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Abstract
Background: Worldwide, the prevalence of vitamin D 
deficiency is as high as almost 50% among the elderly 
and the association between vitamin D and heart failure is 
widely debated.
Aim of work: To study the relation between serum 
25-hydroxy vitamin D levels and echocardiographic 
parameters of cardiac function in heart failure patients with 
cardio-renal syndrome.
Patients and methods: The study included 90 patients of all 
age groups and both sexes. They were divided into 3 groups 
of patients: 1: Systolic dysfunction and renal insufficiency 
(30 patients), 2: Systolic dysfunction only (30 patients). 3: 
Renal insufficiency only (30 patients). The Patients were 
subjected to full comprehensive echocardiography and 
kidney function tests with estimation of creatinine clearance, 
and measurement of Vitamin D level that was statistically 
studied against echocardiographic parameters of cardiac 
systolic and diastolic function.
Results: Vitamin D deficiency (< 20 ng/ml) was significantly 
higher in patients with cardio-renal syndrome. Patients with 
vitamin D deficiency had a significantly higher left ventricular 
thickness and higher left ventricular (LV) mass which seems 
to be linked eventually to worse outcomes. The Worsening 
Diastolic function is still a matter of conflict but, at least in 
our study, Vitamin D deficiency was not associated with 
worse left ventricular diastolic dysfunction or abnormal left 
atrial volume (LAV) index. Due to highly significant negative 
correlation between mean wall thickness and Vitamin D 
level, a Roc curve was done revealing a sensitivity of 80% 
and a specificity of 72% for the mean wall thickness (≥ 10 
mm) to identify patient with vitamin D deficiency.
Conclusion: Vitamin D deficiency is highly prevalent in heart 
failure patients (especially those with cardiorenal syndromes) 
and has been shown to be associated with increased car-
diovascular diseases, including left ventricular hypertrophy 
(higher LV thickness and mass) and heart failure.
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Introduction
Worldwide, the prevalence of vitamin D deficiency 

is as high as almost 50% among the elderly. A recent 
meta-analysis showing that vitamin D supplementation 
significantly decreased all-cause mortality raised the 
public health interest in vitamin D. The classic role of 
vitamin D for maintaining bone health was recently 
extended by reports linking vitamin D deficiency to 
various other diseases, including arterial hypertension 
and diabetes mellitus [1]. Cardiomyocytes express the 
vitamin D receptor, and studies in rodents have shown 
that vitamin D protects against cardiac hypertrophy and 
myocardial dysfunction [2].

Although many studies have reported that renal 
insufficiency is associated with adverse cardiovascular 
outcomes, renal dysfunction is still an underappreciated 
prognostic factor in heart failure and renal insufficiency 
is commonly viewed as a relative contraindication to 
some proven efficacious therapies [3]. The mechanisms 
by which decreased renal function is correlated with 
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liver disease, bowel disease causing mal-absorption, 
patients with hemodialysis, etc., patients with marked 
poor echogenicity and patients on hemodialysis.

Procedures
After oral consent from the patients, all patients 

were subjected to thorough history taking including 
onset of symptoms, etiology of heart failure, NYHA class 
on presentation to the hospital and risk factors. Full 
clinical examination was done for signs of heart failure 
and sings of renal failure. Pelvi-abdominal ultrasound 
was done for grading of nephropathy: Grade 0: Normal 
renal echogenicity with maintained corticomedullary 
definition. Grade 1: Echogenicity is the same as that of 
the liver with maintained corticomedullary definition. 
Grade 2: Echogenicity greater than that of the liver 
with maintained corticomedullary definition. Grade 
3: Echogenicity greater than as that of the liver with 
poorly maintained corticomedullary definition. Grade 
4: Echogenicity greater than as that of the liver with loss 
of corticomedullary definition [10].

Venous sampling Samples were sent for laboratory 
measurements of BNP, 25(OH) vitamin D (using ELIZA 
technique) (deficiency defined as serum levels less 
than 20 ng/ml) [11], Calcium, and Phosphorus, Sodium, 
Potassium and serum creatinine. Estimated Glomerular 
filtration rate was calculated using the Cockcroft-Gault 
equation, which has been validated in patients with a 
wide variety of medical diagnoses, and patients with 
Renal impairment will be classified into 5 groups as 
described below [12]: Grade 1: GFR above 90 ml/min. 
It usually describes a Normal kidney function but urine 
findings or structural abnormalities or genetic trait 
point to kidney disease. Grade 2: GFR of 60-89 ml/min. 
It usually describes mildly reduced kidney function, and 
other findings (as for stage 1) point to kidney disease. 
Grade 3: GFR of 30-59 ml/min. It usually describes a 
moderately reduced kidney function. Grade 4: GFR of 
15-29 ml/min. It usually describes a severely reduced 
kidney function. Grade 5: GFR less than 15 ml/min. It 
usually describes a very severe, or end stage kidney 
failure.

