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INTRODUCTION: Essential hypertension is associated with altered 
calcium metabolism. Changes in the regulation of intracellular free 
Calcium and disturbed extracellular calcium homeostasis are noted 
in patients diagnosed with primary hypertension. Extracellular 
calcium provides calcium ions for the maintenance of intracellular 
calcium levels, blood coagulation, bone mineralization and plasma 
membrane potential. It is widely accepted that the increase in 
peripheral vascular tone that characterises the established phase of 
hypertension is due to increased active tension in the smooth muscle 
cells. Calcium influx through receptor and voltage-gated calcium 
channels initiates vascular contraction and the fall in the 
intracellular free calcium concentration  results in relaxation or 
vasodilatation. 

MATERIALS AND METHODS: 
Study Population: A total of 100 subjects, of which 50 cases of 
essential hypertension satisfying inclusion and exclusion criteria 
visiting medicine OPD and admitted in Government Rajaji hospital, 
Madurai and 50 age and sex matched normotensive controls from 
1stJune 2014 to 30th November 2014 will be taken up for study.  

Inclusion Criteria: Patients with Newly diagnosed Essential 
hypertension  Patients whose age is above 18 years are included 
Both sexes are included 

Exclusion Criteria: Patients who are below 18 years 
Patients who are on Vitamin D and Calcium supplementation 
Patients with  Primary kidney disease/Chronic Kidney disease 
Chronic Liver disease 
Secondary Hypertension 
Pregnancy 
Drugs  influencing Calcium and Phosphorus metabolism  

Ethical Committee Approval: Obtained. 
Study Protocol: Patients with acute ischemic stroke admitted in the 
medicine department within 48 hrs. of onset of symptoms were 
enquired about presenting complaints, mode of onset of 
neurological deficit, past history of TIA, hypertension, diabetes 
mellitus in detail. Special enquiry about alcoholism, smoking, 
pregnancy or recent delivery and use of anticoagulants or oral 
contraceptives was made. Any similar illness in the family was asked. 
Complete general examination and neurological examination was 
done. Optic fundus was seen in all cases to identify papilloedema, 
diabetic retinopathy and hypertensive retinopathy. Other systems 
were examined in detail. Basic investigations such as Haemoglobin, 
blood cell count, urine for albumin, sugar deposit, blood sugar, urea, 
serum creatinine, and serum electrolytes, total cholesterol were 
estimated. Electrocardiography, echocardiography and CT scan of 
brain were done. Serum samples for MPV estimation were taken after 
confirming ischemic stroke & sent to the laboratory. MRI brain was 
also taken if the CT brain was normal and if the patient was 
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MPV level was correlated with MRS score at the time of admission and again at 8 weeks. Patients with MRS score of 5 and 6 were declared as 
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STATISTICALANALYSIS  RESULTS  Standard deviation , regression analysis , mean , median .  ere is no statistically significant difference 
among the case and control groups with regard to the age or sex composition or smoking or alcoholism. MPV did not vary with diabetes or 
hypertension. ere was a linear relation with MPV and severity of ischemic stroke i.e. as the MPV increases the severity (MRS) 2,3of stroke 
increases.  ere is significant elevation of Mean platelet volume in ischemic stroke patients1 compared to matched control  CONCLUSIONS 
group. Mean platelet volume can be used as a significant risk factor for acute ischemic stroke and other vascular events independent of other 
risk factor. 
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affordable. Other risk factors such as history of TIA, MI, SHT, DM and 
BMI & serum cholesterol were taken into account. Modified Rankin 
scale (MRS) at the time of admission were calculated. Standard 
treatment was given to all patients with ischemic stroke. After 8 
weeks of onset of stroke, all the patients were again followed up. 
Functional outcomes were determined by use of Modified Rankin 
scale (MRS). All patients were stratified using MRS Scale [0-2, 34 and 
5-6] into three groups. MPV level was correlated with MRS score at 
the time of admission and again at 8 weeks. Patients with MRS score 
of 5 and 6 were declared as very poor outcome & MRS of 3 and 4 as 
poor outcome. Patients with MRS 0, and 1 were considered as good 
outcome. 

STATISTICAL ANALYSIS: e information collected regarding all 
the selected cases were recorded in a master chart. Data analysis was 
done with the help of computer by using SPSS software and Sigma 
Stat 3.5 version (2012). Using this software, percentage, mean, 
standard deviation and 'p' value were calculated through one way 
ANOVA, Pearson correlation and Chi square test and P value of <
0.05 was taken as significant.

