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ABSTRACT

Background: Hypertension remains the leading modifiable risk factor for global mortality, affecting approximately 33%
of adults worldwide. The interplay between renal function, electrolyte homeostasis, and vitamin D status in hypertensive
patients has garnered increasing clinical attention. This study aimed to estimate and correlate renal biomarkers, electrolyte
levels, and vitamin D status in hypertensive subjects compared to normotensive controls. Materials & Methods: A case-
control study was conducted at Siddhartha Medical College, involving 30 hypertensive subjects and 30 age-matched
normotensive controls aged 21-55 years. Serum levels of sodium, potassium, chloride, urea, creatinine, uric acid, and
vitamin D were measured using standardized laboratory methods. Blood pressure was recorded using a mercury
sphygmomanometer, and anthropometric measurements were obtained. Statistical analysis employed Student's t-test and
Pearson's correlation coefficient, with P<0.05 considered significant. Results: Hypertensive subjects demonstrated
significantly lower serum sodium (139.13+£3.025 vs. 143.8+2.26 mmol/L; P<0.0001) and chloride (103.63£2.96 vs.
109.1+2.12 mmol/L; P<0.0001) compared to controls. Renal biomarkers were significantly elevated in cases: urea
(25.33+9.26 vs. 20.06+6.34 mg/dL; P=0.0099), creatinine (1.05+£0.57 vs. 0.81+0.39 mg/dL; P=0.0006). Vitamin D levels
were significantly lower in hypertensive subjects (18.27+4.01 vs. 20.25+6.32 ng/mL; P=0.0184). Anthropometric
parameters including BMI (25.33+3.27 vs. 22.47+1.78 kg/m?; P<0.0001) were significantly higher in hypertensive
subjects. Correlation analysis revealed significant relationships between systolic blood pressure and creatinine (r=+0.452),
sodium (r=-0.512), and vitamin D (r=-0.423). Conclusion: This study confirms that hypertensive patients exhibit
significant renal impairment, electrolyte disturbances, and vitamin D deficiency. The correlations identified between these
parameters highlight the need for integrated clinical assessment and therapeutic strategies targeting vitamin D
supplementation and electrolyte optimization in hypertension management. These findings support incorporating routine
monitoring of renal function, electrolytes, and vitamin D status in hypertensive populations to enable early intervention
and potentially improve cardiovascular outcomes.
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INTRODUCTION

Hypertension, or persistently elevated arterial blood
pressure, remains a leading modifiable risk factor for
cardiovascular disease, chronic kidney disease, and
premature mortality worldwide [1]. Its pathophysiology
is complex and multifactorial, involving genetic
predisposition, environmental factors, and intricate

physiological systems. Among these, the kidneys play a
central role in long-term blood pressure regulation
through their control of sodium excretion, fluid balance,
and the renin-angiotensin-aldosterone system (RAAS).
Consequently, even subtle derangements in renal
function can both contribute to the development of
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hypertension and result from hypertensive damage,
creating a dangerous vicious cycle [2].

Closely linked to renal function is the maintenance of
electrolyte homeostasis. Electrolytes such as sodium,
potassium, calcium, and magnesium are critical for
numerous physiological processes, including vascular
tone, cardiac contractility, and neural transmission.
Imbalances in these ions are frequently observed in
hypertensive individuals. For instance, high sodium
intake is a well-established risk factor for hypertension,
while low potassium intake can exacerbate the condition
by promoting vasoconstriction and sodium retention [3].
The relationship with divalent cations like calcium and
magnesium is more complex, with evidence suggesting
their involvement in vascular smooth muscle function
and insulin resistance, further linking them to blood
pressure regulation [4].

In recent decades, vitamin D has emerged as a
significant hormone beyond its classical role in bone
mineral metabolism. The discovery of vitamin D
receptors (VDR) in numerous tissues, including vascular
smooth  muscle, cardiac myocytes, and the
juxtaglomerular apparatus of the kidney, has spurred
extensive research into its extra skeletal effects [5].
Notably, vitamin D is a potent negative endocrine
regulator of the RAAS. By suppressing renin expression,
adequate vitamin D levels help maintain appropriate
vasodilation and sodium excretion. Conversely, vitamin
D deficiency, which is highly prevalent globally, has
been implicated in the overactivation of the RAAS,
potentially contributing to hypertension and target organ
damage [6].