Trans-thoracic Echocardiography was done for all 
patients using available echocardiography systems 
equipped with a 2.5 multi-frequency phased array 
transducer (Vivid 5 or 7, GE-Vingmed, Horton, Norway). 
Digital routine grayscale 2-dimensional apnea from 
tissue Doppler cineloops from 3 consecutive beats will 
be obtained at end expiratory apnea from standard 
apical views at depth of 12-20 cm. gain settings will be 
adjusted for routine grayscale 2D and tissue Doppler 
cineloops will be obtained ,including mid-LV short axis 
views at the level of papillary muscle and standard 
apical views (4-chamber, 2-chamber, and long-axis) 
sector width was optimized to allow for complete 
myocardial visualization while maximizing the frame 
rate. LV end-diastolic volume (EDV), LV end-systolic 

cardiovascular disease are unknown. The cardiorenal 
syndrome is divided by Ronco,  et al. into five 
subtypes: Type 1 describes acute decompensated 
heart failure  leads to  acute kidney injury. Type 2 
is characterized by chronic heart failure that leads 
to  chronic kidney disease. Type 3 describes acute 
kidney injury that leads to acute cardiac dysfunction or 
heart failure. Type 4 is characterized by primary chronic 
kidney disease that contributes to cardiac dysfunction. 
Type 5 is combined heart and kidney dysfunction due to 
systemic disorders such as sepsis [4].

The association between vitamin D and 
cardiovascular disease events is widely debated and 
analyzed in the recent literature. In a very recent cross-
sectional study, Pilz, et al. measured 25(OH)D [25(OH)
Vitamin D] levels in 3,299 Caucasian patients who 
were routinely referred for coronary angiography. 
They found that vitamin D is associated with prevalent 
myocardial dysfunction, heart failure, and sudden 
cardiac death [5]. Although the link between vitamin D 
deficiency and cardiovascular disease may be, in part, 
mediated through elevated PTH and calcium-phosphate 
metabolism, recent scientific evidence showed that 
vitamin D has 3 major potential protective mechanisms 
First, experimentally, it could directly suppress renin 
gene expression [6]. Second, the presence of vitamin 
D receptors in the cardiac muscle cells, a calcitriol-
dependent Calcium binding protein and a calcitriol-
mediated rapid activation of voltage-dependent calcium 
channels [7,8]. Third, vitamin D deficiency triggers 
secondary hyperparathyroidism, which then directly 
promotes cardiac hypertrophy [9].

Aim of Work
To study the relation between serum 25-hydroxy 

vitamin D levels and echocardiographic parameters of 
cardiac systolic and diastolic function in heart failure 
patients with and without cardio renal syndrome.

Methods

Study population
The study included 90 patients of all age groups and 

both sexes, admitted to Ain-Shams University hospital. 
The patients were classified to 3 groups:

Group 1 included 30 patients with LV Systolic 
dysfunction and renal insufficiency, Group 2 included 30 
patients with LV Systolic dysfunction only and Group 
3 included 30 patients with renal insufficiency only. 
Inclusion criteria was those with systolic heart failure 
defined as having symptoms and signs typical of heart 
failure in addition to reduced LVEF (less than 40%), and 
with renal impairment defined as having creatinine 
clearance less than 60 mL/kg/min. While the following 
patients were excluded: Patients with previous vitamins 
D supplementations, those with conditions known to 
cause Vitamin D deficiency e.g., malignancies, chronic 
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logistic regression was done to check the hazard ratios 
in case of Vitamin D < 20 ng/ml. P-value < 0.05 was 
considered statistically significant. All the analyses were 
performed with commercially available software (SPSS 
version 21.0, SPSS, Inc., Chicago, IL, USA).

Results

Baseline characteristics
Table 1 shows that the mean age for patients was 

57.2 ± 8.1 years. 23 of them (25.6%) were females. All 
patients were in sinus rhythm, 35 patients (38.9%) were 
diabetics, 41 patients (45.6%) were hypertensive, 55 
patients (61.1%) were smokers, and 13 patients (14.4%) 
were hyperlipidemic.

31 (34.4%) Patients were admitted with a NYHA 
class 1, 42 (46.7%) patients were in NYHA class II, 15 
patients were in NYHA class III (16.7%) and 2 patients 
(2.2%) were in NYHA class IV. There was no significant 
difference regarding age (P value 0.055) or presence of 
Hypertension (P value 0.8), or smoking (P value 0.54). 
But there were higher Diabetic patients in group 3 (17 
patients) compared to 1 (15 patients) or group 2 (only 
3 patients), (P value 0.01), which reflects the effects of 
DM on worsening KFT among the study population.

