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Abstract 
Vitamin D deficiency is increasingly associated with metabolic disorders such as 
insulin resistance, diabetes, and dyslipidemia. These disorders are very common today 
due to poor dietary habits and certain metabolic diseases. The aim of the study was to 
assess the association between vitamin D levels and metabolic indicators, such as, 
insulin, glycated hemoglobin (HbA1c) and blood lipid values in diabetic and 
prediabetic patients. Laboratory data were used to conduct a cross-sectional research. 
Statistical analysis involved analysis of variance (ANOVA) to compare groups and 
Pearson correlation coefficient to determine relationships between variables. There 
was a great difference in the levels of vitamin D between the sexes (F = 7.83, p = 
0.010). A strong negative correlation was also found between vitamin D and insulin (r 
= -0.73). Moreover, there was a significant positive correlation between age and 
glycated hemoglobin (r = 0.74) as well as LDL cholesterol and total cholesterol (r = 
0.81). Vitamin D deficiency is strongly associated with insulin resistance and 
metabolic disorders, which emphasize its possible involvement in metabolic health. 
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Introduction 

Type 2 diabetes is a common chronic disease, affecting more than 530 million people worldwide, its prevalence has more than 

doubled in the last two decades, and its incidence continues to rise at an alarming rate, this disease places a heavy burden on 

both individuals and society, as its long-term complications pose significant challenges to public health and healthcare system 

(Vuong et al., 2025) [27]. Prediabetes, the precursor stage between standard blood glucose levels and diabetes is estimated to 

impact about 541 million individuals, or 10.6% of the global population, by 2021, This figure is set to rise to 11.4%, or 730 

million people, by the 2030s. It is necessary to note, though, that these numbers might be lower estimates (Md Isa et al., 2023; 

Vuong et al., 2025) [27]. The lifestyle change to high-energy diets and sedentary lifestyles are some of the main factors that have 

contributed to the rise in the prevalence of diabetes and prediabetes (Basu et al., 2013) [5]. Thus, it is important to diagnose 

diabetes and prediabetes early so that it is possible to prevent vascular complications and intervene early enough, this is the 

reason why the American Diabetes Association (ADA) suggests screening of patients at risk of developing diabetes and 

prediabetes (Alliance, 2018).Among the most significant factors related to early prevention of prediabetes, insulin resistance and 

the related vitamin deficiencies, especially vitamin D deficiency, should be mentioned (Nakashima et al., 2016 ; Al-Hetar et al., 

2025 ; Derbel et al., 2025 ; Gandhe et al., 2013).013) [20, 10]. 

Vitamin D is a fat-soluble vitamin that is crucial in the metabolism of the bones, as well as in many other metabolic processes 

(Al-Hetar et al., 2025) [3] (Saif-Elnasr et al., 2017) [25] (Md Isa et al., 2023). It has as well a dual origin: exogenous, which refers 

to the intake of it through the diet, but also endogenous, as it is neo synthesized in the epidermis, This vitamin is carried in the 

human plasma by binding proteins:85% is bound to Vitamin D binding protein 15% is bound to albumin (Derbel  et al., 2025) 

[7]. Recent researches have emphasized its involvement in glucose metabolism, insulin sensitivity and lipid regulation (Jain et 

al., 2025) [12]
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(Mirhosseini et al., 2018) [18]. One of the main characteristics 

of metabolic syndrome is insulin resistance, which is strictly 

related to type 2 diabetes and cardiovascular disease (Al-

Hetar et al., 2025; Pan et al., 2016) [3, 22]. In the same manner, 

dyslipidemia, which is an increase in LDL cholesterol levels 

and triglyceride levels, and a decrease in HDL cholesterol 

levels is also a major risk factor to cardiovascular 

complications. Recent findings indicate that the lack of 

vitamin D can be one of the factors behind these metabolic 

disorders (Md Isa et al., 2023) (Huang et al., 2023) [11]. Thus, 

this research will explore the connection between the level of 

vitamin D and the major metabolic markers, such as insulin, 

glycated hemoglobin (HbA1c), and blood lipid levels in 

diabetic and prediabetic patients. 

