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Abstract  Vitamin D deficiency is often linked to 

obesity, which features an increased waist-to-hip ratio 

(WHR) and higher body fat mass. Obesity is also strongly 

connected to an elevated risk of hypertension. Vitamin D 

plays a key role in regulating the renin–angiotensin–

aldosterone system (RAAS), which controls blood pressure. 

This study aimed to examine the relationship between 

serum vitamin D levels, WHR, body fat mass, and blood 

pressure in obese women to better understand the potential 

role of vitamin D in blood pressure regulation within this 

group. A cross-sectional analytic study was conducted 

among 37 obese women between 20–30 years old. Serum 

vitamin D levels, WHR, body fat mass, and blood pressure 

were measured, and the correlations were analyzed using 

Pearson’s correlation test. The mean serum vitamin D level 

was 21.2 ± 12.2 ng/mL, the mean body fat mass was 41.73 

± 4.46%, and the mean WHR was 0.82 ± 0.05. The mean 

systolic and diastolic blood pressures were 128.3 ± 13.8 

mmHg and 82.9 ± 9.7 mmHg, respectively. Significant 

negative correlations were observed between vitamin D 

levels and WHR (r = –0.355, p = 0.031), body fat mass (r 

= –0.338, p = 0.041), systolic blood pressure (r = –0.387, p 

= 0.018), and diastolic blood pressure (r = –0.556, p < 

0.001). In conclusion, lower serum vitamin D levels were 

significantly associated with higher WHR, body fat mass, 

and both systolic and diastolic blood pressure. These 

findings highlight the role of vitamin D in the regulation of 

fat metabolism and blood pressure. 

Keywords  Obesity, Vitamin D, Waist-to-Hip Ratio, 

Body Fat Mass, Systolic Blood Pressure, Diastolic Blood 

Pressure 

1. Introduction

Obesity contributes to a wide range of health 

complications in women, including insulin resistance, 

reproductive disorders, infertility, increased obstetric risk, 

diabetes, and cardiovascular disease. Women are 

particularly susceptible to obesity due to factors such as 

hormonal fluctuations, dietary habits, lifestyle, and various 

reproductive stages such as pregnancy, childbirth, 

breastfeeding, child-rearing, and menopause, all of which 

are closely linked to weight gain and fat accumulation [1]. 

The role of vitamin D in the pathophysiology of obesity 

remains a subject of debate. Although many studies have 

reported an inverse association between obesity and serum 

vitamin D levels, the causality of this relationship is not 

fully understood [2]. A clear association has been 

established between increasing body mass index (BMI) and 

decreasing serum concentrations of 25-hydroxyvitamin D. 

Initial studies reported that obesity was linked to low 

circulating concentrations of 25-hydroxyvitamin D, 

elevated parathyroid hormone, and 1,25-dihydroxyvitamin 

D levels [3,4]. Several mechanisms have been proposed to 
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explain vitamin D deficiency in obesity, including reduced 

cutaneous synthesis, decreased intestinal absorption, and 

impaired vitamin D metabolism. 

In obese individuals, low vitamin D levels contribute to 

an increased risk of hypertension through multiple 

mechanisms. First, vitamin D deficiency leads to 

upregulation of the renin–angiotensin–aldosterone system 

(RAAS), resulting in vasoconstriction, increased blood 

volume, and elevated blood pressure [5]. Second, vitamin 

D deficiency is associated with endothelial dysfunction, 

which impairs vasodilation and increases the risk of 

hypertension [6]. Third, obesity is frequently accompanied 

by chronic systemic inflammation, which may exacerbate 

vitamin D deficiency and contribute to elevated blood 

pressure. Given vitamin D’s known anti-inflammatory 

properties, its deficiency may worsen inflammation and 

increase the risk of hypertension [7]. 