Comparisons between patients’ subgroups 
regarding laboratory results

As shown in Table 2, Compared to group 2 (HF only 
patients) and group 3 (RF only patients), group 1 (HF + RF 
patients) had a significant lower Vitamin D level (mean 
14.34 ± vs. 22.6 ± 8), lower Sodium (mean 123.7 ± 5 vs. 
126.8 ± 3) and Calcium (mean 8.01 ± 0.33 vs. 8.42 ± 0.32) 
levels and higher Phosphorus (mean 7.67 ± 2.2 vs. 4.02 
± 1.19) levels. No significant differences (P-value 0.89) 
regarding BNP level between groups 1 and 2 while there 
was no significant differences (P-value 0.89) regarding 
creatinine and Potassium levels (P-value 0.1 and 0.56 

volume (ESV) and ejection fraction (EF%) were obtained 
with the modified biplane Simpsons method from 
apical 2- and 4-chamber images. Left atrial volume was 
calculated using the prolate ellipse method [13]. All 
measurements will be made in ≥ 3 consecutive cardiac 
cycles and in ≥ 5 cycles if the patient rhythm was AF 
and average values will be used for the final analysis. 
The pulsed wave Doppler-derived trans-mitral flow 
profile, pulmonary venous flow profile, and digital color 
tissue Doppler-derived mitral annular velocities will be 
obtained from the apical 4-chamber view. The ratio of 
mitral flow early diastolic wave (E) to late diastolic atrial 
contraction wave velocity (A), or E/A ratio; and the E 
wave deceleration time (E-DcT) will be measured. In 
addition, the ratio of early diastolic mitral flow velocity 
to TDI-derived early diastolic mitral annular velocity 
(E/e') ratio will be calculated. LV systolic function will 
be assessed by EF%, ESV, and TDI derided peak systolic 
velocity (s’). LV diastolic function will be assessed using 
E/A ratio, E-DcT, E/e’, left atrial volume (LAV), and 
pulmonary venous indices.

Statistical analysis
The study was accepted by the Ethical Committee of 

Faculty of Medicine, Ain Shams University.

Categorical data were expressed as number (%). 
Continuous data were expressed as mean ± SD and 
were compared using Student t-test. Correlations were 
checked for echocardiographic parameters against 
vitamin D level using Person correlation coefficient. 
With the exclusion of parameters that show co-linearity, 
multivariate regression analysis was done to check 
for the best independent predictor of vitamin D level. 
The ability of different echocardiographic parameters 
to detect vitamin D level < 20 ng/ml was done using 
receiver operator characteristics curve (ROC-curve), by 
which the best cutoff value for prediction that shows 
best sensitivity and specificity was checked. Binominal 

Table 1: Comparing the baseline characteristics between patients’ subgroups.

HF + RF HF RF Chi-square test

No. % No. % No. % X2 P-value
Sex Female 5 16.70% 4 13.30% 14 46.70% 10.629 0.005

Male 25 83.30% 26 86.70% 16 53.30%

Age (years)* Mean ± SD

Range

57.2 ± 8.1

(for all)

60.37 ± 6.41

48 - 70

55.63 ± 9.31

34 - 72

55.67 ± 9.74

38 - 72

2.997 0.055

NYHA class 1 1 3.30% 0 0.00% 30 100.00% 97.165 < 0.001

2 16 53.30% 26 86.70% 0 0.00%

3 11 36.70% 4 13.30% 0 0.00%

4 2 6.70% 0 0.00% 0 0.00%

DM 15 50.00% 3 10.00% 17 56.70% 16.08 < 0.001

Hypertension 13 43.30% 13 43.30% 15 50.00% 0.35 0.83

Smoking 19 63.30% 20 66.70% 16 53.30% 1.21 0.54

Dyslipidemia 4 13.30% 0 0.00% 9 30.00% 10.96 0.004
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lesser incidence of deficiency in group 2 (43.3%) Table 
3 and Figure 1.

respectively) between groups 1 and 3. A significant 
difference in Vitamin D deficiency was noticed being 
higher in group 1 (96.7%) than group 3 (76.7%) and 

Table 2: Comparisons between patients’ subgroups regarding laboratory results.

