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been well described only in the context of aortic 
stenosis. In contrast, data on Ca accumulation in 
the mitral annulus in patients with MR and chron‑
ic kidney disease are limited.15-18 Only one study 
has examined the frequency of valvular heart dis‑
ease (defined as the need for mitral valve [MV] re‑
pair or replacement and at least moderate steno‑
sis or regurgitation with no distinction between 
the valves) in patients with vitamin D deficien‑
cy.19 Therefore, we aimed to assess the extent of 
Ca and P metabolism disorders in patients with 
MR and potential role of these disorders as risk 
factors of CVD.

Introduction  Although there are several 
known risk factors associated with cardiovascular 
diseases (CVDs), the search for new factors con‑
tinues. In recent years, clinical trials have report‑
ed vitamin D and other calcium (Ca) and phos‑
phate (P) metabolism disorders as potential new 
cardiovascular risk factors.1-13 Valvular heart dis‑
ease is the third most common cause of heart fail‑
ure (HF) after coronary artery disease and hyper‑
tension.14 In Europe, mitral regurgitation (MR) is 
the second most frequent acquired valvular dis‑
ease in adults.14 The coexistence of Ca and P me‑
tabolism disorders and valvular heart disease has 
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Abstract

Introduction  Although there are several known risk factors of cardiovascular diseases (CVDs), 
the search for new factors continues. In recent years, clinical trials have reported vitamin D and other 
calcium (Ca) and phosphate (P) metabolism disorders as potential new cardiovascular risk factors, but 
literature data on this association are limited.
Objectives  We aimed to assess the extent of Ca and P metabolism disorders in patients with mitral 
regurgitation (MR) and potential role of these disorders as risk factors of CVD.
Patients and methods  We enrolled adult patients with significant MR (vena contracta >3 mm, ef‑
fective orifice area >0.2 cm2, and MR volume >30 ml/s) hospitalized in our department between July 
and September 2013. Anthropometric data were collected. Moreover, all patients underwent blood and 
urine analysis, transthoracic echocardiography, and 6‑minute walking test.
Results  A total of 99 patients were enrolled (median age, 75 years; [Q1–Q3, 66.0–81.5]; women, 35.4%). 
The median serum Ca level corrected by albumin was 3.22 mmol/l [Q1–Q3, 3.14–3.27]. The mean (SD) 
serum ionized Ca level corrected by pH was 1.05 (0.08) mmol/l. The median levels of parathyroid hormone 
(PTH) and 25(OH)D3 were 63.10 pg/ml [Q1–Q3, 40.95–88.55] and 14.80 ng/ml [Q1–Q3, 9.93–20.12], 
respectively. Patients with a history of heart failure (HF) with reduced ejection fraction (New York Heart 
Association class IV), shorter distance in the 6‑minute walking test, lower left ventricular ejection fraction, 
and larger left ventricular end‑diastolic diameter had significantly higher probability of elevated PTH levels.
Conclusions  Disorders of Ca and P metabolism in patients with significant MR are a noteworthy 
clinical problem. Our study is the first to systematically describe these disorders in patients with CVD. 
However, larger studies are needed to confirm the significance of our results.
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available diagnostic ultrasound system (iE 33, 
Philips Medical System, Best, the Netherlands). 
All measurements were performed by an expe‑
rienced cardiologist according to the guidelines 
of the European Association of Cardiovascular 
Imaging.26-28

The study was conducted in accordance with 
the Declaration of Helsinki. All patients gave 
their written informed consent to participate 
in the study. The local institutional review board 
approved the study protocol (approval number 
63/2013).

Statistical methods  The Shapiro–Wilk test of 
normality was used to assess the distribution of 
continuous variables. Continuous variables were 
reported as mean (SD) for normally distributed 
variables and median (interquartile range [IQR]) 
for variables deviating from normal distribution. 
Categorical variables were reported as frequen‑
cies and percentages. To compare continuous 
variables, the t test was used for normally dis‑
tributed variables, and the Mann–Whitney test 
was applied for variables deviating from normal 
distribution. To compare categorical variables, 
the Fisher exact test was used. In the regression 
analysis, data were corrected for age, sex, and re‑
nal function impairment. The significance level 
was set at a P value of less than 0.05. The anal‑
ysis was performed using the R 3.1.2 statistical 
package (R Core Team. [2014] R: A language and 
environment for statistical computing. R Founda‑
tion for Statistical Computing, Vienna, Austria).