While the individual relationships between hypertension
and renal function, electrolyte imbalance, or vitamin D
status have been explored, these components do not
operate in isolation. They are part of an interconnected
physiological network. For example, vitamin D is
essential for optimal intestinal calcium absorption, and
its deficiency can lead to secondary
hyperparathyroidism, which may influence vascular
compliance and blood pressure [7]. Furthermore,
declining kidney function in hypertension can disrupt
both vitamin D activation (by impairing renal lo-
hydroxylase activity) and electrolyte excretion, creating
a self-perpetuating cycle of dysfunction [8]. Despite this
known interplay, studies that holistically investigate the
concurrent status of these three key parameters—renal
biomarkers, electrolyte balance, and vitamin D levels—
in a well-defined cohort of hypertensive subjects are
limited, particularly in specific populations where
genetic, dietary, and environmental factors may play a
modifying role.

Therefore, the present study was undertaken with the
primary objective of comprehensively evaluating and
comparing renal function biomarkers (serum creatinine,

urea, uric acid), electrolyte profiles (sodium, potassium,
calcium, magnesium, phosphate), and serum vitamin D
levels in hypertensive subjects relative to age- and sex-
matched normotensive controls. By simultaneously
assessing these interconnected factors, this research aims
to elucidate their collective pattern in hypertension,
identify potential early markers of target organ damage,
and provide a more integrated understanding that could
inform future diagnostic and therapeutic strategies for
better cardiovascular and renal outcomes

MATERIALS AND METHODS

Study Design and Setting

This was a hospital-based, case-control study conducted
in the Department of General Medicine at Siddhartha
Medical College. The study aimed to compare renal
biomarkers, electrolyte profiles, and vitamin D levels
between hypertensive subjects and normotensive
controls.

Ethical Considerations

The study protocol was reviewed and approved by the
Institutional Ethics Committee of Siddhartha Medical
College. All procedures were conducted in accordance
with the ethical standards of the Declaration of Helsinki.
Written informed consent was obtained from all
participants prior to their inclusion in the study.

Study Population and Sampling
A total of 60 participants were enrolled in this study,
consisting of 30 hypertensive subjects and 30 apparently
healthy, age- and sex-matched normotensive controls.
Participants were recruited from patients attending the
general medicine outpatient clinic.

Inclusion and Exclusion Criteria
Inclusion Criteria

e Cases: Individuals diagnosed with hypertension,
aged between 21 and 55 years (either sex), with
or without anti-hypertensive treatment, who
provided written informed consent.

e Controls: Apparently healthy individuals, aged
between 21 and 55 years (either sex), with no
history of high blood pressure and no underlying
health conditions, who provided written
informed consent.

Exclusion Criteria
The following exclusion criteria were applied to both
cases and controls:

e History of alcohol consumption

e History of smoking

e Pregnancy or lactation

e Known cases of HIV, Hepatitis B, or Hepatitis C

infection
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e Diagnosis of any malignancy
e Diagnosis of any autoimmune disease
e Current use of vitamin or mineral supplements

Data Collection and Clinical Measurements
Interview and Anthropometry

Data were collected wusing a semi-structured
questionnaire to record demographic characteristics (age,
sex) and medical history. Anthropometric measurements
were performed for each participant. Height was
measured in meters using a stadiometer, and weight was
measured in kilograms using a calibrated weighing scale.
Body mass index (BMI) was calculated using the
standard formula: BMI = Weight (kg) / Height (m?).