RESULTS: 
e age distribution of the participants is given below in the table. 2. 
36% of the participants were in the age group 18 – 39 years, 55% of the 
population was in the age group 40 – 59 years, while 9% of the 
population was in age group of 60 years and above. 

e sex distribution of cases and control is given in the table 3 below. 
Among the cases, 24 participants were females while 26 participants 
were male which was statistically significant ( p value 0.04). Among 
the controls, both the males and females were equal with 25 
participants each. e median age of the study population was 44.  
62% of the cases were less than the median, while 36% of the control 
were less than median. On the other hand, 38% of the cases and 64% 
of the control were above the median. Out of the total participants, 20 
% of the cases were under “overweight” category and 4.40 % were 
under “obese” category, while 10.2 % of the controls were overweight  
and 2.1% were obese, the p value being 0.06. Out of all the 
participants, 60 % of the cases showed decreased serum level while 24 
% of the controls showed decreased serum calcium level with p value 
<0.001. Only 40% of the cases had normal serum calcium level while 
76 % of the controls had normal serum calcium level. (Pearson Chi-
Square: 13.3, OR: 

4.75; 95%: 2.008 – 11.236; p Value: <0.001) 28% of the cases had a 
positive family history of hypertension while 72% did not have any 
family history. Among the control, only 12% had family history of 
hypertension while 88% of them did not have any positive family 
history. Although, the association of positive family history of 
hypertension was slightly stronger with cases, we did not find it 
statistically significant (p Value: 0.046) 36% of the cases were smokers 
and 64% were non smokers. On the other hand, 

32% of the control were smokers and 68% did not have any history of 
smoking. Similarly, smoking has only a slightly stronger association 
with Cases but we did not find it statistically significant (p Value: 
0.673). In our study population, 28% of both cases and control were 
alcoholics while 72% of them were non-alcoholics. e association of 
alcohol in cases and control was equal and statistically not 
significant. 28% of the participants who had BMI  > 25 had serum 
calcium less than 8.07 mg/dl while only  9.10 % with normal serum 
calcium level had BMI more than 25. 71% of the participants who had 
BMI < 25 had decreased serum calcium while 90% of the participants 
with BMI less than 25 had normal serum calium. (p Value: 0.015*).  In 
the participants, we observed that a higher percentage of 
participants who are obese or overweight had lower calcium level 
rather than normal serum calcium which was statistically 
significant.  In our study, 64.30% of the participants who were above 
44 years had low serum calcium while 37.90% had normal serum 
calcium level. 35.70% of the participants who were below 44 years 
had low serum calcium and 62.10% of the participants in this 

category had normal serum calcium. is shows that older people 
are more likely to have low serum total calcium as compared to 
younger age group. (p Value: 0.009*) In our study, 50% of the 
obese/overweight individuals had serum calcium phosphorus ratio 
more than 4.09 and 13.10% had serum calcium phosphorus ratio less 
than 4.09. 50% of the participants with normal weight had serum 
calcium phosphorus ratio more than 4.09 while 86% of the 
participants in this category had serum calcium phosphorus less 
than 4.09. is shows that subjects who are obese/overweight are 
more strongly associated with an increased C:P  ratio as compared to 
subjects with normal body weight which was statistically significant. 
(p Value: 0.003*) To adjust for potential confounders, selected 
variables from the Univariate analysis were analyzed. A logistic 
regression model was derived by entering the following variables: 
Sex, serum calcium <8.07 mg/dl, CP ratio >2.7, smoking history. 
BMI>=25 and Age>=44years. In this regression model Serum calcium 
<8.07 mg/dl �Adjusted OR 4.61 (95%CI 1.66-12.81� and CP ratio >2.7. 
Adjusted OR 5.26  (95%CI 1.89-14.7� are significantly associated with  
hypertension after adjusting for confounding factors. 

In other words the odds of a patient with hypertension is  4.61 times 
more likely to have a serum calcium level less than 8.07 mg/dl as 
compared to a non hypertensive and the odds of a patient with 
hypertension to have a CP ratio>=2.7 is 5.26 more than that of a 
normotensive individual. 

DISCUSSION: In our study, the age distribution of the participants 
were grouped into three categories. 2. 36% of the study population 
was in the age group 18 – 39 years, 55% of the population was in the 
age group 40 – 59 years, while 9% of the population was in age group 
of 60 years and above. Among the three groups, age group 18-39 % had 
the lowest number of participants. is may be attributed to the fact 
that most hypertensive patients remain asymptomatic for many 
years and they seek medical attention only when complication sets 
in. As expected, participants from age group 40-59 were the highest 
as they began to develop hypertension related problems like end 
organ damage during this age.  

e sex distribution of cases and control is given in the table 3 below. 
Among the cases, 24 participants were females while 26 participants 
were male which was statistically not significant ( p value 0.04). 
Among the controls, both the males and females were equal with 25 
participants each. In our study, we observed a slightly increased 
number of male participants but it was not significant. erefore, our 
observation is that both males and females are almost equally 
affected, especially in the middle age. 

e median age of the study population was 44.62% of the cases were 
less than the median, while 36% of the control were less than median. 
On the other hand, 38% of the cases and 64% of the control were 
above the median. 

