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ABSTRACT 
Background: Many studies suggest that reduced consumption of calcium or 

magnesium is associated with an increased risk of developing hypertension 

and cardiovascular disease. Results of animal studies show that restriction of 

calcium increases, and supplementation with calcium lowers, the blood 

pressure of normal and hypertensive rats. The present study aims to study the 

association between serum calcium and magnesium in hypertensive patients. 

Materials and Methods: The present study was conducted in the Department 

of General Medicine in a tertiary care hospital. The study was conducted over 

one year, from June 2022 to June 2023. The inclusion criteria were age more 

than 18 years, patients who were diagnosed with hypertension, and patients 

who gave consent for the study. The exclusion criteria were patients with 

previous hypocalcemic disorders, patients with previous hypomagnesemic 

disorders, and patients on drugs causing hypertension. A complete and detailed 

history was taken, and a general physical examination was done for all 

patients. Result: Out of 150 patients, there was a male preponderance, with 62 

females and 88 males. There were more patients in the age group of 51–60 

years, with 42 patients. Among the hypertensive patients, 108 were 

normocalcemic, 34 were hypocalcemic, and 8 were hypercalcemic. There were 

79 patients with increased magnesium levels, 22 patients with decreased 

magnesium levels, and the rest had normal magnesium levels. Conclusion: 

Weconclude from the study that decreased calcium levels contribute to 

hypertension. Further role of magnesium in hypertensive patients could not be 

inferred due to size of the sample. 

 
 

 

INTRODUCTION 
 

Dietary potassium, calcium, and magnesium have 

each been inversely associated with blood pressure 

in populations.1-15 Since these cations exist 

together in commonly eaten foods such as fruits, 

nuts, vegetables, cereals, and dairy products, their 

intakes are highly correlated. This collinearity 

makes it difficult in epidemiological studies to 

distinguish which among these dietary cations has a 

causal role in blood pressure regulation.[1-8] Meta-

analysis of clinical trials found a significant blood 

pressure–lowering effect (−5.9/−3.4 mm Hg) for 

potassium supplementation in hypertensive but not 

in normotensive persons.[9-16] Meta-analysis 

suggested that calcium supplementation has a small 

effect (−1.7 mm) on systolic blood pressure in 

hypertensive but not normotensive patients.[17,18] 

Magnesium produced inconsistent results in trials of 

hypertensives,[19-28] and no effect in 

normotensives.[29,30] The lack of effect of mineral 

supplements in clinical trials of normotensives is 

inconsistent with the significant associations in 

epidemiological studies, since normotensive persons 

comprise the vast majority of the population 

samples. 

One possible explanation for the divergence in 

findings between the observational epidemiologic 

studies and the clinical trials in normotensive 

persons is that a subset of the population that is 

relatively deficient from low intake of minerals may 

be particularly responsive to supplementation. 

Epidemiological studies tend to compare those in 

the lowest category of intake, which serves as a 

point of reference, with persons having average or 

high intake. In contrast, most trials have tested the 

effect of raising an average intake to a high intake. 

An alternative explanation is that these minerals 

work in concert to reduce blood pressure and that 

they would be more effective when given together. 

To explore both possibilities, we conducted a 

clinical trial of potassium, magnesium, and calcium 

supplements, given singly and together, to 
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participants in the Nurses Health Study II who 

reported habitually low intakes of these minerals. 

Hypertension and calcium: The regulation of 

blood pressure is complex with several organs being 

involved. Intracellular calcium plays a crucial role 

in the regulation of cardiovascular functions: An 

increased influx of calcium into the vascular smooth 

muscle cells leads to an augmental muscular tone 

and therefore to an increased vascular resistance and 

rise in blood pressure. Parathormone plays a 

permissive role since it regulates the calcium-influx 

into the cells and thus increases the vasoconstrictive 

effect. There is a positive correlation between 

parathormone and blood pressure, present in 

primary as well as secondary hyperparathyroidism. 

