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ABSTRACT: Objectives: To assess the relation of LVH (left ventricular hypertrophy) due to 
essential hypertension with serum vitamin D3 and serum calcium levels. Study Design: Cross 
Sectional Research. Setting: Medicine/Cardiology department, Peoples Medical University 
Hospital, Nawabshah. Period: 1st January 2017 to 30th June 2017. Material & Methods: To 
assess the correlation of 25-hydroxycholecalciferol and serum calcium with left ventricular 
hypertrophy in essential hypertension. The thickness of inter ventricular septum (IVS) and 
posterior wall (PWT) on echocardiography were used to categorize LVH into mild, moderate 
and severe. Results: Male predominated in the present study. Male to female ratio was 1.65:1. 
Male and female comprised 62.33% and 37.67% respectively. Chi square value (X2-value) was 
14.7 with significant p-value. Mean +SD of 25-hydroxycholecalciferol in mild moderate and 
severe LVH were noted as 30+7.8, 24.7+7.7 and 14.9+6.1 ng/dl respectively. Mean +SD of 
serum calcium in mild moderate and severe LVH were noted as 9.20+0.51, 8.93+0.72 and 
8.678+0.44 mg/dl respectively. Conclusion: In subjects with left ventricular hypertrophy 
in essential hypertension the serum levels of vitamin D and calcium were low. There was a 
negative correlation with left ventricular hypertrophy and serum vitamin D and serum calcium. 
Thus it could be concluded that in subjects with left ventricular hypertrophy the low levels of 
serum vitamin D could be an independent modifiable risk factor.

Key words: Hypertension, 25-Hydroxycholecalciferol, Left Ventricular Hypertrophy, 
Serum Calcium, Vitamin D3.
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INTRODUCTION 
In the modern societies CVD (Cardiovascular 
disease) is becoming the most important reason 
for morbidity and mortality because of dietary 
factors and sedentary life style. Other factors also 
do play role1. Systemic hypertension is the first 
symptoms, the patients usually present in the 
clinical practice. Systemic hypertension increases 
the work load of left ventricle (LV). Remodeling 
followed by compensatory hypertrophy of LV is 
the earlier manifestation of essential systemic 
hypertension. LV disorders most often culminate 
in the cardiac related mortality.1Low vitamin D and 
serum calcium (Ca++) are nowadays prevalent 
in the country. A prevalence of 30-50% vitamin D 
and serum Ca++ deficiency has been reported. 
In Pakistan, a prevalence as high as 90% vitamin 
D deficiency has been reported.2,3 Prevalence 

of vitamin D & serum calcium deficiency is 
prevalent in South East Asian countries including 
the Pakistan. Population of Pakistan is at high 
risk due to increasing population, inflation, 
low dietary status and lacking health facilities.2 
Recently relationship of decreased serum levels 
of vitamin D with left ventricular hypertrophy (LVH) 
has been reported and is a topic for debate and 
further research.4 LVH is a maladaptive response 
of elevated after load in essential hypertension. 
Chronic persistent elevation of LV after load 
leads to LVH, and carries risk of atrial fibrillation, 
diastolic dysfunction, heart failure and sudden 
cardiac death (SCD). LVH is a predictor and risk 
factor of cardiovascular disease events.5 Existing 
research suggests vitamin D and serum Ca++ 
deficiency adversely affect the cardiovascular 
health. Growing body of research suggest role of 
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vitamin D and serum Ca++ deficiency might have 
deleterious implications for the cardiovascular 
health. Previous studies had reported vitamin D 
and serum calcium deficiency adversely affect 
cardiac contractility, vascular tone and cardiac 
tissue maturation.6,7 Deficiency of both vitamin 
D and low serum Ca++ very likely play an 
significant function in the pathogenesis of cardiac 
ailments.8 LVH and increased left ventricular mass 
(LVM) are risk factors of coronary artery disease 
(CAD), congestive cardiac failure(CCF) and brain 
stroke.9