HF + RF HF RF
P1* P2▪ P3#

No. = 30 No. = 30 No. = 30

BNP (pg/ml)
Mean ± SD

Range

21.43 ± 9.41

8 - 43

21.73 ± 7.56

9 - 42

7.87 ± 4.80

3 - 19
0.892 < 0.001 < 0.001

Vitamin D (ng/ml)
Mean ± SD

Range

14.38 ± 4.06

7 - 22

22.60 ± 8.13

9 - 45

16.80 ± 3.93

6 - 24
< 0.001 0.023 0.001

Creatinine (mg/dl)
Mean ± SD

Range

2.17 ± 0.51

1.1 - 3.1

1.33 ± 0.19

1.1 - 1.9

1.98 ± 0.39

1.6 - 3.1
< 0.001 0.109 < 0.001

Cr cl. (ml/min)
Mean ± SD

Range

41.25 ± 11.26

27.6 - 82.8

68.62 ± 13.36

29 - 90

47.15 ± 11.36

27.65 - 71.32
< 0.001 0.048 < 0.001

Na+ (mEq/L)
Mean ± SD

Range

123.70 ± 5.02

116 - 132

126.83 ± 3.11

118 - 132

135.50 ± 5.60

126 - 149
0.005 < 0.001 < 0.001

K+ (mEq/L)
Mean ± SD

Range

4.57 ± 0.55

3.7 - 5.5

3.93 ± 0.35

3.3 - 5.1

4.64 ± 0.36

4.1 - 5.3
< 0.001 0.562 < 0.001

Ca++ (mg/dl)
Mean ± SD

Range

8.01 ± 0.33

7.1 - 8.6

8.42 ± 0.32

7.9 - 9.1

8.26 ± 0.20

7.8 - 8.7
< 0.001 0.001 0.026

Phosphorus (mg/dl)
Mean ± SD

Range

7.67 ± 2.28

3 - 14

4.02 ± 1.19

2.5 - 8.4

6.22 ± 1.32

4.3 - 9.1
< 0.001 0.004 < 0.001

P1*: Comparision between group 1 and group 2; P2▪: Comparision between group 1 and group 3; P3#: Comparision between group 
2 and group 3.

Table 3: Comparisons between patients’ subgroups regarding vitamin D deficiency (< 20 ng/ml).  

Vitamin D HF + RF HF RF Chi-square test
No. % No. % No. % X2 P-value

Deficient 29 96.70% 13 43.30% 23 76.70% 21.711 < 0.001

Normal level 1 3.30% 17 56.70% 7 23.30%

         

 
Deficient Normal level

HF HFRF RF+

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%

Figure 1: Comparisons between patients’ subgroups regarding vitamin D deficiency.
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patients (r = -0.667, p < 0.001). There was a positive 
correlation with ESD and ESV in group 3, but could be 
explained as these patients tend to have higher LV 
internal dimensions by the effect of hypervolemia the 
often coexist in Renal failure patients no significant 
correlations with other systolic parameters.

3.	 Regarding LV wall thickness: It was found that 
there was a significant negative correlation between 
vitamin D and all parameters of LV wall thickness. In 
all patients’ group a Significant negative correlation 
was also noticed for IVS thickness (r = -0.567, p < 
0.001), PW thickness (r = -0.691, p < 0.001), mean 
wall thickness (r = -0.654, p < 0.001), and LV mass 
(r = -0.304, p = 0.004), this was evidenced in group 
1 for IVS thickness (r = -0.514, p = 0.004,), PW 
thickness (r = -0.800, p < 0.001), mean wall thickness 
(r = -0.714, p < 0.001), and LV mass (r = -0.609, p < 
0.001). And similarly in group 2 for PW thickness (r 
= -0.480, p = 0.007), mean wall thickness (r = -0.385, 
p = 0.03), with a non-significant trend toward lower 

Correlations between echocardiographic deter-
minants of systolic, diastolic function and LV wall 
thickness versus vitamin D levels: (Table 4)
1.	 Regarding Diastolic function: It was found a positive 

correlation between vitamin D with IVRT in all 
patients group (r = 0.308, p = < 0.003) and similarly 
in group 1 (r = 0.363, p < 0.049) and group 2 (r = 
0.670, p < 0.001). Contradicting this finding was the 
negative correlation between Vitamin D level and e’ 
(r = -0.292, p < 0.005) in all patients group and in 
group 1 ( r = -0.659, p < 0.001) and E/e .but owing to 
lack of significant correlations between vitamin D and 
other diastolic parameters as LAV, average a’, E wave 
velocity, A wave velocity, E/A ratio, E-DcT and e’/a’, it 
is suggested that there are no consistent correlation 
between vitamin D and diastolic dysfunction.

2.	 Regarding systolic function: Vitamin D level 
correlated negatively with average s’ velocity (r = 
-0.285, p < 0.007), this was confirmed in group 3 

Table 4: Correlations between laboratory results and echocardiographic determinants of systolic, diastolic function and LV wall 
thickness versus vitamin D levels.