 

Materials and methods 

Collection of samples: Blood samples (serum and whole 

blood) were collected from specialized medical laboratories 

for the patients targeted in this study, taking into 

consideration that the fasting period for patients should be 12 

hours.  

Parameters estimation: VIDAS 25-hydroxyvitamin D 

(25(OH)D)™ automated immunoassay system (bioMerieux, 

Marcy-l-Etoile, France) is a highly-sensitive automated 

vitamin D assay and the results were obtained by following 

the manufactures instructions  . 

HbA1c levels were measured by full automated ABBOTT 

Afinion™ 2 Analyzer (Abbott Laboratories, Abbott. Park, IL, 

USA) as per the manufactures instructions, Afinion . 

The manufacturer (Cobas e 411, Roche Diagnostics, 

Mannheim, Germany) measured serum levels of insulin with 

the Cobas e 411 analyzer, as per the instructions . 

The serum biomarkers (cholesterol, triglyceride, HDL, LDL 

and FBS) were quantified on an automated biochemical 

analyzer system (FUJI DRI-CHEM NX500i, Fujifilm 

Corporation, Tokyo, Japan) as per the instructions of the 

manufacturer . 

 

Result 

This was done in about (75) participants who were female 

and had diabetes and the other participants who had 

prediabetes and signs of insulin resistance. The 

measurements of FBS, HbA1c, and insulin were done to 

verify the findings of diabetes and prediabetes. Lipid profile 

(contained: total Cholesterol, Triglycerides, HDL, LDL) tests 

and vitamin D level tests were also done. The sample was 

further categorized into three groups of participants with 

sufficient, deficient and insufficient vitamin D. The results 

were analyzed and interpreted through statistical tests which 

included One-way-ANOVA and Pearson correlation 

coefficient. 

The results of this study showed highly significant 

differences in insulin levels among the vitamin D groups 

(p=0.0001), indicating a clear effect of vitamin D levels on 

blood insulin concentration. 

 HDL levels also showed a value close to statistical 

significance (p=0.056), suggesting a possible trend toward 

difference, but not reaching statistical significance. The LSD 

and Duncan insulin level tests showed significant differences 

between the adequate vitamin D group and both the vitamin 

D deficiency group and the insufficient vitamin D group. This 

indicates a clear decrease in insulin levels among individuals 

in the adequate vitamin D group Table (1). 

 

 

Table 1: Comparison Among Parameters and Study Groups of Vitamin D. 
 

Parameter 

Study group 
 

F-value 

 

p-value 
Deficient 

(Mean±SD) 

Insufficient 

(Mean±SD) 

Sufficient 

(Mean±SD) 

insulin 27.83±5.95 24.71±3.45 14.80±4.21 11.88 0.0001* 

HbA1c 6.06±0.72 6.19±1.18 5.44±0.32 1.33 0.287 

LDL 115.67±50.63 105.71±30.69 106±18.95 0.17 0.843 

HDL 48.58±10.29 43.29±12.93 33.4±10.29 3.31 0.056 

TG 152.17±63.62 128.57±76.05 193.4±65.35 1.34 0.282 

Cholesterol 203.75±47.33 180.14±32.22 180.2±38.63 0.97 0.396 

The Pearson correlation coefficient showed that vitamin D 

and insulin levels are strongly negatively correlated (r = -

0.73), indicating that low levels of vitamin D are positively 

related with high levels of insulin. On the same note, there 

was also a significant positive correlation between age and 

HbA1c (r = 0.74), and thus worsening blood sugar control 

with age. There was also a significant positive correlation 

between LDL cholesterol and the total cholesterol (r = 0.81) 

indicating the important role of LDL cholesterol in the 

determination of the cholesterol levels in the total cholesterol 

table (2) and figure (1). 
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Table 2: Correlation Among Vitamin D, FBS, Insulin, HbA1c and Lipid Profile. 
 