Insulin resistance, which commonly occurs in obesity, 

may further contribute to the development of hypertension 

[8,9]. Vitamin D deficiency has also been associated with 

impaired glucose metabolism, which is frequent in obesity 

and may lead to insulin resistance and an increased risk of 

hypertension [10,11]. While numerous studies have 

examined the associations between obesity and vitamin D, 

and between vitamin D and hypertension, there remains a 

need for further research that directly explores the 

relationship between vitamin D levels and blood pressure 

in obese individuals. The present study was conducted to 

investigate this relationship using parameters including 

waist and hip ratio (WHR), body fat mass, and blood 

pressure. 

2. Methods 

This was an analytical cross-sectional study designed to 

evaluate the association between serum vitamin D levels 

and blood pressure in obese women. Inclusion criteria: 

women aged 20–30 years, body mass index (BMI) >25 

kg/m², and willingness to participate. Exclusion criteria: 

presence of acute illness and chronic illness at the time of 

data collection. As this was a preliminary study, the sample 

size was determined using the “Rules of Thumb” method 

for cross-sectional observational studies, with a minimum 

of 30 participants. A total of 37 women were recruited 

through simple random sampling from individuals who 

were actively engaged in daily activities around the 

Sudirman Campus, Udayana University. All participants 

underwent measurement of serum vitamin D levels, waist 

and hip circumferences, body fat mass, and blood pressure. 

This research utilized both descriptive and bivariate 

statistics to analyze the data. Descriptive statistics include 

the mean and standard deviation, minimum and maximum 

value of variables including the level of vitamin D, WHR, 

Fat Mass, systolic and diastolic. Bivariate statistic using 

Pearson’s correlation test to analyze the correlation 

between vitamin D level and variables such as WHR, Fat 

Mass, systolic and diastolic with significance p<0.05. The 

statistic program uses SPSS. This study received ethical 

approval from the Ethics Committee, Faculty of Medicine, 

Udayana University (Approval No: 2185/UN14.2.2.VII.1

4/LT/2021). 

2.1. Instruments and Materials 

The materials used in this study included venous blood 

samples collected from each participant without fasting, 

which were subsequently analyzed to determine serum 

vitamin D concentrations using the enzyme-linked 

immunosorbent assay (ELISA) method with the 25-

hydroxyvitamin D kit (Diagnostic Biochem Canada Inc., 

Canada). Blood pressure measurements were performed 

using a digital sphygmomanometer (Omron®, Japan). 

Waist and hip circumferences were measured with an 

anthropometric measuring tape (Onemed®, Indonesia), 

while body fat mass was assessed using a bioelectrical 

impedance analysis (BIA) device (Omron®, Japan). 

2.2. Examination Procedure 

After obtaining signed informed consent, each 

participant underwent measurement of blood pressure. 

Blood pressure checks are performed two times in 

succession, with 5-minute intervals, the results are then 

averaged, body mass index (BMI) is calculated using the 

formula Body weight (kg)/height (m)2, and waist 

circumference, hip circumference, and body fat mass using 

the instruments described above. Subsequently, 3 mL of 

venous blood was collected from the cubital vein using a 3 

mL syringe and a 21-gauge winged infusion set by a trained 

paramedic. 

The blood samples were centrifuged at 3000 rpm for 5–

15 minutes to separate serum, which was then analyzed for 

vitamin D concentration using the ELISA method. Vitamin 

D levels were then correlated with participants’ blood 

pressure values using Pearson’s correlation analysis, with 

statistical significance set at p < 0.05. 

3. Result 

Table 1 presents the characteristics of the samples in 

relation to vitamin D levels, waist-to-hip ratio, body fat 

mass, and blood pressure. 

