
Calcium and Vitamin D Status in Heart Failure
Patients in Isfahan, Iran

Mohammad Garakyaraghi & Maryam Kerdegari &
Mansour Siavash

Received: 30 June 2009 /Accepted: 28 July 2009 /
Published online: 19 August 2009
# Humana Press Inc. 2009

Abstract Both calcium and vitamin D play important roles in cardiac muscle contraction and
performance. In this cross-sectional study, we evaluated the status of serum calcium, PTH and
25(OH)D3 and their correlation with left ventricular Function and NYHA Functional class in
95 heart failure patients referred to Shahid Chamran Hospital, Isfahan, Iran, by colorimetric,
immunoradiometric, and Immunochemiluminescent assays, echocardiography and interview
respectively. The study was performed between Oct 2007 and Feb 2008. Twenty eight
women and 67 men of functional classes 1, 2, or 3 participated in the study. Mean (SD) of age
of the participants was 62(11)years. Mean (SD) serum calcium and 25(OH)D3 were 2.41
(0.16)mmol/L and 56.78(51.33)nmol/L, respectively. The overall prevalence of low vitamin
D status was 84.2%. There was no correlation between serum calcium and 25(OH)D3 with
LVEF. Interestingly, patients with hyperparathyroidism (serum PTH>65 ng/L) had lower
LVEF (27% versus 32.5% p=0.03). NYHA functional class was worse in patients with
hyperparathyroidism (p=0.08). Hypovitaminosis D is very prevalent in heart failure patients.
Hyperparathyroidism in these patients may adversely affect cardiac function. Vitamin D3
might serve as an adjunctive treatment for heart failure patients.
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Introduction

Despite recent advances in management, heart failure thus far carries an unacceptably high
mortality rate [1, 2]. It is so prevalent that almost one in three individuals over the age of 55
will develop heart failure during their remaining lifespan. It continues to be a fatal disease,
with only 35% surviving 5 years after the first diagnosis [1]. Early and long-term all-cause
mortality and hospital readmission rates remain high and have improved little with time.
The need to identify optimal management strategies for these clinically complex patients is
urgent [3]. The management of patients with heart failure is based upon the understanding
of the pathogenic mechanisms at work. Management may focus on optimizing preload,
decreasing afterload, and improving contractility. Frequent lines of research are ongoing to
address these possible interventions.

Hypovitaminosis D is common in general medical in-patients [4]. Correlation of low
vitamin D status and resulting hyperparathyroidism with cardiovascular diseases is under
active research.

Several animal and human studies suggest that low vitamin D status may contribute to
pathogenesis of heart failure through different mechanisms [5-11].

In a recent study by Kim et al., hypovitaminosis D was highly prevalent in US adults
with cardiovascular disorders, particularly those with both coronary heart disease and heart
failure [12]. Some studies have shown secondary hyperparathyroidism is also very
prevalent in heart failure patients [9].

We evaluated serum levels of calcium, 25(OH)D3 and parathyroid hormone (PTH) and
their correlation with left ventricular ejection fraction (LVEF) and the New York Heart
Association (NYHA) functional class in heart failure patients to investigate the prevalence
of hypovitaminosis D, secondary hyperparathyroidism and their relation with cardiac
performance.

Methods

This cross-sectional study was performed between Oct. 2007 and Feb. 2008 in Shahid
Chamran Hospital, Isfahan, Iran. Heart failure patients referred to us for evaluation and
management were invited to participate in the study. They were included if ambulatory with
NYHA Functional Class≤III and LVEF≤45%.

Patients with hypercalcemia, nephrolithiasis, intake of supplements containing vitamin D
or calcium, therapy with corticosteroids or anticonvulsants and serum creatinine
concentration >176 μmol/L were excluded from the study.

After obtaining written consent, we performed transthoracic echocardiography to evaluate
LVEF together with cardiac volumes and obtained fasting blood samples for assessment of
serum calcium, phosphorus, albumin, 25(OH)D3, creatinine, and PTH concentration.

Transthoracic echocardiography was done by a Wing-Med 800 CF system and LVEF
was assessed by Biplane Simpson's method.

Exercise capacity was assessed through a questionnaire based on NYHA functional
classification [13].

Blood samples were collected from the antecubital vein of the participants after a 12-h fast.
After centrifugation at room temperature for 10 min, serum samples were extracted, frozen, and
stored at −20°C until analysis.

Serum 25(OH)D3 was measured by Chemiluminescent Immunoassay (DiaSorin, Still-
water, MN). The different stages of vitamin D status were classified as deficiency (0–
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25 nmol/L), insufficiency (>25–50 nmol/L), hypovitaminosis (>50–100 nmol/L), adequacy
(>100–250 nmol/L), and excess (>250 nmol/L) [14, 15]. Serum PTH (reference range, 16–
65 ng/L) was measured by radioimmunoassay (IRMA, Immunotech, Prague, Czech
Republic). Serum calcium (nl, 2.2–2.6 mmol/L) concentration was assessed by the use of
colorimetric method (Darman Kave, Isfahan, Iran). Albumin, phosphorous, and creatinine
were measured by the use of colorimetric method (Pars Azmun, Karaj, Iran).

