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Abstract 

Background: Vitamin D deficiency is a prevalent global health concern. To investigate the relationship 

between serum vitamin D levels and lipid parameters. 

Methodology: A prospective observational cohort study was carried out at Sindh Government Hospital 

Liaquatabad from October 2021 to February 2022. The study included a total of 171 participants, comprising 

both males and females aged 18 years or older, with vitamin D levels falling below 30 ng/ml. Participant 

selection employed a consecutive non-probability sampling method. Serum vitamin D levels were quantified 

using the COBAS method. Dyslipidemia and hypertriglyceridemia were defined based on established clinical 

guidelines. Exclusion criteria encompassed individuals with specific medical conditions and those currently 

using medications. Statistical analysis was conducted using SPSS version 22.0. 

Results: Out of the 171 participants, the majority were female, constituting 129 (75.43%), while 42 (24.56%) 

were male. Interestingly, a higher prevalence of vitamin D deficiency was observed among younger patients, 

with the age group of 30-39 years displaying the highest rate of vitamin D deficiency. Regarding lipid profiles, 

dyslipidemia was significantly more common in female patients (50.87%) compared to their male 

counterparts (5.26%). However, it's noteworthy that male patients exhibited higher triglyceride levels (167.21 

± 89.64 mg/dl) than females. 

Conclusion: This study reveals a strong relationship between vitamin D deficiency and lipid parameters. 
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Introduction 

Vitamin D, also known as calciferol, is a vitamin 

soluble in fat and a steroid according to the 

chemical classification1,2. The main source of the 

vitamin is Dietary and endogenous synthesis. The 

other type of vitamin D is vitamin D2 

(ergocalciferol), which is obtained from plant 

sources; however, a very small quantity of vitamin 

D3 is provided by food derived from animals. The 

main source of this vitamin is skin synthesis after 

exposure to sunlight (ultraviolet-B). Regardless of 

its source, vitamin D is metabolized as 

hydroxylated in the liver into the 25 

Hydroxyvitamin D [25 (OH) D] and later converted 

into 1,25 dihydroxy vitamin D in the kidneys, which 

is its inactive form. The levels of serum 25 

hydroxyvitamin D commonly addressed in 

laboratory investigations is the total reflection of 

vitamin D in the body3,4.  

 

Several studies have highlighted the prevalence of 

vitamin D deficiency among patients due to 

different confounding factors worldwide2. Several 

known and unknown factors have been taken into 

consideration for the relevancy of serum vitamin D 

deficiency; however, the impact of vitamin D 

deficiency leads to multiple complications5. The 

inordinately high rates of vitamin D deficiency in 

the South Asian adult population have been well 

documented; vitamin D deficiency in this 

population is thought to be multifactorial with 

variables such as nutrition or dietary habits, 

socioeconomic status, age, gender, time of year, 

presence of comorbid and genetics all playing 

some role in its pathophysiology6. Yet, even as the 

knowledge about vitamin D deficiency evolves, no 

singular predisposing or precipitating factor has 

been identified as of writing.  

 

Vitamin D deficiency itself has been associated with 

and identified as a risk factor for several disease 

processes, such as asthma, cardiovascular diseases, 

polycystic ovarian syndrome, 

immunocompromised states, and severe COVID-19 

pneumonia, to name a few7. However, the causal 

relationship between these pathologies and 

vitamin D deficiency remains unproven.  

 

One exception to this is the relationship of vitamin 

D deficiency with dyslipidemia. An inverse 

correlation between the two has been thoroughly 

researched and published in recent times8-10; high 

serum vitamin D levels were associated with 

favorable lipid profiles, and conversely, suboptimal 

serum vitamin D levels were associated with 

suboptimal lipid levels. Despite these extensive 

records, the causal relationship between the two 

remains unascertained, as is the case with so many 

other conditions associated with vitamin D 

deficiency11.  

 

The deficiency of Vitamins is fully linked with 

dyslipidemia and multiple other abnormalities; 

however, the elevated levels of TC and low-density 

lipoproteins (LDL) and high-density lipoproteins 

(HDLs) cholesterols are of great attention. Besides 

elevating the cholesterol levels of HDLs and LDL, 

the deficiency is associated with cardiovascular 

diseases. Mendelian randomization studies or 

random controlled trials are awaited to fully 

evaluate this phenomenon.  