Vitamin. D

 
All patients HF + RF HF RF
r p-value R p-value R p-value r p-value

BNP 0.077 0.471 0.181 0.339 -0.057 0.765 0.186 0.325

Cr cl. 0.668** 0.000 0.423* 0.020 0.535** 0.002 0.537** 0.002

Na+ 0.084 0.431 0.155 0.412 -0.073 0.701 0.101 0.596

K+ -0.535** 0.000 -0.352 0.056 -0.587** 0.001 -0.312 0.094

Ca 0.809** 0.000 0.712** 0.000 0.629** 0.000 0.917** 0.000

Phosphorus -0.738** 0.000 -0.759** 0.000 -0.517** 0.003 -.658** 0.000

e'mean -0.292** 0.005 -0.308 0.098 -0.659** 0.000 -0.006 0.976

a'mean -0.109 0.307 0.143 0.452 -0.468** 0.009 -0.148 0.436

s'mean -0.285** 0.007 -0.146 0.440 -0.667** 0.000 -0.164 0.386

E (cm/sec) 0.119 0.266 -0.412* 0.024 0.210 0.266 0.270 0.149

A (cm/sec) -0.062 0.561 -0.023 0.906 -0.206 0.275 -0.023 0.903

E-DcT(msec) -0.100 0.350 0.232 0.218 -0.301 0.106 -0.105 0.582

E/A ratio 0.157 0.139 -0.164 0.386 0.349 0.059 0.322 0.083

E/e' 0.292** 0.005 -0.229 0.223 0.670** 0.000 0.231 0.218

e'/a' -0.052 0.628 -0.341 0.065 0.079 0.679 0.205 0.276

IVRT(msec) 0.308** 0.003 0.363** 0.049 0.670** 0.000 -0.140 0.461

LAV -0.061 0.570 -0.376* 0.040 0.027 0.889 0.231 0.219

EDV -0.101 0.342 -0.341 0.065 -0.126 0.507 0.335 0.071

ESV -0.085 0.423 -0.348 0.059 -0.201 0.286 0.375* 0.041

EF 0.023 0.830 0.212 0.260 0.160 0.400 -0.186 0.325

IVS -0.572** 0.000 -0.514** 0.004 -0.266 0.156 -0.833** < 0.001

PW -0.691** 0.000 -0.800** 0.000 -0.480** 0.007 -0.914** < 0.001

Mean wall thickness -0.654** 0.000 -0.714** 0.000 -0.385* 0.036 -0.898** < 0.001

LV mass -0.304** 0.004 -0.609** 0.000 0.006 0.973 -0.594** 0.001

EDD -0.025 0.812 -0.321 0.084 -0.017 0.930 0.270 0.150

ESD -0.102 0.337 -0.477** 0.008 -0.230 0.222 0.378** 0.039

*: Significant correlation; **: Highly significant correlation.
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S” (with more impaired KFT, the more LVH and increase 
contractility), there was a significant positive correlation 
between creatinine clearance and E/A ratio (denoting 
worsening diastolic function with worsening KFT), (P 
value 0.037), observed also a positive correlation with 
EDD, ESD, EDV, EDV in group 3 patients indicating that 
patients with CKD had dilated LV internal dimensions and 
volumes.

Echocardiographic independent Predictors of 
vitamin D

By applying a multivariate linear regression model 
for predictors of vitamin D level among patients, it 
was found that IVS, PW and mean LV wall thickness 
were independent predictors of vitamin D deficiency, 
(beta = 0.546, 0.622, 0.629, p = 0.001, < 0.001, < 0.001, 
respectively) (Table 6).

Next, ROC-curve was initiated to check the ability of 
these variables to detect vitamin D less than 20 ng/ml and 

IVS wall thickness and LV mass and for group 3 for 
IVS thickness (r = -0.833, p < 0.001), PW thickness (r 
= -0914, p < 0.001), mean wall thickness (r = -0.898, p 
< 0.001), and LV mass (r = -0.594, p < 0.001).

As expected from vitamin D metabolism, it has a 
highly significant positive correlation with creatinine 
clearance and Calcium level there was a negative 
correlation with Phosphorus level that could be explained 
by impaired Phosphorus excretion in advanced CKD. It 
is worth noting that BNP level did not correlate with 
vitamin D levels overall denoting a neutral action on the 
neurohormonal disturbance accompanying HF.

Correlation between creatinine clearance and 
echocardiographic determinants of systolic, dia-
stolic function and LV wall thickness (Table 5)

In all patients’ groups, there was a significant 
negative correlation between creatinine clearance and 
IVS thickness, PW thickness, Mean wall thickness, and 

Table 6: Echocardiographic predictors of vitamin D deficiency.

B P-value Odds ratio 95% C.I. for OR
Lower Upper

IVS 0.546 0.001 1.726 1.263 2.357

PW 0.622 < 0.001 1.863 1.336 2.598

Mean wall thickness 0.629 < 0.001 1.875 1.339 2.626

*: Significant correlation; **: Highly significant correlation.