Interestingly, there is emerging evidence 
linking that, treatment with vitamin D & serum 
calcium supplementations improves survival of 
Hemodialysis patients through improved cardiac 
functions.10 It had been reported in double-blind, 
placebo-controlled randomized clinical trials that 
vitamin D & serum calcium supplementations 
ameliorate the pro-inflammatory cytokine profile 
in patients with CCF.11 Link of vitamin D & 
serum calcium in our local population has not 
been assessed and never correlated with heart 
diseases.12 Decreased levels of serum vitamin 
D might have an essential responsibility in 
transforming cardio-vascular risk5–7 predisposing 
to LVH8–10 and myocardial diseases.11,12 Essential 
hypertensive cohorts in prospective studies 
include however In subjects with cardiovascular 
hazard issues for instance obesity, age above 60, 
diabetes mellitus were included in prospective 
cohorts of essential hypertension, all these risk 
factors are also negatively related by serum vitamin 
D and calcium  deficiency status1,2 and might be 
the  possible confounders. It is unclear that low 
levels of vitamin D are the causative agent or it is 
the just an outcome for cardiovascular ailments. 
Keeping in view the published medical literature 
and vitamin D and serum Ca++ deficiency as 
modifiable risk factors, it is worth to evaluate the 
link with left ventricular hypertrophy to prevent 
the cardiovascular associated mortality and 
morbidity simply through vitamin D and calcium 
supplementation.

Present research was aimed to analyze the serum 
levels of vitamin D (25-hydroxy cholecalciferol) 
and serum calcium in essential hypertension 

patients with evident of left ventricular hypertrophy 
in association with the electrocardiography 
and echocardiography. The present study 
hypothesized no co-relationship among vitamin 
D and serum calcium with left ventricular 
hypertrophy in essential hypertension patients. 

MATERIAL & METHODS
This cross sectional research was carried out 
on 377 subjects in the Medicine/Cardiology 
department, Peoples Medical University Hospital, 
Nawabshah for the period of six months from (1st 
January 2017 to 30th June 2017). Those subjects 
whose age was from 35 to 65 years (both male and 
female) and diagnosed essential hypertension 
with evident of left ventricular hypertrophy were 
included in the study while those subjects 
who had secondary hypertension, valvular 
heart diseases, renal disease and pulmonary 
hypertension were excluded. The subjects 
suffering from essential hypertension with left 
ventricular hypertrophy were communicated for 
closeness. They were interviewed on general 
wellbeing for creating a friendly environment. 
The subjects were informed about the purpose 
of study. Subjects who showed willingness were 
asked to enter in the study protocol voluntarily. 
They were informed about the merits, demerits, 
gain and losses of study and were also informed 
that they can withdraw from study protocol at any 
time. A written signed consent was obtained from 
all volunteers. Confidentiality of patient data was 
maintained. Only authorized doctors could check 
the personal records of disease of patients. 

The patients were diagnosed cases of essential 
hypertension with LVH examined by a consultant 
cardiologist. Patients were interviewed for 
collection of personal information for purpose 
of bio-data. Data was entered in a structured 
questionnaire Performa which was designed 
in English. Data was collected by researcher 
through face to face interview of study subjects. 
Written informed consent was essential for each 
of the willing volunteer subjects participating in 
the study protocol. Volunteers were asked for 
ECG records and blood sampling.

12 lead ECG was recorded by the researcher and 
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findings were noted. ECG findings were discussed 
with consultant cardiologist. Patients were taken 
to echocardiography room for performing the 
procedure by a senior cardiologist. Findings were 
noted and discussed with cardiologist. Once 
essential hypertension was diagnosed of having 
LVH, it qualified for the blood sampling. 

Patients were approached for blood sampling. 
First ante-cubital fossa was checked for prominent 
vein for sampling purpose. The area was sterilized 
with alcohol swab. A 24 G disposable syringe 
was used for venous blood sample collection. 
After an overnight fast of 8-12 hours and after 
all aseptic measures 3 ml of venous blood was 
obtained in already sterile tubes and centrifuged 
for 05 minutes at 4000 rpm. Sera were separated. 
Sani-plast was applied after the procedure. Sera 
were aliquoted further in small volumes. Sera 
were stored at -80ºC until further use if delayed. 
Vitamin D and serum calcium were estimated by 
standard methods. 

VITAMIN D ESTIMATION vitamin d3 was estimated 
on ARCHITEC 1 1000 Dia Sys Merck system. 
Vitamin D values were categorized.

