D
status is associated with approximately 50% lower car-
diovascular morbidity and mortality risk compared
with low vitamin D status.”'*

Patients with secondary hyperparathyroidism
demonstrate a high incidence of cardiac hypertrophy,
calcium deposits in the myocardium, and aortic and
mitral valve calcification; thus, these patients may be
at higher risk of death from cardiovascular system dis-
eases.>>1? Calcium deposits in the myocardium are
found in 74% of patients.’

A growing body of evidence demonstrates that oxi-
dative stress is a key player in the progression of
HVD.!?*22 Most especially, high oxidative stress is
involved in hypovitaminosis D and the progression
of cardiovascular damage.”’ Circulating calcidiol is
an indicator of vitamin D status. As needed, calcidiol
1s converted to its active hormonal form, calcitriol
(1,25-dihydroxyvitamin D3), in the kidneys, a
process that is usually tightly controlled by parathor-
mone (PTH).>*** PTH levels start rising at < 20 cal-
cidiol ng/ml.

We hypothesized that plasma calcidiol levels would
be lower in patients with HVD. The objectives of this
study are to estimate the prevalence of calcidiol
deficiency in HVD patients with MR and aortic
valve regurgitation (AR) and evaluate the relationship
between calcidiol deficiency and redox balance in
these patients.

Materials and methods

The study population consists of 56 patients who
received clinical examinations at the cardiology outpa-
tient clinic between November 2010 and April 2011.
Patients were diagnosed with MR or AR depending
on their echocardiographic findings. In addition, 40
sex-matched healthy control participants (hospital
staff) were enrolled for comparison. All patients were
evaluated and diagnosed by the same cardiologist
based on their echocardiographic findings. Patients
with any secondary primary hyperparathyroidism,
chronic renal failure, other cardiac diseases, acute or
chronic inflammatory diseases, malignancy, cerebro-
vascular disease, pregnancy, and patients using any
medications that could influence the results (e.g.
vitamin use, lipid-lowering agents, antioxidant drugs)
were excluded. All participants belonged to the same
ethnic group and socioeconomic status. All partici-
pants received a full physical examination, were
asked to complete a general questionnaire, and pro-
vided informed consent before the onset of the study.
The following data were recorded for each patient:
age, sex, chronic treatments, alcohol consumption,
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smoking habits, and family history of cardiovascular
disease. Blood pressure was manually measured
using a sphygmomanometer. This study was per-
formed in accordance with the ethical standards set
by the Declaration of Helsinki and approved by the
local ethics committee.

Blood sample collection

Blood samples were obtained from the patients and
control participants after overnight fasting. Sera were
separated from the cells by centrifugation at 448 rcf
for 10 minutes. Lipid parameters and serum creatinine
were immediately measured. The remaining serum
samples were stored at —80°C and used to analyze cal-
cidiol, PTH, total oxidative status (TOS), and total
antioxidant status (TAS).

Analytical methods

Measurement of serum calcidiol

25 OH-D (calcidiol) assays (DiaSorin, Stillwater, MN)
were performed using a and the direct competitive che-
miluminescence  immunoassay =~ method.  The
LIAISON assay is linear up to 125 ng/ml total 25
OH-D in unaltered samples. The limit of detection is
3.5ng/ml and the coefficient of variation ranges
between 4.8-11.1% 25 OH-D for this assay.

Measurement of serum PTH

Serum intact PTH levels were determined using com-
mercially available assay kits (Beckman Coulter) and
an autoanalyzer (Access DxI800; Beckman Coulter
Diagnostics, Germany). The intact PTH assay is a
two-site immunoenzymatic (‘sandwich’) assay.

Determination of serum total oxidant status

Serum TOS levels were analyzed using the novel auto-
mated colorimetric measurement method developed
by Erel.”> Using this method, the oxidants in the
sample oxidize the ferrous ion-chelator complex to
ferric ion, which makes a colored complex with the
chromogen in an acidic medium. The color intensity,
which can be measured spectrophotometrically, corre-
lates to the total amount of oxidant molecules present
in the sample. The results are expressed in micromolar
hydrogen peroxide equivalent per liter (umol H,O,
Equiv./1).