Results  The study included 99 patients at a 
median age of 75 years (IQR, 66.0–81.5). All pa‑
tients had a history of HF; 64.6% had hyper‑
tension, and 46.5% had chronic kidney disease. 
The clinical characteristics of the patients are 
summarized in Table 1. Echocardiographic and 
biochemical parameters are presented in Table 2. 
All patients had elevated serum Ca levels cor‑
rected by albumin (median [IQR], 3.22 mmol/l 
[3.14–3.27]). The serum P level was also elevated 
in all patients (mean [SD], 3.51 [0.62] mmol/l). 
The median serum PTH level was 63.10 pg/ml 
(IQR, 40.95–88.55); it was elevated in 48.42% 
of the patients. Vitamin D deficiency was detect‑
ed in 92.71% of the patients. Parameters of Ca 
and P metabolism, as well as the frequency of 
the disorders, are summarized in Table 3. Patients 
with a history of HF with reduced ejection frac‑
tion were more likely to have elevated PTH lev‑
els (odds ratio [OR], 3.361; 95% confidence in‑
terval [CI], 1.331–9.187; P = 0.013] than the re‑
maining patients. Elevated PTH levels were also 
more likely in patients with New York Heart As‑
sociation (NYHA) class IV (OR, 7.079; 95% CI, 
1.908–30.154; P = 0.001) and in patients on di‑
uretics (OR, 7.572; 95% CI, 2.245–35.160; P = 
0.003) than in the remaining patients. The proba‑
bility of elevated PTH levels was lower in patients 
with longer distance in the 6‑minute walking test 
(OR, 0.996; 95% CI, 0.0993–0.998; P = 0.003). 

Patients and methods S tudy population  
The study population included 99 patients hos‑
pitalized (both elective and emergent hospital‑
ization) in our cardiology department between 
July  1, 2013, and September 30, 2013. The study 
was conducted in the summer months to ensure 
adequate exposition to sunlight. The inclusion 
criteria were age above 18 years and significant 
MR confirmed by transthoracic echocardiogra‑
phy (vena contracta >3 mm, effective orifice area 
>0.2 cm2, and MR volume >30 ml/s). The exclu‑
sion criteria were a lack of written consent, med‑
ical history of invasive MV treatment (surgical or 
percutaneous MV repair or surgical MV replace‑
ment), MV stenosis of any type, chronic kidney 
disease requiring dialysis, history of thyroid or 
parathyroid disorders (including thyroidecto‑
my or parathyroidectomy), any clinical condi‑
tion requiring temporary (at least 2 weeks) or 
long‑term immobilization during the 6 months 
prior to the study, and chronic Ca or vitamin 
D supplementation. On admission, all patients 
underwent physical examination for anthropo‑
metric measurements, and detailed medical his‑
tory was collected regarding valvular heart dis‑
ease, Ca and P metabolism, vitamin D deficien‑
cy, dietary regimens, physical activity, and vita‑
min supplementation. Each patient underwent 
standard hospitalization with respect to their 
individual symptoms, clinical status, initial di‑
agnosis, and comorbidities.

Biochemical parameters  Blood samples were col‑
lected in the morning, after at least 12 hours 
of fasting and after 30‑minute rest in a supine 
position in a quiet, environmentally controlled 
room, using a standardized protocol. Urine sam‑
ples were collected in the morning after at least 
12 hours of fasting and then after 24 hours. Se‑
rum parathyroid hormone (PTH) levels were de‑
termined with the Elecsys PTH (1–84) test (Co‑
basÒ, Roche Diagnostics GmbH, Mannheim, Ger‑
many). Vitamin D [25(OH)D3] was measured us‑
ing the LIAISON test (DiaSorin Inc., Stillwater, 
Minnesota, United States). To calculate Ca lev‑
els corrected by albumin ([Ca]alb) and pH ([Ca2+]

pH), the following formulations were used20-25:
[Ca]alb (mmol/l) = Ca (mmol/l) + {[40 g/l − al‑

bumins (g/l)] × 0.025}, and 
[Ca2+]pH (mmol/l) = Ca2+ (mmol/l) × [1 – 0.53 × 

(7.4 − pH)].
Laboratory calibration references for Ca 

and  P metabolism parameters were as fol‑
lows: [Ca]alb (serum), 2.19–2.54  mmol/l; 
[Ca2+]pH (serum), 1.13–1.32 mmol/l; daily uri‑
nary Ca secretion, 2.5–6.25 mmol/24 h (females) 
and 3.75–7.5 mmol/24 h (males); P (serum) 
0.9–1.5 mmol/l and P (urine) 40–136 mg/dl; dai‑
ly urinary P secretion, 0.4–1.3 g/24 h; PTH (se‑
rum), 10–65 pg/ml; and 25(OH)D3, 30–80 ng/ml.

