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Abstract

Background: Hypertension is a major cardiovascular risk factor associated with increased morbidity and
mortality. Vitamin D has important extra-skeletal roles, including regulation of vascular function and blood
pressure homeostasis. This study evaluated the association between vitamin D status and systemic hypertension.

Materials and Methods: A hospital-based case-control study was conducted, over 6 months. The study included
100 participants comprising 50 newly diagnosed hypertensive patients (cases) and 50 normotensive controls.
Serum vitamin D levels were measured and compared between both groups.

Results: The mean vitamin D level was significantly lower among hypertensive patients compared with controls
(20.84 + 6.48 ng/mL vs 40.14 + 15.27 ng/mL; p=0.001). A significant association was observed between reduced
vitamin D levels and systemic hypertension.

Conclusion: Hypertensive patients demonstrated significantly lower vitamin D levels compared with
normotensive individuals. Vitamin D deficiency may be associated with hypertension and may serve as an
additional cardiovascular risk marker.
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Introduction

Hypertension is one of the most prevalent non- possible role of vitamin D in cardiovascular
communicable diseases worldwide and remains a regulation and blood pressure homeostasis
major public health concern due to its strong [1,2].Vitamin D deficiency is a common global
association with cardiovascular, cerebrovascular, health problem and has been associated with
and renal complications[1]. It is a leading modifiable multiple chronic disorders, including cardiovascular
risk factor for morbidity and mortality, and early diseases, metabolic syndrome, diabetes mellitus, and
diagnosis along with appropriate management can hypertension. ~ Observational ~ studies  have
significantly reduce the burden of hypertension- demonstrated an inverse relationship between serum
related complications. Identification of additional 25-hydroxyvitamin D [25(OH)D] concentration and
modifiable factors associated with hypertension blood pressure levels. Forman et al. reported that
remains an important area of research[1]. lower plasma 25(OH)D concentrations were

associated with an increased risk of incident
hypertension, suggesting a possible relationship
between vitamin D deficiency and development of
elevated blood pressure [1]. Similarly, systematic
reviews have highlighted an association between
poor vitamin D status and increased prevalence of
arterial hypertension and cardiometabolic disorders
[2,3].Several mechanisms have been proposed to
explain the relationship between vitamin D

Vitamin D is a fat-soluble secosteroid hormone that
plays an essential role in calcium and phosphate
metabolism and maintenance of skeletal health.
However, increasing evidence suggests that vitamin
D has important extra-skeletal functions mediated
through vitamin D receptors expressed in various
tissues, including vascular smooth muscle cells,
endothelial cells, myocardium, and immune cells.
These findings have generated interest regarding the
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deficiency and hypertension. Vitamin D may
regulate blood pressure through suppression of the
renin—angiotensin—aldosterone system, modulation
of vascular inflammation, improvement of
endothelial function, and regulation of vascular
smooth muscle activity. Experimental evidence has
demonstrated that 1,25-dihydroxyvitamin D3 acts as
a negative endocrine regulator of renin expression,
suggesting a potential protective role of vitamin D
against hypertension development [4]. Furthermore,
vitamin D status has been associated with arterial
stiffness and vascular dysfunction, which are
important contributors to increased vascular
resistance and cardiovascular risk [5].Although
epidemiological studies have consistently suggested
an association between vitamin D deficiency and
hypertension, the nature of this relationship remains
uncertain. Some studies suggest that vitamin D
deficiency may contribute directly to hypertension,
whereas others propose that low vitamin D levels
may represent a marker of poor health status or
associated cardiovascular risk. Systematic reviews
and Mendelian randomization studies have
attempted to clarify this relationship; however,
evidence regarding a causal association between
vitamin D status and hypertension remains
inconclusive [6,7].

Clinical trials assessing the effect of vitamin D
supplementation on blood pressure have also
produced variable results. While some studies have
reported modest improvements in blood pressure
parameters following supplementation, systematic
reviews and meta-analyses have generally shown
limited or inconsistent effects, particularly among
individuals without severe vitamin D deficiency.
These findings indicate that vitamin D may have an
important association with hypertension risk,
although its role as a therapeutic intervention
requires further investigation [8,9].Previous studies
evaluating vitamin D status among hypertensive and
normotensive populations have reported significant
differences in serum vitamin D concentrations.
However, variations in geographical location,
sunlight exposure, dietary habits, lifestyle factors,
genetic background, and population characteristics
may influence vitamin D levels and their association
with hypertension. Therefore, evaluation of vitamin
D status in different populations remains important
to further understand this relationship [2,10].

