ISSN 0973-2063 (online) 0973-8894 (print)
Bioinformation 21(8): 2897-2900 (2025) ©Biomedical Informatics (2025)

OPEN ACCESS GOLD

a709 SS320V N3dO
OPEN ACCESS GOLD

OPEN ACCESS GOLD

IO www.bioinformation.net
INFORMATICS Volume 21(8)

Received August 1, 2025; Revised August 31, 2025; Accepted August 31, 2025, Published August 31, 2025

Research Article

DOI: 10.6026 /973206300212897
SJIF 2025 (Scientific Journal Impact Factor for 2025) = 8.478
2022 Impact Factor (2023 Clarivate Inc. release) is 1.9

Declaration on Publication Ethics:

The author’s state that they adhere with COPE guidelines on publishing ethics as described elsewhere at https://publicationethics.org/. The authors
also undertake that they are not associated with any other third party (governmental or non-governmental agencies) linking with any form of
unethical issues connecting to this publication. The authors also declare that they are not withholding any information that is misleading to the
publisher in regard to this article.

Declaration on official E-mail:
The corresponding author declares that lifetime official e-mail from their institution is not available for all authors

License statement:
This is an Open Access article which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
credited. This is distributed under the terms of the Creative Commons Attribution License

Comments from readers:
Articles published in BIOINFORMATION are open for relevant post publication comments and criticisms, which will be published immediately
linking to the original article without open access charges. Comments should be concise, coherent and critical in less than 1000 words.

Disclaimer:
Bioinformation provides a platform for scholarly communication of data and information to create knowledge in the Biological/Biomedical domain
after adequate peer/editorial reviews and editing entertaining revisions where required. The views and opinions expressed are those of the author(s)
and do not reflect the views or opinions of Bioinformation and (or) its publisher Biomedical Informatics. Biomedical Informatics remains neutral and
allows authors to specify their address and affiliation details including territory where required.
Edited by A Prashanth

E-mail: phyjunc@gmail.com

Citation: Jain ef al. Bioinformation 21(8): 2897-2900 (2025)

Association of vitamin D deficiency with insulin
resistance among type 2 diabetes mellitus patients -
A case-control study

Pankaj Kumar Jainl, Preeti Nigotia?, Arun Mishra3 & Lalan Pratap Singh**

1Department of General Medicine, NSC Government Medical College, Khandwa, Madhya Pradesh, India; 2Department of General
Medicine, SRVS Medical College, Shivpuri, Madhya Pradesh, India; 3Department of Biochemistry, NSC Government Medical College
Khandwa, Madhya Pradesh, India; Department of General Medicine, Government Medical College, Satna, Madhya Pradesh, India;
*Corresponding author

Affiliation URL:
https:/ /www.gmckhandwa.org/
https:/ /shivpurimedicalcollege.com/

2897


https://www.gmckhandwa.org/
https://shivpurimedicalcollege.com/

ISSN 0973-2063 (online) 0973-8894 (print)
Bioinformation 21(8): 2897-2900 (2025)

msmer.nmc.org.in

Author contacts:

Pankaj Kumar - E-mail: drpankajjain07@gmail.com
Preeti Nigotia - E-mail: preeti9560@gmail.com

Arun Mishra - E-mail: mishra.arun907@gmail.com
Lalan Pratap Singh - E-mail: lalanmgm1986@gmail.com

Abstract:
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The association between vitamin D deficiency and insulin resistance is of interest. Hence, 140 participants-70 type 2 diabetes mellitus
(T2DM) patients and 70 age- and sex-matched healthy controls were evaluated. Serum 25(OH) vitamin D levels and HOMA-IR scores
were measured and compared. Vitamin D levels were significantly lower and HOMA-IR significantly higher in T2DM patients
compared to controls. An inverse correlation was observed between vitamin D levels and insulin resistance. Thus, we show a
potential role of vitamin D deficiency in the pathophysiology of insulin resistance in T2DM.
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Background:
Type 2 diabetes mellitus (T2DM), a chronic metabolic disorder
characterized by insulin resistance and relative insulin
deficiency [1]. It is a major public health concern globally,
contributing to significant morbidity and mortality [2]. While the
pathogenesis of T2DM is multifactorial, emerging evidence has
identified a possible link between micronutrient deficiencies-
particularly vitamin D deficiency and insulin resistance [3].
Vitamin D is known to play a role in glucose metabolism
through its effects on pancreatic p-cell function and insulin
sensitivity [4]. Hypovitaminosis D has been widely reported in
individuals with T2DM, but whether this relationship is causal
or associative remains debated [5]. Several observational studies
have suggested that lower levels of 25-hydroxyvitamin D
[25(0OH) D] may be associated with increased insulin resistance
[6]. The vitamin D-endocrine system plays a major role in
physiological processes that modulate mineral metabolism and
immune function with probable link to several chronic and
infectious conditions [7]. Therefore, it is of interest to evaluate
the association between serum vitamin D levels and insulin
resistance in patients with T2DM through a case-control design,
comparing them with age- and sex-matched non-diabetic
individuals.