 

The data on various aspects of vitamin D deficiency 

and dyslipidemia or hypertriglyceridemia is scarce 

locally; despite being the topic of attention, only a 

few studies have been conducted locally and 

worldwide. Only a handful of studies from Pakistan 

have been published in the last few decades, to the 

best of our knowledge. In this cohort, we have 

analyzed the prevalence of dyslipidemia and 

hypertriglyceridemia in patients with vitamin D 

deficiency, ascertaining the magnitude of these 

ailments. 

 

Methodology  

A prospective observational cohort study was 

carried out at Sindh Government Hospital 

Liaquatabad from October 2021 to February 2022. 

The study included male and female patients aged 

18 years or older with vitamin D levels ≤ 30 ng/ml. 

A consecutive non-probability sampling method 

was employed. Ethical approval was obtained from 

the hospital's ethical review board, and informed 

consent was obtained from all participants. 
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Serum 25-hydroxyvitamin D levels were assessed 

using the immunoassay with a detection limit of 7.5 

to 175 nmol/L via the COBAS method by Roche 

Diagnostics, Mannheim, Germany. Vitamin D 

deficiency was defined as levels below 30 ng/ml. 

The 2018 AHA/ACC Guidelines were used to define 

hypertriglyceridemia and dyslipidemia. Patients 

with lipid-altering medications, vitamin D or 

calcium supplements, rheumatological diseases, 

osteoarthritis, bone trauma, pathological fractures, 

chronic systemic diseases, or malignancy were 

excluded. 

 

Hypertriglyceridemia was defined as fasting 

triglyceride (TG) levels ≥ 200 mg/dl, and 

dyslipidemia was defined as fasting high-density 

lipoprotein cholesterol (HDL-C) levels < 40 mg/dl 

for men, < 50 mg/dl for women, or fasting low-

density lipoprotein cholesterol (LDL-C) levels ≥ 160 

mg/dl for both genders. 

 

Statistical analysis was performed using SPSS 

version 22.0. Categorical factors were expressed as 

frequencies and percentages, while continuous 

variables, including vitamin D, TGL, HDL-C, and 

LDL-C, were presented as mean and standard 

variation. Gender, age groups, and the prevalence 

of dyslipidemia and hypertriglyceridemia in male 

and female cohorts were reported as frequency 

and percentage. 

 

Results  

A total of 171 patients were included in the study. 

Patients were predominantly female; the female-

to-male ratio in our study was noted as 3:1. Mean 

age of the patients was 39.12±8.67 years, 

representing a relatively younger population 

suffering from vitamin D deficiency; the largest 

number of participants belonged to the age group 

of 30-39 years. The gender and age distribution of 

patients is summarized in table 1.

Table 1: Patient baseline characteristics & frequency of metabolic syndrome (n=257).

 

Variables  N(%) 

Gender 
Female 129(75.43) 

Male 42(24.56) 

Age; Mean ± SD (years) 39.12 ± 8.67 

Age groups 

18-29 years 15(8.77) 

30-39 years 93(54.38) 

40-49 years 57(33.33) 

≥50 years 6(3.5) 

 

The prevalence of hypertriglyceridemia was overall low. Males demonstrated higher levels of TGLs compared 

to females; younger male patients showed lower levels of serum TGLs compared to older ones; the data is 

presented in table 2. 

 

Table 2: Serum lipid profile comparison between men and women. 

 

Variables    Total Men Women Mean Difference 

Serum TG levels (mg/dl) 145.50±84.01 167.21±89.64 123.8±78.39 43.41 

Serum HDL-C (mg/dl) 40.63±9.59 47.59±6.53 33.68±12.66 13.91 

Serum LDL-C (mg/dl) 142.05±33.74 151.2±40.11 132.9±27.38 18.30 

 

Dyslipidemia was highly prevalent in female patients compared to men; a high proportion of the female 

patients had suboptimal (≤50 mg/dl) HDL-C levels rather than high (>160 mg/dl) LDL-C levels. The various 

aspects of the prevalence of dyslipidemia and hypertriglyceridemia in men and women in patients with vitamin 

D deficiency are summarized in table 3. 
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Table 3: Prevalence of lipid abnormalities in men and women. 

 

Variables  Men Women 

Prevalence of hypertriglyceridemia* 15(8.77) 6(3.5) 

Prevalence of Dyslipidemia  
HDL-C** 9(5.26) 126(50.87) 

LDL-C*** 6(3.5) 6(3.5) 

Overall prevalence****  105(61.04) 

HDL-C: High Density Lipid Cholesterol, LDL-C: Low Density Lipid Cholesterol 

*Serum fasting triglyceride level of ≥200 mg/dl. 