Blood Pressure Measurement

Blood pressure (BP) was measured using a standard
mercury sphygmomanometer. Participants were seated in
a quiet area and allowed to rest for at least 15 minutes
prior to measurement. BP was recorded on the right arm,
which was relaxed and supported on a table at
approximately a 45° angle to the trunk. Three
consecutive readings were taken at 5-minute intervals,
and the average of these readings was used to determine
the final systolic blood pressure (SBP) and diastolic
blood pressure (DBP). Variations of less than 5 mmHg
between readings were considered acceptable. Based on
the average BP, participants were categorized into either
the hypertensive or normotensive group.

Sample Collection and Processing

Under aseptic conditions, 5 mL of venous blood was
collected from each participant via venipuncture and
dispensed into a plain (serum) collection tube. The blood
was allowed to clot at room temperature for one hour.
Following clot retraction, the serum was separated by
centrifugation at 16,087 x g for 5 minutes at room
temperature. The separated serum was carefully
aliquoted into pre-labeled sterile vials and stored at -
20°C until biochemical analysis was performed.

Biochemical Analysis
All biochemical parameters were analyzed from the
stored serum samples.

e Flectrolytes (Sodium and Potassium): Serum
sodium and potassium levels were estimated
using an Jon Selective Electrolyte (ISE)
analyzer.

e Renal Biomarkers (Urea, Creatinine, Uric Acid):
Serum urea, creatinine, and uric acid were
measured using a fully automated -clinical
chemistry analyzer (Beckman Coulter AU480).

e Vitamin D: Serum 25-hydroxyvitamin D levels
were measured using the Beckman Coulter
AU480 Fully Automated analyzer, following the
manufacturer's protocols.

Statistical Analysis

Data were compiled and analyzed using Microsoft Excel
software. Results were expressed as mean =+ standard
deviation (SD). The comparison of means between the
hypertensive and normotensive groups was performed
using the unpaired Student's t-test. The relationship
between various biochemical and clinical parameters
was assessed using Pearson's correlation coefficient. A
*p*-value of less than 0.05 was considered statistically
significant.

RESULTS

Demographic and Clinical Characteristics

A total of 60 participants were enrolled, comprising 30
hypertensive cases and 30 normotensive controls. The
baseline characteristics are presented in Table 2. The
mean age of the hypertensive group was significantly
higher than that of the control group (44.75 £ 6.12 vs.
33.4 £ 8.02 years, p < 0.0001). As per the study design,
mean systolic and diastolic blood pressures were
significantly elevated in the case group compared to
controls (SBP: 153.06 + 7.30 vs. 118.93 £ 5.15 mmHg, p
< 0.0001; DBP: 85.43 + 16.69 vs. 70.96 + 11.03 mmHg,
p < 0.0001). Furthermore, hypertensive subjects
exhibited significantly higher mean body weight (60.76
+ 7.2 vs. 49.53 +£ 6.4 kg, p < 0.0001) and body mass
index (BMI) (25.3 £ 3.27 vs. 22.47 + 1.78 kg/m?, p <
0.0001) compared to their normotensive counterparts.

Table: 1. Anthropometric measurements and other parameters changes in cases and controls

parameters Cases Controls t value P value
Mean + SD Mean + SD

AGE 4475 + 6.12 33.4£8.02 t=6.21 <0.0001
SBP (mmHQ) 153.06 + 7.30 118.93 + 5.15 t=21.73 <0.0001
DBP (mmHg) 85.43 + 16.69 70.96 + 11.03 t=7.92 <0.0001
Height 157.1+7.93 153.4 +£5.48 t=6.07 <0.0001
Weight 60.76 £ 7.2 49.53 +£6.4 t=7.47 <0.0001
BMI 25.3.33 £ 3.27 2247 £1.78 t=3.17 <0.0001
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Figure 1Anthropometric measurements and other parameters changes in cases and controls
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Serum Electrolyte Levels

The comparison of serum electrolyte levels between the two groups is shown in Table 1. Notably, serum sodium and
chloride levels were significantly lower in hypertensive subjects compared to controls (Na*: 139.13 + 3.03 vs. 143.8 +
2.26 mEq/L, p < 0.0001; CI": 103.63 + 2.96 vs. 109.1 = 2.12 mEqg/L, p < 0.0001). However, no statistically significant
difference was observed in serum potassium levels between the cases and controls (4.34 £ 0.40 vs. 4.33 £ 0.39 mEq/L, p =
0.9131).