Statistical Analysis

Nominal variables are presented as numbers and frequencies. Parametric variables between
two groups were compared by t test and among more than two groups by ANOVA.
Correlations between parametric data were evaluated by Pearson’s Correlation. Correlations
between nonparametric data were evaluated by Spearman’s Correlation. Prevalence of
nonparametric data between different groups was compared by chi square. Statistical
analysis was performed by SPSS version 15.

The study was approved by the ethics committee affiliated to the chancellor of research
of the Isfahan University of Medical Sciences. As mentioned, written consent was obtained
from all patients.

Results

Twenty eight women and 67 men of functional classes 1, 2, or 3 participated in the study.
The mean (SD) of age of participants was 62(11)years. The prevalence of patients affected
by hypertension, coronary artery disease, diabetes mellitus, and cigarette smoking were 64
(67.4%), 56(58.9%), 29(30.5%), and 17(17.9%) respectively. Ninety patients (94.7%) were
current diuretic users. Baseline data of the participants are presented in Table 1.

There were only two patients (2.1%) with mild hypocalcemia. The number (prevalence)
of patients with vitamin D deficiency, insufficiency, hypovitaminosis, sufficiency, and
excess were 27(28.4%), 36(37.9%), 17(17.9%), 14(14.7%) and 1(1.1%), respectively. The
overall prevalence of low serum vitamin D was 84.2%.

There was no correlation between serum 25(OH)D3 and LVEF. There was negative
correlation between serum 25(OH)D3 and LV end diastolic volume (r=−0.243, p=0.048).
After controlling for age and serum creatinine, this negative correlation was more
significant (r=−0.261, p=0.036).

There was non-significant negative correlation between serum 25(OH)D3 and LV end
systolic volume (r=−0.209, p=0.09).

Table 1 Baseline Data of the Participants

Sex (n) DM HTN CAD Smoking

Female (28) 9 (32.1%) 23 (82.1%) 11 (39.3%) 0 (0.0%)

Male (67) 20 (29.9%) 41 (61.2%) 45 (67.2%) 17 (25.4%)

p 0.81 0.057 0.018 0.013

Total 29 (30.5%) 64 (67.4%) 56 (58.9%) 17 (17.9%)

DM patients with diabetes mellitus, HTN patients with hypertension, CAD patients with coronary artery
disease, Smoking patients with cigarette smoking
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Patients with hyperparathyroidism (serum PTH>65 ng/L) had lower LVEF (27% versus
32.5% p=0.03). NYHA functional class was lower in patients with hyperparathyroidism (p=
0.08; Fig. 1), but the prevalence of hypovitaminosis D was not different between NYHA
functional classes 1, 2, or 3 (p=0.7). Other biochemical findings of the participants are
presented in Table 2.

Discussion

The present study shows high prevalence of hypovitaminosis D in patients with heart
failure. Our findings are consistent with other studies, showing reduced circulating levels of
25(OH)D3 in heart failure patients [16]. In this setting, hypovitaminosis D may be a
consequent of, or contributing factor to heart failure.

There are several explanations for the low circulating vitamin D levels in heart failure
patients: inadequate UVB exposure due to reduced outdoor activity, inadequate dietary
intake, and malabsorption in these patients. Inflammatory cytokine like TNFα, may also
suppress calcitriol synthesis [17], as their elevation is a usual feature in heart failure patients
[8].

On the other hand, several animal and human studies suggest that hypovitaminosis D
may be a contributing factor to heart failure [16]. Probable mechanisms may be: up-
regulation of pro-inflammatory and down-regulation of anti-inflammatory cytokines [7, 8,
18, 19], overstimulation of the renin–angiotensin system [5, 6], proliferation of smooth
muscle cells, and atrophy, degeneration, and or proliferation of cardiomyocytes [11, 20, 21],
defects in heart cell calcium metabolism through regulation of calcium channel activity
mediated by the cAMP pathway [22], remodeling of heart extracellular matrix metabolism
mediated by matrix metalloproteinases [23], secondary hyperparathyroidism with its cardiac
consequences [9, 10], and many other less well-appreciated ones.

Fig. 1 Mean serum parathyroid hormone (PTH) in three function classes
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In our study, there was no direct correlation between serum 25(OH)D3 and its deficiency
with LVEF and NYHA functional class. This is not unexpected, as multiple other factors
are important determinants of LVEF. Interestingly, we observed an inverse correlation
between serum 25(OH)D3 concentration and LVEDV that is suggested to be the strongest
predictor of survival for patients with severe heart failure [24].

Heart failure patients are in a state of secondary aldostronism. As a result, they may be
affected by secondary hyperparathyroidism because they lose calcium and magnesium in
the urine and feces. This leads to relative depletion of serum calcium and provocation of
parathyroid hormone secretion [8-10, 25].

In our study, the patients with hyperparathyroidism had lower LVEF and NYHA functional
classification independent of their 25(OH)D3 status. This suggests PTH may have some direct
effects on cardiac function. Some studies imply that excess levels of the PTH could increase blood
pressure and cause cardiomyocyte hypertrophy and interstitial fibrosis of the heart [26-28].

Conclusion

Suboptimal vitamin D status is very prevalent in heart failure patients. Secondary
hyperparathyroidism in these patients may adversely affect left ventricular function.
Vitamin D3 might serve as a new agent for the future treatment of heart failure patients.
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