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Abstract:  
Background: Vitamin D is a lipid‑soluble vitamin synthesized mainly under the skin during exposure to UVB 

(ultraviolet B) of sunlight. Due to the increasing prevalence of indoor lifestyles and various other metabolic and 

physiological factors, Vitamin D deficiency is now extremely widespread globally. Research has shown that 

Vitamin D deficiency (<20ng/ml) was found to be more prevalent in menopausal women than in reproductive age 

groups of women. This research aims to estimate serum vitamin D levels and lipid profiles in women of 

reproductive and menopausal age groups, and to investigate their metabolic associations. 

Materials and Methods: This retrospective cross-sectional study was conducted at the HIMSR and HAHC 

Hospital, New Delhi. Two separate groups, consisting of 100 reproductive women (aged 18 - 40 years) and 100 

menopausal women (aged>45 years and having attained menopause), were randomly selected. Serum vitamin D 

(25-hydroxyvitamin D) and lipid profile parameters (triglycerides, total cholesterol, HDL, non-HDL, LDL, and 

VLDL cholesterol levels) were analyzed from blood samples collected during their hospital visits from June 2024 

to March 2025 using Abbott Architect i1000SR and Beckman Coulter AU480, respectively. Lastly, coefficients of 

Pearson’s correlation and Levene’s Independent sample T-tests were computed from the data collected using 

statistical software SPSS version 26. 

Results: Results indicate that vitamin D was deficient in 50.5% of the overall study population. The mean vitamin 

D levels recorded were 22.19± 14.78 ng/ml and 21.97± 11.93 ng/ml in reproductive and menopausal women, 

respectively. Serum vitamin D in the overall study population shows significant negative correlation with 

Triglycerides (p=0.004) and VLDL cholesterol (p=0.019) levels, but significant positive correlation with HDL 

cholesterol (p=0.028). The t-test shows no significant differences between the respective mean parameters of the 

study groups.   

Conclusion: This study establishes that vitamin D deficiency is highly prevalent and has a significant role in 

dyslipidaemia. Consequently, assessing vitamin D levels and providing supplementation to all women, 

irrespective of menstrual status, may be advantageous for the prevention and reversal of atherosclerosis and 

cardiovascular disorders. 
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I. Introduction 
Vitamin D is a lipid-soluble vitamin synthesized mainly under the skin during exposure to UVB 

(ultraviolet B) of sunlight 1, 2. It is a steroid hormone, which performs important roles in preserving calcium 

homeostasis, promoting bone health, and improving immune functions in our body 3, 4, 5. Due to increasing indoor 

lifestyles and various other metabolic and physiological reasons, vitamin D deficiency has presently become 

highly prevalent worldwide 6, 7. As per a recent study, vitamin D deficiency was found to be present in 88% of 

reproductive women in New Delhi. 8, 9  
Menopause is the cessation of the menstrual cycle for a minimum duration of at least 12 months caused 

by insufficient as well as declining secretions of estrogen and progesterone 10, 11. Estrogen can also increase the 

kidneys’ 1-alpha-hydroxylase activity, which activates vitamin D and further upregulates the vitamin D receptor 

(VDR). Therefore, the onset of menopause and subsequent drop in estrogen levels with ageing can cause decreased 

levels of serum vitamin D 12. Few studies have further shown that a lack of vitamin D (< 20 ng/ml) was found to 

be more commonly seen in menopausal than in pre-menopausal age groups of women 13. The term "dyslipidaemia" 

encompasses various types of imbalances in the levels of lipids found in the serum, like LDL-C (low-density 
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lipoprotein cholesterol), HDL-C (high-density lipoprotein cholesterol), TC (total cholesterol), and TG 

(triglycerides) 14.  

Current literatures suggest that, at the molecular level, there is a close relationship between vitamin D as 

well as lipid metabolism, which hints towards a possible connection between vitamin D as well as lipid profile 15 

- 18. Various separate studies have also noted that both low levels of vitamin D and dyslipidaemia are linked to 

higher risks of atherosclerosis and cardiovascular conditions 19 - 24. 

 

II. Aims And Objectives  
This study aims to 

 - Evaluate the levels of serum vitamin D among reproductive and menopausal age groups of women, 

 - Evaluate the levels of serum lipid profile among reproductive and menopausal age groups of women, and  

 - Determine the metabolic associations of vitamin D with lipid profile. 