Echocardiographic parameters  A  standard 
2‑dimensional and Doppler echocardiography ex‑
amination was performed, using a commercially 
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In the study cohort, the mean (SD) serum Ca 
level was 2.30 (0.12) mmol/l, which is compara‑
ble with the values reported by Zittermann et al29 

(2.30 [0.02] mmol/l and 2.27 [0.02] mmol/l) as 
well as with the value reported by Cubbon et al30 
(2.29 mmol/l) in a cohort of 713 patients with 
HF. Similar results on serum Ca levels were pub‑
lished by Miura et al31 and Rozentryt et al.32 We 
did not identify any studies that would describe 
in detail the frequency of hypocalcemia or hy‑
percalcemia or that would analyze ionized Ca or 
serum Ca levels in patients with CVD.

In our study, the mean (SD) serum P level 
was 3.51 (0.62) mmol/l. A mean (SD) P level of 
1.1 (0.2) mmol/l was reported by Rozentryt et 
al32,33 in a group of 722 patients. Moreover, in 
a study by Myrda et al,34 including a cohort of 
412 patients, the reported values were 1.02 (0.2) 
mmol/l, 1.06 (0.2) mmol/l, 1.12 mmol/l, and 
1.24 mmol/l for patients in the NYHA class‑
es I, II, III, and IV, respectively (P <0.001). Fur‑
thermore, Miura et al31 reported a mean (SD) 
P level of 1.23 (0.42) mmol/l (in 152 patients) in 
the group with normal or elevated Ca levels and 
1.16 (0.26) mmol/l (in 32 patients) in the group 
with reduced Ca levels. 

The discrepancies between our results and 
those of the other studies are difficult to ex‑
plain. A potential reason might be the exact time 
when the laboratory analyses of P levels were 
performed. Previous investigators extensively 
discussed hyperphosphatemia and its potential 
causes and effects in their study cohorts. They 
reported the significance of increased catabolic 
processes in cases of HF exacerbation. In all cit‑
ed studies, the laboratory determination of P lev‑
els was performed in patients with no signs or 
symptoms of HF decompensation; N‑terminal 
pro‑B‑type natriuretic peptide (NT-proBNP)  lev‑
els were 480 pg/ml, 917 pg/ml, 2021 pg/ml, and 
3063 pg/ml for patients in NYHA classes I, II, III, 
and IV, respectively (P <0.001).32,33 In the group 
with normal or elevated Ca levels, the mean lev‑
el was 469.3 pg/ml,34 and in the hypocalcemic 
group, it was 415.0 pg/ml.31 In our study, de‑
spite attempts to achieve a state of no signs or 
symptoms of HF decompensation in patients, 
the median NT‑proBNP level was 1815 pg/ml 
(IQR, 583.50–3483.25). This may indicate an in‑
sufficient switch from catabolic into anabolic me‑
tabolism in patients with CVD and, at the same 
time, it may indicate that the analysis might have 
been performed too early. However, other po‑
tential reasons for elevated NT‑proBNP levels 
should be considered. A potential cause may have 
been the presence of valvular heart disease, in‑
cluding MR.35-37 No data regarding the frequen‑
cy and degree of MR could be found in the re‑
viewed literature; therefore, it is possible that 
the presence of hemodynamically significant MR 
could explain the inconsistent results. There is 
evidence that the presence of MR in patients 
with HF significantly affects mortality.38 Simi‑
lar results have been reported for the presence 

Moreover, it decreased with an increase in left 
ventricular ejection fraction (OR, 0.965, 95% 
CI, 0.747–0.943; P = 0.01). Finally, the probabil‑
ity of elevated PTH levels was higher with an in‑
crease in the left ventricular end‑diastolic diame‑
ter (OR, 1.049; 95% CI, 1.002–1.102; P = 0.048).