Serum 25(OH) D concentrations > 30 ng/ml 
normal, >20 and <30 ng/ml insufficiency and 
deficiency < 20 ng/ml.13

Serum Calcium Estimation
Calcium was estimated by automated Roche 
clinical analyzers. Normal serum Ca++ levels 
were taken as 9-10.5mg/dl (2.2-2.6 mmol/L).

Lvh Criteria (Echocardiography)
Left ventricular hypertrophy (LVH) was categorized 
as normal 6-10mm mild LVH 11-13, moderate 
LVH 14-16 mm and severe LVH >17 mm criteria;  

Group data noted on Performa was typed on 
Microsoft Excel sheet. Research variables were 
also typed on SPSS 22.0. Data value of research 
variables were copied from Microsoft Excel 
sheet to SPSS sheet. Student’s t-test was used 
to analyze the variable such as continuous/
numerical, mean ± S.D and graphs were used 
to present the data. Chi square test was used for 

analysis of categorical variables. Outcomes of 
study were shown as frequency, % and graphs. 
Data was analyzed at Confidential interval of 
(95%) and P <0.05 were used to analyze the data.

RESULTS
This current cross sectional research was 
performed to evaluate the correlation of 
25-hydroxycholecalciferol and serum calcium 
with left ventricular hypertrophy in essential 
hypertension. 

Table-I. Demography with age, gender, LVH, Vit 
D3 and calcium.

Age distribution
The average age of the research populace was 
noted as 54.11± 6.85 as shown in Table-I. Mean 
age shows, the study population was mostly 
elderly people which had been suffering from 
essential hypertension since long periods. 

Gender distribution
Male predominated in the present study. Male 
to female ratio was 1.65:1. Male and female 
comprised 62.33% and 37.67% respectively. 

Left Ventricular Hypertrophy (LVH)
Thickness of inter-ventricular septum (IVS) and 
posterior wall (PWT) on echocardiography were 
considered to categorize LVH (Left ventricular 
hypertrophy) into mild, moderate and severe. 
Frequency of LVH as mild, moderate and severe 
was noted in 15.64%, 39.25% and 45.09% 
respectively as shown in Table-I. 

25-hydroxycholecalciferol (25-OH-D3) (ng/dl)
Mean ±SD of 25-hydroxycholecalciferol (25-OH-
D3) of total study subjects was noted as 21.27 ± 
9.29 ng/dl. Frequency of 25-hydroxycholecalciferol 
(25-OH-D3) as normal, insufficiency and deficiency 
were noted in 18.30%, 29.70% and 51.98% 
respectively as shown in Table-I. 

Mean ±SD of serum calcium (S. Ca++) of total 
study subjects was noted as 8.87 ± 0.61 mg/
dl Frequency of serum calcium (S. Ca++) as 
normal and deficiency was noted in 29.70% and 
70.29% of subjects respectively. 
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Frequency of normal, insufficient and difficiency of 
25-hydroxycholecalciferol (25-OH-D3) according 
to LVH size mild, moderate and severe is shown 
in Table-II. Majority of subjects with severe LVH 
showed 25-hydroxycholecalciferol (25-OH-D3) 
deficiency. The differences were found statistically 
significant (X2= 14.07, p=0.0001). 

On other hand serum calcium and LVH size mild, 
moderate and severe majority of subjects with 
severe LVH showed serum calcium low levels. 
The differences were found statistically significant 
(X2= 14.07, p=0.0001). Shown in Table-II

Pearson`s correlation of LVH with 25-OH-D3 
and S. Ca++ is shown in Table-III. LVH showed 
negative correlation with 25-OH-D3 and S. Ca++ 
as indicated by correlation coefficient (r-value) 
and p-value. 25-OH-D3 and S. Ca++ showed 
r-value of –0.475 and -0.242 respectively (p= 
0.0001) as shown in Table-III.

Scatter Figure-1,2 and 3 show the correlation of 
25-OH-D3 and S. Ca++ with LVH respectively. 
Decline of interpolation line indicates negative 
correlation co-efficient. 

Figure-1. Pearson’s correlation of LVH and 
25-hydroxycholecalciferol (Scatter plot). It shows 
negative correlation as indicated by correlation 
co-efficient (r= –0.475) (p=0.0001).

