
1451 

 International Journal of Medicine and Public Health, Vol 16, Issue 1, January-March 2026 (www.ijmedph.org) 

 

 
 

 

 

 
 
 

 
 
 

Original Research Article 

 

A CROSS-SECTIONAL STUDY TO ASSESS THE 

CORRELATION BETWEEN SERUM 25-(OH)VITAMIN D 
AND INSULIN LEVELS IN TYPE II DIABETES MELLITUS 

PATIENTS VISITING TERTIARY CARE CENTER IN 
KALABURAGI 
 

Sheetal. K. Dabade1, Kuldeep Jagannath Dabade2, Ullasini Kolar3, Manjushree S4, Renuka S Melkundi5, 

Rohini Kallur6, Shivalee. A7 

1Assistant Professor, Department of Physiology, Gulbarga Institute of Medical Sciences, Kalaburagi, Karnataka, India. 
2Assistant Professor, Department of Community Medicine, Gulbarga Institute of Medical Sciences, Kalaburagi, Karnataka, India. 
3Assistant Professor, Department of General Medicine, Gulbarga Institute of Medical Sciences, Kalaburagi, Karnataka, India. 
4Assistant Professor, Department of Biochemistry, Gulbarga Institute of Medical Sciences, Kalaburagi, Karnataka, India. 
5Nodal Officer MRU, Professor & Head, Department of ENT, Gulbarga Institute of Medical Sciences, Kalaburagi, Karnataka, India. 
6Research Scientist-I, Multi-Disciplinary Research Unit, Gulbarga Institute of Medical Sciences, Kalaburagi, Karnataka, India.  
7Research Scientist-II, Multi-Disciplinary Research Unit, Gulbarga Institute of Medical Sciences, Kalaburagi, Karnataka, India. 

 

Background: Indians outstand in the prevalence of both vitamin D deficiency 

and diabetes. Studies have shown that the vitamin D level is inversely 

proportional to the level of FBS and HbA1c. Type II diabetics have lower 

vitamin D levels than healthy people. The objective of the study is to find out 

prevalence of vitamin D deficiency in diabetic persons and then to find out if 

there is any correlation between serum vitamin D levels with FBS, HbA1c, 

insulin and insulin resistance. 

Materials and Methods: This study was a hospital based cross sectional study. 

A total of 85 participants having type II DM aged 35-75 years were recruited 

from OPD patients attending Non-Communicable Disease (NCD) clinic. 

Estimation of serum levels of 25-(OH) vitamin D with FBS, HbA1C, insulin 

levels and HOMA-IR in type II DM patients was done to find out the correlation. 

Results: Mean BMI was found to be higher in females compared to males. 

Mean FBS and HbA1c were found higher than standard reference range in all 

study participants. HOMA-IR value was found to be higher indicating insulin 

resistance across overall study population. It was noted that 25(OH) vitamin D 

levels were significantly reduced compared to normal standard range. 

Conclusion: Negative correlation between vitamin D with FBS and HbA1c 

levels was observed. Therefore, lower the vitamin D levels higher will be the 

levels of FBS & HbA1c. Hence, vitamin D supplementation should be 

considered in patients with type 2 diabetes for better glycemic control.  
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INTRODUCTION 
 

Diabetes mellitus (DM) is a group of metabolic 

disorders characterized by long-term hyperglycemia 

resulting from defects in insulin action, insulin 

secretion, or both.[1] Being diagnosed with and 

managing diabetes often affects an individual’s 

quality of life and is also the leading cause of 

significant morbidity and premature mortality, as 

well as a major risk factor for adverse complications 

such as blindness, stroke, heart attack, amputation, 

and kidney failure.[2] The burden of diabetes is high 

and increasing globally. According to the 

international diabetes federation (IDF), data released 

in 2021 showed that 537 million adults live with 

diabetes worldwide. The total number is predicted to 

rise to 643 million by 2030 and to 783 million by 

2045.[3] 
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Indians outstand in the prevalence of both vitamin D 

deficiency and diabetes. To prevent long-term micro- 

and macro-vascular complications, patients with DM 

are required to have adequate glycemic control, 

which is routinely assessed by measuring 

glycosylated haemoglobin (HbA1c) and fasting 

blood sugar (FBS) levels.[4] 

Despite being classified as a micronutrient, vitamin 

D has been noted to serve several hormonal functions 

through vitamin D receptors (VDRs), which are 

ubiquitously expressed on various cell types 

including human skeletal muscle and adipose tissue 

and serve a role in peripheral insulin sensitivity as 

they are responsible for glucose uptake in these cells 

in response to insulin secretion.[5,6] Hence, low 

vitamin D levels play important role in the 

development of diabetes. 