Discussion  To our knowledge, our study is 
the first to systematically describe disorders of 
Ca and P metabolism in patients with significant 
MR. All our patients had a history of HF, in addi‑
tion to significant MR. Therefore, due to the lack 
of published data concerning the type and fre‑
quency of Ca and P metabolism disorders in pa‑
tients with significant MR, our results are dis‑
cussed in comparison with those available for 
patients with HF.

TABLE 1  Characteristics of the study population (n = 99)

Parameter Value

Age, y, median (Q1–Q3) 75.0 (66.0–81.5)

Sex, n (%) Female 35 (35.4)

Male 64 (64.6)

Weight, kg, median (Q1–Q3) 80.0 (67.0–87.8)

BMI, kg/m2, median (Q1–Q3) 26.5 (24.2–30.2)

BSA, m2, mean (SD) 1.89 (0.25)

Distance in 6‑MWT, min, median (Q1–Q3) 150.0 (40.0–440.0)

Comorbidities, n (%)

HF 99 (100)

HF‑PEF 32 (32.3)

HF‑REF 44 (44.4)

Right ventricular HF 25 (25.3)

DCM 36 (36.4)

Hypertension 64 (64.6)

Diabetes 32 (32.3)

CKD 46 (46.5)

CKD according to stage I 19 (19.4)

II 41 (41.8)

III 33 (33.7)

IV 5 (5.1)

AF 39 (63.9)

HF according to NYHA class I 36 (36.4)

II 34 (34.3)

III 11 (11.1)

IV 18 (18.2)

Medical therapy, n (%)

β‑blockers 85 (87.6)

ACEIs 78 (80.4)

Angiotensin receptor blockers 11 (11.3)

Calcium channel blockers 20 (20.6)

Diuretics 76 (78.4)

Mineralocorticoid receptor antagonists 35 (36.1)

Abbreviations: ACEI, angiotensin‑converting enzyme inhibitor; AF, atrial fibrillation; BMI, 
body mass index; BSA, body surface area; CKD, chronic kidney disease; DCM, dilated 
cardiomyopathy; HF, heart failure; HF‑PEF, heart failure with preserved ejection fraction; 
HF‑REF, heart failure with reduced ejection fraction; NYHA, New York Heart Association; 
6‑MWT, 6‑minute walking test
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of Ca and P metabolism disorders.39-43 Howev‑
er, there are no data describing the direct effect 
of these disorders on mortality and morbidity 
in patients only with MR or in those with MR 
and HF. Moreover, there are no data on the fre‑
quency of Ca and P metabolism disorders in pa‑
tients with CVD. Therefore, further studies are 
needed in this field.

Disturbances in serum PTH levels were ana‑
lyzed. The median serum PTH level was 63.10 
pg/ml (IQR, 40.95–88.55), which is in line with 
the results of other studies.29,31,44 Moreover, our 
findings on the associations between the proba‑
bility of elevated PTH levels and NYHA class, use 
of diuretics, 6‑minute walking test results, and an 
increase in left ventricular ejection fraction and 
left ventricular end‑diastolic diameter are also 
in line with the cited data and support the con‑
cept that disorders of Ca and P metabolism are 
involved in the development of HF.31,42,45,46

In our study, we analyzed also se‑
rum vitamin  D levels. The  median levels of 
25(OH)D3 in our study cohort were 14.80 
ng/ml (IQR, 9.93–20.12). In a study by Witte 
et al,44 the mean (SD) 25(OH)D3 level was 14.82 
(8.81) ng/ml, and in a study by Zittermann et 
al,29 it was 13.62 (0.8) ng/ml (259 patients) 
and 9.21 (1.6) ng/ml (46 patients). In a study 
by Linefsky et al,15 Ca and P metabolism disor‑
ders in patients with degenerative AV disease 
and mitral annular calcifications were investi‑
gated in 1938 patients at advanced age (mean 
age, 73.5 years) (73.23 [11.16] years in our pop‑
ulation) and no history of CVD; the mean (SD) 
25(OH)D3 level was 25.8 (11.7) ng/ml. These re‑
sults are in line with the available data for HF 
cohorts.32,47-49 Interestingly, the serum vitamin 
D concentrations in our study were lower than 
those observed in the POLSENIOR study,50 which 
included 2899 men and 2796 women aged over 
65 years. The mean (SD) levels in POLSENIOR 
were 40.4 (6.2) ng/µl for men and 35.2 (18.5) for 
women, respectively. This may support our hy‑
pothesis that additional factors must play an im‑
portant role in Ca and P metabolism in patients 
with significant MR. Our study has several lim‑
itations. First, the study sample was small and 
included only 38 patients with severe MR. Sec‑
ond, Ca and P metabolism parameters were mea‑
sured only once during the study period. Fur‑
thermore, we could not determine some parame‑
ters, such as different vitamin D metabolites, so 
a more detailed analysis was not possible. In ad‑
dition, there was a lack of a long‑term follow‑up, 
including a follow‑up after introducing Ca and 
vitamin D supplementation. Finally, there are no 
published data for comparison with our results.

