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ABSTRACT 

Background: Hypertension is a major global public health problem and an important risk factor for 

cardiovascular, cerebrovascular, and renal diseases. Serum calcium and magnesium are essential 

electrolytes involved in vascular smooth muscle function, endothelial regulation, and blood pressure 

homeostasis. However, their association with hypertension severity remains inconclusive. 

Aims: The primary aim of this study is to evaluate the association between serum calcium and 

magnesium levels and hypertension. Additionally, the study seeks to determine whether variations in 

serum calcium and magnesium concentrations are related to the severity of hypertension, thereby 

assessing their potential role as biochemical markers in the progression and clinical severity of 

hypertensive disease. 

Materials and Methods: A hospital-based cross-sectional observational study was conducted among 

100 hypertensive patients attending the Department of General Medicine. Demographic, clinical, and 

biochemical parameters, including serum calcium, corrected calcium, serum magnesium, and serum 

phosphorus, were recorded. Hypertension was classified according to standard staging criteria. 

Correlation analysis, multiple linear regression, Chi-square test, and independent t-test were 

performed using SPSS version 27.0, with P <0.05 considered statistically significant. 

Results: The mean age of the participants was 63.74 ± 12.81 years, and 57% were females. Stage 2 

hypertension was observed in 58% of patients. The mean serum calcium, corrected calcium, and 

serum magnesium levels were 8.92 ± 0.86 mg/dL, 9.23 ± 0.95 mg/dL, and 2.17 ± 0.41 mg/dL, 

respectively. Corrected serum calcium demonstrated significant negative correlations with systolic (r 

= –0.237, P = 0.009) and diastolic blood pressure (r = –0.219, P = 0.016). Serum magnesium showed 

a significant inverse correlation with systolic blood pressure (r = –0.223, P = 0.015) but not with 

diastolic blood pressure (P = 0.053). Regression analysis identified corrected calcium as an 

independent predictor of both systolic and diastolic blood pressure. 

Conclusion: Corrected serum calcium and serum magnesium were inversely associated with blood 

pressure, suggesting their potential role in hypertension pathophysiology. Although electrolyte levels 

did not differ significantly between hypertension stages, routine assessment of these parameters may 

aid in the comprehensive evaluation of hypertensive patients. 

Keywords: Hypertension, Serum calcium, Serum magnesium, Corrected calcium, Blood pressure, 

Electrolytes, Systolic blood pressure, Diastolic blood pressure, Cross-sectional study. 
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INTRODUCTION 

 

Hypertension is one of the most common non-communicable diseases and remains a major 

public health challenge worldwide because of its strong association with cardiovascular 

disease, stroke, chronic kidney disease, and premature mortality. According to recent global 

estimates, more than 1.2 billion adults are living with hypertension, and nearly half of them 

remain undiagnosed or inadequately controlled. Despite advances in pharmacological 

therapy, the burden of hypertension continues to increase due to aging populations, sedentary 

lifestyles, unhealthy dietary habits, obesity, and metabolic disorders. Consequently, there has 

been growing interest in identifying modifiable biochemical factors that contribute to blood 

pressure regulation and cardiovascular risk. [1,2] 
 

Blood pressure homeostasis is maintained through a complex interaction of neural, hormonal, 

vascular, and renal mechanisms. Among these, mineral metabolism has emerged as an 

important determinant of vascular function. Calcium and magnesium are essential divalent 

cations that play complementary roles in maintaining normal cardiovascular physiology. 

Calcium is involved in vascular smooth muscle contraction, myocardial contractility, 

neurotransmitter release, and intracellular signalling pathways. Elevated intracellular calcium 

concentrations promote vasoconstriction and increase peripheral vascular resistance, thereby 

contributing to elevated blood pressure. Conversely, disturbances in calcium homeostasis 

may influence vascular tone and endothelial function, potentially accelerating the 

development of hypertension. [3,4] 
 

Magnesium acts as a natural physiological calcium antagonist and is involved in more than 