Materials and Methods:

This case-control study was conducted at the Department of
Endocrinology of a tertiary care teaching hospital between
January 2023 and December 2023. A total of 140 participants
were enrolled, comprising 70 patients diagnosed with type 2
diabetes mellitus (T2DM) and 70 age- and sex-matched healthy
controls. The T2DM group included individuals aged between
30 and 65 years who had been diagnosed with diabetes for at
least one year, based on ADA criteria. The control group
consisted of healthy individuals with no history of diabetes,
metabolic syndrome, or any chronic systemic illness.
Participants with chronic kidney disease, hepatic disorders,
malabsorption syndromes, endocrine abnormalities other than
diabetes, or those who were on vitamin D supplementation or
medications affecting glucose metabolism (other than anti-

. S
diabetic agents in cases) were excluded. After obtaining
informed consent, fasting venous blood samples were collected
from all participants for biochemical analysis. Serum 25-
hydroxyvitamin D [25(OH)D] levels were measured using
chemiluminescence immunoassay. Vitamin D deficiency was
defined as serum 25(OH)D levels below 20 ng/mL. Data were
statistically analyzed using SPSS version 26. Continuous
variables were expressed as mean * standard deviation and
compared using the unpaired t-test. Pearson’s correlation
coefficient was used to analyze the relationship between vitamin
D levels and HOMA-IR, with a p-value of less than 0.05
considered statistically significant.

Results:

A total of 140 participants were analyzed, including 70 T2DM
patients and 70 healthy controls. The two groups were
comparable in age and gender distribution. T2DM patients
showed significantly lower serum 25(OH) vitamin D levels and
higher HOMA-IR values, indicating a clear association between
vitamin D deficiency and insulin resistance. An inverse
correlation between vitamin D levels and HOMA-IR was
observed in the diabetic group. Table 1 shows the age and
gender distribution between the T2DM and control groups were
statistically similar, eliminating demographic bias. Table 2
shows Mean serum vitamin D levels were significantly lower in
T2DM patients compared to controls. Table 3 shows the
prevalence of vitamin D deficiency was markedly higher in the
diabetic group. Table 4 shows Fasting insulin levels were
significantly elevated in the T2DM group, reflecting increased
insulin resistance. Table 5 shows Fasting blood glucose levels
were significantly higher in diabetic patients, consistent with
their diagnosis. Table 6 shows HOMA-IR values were
significantly higher in the T2DM group, confirming greater
insulin resistance. Table 7 shows an inverse correlation was
observed between serum vitamin D levels and HOMA-IR in the
diabetic group. Table 8 shows Vitamin D deficiency was
associated with significantly higher insulin resistance in diabetic
patients. Table 9 shows a larger proportion of vitamin D-
deficient diabetics had poorly controlled glucose levels. Table 10
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shows Body Mass Index (BMI) was slightly higher in T2DM
patients but not statistically significant between groups.