Several studies have shown that the vitamin D level 

is inversely proportional to the level of FBS and 

HbA1c.[7,8] Type II diabetics have lower vitamin D 

levels than healthy people.[9] Also, there was a 

significant improvement in FBS and insulin after 

treatment with vitamin D, suggesting that vitamin D 

supplementation could reduce insulin resistance in 

them.[10,11]  

Study findings differ across geographical regions and 

are inconsistent and the issue is still under debate. At 

present, very few research studies have addressed the 

correlation between vitamin D deficiency with 

glycemic control and insulin resistance in type II 

diabetes in India. Therefore, this study was conducted 

for the population of Kalaburagi having type II 

diabetes visiting tertiary care center with the main 

objective to find out prevalence of vitamin D 

deficiency in them and then to find out if there is any 

correlation between serum vitamin D levels with 

FBS, HbA1c, insulin and insulin resistance using 

homeostatic model assessment for insulin resistance 

(HOMA-IR) index.[12,13] 

 

MATERIALS AND METHODS 
 

This study was a hospital based cross sectional 

observational study. A total of 85 participants having 

type II DM aged 35-75 years were recruited from 

OPD patients attending Non-Communicable Disease 

(NCD) clinic, and Department of General medicine 

in Gulbarga Institute of Medical Sciences, 

Kalaburagi. The study was done over a period of 6 

months from February 2025 to August 2025. 

Institutional Ethics Committee permission was taken 

before the conduct of the study. Written informed 

consent was obtained from all the subjects before 

their participation.  

Inclusion Criteria: Individuals aged 35-75 years, 

inclusive of both genders, diagnosed with type II DM 

were recruited.  

Exclusion Criteria: Patients with history of liver 

disease, kidney diseases, thyroid disorders, 

malignancy, type I DM, type II DM patients on 

insulin therapy, patients on vitamin D supplements, 

pregnant and lactating mothers, patients on steroid 

therapy, patients on addictive drugs were excluded.  

Sample size was calculated by using formula 

n=4PQ/D2, where n is sample size, P is prevalence, 

Q is (100-P), D is margin of error. According to 

previous study done by National Family Health 

Survey-5 (NFHS-5),[14] conducted in 2019-21, the 

prevalence rate of people residing in urban area with 

type II DM was 8.5. We had kept allowable margin 

of error as 6%. We calculated the sample size, which 

came out to be 85. Hence, we decided to include 85 

participants in our study.  

General information such as age, gender, occupation, 

literacy status, smoking status and socio-economic 

status were collected. Detailed clinical & biochemical 

examinations was performed for all patients. Body 

mass index (BMI) was calculated using standard 

methods and equipment.  

1. Determination of fasting blood sugar and HbA1c 

was done by Automatic Biochemistry Analyzer. 

2. Determination of 25-(OH) vitamin D and fasting 

insulin was done using commercially available 

ELISA kit. All kit measurements were according 

to instructions. 

The level of ≤20 ng/mL was considered to be the level 

of vitamin D deficiency.[15] Normal fasting serum 

insulin levels range from 5 to 15 mIU/L (30-90 

pmol/L). Insulin resistance was assessed by HOMA-

IR index using the following formula.[12,13] 

 

 
The data was compiled and analysed with the Jamovi 

2.0, a statistical tool. The quantitative variables were 

expressed as mean and standard deviation and for 

describing the qualitative variables, number and 

percentage were applied. Pearson correlation and 

regression analysis was performed for correlation 

between variables. Independent Sample T test was 

used for comparison between subgroups for clinical 

parameters. P < 0.05 was regarded as significant. 

