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ABSTRACT 

 

Background: Vitamin D plays a crucial role in several chronic illnesses beyond bone health. 

However, its status in developing countries including Nepal remains poorly documented. To 

guide public health initiatives, this study aims to investigate the association between vitamin 

D level and factors including lifestyle, and metabolic variables in adult Nepalese women.  

Methods: This cross-sectional study was conducted between 1st March to 2nd April 2024, in 

Bharatpur in Bharatpur Metropolitan city, Nepal. A total of 103 adult participants aged 

between 18 to 70 years, who visited Chitwan Medical College, were included. Data were 

collected after obtaining informed consent through structured questionnaires regarding 

lifestyle, physical measurements and blood sample to measure serum 25-hydroxyvitamin D 

(25(OH) D. SPSS window version 23 was used for statistical analyses, employing chi-square 

tests and one way ANOVA to evaluate significant associations between vitamin D status and 

various variables.  

Results: Many adult female participants had low levels of vitamin D, less than 20 ng/ml. 

This was linked to their age (p=0.003), the size of their waist compared to their hips 

(p=0.004), their body mass index (BMI) (p=0.022), and their blood pressure (p=0.030). Adult 

female, those with higher BMI, and those with more waist-to-hip ratio (WHR) had lower 

vitamin D levels. Low vitamin D was also connected to higher cholesterol (p=0.002) and 

higher blood pressure.  

Conclusion: Vitamin D deficiency is prevalent among adult Nepalese women and is 

associated with age, obesity, hypertension and dyslipidemia. The present study also reflects 

the need for effective health strategies, including supplementation, lifestyle modifications, 

and public health education, to address vitamin D deficiency and its associated health risks. 
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1. INTRODUCTION 

Vitamin D is a fat-soluble vitamin that is 

mostly produced in the skin through 

exposure to sunlight. It is important for 

maintaining healthy bones and metabolism 

of calcium and phosphorus.[1] Recent 

research has shown that’s its importance 

extends beyond bone health, linking vitamin 

D to several chronic conditions, including 

diabetes, inflammatory diseases, and certain 
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types of cancer.[2] Despite of its importance 

for human health, vitamin D insufficiency 

and deficiency are very common, especially 

in women as reported in Middle East 

country.[3] It is important to look into 

variables affecting vitamin D levels in 

different groups of people as different 

factors including metabolic parameters, 

dietary habits, and lifestyle choices, resulted 

in differing levels of the vitamin D.[4] 

In Nepal, there is a growing concern 

regarding vitamin D deficiency, especially 

in adult women, because of cultural 

practices that limit sun exposure, metabolic 

parameters, dietary restrictions, and 

financial issues.[5] Understanding how 

lifestyle and metabolic factors influence to 

vitamin D levels in this population can help 

shape public health interventions that lower 

the risk of health problems associated with 

vitamin D deficiency.[6] 

The objective of this cross-sectional study is 

to investigate the relationship between   

various lifestyle and metabolic variables 

with vitamin D status in adult Nepalese 

women. Variables such as age, smoking 

habits, alcohol consumption, diet type, 

Waist-to-Hip Ratio (WHR), Body Mass 

Index (BMI), serum High Density 

Lipoprotein (HDL) levels were analyzed 

with other major clinical indexes including 

fasting blood glucose, blood pressure and 

serum triglycerides to detect independent 

predictors of Vitamin D deficiency and 

insufficiency in this population. The results 

of this study will therefore add to the 

knowledge about the factors influencing 

vitamin D status and guide focused 

interventions to raise vitamin D levels in at-

risk populations. 

 

2. METHODS AND MATERIALS 

2.1. Study Design, Study Site, and 

Participants 

This cross-sectional survey was conducted 

over one months from 1st March to 2nd April 

2024, in Bharatpur Metropolitan City, a sub-

urban area of Chitwan District, Nepal 

because urban and sub-urban have easy 

accessibility for the study and its diversified 

residence area. The sample size was 

calculated based on a previously reported 

6.3 % prevalence rate of vitamin D 

deficiency among   adult women in Kavre , 

Nepal, using a 95% confidence level and a 

5% margin of error.[5]  

n= Z2 P (1-P) / d2 

n= Sample size, Z = 95% level of 

confidence, P= 6.3% previous prevalence, d 

= 5% margin error 

As per calculation, a total of 103 women 

aged 18 to 70 age years, who have visited 

Chitwan Medical College for routine 

checkups were selected for the study. The 

primary aim was to assess the association 

between serum 25(OH)D levels, lifestyle 

factors, and various metabolic parameters. 