**Serum fasting level of high-density lipid cholesterol of ≤40mg/dl for men and ≤50mg/dl for women. 

***Serum fasting level of low-density lipid cholesterol of ≥160 mg/dl for either gender. 

****Some patients had more than one variant of dyslipidemia.   

 

Discussion 

The relationship between dyslipidemia and vitamin 

D deficiency showed an inverse relationship 

between the two variables12; therefore, it was not 

unexpected to find such a high prevalence of 

dyslipidemia in our study as all cohorts had 

significantly reduced serum levels of vitamin D.  

Female subjects constituted over three-quarters of 

all patients in our analysis, demonstrating not only 

a higher prevalence (and lower means) of 

pathologically low serum vitamin D levels but also 

significantly lower serum levels of HDL-C 

compared to men, these findings also parallel 

previous reports13.  

 

Suboptimal levels of serum HDL-C were more 

commonly observed, especially in women, 

compared to serum LDL-C and triglycerides levels; 

hypertriglyceridemia was rarely encountered in 

women, whereas it was the most common 

abnormality recorded in men. Our results are quite 

similar to the ones published in which they 

demonstrated significantly increased levels of HDL-

C with higher or therapeutic levels of serum vitamin 

D13. However, they also reported a correlation for 

triglycerides. Our sample size was small, and we did 

not encounter a large number of patients 

exhibiting hypertriglyceridemia; even when 

hypertriglyceridemia was seen, it usually 

overlapped with low HDL-C levels; as such, no 

inference can be made from our data in this aspect 

specifically. A possible explanation of differential 

findings regarding vitamin D deficiency could be 

due to the differential assay methods used for 

serum levels, the current study used cutoff levels of 

laboratory values however a study reported using 

the electrochemiluminescence assay showed a 

slight difference in the results of 250 HD levels14. 

 

Previous studies have also not identified any 

significant association between high or low levels 

of serum vitamin D levels and the risk of 

substantially raised LDL-C levels, similar to the 

findings of our study15. Our results also did not 

show significant levels of suboptimal LDL-C levels; 

the prevalence was extremely low for both men 

and women. However, it is difficult for us to make 

any definitive statements as we registered only four 

patients with suboptimal levels of LDL-C, and as the 

case was in patients with hypertriglyceridemia, 

there was significant overlap with suboptimal HDL-

C levels. Even with such a small sample size, 

however, it is apparent that serum vitamin D levels 

impact HDL-C serum levels more than serum LDL-

C or triglyceride levels, similarly found in the 

study16. 

 

We recorded an inordinate number of female 

patients presenting with suboptimal levels of 

serum vitamin D and HDL-C; all but one patient 

had HDL-C levels of ≤50 mg/dl. Regional data has 

shown prevalence rates for suboptimal HDL-C 

levels ranging from 50-90% without any 

predilection for vitamin D levels; ranges were 

higher among women and those belonging to the 

sub-continent17. Ergo, it is not unusual to come up 

against exceedingly high rates of dyslipidemia in 

the local population; hypovitaminosis D is likely to 

further exacerbate these percentages giving some 

explanation for the high prevalence seen in our 

study.  
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It is hard to correlate dyslipidemia with 

hypovitaminosis D when, by some estimates, up to 

90% of the general population harbors some 

variant of suboptimal cholesterol blood levels in 

Pakistan16. Concordantly, exceptionally high rates 

of vitamin D deficiency have been reported all 

across Pakistan by multiple authors; all studies 

showed vitamin D deficiency disproportionately 

affected women18-20. Whenever patients with 

hypovitaminosis D have dyslipidemia, these tend to 

affect HDL-C levels more than LDL-C or triglyceride 

levels; the most common variant of dyslipidemia in 

the local population is due to aberrant HDL-C 

levels. Perhaps there is a causal relationship 

between these two variables. Our sample size was 

too small and confounded by the non-randomized 

nature of the study; as such, we are unable to make 

any definitive statements regarding this matter.  

 

The pleiotropic effect of vitamin D on the 

cardiovascular system, immunity, adipose tissue, 

glucose, and lipid metabolism is being reviewed 

and studied in ever greater detail in modern 

times21, with evidence emerging for an inverse 

correlation between vitamin D levels and leptin or 

resistin, and a similar correlation with adiponectin 

levels22,23. It also has paracrine, endocrine, and 

autocrine effects, which can affect several organs 

beyond the musculoskeletal system23; whether 

these properties of vitamin D affect lipid 

metabolism is still being explored. Most of the data 

that is available on the topic and that which was 

discussed and referenced in our article is 

retrospective. Randomized prospective studies in 

humans are lacking and are necessary to evaluate 

the exact mechanisms by which vitamin D levels 

affect lipid levels, if at all.  