Renal Function Biomarkers and Vitamin D

Markers of renal function were significantly altered in the hypertensive group. As presented in Table 1, mean serum urea
(25.33 £9.26 vs. 20.06 £ 6.34 mg/dL, p = 0.0099) and serum creatinine (1.05 £ 0.57 vs. 0.81 + 0.39 mg/dL, p = 0.0006)
were significantly elevated in cases compared to controls. Additionally, serum vitamin D levels were significantly lower in
hypertensive subjects (18.27 = 4.01 ng/mL) than in normotensive controls (20.25 £ 6.32 ng/mL), with a p-value of 0.0184.

Table 2 Biochemical parameters changes in cases and controls

Biochemical Cases Controls t value P value

parameters Mean + SD Mean + SD

Na* 139.13 + 3.025 143.8 £2.26 7.0942 < 0.0001
K* 4.34 + 0.397058 4.33+0.39 0.1095 =0.9131
Ccr 103.63 + 2.96 109.1 +£2.12 8.3095 <0.0001
Urea 25.33+9.26 20.06 £6.34 2.6686 =0.0099
Creatinine 1.05+0.57 0.81+0.39 3.6459 =0.0006
Vitamin D 18.27 £ 4.01 20.25 +6.32 2.4250 =0.0184

DISCUSSION chloride), early markers of renal impairment (elevated

The present case-control study was undertaken to

levels.

These

urea and creatinine), and reduced serum vitamin D
results

contribute to the growing

comprehensively evaluate the interplay between renal
function, electrolyte balance, and vitamin D status in
hypertensive subjects compared to normotensive
controls. The findings reveal a multifaceted profile of
metabolic dysregulation in hypertensive individuals,
characterized by significantly higher BMI, altered
electrolyte homeostasis (specifically lower sodium and

IJMSCRR: September-October, 2026

understanding of hypertension as a systemic disorder
extending beyond mere blood pressure elevation.

Demographic and Anthropometric Profile
A significant observation in this study was the markedly
higher mean age, weight, and BMI in the hypertensive
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group compared to controls. While the age difference
(44.75 vs. 33.4 years, p < 0.0001) represents a limitation
in group matching, it also reflects the natural
epidemiology of hypertension, which is known to
increase in prevalence with advancing age due to arterial
stiffness and vascular remodeling [1]. More importantly,
the significantly higher BMI observed in the
hypertensive group (25.3 + 3.27 kg/m?) places them in
the overweight category, in contrast to the normal BMI
of the control group (22.47 + 1.78 kg/m?). This finding
strongly corroborates the well-established link between
excess adiposity and hypertension. The mechanistic
basis for this association is multifactorial, involving
activation of the sympathetic nervous system,
stimulation of the renin-angiotensin-aldosterone system
(RAAS) by adipocyte-derived factors (such as
angiotensinogen), and physical compression of the
kidneys by visceral fat, leading to altered pressure
natriuresis [2, 3]. The higher weight observed in our
cases (60.76 vs. 49.53 kg) further underscores the
contribution of overall body mass to increased metabolic
demand and vascular resistance.

Electrolyte Alterations: The Sodium and Chloride
Paradox

Perhaps the most intriguing finding of this study pertains
to the serum electrolyte profile. Contrary to the
conventional expectation that hypertension is associated
with  high sodium, our results demonstrated
significantly lower serum sodium and chloride levels in
hypertensive subjects compared to controls (p < 0.0001).
This seemingly paradoxical finding warrants careful
interpretation.