Participants were evaluated for serum 

25(OH)D concentration along with relevant 

metabolic variables including body mass 

index (BMI), waist-to-hip ratio, and other 

health markers. 

 

2.2. Recruitment of Study Subjects 

Female participants were recruited on the 

basis of their routine visits to Chitwan 

Medical College and Teaching Hospital at 

medicine outpatient department. Written 

informed consent was obtained from the 

entire participant before to their inclusion in 

the study. 

 

2.3. Data Collection 

Data collection was carried out using 

structured questionnaires on lifestyle factors 

including age, smoking habits, alcohol 

consumption, diet, physical measurements 

including height, weight, BMI, waist 

circumference, blood pressure levels and 

blood samples collection to measure fasting 

blood glucose, serum 25-hydroxyvitamin D 

(25(OH)D) levels, triglycerides, cholesterol 

and high density lipoprotein (HDL). The 

equipment used for these assessments 

included a digital weighing scale, 

stadiometer, non-stretchable measuring 

tape, Omron-5 series digital blood pressure 

monitor, hexokinase assay for blood glucose 
[7], chemiluminescence immunoassay 

(CLIA) for vitamin D [8], glycerol phosphate 
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oxidase/phenol aminoantipyrine peroxidase 

(GPO/ PAP)  for triglycerides [9], cholesterol 

oxidase/ phenol aminoantipyrine peroxidase 

( CHOD/PAP)[10] and direct method 

(dextran sulfate) for high density lipoprotein 

(HDL).[11] [12]  

 

2.4. Blood Sample Collection and 

Analyses 

Fasting blood samples were drawn from the 

cubital vein of the left hand. The blood was 

then collected in yellow stopped vacutainer 

tube followed by storage on ice box and 

transported within 20 min to the Chitwan 

Medical College Hospital, department of 

Biochemistry. The obtained blood samples 

were centrifuged at 3000 rpm for 10 minute 

to separate serum.[13] [14] The obtained 

serum samples were used for analyzing the 

concentration of glucose, 25-

hydroxyvitamin D (25(OH)D), triglycerides, 

cholesterol, and high density lipoprotein 

(HDL) by hexokinase , chemiluminescence 

immunoassay (CLIA) , glycerol phosphate 

oxidase/phenol aminoantipyrine peroxidase 

(GPO/ PAP), cholesterol oxidase/ phenol 

aminoantipyrine peroxidase ( CHOD/PAP) 

and direct method (dextran sulfate) 

respectively. 

 

2.5. Outcome Variables and Criteria for 

Vitamin D Status 

The primary outcome of the study was the 

assessment of vitamin D status, measured 

by serum 25-hydroxyvitamin D (25(OH) D) 

levels. Vitamin D levels were classified as 

deficiency (<20 ng/ml), insufficiency 

(between 20–30 ng/ml) and sufficiency (≥30 

ng/ml).[15] 

 

2.6. Statistical Methods 

Statistical analyses on collected data were 

performed using the statistical package for 

the social sciences (SPSS) window version 

23. This study analyzed vitamin D status 

across various range of lifestyle and 

metabolic variables where data were 

expressed as percentages of patients with 

different levels of vitamin D status. 

Prevalent of vitamin D deficiency, 

insufficiency, and sufficiency were tested 

across the variables using Chi-square test 

with a level of significance at p < 0.05. The 

means and standard deviations of the 

metabolic variables across vitamin D 

categories were compared statically using 

one-way ANOVA, following analyzing F 

value (variance between groups) and then 

level of significant p value at p < 0.05.  

 

2.7. Ethical Considerations 

Ethical clearance was obtained from the 

Institutional Review Board (IRB), Chitwan 

Medical College (reference code CMC-

IRC/080/081/094. All participants provided 

written informed consent. Ethical guidelines 

were followed in accordance with the 

declaration of Helsinki, therefore all 

procedures performed in studies involving 

human participants took care of participant 

rights and protected their welfare. 