Moreover, patients with essential hypertension have 

high parathormone levels already before 

hypertension is diagnosed. A calcium-rich diet (> 

1000 mg calcium daily) slightly decreases blood 

pressure. This positive effect is due to parathormone 

suppression with a subsequently decreased calcium 

content in the vascular smooth muscle cells. A 

calcium-rich diet inhibits lipogenesis in the fat 

tissue; thus additionally improving the 

cardiovascular risk profile. 

Regulation of intracellular calcium plays a key role 

in hypertension and obesity. Dysregulation of 

calcium homeostasis appears to be a fundamental 

factor linking these conditions. Regulation of 

intracellular calcium in key disease-related target 

tissues by calcitrophic hormones provides the 

opportunity to modulate disease risk with dietary 

calcium. Overall, sub-optimal calcium intakes 

contribute to the etiology of salt-sensitivity and 

hypertension. High salt diets exert a calciuretic 

effect, serving to exacerbate the physiological 

consequences of sub-optimal calcium diets. Among 

these are increases in 1,25-dihydroxyvitamin D, 

which increases vascular smooth muscle 

intracellular calcium, thereby increasing peripheral 

vascular resistance and blood pressure. Dietary 

calcium reduces blood pressure in large part via 

suppression of 1,25-dihydroxyvitamin D, thereby 

normalizing intracellular calcium. The practical 

relevance of this approach has been confirmed in the 

DASH (Dietary Approaches to Stop Hypertension) 

trial, which demonstrated that increasing low-fat 

dairy product and fruit and vegetable consumption 

exerted profound blood pressure-lowering effects. 

The magnitude of this effect among hypertensives 

was comparable to that typically found in 

pharmacological trials of mild hypertension. 1,25-

dihydroxyvitamin D also stimulates calcium influx 

in human adipocytes, resulting in stimulation of 

lipogenesis, inhibition of lipolysis and expansion of 

triglyceride stores. Accordingly, suppression of 

1,25-dihydroxyvitamin D by dietary calcium has 

been identified as a target, which may contribute to 

the prevention and management of obesity. Indeed, 

laboratory, clinical and population data all indicate a 

significant anti-obesity effect of dietary calcium, 

although large-scale prospective clinical trials have 

not yet been conducted to definitively demonstrate 

the scope of this effect. Thus, available evidence 

indicates that increasing dietary calcium intakes 

may result in reductions in fat mass as well as in 

blood pressure. 

Manipulations of dietary calcium have been 

repeatedly shown to alter blood pressure in animal 

models of human essential hypertension. 

Supplemental dietary calcium lowers blood 

pressure, whereas restricted calcium diets tend to 

elevate blood pressure. The mechanisms responsible 

have not been identified, but numerous possibilities 

have been proposed. Many of the proposals have 

attempted to relate dietary calcium to calcium 

metabolism in vascular smooth muscle and altered 

vascular tone. Other proposals have focused on 

neural, hormonal, and renal effects of dietary 

calcium. In this article, mechanisms through which 

elevations in extracellular calcium levels might 

influence intracellular calcium levels are explored. 

Also examined are the potential roles of calcium 

regulating hormones, sympathetic nervous system, 

and electrolyte interactions in modifying blood 

pressure. 

Low dietary intake of calcium has been found to be 

a risk factor for the development of hypertension in 

a number of epidemiological studies. Moreover, 

increased dietary calcium intake has been reported 

to beneficially influence on blood pressure in both 

humans and animal models of hypertension, 

suggesting the relative calcium deficiency may 

indeed be present in these conditions. The 

underlying mechanisms for the beneficial effect of 

positive calcium balance on blood pressure have 

been a subject for extensive research in essential and 

experimental hypertension. In this article, the 

possible beneficial effects of increased dietary 

calcium intake on central blood pressure control are 

reviewed. 