 Creatinine clearance
All patients HF + RF HF RF
r p-value R p-value r p-value r p-value

e'mean -0.064 0.550 0.087 0.648 -0.175 0.355 0.175 0.356

a'mean -0.139 0.192 -0.218 0.247 -0.370* 0.044 0.133 0.483

s'mean -0.211* 0.046 -0.151 0.426 -0.279 0.135 -0.015 0.935

E (cm/sec) 0.123 0.246 -0.012 0.948 0.068 0.721 0.100 0.600

A (cm/sec) -0.141 0.185 -0.321 0.084 -0.254 0.176 0.083 0.664

E-DcT (msec) -0.067 0.532 -0.029 0.880 -0.016 0.933 0.097 0.610

E/A ratio 0.221* 0.037 0.231 0.220 0.326 0.079 0.071 0.709

E/e' 0.156 0.141 -0.094 0.621 0.219 0.244 -0.030 0.875

e'/a' 0.109 0.305 0.224 0.234 0.267 0.153 0.015 0.938

IVRT (msec) 0.160 0.131 0.091 0.631 0.376* 0.041 -0.089 0.641

LAV -0.027 0.799 0.002 0.991 -0.402* 0.027 -0.017 0.930

EDV -0.018 0.866 -0.043 0.820 -0.250 0.182 0.471** 0.009

ESV 0.022 0.840 -0.065 0.733 -0.294 0.114 0.403* 0.027

EF -0.111 0.299 -0.114 0.550 0.126 0.506 0.023 0.902

IVS -0.456** 0.000 -0.534** 0.002 -0.292 0.117 -0.360 0.050

PW -0.464** 0.000 -0.494** 0.006 -0.477** 0.008 -0.466** 0.009

Mean wall thickness -0.470** 0.000 -0.527** 0.003 -0.412* 0.024 -0.421* 0.021

LV mass -0.041 0.701 -0.145 0.444 -0.197 0.296 -0.051 0.787

EDD 0.143 0.178 0.035 0.854 -0.008 0.967 0.376* 0.041

ESD 0.097 0.364 0.069 0.717 -0.228 0.226 0.427* 0.019

Table 5: Correlation between creatinine clearance and echocardiographic measurements.
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Fallo, et al. on 62 newly diagnosed hypertensive, com-
pared with 24 healthy normotensive sex-, age- and BMI-
matched controls. Hypertensive patients with 25(OH) 
D deficiency, had higher prevalence of LVH than their 
25(OH) D-sufficient counterparts with no differences 
between the two groups were found in blood pressure 
levels as well as in other biochemical and hormonal pa-
rameters. There was an inverse correlation between LV 
mass index and 25(OH) D levels [17]. 

Further, in patients with coronary calcifications, 
lower vitamin D levels were found to be associated with 
higher LV relative wall thickness [18]. Same findings 
were also supported by another study of patients on 
hemodialysis [19].

The association of vitamin D deficiency with LVH 
had several possible mechanisms. Increased PTH levels 
are associated with insulin resistance, inflammation, 
vascular stiffness, myocardial hypertrophy and fibrosis 
[20]. Moreover, through activation of the 1-25-OH 
vitamin D nuclear receptor, vitamin D has been shown 
to suppress myocardial hypertrophy and abrogate the 
hypercontractility of the myocardium that is observed 
with diastolic HF, this effect is attenuated in Vitamin D 
deficient patients [21,22].

Vitamin D deficiency predisposes to up-regulation 
of the RAS with subsequent hypertrophy of both the 
left ventricle and vascular smooth muscle cells [15]. In 
vitamin D deficient animals, there is increased incidence 
of Hypertension, LVH and atherosclerosis [9]. Human 
studies indicate that vitamin D inhibits renin synthesis, 
which leads to lower blood pressure [6].

Whereas the association between vitamin D 
and LVH was proven, our study found no consistent 

it was found that mean wall thickness could do so with 
the best area under the curve (AUC) (AUC: 0.826, cut-
off values: ≥ 10 mm, sensitivity: 80%, specificity: 72.3% 
respectively) (Figure 2).

Discussion
Our study demonstrated that the prevalence of 

vitamin D deficiency (defined as a 25-OHD level less 
than 20 ng/ml) [11] is increased among patients with 
heart failure than in general population and is much 
increased in patient with combined Heart and renal 
failure compared to either Heart failure or renal failure 
alone.

The increased prevalence of vitamin D deficiency 
in heart failure is multifactorial. Heart failure itself can 
induce vitamin D deficiency by several mechanisms. 
Shane, et al. had demonstrated decreased cutaneous 
photo-conversion of vitamin D in patients with severe 
heart failure who have difficulty ambulating and 
obtaining adequate sunlight exposure [14]. Right 
ventricular failure cause intestinal edema leading to 
decreased Vitamin D absorption together with passive 
liver congestion that impairs the synthesis of 25-
OHD, making less substrate available for downstream 
activated vitamin D production in the kidney [15]. 
Finally Renal Insufficiency, that is prevalent in patients 
with Heart failure, decreased the enzymatic conversion 
of 25-OHD to the active form 1,25(OH)2D [16].

In our study vitamin D was associated with increased 
LV wall thickness and LV mass, with a little effect on 
cardiac systolic function (at least early in the diseases).