 

III. Materials and Methods 
Assuming 88% prevalence, with a 95% confidence level and 5% absolute precision, the actual sample 

size obtained after calculation was 162.27.  However, it was increased, and the final total sample size of 200 was 

decided. A retrospective cross-sectional study design, in which the total sample size was further subdivided into 

two separate groups: “Reproductive group” consisting 100 reproductive women (18 - 40 years age) and 

“Menopausal group” consisting 100 menopausal women (age >45 years and had attained menopause) was finally 

planned and conducted at HIMSR and HAHC Hospital, New Delhi. Serum vitamin D (25-hydroxyvitamin D) and 

lipid profile parameters (which include triglycerides, total cholesterol, HDL, non-HDL, LDL, and VLDL 

cholesterol levels) were analyzed from the blood samples collected from randomly selected participants during 

their hospital visits from June 2024 to March 2025.  Serum vitamin D is estimated using Abbott Architect 

i1000SR, which employs a chemiluminescent microparticle immunoassay (CMIA) to quantitatively determine 

25-hydroxyvitamin D levels in human serum. Lipid profile parameters are measured using the Beckman Coulter 

AU480, which is based on spectrophotometry. Lastly, coefficients of Pearson’s correlation and Levene’s 

Independent sample T-tests were computed from the data collected using statistical software SPSS version 26. A 

value of p < 0.05 shall be considered significant. 

 

Inclusion and exclusion criteria:  

For the reproductive group, women aged 18 to 40 years who have a regular, normal menstrual cycle are 

included in the study. In addition, for the menopausal group, women aged> 45 years with at least 12 months of 

amenorrhea have been included.  

Women with current pregnancy, menstrual disorders, bone fractures, hormonal therapy, oral 

contraceptive use, chronic smoking or alcoholic history, vitamin D supplementations or lipid-lowering agents, 

diabetes, hypertension, and other systemic diseases have been excluded from the study. 

 

Statistical analysis 

 

Table No. 2:  Shows group statistics of the mean parameters in the reproductive and menopausal groups of women 
 

 
Parameter Group N (Sample) Mean Std. Deviation Std. Error Mean 

Age 
(years) 

Reproductive  100 28.4800 6.32851 .63285 

Menopausal 100 57.0500 11.26752 1.12675 

Vitamin- D 

(ng/ml) 

Reproductive 100 22.1866 14.77492 1.47749 

Menopausal 100 21.9670 11.92609 1.19261 

Table No. 1:  Shows the cross-tabulation of Vitamin D statuses among the two study groups 

 

Menstrual status Vitamin D sufficient samples (%) Vitamin D deficient samples (%) Total sample 

Reproductive group 46 54 100 

Menopausal group 53 47 100 

Total (%) 99 (= 45.5%) 101 (= 50.5%) 200 (100%) 
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T. Cholesterol 

(mg/dl) 

Reproductive 100 149.3810 44.36923 4.43692 

Menopausal 100 151.3130 56.88787 5.68879 

Triglyceride 
(mg/dl) 

Reproductive 100 146.4370 89.07812 8.90781 

Menopausal 100 158.1210 84.99626 8.49963 

HDL-C 

(mg/dl) 

Reproductive 100 38.4420 12.88310 1.28831 

Menopausal 100 38.9490 14.97281 1.49728 

Non-HDL-C 

(mg/dl) 

Reproductive 100 110.9390 37.62816 3.76282 

Menopausal 100 112.3640 48.65697 4.86570 

LDL-C 

(mg/dl) 

Reproductive 100 97.9330 32.46309 3.24631 

Menopausal 100 98.0528 38.00772 3.80077 

VLDL-C 

(mg/dl) 

Reproductive 100 30.3372 23.47657 2.34766 

Menopausal 100 32.5848 28.91781 2.89178 

 

 

        

 
 

 

 

 

 

Table No. 3: Shows correlations of vitamin D levels with various parameters of lipid profiles. 