 

As clinicians, it would be reasonable to extrapolate 

that reduced vitamin D levels are associated with 

suboptimal lipid levels, which in turn are associated 

with adverse cardiovascular outcomes, and 

optimization and supplementation should lead to 

better cardiovascular outcomes. However, such an 

assumption would be inaccurate. Similarly, the 

Meta-analyses of randomized control trials have 

demonstrated that markers of cardiovascular 

disease, including inflammatory enzymes and 

metabolites, hypertension, and arterial endothelial 

thickness, are largely unaffected by vitamin D 

levels; similar Mendelian randomization studies 

have also concurred that genetic reduction of 

vitamin D levels does not increase cardiovascular 

risk24-26. More vitamin D supplementation did not 

improve cardiovascular outcomes27,28. However, 

this should not deter clinicians from optimizing 

serum vitamin D levels in patients either through 

supplementation or improved nutrition and 

lifestyle changes, as improvement in vitamin D 

levels is beneficial to other aspects of health, 

including bone mineral homeostasis, insulin 

resistance, glucose metabolism, fertility in women, 

reduce cancer risk, enhanced immunity, improved 

gene expression and function29-34.    

 

Limitations  

Due to the nature of the study, there were some 

significant shortcomings encountered, mostly due 

to the unavailability of data. The metabolic and 

anthropometric profiles of the patients, along with 

comorbidities, were not recorded nor analyzed in 

this study. Concordantly, nutritional status, daily 

caloric intake, daily medical use, history of 

addiction(s), and history of smoking or smokeless 

tobacco usage were also not recorded. 

 

Conclusion 

The study revealed a notable prevalence of 

hypertriglyceridemia and dyslipidemia among 

female patients, particularly in the younger age 

groups, in comparison to their male counterparts. 

However, it's essential to acknowledge that the 

exceptionally high prevalence of suboptimal 

vitamin D levels within the general population adds 

complexity to accurately establishing clinical 

correlations between these variables. Given the 

existing data limitations, certain relevant factors 

remain unrecorded and warrant further exploration 

in future research to provide a more 

comprehensive understanding of these 

interrelated health concerns. 

 

Conflicts of Interest 

The author(s) have no conflicts of interest. 

 



204 
 

  

ISSN 2307-3748 (Print) ISSN 2310-3841 (Online) 

 
Volume 11 Issue 4 [2023] 

International Journal of Endorsing Health Science Research                                          Int. j. endorsing health sci. res. 

 

Acknowledgement 

The authors are thankful to the Medical Affairs 

Department of Getz Pharma Pvt. Ltd for providing 

technical support in manuscript writing and 

publication. 

  

Funding 

None. 

 

References 

1. Kweder H, Eidi H. Vitamin D deficiency in elderly: 

Risk factors and drugs' impact on vitamin D status. 

Avicenna J Med. 2018;8(4):139-146. doi: 

10.4103/ajm.AJM_20_18. 

2. Linnebur SA, Vondracek SF, Griend JP, Ruscin JM, 

McDermott MT. Prevalence of vitamin D 

insufficiency in elderly ambulatory outpatients in 

Denver, Colorado. Am J Geriatr Pharmacother. 

2007;5(1):1-8. doi: 10.1016/j.amjopharm.2007.03.005. 

3. Chatfield SM, Brand C, Ebeling PR, Russell DM. 

Vitamin D deficiency in general medical inpatients in 

summer and winter. Intern Med J. 2007;37(6):377-

382. doi: 10.1111/j.1445-5994.2007.01339.x. 

4. Siddiqee MH, Bhattacharjee B, Siddiqi UR, 

MeshbahurRahman M. High prevalence of vitamin 

D deficiency among South Asian adults: a systematic 

review and meta-analysis. BMC Public Health. 

2021;21(1):1823. doi: 10.1186/s12889-021-11888-1. 

5. Akhtar S. Vitamin D Status in South Asian 

Populations - Risks and Opportunities. Crit Rev Food 

Sci Nutr. 2016;56(11):1925-1940. doi: 

10.1080/10408398.2013.807419. 