Several studies had shown that 25(OH)D deficiency 
is a frequent finding in essential hypertension patients 
and is independently associated with LVH . In a study by 
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Figure 2: ROC curve for predictors of Vitamin D < 20 mcg/ml.
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D level on ventricular remodeling [23].

There are several possible explanations for the lack 
of a relationship between Vitamin D levels and diastolic 
dysfunction. Most of the studies (including our study) 
were cross-sectional study. There was insufficient infor-
mation to assess the duration of Vitamin D deficiency. 
To cause diastolic impairment, this deficiency may need 
to be of a much longer duration [28]. However, the Hoo-
rn study examining serum Vitamin D level and LAVI after 
8 years of follow-up failed to demonstrate any associ-
ation between Vitamin D deficiency and diastolic dys-
function.

Surprisingly, another study by Rahman, et al. showed 
that, beside the increased wall thickness and worse systolic 
parameters in vitamin D deficient patients, higher vitamin 
D levels were associated with worse LV diastolic function 
in form of lower average e’ velocity, higher E/e’ ratio, and 
longer IVRT, all of which are all linked to worse diastolic 
functions and high left ventricular filling pressures [29]. 
Similarly Drueke, et al. and Zittermann, et al. Suggested 
that a biphasic dose-response curve exists for vitamin D, 
with adverse effects associated with very high and very low 
vitamin D levels. Vitamin D deficiency has been observed 
to induce myocardial hypertrophy and extracellular 
matrix production and deposition in myocardial tissue. 
Negative effects associated with vitamin D excess include 
hyperphosphatasemia, hypercalcemia, increased matrix 
metalloproteinase (MMP) levels, medial calcification, and 
arterial stiffness [30,31].

Conclusion
Vitamin D deficiency is highly prevalent in heart 

failure patients (especially those with cardiorenal 
syndromes) and has been shown to be associated with 
increased cardiovascular diseases, including LVH and 
heart failure. Patients with vitamin D deficiency had 
significantly higher ventricular thickness (IVS, PW and 
mean wall thickness) and higher LV mass but it was not 
associated with worse LV diastolic function or abnormal 
LAV index (Table 7).

Limitations
Unfortunately, the study suffered the following 

limitations:

1.	 Small sample size with smaller subgroup numbers, 
further studies should include larger number of 
patients in each subgroup to check if the findings of 
our results can be reproduced. 

2.	 A study of the molecular mechanisms (including 
PTH level) to elaborate the mechanisms noticed for 
vitamin D effects were not done, thus further studies 

correlation between vitamin D and Diastolic function. 
The studies investigating the effects of vitamin D on LV 
diastolic functions are controversial and mostly are not 
suggestive of possible relation [23].

Vitamin D therapy has been reported to be associat-
ed with the reduction of LAV index and attenuation of a 
rise of BNP in patients with chronic kidney disease with 
mild-to-moderate LV hypertrophy [24].

On contrary, a study of 648 elderly individuals where 
serum levels of 25-OH D were reported as not being 
significantly associated with measures of LV geometry 
or function [25]. Another study not supporting a causal 
relationship of vitamin D to heart function and geometry 
was a double-blinded placebo controlled 48 week therapy 
clinical trial with Vitamin D in 227 patients with chronic 
kidney disease. The therapy did not alter LV mass index or 
improve measures of diastolic dysfunction [26].

The Hoorn study showed, in a prospective manner, 
that Vitamin D levels at baseline were not associated 
with decreased LAVI over a subsequent 8 years of 
follow-up. In addition, the lowest Vitamin D quartile had 
a significantly higher LVMI than the highest quartile. 
These results were attenuated by multivariable analysis. 
Of note, the Hoorn study did not measure other diastolic 
parameters including tissue Doppler measurements 
[27].

Anil Pandit, et al. conducted the first, large cross-
sectional study attempting to examine any relationship 
between baseline Vitamin D levels and comprehensive 
echocardiography to study LV diastolic function at 
Mayo Clinic. A retrospective analysis of 1011 patients 
from 2005 to 2010 who had an echocardiogram and 
a serum Vitamin D level performed 1 month later. 
Patients were divided according to Vitamin D deficient 
and vitamin D sufficient groups. With the exception of 
Diabetes, Patient demographics and conventional CVD 
risk factors of hypertension, smoking history and clinical 
coronary artery disease presence were comparable 
in both groups. The main finding of this study is that 
Vitamin D showed no significant correlation with 
diastolic function. Even in Diabetics who constitutes a 
higher proportion of patients. In the group of vitamin 
D deficiency, neither the Doppler diastolic parameters 
of LV diastolic dysfunction (which may subjects to acute 
hemodynamic changes) nor LAVI (which is a surrogate 
marker of long-term impaired diastolic dysfunction) 
were different between the study groups. Of note, 
the same study showed that there was a significant 
relationship between Vitamin D level and IVS and LV 
mass index after adjusting for age, hypertension and 
Vitamin D therapy status suggesting the role of Vitamin 

Table 7: Sensitivity and specificity of ROC to predict Vitamin D level < 20 ng/ml.