 

  



1453 

 International Journal of Medicine and Public Health, Vol 16, Issue 1, January-March 2026 (www.ijmedph.org) 

 

RESULTS 

 

Table 1: Clinical characteristics of the study population 

Parameters  
Total (n=85)  

Mean±SD 

Males (n=43) 50.59% 

Mean±SD 

Females (n=42) 49.41% 

Mean±SD 
P value 

Age (years) 52.1±10.2 54.5 ± 11.6 49.8 ± 8.03 0.043 

BMI (kg/m2) 26.2±4.48 25.0 ± 3.57 27.04 ±5.01 0.013* 

FBS (mg/dL) 184±94.9 176 ± 89.1 192 ± 101 0.429 

HbA1c (%) 9.74±2.21 9.60 ± 2.24 9.88 ±2.21 0.559 

Fasting Insulin 

((µIU/mL)) 
7.25±8.18 7.54 ± 8.10 6.96 ± 8.34 0.748 

HOMA-IR 3.49 ±4.47 3.21 ± 3.76 3.78 ± 5.13 0.566 

25(OH)Vit D (ng/mL) 8.52±1.85 8.66 ± 1.95 8.39 ± 1.75 0.505 

The mean age of total study population was 

52.1±10.2 years and that of males and females were 

54.5 ±11.6 and 49.8 ± 8.03 respectively. Mean BMI 

was 26.2±4.48 in total study group showing obesity 

according to the Asian standards of BMI 

classification, which was comparatively higher in 

females (27.04 ±5.01) than males (25.0 ± 3.57). Mean 

FBS and HbA1c were higher than standard reference 

range in all categories. Mean total FBS was 

184±94.9; and it was 176 ± 89.1 and 192 ± 101 in 

males and females respectively. HbA1c levels were 

higher in all groups. Mean total HbA1C was 

9.74±2.21 and that in males and females were 9.60 ± 

2.24 and 9.88 ±2.21 respectively. Mean total fasting 

insulin was 7.25±8.18 with 7.54 ± 8.10 in males and 

6.96 ± 8.34 in females, all within normal range. 

HOMA-IR value was found to be higher indicating 

insulin resistance with total mean 3.49 ±4.47 and that 

in males and females were 3.21 ± 3.76 and 3.78 ± 

5.13 respectively. It was noted that 25(OH) vitamin 

D levels were significantly reduced compared to 

normal standard range. It was 8.52±1.85 in total study 

group; 8.66 ± 1.95 and 8.39 ± 1.75 in males and 

females respectively.

 

Table 2: Frequency distribution of 25(OH) vitamin D along with clinical parameters 

Parameters 

25(OH) Vit D 10 -20 ng/mL (n=17) 

80% 

Mean±SD 

25(OH) Vit D < 10 ng/mL (n=68) 

20% 

Mean±SD 

P value 

Age  57.2 ± 12.2 50.8 ± 9.52 0.022 

BMI 24.5 ± 3.97 26.6 ± 4.53 0.083 

FBS 152 ± 60.3 192 ± 100 0.122 

HbA1c 9.54 ± 1.82 9.79 ± 2.31 0.680 

Fasting Insulin  7.18 ± 9.36 7.27 ± 7.93 0.965 

HOMA-IR 3.28 ± 4.17 3.54 ± 4.57 0.828 

 

Table 2 shows categorization of the participants, 

based on serum 25(OH) vitamin D levels as 

deficiency group with levels 10-20 ng/mL and severe 

deficiency group with levels <10 ng/mL. It was noted 

that majority of participants (80%) were having 

severe deficiency, whereas remaining 20% of 

participants were having deficiency. No participant 

had levels above >20ng/mL with minimum and 

maximum observed levels being 1.14 ng/mL and 11.6 

ng/mL respectively. All clinical parameters were 

analyzed once again in these two subgroups. It was 

noted that mean BMI, FBS, HbA1c, fasting insulin 

and HOMA-IR were higher in group with severe 

deficiency but was not statistically significant as per 

Independent Sample T Test. 