Table 1.  Characteristics of Vitamin D Levels, WHR, Body Fat Mass, and 
Blood Pressure 

Characteristic Mean±SD Minimum Maximum 

Vitamin D 

(ng/ml) 
21.20 ± 12.22 8.26 78.38 

WHR 0.82 ± 0.05 0.74 0.95 

Fat Mass (%) 41.73 ± 4.46 35.60 52.30 

Systolic 

(mm/Hg) 
128.27 ±13.79 104 162 

Diastolic 

(mm/Hg) 
82.89± 9.67 67 106 
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From Table 1, the mean of the vitamin D concentration 

ratio was 21.20 ng/mL, indicating vitamin D deficiency 

(<25 ng/mL) [12]. The mean WHR was 0.82, which 

exceeds the threshold (>0.80) for an increased 

cardiovascular risk in women [13]. The mean body fat mass 

was 41.73%, higher than the normal range for women (25–

30%). The mean blood pressure was 128.27/82.89 mmHg, 

which falls within the pre-hypertension category, defined 

as systolic blood pressure between 120–139 mmHg and 

diastolic blood pressure between 80–89 mmHg [14]. 

Table 2.  Correlation between Vitamin D Levels, WHR, Body Fat Mass, 
and Blood Pressure 

Variable Correlation Significance Correlation 

Vit D- Waist and Hip Ratio 0.031 -0.355 

Vit D- Fat Mass 0.041 -0.338 

Vit D- Systolic 0.018 -0.387 

Vit D- Diastolic 0.000 -0.556 

As shown in Table 2, significant negative correlations 

were found between vitamin D levels and WHR, body fat 

mass, systolic blood pressure, and diastolic blood pressure. 

The negative r values indicate an inverse relationship: 

lower vitamin D levels were associated with higher WHR, 

body fat mass, and blood pressure. The correlation 

coefficients ranged from –0.338 to –0.556, indicating 

relatively weak to moderate correlations. These findings 

also suggest that additional factors may influence these 

relationships. 

4. Discussion and Analysis 

4.1. Vitamin D and Waist to Hip Ratio 

As one of the most widely used indicators of central 

obesity, the waist-to-hip ratio (WHR) is a simple, 

inexpensive, and non-invasive method for assessing central 

obesity. In this study, the mean WHR among participants 

was 0.82 ± 0.05, exceeding the cut-off point (>0.80) that 

indicates increased cardiovascular risk in women. At the 

same time, the mean serum vitamin D level was 21.20 ± 

12.22 ng/mL, reflecting vitamin D deficiency (<30 ng/mL) 

[12]. Correlation analysis demonstrated a significant 

inverse relationship between vitamin D levels and WHR (p 

= 0.031), suggesting that lower vitamin D status is 

associated with greater central adiposity. This finding is 

consistent with previous studies showing that vitamin D 

supplementation can improve WHR and fasting blood 

glucose levels in overweight and obese Asian populations 

[15]. Women who received vitamin D supplementation 

showed significant improvement in WHR compared to 

those who received a placebo. Similarly, a cross-sectional 

study in Serbia reported an inverse association between 

vitamin D concentrations and WHR in obese women (β = 

–0.001, 95% CI: –0.001 to 0.000) [16]. Another study by 

Asoom et al. also confirmed an inverse correlation between 

vitamin D levels and WHR, suggesting that central obesity 

is a key driver of this relationship [17]. Adipose tissue plays 

a critical role in this mechanism. Since adipose tissue 

serves as the main storage site for vitamin D, individuals 

with higher fat mass tend to have lower circulating vitamin 

D levels [18]. Supplementation with vitamin D has also 

been shown to significantly reduce visceral adipose tissue 

in obese individuals compared with controls [19]. 

Furthermore, expression of the enzyme vitamin D-25-

hydroxylase (CYP2J2), which converts cholecalciferol into 

25(OH)D, is reduced in subcutaneous adipose tissue of 

obese subjects compared with lean individuals [20]. 

Lifestyle factors may also contribute. Obesity is often 

associated with reduced physical activity and decreased 

sunlight exposure, further increasing the risk of vitamin D 

deficiency [21]. Because vitamin D is activated in the skin 

or absorbed from dietary sources, but subsequently 

sequestered in adipocytes before conversion in the liver, 

obese individuals are particularly vulnerable to deficiency. 