300 enzymatic reactions within the human body. It regulates vascular smooth muscle 

relaxation, endothelial nitric oxide synthesis, sodium-potassium ATPase activity, glucose 

metabolism, and inflammatory responses. Magnesium deficiency has been associated with 

increased vascular resistance, endothelial dysfunction, oxidative stress, insulin resistance, and 

activation of the renin-angiotensin-aldosterone system, all of which contribute to the 

pathogenesis of hypertension. Several observational studies have demonstrated that lower 

serum magnesium levels are associated with higher blood pressure and an increased risk of 

cardiovascular complications.[5,6] 
 

Recent evidence has highlighted that alterations in serum calcium and magnesium 

concentrations may not only be associated with the presence of hypertension but may also 

correlate with disease severity and target organ damage. An imbalance between these 

electrolytes can affect vascular compliance, arterial stiffness, myocardial excitability, and 

renal sodium handling. Furthermore, dietary deficiencies, impaired intestinal absorption, 

chronic medication use, diabetes mellitus, and advancing age may alter calcium and 

magnesium homeostasis, thereby influencing blood pressure regulation. Although numerous 

studies have evaluated these associations, their findings remain inconsistent due to 

differences in study populations, dietary habits, ethnicity, and methodological 

approaches.[7,8] 
 

In developing countries such as India, hypertension often coexists with nutritional 

deficiencies and metabolic disorders, making the evaluation of mineral status particularly 

relevant. Measuring serum calcium and magnesium is inexpensive, readily available, and 

may provide additional insights into the pathophysiology of hypertension. Identification of 

electrolyte abnormalities at an early stage could facilitate timely interventions, improve blood 

pressure control, and potentially reduce cardiovascular morbidity and mortality. However, 
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there remains a paucity of region-specific data assessing the relationship between serum 

calcium, serum magnesium, and hypertension severity in the Indian population.[9,10] 
 

Therefore, the present study was undertaken to evaluate serum calcium and magnesium levels 

among patients with hypertension and to determine their association with the severity of 

hypertension. The findings may contribute to a better understanding of the role of these 

essential minerals in blood pressure regulation and support the development of more 

comprehensive strategies for the prevention and management of hypertension. 
 

The primary aim of this study is to evaluate the association between serum calcium and 

magnesium levels and hypertension. Additionally, the study seeks to determine whether 

variations in serum calcium and magnesium concentrations are related to the severity of 

hypertension, thereby assessing their potential role as biochemical markers in the progression 

and clinical severity of hypertensive disease. 

 

MATERIALS AND METHODS 

 

Study Design:Hospital-based cross-sectional observational study. 
 

Study Population:Adult patients (>18 years) diagnosed with hypertension attending the 

Outpatient Department (OPD) or admitted to the Department of General Medicine. 
 

Sample Size:100 hypertensive patients fulfilling the inclusion and exclusion criteria. 
 

Study Duration:One year, after obtaining approval from the Institutional Ethics Committee 

(IEC). 
 

Study Place:Department of General Medicine, Maharishi Markandeshwar Institute of 

Medical Sciences and Research (MMIMSR), Mullana, Ambala, Haryana, India. 
 

Inclusion Criteria: 

• Patients aged >18 years.  

• Patients with diagnosed hypertension.  

• Patients previously diagnosed with hypertension but not receiving antihypertensive 

treatment at the time of enrollment.  

• Patients willing to provide written informed consent.  
 

Exclusion Criteria: 

• Patients with thyroid disorders, parathyroid disorders, chronic kidney disease, 

diabetes mellitus, chronic obstructive pulmonary disease, chronic liver disease, or 

known heart disease.  

• Pregnant women.  

• Patients receiving long-term medications known to affect cardiovascular function.  

• Patients taking calcium, magnesium, or vitamin D supplements.  

• Patients unwilling to participate in the study.  

 

Statistical Analysis: The collected data were entered into Microsoft Excel 2021 and 

analyzed using Statistical Package for the Social Sciences (SPSS) software version 27.0 

(IBM Corp., Armonk, NY, USA). Continuous variables were expressed as mean ± standard 

deviation (SD) or median with range, as appropriate, while categorical variables were 

presented as frequency and percentage. The normality of continuous data was assessed using 

the Shapiro–Wilk test. Comparisons of continuous variables between two independent groups 
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were performed using the Independent Student's t-test for normally distributed data. 