 

Table 3: Correlation between 25(OH) vitamin D with various diabetic parameters (n=85) 

Correlation between Pearson correlation value (r) 

25(OH) Vitamin D and FBS -0.054 

25(OH) Vitamin D and HbA1c -0.104 

25(OH) Vitamin D and fasting insulin 0.027 

25(OH) Vitamin D and HOMA-IR 0.027 

We performed Pearson’s correlation to investigate 

relation between 25(OH) vitamin D with various 

diabetic parameters. Table 3 represents correlation of 

25(OH) vitamin D with FBS, HbA1c, fasting insulin 

and HOMA-IR. The ‘r’ value between 25(OH) 

vitamin D and FBS was - 0.054 suggesting a very 

weak negative/inverse linear relationship between 

two parameters. There was also an inverse correlation 

between 25(OH) vitamin D and HbA1c with ‘r’ value 

being -0.104. This indicates that lower the vitamin D 

level, higher will be FBS & HbA1c values and vice 

versa. However, when we analyzed vitamin D with 

fasting insulin and HOMA-IR, ‘r’ values were 0.027 

suggesting very weak, essentially non-existent 

relationship between two variables. 
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Figure 1: Correlation between 25(OH) Vit D with FBS 

 

 
Figure 2: Correlation between 25(OH) Vit D with 

HbA1c 

 
Figure 3: Correlation between 25(OH) Vit D with 

insulin 

 

Figure 4: Correlation between 25(OH) Vit D with 

HOMA-IR 

 

Table 4: Frequency distribution of glycemic control along with clinical parameters 

Parameters 

Well controlled diabetes 

HbA1c≤7% (n=9) 10.59% 

Mean±SD 

Poorly controlled diabetes HbA1c 

>7% (n=76) 89.41% 

Mean±SD 

P value 

Age (Years) 54 ± 7.79 51.8 ± 10.6 0.555 

BMI (kg/m2) 26.5 ± 4.64 26.1 ± 4.49 0.820 

FBS(mg/dL) 99.0 ± 29.8 194 ± 95 0.004* 

Insulin (µIU/mL) 3.42 ± 5.13 7.71 ± 8.37 0.138 

HOMA-IR 0.836 ± 1.23 3.81 ± 4.61 0.059 

25(OH)Vit D (ng/mL) 8.95± 1.13 8.47 ± 1.91 0.471 

 

An attempt was made to further analyze the study 

population by regrouping them on the basis of HbA1c 

level. As per ADA guidelines the target in diabetic 

patients is to achieve an HbA1c of ≤ 7 % which is 

considered as well controlled. Table 4 shows 

categorization of participants as; well controlled 

diabetes group with HbA1c ≤7% and poorly 

controlled diabetes group with HbA1c >7%. It was 

observed that majority of participants (89.41%, 

n=76) were having poorly controlled diabetes and 

only 9 participants (10.59%) were having well 

controlled diabetes. Mean FBS was significantly 

higher in poorly controlled group with p value 0.004. 

Fasting insulin levels were higher in poorly 

controlled diabetes group but not statistically 

significant. It was also noted that HOMA-IR values 

were much higher in poorly controlled group in 

comparison with well controlled diabetes group. 

However, 25(OH) vitamin D levels did not show 

much difference between two groups.

 

Table 5: Correlation between HbA1c with various clinical parameters (n=85) 

 Pearson correlation value (r) 

HbA1c and FBS 0.719 

HbA1c and 25(OH) Vitamin D  -0.104 

HbA1c and fasting insulin -0.064 

HbA1c and HOMA-IR 0.155 

 

Table 5 shows correlation between HbA1c with 

various clinical parameters. Correlation between 

HbA1c with FBS was strong positive with ‘r’ value 

being 0.719; whereas that with HOMA-IR was 0.155 

showing weak positive relationship. However, ‘r’ 

value for Pearson correlation was -0.064 between 

HbA1c and fasting insulin indicating no relationship 

between them. 
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Figure 5: Correlation between HbA1c and FBS 

 

 
Figure 6: Correlation between HbA1c and HOMA-IR 

 

DISCUSSION 

 