Determination of serum total antioxidant status

Serum TAS levels were analyzed by using the novel
automated colorimetric measurement method devel-
oped by Erel.?® Using this method, the antioxidants
in the sample reduce the dark blue-green 2,2'-azino-
bis (3-ethylbenzthiazoline-6-sulphonic acid) (ABTYS)
radical to the colorless reduced ABTS form. The
change in absorbance at 660 nm is correlated with
the total antioxidant level of the sample. This
method can be used to determine the antioxidative
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effects of the sample against the potent free radical
reactions initiated by the produced hydroxyl radical.
The results are expressed as micromolar trolox equiv-
alent per liter (umol trolox Equiv./I).

Oxidative stress index

The percentage ratio of TOS:TAS has been suggested
as an oxidative stress index (OSI).”” To calculate
OS], the resulting micromolar unit of TAS was con-
verted to millimoles per liter using the formula:
OSI = TOS (umol H,O, Equiv./1)/TAS (umol trolox
Equiv./I).

Routine parameters

Triglycerides, total cholesterol, high-density lipopro-
tein (HDL)-cholesterol, and serum creatinine levels
were determined using commercially available assay
kits (Abbott) and an autoanalyzer (Architect c16000;
Abbott Diagnostics, Texas, USA).

Statistical analysis

Statistical analyses were carried out using statistical
software. For normally distributed data, the results
are presented as the mean and standard deviation;
the median and interquartile range are used for non-
normally distributed data. Significant differences
between groups were determined using the Student
unpaired t-test for normal distributions and the
Mann—Whitney U test for abnormal distributions.
Categorical variables were evaluated using the Fisher
exact test. Pearson and Spearman correlation
coefficients were used to assess the strength of any
associations between different variables. In this
study, P < 0.05 indicates statistical significance.

Results
Mean body mass index was significantly higher, and
mean age was significantly lower, in the control

Table 1 Demographic and laboratory data of HVD patients
and control participants

Patients Control
Parameter (n=56) (n=40) P
Age, years 64.4+13.3 58 +10.4 0.06
Men, n (%) 28 (50%) 20 (50%) 0.99
HT, n (%) 30 (53.5%) 22 (55%) 0.99
DM, n (%) 21 (37.5%) 5(12.5%) <0.01
Smoker, n (%) 12 (21.4%) 9 (22.5%) 0.99
BMI (kg/m>3), 269+ 4.1 20.3+3.7 <0.01
mean + SD

CVD history, n (%) 21 (37.5%) 8 (20%) 0.07

Creatinine (mg/dl) 0.8 (0.7-1.1) 0.7 (0.7-0.9) 0.06
TC, mg/dl 171+ 39 207 =50 <0.01
TG, mg/dl 126 + 65 147 + 55 0.09
HDL-C, mg/dl 35+ 12 48 + 12 <0.01
LDL-C, mg/dl 110+ 31 126 + 37 0.02

HT, hypertension; DM, diabetes mellitus; BMI, body mass
index; CVD, cardiovascular disease; TC, total cholesterol; TG,
triglyceride; LDL, low-density lipoprotein cholesterol; HDL, high-
density lipoprotein cholesterol.
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participants in comparison with the HVD patients.
HVD patients demonstrated higher rates of smoking,
hypertension, and family history of cardiovascular
disease in comparison with the control participants,
though these differences were not statistically signifi-
cant. When laboratory findings were compared, TC,
low-density lipoprotein (LDL), and HDL levels were
significantly higher in the control participants (P <
0.01, P=0.02, and P < 0.01, respectively). The demo-
graphic and laboratory data are summarized in
Table 1.

In this study, 14 and 42 patients were diagnosed with
AR and MR, respectively. The echocardiographic
findings are summarized in Table 2.