The present case-control study was undertaken to
assess vitamin D status among patients with
systemic hypertension and compare serum vitamin
D levels with age- and sex-matched normotensive
controls.

Methodology:

The present study was conducted as a hospital-based
case-control study in the Department of General
Medicine . The study was carried out over a period

of 6 months. The study aimed to compare serum
vitamin D levels among patients with systemic
hypertension and normotensive controls to evaluate
the association between vitamin D status and
hypertension.

Study Population

The study included newly diagnosed patients with
systemic hypertension attending the hypertension
outpatient department and patients admitted to the
medical wards of SIMS & RC, Bengaluru. A group
of normotensive individuals was included as
controls for comparison. All eligible participants
were enrolled after obtaining written informed
consent.

Selection Criteria
Definition of Systemic Hypertension

Systemic hypertension was defined according to the
JNC 8 criteria. Patients with:

e Systolic blood pressure >140 mmHg and/or
e Diastolic blood pressure >90 mmHg

were considered hypertensive.
Inclusion Criteria

Patients fulfilling the following criteria were
included in the study:

e Newly diagnosed cases of systemic
hypertension.

e Patients attending the hypertension
outpatient department or admitted in the
medical wards of SIMS & RC, Bengaluru.

e Patients willing to participate in the study
after providing written informed consent.

Exclusion Criteria

Patients with the following conditions were
excluded:

e Secondary hypertension.
e Patients already receiving vitamin D

supplementation.

e Patients already receiving calcium
supplementation.

e Patients unwilling to participate in the
study.

e Patients diagnosed with chronic kidney
disease.

e Patients diagnosed with chronic liver
disease.

Data Collection Method

Data were collected using a pre-designed proforma
after obtaining informed consent from all
participants. Demographic details, clinical history,
and relevant medical information were recorded.
Patients with systemic hypertension were evaluated
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from the medicine wards and hypertension
outpatient department of SIMS & RC, Bengaluru.

Blood pressure measurements were recorded, and
serum vitamin D levels were assessed in both
hypertensive patients and normotensive controls.
The collected data were analyzed to compare
vitamin D status between the two groups and
evaluate its association with systemic hypertension.

Results:

The present case-control study included 100
participants, comprising 50 hypertensive patients
(cases) and 50 normotensive controls. The mean age
was comparable between cases (49.2 £ 10.4 years)
and controls (48.1 = 9.8 years) (p=0.58). Gender
distribution and BMI were also similar between both
groups (Table 1).The mean systolic blood pressure
(154.8 +£12.6 vs 122.4 +£ 9.8 mmHg), diastolic blood
pressure (95.2 = 8.4 vs 78.6 = 7.2 mmHg), and pulse
pressure (59.6 = 11.8 vs 43.8 £ 8.9 mmHg) were
significantly higher among cases compared with
controls (p<0.001) (Table 2, Figure 1).Serum
vitamin D levels were significantly lower among
hypertensive patients compared with normotensive
controls. The mean vitamin D level was 20.84 + 6.48
ng/mL in cases and 40.14 + 15.27 ng/mL in controls
(p=0.001) (Table 3).Vitamin D deficiency (<20
ng/mL) was observed in 56.0% of cases compared
with 18.0% of controls, whereas vitamin D
sufficiency (=30 ng/mL) was higher among controls
(54.0%) compared with cases (10.0%) (p<0.001)
(Table 4, Figure 2).Among hypertensive patients,
vitamin D levels showed a significant negative
correlation with systolic blood pressure (r=-0.42,
p=0.002), diastolic blood pressure (r=-0.36,
p=0.010), and mean arterial pressure (r=-0.40,
p=0.004) (Table 5, Figure 3).Vitamin D deficiency
was significantly associated with hypertension, with
deficient individuals having higher odds of
hypertension  compared with  non-deficient
individuals (OR: 5.79, 95% CI: 2.24-14.94;
p<0.001) (Table 6).