  
Age Total 

Cholesterol 
Triglycerides HDL 

cholesterol 
Non-HDL 
cholesterol 

LDL 
cholesterol 

VLDL 
cholesterol 

Vitamin D 
(N = 200) 

Correlation (R) .008 -.014 -.201** .156* -.067 .007 -.166* 

Sig. (p value) .916 .841 .004 .028 .348 .919 .019 
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Fig. No 1: Shows bar chart comparison of mean parameters in Reproductive and Menopausal groups of women. 
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Fig. No. 2: Shows simple scatter plot of serum triglycerides vs vitamin D levels 

R = - 0.201** 
p = 0.004, < 0.01 

Fig. No. 3: Shows simple scatter plot of serum HDL cholesterol vs vitamin D levels 

R = 0.156* 
p = 0.028, < 0.05 

Fig. No. 4: Shows simple scatter plot of serum VLDL cholesterol vs Vitamin D levels 

R = - 0.166* 
p = 0.019, < 0.05 
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Table No. 4: Shows the findings of Levene’s Independent Samples T-Test 

  
Levene's Test for 

Equality of 

Variances 

t-test for Equality of Means 

F Sig. t df Sig. (2-

tailed) 

Mean 

Difference 

Std. Error 

Difference 

95% Confidence Interval 

of the Difference 

Lower Upper 

Age        

(years) 

Equal variances 

assumed 

40.773 .000 -22.108 198 .000 -28.57000 1.29231 -31.11846 -26.02154 

Equal variances not 

assumed. 

  
-22.108 155.808 .000 -28.57000 1.29231 -31.12271 -26.01729 

Vitamin D 

(ng/ml) 

Equal variances 

assumed 

7.070 .008 .116 198 .908 .21960. 1.89876 -3.52479 3.96399 

Equal variances not 

assumed. 

  
.116 189.562 .908 .21960 1.89876 -3.52582 3.96502 

T. 

cholesterol 

(mg/dl) 

Equal variances 

assumed 

2.517 .114 -.268 198 .789 -1.93200. 7.21447 -16.15906 12.29506 

Equal variances not 

assumed. 

  
-.268 186.914 .789 -1.93200 7.21447 -16.16425 12.30025 

Triglyceride 

(mg/dl) 

Equal variances 

assumed 

.106 .745 -.949 198 .344 -11.68400. 12.31230 -35.96407 12.59607 

Equal variances not 

assumed. 

  
-.949 197.566 .344 -11.68400 12.31230 -35.96440 12.59640 

HDL- 

Cholesterol 

(mg/dl) 

Equal variances 

assumed 

5.187 .024 -.257 198 .798 -.50700 1.97525 -4.40222. 3.38822 

Equal variances not 

assumed. 

  
-.257 193.689 .798 -.50700 1.97525 -4.40275 3.38875 

Non-HDL-

Cholesterol 

(mg/dl) 

Equal variances 

assumed 

1.935 .166 -.232 198 .817 -1.42500 6.15092 -

13.55472. 

10.70472 

Equal variances not 

assumed. 

  
-.232 186.219 .817 -1.42500 6.15092 -13.55944 10.70944 

LDL-

Cholesterol 

(mg/dl) 

Equal variances 

assumed 

2.106 .148 -.024 198 .981 -.11980. 4.99844 -9.97681 9.73721 

Equal variances not 

assumed. 

  
-.024 193.273 .981 -.11980 4.99844 -9.97829 9.73869 

VLDL-

Cholesterol 

(mg/dl) 

Equal variances 

assumed 

.000 .986 -.603 198 .547 -2.24760 3.72477 -9.59291 5.09771 

Equal variances not 

assumed. 

  
-.603 189.978 .547 -2.24760 3.72477 -9.59481 5.09961 

 

IV. Results 
           The mean age obtained for the reproductive group is 28.48 ± 6.33 years, and that for the menopausal group 

is 57.05 ± 11.27 years (Table No. 2). Vitamin D deficiency showed a very high prevalence of 50.5% (Table No. 

1) in the overall study population. While the mean vitamin D level observed was 22.19 ± 14.78 ng/ml in 

reproductive women and slightly decreased i.e., 21.97 ± 11.93 ng/ml in menopausal women (Table No. 2 and Fig. 

No 1), this difference was not statistically significant (p > 0.05) (Table No. 4). Further, Pearson’s correlation 

studies (Table No. 3) showed that serum vitamin D has significant negative correlations with serum triglycerides 

(R= -0.201, p = 0.004) (Fig. No. 2) and VLDL cholesterol levels (R= -0.166, p = 0.019) (Fig. No. 4); but significant 

positive correlation with serum HDL cholesterol (R= 0.156, p = 0.028) (Fig. No. 3). Levene’s T-test results 

showed no significant differences in the mean parameters (vitamin D and lipid profiles) obtained in this study 

(Table No. 4). 