Whether maintenance of normal calcium 

homeostasis can afford protection against the 

development of hypertension in humans has 

emerged as a controversial area of both clinical and 

basic cardiovascular disease research. The data that 

have provoked this debate are derived from 

epidemiological reports, human studies, animal 

investigations, and cellular research. Ten published 

reports have identified an association between 

greater dietary calcium consumption and lower 

blood pressure in humans. In both humans and 

experimental animals with hypertension, several 

end-organ defects have been identified that are 

consistent with an inability to maintain external 

calcium balance. With the provision of supplemental 

dietary calcium, both humans and experimental 

models with high blood pressure have reduced their 

blood pressure. A variety of membrane-associated 

defects of Ca2+-ATPase-dependent calcium 

transport have been identified in cells derived from 

multiple organs of both the hypertensive animal and 

human. These abnormalities of cellular calcium 

handling could account for the failure of the 
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hypertensive subject to appropriately defend its 

calcium balance. More important, they provide a 

theoretical mechanism by which calcium, 

interacting with calmodulin, might favorably modify 

vascular smooth muscle function and, thereby, 

peripheral vascular resistance. 

Hypertension and magnesium: Magnesium31 

intake of 500 mg/d to 1000 mg/d may reduce blood 

pressure (BP) as much as 5.6/2.8 mm Hg. However, 

clinical studies have a wide range of BP reduction, 

with some showing no change in BP. The 

combination of increased intake of magnesium and 

potassium coupled with reduced sodium intake is 

more effective in reducing BP than single mineral 

intake and is often as effective as one 

antihypertensive drug in treating hypertension. 

Reducing intracellular sodium and calcium while 

increasing intracellular magnesium and potassium 

improves BP response. Magnesium also increases 

the effectiveness of all antihypertensive drug 

classes. It remains to be conclusively proven that 

cardiovascular disease such as coronary heart 

disease, ischemic stroke, and cardiac arrhythmias 

can be prevented or treated with magnesium intake. 

Preliminary evidence suggests that insulin 

sensitivity, hyperglycemia, diabetes mellitus, left 

ventricular hypertrophy, and dyslipidemia may be 

improved with increased magnesium intake. Various 

genetic defects in magnesium transport are 

associated with hypertension and possibly with 

cardiovascular disease. Oral magnesium acts as a 

natural calcium channel blocker, increases nitric 

oxide, improves endothelial dysfunction, and 

induces direct and indirect vasodilation. 

Magnesium,[32] plays a role in a number of chronic, 

disease-related conditions. This article reviews 

current pertinent literature on magnesium, focusing 

on hypertension and cardiovascular diseases and 

implications for relationships with diabetes and 

metabolic syndrome. A major role for magnesium is 

in the regulation of blood pressure. While data are 

not entirely consistent, it does appear that an inverse 

relationship between magnesium intake and blood 

pressure is strongest for magnesium obtained from 

food rather than that obtained via supplements. 

Hypertension associated with preeclampsia appears 

to be alleviated when magnesium is administered; in 

addition, women with adequate intakes of 

magnesium are less likely to be affected by 

preeclampsia than those with an inadequate intake. 

A role for magnesium in other cardiovascular 

diseases has been noted in that increased magnesium 

intake may improve serum lipid profiles. Dietary 

magnesium is also recommended to aid in the 

prevention of stroke and is important for skeletal 

growth and development. Magnesium may also play 

a role in the development of diabetes mellitus, 

obesity, and metabolic syndrome. There are data 

from some studies, such as the DASH and 

PREMIER studies, that suggest that lifestyle 

changes (including adequate magnesium intake) can 

benefit blood pressure control, promote weight loss, 

and improve chronic disease risk. 

Blood pressure is affected by many genetic and 

environmental factors and their complex 

interactions. The elucidation of the 

pathophysiological mechanisms of essential 

hypertension remains one of the most formidable 

challenges in medicine today. A large number of 

pathophysiological abnormalities have been 

described in essential hypertension such as defects 

in Na, K and Ca metabolism, increased sympathetic 

activity, vascular supersensitivity to endogenous 

neurohumoral constricting agents and decreased 

sensitivity to endogenous vasodilators. Evidence is 

accumulating which suggests that Mg,[33] may play 

an important role in the prevention and control of 

hypertension. Mg affects the metabolism of Na, K 

and Ca and the abnormalities in ion transport 

reported in experimental hypertension are similar to 

those reported in experimental Mg deficiency. In 

experimental studies, Mg has been established as an 

important regulator of vascular tone. Hypertension 

has been shown to develop in Mg deficient rats. 