Associations between categorical variables were evaluated using the Chi-square test or 

Fisher's exact test, wherever appropriate. The relationship between serum calcium, corrected 

calcium, serum magnesium, and blood pressure parameters was assessed using Pearson's 

correlation coefficient. Multiple linear regression analysis was performed to determine the 

independent association of corrected serum calcium and serum magnesium with systolic and 

diastolic blood pressure after adjusting for relevant variables. All statistical tests were two-

tailed, and a P-value <0.05 was considered statistically significant. 

 

RESULT 
 

Table 1. Demographic and Baseline Characteristics 

Variable Category Value 

Age (years) 
Mean ± SD 63.74 ± 12.81 

Median (Range) 64 (30–87) 

Age group 

18–40 years 5 (5.0%) 

41–60 years 33 (33.0%) 

>60 years 62 (62.0%) 

Sex 
Male 43 (43.0%) 

Female 57 (57.0%) 

Smoking Yes 24 (24.0%) 

Alcohol use Yes 26 (26.0%) 

Family history of HTN Yes 43 (43.0%) 
 

Table 2. Clinical Examination and Biochemical Profile 

Variable Mean ± SD 

Pulse (beats/min) 81.27 ± 13.10 

Respiratory rate 18.78 ± 3.19 

SpO₂ (%) 96.83 ± 2.38 

Weight (kg) 67.19 ± 10.74 

Height (cm) 165.94 ± 10.17 

BMI (kg/m²) 24.86 ± 4.17 

Random blood sugar 162.93 ± 34.63 

SBP (mmHg) 160.26 ± 15.53 

DBP (mmHg) 94.12 ± 6.26 

Serum calcium 8.92 ± 0.86 

Corrected calcium 9.23 ± 0.95 

Serum magnesium 2.17 ± 0.41 

Serum phosphorus 3.84 ± 1.16 
 

Table 3. Hematological, Liver, Renal, Lipid, Thyroid and Urine pH Profile of the Study 

Population 

Parameter Mean ± SD 

Hematological 

Profile 

Hemoglobin (g/dL) 10.94 ± 2.06 

Total leukocyte count (×10³/cumm) 9.45 ± 3.09 

Platelet count (×10³/cumm) 240.19 ± 93.34 

Liver Function SGOT (U/L) 28.43 ± 23.90 
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Tests SGPT (U/L) 22.96 ± 24.53 

Alkaline phosphatase (U/L) 122.08 ± 57.10 

Total bilirubin (mg/dL) 0.68 ± 1.86 

Direct bilirubin (mg/dL) 0.36 ± 1.85 

Indirect bilirubin (mg/dL) 0.32 ± 0.26 

Total protein (g/dL) 6.80 ± 1.06 

Albumin (g/dL) 3.71 ± 0.62 

Globulin (g/dL) 3.16 ± 0.64 

Renal Function 

& Electrolytes 

Blood urea (mg/dL) 45.72 ± 36.67 

Serum creatinine (mg/dL) 1.15 ± 0.96 

Uric acid (mg/dL) 6.15 ± 6.10 

Sodium (mEq/L) 140.16 ± 3.50 

Potassium (mEq/L) 4.23 ± 0.47 

Chloride (mEq/L) 100.29 ± 3.81 

Lipid Profile 

Total cholesterol (mg/dL) 153.83 ± 46.36 

LDL cholesterol (mg/dL) 92.03 ± 47.33 

HDL cholesterol (mg/dL) 47.32 ± 29.91 

Triglycerides (mg/dL) 143.60 ± 85.52 

VLDL cholesterol (mg/dL) 28.43 ± 11.92 

Thyroid Profile 

TSH (µIU/mL) 3.45 ± 2.75 

T3 (ng/dL) 1.57 ± 1.70 

T4 (µg/dL) 9.32 ± 4.70 

Urine Routine Urine pH 1.60 ± 2.71 
 

Table 4. Distribution of Hypertension Stage and Categorical Laboratory Findings Among the 

Study Population 

Variable Category Frequency (n) Percentage (%) 