Table 1. Demographic Characteristics of Study
Participants (N=100)

BMI  (kg/m?), | 26.1+£3.4 | 24.8+3.1 0.05
Mean + SD

Independent sample t-test and Chi-square test

Table 2. Clinical Characteristics of Cases and
Controls

Clinical Cases Controls | p-value
Parameter (n=50) | (n=50)

Systolic BP | 1548 £ | 1224 + | <0.001
(mmHg), 12.6 9.8

Mean £+ SD

Diastolic BP [ 952 =+ | 78.6+7.2 | <0.001
(mmHg), 8.4

Mean + SD

Pulse Pressure | 59.6 =+ | 43.8+8.9 | <0.001
(mmHg), 11.8

Mean £+ SD

Independent sample t-test

Clinical Characteristics of Cases and

Controls
200 154.8
2.4
- 150 95. .
3 100 59.63 g
2 .
50
0
Systolic BP Diastolic BP Pulse
(mmHg) (mmHg) Pressure
(mmHg)
Paramaters

m Cases (n=50) m Controls (n=50)

Parameter Cases Controls p-
(n=50) (n=50) value

Age (years), | 49.2 + | 48.1+9.8 0.58

Mean + SD 10.4

Male, n (%) 30 29 (58.0%) | 0.84
(60.0%)

Female, n (%) 20
(40.0%)

21 (42.0%)

Figure 1. Clinical Characteristics of Cases and

Controls

Table 3. Comparison of Mean Vitamin D Levels
Between Cases and Controls

Group | Number | Mean SD p-
(n) Vitamin value
D Level
(ng/mL)
Cases 50 20.84 6.48
Controls | 50 40.14 15.27 | 0.001

Unpaired (independent) t-test

- Nikhil et al

AAMS (Volume-1, Issue-2) 166 .




Annals OF Advanced Medical Sciences

Table 4. Distribution of Vitamin D Status Among
Cases and Controls

Vitamin D | Cases Controls | p-
Status (n=50) (n=50) value
Deficient 28 9 (18.0%)

(<20 ng/mL) | (56.0%)

Insufficient 17 14

(20-29 (34.0%) | (28.0%)

ng/mL)

Sufficient 5 27 <0.001
(>30ng/mL) | (10.0%) | (54.0%)

Chi-square test

Vitamin D vs Systolic BP Vitamin D s Diastolic 8P
r=-0.42,p= 0.0 r=-036,p=0.010
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Vitamin D vs Mean Arterial Pressure
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Figure 2. Distribution of Vitamin D Status
Among Cases and Controls

Table 5. Correlation Between Vitamin D Level
and Blood Pressure Parameters Among
Hypertensive Patients (n=50)

Parameter Correlation p-
coefficient (r) value

Vitamin D  vs | -0.42 0.002

Systolic BP

Vitamin D  vs | -0.36 0.010

Diastolic BP

Vitamin D vs Mean | -0.40 0.004

Arterial Pressure

Pearson correlation test

Forest Plot: Correlation Betyeen yjiamin D Level and Blood Pressure Parameters

Vitamin D vs Mean Arterial Pressure .

r=-0.36, p=0.010
Vitamin D vs Diastolic BP .

r=-0.42, p=0.002
Vitamin D vs Systolic BP .

-1.00 -0.75 -0.50 -0.25 0.00 025 0.50 0.75 1.00
Pearson correlation coefficient (r)

Figure 3. Correlation Between Vitamin D Level
and Blood Pressure Parameters Among
Hypertensive Patients (n=50)

Table 6. Association Between Vitamin D
Deficiency and Hypertension Status

Vitamin | Cases Control | Odds | p-
D (m=50) | s (n=50) | Ratio | value
Status 95%
CI)
Deficien | 28 9 579 | <0.00
t (56.0% | (18.0%) | (2.24 |1
) _
14.94
)
Non- 22 41 -
deficient | (44.0% | (82.0%)
)
Discussion

Hypertension is a major global health concern and
an important modifiable risk factor for
cardiovascular morbidity and mortality. In the
present study, 50 newly diagnosed hypertensive
patients were compared with 50 normotensive
controls to evaluate the association between vitamin
D status and hypertension. Whelton et al. [11]
emphasized the importance of early detection, risk-
factor modification, and comprehensive
management of  hypertension to  reduce
cardiovascular complications. Similarly, Unger et al.
[12] highlighted the need for evaluation of
associated metabolic and lifestyle-related factors in
hypertensive patients.