We observed low 25 (OH) vitamin D levels in all 85 

type 2 DM patients showing 100% prevalence. It was 

noted that mean 25(OH) vitamin D level was 

8.52±1.85 in total study group; 8.66 ± 1.95 and 8.39 

± 1.75 in males and females respectively, showing 

significant reduction compared to normal standard 

range. We observed that no participant had levels 

above >20ng/mL, with minimum and maximum 

recorded levels being 1.14 ng/mL and 11.6 ng/mL 

respectively. High prevalence of low vitamin D 

levels in type 2 DM patients has been reported by 

several studies.[15-19] 

In the research conducted in Saudi Arabia by Al 

Ghadeer HA et al,[15] it was noted that majority of 

individuals who had type 2 DM had vitamin D levels 

below normal range, which demonstrated a similar 

pattern to the current study. Vijay G S et al,[16] 

conducted a cross-sectional study on 116 type 2 DM 

patients for vitamin D deficiency and found 

prevalence of 74.14%. In a study done in the southern 

part of India by Palazhy S et al,[17] among the diabetic 

population which included 4628 subjects, 71.4% 

were vitamin D deficient, 15% were vitamin D 

insufficient and 13.6% had normal vitamin D levels. 

Daga RA et al,[18] conducted a study in the northern 

states of India and found that vitamin D deficiency 

was 91.1% in subjects with diabetes. In another study 

conducted by Prasad BNR et al,[19] among the 

diabetic population residing in Karnataka, India, 

78.2% prevalence has been reported. The variation in 

findings from other studies may be due to different 

food habits, varying sun exposure due to 

geographical location may also contribute. 

In our study, out 85 total study participants, 

50.59%(n=43) were males and 49.41% (n=42) were 

females. There was no statistically significant 

difference noted in vitamin D levels according to 

gender of the participants in our study. Similar 

observation was reported by Palazhy S et al.[17] 

Gender and vitamin D levels have not been proven to 

be significantly correlated. 

Mean BMI of total participants in our study was 

26.2±4.48. Hence, they belong to the obese category 

according to the Asian standards of BMI 

classification.[20] A strong link between vitamin D 

deficiency and obesity has been reported by other 

studies.[8,21]  

On categorizing the participants based on serum 

25(OH) vitamin D levels as deficiency group (10-20 

ng/mL) and severe deficiency group (<10 ng/mL), it 

was noted that majority of participants (80%, n=68) 

were having severe deficiency, whereas remaining 

20% (n=17) of participants were having deficiency. 

After analyzing all clinical parameters between these 

groups, it was noted that mean BMI, FBS, HbA1c, 

fasting insulin and HOMA-IR were higher in severe 

deficiency group, but were not statistically 

significant. Similar way of analysis by categorization 

has been reported by other studies.[22-23] Kostoglou-

Athanassiou I et al,[22] analyzed percentage of 

subjects with vitamin D deficiency and insufficiency 

in the patient and control groups. In the group of type 

2 DM patients, 17.5% as opposed to 5.8% in the 

control group had vitamin D deficiency; in the group 

of type 2 DM patients, 63.3% as opposed to 23.3% in 

the control group had vita¬min D insufficiency in 

their study. However, we did not include control 

group in our study for such comparison. Zhao H et 

al,[23] divided type 2 DM patients into no vitamin D 

deficiency group [25(OH) D >20 ng/ mL] and 

vitamin D deficiency group [25(OH) D <20 ng/mL] 

and observed that HbA1c levels in the vitamin D 

deficiency group were significantly higher. 

Our study shows negative correlation between 

vitamin D with FBS and HbA1c levels but was not 

statistically significant. ‘r’ value between 25(OH) 

vitamin D and FBS was - 0.054 and that between 

25(OH) vitamin D and HbA1c was -0.104 indicating 

very weak negative linear relationship between two 

variables. Our observation is supported by other 

studies.[7,12,23] Ghavam S et al,[8] reported similar 

weak inverse linear relationship between vitamin D 

with FBS and HbA1C with ‘r’ value being -0.047 and 

-0.088 respectively. Raj V et al,[12] noted ‘r’ values of 

–0.097 and –0.175 between vitamin D with FBS and 

HbA1c levels respectively. Similar observation has 

been reported by Zhao H et al,[23] and Mehta N et 

al,[24] However, Abdo B et al25 noted a statistically 

significant negative correlation between the vitamin 

D level and HbA1c (correlation coefficient r: -

0.5452; 95% CI: -0.6109 to -0.4720, p<0.0001) 