Hypertension Stage 

Stage 1 hypertension 42 42 

Stage 2 hypertension 58 58 

Total 100 100 

Corrected Calcium Status 

Low 14 14 

Normal 79 79 

High 7 7 

Total 100 100 

Serum Magnesium Status 

Low 6 6 

Normal 72 72 

High 22 22 

Total 100 100 

Urine Protein 

Nil 40 40 

Trace 37 37 

1+ 16 16 

2+ 7 7 

Total 100 100 

Urine Glucose 

Nil 78 78 

1+ 10 10 

2+ 9 9 

3+ 3 3 

Total 100 100 

Urinary Casts 
Nil 100 100 

Total 100 100 
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Urine Pus Cells (/HPF) 

1–2 3 3 

2–3 12 12 

2–4 10 10 

3–4 25 25 

3–6 3 3 

4–5 11 11 

4–6 4 4 

5–6 3 3 

5–10 1 1 

6–7 2 2 

6–8 5 5 

8–10 5 5 

10–12 7 7 

10–15 3 3 

10–20 1 1 

12–15 1 1 

15–20 1 1 

20–25 1 1 

Trace 2 2 

Total 100 100 

Urine RBCs (/HPF) 

0–1 7 7 

1–2 31 31 

2–3 4 4 

2–4 8 8 

3–4 7 7 

4–5 2 2 

5–6 2 2 

6–7 1 1 

6–8 2 2 

7–8 1 1 

8–10 1 1 

10–12 1 1 

20–25 1 1 

Trace 32 32 

Total 100 100 
 

Table 5. Association of Hypertension Severity with Categorical Clinical Variables 

Variable Category 
Stage 1 HTN 

(n = 42) 

Stage 2 HTN (n 

= 58) 
Total (n = 100) P-value 

Sex 
Female 24 (42.1) 33 (57.9) 57 (57.0) 

0.98 
Male 18 (41.9) 25 (58.1) 43 (43.0) 

Smoking 
No 32 (42.1) 44 (57.9) 76 (76.0) 

0.97 
Yes 10 (41.7) 14 (58.3) 24 (24.0) 

Alcohol Use 
No 28 (37.8) 46 (62.2) 74 (74.0) 

0.155 
Yes 14 (53.8) 12 (46.2) 26 (26.0) 

Family History of 

Hypertension 

No 24 (42.1) 33 (57.9) 57 (57.0) 
0.98 

Yes 18 (41.9) 25 (58.1) 43 (43.0) 

BMI Category 

<25 kg/m² 23 (44.2) 29 (55.8) 52 (52.0) 

0.627 25–29.99 kg/m² 13 (36.1) 23 (63.9) 36 (36.0) 

≥30 kg/m² 6 (50.0) 6 (50.0) 12 (12.0) 
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Corrected Calcium 

Status 

Low 5 (35.7) 9 (64.3) 14 (14.0) 

0.642 Normal 33 (41.8) 46 (58.2) 79 (79.0) 

High 4 (57.1) 3 (42.9) 7 (7.0) 

Serum Magnesium 

Status 

Low 5 (83.3) 1 (16.7) 6 (6.0) 

0.105 Normal 28 (38.9) 44 (61.1) 72 (72.0) 

High 9 (40.9) 13 (59.1) 22 (22.0) 
 

Table 6. Correlation, Regression and Comparative Analysis of Corrected Calcium and Serum 

Magnesium with Blood Pressure 
 

A. Correlation Analysis 

Variable SBP r P-value DBP r P-value 

Corrected calcium (mg/dL) -0.237 0.009 -0.219 0.016 

Serum magnesium (mg/dL) -0.223 0.015 -0.177 0.053 

 

B. Multiple Linear Regression Analysis 

Dependent Variable Predictor β SE P-value 

Systolic Blood Pressure 
Corrected calcium (mg/dL) -0.231 0.001 0.01 

Serum magnesium (mg/dL) -0.216 0.003 0.015 

Diastolic Blood Pressure 
Corrected calcium (mg/dL) -0.214 0 0.018 

Serum magnesium (mg/dL) -0.171 0.001 0.057 

C. Comparison of Serum Calcium, Magnesium and Phosphorus Between Hypertension 

Stages 

Variable 
Stage 1 HTN (n = 42) Stage 2 HTN (n = 58) 