Correlation Vit. D Insulin Cholesterol TG HDL LDL FBS HbA1c 

Vit. D 1        

Insulin -0.733** 1       

Cholesterol -0.193 0.151 1      

TG 0.053 -0.076 0.242 1     

HDL -0.373 0.294 0.206 -0.315 1    

LDL -0.031 -0.007 0.805** 0.085 0.186 1   

FBS -0.390 0.565** -0.042 -0.219 0.256 -0.126 1  

HbA1c -0.253 0.447* -0.274 -0.125 -0.031 -0.390 0.072 1 

* Correlation is significant at the 0.05 level (2-tailed) 

** correlation is significant at the 0.01 level (2-tailed) 

 

 
A 

 

 
B 

 

 
C 
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D 

 

Fig 1: A: Correlation between Insulin & vitamin D (p<0.001) 

B: Correlation Between LDL& Cholesterol (p=<0.01) 

C: Correlation Between Insulin& HbA1c (p=0.029) 

D: Correlation Between Insulin & FBS (p=0.004) 

 

Discussion 

Vitamin D, also known as the “sunshine vitamin,” which the 

body obtains from natural food sources or through 

supplements (Pittas et al., 2019) [24], is a vital nutrient whose 

importance extends beyond bone health to include a pivotal 

role in regulating many physiological processes in the body, 

particularly in individuals with obesity and diabetes (Karau 

et al., 2019) [13]. Studies have shown that this vitamin 

contributes directly and indirectly to influencing metabolism 

(Pan et al., 2016) [22], insulin sensitivity, and reducing 

complications associated with chronic diseases. This research 

gives support to the fact that vitamin D levels are strongly 

correlated with insulin resistance, and have only slight 

impacts on other metabolic markers. The main study finding 

was that there was a huge difference among the vitamin D 

groups in insulin levels which was found to be significant 

using ANOVA and post-hoc analyses. The significant 

decrease of insulin concentration in the group that consumed 

sufficient amounts suggests the presence of better insulin 

sensitivity, which supports the hypothesis that vitamin D is 

involved in glucose metabolism, the latter finding is also 

supported by earlier studies suggesting that vitamin D 

enhances the expression of insulin receptors and beta cell 

functioning in 

Surprisingly, there were no statistically significant 

differences in the glycated hemoglobin (HbA1c) levels 

between the groups. This is because glycated hemoglobin 

(HbA1c) indicates how well blood glucose levels are 

controlled over the long term, whereas vitamin D may have a 

shorter-term or instant impact on insulin response compared 

to the chronic control of glucose levels. There is also 

evidence of strong correlation between vitamin D deficiency 

and high levels of HbA1c, and people with sufficient vitamin 

D levels tend to have better glycemic control (Olt, 2015) (Jain 

et al., 2025) [12] (Mirhosseini et al., 2018) [18] . 

Analysis of lipid profile showed that there were no 

statistically significant differences in triglycerides or total 

cholesterol, which is in line with the fact that lipid 

metabolism is affected by a variety of factors, including, but 

not limited to, diet, physical activity, and genetic 

predisposition, As such, the effect of vitamin D alone on lipid 

markers might not be significant, as vitamin D is a fat-solub 

This is the so-called fat trap, when the presence of the 

essential vitamin is lowered, although it is stored in the body 

in its amounts (Derbel et al., 2025; Pan et al., 2016) [7, 22]. In 

turn, in such a case, patients tend to have an increased need 

of vitamin D to obtain sufficient blood levels (Mirhosseini et 

al., 2018) [18] (Derbel et al., 2025) [7]. Conversely, deficiency 

in vitamin D is linked with a higher rate of lipogenesis, 

whereas sufficient levels might help to achieve greater energy 

efficiency and less fat buildup (Huang et al., 2023) (Pan et 

al., 2016) . [11, 22]   

Vitamin D is an important factor in regulating lipid 

metabolism in patients with type 2 diabetes, recent evidence 

indicates that its deficiency is associated with a marked 

disruption in the lipid profile and an increased risk of 

cardiovascular complications (ElSayed et al., 2022) [9] 

(Młynarska et al., 2025) [19]. Vitamin D helps to lower 

lipogenesis and enhance lipolysis in fat cells and its 

deficiency results in more fat being stored, particularly in the 

visceral fat, which correlates with insulin resistance (Md Isa 

et al., 2023). It also indirectly contributes to enhancing 

insulin sensitivity which has a positive effect on reducing fat 

production in the liver and decreasing levels of triglycerides, 

as well as improving lipoprotein balance, increasing good 

cholesterol (HDL) and reducing bad cholesterol (LDL) 

(Huang et al., 2023) [1] . 