6. Das S, Hasan MM, Mohsin M, Jeorge DH, Rasul MG, 

Khan AR, Gazi MA, Ahmed T. Sunlight, dietary 

habits, genetic polymorphisms, and vitamin D 

deficiency in urban and rural infants of Bangladesh. 

Sci Rep. 2022;12(1):3623. doi: 10.1038/s41598-022-

07661-y. 

7. Mu Y, Cheng D, Yin TL, Yang J. Vitamin D and 

Polycystic Ovary Syndrome: a Narrative Review. 

Reprod Sci. 2021;28(8):2110-2117. doi: 

10.1007/s43032-020-00369-2. 

8. Podzolkov VI, Pokrovskaya AE, Panasenko OI. 

Vitamin D deficiency and cardiovascular pathology. 

Ter Arkh. 2018;90(9):144-150. doi: 

10.26442/terarkh2018909144-150. 

9. Alamgir MA, Alamgir I, Aqil S, Ali Qazi M, Imran A, 

Aslam J, et al. Identifying relationship of lipid profile 

with hypertension among diabetic patients. Int. j. 

endorsing health sci. res. 2018;6(4):20-27. doi:  

10.29052/IJEHSR.v6.i4.2018.20-27 

10. Jorde R, Grimnes G. Vitamin D and metabolic health 

with special reference to the effect of vitamin D on 

serum lipids. Prog Lipid Res. 2011;50(4):303-312. doi: 

10.1016/j.plipres.2011.05.001. 

11. Lee SH, Kim SM, Park HS, Choi KM, Cho GJ, Ko BJ, 

Kim JH. Serum 25-hydroxyvitamin D levels, obesity 

and metabolic syndrome among Korean children. 

Nutr Metab Cardiovasc Dis. 2013;23(8):785-91. doi: 

10.1016/j.numecd.2012.04.013. 

12. Jorde R, Figenschau Y, Hutchinson M, Emaus N, 

Grimnes G. High serum 25-hydroxyvitamin D 

concentrations are associated with a favorable 

serum lipid profile. Eur J Clin Nutr. 2010;64(12):1457-

64. doi: 10.1038/ejcn.2010.176. 

13. Skaaby T. The relationship of vitamin D status to the 

risk of cardiovascular disease and mortality. Dan 

Med J. 2015;62(2):B5008. 

14. Bahadorpour S, Hajhashemy Z, Saneei P. Serum 25-

hydroxyvitamin D levels and dyslipidemia: a 

systematic review and dose-response meta-analysis 

of epidemiologic studies. Nutr Rev. 2022:nuac038. 

doi: 10.1093/nutrit/nuac038. 

15. Sharba ZF, Shareef RH, Abd BA, Hameed EN. 

Association between Dyslipidemia and Vitamin D 

Deficiency: a Cross-Sectional Study. Folia Med 

(Plovdiv). 2021;63(6):965-969. doi: 

10.3897/folmed.63.e62417. 

16. Jiang X, Peng M, Chen S, Wu S, Zhang W. Vitamin D 

deficiency is associated with dyslipidemia: a cross-

sectional study in 3788 subjects. Curr Med Res Opin. 

2019;35(6):1059-1063. doi: 

10.1080/03007995.2018.1552849. 

17. Skaaby T, Husemoen LL, Pisinger C, Jørgensen T, 

Thuesen BH, Fenger M, Linneberg A. Vitamin D 

status and changes in cardiovascular risk factors: a 

prospective study of a general population. 

Cardiology. 2012;123(1):62-70. doi: 

10.1159/000341277. 

18. Basit A, Sabir S, Riaz M, Fawwad A; NDSP members. 

NDSP 05: Prevalence and pattern of dyslipidemia in 

urban and rural areas of Pakistan; a sub-analysis 

from the second National Diabetes Survey of 

Pakistan (NDSP) 2016-2017. J Diabetes Metab 

Disord. 2020;19(2):1215-1225. doi: 10.1007/s40200-

020-00631-z. 

19. Saeed A, Virani SS, Mulukutla S, Chow CK. 

Dyslipidemia and Cardiovascular Disease 



205 
 

  

ISSN 2307-3748 (Print) ISSN 2310-3841 (Online) 

 
Volume 11 Issue 4 [2023] 

International Journal of Endorsing Health Science Research                                          Int. j. endorsing health sci. res. 

 

Prevention in South Asians: A Review and Discussion 

of Causes, Challenges, and Management Strategies. 

Curr Diabetes Rev. 2021;17(9):e011221190238. doi: 

10.2174/1573399817999210112192419. 