 

2.8. Inclusion and exclusion criteria  

Inclusion criteria include women aged 

above 18 years and older who visited 

Chitwan Medical College, internal medicine 

outpatient department for routine check-ups. 

Exclusion criteria include women with any 

known chronic diseases that could affect 

vitamin D metabolism, having vitamin D 

supplementation and pregnant women. 

 

3. RESULTS 

As shown in Table 1, significant results 

were observed in several variables. Age (p = 

0.003) showed higher vitamin D deficiency 

in individuals ≥65 years (67.9%) compared 

to those <65 years (30.7%). Among 

vegetarians, 11.1% had vitamin D 

deficiency, while 43.6% of non-vegetarians 

were vitamin D deficient. Diet type (p = 

0.009) revealed that vegetarians had a 

higher sufficiency (77.8%) than non-

vegetarians (27.7%). Waist-to-hip ratio 

(WHR) (p = 0.004) indicated greater 

sufficiency in individuals with high WHR 

(58.3%). BMI (p = 0.022) showed higher 

deficiency in overweight and obese 

individuals, with 100% deficiency in 2nd 

grade obesity.  
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Table 1. Vitamin D status across various lifestyles and metabolic variables 

Variables Vitamin D 

Deficiency < 20 

ng/ml (%) 

Vitamin D 

Insufficiency 20-

30 ng/ml (%) 

Vitamin D 

Sufficiency > 30 

ng/ml (%) 

P-value 

Age 
   

0.003 

< 65 (n=75) 23 (30.7%) 24 (32.0%) 28 (37.3%) 
 

≥ 65 (n=28) 19 (67.9%) 4 (14.3%) 5 (17.9%) 
 

Smoker or Non-Smoker 
   

0.508 

Smoker (n=18) 9 (50.0%) 3 (16.7%) 6 (33.3%) 
 

Non-Smoker (n=85) 33 (38.8%) 25 (29.4%) 27 (31.8%) 
 

Alcohol Consumption 
   

0.245 

Yes (n=7) 4 (57.1%) 0 (0%) 3 (42.9%) 
 

No (n=96) 38 (39.6%) 28 (29.2%) 30 (31.3%) 
 

Diet Type 
   

0.009 

Vegetarian (n=9) 1 (11.1%) 1 (11.1%) 7 (77.8%) 
 

Non-Vegetarian (n=94) 41 (43.6%) 27 (28.7%) 26 (27.7%) 
 

Waist-to-Hip Ratio 

(WHR) 

   
0.004 

High WHR (n=24) 4 (16.7%) 6 (25.0%) 14 (58.3%) 
 

Normal WHR (n=79) 38 (48.1%) 22 (27.8%) 19 (24.1%) 
 

Body Mass Index (BMI) 
   

0.022 

Underweight (<18.5 

kg/m²) (n=6) 

1 (16.7%) 3 (50.0%) 2 (33.3%) 
 

Normal weight (18.51-

24.9 kg/m²) (n=52) 

14 (26.9%) 15 (28.8%) 23 (44.2%) 
 

Overweight (25-29.9 

kg/m²) (n=33) 

18 (54.5%) 9 (27.3%) 6 (18.2%) 
 

1st Grade Obesity (30-

34.9 kg/m²) (n=8) 

5 (62.5%) 1 (12.5%) 2 (25.0%) 
 

2nd Grade Obesity (35-

39.9 kg/m²) (n=4) 

4 (100.0%) 0 (0%) 0 (0%) 
 

Serum HDL (mg/dL) 
   

0.370 

Normal (≥40 mg/dL, 

n=42) 

14 (33.3%) 14 (33.3%) 14 (33.3%) 
 

Low HDL (<40 mg/dL, 

n=61) 

28 (45.9%) 14 (23.0%) 19 (31.1%) 
 

Fasting Glucose 

(mg/dL) 

   
0.633 

Normal (<100 mg/dL, 

n=65) 

25 (38.5%) 17 (26.2%) 23 (35.4%) 
 

High FBS (≥100 mg/dL, 

n=38) 

17 (44.7%) 11 (28.9%) 10 (26.3%) 
 

Blood Pressure (BP) 

(mmHg) 

   
0.304 

Normal BP (<120/80 

mmHg, n=56) 