Moreover, vitamin D possesses anti-inflammatory properties, 

and it lowers secretion of inflammatory cytokines which 

cause lipid metabolism disorders. This is noteworthy 

considering that type 2 diabetes is linked to chronic 

inflammatory condition (Mirhosseini et al., 2018). It has also 

been shown that the risk of non-alcoholic fatty liver disease 

is higher in the case of vitamin D deficiency because of the 

amplified fat production and poor regulation of fat in the liver 

(ElSayed et al., 2023) [9]. In general, adequate vitamin D 

levels are associated with improved lipid profiles and a 

reduced risk of atherosclerosis, while deficiency exacerbates 
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lipid disorders and increases the risk of cardiovascular 

disease in diabetic patients (Zoppini et al., 2015   ; Lu et al., 

2024) [29]. 

On the other hand, the effects of vitamin D extend beyond its 

impact on lipid levels in diabetic patients to include the 

prevention of diabetic complications, its severe deficiency 

leads to an increased risk of diabetic foot ulcers, in addition 

to slowing down the wound healing process, which poses a 

major challenge in managing the disease (Dai et al., 2020) [6]. 

It also plays a role in protecting the retina from damage, 

which may reduce the likelihood of diabetic retinopathy, and 

it contributes to relieving nerve pain associated with diabetic 

neuropathy (Ahmed et al., 2020; Yuan et al., 2019) [2, 28] as 

well as improving cognitive function (Parveen et al., 2019) 

[23]. 

Vitamin D's effects extend beyond physiological aspects to 

include psychological well-being and quality of life, it has 

been observed that diabetic patients deficient in this vitamin 

are more prone to depression and anxiety. Conversely, 

correcting this deficiency can contribute to improved mood, 

increased physical activity, and enhanced ability to perform 

daily activities efficiently, leading to an overall improvement 

in quality of life (Aghamohammadzadeh et al., 2020; 

Samefors et al., 2020) [1, 26]. 

 

Conclusion  

In conclusion, vitamin D deficiency appears to be closely 

associated with insulin resistance and metabolic disorders, 

and these findings highlight the importance of monitoring 

vitamin D levels as part of the clinical assessment of patients 

at risk of metabolic syndrome and related disorders. 

 

Limitations 

This study suffers from limitations in its cross-sectional 

design and the failure to control for influencing factors such 

as diet, physical activity, and sun exposure. Furthermore, 

single-tested measurements may not accurately reflect long-

term changes. 

 

References  

1.  Aghamohammadzadeh N, Dolatkhah N, Hashemian M, 

Shakouri SK, Hasanpour S. The relationship between 

serum 25-hydroxy vitamin D and blood pressure and 

quality of life in overweight and obese patients with type 

2 diabetes mellitus compared with healthy subjects. 

Caspian J Intern Med. 2020;11(3):267–277. 

doi:10.22088/cjim.11.3.267 

2. Ahmed LHM, Butler AE, Dargham SR, Latif A, Robay 

A, Chidiac OM, et al. Association of vitamin D2 and D3 

with type 2 diabetes complications. BMC Endocr 

Disord. 2020;20:65. doi:10.1186/s12902-020-00549-w 

3. Al-Hetar MAMY, Rusli N, Kamaruzzaman MA, Al-

Goshae H, Wan Ngah WZ, Shah SA, et al. Evaluating 

the role of vitamin D in prediabetes management: 

Insights from RCTs in the MENA region—a 

comprehensive systematic review. J Clin Med. 

2025;14(4):1239. doi:10.3390/jcm14041239 

4. Aimed Alliance. Diabetes access guide for health care 

providers [Internet]. 2018 Aug 24 [cited 2026 Apr 22]. 

Available from: https://aimedalliance.org/diabetes-

access-guide-for-health-care-providers/ 

5. Basu S, Yoffe P, Hills N, Lustig RH. The relationship of 

sugar to population-level diabetes prevalence: An 

econometric analysis of repeated cross-sectional data. 