20. Riaz H, Finlayson AE, Bashir S, Hussain S, Mahmood 

S, Malik F, Godman B. Prevalence of Vitamin D 

deficiency in Pakistan and implications for the 

future. Expert Rev Clin Pharmacol. 2016;9(2):329-

338. doi: 10.1586/17512433.2016.1122519. 

21. Jadoon SA, Ahmed A, Alam MA. Vitamin D 

Deficiency In Pakistan: Tip Of Iceberg. J Ayub Med 

Coll Abbottabad. 2018;30(1):78-80. 

22. Karim SA, Nusrat U, Aziz S. Vitamin D deficiency in 

pregnant women and their newborns as seen at a 

tertiary-care center in Karachi, Pakistan. Int J 

Gynaecol Obstet. 2011;112(1):59-62. doi: 

10.1016/j.ijgo.2010.07.034. 

23. Saponaro F, Saba A, Zucchi R. An Update on Vitamin 

D Metabolism. Int J Mol Sci. 2020;21(18):6573. doi: 

10.3390/ijms21186573. 

24. Edita S, Aleksandar K, Dragana T-N, Dragana S, 

Branka K-Z, Biljana S-G, Sanja S, Esma IR. Vitamin D 

and Dysfunctional Adipose Tissue in Obesity. 

Angiology. 2014;66:613–618. doi: 

10.1177/0003319714543512. 

25. Bellia A, Garcovich C, D’Adamo M, Lombardo M, 

Tesauro M, Donadel G, Gentileschi P, Lauro D, 

Federici M, Lauro R, et al. Serum 25-hydroxyvitamin 

D levels are inversely associated with systemic 

inflammation in severely obese subjects. Intern. 

Emerg. Med. 2013;8:33–40. doi: 10.1007/s11739-011-

0559-x. 

26. Zittermann A, Pilz S. Vitamin D, and Cardiovascular 

Disease: An Update. Anticancer Res. 

2019;39(9):4627-4635. doi: 

10.21873/anticanres.13643. 

27. Elamin MB, Abu Elnour NO, Elamin KB, Fatourechi 

MM, Alkatib AA, Almandoz JP, Liu H, Lane MA, 

Mullan RJ, Hazem A, Erwin PJ, Hensrud DD, Murad 

MH, Montori VM. Vitamin D and cardiovascular 

outcomes: a systematic review and meta-analysis. J 

Clin Endocrinol Metab. 2011;96(7):1931-1942. doi: 

10.1210/jc.2011-0398. 

28. Bolland MJ, Grey A, Gamble GD, Reid IR. The effect 

of vitamin D supplementation on skeletal, vascular, 

or cancer outcomes: a trial sequential meta-analysis. 

The Lancet Diabetes & Endocrinology. 

2014;2(4):307-320. doi: 10.1016/S2213-

8587(13)70212-2. 

29. Dastorani M, Aghadavod E, Mirhosseini N, 

Foroozanfard F, Zadeh Modarres S, Amiri Siavashani 

M, Asemi Z. The effects of vitamin D 

supplementation on metabolic profiles and gene 

expression of insulin and lipid metabolism in infertile 

polycystic ovary syndrome candidates for in vitro 

fertilization. Reprod Biol Endocrinol. 2018;16(1):94. 

doi: 10.1186/s12958-018-0413-3. 

30. Asemi Z, Foroozanfard F, Hashemi T, Bahmani F, 

Jamilian M, Esmaillzadeh A. Calcium plus vitamin D 

supplementation affects glucose metabolism and 

lipid concentrations in overweight and obese 

vitamin D-deficient women with polycystic ovary 

syndrome. Clin Nutr. 2015;34(4):586-592. doi: 

10.1016/j.clnu.2014.09.015. 

31. Zhang Y, Fang F, Tang J, Jia L, Feng Y, Xu P, 

Faramand A. Association between vitamin D 

supplementation and mortality: systematic review 

and meta-analysis. BMJ. 2019;366:l4673. doi: 

10.1136/bmj.l4673. Erratum in: BMJ. 

2020;370:m2329. 

32. Chang SW, Lee HC. Vitamin D and health - The 

missing vitamin in humans. Pediatr Neonatol. 

2019;60(3):237-244. doi 

10.1016/j.pedneo.2019.04.007. 

33. Carlberg C. Vitamin D: A Micronutrient Regulating 

Genes. Curr Pharm Des. 2019;25(15):1740-1746. doi: 

10.2174/1381612825666190705193227. 