First, it is critical to distinguish between dietary sodium
intake and serum sodium concentration. Serum sodium
is primarily a reflection of water homeostasis (hydration
status) rather than sodium balance per se. Low serum
sodium (approaching hyponatremia) in hypertensive
patients could be explained by several factors. One
plausible explanation is the use of diuretic medications
(e.g., thiazides), which are a mainstay of
antihypertensive therapy and are known to cause
natriuresis and subsequent hyponatremia [4]. Although
the study included patients "with or without anti-
hypertensive treatment," the specific medication history
was not detailed in the methodology, making this a
potential confounding variable.

Second, the significantly lower chloride levels (103.63
vs. 109.1 mEg/L, p < 0.0001) parallel the sodium
findings, which is expected as hyperchloremia often
accompanies hypernatremia, and vice versa. However,
chloride itself has emerging importance in hypertension.
It is a key anion involved in renal vascular tone and the
regulation of renin release. Some studies suggest that
chloride may be a more critical determinant of salt-

sensitive hypertension than sodium, as it is necessary for
the full pressor response to a high-salt diet [5].

Third, it is noteworthy that potassium levels were nearly
identical between groups (p = 0.9131). This contrasts
with some studies that report hypokalemia in
hypertension,  often  secondary to  secondary
hyperaldosteronism or diuretic use [6]. The absence of
hypokalemia in our hypertensive cohort suggests that
either mineralocorticoid excess is not a dominant feature
in this population, or that dietary potassium intake is
adequate. This finding aligns with the 2025 study
referenced earlier, which also reported a complex picture
of electrolyte changes rather than a simple pattern of
hypokalemia [7].

Evidence of Early Renal Impairment

The significantly elevated serum urea (25.33 vs. 20.06
mg/dL, p = 0.0099) and creatinine (1.05 vs. 0.81 mg/dL,
p = 0.0006) in the hypertensive group provide clear
evidence of early renal dysfunction, a condition often
termed hypertensive nephrosclerosis. The kidney is both
a victim and a contributor in hypertension. Chronic
exposure to elevated systemic pressures is transmitted to
the glomerular capillaries, leading to glomerular
hyperfiltration, endothelial injury, and eventually,
glomerulosclerosis and tubulointerstitial fibrosis [8].
Even though the mean creatinine of 1.05 mg/dL in the
cases might still be considered within the normal
reference range for some laboratories, the statistically
significant difference compared to controls is clinically
meaningful. It represents a loss of renal reserve and
indicates that hypertensive damage begins long before
creatinine levels become frankly abnormal. This finding
underscores the importance of using more sensitive
markers, such as estimated Glomerular Filtration Rate
(eGFR) or cystatin C, in future studies to quantify the
degree of renal impairment more accurately. The
elevated uric acid (though not measured here) is another
common finding in this context, as noted in the 2025
study, and contributes to both hypertension and renal
injury through inflammatory and oxidative stress
pathways (7, 9].

Vitamin D Deficiency and Hypertension

Our finding of significantly lower serum vitamin D
levels in hypertensive subjects (18.27 + 4.01 ng/mL)
compared to controls (20.25 + 6.32 ng/mL, p = 0.0184)
adds to the robust body of literature linking vitamin D
status to cardiovascular health. The mean level of 18.27
ng/mL falls within the range commonly classified as
"insufficient” or "deficient" (<20 ng/mL), while the
control group's level hovers near the threshold of
sufficiency.

The biological plausibility of this association is strong
and centers on the RAAS. Vitamin D is a potent negative
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endocrine regulator of renin expression. In the
juxtaglomerular cells of the kidney, the active form of
vitamin D (1,25-dihydroxyvitamin D) binds to the
vitamin D receptor (VDR) and suppresses renin gene
transcription by blocking the activity of the cAMP
response element binding protein (CREB) [10].
Consequently, vitamin D deficiency leads to
disinhibition of the RAAS, resulting in increased renin,
angiotensin 11, and aldosterone production, which in turn
promotes vasoconstriction, sodium retention, and
hypertension [11].