P-value 
Mean ± SD Mean ± SD 

Serum calcium (mg/dL) 8.91 ± 0.82 8.93 ± 0.89 0.9 

Corrected calcium (mg/dL) 9.23 ± 0.98 9.24 ± 0.93 0.837 

Serum magnesium (mg/dL) 2.15 ± 0.43 2.19 ± 0.39 0.859 

Serum phosphorus (mg/dL) 3.91 ± 1.30 3.79 ± 1.05 0.727 

 

Figure: 1.Clinical Examination and Biochemical Profile 

 

Figure: 2. Comparison of Serum Calcium, Magnesium and Phosphorus Between 

Hypertension Stages 
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A total of 100 patients with hypertension were included in the present study. The mean age of 

the study population was 63.74 ± 12.81 years, with a median age of 64 years (range: 30–87 

years), indicating that the majority of participants belonged to the elderly age group. Age-

wise distribution showed that 62 (62.0%) patients were aged more than 60 years, 33 (33.0%) 

were between 41 and 60 years, and only 5 (5.0%) were in the 18–40 years age group. Female 

participants constituted the majority of the study population (57.0%), while males accounted 

for 43.0%. With respect to lifestyle characteristics, 24 (24.0%) participants had a history of 

smoking and 26 (26.0%) reported alcohol consumption. A positive family history of 

hypertension was observed in 43 (43.0%) patients, whereas 57 (57.0%) had no known family 

history of hypertension. 
 

The mean pulse rate among the study participants was 81.27 ± 13.10 beats/min, while the 

average respiratory rate was 18.78 ± 3.19 breaths/min. Mean peripheral oxygen saturation 

(SpO₂) was 96.83 ± 2.38%, indicating preserved oxygenation in most participants. The mean 

body weight and height were 67.19 ± 10.74 kg and 165.94 ± 10.17 cm, respectively, resulting 

in a mean body mass index (BMI) of 24.86 ± 4.17 kg/m², which was close to the upper limit 

of the normal range. The average random blood sugar level was 162.93 ± 34.63 mg/dL. The 

mean systolic blood pressure (SBP) and diastolic blood pressure (DBP) were 160.26 ± 15.53 

mmHg and 94.12 ± 6.26 mmHg, respectively, confirming that the study population 

predominantly had uncontrolled hypertension. The mean serum calcium level was 8.92 ± 0.86 

mg/dL, while the corrected serum calcium level was 9.23 ± 0.95 mg/dL. The mean serum 

magnesium concentration was 2.17 ± 0.41 mg/dL, and the mean serum phosphorus level was 

3.84 ± 1.16 mg/dL. 
 

The mean haemoglobin level of the participants was 10.94 ± 2.06 g/dL, while the total 

leukocyte count averaged 9.45 ± 3.09 ×10³/cumm and the platelet count was 240.19 ± 93.34 

×10³/cumm. Liver function assessment revealed mean SGOT and SGPT values of 28.43 ± 

23.90 U/L and 22.96 ± 24.53 U/L, respectively. The mean alkaline phosphatase level was 

122.08 ± 57.10 U/L. Mean total, direct, and indirect bilirubin levels were 0.68 ± 1.86 mg/dL, 
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0.36 ± 1.85 mg/dL, and 0.32 ± 0.26 mg/dL, respectively. The mean total protein, albumin, 

and globulin levels were 6.80 ± 1.06 g/dL, 3.71 ± 0.62 g/dL, and 3.16 ± 0.64 g/dL, 

respectively. 
 

Renal function parameters demonstrated a mean blood urea level of 45.72 ± 36.67 mg/dL, 

serum creatinine of 1.15 ± 0.96 mg/dL, and uric acid of 6.15 ± 6.10 mg/dL. The mean serum 

sodium, potassium, and chloride concentrations were 140.16 ± 3.50 mEq/L, 4.23 ± 0.47 

mEq/L, and 100.29 ± 3.81 mEq/L, respectively. Lipid profile evaluation showed a mean total 

cholesterol level of 153.83 ± 46.36 mg/dL, LDL cholesterol 92.03 ± 47.33 mg/dL, HDL 

cholesterol 47.32 ± 29.91 mg/dL, triglycerides 143.60 ± 85.52 mg/dL, and VLDL cholesterol 

28.43 ± 11.92 mg/dL. Thyroid function tests demonstrated mean TSH, T3, and T4 values of 

3.45 ± 2.75 µIU/mL, 1.57 ± 1.70 ng/dL, and 9.32 ± 4.70 µg/dL, respectively. The mean urine 

pH was 1.60 ± 2.71. 
 