19 (33.9%) 17 (30.4%) 20 (35.7%) 
 

High BP (≥120/80 

mmHg, n=47) 

23 (48.9%) 11 (23.4%) 13 (27.7%) 
 

Serum Triglycerides 

(TG) (mg/dL) 

   
0.068 

Normal (<150 mg/dL, 

n=71) 

24 (33.8%) 20 (28.2%) 27 (38.0%) 
 

High TG (≥150 mg/dL, 

n=32) 

18 (56.3%) 8 (25.0%) 6 (18.8%) 
 

 

In this Table 2. Significant differences 

among the three groups categorized by 

vitamin D status. Age was significantly 

different across the groups (F = 4.450, p = 

0.014), with older participants in the vitamin 

D deficiency group compared to those in the 
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insufficiency and sufficiency groups. Waist-

to-hip ratio (WHR) showed a significant 

variation (F = 8.707, p < 0.001), with the 

highest WHR observed in the deficiency 

group, indicating a higher central obesity. 

Body mass index (BMI) also differed 

significantly among the groups (F = 7.739, p 

= 0.001), with the deficiency group 

exhibiting the highest BMI. Additionally, 

systolic blood pressure (SBP) was 

significantly different (F = 3.629, p = 

0.030), with the highest values recorded in 

the vitamin D deficiency group. Cholesterol 

levels were significantly higher in the 

vitamin D deficiency group compared to the 

insufficiency and sufficiency groups (F = 

6.665, p = 0.002).  

 
Table 2.  Metabolic variables across different Vitamin D status groups 

Variable Vitamin D 

Deficiency (<20 

ng/ml)  

Vitamin D 

Insufficiency (20-30 

ng/ml)  

Vitamin D 

Sufficiency (>30 

ng/ml)  

F  P 

Age (years) 58.45 ± 15.08 49.43 ± 14.35 49.55 ± 15.36 4.450 0.014 

WHR (Waist-to-

Hip Ratio) 

1.03 ± 0.12 0.95 ± 0.11 0.93 ± 0.13 8.707 0.000 

BMI (Body Mass 

Index) 

26.66 ± 4.38 23.94 ± 3.55 23.06 ± 4.28 7.739 0.001 

SBP (Systolic 

Blood Pressure) 

129.05 ± 16.54 123.04 ± 13.83 120.45 ± 10.92 3.629 0.030 

DBP (Diastolic 

Blood Pressure) 

83.52 ± 5.50 82.68 ± 6.30 81.36 ± 3.13 1.644 0.198 

Cholesterol 

(mg/dL) 

206.81 ± 102.71 156.00 ± 69.26 143.27 ± 49.03 6.665 0.002 

Fasting Serum 

TG (mg/dL) 

148.33 ± 67.49 142.14 ± 87.29 114.58 ± 42.21 2.513 0.086 

Serum HDL 

(mg/dL) 

44.95 ± 13.75 50.03 ± 13.28 48.00 ± 12.57 1.300 0.277 

Fasting Blood 

Sugar (mg/dL) 

119.74 ± 61.99 116.11 ± 38.55 101.21 ± 27.45 1.524 0.223 

 

4. DISCUSSIONS 

The current study presented the relationship 

between vitamin D levels with various 

metabolic parameters, revealing significant 

results. Here, the study identified significant 

differences between age, waist-to-hip ratio 

(WHR), body mass index (BMI), systolic 

blood pressure (SBP), and cholesterol levels 

with different vitamin D status among adult 

female.  

The current data Table 1 showed a 

significant age-related difference in the 

status of vitamin D. In particular, 67.9% of 

females aged ≥65 years had vitamin D 

deficiency (<20 ng/ml) when compared to 

30.7% of females aged less than 65 years 

(p = 0.003). This finding confirms the 

literature that states that there is an 

increasing prevalence of vitamin D 

deficiency in older adults. Reduced skin 

synthesis, lower dietary intake, and less 

efficient conversion of vitamin D to its 

active form all contribute to this higher 

prevalence with increasing age.[2] [16] The 

study also showed that the Waist to hip 

ratio (WHR) of adult females differed 

significantly by vitamin D status groups, 

with a p-value of 0.004. Individuals female 

with vitamin D deficiency had the highest 

WHR (1.03 ± 0.12), while those with 

sufficiency had the lowest Waist to hip ratio 

(WHR (0.93 ± 0.13). A higher WHR 

indicates more central obesity, and this 

agrees with previous studies that have 

implicated vitamin D deficiency in 

increased visceral fat accumulation and 

central obesity. It is reported that vitamin D 

has an effect on fat distribution and 

metabolic health; therefore, its deficiency 

may influence central obesity and further 

promote metabolic risks.[17] [18] Similarly, a 

significant difference was recorded in the 
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mean BMI among female subjects across 