PLoS One. 2013;8(2):e57873. 

doi:10.1371/journal.pone.0057873 

6. Dai J, Yu M, Chen H, Chai Y. Association between 

serum 25-OH-vitamin D and diabetic foot ulcer in 

patients with type 2 diabetes. Front Nutr. 2020;7:109. 

doi:10.3389/fnut.2020.00109 

7. Derbel S, Zarraa L, Assarrar I, Bouichrat N, Rouf S, 

Latrech H. Assessment of vitamin D status in obese and 

non-obese patients: A case-control study. Diabetes 

Epidemiol Manag. 2025;17:100237. 

doi:10.1016/j.deman.2024.100237 

8. ElSayed NA, Aleppo G, Aroda VR, Bannuru RR, Brown 

FM, Bruemmer D, et al. Introduction and methodology: 

Standards of care in diabetes—2023. Diabetes Care. 

2023;46(Suppl 1):S1–S4. doi:10.2337/dc23-Sint 

9. ElSayed NA, Aleppo G, Aroda VR, Bannuru RR, Brown 

FM, Bruemmer D, et al. Classification and diagnosis of 

diabetes: Standards of care in diabetes—2023. Diabetes 

Care. 2023;46(Suppl 1):S19–S40. doi:10.2337/dc23-

S002 

10. Gandhe MB, Jain K, Gandhe SM. Evaluation of 25(OH) 

vitamin D3 with reference to magnesium status and 

insulin resistance in T2DM. J Clin Diagn Res. 

2013;7(11):2438–2441. 

doi:10.7860/JCDR/2013/6578.3568 

11. Huang X, Yang Y, Jiang Y, Zhou Z, Zhang J. 

Association between vitamin D deficiency and lipid 

profiles in overweight and obese adults: A systematic 

review and meta-analysis. BMC Public Health. 

2023;23:1653. doi:10.1186/s12889-023-16447-4 

12. Jain PK, Nigotia P, Mishra A, Singh LP. Association of 

vitamin D deficiency with insulin resistance among type 

2 diabetes mellitus patients: A case-control study. 

Bioinformation. 2025;21(8):2897–2900. 

doi:10.6026/973206300212897 

13. Karau PB, Kirna B, Amayo E, Joshi M, Ngare S, Muriira 

G. The prevalence of vitamin D deficiency among 

patients with type 2 diabetes seen at a referral hospital in 

Kenya. Pan Afr Med J. 2019;34:38. 

doi:10.11604/pamj.2019.34.38.18936 

14. Kostoglou-Athanassiou I, Athanassiou P, Gkountouvas 

A, Kaldrymides P. Vitamin D and glycemic control in 

diabetes mellitus type 2. Ther Adv Endocrinol Metab. 

2013;4(4):122–128. doi:10.1177/2042018813501189 

15. Liu B, Fan D, Yin F. The relationship between vitamin 

D status and visceral fat accumulation in males with type 

2 diabetes. J Nutr Sci Vitaminol (Tokyo). 

2020;66(5):396–401. doi:10.3177/jnsv.66.396 

16. Lu Q, Liang Q, Xi Y. The effects of vitamin D 

supplementation on serum lipid profiles in people with 

type 2 diabetes: A systematic review and meta-analysis 

of randomized controlled trials. Front Nutr. 

2024;11:1419747. doi:10.3389/fnut.2024.1419747 

http://www.bioresearchjournal.com/


 International Journal of Biological and Biomedical Research www.bioresearchjournal.com  

 

 
    43 | P a g e  

 

17. Md Isa Z, Amsah N, Ahmad N. The impact of vitamin D 

deficiency and insufficiency on the outcome of type 2 

diabetes mellitus patients: A systematic review. 