 

V. Discussion 
            The association between vitamin D deficiency and dyslipidaemia, which further leads to atherosclerosis, 

is complex and involves multiple mechanisms. Mechanisms proposed by various studies are being discussed as 

follows: a) Foam cell formation: Vitamin D regulates lipid metabolism and can influence foam cell formation. 

Vitamin D deficiency may contribute to increased lipid uptake and accumulation in macrophages, leading to foam 

cell formation and atherosclerosis. b) Inflammation and oxidative stress: Vitamin D has anti-inflammatory and 

antioxidant properties. Deficiency can lead to increased inflammation and oxidative stress, promoting 

atherosclerotic plaque formation. c) Endothelial dysfunction: Vitamin D receptors (VDRs) are present in 

endothelial cells. Vitamin D deficiency can lead to impaired endothelial function, increased vascular stiffness, and 

reduced nitric oxide production. d) Renin-angiotensin-aldosterone system (RAAS) activation: Vitamin D 

deficiency can activate the RAAS, leading to increased blood pressure, vascular remodelling, and atherosclerosis. 

e) Impaired vascular smooth muscle cell function: Vitamin D deficiency can affect vascular smooth muscle 

cell function, leading to increased vascular stiffness and atherosclerosis. f) Epigenetic modifications and gene 

regulation: Vitamin D deficiency can influence epigenetic modifications and gene regulation, affecting the 
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expression of genes involved in atherosclerosis. In spite of the smaller sample size, our study findings reflect a close 

molecular link between lipid metabolism and vitamin D, which is in alignment with the current literature.21-25 

 

VI. Conclusion 

This study establishes that vitamin D deficiency is highly prevalent and has a significant role in 

dyslipidaemia. Consequently, assessing vitamin D levels and providing supplementation to all women, 

irrespective of menstrual status, may be advantageous for the prevention and reversal of atherosclerosis and 

cardiovascular disorders. 

 

References  
[1]. Pludowski, P., Holick, M. F., Pilz, S., Wagner, C. L., Hollis, B. W., Grant, W. B., et al. (2013). Vitamin D Effects on Musculoskeletal 

Health, Immunity, Autoimmunity, Cardiovascular Disease, Cancer, Fertility, Pregnancy, Dementia, and Mortality: Review of Recent 

Evidence. Autoimmun. Rev.. 12 (10), 976–989. doi:10.1016/j.autrev.2013.02.004 
[2]. Vacek, J. L., Vanga, S. R., Good, M., Lai, S. M., Lakkireddy, D., and Howard, P. A. (2012). Vitamin D deficiency and 

supplementation and relation to cardiovascular health. Am. J. Cardiol. 109 (3), 359–363. doi:10.1016/j.amjcard.2011.09.020 

[3]. Matta Reddy, A., Iqbal, M., Chopra, H., Urmi, S., Junapudi, S., Bibi, S., et al. (2022). Pivotal role of vitamin D in mitochondrial 

health, cardiac function, and human reproduction. Excli J. 21, 967–990. doi:10.17179/excli2022-4935 

[4]. Kim, M. R. & Jeong, S. J. Relationship between vitamin D level and lipid profile in non-obese children. Metabolites. 9(7), 125 (2019) 

[5]. M. F. Holick and T. C. Chen, “Vitamin D deficiency: a worldwide problem with health consequences,” American Journal of Clinical 
Nutrition, vol. 87, no. 4, pp. 1080S–1086S, 2008. 

[6]. G R, Gupta A. Vitamin D deficiency in India: Prevalence, causality and interventions. Nutrients 2014;6:729-75 

[7]. W. P. T. James, “22nd Marabou Symposium: The changing faces of vitamin D,” Nutrition Reviews, vol. 66, no. 5, pp. 286–290, 2008. 
[8]. Sofi NY, Jain M, Kapil U, Seenu V, Ramakrishnan L, Yadav CP, Pandey RM. Status of serum vitamin D and calcium levels in women 

of reproductive age in the National Capital Territory of India. Indian Journal of Endocrinology and Metabolism. 2017;21(5):731. 

[9]. Harinarayan CV, Joshi SR. Vitamin D status in India—Its implications and remedial measures. J Assoc Physicians India 2009;57:40-
8. 