Among the 100 hypertensive patients, 42 (42.0%) had Stage 1 hypertension, whereas 58 

(58.0%) had Stage 2 hypertension, indicating that Stage 2 hypertension was more prevalent in 

the study population. Evaluation of corrected serum calcium showed that 79 (79.0%) 

participants had normal corrected calcium levels, while 14 (14.0%) had low levels and 7 

(7.0%) had elevated corrected calcium. Serum magnesium assessment demonstrated that 72 

(72.0%) participants had normal magnesium levels, 22 (22.0%) had elevated magnesium 

levels, and 6 (6.0%) had hypomagnesemia. 
 

Urine protein analysis revealed that 40 (40.0%) patients had no detectable proteinuria, 37 

(37.0%) had trace protein, 16 (16.0%) had 1+ proteinuria, and 7 (7.0%) had 2+ proteinuria. 

Urine glucose examination showed that 78 (78.0%) patients had no glycosuria, whereas 10 

(10.0%), 9 (9.0%), and 3 (3.0%) had 1+, 2+, and 3+ glucose positivity, respectively. No 

urinary casts were detected in any participant (100% nil). Urine pus cell counts demonstrated 

variable findings, with 3–4 cells/HPF being the most common observation (25.0%), followed 

by 2–3 cells/HPF (12.0%) and 4–5 cells/HPF (11.0%). Regarding urine red blood cells, trace 

RBCs were observed in 32.0% of participants, followed by 1–2 RBCs/HPF in 31.0%, while 

the remaining participants showed varying RBC counts across different categories. 
 

No statistically significant association was observed between hypertension severity and any 

of the categorical clinical variables evaluated. The distribution of males and females across 

Stage 1 and Stage 2 hypertension was nearly identical (P = 0.98). Similarly, smoking status 

was not significantly associated with hypertension severity, with 41.7% of smokers and 

42.1% of non-smokers belonging to Stage 1 hypertension (P = 0.97). Alcohol consumption 

also showed no significant association with hypertension stage (P = 0.155), although a 

relatively greater proportion of alcohol users belonged to Stage 1 hypertension (53.8%) 

compared to non-users (37.8%).Family history of hypertension demonstrated no significant 

relationship with disease severity (P = 0.98). Likewise, BMI category was not significantly 

associated with hypertension stage (P = 0.627), despite Stage 2 hypertension being more 

frequent among overweight participants (63.9%). Corrected calcium status also showed no 

statistically significant association with hypertension severity (P = 0.642). Although 64.3% of 

patients with low corrected calcium had Stage 2 hypertension, similar distributions were 

observed among those with normal calcium levels. Serum magnesium status likewise failed 

to demonstrate a statistically significant association with hypertension stage (P = 0.105), 

despite most patients with low magnesium (83.3%) belonging to Stage 1 hypertension. 
 

Pearson's correlation analysis demonstrated a significant negative correlation between 

corrected serum calcium and systolic blood pressure (r = –0.237, P = 0.009), indicating that 
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higher corrected calcium levels were associated with lower systolic blood pressure. Corrected 

calcium also showed a significant inverse correlation with diastolic blood pressure (r = –

0.219, P = 0.016). Similarly, serum magnesium exhibited a significant negative correlation 

with systolic blood pressure (r = –0.223, P = 0.015). Although serum magnesium also 

demonstrated a negative correlation with diastolic blood pressure (r = –0.177), this 

association did not achieve statistical significance (P = 0.053). 
 

Multiple linear regression analysis further confirmed that corrected serum calcium was an 

independent predictor of systolic blood pressure (β = –0.231, P = 0.010) as well as diastolic 

blood pressure (β = –0.214, P = 0.018). Serum magnesium also independently predicted 

systolic blood pressure (β = –0.216, P = 0.015), indicating that higher magnesium levels were 

associated with lower systolic blood pressure. However, its association with diastolic blood 

pressure (β = –0.171) did not reach statistical significance (P = 0.057). 
 