Nutrients. 2023;15(10):2310. doi:10.3390/nu15102310 

18. Mirhosseini N, Vatanparast H, Mazidi M, Kimball SM. 

Vitamin D supplementation, glycemic control, and 

insulin resistance in prediabetics: A meta-analysis. J 

Endocr Soc. 2018;2(7):687–709. doi:10.1210/js.2017-

00472 

19. Młynarska E, Lisińska W, Hossa K, Krupińska N, 

Jakubowska P, Rysz J, et al. Vitamin D and chronic 

disorders: A review of metabolic and cardiovascular 

diseases. Pharmaceuticals. 2025;18(10):1467. 

doi:10.3390/ph18101467 

20. Nakashima A, Yokoyama K, Yokoo T, Urashima M. 

Role of vitamin D in diabetes mellitus and chronic 

kidney disease. World J Diabetes. 2016;7(5):89–100. 

doi:10.4239/wjd.v7.i5.89 

21. Olt S. Relationship between vitamin D and glycemic 

control in patients with type 2 diabetes mellitus. Int J 

Clin Exp Med. 2015;8(10):19180–19183. 

22. Pan GT, Guo JF, Mei SL, Zhang MX, Hu ZY, Zhong 

CK, et al. Vitamin D deficiency in relation to the risk of 

metabolic syndrome in middle-aged and elderly patients 

with type 2 diabetes mellitus. J Nutr Sci Vitaminol 

(Tokyo). 2016;62(4):213–219. doi:10.3177/jnsv.62.213 

23. Parveen R, Kapur P, Venkatesh S, Agarwal NB. 

Attenuated serum 25-hydroxyvitamin D and vitamin D 

binding protein associated with cognitive impairment in 

patients with type 2 diabetes. Diabetes Metab Syndr 

Obes. 2019;12:1763–1772. 

doi:10.2147/DMSO.S207728 

24. Pittas AG, Dawson-Hughes B, Sheehan P, Ware JH, 

Knowler WC, Aroda VR, et al. Vitamin D 

supplementation and prevention of type 2 diabetes. N 

Engl J Med. 2019;381(6):520–530. 

doi:10.1056/NEJMoa1900906 

25. Saif-Elnasr M, Ibrahim IM, Alkady MM. Role of 

vitamin D on glycemic control and oxidative stress in 

type 2 diabetes mellitus. J Res Med Sci. 2017;22:22. 

doi:10.4103/1735-1995.200278 

26. Samefors M, Scragg R, Nyström FH, Östgren CJ. Is 

there an association between serum 25(OH)D3 and 

mental well-being in patients with type 2 diabetes? 

Results from a cohort study in primary care. Hormones 

(Athens). 2020;19(3):361–367. doi:10.1007/s42000-

020-00190-1 

27. Vuong TB, Tran TM, Tran NQ. High prevalence of 

prediabetes and type 2 diabetes and identification of 

associated factors in high-risk adults in Vietnam: A 

cross-sectional study. Diabetes Epidemiol Manag. 

2025;17:100239. doi:10.1016/j.deman.2024.100239 

28. Yuan J, Jia P, Hua L, Xin Z, Yang JK. Vitamin D 

deficiency is associated with risk of developing 

peripheral arterial disease in type 2 diabetic patients. 

BMC Cardiovasc Disord. 2019;19:145. 

doi:10.1186/s12872-019-1125-0 

29. Zoppini G, Galletti A, Targher G, Brangani C, Pichiri I, 

Trombetta M, et al. Lower levels of 25-hydroxyvitamin 

D3 are associated with a higher prevalence of 

microvascular complications in patients with type 2 

diabetes. BMJ Open Diabetes Res Care. 

2015;3(1):e000058. doi:10.1136/bmjdrc-2014-000058 

 

How to Cite This Article  

Alrubayei ZMA. Role of vitamin D in controlling blood sugar 

and blood lipid levels in patients with type 2 diabetes. 

International Journal of Biological and Biomedical Research. 

2026;2(2):38–43. doi:10.54660/IJBBR.2026.2.2.38-43.  

 

Creative Commons (CC) License  

This is an open access journal, and articles are distributed 

under the terms of the Creative Commons Attribution 

NonCommercial-ShareAlike 4.0 International (CC BY-

NCSA 4.0) License, which allows others to remix, tweak, and 

build upon the work non-commercially, as long as 

appropriate credit is given and the new creations are licensed 

under the identical terms. 

http://www.bioresearchjournal.com/