PTH, TOS, and OSI levels were significantly higher
in HVD patients (P < 0.001, P = 0.002, and P < 0.001,
respectively), but calcidiol levels were significantly
lower compared with the control participants (P <
0.001; Table 3).

When analyzing the echocardiographic findings,
there was only a negative correlation between left
ventricular ejection fraction (%) and TOS (r = —0.34;
P =0.01). There was no statistically significant corre-
lation between calcidiol, PTH, TAS, OSI, and the
other echocardiographic findings. Correlation analysis
was used to assess calcidiol, PTH, and oxidative stress
in the entire study population (n = 96), demonstrating
negative correlations between calcidiol and TOS
(r=-0.29; P=0.005) and calcidiol and OSI
(r=—-0.413; P =0.001). There was also a positive cor-
relation between PTH and OSI (r = 0.22; P =0.02).
The negative correlation between calcidiol and PTH
observed in the patient group (r = —0.334; P =0.01)
was not observed in the control group (Fig. 1).

Discussion

In this study, oxidative stress markers, particularly
PTH, were significantly higher in calcidiol-deficient
patients with MR and AR. These data suggest the
direct oxidative effects of high parathyroid levels on

Table 2 Echocardiographic findings

Mean + SD/median Reference
Parameter (interquartile range) interval
Ejection fraction (%) 50.7 (15.5) > 55
LV end-diastolic 544+79 50.8+ 3.6
diameter (mm)
LV end-systolic 39.2+10.1 329+34
diameter (mm)
Aortic velocity (m/ 1.5(1.3-2.0) 0.7-1.6
second)
Aort diameter (cm) 3.19+0.46 2.5-29
Left atrium diameter 46.7 + 9.1 375+36
(mm)
Interventricular 1.18+£0.23 0.6-0.9

septum (cm)

LV, left ventricle.



Table 3 Calcidiol, PTH, and oxidative stress in HVD patients
and control participants

Patients Control
Parameter (n =56) (n =40) P
Calcidiol, ng/ml 10+8 22+7 <0.001
PTH, pmol/I 59 (46-66) 39 (30-47) <0.001
TAS (nmol Trolox /1) 1.34+04 1.37 0.2 0.7
TOS (umol H202 8 (5.6-19.6) 6.3 (4.4-7.3) 0.002
Equiv./I)
oSl 6.2 (5.2-9.3) 4.3 (4-4.9) 0.001

Results are either shown as the mean + SD (normal
distributions) or median (interquartile range) (abnormal
distributions). PTH normal range: 10-76 pmol/L.

the heart valves, as measured by TOS enhancement,
and that OSI is most likely mediated by VDR. To
the best of our knowledge, this is the first study to
demonstrate an association between serum calcidiol
and cardiac valve regurgitation (MR and AR) in
patients with chronic HVD. We previously reported

Eren et al. Heart valve disease

that high oxidative stress induced by the downregula-
tion of the paraoxonase (HDL-associated antioxidant
enzyme) affects the progression of mitral and aortic
insufficiency. These results suggest that oxidative
stress is associated with the pathophysiology of
HVD.! Indeed, HVD is a multifactorial process that
results from the interactions of several risk factors,
including genetic risks, immuno-inflammatory
responses, infectious agents, and oxidative stress, but
its pathophysiology is not fully understood.

Heart valves are composed primarily of an extra-
cellular matrix, smooth muscle cells, fibroblasts, and
endothelial cells. However, the biochemical mechan-
isms of calcium deposition in the heart valve and its
turnover are poorly understood, but they do depend
on the different cell layers and mechanical, develop-
mental, and metabolic features of the diseased valve.
Many fundamental questions still need to be
addressed. In a community-based population of
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Figure 1 Graphics of significant correlations: (A) left ventricular ejection fraction (%) and TOS (r = -0.34, P =0.01); (B) calcidiol
and TOS (r=-0.29, P =0.005); (C) calcidiol and OSI (r=-0.413, P=0.001); (D) PTH and OSI (r=0.22, P = 0.02); (E) calcidiol and