Figure-2. Pearson’s correlation of left ventricular 
hypertrophy and serum calcium (Scatter plot). 
It shows negative correlation as indicated by 
correlation co-efficient (r= -0.242) (p=0.0001).

Figure-3. Pearson’s correlation of 
25-hydroxycholecalciferol and serum calcium 
(Scatter plot). It shows positive correlation as 
indicated by correlation co-efficient (r= 0.711) 
(p=0.0001).

Characteristics Mean ± SD Number %
Age (in years) 54.11 ± 6.85  years - -

Gender:
Male
Female

-
-

235
142

62.33%
37.67%

left ventricular hypertrophy (LVH)
Mild LVH (11-13 mm)
Moderate LVH (14-16mm)
Severe LVH (≥17mm)

59
148
170

15.64%
39.25%
45.09%

25-OH-D3 (ng/dl) 21.27 ± 9.27 - -

25- hydroxycholecalciferol
>30 ng/dl     Normal
20- 30 ng/dl Insufficiency
<20 ng/dl     Deficiency

69
112
196

18.30
29.70
51.98

zSerum Ca++ (mg/dl) 8.87 ±0.61 - -

Serum Ca++ (mg/dl) in groups:
Normal (9-10.5 mg/dl)
Deficiency (< 9mg/dl)

-
-

112
265

29.70%
70.29%

Table-I. Baseline characteristics of the subjects (n = 377).

25-OH-D3
Mild LVH
n = 170

Moderate LVH
n = 148

Severe LVH
n = 170 X2-Value P-Value

>30 ng/dl     Normal
20- 30 ng/dl Insufficiency
<20 ng/dl     Deficiency

31
31
7

28
76
8

0
41

155
14.07 0.0001

Serum Ca++
Normal (9-10.5 mg/dl)
Deficiency (<9 mg/dl)

51
8

67
81

73
97 14.07 0.0001

Table-II. 25- hydroxycholecalciferol with left ventricular hypertrophy (LVH)  (n = 377).
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DISCUSSION
The present study is the first research being 
reporting on the relationship of serum vitamin 
D3 and serum calcium with left ventricular 
hypertrophy (LVH) in essential hypertension. It 
was hypothesized that there is no relationship 
(H0) between the vitamin D3, serum Ca++ and 
LVH. But the present study found a significant 
correlation of occurrence of vitamin D3 and 
serum calcium deficiency in LVH subjects. The 
present study reports a significant deficiency 
of vitamin D3 and serum calcium in our study 
population. A previous study reported that the 
essential hypertension causes hypernatremia 
which facilitates calciuresis. Low serum calcium 
stimulates PTH secretion. PTH leads to increased 
protein synthesis and ultimately results in 
myocardial hypertrophy and LVH.14 In present 
study serum vitamin D3 and serum calcium were 
found low in LVH subjects and were negatively 
correlated with it. Deficiency of vitamin D3 were 

25-OH-D3 (ng/dl) Serum Ca++(mg/dl)

  LVH (mm)
r – value - 0.475** -0.242**

P-value 0.0001 0.0001
Sample size 377 377

**. Significant Correlation at the level 0.01 (2-tailed)
Table-III. Pearson’s correlation of left ventricular hypertrophy (n=377).

Figure-1. Pearson’s correlation of LVH and 
25-hydroxycholecalciferol (Scatter plot). It shows 

negative correlation as indicated by correlation co-
efficient (r= –0.475) (p=0.0001).

Figure-2. Pearson’s correlation of left ventricular 
hypertrophy and serum calcium (Scatter plot). It shows 

negative correlation as indicated by correlation co-
efficient (r= -0.242) (p=0.0001).

5

Figure-3. Pearson`s correlation of 
25-hydroxycholecalciferol and serum calcium 
(Scatter plot). It shows positive correlation as 

indicated by correlation co-efficient 
(r= 0.711) (p=0.0001).
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noted in 18.30%, 29.70% and 51.98% respectively. 