implying a moderate linear relationship between two 

variables.  
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In our study HOMA-IR value was found to be higher 

with total mean 3.49 ±4.47 which suggests significant 

insulin resistance. HOMA-IR is widely used as the 

measure of insulin resistance and defined as an 

increase in insulin secretion necessary for the 

maintenance of glycemic homeostasis.[26] Various 

studies have been conducted in different countries to 

define insulin resistance and reported HOMA-IR cut-

offs.[13,27,28] Masoodian SM et al,[13] reported mean 

value of 2.11 ± 0.99 for HOMA-IR in the Iranian 

healthy population. Schrank Y et al,[27] suggested the 

Reference Intervals (RIs) of 0.39-2.86 for the 

HOMA-IR index for normal adults in Brazilian 

population. Lee CH et al,[28] reported HOMA-IR cut-

offs of 1.4 and 2.0 to discriminate dysglycemia and 

type II DM respectively in Southern China. 

When we analyzed correlation between vitamin D 

with fasting insulin and HOMA-IR we found very 

weak, essentially non-existent relationship with ‘r’ 

value being 0.027. This is in contrary with other 

studies.[26,29,30] Rafiq S et al,[26] Lu L,[29] et al and 

Bachali S et al30 observed inverse associations of 

vitamin D with fasting insulin and HOMA-IR. 

Bachali S et al,[30] divided type 2 DM patients into 

group 1 with 25(OH) vitamin D ≤ 20 ng/mL and 

group 2 with 25(OH) vitamin D >20 ng/mL and 

observed that, HOMA-IR was more in group 1 than 

in group 2 with p value of 0.037. However, in our 

study we divided participants into deficiency group 

(10-20 ng/mL) and severe deficiency group (<10 

ng/mL). Mean HOMA-IR was high in severe 

deficiency group but was not statistically significant 

(p value=0.828). 

As per ADA guidelines, the target in diabetic patients 

is to achieve an HbA1c of ≤ 7 % which is considered 

as well controlled.[31] Considering this, we further 

analyzed the study population by stratifying them on 

the basis of glycemic control as, a well-controlled 

diabetes group with HbA1c ≤7% and a poorly 

controlled diabetes group with HbA1c >7%.[24,32]  

It was observed that majority of participants (89.41%, 

n=76) were having poorly controlled diabetes and 

only 9 participants (10.59%) were having well 

controlled diabetes. Mean FBS was significantly 

higher in poorly controlled group (p value=0.004). 

Higher HOMA-IR and elevated fasting insulin levels 

in poorly controlled diabetic group are other notable 

observations.[25] (OH) vitamin D levels were lower in 

poorly controlled but not statistically significant. We 

also observed a strong positive linear relationship 

between HbA1c with FBS (r=0.719) which is similar 

to other studies.[8] However, a weak positive 

correlation was noted between HbA1c with HOMA-

IR (r=0.155). 

 

CONCLUSION 

 

In our study 100% prevalence of low vitamin D levels 

was noted in type 2 diabetic patient population in 

Kalaburagi with majority falling into severe 

deficiency category. Mean FBS, HbA1c and HOMA-

IR were higher than standard reference range. Mean 

total fasting insulin was within normal range. 

Negative correlation between vitamin D with FBS 

and HbA1c levels was observed. Therefore, lower the 

vitamin D levels higher will be the levels of FBS & 

HbA1c. Hence, vitamin D supplementation should be 

considered in patients with type 2 diabetes for better 

glycemic control. Vitamin D fortified diabetic diets 

may be of additional help. With the high prevalence 

of vitamin D deficiency in patients with diabetes and 

putative mechanisms linking vitamin D deficiency to 

diabetic complications, there is a compelling 

argument for undertaking large well-designed 

randomized controlled trials of vitamin D 

supplementation. 