Comparison of biochemical parameters between Stage 1 and Stage 2 hypertension revealed 

no statistically significant differences. The mean serum calcium levels were 8.91 ± 0.82 

mg/dL in Stage 1 hypertension and 8.93 ± 0.89 mg/dL in Stage 2 hypertension (P = 0.900). 

Corrected serum calcium was also comparable between the two groups (9.23 ± 0.98 mg/dL 

vs. 9.24 ± 0.93 mg/dL; P = 0.837). Similarly, mean serum magnesium levels (2.15 ± 0.43 

mg/dL vs. 2.19 ± 0.39 mg/dL; P = 0.859) and serum phosphorus levels (3.91 ± 1.30 mg/dL 

vs. 3.79 ± 1.05 mg/dL; P = 0.727) did not differ significantly between Stage 1 and Stage 2 

hypertension. These findings suggest that although corrected calcium and serum magnesium 

were inversely correlated with blood pressure values, their absolute serum concentrations 

were not significantly different across hypertension stages. 

 

DISCUSSION 

The present study demonstrated that the mean age of hypertensive patients was 63.74 ± 12.81 

years, with 62% of participants being older than 60 years. This finding reinforces the well-

established association between advancing age and hypertension, which is largely attributed 

to progressive arterial stiffness, endothelial dysfunction, vascular remodeling, and reduced 

arterial compliance. Females constituted 57% of the study population, indicating a slightly 

higher prevalence among women, particularly in the elderly age group. In addition, 

approximately one-fourth of the participants had a history of smoking (24%) or alcohol 

consumption (26%), while 43% reported a positive family history of hypertension, 

highlighting the contribution of genetic and lifestyle-related risk factors. These observations 

are comparable to those reported by Jaiprakash et al., who found that newly diagnosed 

hypertensive patients were predominantly middle-aged and elderly adults without significant 

sex-related differences [11]. 
 

The mean systolic and diastolic blood pressures of 160.26 ± 15.53 mmHg and 94.12 ± 6.26 

mmHg, respectively, confirm that most participants had poorly controlled hypertension. The 

mean corrected serum calcium (9.23 ± 0.95 mg/dL) and serum magnesium (2.17 ± 0.41 

mg/dL) were largely within the normal physiological range despite elevated blood pressure. 

This finding suggests that alterations in mineral metabolism may be subtle rather than 

manifesting as overt biochemical abnormalities. Magnesium functions as a natural calcium 

antagonist by promoting vascular smooth muscle relaxation, whereas calcium regulates 

vascular contractility; therefore, disturbances in their balance rather than absolute 

concentrations may influence blood pressure regulation. Comparable findings were reported 
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by Onor et al., who observed no significant alteration in serum magnesium among 

hypertensive patients and emphasized that serum electrolyte levels alone may not adequately 

explain blood pressure elevation [12]. 
 

The laboratory profile of the present study revealed mild anaemia (mean haemoglobin 10.94 

± 2.06 g/dL) and preserved renal and hepatic biochemical parameters in most participants. 

Serum creatinine (1.15 ± 0.96 mg/dL) and electrolyte values remained largely within normal 

limits, suggesting that the majority of patients did not have advanced renal dysfunction that 

could independently alter calcium or magnesium metabolism. Similarly, thyroid function 

parameters were generally normal, minimizing potential endocrine confounding. These 

findings are in agreement with the observations of Onor et al., who reported that renal 

function had minimal influence on serum magnesium levels after adjustment for confounding 

variables in hypertensive patients [13]. 
 

In the present study, 58% of patients had Stage 2 hypertension, indicating that advanced 

hypertension constituted the larger proportion of the study population. Most patients 

demonstrated normal corrected calcium (79%) and serum magnesium (72%) concentrations 

despite having hypertension. Hypocalcaemia and hypomagnesemia were relatively 

uncommon, occurring in 14% and 6% of participants, respectively. Mild proteinuria was also 

observed in a proportion of patients, suggesting early renal involvement among some 

individuals. Similar findings were described by Agarwal et al., who reported that although 

serum calcium and magnesium abnormalities were present in some hypertensive patients, the 

majority remained within the normal physiological range [14]. 
 