Mechanistically, vitamin D has been shown to reduce 

adipogenesis through competition between the vitamin D 

receptor (VDR) and the peroxisome proliferator-activated 

receptor gamma (PPARγ) [21]. Thus, vitamin D status is 

closely linked with central adiposity, and WHR serves as a 

valuable anthropometric marker in this relationship. 

4.2. Vitamin D and Body Fat Mass 

The elevated WHR values observed in this study indicate 

a predominance of central adiposity. Consistently, our 

analysis also revealed a significant inverse association 

between serum vitamin D levels and total body fat mass. 

Participants with higher fat mass exhibited lower vitamin 

D levels. This finding can be explained by the lipophilic 

nature of vitamin D. In individuals with excessive adiposity, 

vitamin D tends to be sequestered within adipose tissue, 

reducing its bioavailability in the circulation. Laboratory 

studies have demonstrated that adipose tissue itself serves 

as a storage site for 25(OH)D [22]. Consequently, vitamin 

D deficiency in obesity may reflect impaired mobilization 

of vitamin D from fat compartments [18]. 

Clinical studies also support this observation. Weight 

reduction and decreases in body fat mass are often 

accompanied by significant increases in serum 25(OH)D 

concentrations in obese individuals [23]. Conversely, 

higher levels of 25(OH)D have been linked to improved 

insulin sensitivity, reduced appetite, and decreased energy 

intake, all of which contribute to lower body fat percentage 

[24]. Epidemiological data further show that vitamin D 

deficiency is more prevalent in obese populations [25]. 

Based on these findings, it has been suggested that 

individuals with obesity may require higher doses of 

vitamin D supplementation to achieve adequate serum 

25(OH)D levels [26]. The relationship between body fat 

mass and vitamin D status may also vary by ethnicity. For 

instance, data from National Health and Nutrition 
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Examination Survey (NHANES III) demonstrated that the 

negative association between body fat and serum vitamin 

D was stronger in Caucasian women compared with 

African American women [27]. Smaller-scale studies also 

confirmed ethnic differences in the correlation between 

adiposity and serum 25(OH)D concentrations [28,29]. 

Research conducted in Korea suggested that body fat mass, 

rather than BMI or waist circumference, may serve as a 

more accurate indicator of vitamin D status in Asian 

populations, particularly given their typically leaner body 

build compared with Caucasians. The mechanisms 

underlying this relationship remain complex. Reduced 

sunlight exposure in obese individuals due to lower outdoor 

activity may play a role [30], but it does not fully explain 

the association, as studies have shown that correlations 

persist even after adjusting for physical activity. Adipose 

tissue itself appears to directly influence serum vitamin D 

concentrations through sequestration [18]. Additionally, 

obesity-related chronic inflammation may further suppress 

vitamin D bioavailability [31]. Local adipose tissue activity 

of 24-hydroxylase, an enzyme involved in vitamin D 

catabolism, may also increase vitamin D breakdown in 

individuals with excessive fat mass [32]. Other studies 

suggest that high adiposity predisposes individuals to 

reduced vitamin D concentrations, which can in turn 

influence hypothalamic regulation of appetite and energy 

expenditure, promoting further fat accumulation [33,34]. 

Chronic inflammation, macrophage infiltration into 

adipose tissue, and production of pro-inflammatory 

adipokines also appear to contribute to this cycle [35,36]. 

Furthermore, impaired lipolysis in obesity may hinder 

vitamin D release from fat stores, exacerbating deficiency 

[37]. Although some evidence suggests that improving 

vitamin D status may facilitate weight reduction [38], it 

remains unclear whether supplementation is the optimal 

intervention for obese individuals with vitamin D 

deficiency. Further studies are warranted to clarify the 

bidirectional relationship between vitamin D and adiposity. 