In conclusion, disorders of Ca and P metabo‑
lism in patients with significant MR are a note‑
worthy clinical problem. Our study is the first in 
the literature to systematically describe these dis‑
turbances in patients with CVD. However, larger 
studies are required to confirm the significance 
of our results.

TABLE 2  Echocardiographic and biochemical parameters of the study population

Parameter Value

LVEF, % 50.0 (29.0–62.0)

LVDd, mm 56.0 (49.5–65.0)

LVEDV, ml 111.5 (79.0–182.3)

LVEDV / BSA 58.4 (43.2–91.4)

IVSDd, mm 10.0 (10.0–11.8)

PWDd, mm 10.0 (9.0–11.0)

LAV, ml 100.0 (71.3–126.0)

LAV / BSA 53.0 (38.2–65.5)

RVSP, mm Hg 43.0 (39.0–53.5)

TAPSE, mm, mean (SD) 22.0 (6.8)

MV annulus, mm, mean (SD) 37.4 (6.4)

VC, mm 6.0 (5.0–7.0)

PISA radius, mm 6.0 (5.0–7.0)

MR volume, ml/beat 23.0 (17.0–31.0)

ERO area, cm2 0.15 (0.10–0.22)

Creatinine, mmol/l 1.03 (0.83–1.22)

eGFR, ml/min/1.73 m2 67.11 (24.09)

Albumin, g/l 4.00 (3.72–4.22)

Total protein, g/l 6.52 (0.69)

C‑reactive protein, mg/l 2.80 (1.10–8.47)

NT‑proBNP, pg/ml 1815.0 (583.5–3483.3)

Data are presented as median (Q1–Q3) unless stated otherwise.

Abbreviations: BSA, body surface area; eGFR, estimated glomerular filtration rate; ERO, 
effective regurgitant orifice; IVSDd, intraventricular septum diastolic diameter; LAV, left 
atrial volume; LVDd, left ventricular diastolic diameter; LVEDV, left ventricular end
‑diastolic volume; LVEF, left ventricular ejection fraction; MR, mitral regurgitation; MV, 
mitral valve; NT‑proBNP, N‑terminal pro‑B‑type natriuretic peptide; PISA, proximal 
isovolumetric surface area; PWDd, posterior wall diastolic diameter; RVSP, right 
ventricular systolic pressure; TAPSE, tricuspid annular plane systolic excursion; VC, 
vena contracta; others, see TABLE 1

TABLE 3  Parameters of calcium and phosphate metabolism in the study group

Parameter Study group Deficiency, % Excess, %

pH 7.40 (7.38–7.43) – –

Albumins, g/l 4.00 (3.72–4.22) – –

Serum [Ca]alb, mmol/l 3.22 (3.14–3.27) 0 100

Serum [Ca2+]pH, mmol/l, mean (SD) 1.05 (0.08) 84.3 0

24‑hour urinary calcium 
excretion, mmol/24 h

2.25 (1.28–2.92) 56.6 4.0

Serum phosphates, mmol/l,  
mean (SD)

3.51 (0.62) 0 100

Urinary phosphates, mg/dl 30.00 (18.15–37.65) 76.0 2.7

24‑hour urinary phosphate 
excretion, g/24 h

0.47 (0.32–0.75) 36.0 2.7

Serum PTH, pg/ml 63.10 (40.95–88.55) 0 48.4

25(OH)D3, ng/ml 14.80 (9.93–20.12) 92.7 0

Data are presented as median (Q1–Q3) unless stated otherwise.

Abbreviations: [Caalb], calcium level corrected by albumin; [Ca2+]pH, calcium level 
corrected by pH; PTH, parathyroid hormone
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