No statistically significant association was observed between hypertension stage and sex, 

smoking status, alcohol consumption, family history, BMI, corrected calcium status, or serum 

magnesium status. Although Stage 2 hypertension appeared numerically more frequent 

among participants with low corrected calcium, these differences did not reach statistical 

significance. Similarly, serum magnesium status was not significantly associated with 

hypertension severity. Kulkarni et al. likewise found that serum magnesium concentrations 

did not differ significantly according to hypertension stage and suggested that serum 

magnesium may not accurately represent intracellular magnesium stores [15]. 
 

The present study demonstrated a significant inverse correlation between corrected serum 

calcium and both systolic (r = −0.237, P = 0.009) and diastolic blood pressure (r = −0.219, P 

= 0.016). Serum magnesium also showed a significant negative correlation with systolic 

blood pressure (r = −0.223, P = 0.015), whereas its association with diastolic blood pressure 

was not statistically significant (P = 0.053). These findings suggest that declining calcium and 

magnesium concentrations may be associated with increasing blood pressure, particularly 

systolic blood pressure. A recent systematic review and meta-analysis demonstrated that 

calcium and magnesium supplementation produced modest but significant reductions in 

blood pressure through improvements in endothelial function and vascular smooth muscle 

relaxation [16]. 
 

These findings are further supported by recent evidence demonstrating that lower serum 

magnesium concentrations are associated with greater blood pressure severity and adverse 

cardiovascular outcomes. Although the relationship is modest, magnesium deficiency may 

contribute to endothelial dysfunction, oxidative stress, and increased vascular resistance, 

thereby facilitating hypertension progression [17]. 
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Similarly, recent comparative studies evaluating hypertensive and normotensive individuals 

have reported significantly lower calcium and magnesium levels among hypertensive 

patients, supporting the concept that disturbances in mineral homeostasis contribute to blood 

pressure dysregulation even when serum concentrations remain within the normal reference 

range [18]. 
 

Multiple linear regression analysis demonstrated that corrected serum calcium independently 

predicted both systolic and diastolic blood pressure, whereas serum magnesium 

independently predicted systolic blood pressure only. These findings suggest that calcium 

metabolism may exert a stronger independent influence on blood pressure regulation than 

magnesium after adjustment for other variables. These observations closely resemble those 

reported by Jaiprakash et al., who found no significant differences in serum calcium and 

magnesium concentrations between Stage 1 and Stage 2 hypertension despite their 

association with blood pressure values [19]. 
 

Despite the observed inverse correlations between corrected calcium, serum magnesium, and 

blood pressure, there were no statistically significant differences in the mean serum calcium, 

corrected calcium, serum magnesium, or serum phosphorus concentrations between Stage 1 

and Stage 2 hypertension. This suggests that while these electrolytes may influence blood 

pressure continuously, their absolute serum concentrations do not necessarily differ across 

clinical stages of hypertension. Similar conclusions were reached by Agarwal et al., who 

reported that serum calcium and magnesium were significantly correlated with blood pressure 

and independently predicted blood pressure values, although they were not reliable markers 

of hypertension staging [20]. 

 

CONCLUSION 

The present study demonstrated that serum calcium and magnesium play an important role in 

the pathophysiology of hypertension. Although the majority of hypertensive patients had 

serum calcium and magnesium levels within the normal reference range, both corrected 

serum calcium and serum magnesium showed significant inverse correlations with systolic 

blood pressure, while corrected calcium was also significantly associated with diastolic blood 

pressure. Multiple linear regression analysis identified corrected calcium as an independent 

predictor of both systolic and diastolic blood pressure, whereas serum magnesium 

independently predicted systolic blood pressure. However, no significant differences in serum 

calcium, magnesium, or phosphorus levels were observed between Stage 1 and Stage 2 

hypertension, and categorical calcium and magnesium status was not significantly associated 

with hypertension severity. These findings suggest that subtle alterations in calcium and 

magnesium homeostasis may influence blood pressure regulation rather than hypertension 

staging. Routine assessment of these electrolytes may provide valuable adjunctive 

information in the clinical evaluation and management of hypertensive patients, although 

larger prospective studies are warranted to confirm these observations and establish their 

prognostic significance. 
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