Cut off point AUC Sensitivity Specificity PPV NPV

Mean wall thickness (mm) ≥ 10 0.826 80 72.31 60.9 87
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15.	Zittermann A, Schleithoff SS, Koerfer R (2006) Vitamin D 
insufficiency in congestive heart failure: Why and what to 
do about it? Heart Fail Rev 11: 25-33.

16.	Sakhaee K (2001) Is there an optimal parathyroid hormone 
level in end-stage renal failure: The lower the better? Curr 
Opin Nephrol Hypertens 10: 421-427.

17.	Fallo F, Catena C, Camozzi V, G Luisettoc, C Cosmad, 
et al. (2012) Low serum 25-hydroxyvitamin D levels are 
associated with left ventricular hypertrophy in essential 
hypertension. Nutr Metab Cardiovasc Dis 22: 871-876.  

18.	Briese S, Wiesner S, Will JC, Lembcke A, Opgen-Rhein B, 
et al. (2006) Arterial and cardiac disease in young adults 
with childhood-onset end-stage renal disease-impact of 
calcium and vitamin D therapy. Nephrol Dial Transplant 21: 
1906-1914.

19.	Bucharles S, Barberato SH, Stinghen AE, Gruber B, 
Meister H, et al. (2011) Hypovitaminosis D is associated 
with systemic inflammation and concentric myocardial 
geometric pattern in hemodialysis patients with low PTH 
levels. Nephron Clin Pract 118: 384-391.

20.	Rostand SG, Drüeke TB (1999) Parathyroid hormone, 
vitamin D, and cardiovascular disease in chronic renal 
failure. Kidney Int 56: 383-392.

21.	Wu J, Garami M, Cheng T, Gardner DG (1996) 1,25(OH)2 
vitamin D3, and retinoic acid antagonize endothelin-
stimulated hypertrophy of neonatal rat cardiac myocytes. J 
Clin Invest 97: 1577-1588.

22.	Walker MD, Fleischer JB, Di Tullio MR, Homma S, Rundek 
T, et al. (2010) Cardiac structure and diastolic function in 
mild primary hyperparathyroidism. J Clin Endocrinol Metab 
95: 2172-2217.

23.	Pandit A, Mookadam F, Boddu S, Aryal Pandit A, Tandar 
A, et al. (2013) Vitamin D levels and left ventricular diastolic 
function. Open Heart 1.

24.	Tamez H, Zoccali C, Packham D, Wenger J, Bhan I, et al. 
(2012) Vitamin D reduces left atrial volume in patients with 
left ventricular hypertrophy and chronic kidney disease. Am 
Heart J 164: 902-909.

25.	Pilz S, Henry RM, Snijder MB, van Dam RM, Nijpels G, 
et al. (2010) Vitamin D deficiency and myocardial structure 
and function in older men and women: The Hoorn study. J 
Endocrinol Invest 33: 612-617.

26.	Thadhani R, Appelbaum E, Pritchett Y, Chang Y, Wenger 
J, et al. (2012) Vitamin D therapy and cardiac structure 
and function in patients with chronic kidney disease: The 
PRIMO randomized controlled trial. JAMA 307: 674-684.

27.	van Ballegooijen AJ, Snijder MB, Visser M, van den Hurk 
K, Kamp O, et al. (2012) Vitamin D in relation to myocardial 
structure and function after eight years of follow-up: The 
Hoorn study. Ann Nutr Metab 60: 69-77.

28.	Lee JH, O'Keefe JH, Bell D, Hensrud DD, Holick MF (2008) 
Vitamin D deficiency an important, common, and easily 
treatable cardiovascular risk factor? J Am Coll of Cardiol 
52: 1949-1956.

29.	Rahman A, Galal H, Mabrouk O (2015) Correlation between 
serum vitamin D level and cardiac function: Echocardiographic 
assessment. Egyptian heart journal 67: 199-305.

30.	Drueke TB, Massy ZA (2012) Role of vitamin D in vascular 
calcification: Bad guy or good guy? Nephrol Dial Transplant 
27: 1704-1707.

31.	Zittermann A, Schleithoff SS, Koerfer R (2007) Vitamin D 
and vascular calcification. Curr Opin Lipidol 18: 41-46.

should address this issue.

3.	 The study, being a cross sectional study is lacking 
follow up to the patients to monitor outcomes in 
patients after correction their vitamin D status. 

4.	 A more specific systolic and diastolic parameters e.g. 
strain and strain rate, early LV filling flow propagation 
slope (Vp) could have helped in identifying the exact 
relation between vitamin D and cardiac systolic and 
diastolic function.
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