There are a number of epidemiological studies 

demonstrating a negative correlation between Mg 

intake and hypertension. Parenteral treatment with 

magnesium sulphate is well established as 

successful in reducing hypertension in preeclampsia. 

Two recent studies indicate that oral 

supplementation of Mg can lower blood pressure in 

patients with essential hypertension. Mg may also 

be important in drug treatment of hypertension and 

diuretics may result in enhanced losses of 

magnesium. There is evidence that Mg deficiency 

may induce resistance to the effects of 

antihypertensive agents. 

Magnesium,[34] status has a direct effect upon the 

relaxation capability of vascular smooth muscle 

cells and the regulation of the cellular placement of 

other cations important to blood pressure - cellular 

sodium:potassium (Na:K) ratio and intracellular 

calcium (iCa(2+)). As a result, nutritional 

magnesium has both direct and indirect impacts on 

the regulation of blood pressure and therefore on the 

occurrence of hypertension. Hypertension occurs 

when cellular Na:K ratios become too high, a 

consequence of a high sodium, low potassium diet 

or, indirectly, through a magnesium deficient state 

which causes a pseudo potassium deficit. Like wise, 

magnesium deficiency alters calcium metabolism, 

creating high iCa(2+), low serum calcium and low 

urinary calcium states even when calcium intake is 

adequate. High iCa(2 +) and high cellular Na:K ratio 

both occur when cellular magnesium becomes too 

low and the Mg-ATP driven sodium-potassium 

pump and calcium pump become functionally 

impaired. High iCa(2+) has several vasoconstrictive 

effects which lead to hypertension, an indirect result 

of low magnesium status. Dietary calcium is directly 

proportional to dietary magnesium. Serum 

magnesium does not reflect true magnesium status 

as do intracellular magnesium measurements. 
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Several studies on the effect of calcium on blood 

pressure need these added considerations of 

magnesium status to fully understand the impact of 

the Mg:Ca ratio as the primary cause of 

hypertension and other aspects of Syndrome X. 

Magnesium supplementation above 15 mmol per 

day are required to normalize high blood pressure in 

unmedicated hypertensive patients while 15 mmol 

per day will lower high blood pressure in patients 

treated with anti-hypertensive medications. In most 

humans, healthy blood pressure depends upon a 

balance of both Na:K and Mg:Ca ratios at both 

cellular and whole body levels which, in turn, 

require adequate, long-term intakes of nutritional 

magnesium. The knowledge that low magnesium 

causes imbalance in both cellular and physiological 

calcium widens our view of the studies showing 

hypertensives have abnormal calcium metabolism. 

 

MATERIALS AND METHODS 

 

The present Prospective observational study was 

done in Department of general medicine in teriary 

care hospital from June 2022 to June 2023.all 

patients with hypertension above 18yrs were 

enrolled.all the necessary investigations Like 

cbp,rft,thyroid profile,lft,usg abdomen were 

done.special investigations like serum calcium and 

magnesium were sent. 

Inclusion Criteria 

1. Age more than 18 years. 

2. Patients who were diagnosed hypertensive. 

3. Patients who gave consent for the study. 

Exclusion Criteria 
1. Patients with previous hypocalcemic disoders. 

2. Patients with previous hypomagnesemic 

disorders 

3. Patients on drugs causing 

hypertension.Complete detailed history was 

taken and general physical examination is done 

for all patients.  

The statistical software SPASS was used to analyse 

the data and Microsoft word and excel have been 

used to generate graphs, figure etc. 