The role of vitamin D and NT-pro BNP levels in 
thalassemic children and their correlation with 
LV functions were reported by Ambarwati et al15 

from Indonesia. The study reported significant 
negative correlation among serum levels vitamin 
D and LVEF (left ventricular ejection fraction) 
similar outcomes were also noted in the present 
study. Although the study population is different 
but the findings of Ambarwati et al are in keeping 
with the present study. Helvaci et al16 reported 
findings of the correlations between serum levels 
of calcium and left ventricular mass index (LVMI) 
in essential hypertension. They conducted a 
cross sectional study similar to present study. A 
significant correlation among vitamin D, calcium, 
PTH, calcitonin and LVMI were reported. Low 
serum calcium and Vitamin D of Hevlaciet al are 
parallel to our present study; however, the PTH 
and Calcitonin are not comparable. Hevlaci et al 
reported the of LVH was caused by elevated PTH, 
which in turn provokes the myocardial hypertrophy 
and consequent upon the LVH. A recent study by 
Nitta et al17 reported serum calcium in normal, 
LVH and vitamin D supplemented subjects as 
9.01 ± 0.55, 8.87 ± 0.67 and9.05 ± 0.51mg/
dl respectively.17 In present study LVH subjects 
showed low serum calcium of 8.87 ± 0.61 mg/dl 
(df= 376, t-value 279.14, p=0.0001). Our finding 
of low serum Ca++ in LVH is consistent with 
Nitta et al.17 Pandet et al concluded that despite 
growing consensus on deficiency of vitamin D 
and cardiac disease, the relationship was not 
found in their study. No significant association 
of serum levels of vitamin D, atrial volume index 
(AVI), LVH and LV diastolic function. 

A recent study by Li et al19 reported high serum 
Ca++ in LVH. The findings are in controversyl 
to present study. Most probable reason for such 
controversial result may be researcher bias; 
otherwise it is contrary to the fact. Whitham et 
al20 reported a study from Heart Research Center, 
UK. They administered high-dose intermittent 
oral vitamin D3 therapy but reported no effect 
on systemic hypertension and LVH in patients 
with resistant hypertension. The findings are in 
contrast to present study. Witte et al21 enrolled 

229 of cardiac failure having deficiency of vitamin 
D i.e. <20 ng/ml. The subjects were given 
supplements of vitamin D3 for one year at dose of 
4,000 IU/day. After one year, 6-min walk distance 
and LV ejection fraction were not improved. They 
concluded that the vitamin D supplementations 
did not improve myocardial contractility. The 
reason could be small sample size, different 
patient cohort (resistant hypertension and 
cardiac failure by Whitam20 and Witte,21 genetic 
variations, geographical and environmental 
factors. Thadani et al22 reportedthat the vitamin 
D receptor activation produced LVH regression 
and prevented againstit in patients of chronic 
kidney disease (CKD). It was concluded that 
the vitamin D supplements maybe presecribed 
to LVH patients in CKD. Rainaet al23 from India 
has recently reported that the correlation exists 
between vitamin D deficiency and chronic stable 
angina. They concluded that the low levels of 
vitamin D might be an independent modifiable 
risk factor for CAD. A study reported from India 
by Roy et al24 showed that deficiency of vitamin 
D was extremely predominant between subjects 
of acute myocardial infarction (AMI). Vitamin D 
levels were significantly low in subjects who were 
suffering from pulmonary disease like pulmonary 
tuberculosis, Parkinson’s disease and infertility 
also.25,26,27 The findings of present study are also 
matchable with many different other studies 
carried at local levels to check the relationship of 
vitamin d and different diseases were significant. 
The findings of present study are also matchable 
with many different other studies carried at local 
levels to check the relationship of vitamin d and 
different diseases were significant. 

CONCLUSION
The serum levels of vitamin D and calcium were 
low in subjects with left ventricular hypertrophy 
in subjects with essential hypertension. Serum 
levels of vitamin D and calcium showed a negative 
correlation with left ventricular hypertrophy. Thus, 
it may be concluded that the low vitamin D and 
serum calcium level may be an independent 
modifiable risk factor for left ventricular 
hypertrophy. 

RECOMMANDATIONS
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Vitamin D supplements and calcium supplements 
may be prescribed by treating physicians. 
However, further large scale studies are 
recommended to be conducted throughout 
country to authenticate the vitamin D and serum 
calcium levels for left ventricular hypertrophy at 
national levels. Vitamin D and serum calcium 
deficiency, being a modifiable risk factor may 
prove helpful in reducing mortality and morbidity 
by supplementations. 
Copyright© 14 Oct, 2019. 
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