4.3. Vitamin D and Blood Pressure 

In this study, lower vitamin D levels were significantly 

correlated with higher systolic and diastolic blood pressure. 

These findings support the hypothesis that vitamin D plays 

a regulatory role in blood pressure homeostasis. 

One proposed mechanism involves suppression of the 

renin–angiotensin–aldosterone system (RAAS). Adequate 

vitamin D levels downregulate renin activity, thereby 

preventing vasoconstriction and excessive blood volume 

expansion [39]. In contrast, vitamin D deficiency leads to 

increased RAAS activation, contributing to hypertension. 

Experimental studies in both animals and humans have 

confirmed this association: deficiency of 1,25(OH)₂D₃ 

increases RAAS activity systemically and in the kidney, 

elevating blood pressure [40,41]. Knockout models lacking 

the vitamin D receptor (VDR) or 1α-hydroxylase gene 

exhibit upregulated RAAS and hypertension, while 

treatment with 1,25(OH)₂D₃ suppresses these effects [42–

44]. 

Additionally, VDRs are expressed in vascular tissues, 

including myocardium, juxtaglomerular renin-producing 

cells, and vascular smooth muscle cells, where they 

modulate calcium influx, vascular tone, and diastolic 

function [45,46]. 

Beyond RAAS regulation, vitamin D may affect blood 

pressure through calcium homeostasis. Vitamin D 

stimulates intestinal calcium absorption, enhances renal 

calcium reabsorption, and promotes bone calcium 

mobilization. Deficiency lowers plasma calcium levels, 

stimulating parathyroid hormone (PTH) secretion. 

Elevated PTH has been associated with higher systolic and 

diastolic blood pressure and increased risk of hypertension 

[47–51]. Experimental administration of PTH raises blood 

pressure in otherwise healthy subjects, although the exact 

mechanisms remain unclear, with endothelial dysfunction 

being a possible contributor [52–54]. 

Vitamin D may also directly influence vascular stiffness. 

Both endothelial and vascular smooth muscle cells express 

1α-hydroxylase, enabling local conversion of 25(OH)D to 

calcitriol [55]. Vitamin D derivatives have been shown to 

acutely reduce vascular smooth muscle contractions in 

hypertensive rats by decreasing calcium entry [56]. In 

atherosclerotic lesions, macrophages can activate vitamin 

D locally, potentially affecting vascular tone, promoting 

calcification, or inducing oxidative stress [57–59]. 

Observational studies consistently report that low 

plasma 25(OH)D concentrations are associated with a 

higher risk of hypertension and related complications 

[60,61]. However, interventional studies have produced 

mixed results. Some trials using single high doses of active 

vitamin D (e.g., 100,000 IU) improved systolic blood 

pressure in patients with type 2 diabetes [62,63], whereas 

others using even higher doses (300,000 IU) showed no 

effect [64]. Daily supplementation with vitamin D₃ (1,000–

5,000 IU) has generally not demonstrated significant 

benefits for blood pressure reduction [65,66]. Nevertheless, 

a study by Sharb-Bidar et al. found that combined 

supplementation with vitamin D₃ and calcium improved 

both systolic and diastolic blood pressure in patients with 

type 2 diabetes [67]. 

Overall, while evidence supports a potential role of 

vitamin D in blood pressure regulation, the heterogeneity 

of findings suggests that additional factors, such as 

comorbidities, genetic variations, and baseline vitamin D 

status, may modify this relationship. 

5. Conclusions 

It can be concluded that this study identified a significant 

association between low vitamin D levels and increased 

waist-to-hip ratio, body fat mass, and elevated blood 

pressure. Vitamin D appears to play a role in fat 

metabolism as well as calcium metabolism, both of which 
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are involved in vascular stiffness, a contributing factor to 

hypertension. However, due to variability in findings 

across different studies, further research is needed to 

confirm the relationship between vitamin D deficiency and 

parameters of obesity and hypertension. 
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