 

RESULTS 

 

 
Gender Distribution 

 

 

 
 

 
 

 
 

 
 

P value for duration of htn with increased calcium 

levels is <0.5 
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P value for duration of htn with decreased 

magnesium levels <0.5 

 

 
 

DISCUSSION 
 

In our study there was male predominance in the 

ratio 1.4:1.there were more number of patients in the 

age group 51-60 years. According to K. Sudhakar et 

al,[35] The mean total serum calcium levels were 

significantly (p<0.01) decreased in males and 

females in hypertensive group when compared with 

normotensive controls  

In our study there were 45 patients with decreased 

calcium levels.p value was calculated <0.001 in 

correlation with Sudhakar et al study.[35] 

Fu Y, Wang S., et al,[36] in their study suggested that 

that the hypertensive group consistently 

demonstrated a significant decreased activity of 

ATPase studied, with significantly lower plasma 

calcium levels P < 0.01. 

Strazzullo P et al,[37] studied several of the 

biochemical abnormalities of calcium metabolism 

and were able to detect a significant reduction in 

total serum calcium levels in hypertensive subjects 

with essential hypertension. 

Possible mechanisms may be that low plasmatic 

calcium concentration could stimulate the release of 

parathyroid hormone (PTH),[38]and parathyroid 

hypertensive factor,[39] foster the synthesis of 

calcitriol,[40] and activate RAAS system,[41] which in 

return increase intracellular calcium concentration 

and lead to vasoconstriction, vascular resistance, 

and high blood pressure.[42] Apart from this, both 

angiotensin II and PTH could provoke aldosterone 

secretion from adrenal gland,[43] which could 

upregulate epithelial sodium channels (ENaC) in the 

principal cells of the collecting duct in the kidney, 

increase apical membrane permeability for Na+, 

facilitate Na+, and water reabsorption and thus, 

increase blood pressure.[44] Collectively, the calcium 

deficiency hypothesis of hypertension populated and 

calcium supplementation was advocated in lowering 

blood pressure and delaying the onset of 

hypertension. 

The mechanisms underlying the observed 

association between serum calcium and 

hypertension remain uncertain. Serum calcium may 

directly affect vasoconstriction by the influx of 

calcium into the smooth muscle of the artery, which 

enhances muscle contracture, increases vascular 

resistance, and therefore, leads to the development 

of hypertension.[45] Additionally, calcium could 

indirectly promote hypertension by alteration in the 

extracellular binding of calcium,[46] inducing insulin 

resistance,[47] and interacting with other cations, 

especially sodium and potassium48. Another 

possible mechanism lies in that subtle alterations in 

intracellular calcium may affect the secretion and 

action of hormones, such as the pressor action of 

catecholamines, angiotensin II, or aldosterone, 

which may target the blood pressure control centers 

and increase blood pressure levels. Moreover, 

calcium could mediate PTH release and several 

previous studies have found a positive correlation 

between PTH concentration and blood pressure.[49,50] 

In our study there were 36 patients with decreased 

magnesium levels.it was observed in our study that 

magnesium levels decreased in more number of 

patients as the duration of hypertension increased.p 

value <0.04. 

Resnick et al,[51] reported that in essential 

hypertension, there is a continuous negative 

correlation of serum magnesium with plasma renin 

activity. Ferdousi et al,[52] reported in their study that 

the serum magnesium level (mg/dl) was 

significantly lower in 30 offsprings of essential 

hypertensive parents when compared to the 30 age- 

and sex-matched offsprings of normotensive parents 

P < 0.01. In the present study also, there is a 

negative correlation exists between serum 

magnesium and blood pressure ofhypertensives with 

longer duration was significantly higher than the 

normotensive subjects. The results are similar to the 

findings of the study conducted by Ohira et al.[53] In 
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his study, he found that there exists an inverse 

relationship between serum magnesium with blood 

pressure. 

 

CONCLUSION 
 

1. Hypertension is influenced by various risk 

factors. 

2. It was observed that serum calcium was low in 

hypertensives 

3. It was observed that serum magnesium was 

significantly lower in hypertensives 

4. It was observed thathigh serum calcium 

valuesvaried with the duration of hypertension. 

5. It was observed that low serum magnesium 

values varied with duration of hypertension. 
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