[10]. Davis SR, Lambrinoudaki I, Lumsden M, et al. Menopause. Nat Rev Dis Primers. 2015;1:15004. https:// doi. org/ 10. 1038/ nrdp. 

2015.4. 
[11]. Nelson HD. Menopause. Lancet. 2008;371(9614):760–70. https:// doi. org/10. 1016/ S0140-6736(08) 60346-3. 

[12]. S. N. G. Kanwar, M. Shekhawat, P. Sharma, and R. Hada, “Comparison of Vitamin D Levels in Pre and PostMenopausal Type 2 

Diabetic Females,” IOSR Journal of Dental and Medical Sciences, vol. 14, no. 8, pp. 70–73, 2015  
[13]. Fondjo LA, Sakyi SA, Owiredu WKBA, Laing EF, Owiredu EW, Awusi EK, Ephraim RKD, Kantanka OS. Evaluating Vitamin D 

Status in Pre and Postmenopausal Type 2 Diabetics and Its Association with Glucose Homeostasis. Biomed Res Int. 2018 Apr 

2;2018:9369282. Doi: 10.1155/2018/9369282. PMID: 29808168; PMCID: PMC5902073 
[14]. Rosenstreich, S. J., Rich, C. & Volwiler, W. Deposition in and release of vitamin D3 from body fat: evidence for a storage site in the 

rat. J. Clin. Investig. 50(3), 679–687 (1971). 

[15]. Al Refaie A, Baldassini L, Mondillo C, De Vita M, Giglio E, Tarquini R, Gonnelli S, Caffarelli C. Vitamin D and Dyslipidemia: Is 
There Really a Link? A Narrative Review. Nutrients. 2024 Apr 12;16(8):1144. doi: 10.3390/nu16081144. PMID: 38674837; PMCID: 

PMC11053479. 

[16]. Huang, X., Yang, Y., Jiang, Y. et al. Association between vitamin D deficiency and lipid profiles in overweight and obese adults: a 
systematic review and meta-analysis. BMC Public Health 23, 1653 (2023). https://doi.org/10.1186/s12889-023-16447-4 

[17]. Ko SH; Kim HS. Menopause-Associated Lipid Metabolic Disorders and Foods Beneficial for Postmenopausal Women. Nutrients 

2020, 12, 202; doi:10.3390/nu12010202  
[18]. Marjani A; Moghasemi S. Serum vitamin D and metabolic syndrome among postmenopausal women in Gorgan. Biomedical 

Research. 2012; 23(2): 275- 280  

[19]. Radkhah, N., Zarezadeh, M., Jamilian, P., & Ostadrahimi, A. The effect of vitamin D supplementation on lipid profile: an umbrella 
review of meta-analysis. Adv. Nutr. (2023). 

[20]. Rajakumar, K. et al. Effect of vitamin D3 supplementation on vascular and metabolic health of vitamin D–D-deficient overweight 

and obese children: A randomized clinical trial. Am. J. Clin. Nutr. 111(4), 757–768 (2020). 
[21]. Polkowska, A., Glowinska-Olszewska, B., Tobiaszewska, M., and Bossowski, A. (2015). Risk Factors for Cardiovascular Disease in 

Children with Type 1 Diabetes in 2000-2010 in Podlasie Province. Pediatr. Endocrino Diabetes Metab. 20 (2), 47–54. 

doi:10.18544/pedm-20.02.0002 
[22]. Chowdhury, R., Kunutsor, S., Vitezova, A., Oliver-Williams, C., Chowdhury, S., Kiefte-de-Jong, J. C., et al. (2014). Vitamin D and 

Risk of Cause-Specific Death: Systematic Review and Meta-Analysis of Observational Cohort and Randomised Intervention Studies. 

BMJ 348, g1903.doi:10.1136/bmj.g1903    
[23].  R10 Zittermann, A., and Prokop, S. (2014). The Role of Vitamin D for Cardiovascular Disease and Overall Mortality. Adv. Exp. 

Med. Biol. 810, 106–119. doi:10.1007/ 978-1-4939-0437-2_6 

[24]. Vanlint, S. Vitamin D and obesity. Nutrients. 5(3), 949–956 (2013). 
[25]. Kassi E, Adamopoulos C, Basdra EK, Papavassiliou AG. Role of vitamin D in atherosclerosis. Circulation. 2013 Dec 3;128(23):2517-

31. doi: 10.1161/CIRCULATIONAHA.113.002654. PMID: 24297817. 