Table 1: Demographic characteristics of study participants

Characteristic T2DM Group (n=70)  Control Group (n=70) p-value
Mean Age (years) 52.4+7.2 51.8+6.9 0.62
Male (%) 38 (54.3%) 36 (51.4%) 0.72
Female (%) 32 (45.7%) 34 (48.6%)

Table 2: Comparison of Serum 25(OH) Vitamin D Levels

Group Mean Vitamin D (ng/mL) £ SD  p-value
T2DM 16.3 +5.4
Control  24.7+6.1 <0.001

Table 3: Prevalence of Vitamin D Deficiency

Vitamin D Status T2DM Group  Control Group p-value
(n=70) (n=70)

Deficient (<20 ng/mL) 54 (77.1%) 22 (31.4%) <0.001

Sufficient (>20 ng/mL) 16 (22.9%) 48 (68.6%)

Table 4: Fasting insulin levels

Group Mean Fasting Insulin (WU/mL) £ SD  p-value

T2DM 18.6 4.7

Control ~ 11.2+3.9 <0.001
Table 5: Fasting plasma glucose levels

Group Mean Fasting Glucose (mg/dL) £+ SD  p-value

T2DM 154.3 +23.1

Control ~ 91.6 +12.4 <0.001

Table 6: HOMA-IR Comparison between Groups

Group Mean HOMA-IR £ SD  p-value
T2DM 7.08 +2.14
Control ~ 2.53 +1.02 <0.001

Table 7: Correlation between Vitamin D Levels and HOMA-IR (T2DM Group)

Parameter Pair Correlation Coefficient (r)  p-value
Vitamin D vs HOMA-IR  -0.68 <0.001
Table 8: HOMA-IR in Diabetics Based on Vitamin D Status
Vitamin D Status Mean HOMA-IR £ SD  p-value
Deficient (<20 ng/mL)  7.62+1.83
Sufficient (220 ng/mL) 521 +1.14 <0.001
Table 9: Glycemic Control and Vitamin D Status in T2DM
HbAlc > 7% T2DM with T2DM without p-value
Deficiency (n=54) Deficiency (n=16)
Poor Control (%) 42 (77.8%) 6 (37.5%) 0.004
Table 10: Body mass index comparison
Group Mean BMI (kg/m?) £ SD  p-value
T2DM 279+28
Control  26.8 £2.6 0.07
Discussion:

This case-control study demonstrates a significant association
between vitamin D deficiency and insulin resistance among
patients with type 2 diabetes mellitus (T2DM). The findings
reveal that T2DM patients had markedly lower serum 25(OH)
vitamin D levels and significantly higher HOMA-IR scores
compared to age- and sex-matched healthy controls. This
supports previous evidence suggesting that vitamin D may play
an essential role in maintaining insulin sensitivity and glucose
metabolism [8]. The inverse correlation found between vitamin
D levels and insulin resistance in the diabetic group reinforces
the hypothesis that vitamin D deficiency contributes to the
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pathophysiology of insulin resistance [9]. Vitamin D is believed
to enhance insulin receptor expression and improve insulin
responsiveness in peripheral tissues. It may also influence
calcium homeostasis in pancreatic f-cells, affecting insulin
secretion [10]. Deficiency in vitamin D might, therefore, impair
both insulin production and its action, contributing to the
development and worsening of T2DM [11]. Furthermore, the
significantly higher prevalence of vitamin D deficiency in T2DM
patients underscores the need for routine screening and
potential correction of this modifiable risk factor. Diabetics with
vitamin D deficiency also had poorer glycemic control, as
indicated by higher HbA1c levels, which could suggest an added
burden on disease management [12]. Although BMI was
marginally higher in the diabetic group, it was not statistically
significant, ruling out obesity as a major confounder in this
cohort. Despite the compelling associations observed, this study
has limitations. Being observational and retrospective, it cannot
establish a causal relationship [13]. Other factors such as sun
exposure, dietary intake and physical activity were not
controlled, which might have influenced vitamin D levels.
Nevertheless, the consistency of findings with existing literature
suggests that vitamin D status should not be overlooked in the
clinical management of diabetes [14,15]. These results support
the potential role of vitamin D supplementation as an adjunct in
managing insulin resistance and improving metabolic control in
T2DM patients. Future large-scale randomized controlled trials
are necessary to determine whether vitamin D supplementation
can lead to meaningful improvements in insulin sensitivity and
long-term diabetic outcomes.

Conclusion:

A strong inverse association between vitamin D deficiency and
insulin resistance in patients with type 2 diabetes mellitus.
Diabetic individuals with lower vitamin D levels exhibited
significantly higher HOMA-IR scores and poorer glycemic
control. These findings emphasize the potential role of vitamin D
in glucose metabolism and support the consideration of routine
vitamin D assessment and correction as part of comprehensive
diabetes management.
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