Out of the total participants, 20 % of the cases were under 
“overweight” category and 4.40 % were under “obese” category, while 
10.2 % of the controls were overweight and 2.1% were obese, the p 
value being 0.06 which was statistically not significant in relation to 
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MRS No. of Cases 

Gr 0 5 
Gr 1 14 

Gr 2 9 

Gr 3 11 

Gr 4 9 

Gr 5 2 

Table 1: Severity of Ischemic Stroke

MRS vs. MPV Mean SD p value 

Gr 0, 1(19) 9.79 1.5 

Gr 2, 3(20) 10.09 1.73 

Gr 4, 5(11) 11.72 1.53 0.008 Sig 

Table 2: MPV vs. severity of stroke (MRS)



hypertension. However we observed that over weight/obese 
individuals tend to have decreased serum calcium level which was 
statistically significant. (p Value: 0.015*). us BMI may be an 
independent risk factor for low serum calcium. 
 
In our study, 86% of the participants with C:P ratio in normal range 
had normal BMI, while only 13.10% of the overweight/obese 
participants had C:P ratio in the normal range which was statistically 
significant. (p Value:0.003*) In the study population, 60 % of the cases 
showed decreased serum level while 24 % of the controls showed 
decreased serum calcium level with p value <0.001. Only 40% of the 
cases had normal serum calcium level while 76 % of the controls had 
normal serum calcium level. (Pearson Chi-Square: 13.3, OR: 4.75; 
95%: 2.008 – 11.236; p Value: <0.001). is is in agreement with studies 
done various authors like Jha et al[7] where they concluded that 
serum total calcium is  decreased in hypertensive subjects as 
compared to normotensives. 

Touyz et al [2] also observed a significantly decreased level of serum 
calcium in hypertensive individuals along with decreased serum 
potassium and decreased serum magnesium. Yogesh et al [13] 
mentioned that serum ionised calcium calcium was decreased in 
hypertension but no significant correlation exists between serum 
total calcium and hypertension. Our finding is also in accordance 
with studies done by Stern et al [5], Takale et al [3], Sharma et al[9], 
Sudhakar et al [4]. However, in a study done by Hazari and associates 
[10], they could not find any significant association of both serum 
calcium and serum ionized calcium with hypertension. 

36% of the cases were smokers and 64% were non smokers. On the 
other hand, 32% of the control were smokers and 68% did not have 
any history of smoking. Similarly, smoking has only a slightly stronger 
association with Cases but we did not find it statistically significant 
(p Value: 0.673) In our study population, 28% of both cases and 
control were alcoholics while 72% of them were non-alcoholics. e 
association of alcohol in cases and control was equal and statistically 
not significant (p Value: 1). is is in contrast to the observations 
made by Danni and associates[29], Klatsy [30] who opined that 
alcohol may serve as an independent risk factor for hypertension. 

28% of the cases had a positive family history of hypertension while 
72% did not have any family history. Among the control, only 12% had 
family history of hypertension while 88% of them did not have any 
positive family history. Although, Sudhakar et al [4], and Sharma [18] 
concluded that serum calcium was decreased in the first degree 
relatives of hypertensive individuals as well, we observed that the 
association of positive family history of hypertension was only 
slightly stronger with cases, and we did not find it statistically 
significant (p Value: 0.046) 
         
 Using the multivariate analysis, we observed that participants with 
low serum total calcium are significantly associated with 
hypertension after adjusting for confounding factors. 

In other words the odds of a patient with hypertension is  4.61 times 
more likely to have a serum calcium level less than 8.07 mg/dl as 
compared to a non hypertensive individual and the odds of a patient 
with hypertension to have a CP ratio >2.7 is 5.26 more than that of a 
normotensive individual. 

CONCLUSION: Hypertension is an emerging health problem in 
India. Hypertension significantly increases the risk of mortality and 
morbidity of cerebrovascular accidents (both ischaemic and 
haemorrhagic), coronary artery disease, congestive heart failure, 
chronic kidney failure, and peripheral vascular diseases. Many recent 
studies have implicated serum calcium level in the role of 
development of hypertension and increasing evidence are emerging 
supporting this theory. is tendency has been observed even in 
pregnant women. us, in addition to the routine dietary restriction 
salt in hypertensive individuals, estimation of serum calcium level 
and calcium / phosphorus ratio may be considered in patients with 

essential hypertension when planning for a treatment strategy and 
addition of oral calcium supplement in diet may offer a favourable 
outcome. 
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