The present study demonstrated significantly lower
serum vitamin D levels among hypertensive patients
compared with normotensive controls. The mean
vitamin D level was 20.84 £ 6.48 ng/mL in cases and
40.14 + 15.27 ng/mL in controls, with a statistically
significant difference (p=0.001)Forman et al. [1]
reported that lower plasma 25-hydroxyvitamin D
levels were associated with an increased risk of
incident hypertension, suggesting a possible role of
vitamin D deficiency in blood pressure regulation.
Pilz et al. [2], in a systematic review, also reported
an inverse association between vitamin D status and
arterial hypertension, indicating that individuals
with lower vitamin D levels had a higher prevalence
of hypertension.These findings are consistent with
the present study, where hypertensive patients
showed significantly reduced vitamin D
concentrations compared with normotensive
individuals.The relationship between vitamin D
deficiency and hypertension may involve regulation
of the renin—angiotensin system, endothelial
function, and vascular homeostasis. Fountain et al.
[13] described the central role of the renin—
angiotensin system in blood pressure regulation
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through modulation of vasoconstriction and sodium
balance.Li et al. [4] demonstrated that 1,25-
dihydroxyvitamin D3 acts as a negative regulator of
renin expression and suppresses renin—angiotensin
system activity. Thus, vitamin D deficiency may
contribute to increased renin activity and elevation
of blood pressure.The lower vitamin D levels
observed among hypertensive patients in the present
study support the possible involvement of vitamin D
in blood pressure regulation through these
mechanisms.Vitamin D has important extra-skeletal
functions beyond calcium and bone metabolism.
Charoenngam et al. [14] highlighted the role of
vitamin D in cardiovascular, immune, and metabolic
functions through vitamin D receptors present in
multiple tissues.Al Mheid et al. [5] reported that
vitamin D status was associated with arterial
stiffness and vascular dysfunction, suggesting that
vitamin D deficiency may contribute to increased
cardiovascular risk through adverse vascular
effects.In agreement with these findings, the present
study demonstrated significantly lower vitamin D
levels among hypertensive patients, supporting its
potential role as a cardiovascular risk
marker.Although observational studies suggest an
association between vitamin D deficiency and
hypertension, the effect of vitamin D
supplementation on blood pressure remains
uncertain.Fadilla et al. [15], in a systematic review
and meta-analysis, reported that vitamin D
supplementation significantly increased serum
25(0OH)D concentrations; however, its effect on
blood pressure reduction was inconsistent. These
findings indicate that vitamin D deficiency may be
associated with hypertension, but supplementation
alone may not consistently improve blood pressure
control.

The present study highlights the association between
vitamin D deficiency and systemic hypertension.
Hypertensive patients had significantly lower
vitamin D levels compared with controls (20.84 +
6.48 ng/mL vs 40.14 + 15.27 ng/mL; p=0.001).
Assessment of vitamin D status may provide
additional information regarding cardiovascular risk
profile among hypertensive patients. However,
further prospective studies are required to establish
causality and determine the therapeutic role of
vitamin D supplementation in hypertension.

Conclusion

The present study demonstrated significantly lower
serum vitamin D levels among hypertensive patients
compared with normotensive controls (20.84 + 6.48
ng/mL vs 40.14 £+ 15.27 ng/mL; p=0.001).Vitamin
D deficiency was found to be significantly
associated with systemic hypertension, suggesting
its potential role as a cardiovascular risk marker.
Further large-scale prospective studies are required

to establish the causal relationship and therapeutic
significance of vitamin D supplementation in
hypertension.

Limitations

The study was conducted with a relatively limited
sample size at a single center, which may restrict the
generalizability of the findings. The case-control
design identifies association but cannot establish a
definite causal relationship between vitamin D
deficiency and hypertension.
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Written informed consent was obtained from all
participants prior to their enrolment in the study.
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