Acknowledgments   

Authors would like to acknowledge and express their 

gratitude to the Department of Health Research 

(DHR), New Delhi, India for providing the research 

funding and facilities at Multi-disciplinary Research 

Unit (MRU), Gulbarga Institute of Medical Sciences, 

Kalaburagi for the research project. Authors would 

like to acknowledge Dr. Abdul Khadar Sultanpuri, 

Post Graduate from Dept. of Physiology for helping 

through data collection. 

 

REFERENCES 
 
1. American Diabetes Association. Diagnosis and classification 

of diabetes mellitus. Diabetes Care. 2004 Jan;27 Suppl 1: S5-

S10.  
2. Lotfy M, Adeghate J, Kalasz H, Singh J, Adeghate E. Chronic 

complications of diabetes mellitus: a mini review. Curr 

Diabetes Rev. 2017;13(1):3–10. 
3. Diabetes is "a pandemic of unprecedented magnitude" now 

affecting one in 10 adults worldwide. Diabetes Res Clin Pract. 

2021 Nov; 181:109133.  
4. Qaseem A, Wilt TJ, Kansagara D, Horwitch C, Barry MJ, 

Forciea MA; Clinical guidelines committee of the American 

college of physicians; Fitterman N, Balzer K, Boyd C, 
Humphrey LL, Iorio A, Lin J, et al. Hemoglobin A1c targets 

for glycemic control with pharmacologic therapy for 

nonpregnant adults with type 2 diabetes mellitus: A guidance 
statement updates from the American college of physicians. 

Ann Intern Med. 2018 Apr 17;168(8):569-576. 

5. Wang Y, Zhu J and DeLuca HF: Where is the vitamin D 
receptor? Arch Biochem Biophys 2012; 523: 123-133. 

6. Alvarez JA, Ashraf A. Role of vitamin D in insulin secretion 

and insulin sensitivity for glucose homeostasis. Int J 
Endocrinol. 2010:351-385.  

7. Hutchinson MS, Figenschau Y, Njolstad I, Schirmer H, Jorde 

R. Serum 25- hydroxyvitamin D levels are inversely 
associated with glycated haemoglobin (HbA(1c)). The 

Tromso Study. Scand J Clin Lab Invest. 2011;71(5):399- 406.  

8. Ghavam S, Ahmadi MR, Panah AD, Kazeminezhad B. 
Evaluation of HbA1C and serum levels of vitamin D in 

diabetic patients. J Family Med Prim Care 2018; 7:1314-8. 

9. Song Y, Wang L, Pittas AG, Del Gobbo LC, Zhang C, Manson 
JE et al. Blood 25-hydroxy vitamin D levels and incident type 

2 diabetes: a meta-analysis of prospective studies. Diabetes 

Care. 2013;36(5):1422-8.  
10. 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.  

11. 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.  



1457 

 International Journal of Medicine and Public Health, Vol 16, Issue 1, January-March 2026 (www.ijmedph.org) 

 

12. Raj A, Vijayakumar V. Correlation of HOMA IR with BMI. 

Asian J. Med. Res. 2021;10(3):5-8.  

13. Masoodian SM, Omidifar A, Moradkhani S, Asiabanha M, 

Khoshmirsafa M. HOMA-IR mean values in healthy 

individuals: a population-based study in iranian subjects. J 
Diabetes Metab Disord. 2022;22(1):219-224.  

14. International Institute for Population Sciences (IIPS). National 

Family Health Survey (NFHS-5), 2019-21: India Fact Sheet. 
Mumbai: IIPS; 2021. P-25. 

15. Al Ghadeer HA, AlRamadan MS, Al Amer MM, Alshawaf 

MJ, Alali FJ, Bubshait AA et al. Vitamin D serum levels in 
type 2 diabetic patients: a cross-sectional study. Cureus. 

2022;14(2): e22558.  

16. Vijay GS, Ghonge S, Vajjala SM, Palal D. Prevalence of 
vitamin D deficiency in type 2 diabetes mellitus patients: a 

cross-sectional study. Cureus. 2023;15(5): e38952. 