Furthermore, vitamin D deficiency is often associated
with obesity, as vitamin D is fat-soluble and sequestered
in adipose tissue, reducing its bioavailability [12]. This
aligns with our observation of higher BMI in the
hypertensive group, suggesting a potential synergistic
effect where obesity exacerbates both vitamin D
deficiency and hypertension. The lower vitamin D levels
may also contribute to the electrolyte alterations
observed, as vitamin D is essential for intestinal calcium
absorption, and disruptions in calcium metabolism can
influence vascular smooth muscle contractility [13].

Comparison with Existing Literature

Our results are broadly consistent with the major
findings of the 2025 Nigerian case-control study, which
reported significant differences in renal biomarkers,
electrolytes, and vitamin D between hypertensives and
controls [7]. However, a notable divergence is in the
sodium findings; the 2025 study reported higher sodium
in hypertensives, whereas we observed lower sodium.
This discrepancy may be attributable to differences in
dietary habits, hydration status, the prevalence of
diuretic use in our cohort, or genetic variations in
sodium handling. It highlights the importance of
conducting population-specific  research, as the
pathophysiology of hypertension may manifest
differently across ethnic and geographic groups.

The absence of potassium difference in our study
contrasts with some earlier work, such as the 2023 study
in elderly hypertensives which identified ionized
magnesium deficiency [14]. This reinforces the concept
that hypertension is a heterogeneous disorder, and the
specific biochemical profile can vary significantly based
on age, treatment status, and comorbidities.

Strengths of the Study

This study has several strengths. First, it simultaneously
evaluates renal biomarkers, electrolyte levels, and
vitamin D status in hypertensive subjects compared with
normotensive  controls, providing an integrated
assessment of these interrelated biochemical parameters.
Second, the inclusion of a control group allows
comparative analysis of biochemical and anthropometric
differences between hypertensive and normotensive

individuals. Third, standardized laboratory methods and
an automated clinical chemistry analyzer were used to
assess renal biomarkers and vitamin D levels, supporting
consistency in biochemical measurements. Fourth, blood
pressure was measured using three consecutive readings,
with the average used for analysis, which helps improve
the reliability of blood pressure assessment. Finally, the
study explores the relationships between blood pressure,
renal function, electrolyte balance, and vitamin D status,
providing a basis for further research into the underlying
mechanisms and potential clinical implications of these
associations.

Limitations and Future Directions

The findings of this study must be interpreted in light of
several limitations. First, the significant age difference
between cases and controls is a major confounding
variable, as age independently affects renal function and
blood pressure. Future studies should employ stricter
age-matching or use multivariate analysis to adjust for
age. Second, the sample size (n=60) is relatively modest,
which may limit the generalizability of the findings and
the power to detect smaller differences. Third, the lack
of detailed medication history (specifically the use of
diuretics, ACE inhibitors, or ARBs) prevents us from
determining whether the electrolyte changes are disease-
related or treatment-induced. Fourth, we measured total
serum calcium and magnesium but did not assess ionized
fractions, which are the biologically active forms. Fifth,
the study did not include dietary assessments, which
could provide valuable context for the -electrolyte
findings. Finally, the cross-sectional case-control design
can only demonstrate associations, not causation.

Future research should focus on larger, prospective
cohort studies with age-matched controls. Incorporating
measurements of PTH (parathyroid hormone), which
links vitamin D and calcium metabolism, and 24-hour
urinary electrolyte excretion would provide a more
complete picture of mineral homeostasis. Interventional
trials examining whether vitamin D supplementation can
improve blood pressure control or slow renal decline in
hypertensive patients with deficiency would also be
valuable.

CONCLUSION

In conclusion, this study demonstrates that hypertension
is associated with a complex biochemical phenotype
characterized by elevated BMI, early renal impairment
(elevated urea and creatinine), reduced vitamin D levels,
and a distinct electrolyte profile marked by lower serum
sodium and chloride. The significant vitamin D
deficiency observed in the hypertensive group supports
its potential role in the pathogenesis of hypertension,
likely through RAAS dysregulation. These findings
advocate for the routine monitoring of renal function and
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vitamin D status in hypertensive patients and suggest
that a comprehensive biochemical assessment may aid in
risk stratification and the development of personalized
therapeutic strategies.
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