PTH (in the patient group) (r=-0.334, P =0.01)
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older adults with no known history of CVD, high
serum PTH (yet still within the normal range) was
associated with aortic valve sclerosis and mitral
annular calcification.”® The observed associations
were dependent on calcidiol and PTH, both of which
play biological roles in redox balance and oxidative
stress. Recent data on secondary hyperparathyroidism
due to chronic renal failure suggest that the pro-
gression of aortic valve stenosis is related to PTH.?
In order to restore extracellular Ca?* and Mg?*
homeostasis, increasing plasma PTH paradoxically
leads to intracellular Ca?* overload in diverse
tissues, including heart valves.*>*' This study did not
include patients with secondary hyperparathyroidism
due to chronic renal failure. There was a negative cor-
relation between calcidiol and PTH in the patient
group, but not in the control group. Serum PTH also
increased in response to hypovitaminosis D, similar
to secondary hyperparathyroidism. The average PTH
level of our cases was not only higher than controls
but was also within the normal range below the
threshold. However, average PTH levels of HVD
patients was 59 pmol/l (46-66), the high end of the
normal reference range.

Recent studies on the pathophysiological mechan-
isms of valvular disease tend to focus on impaired oxi-
dative mechanisms. Located in the heart valve,
endothelial cells may also be affected by oxidative
stress. It is believed that the oxidative modification
of LDL by free oxygen radicals plays a pivotal role
in the onset and progression of the heart valve
lesions. ! Recently, it was reported that calcitriol pro-
tects endothelial cells against H,O, oxidative stress,
counteracting the generation of superoxide anions,
the onset of apoptosis, and blocking the extrinsic
caspase cascade by positively controlling the phos-
phorylation of ERK. Thus, calcitriol significantly
reduces endothelial malfunction and damage due to
oxidative stress via the activation of the MEK/
ERK/SirT-1 axis.*® Ahmed er al** reported that
marked myocyte myofibrillar degeneration can occur
as a result of increased oxidative stress and might be
responsible for the progression of MR.

In this study, we demonstrate that vitamin D
deficiency and secondary increases in PTH are
highly prevalent. Heart valve regurgitation (AR and
MR) is also correlated with oxidative stress and
more common in hypovitaminosis D patients than
control participants. Impaired oxidative balance, calci-
diol deficiency, and the characteristics associated with
HVD patients are less understood. To the best of our
knowledge, this study is the first to report the high
prevalence of calcidiol deficiency and elevated PTH
levels in different types of heart valve pathologies.
Adequate calcidiol levels may promote cardiovascular
health by improving endothelial function and
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downregulating inflammation. In addition, calcitriol
modulates endothelial and nitric oxide functions in
the heart valves.*® Oxidative stress is also associated
with CVD. In this study, serum TOS and OSI, which
reflect the redox balance between oxidation and anti-
oxidation, demonstrated differences between HVD
patients and control participants. Oxidative modifi-
cation of LDL by free oxygen radicals reportedly
influences the initiation and progression of valve
lesions.

Heart valves are primarily composed of the extra-
cellular matrix and surrounded by an endothelial cell
monolayer and a few scattered cells that demonstrate
characteristics that are intermediary between fibro-
blasts and smooth muscle cells.*® Prolonged oxidative
damage inevitably leads to the endothelial dysfunction
that ultimately allows lipids and toxins to penetrate the
endothelial layer and accumulate, which in turn elicits
an oxidative and inflammatory cascade that is mainly
mediated by cytokins.?” This effect might contribute to
the high risk of developing HVD conditions caused by
the chronic reduction in bioavailable calcitriol.

Although the older age of the study patients is a
major limitation, in addition to the fact that we did
not obtain follow-up data, this is the first study to
report that calcidiol deficiency is highly prevalent in
patients with AR and MR. Low calcidiol is inversely
correlated with oxidative markers and PTH-related
differences in HVD outcomes. Future studies could
help develop therapies for low vitamin D levels and
improve clinical outcomes in chronic MR and AR
patients.
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