17. Palazhy S, Viswanathan V, Muruganathan A. Prevalence of 
25-hydroxy vitamin D deficiency among type 2 diabetic 

subjects of South India. Int J Diabetes Dev Ctries. 2016; 

37:69-73. 
18. Daga RA, Laway BA, Shah ZA, Mir SA, Kotwal SK, Zargar 

AH. High prevalence of vitamin D deficiency among newly 

diagnosed youth-onset diabetes mellitus in north India. Arq 
Bras Endocrinol Metabol. 2012; 56:423-8.  

19. Prasad BNR, Imran T, Ahmed R, Me S, Kumar P, C C. 

Influence of serum levels of vitamin D on insulin resistance in 
patients with type II diabetes mellitus. J Assoc Physicians 

India. 2022;70(7):11-12.  

20. Riaz M, Lodhi S. Beyond BMI: Exploring obesity trends in 
the south Asian region. Obes Pillars. 2024; 13:100156.  

21. Botella-Carretero JI, Alvarez-Blasco F, Villafruela JJ, Balsa 

JA, Vázquez C, Escobar-Morreale HF: Vitamin D deficiency 
is associated with the metabolic syndrome in morbid obesity. 

Clin Nutr. 2007 Oct;26(5):573-80.  

22. Kostoglou-Athanassiou I, Athanassiou P, Gkountouvas A, 
Kaldrymides P. Vitamin D and glycemic control in diabetes 

mellitus type 2. Ther Adv Endocrinol Metab. 2013 

Aug;4(4):122-8.  

23. Zhao H, Zhen Y, Wang Z, Qi L, Li Y, Ren L et al. The 

relationship between vitamin D deficiency and glycated 

hemoglobin levels in patients with type 2 diabetes mellitus. 

Diabetes Metab Syndr Obes. 2020 Oct 21; 13:3899-3907.  

24. Mehta N, Shah S, Shah PP, Prajapati V. Correlation between 
vitamin D and HbA1c in type 2 diabetic patients. GCSMC J 

Med Sci 2016;5(1):42-46. 

25. Abdo B, Abdullah M, AlShoaibi IA, Ahmed F, Alawdi R, 
Alzanen K et al. Relationship between glycated hemoglobin 

(HbA1c) and vitamin D levels in type 2 diabetes patients: a 

retrospective cross-sectional study. Cureus. 2024 Jun 
16;16(6): e62468.  

26. Rafiq S, Jeppesen PB. Vitamin D deficiency is inversely 

associated with homeostatic model assessment of insulin 
resistance. Nutrients. 2021 Dec 3;13(12):4358.  

27. Schrank Y, Fontes R, Perozo AFDF, Araújo PB, Pinheiro 

MFMC, Gomes DMV et al. Proposal for fasting insulin and 
HOMA-IR reference intervals based on an extensive Brazilian 

laboratory database. Arch Endocrinol Metab. 2024 Oct 17;68: 

e230483.  
28. Lee CH, Shih AZL, Woo YC, Fong CHY, Leung OY, Janus 

E, et al. Optimal cut-offs of homeostasis model assessment of 

insulin resistance (HOMA-IR) to identify dysglycemia and 
type 2 diabetes mellitus: a 15-year prospective study in 

Chinese. PLoS ONE. 2016; 11(9): e0163424.  

29. Lu L, Yu Z, Pan A, Hu FB, Franco OH, Li H et al. Plasma 25-
hydroxyvitamin D concentration and metabolic syndrome 

among middle-aged and elderly Chinese individuals. Diabetes 

Care. 2009 Jul;32(7):1278-83.  
30. Bachali S, Dasu K, Ramalingam K, Naidu JN. Vitamin d 

deficiency and insulin resistance in normal and type 2 diabetes 

subjects. Indian J Clin Biochem. 2013 Jan;28(1):74-8. 
31. American Diabetes Association. Standards of medical care in 

diabetes--2012. Diabetes Care. 2012 Jan;35 Suppl 1(Suppl 1): 

S11-63.  
32. Long M, Wang C, Liu D. Glycated hemoglobin A1C and 

vitamin D and their association with diabetic retinopathy 

severity. Nutr Diabetes. 2017 Jun 12;7(6): e281.  
 