the groups of vitamin D status (p = 

0.022).The deficiency group had the highest 

BMI (26.66 ± 4.38), with the 2nd grade 

obesity group showing 100% deficiency 

rate. This finding is further supported by 

studies reporting an inverse relationship 

between the levels of vitamin D and higher 

BMI, since the fat-soluble vitamin is 

sequestered in adipose tissues. Thus, 

individuals with higher BMI may have 

reduced bioavailability of vitamin D, 

leading to deficiency.[19] [20] 

As shown in Table 2, significant differences 

in the levels of SBP among female were 

noted (p = 0.030). Individuals with vitamin 

D deficiency had the highest SBP (129.05 ± 

16.54), compared to those with 

insufficiency (123.04±13.83) and 

sufficiency (120.45 ± 10.92). This supports 

the association between vitamin D 

deficiency and increased risk of 

hypertension. In previous study, vitamin D 

is assumed to influence the regulation of 

blood pressure through its action on the 

renin-angiotensin-aldosterone system and 

endothelial function.[21] [22] [23] .Cholesterol 

levels were significantly higher in the 

vitamin D deficiency group female (206.81 

± 102.71) compared to those with 

insufficiency group female (156.00 ± 69.26) 

and sufficiency grouped female (143.27 ± 

49.03) (p = 0.002). This finding concurs 

with other studies that found a link between 

vitamin D deficiency and dyslipidemia. 

Vitamin D might play a modulating role in 

cholesterol metabolism and synthesis, and 

deficiency may be associated with higher 

levels of total LDL cholesterol.[24] [25]   

The current findings are in aligning with 

previous literature. Associations now 

identified between vitamin D deficiency, 

higher age, and greater central obesity, 

higher BMI, increased SBP, and increased 

cholesterol levels have similarly been noted 

in prior studies.[26] Indeed, prior studies 

have reported that the risk for vitamin D 

deficiency and its associated health 

problems increases with age.[27] Besides 

that, the connection of Vitamin D with 

obesity and even with hypertension has 

been widely reported, an optimum level of 

Vitamin D may prevent such risks.[28] 

Vitamin D is critically involved in many 

metabolic processes other than calcium 

homeostasis and skeletal health, including 

inflammation, insulin sensitivity, and 

endothelial function. [29]Vitamin D 

deficiency may further promote obesity, 

hypertension, and dyslipidemia through 

these pathways. Given the active role of 

vitamin D in the modulation of 

inflammatory processes and its influence 

on insulin sensitivity,[29] it is likely to affect 

fat distribution and further influence 

cardiovascular health. 

 

CONCLUSIONS 

Hence the present study explores the 

relationship between vitamin D status and 

various metabolic parameters, including 

age, waist-to-hip ratio (WHR), body mass 

index (BMI), and systolic blood pressure 

(SBP), and cholesterol levels in women. It 

observed that chances of vitamin D 

deficiency are higher in older women. The 

study also revealed the association between 

vitamin D deficiency and central obesity 

where higher WHR shows lower vitamin D 

levels and those with lower vitamin D levels 

had higher WHR. Higher BMI also pointed 

to vitamin D deficiency, this may be due to 

the reduced bioavailability of vitamin D in 

individuals having more fat tissue. Elevated 

systolic blood pressure was also noted in 

women with vitamin D deficiency, 

reinforcing the connection between 

deficiency and hypertension. Additionally, 

cholesterol levels were higher in those with 

deficient vitamin D status. Our present 

findings also justify that vitamin D might 

plays a role in inflammation, insulin 

sensitivity, and endothelial function and its 

deficiency may contribute to worsening 

obesity, hypertension, and dyslipidemia. 
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