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Abstract: Diabetes mellitus (DM), a prevalent metabolic disorder characterized by impaired insulin
secretion or function, remains a significant global health challenge. Emerging evidence highlights
the critical role of vitamin D in bone health, immune function, and inflammation regulation, with
growing interest in its influence on pancreatic insulin secretion and sensitivity. Despite this, the
interplay between DM and vitamin D deficiency is not fully understood, particularly regarding its
impact on type 1 and type 2 diabetes. This review aims to synthesize current knowledge on the
relationship between DM and vitamin D, exploring how DM affects vitamin D levels and how
vitamin D deficiency may exacerbate diabetes progression. A comprehensive review of existing
studies reveals that vitamin D deficiency impairs insulin secretion and sensitivity, contributing to
worsened glycemic control in both types of DM. These findings underscore the potential of vitamin
D as a therapeutic target for improving diabetes management and warrant further investigation to
establish effective intervention strategies.
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1. Introduction

Diabetes mellitus is considered one of the most prevalent endocrine disorders,
maybe characterized by elevated of plasma glucose levels. Multiple types of diabetes with
markedly diverse etiology exist. eventually, diabetes might result in Vision problems,
renal failure, and neuropathy. Different forms of diabetes with very distinct pathogenesis
exist [1]. According to WHO predictions, the number of individuals with diabetes will
reach more than three hundred million by 2030, and this diabetes epidemic will continue
[2]. The administration of diabetic mellitus is dictated by its causes and is primarily
classified into type 1 and type 2 diabetes mellitus. Individuals with a genetic
predisposition or concurrent corticosteroid medication exhibit an increased susceptibility
to hyperglycemia [3].

Many studies considered vitamin D to be one of the most essential vitamins in the
human body. Duo to its role in the human body. Some studies refer to vitamin D as
"sunshine vitamin". There are many diseases that was connected with low vitamin D
include heart diseases, diabetes, rheumatoid arthritis, cancer [4, 8]. Vitamin D insufficiency
has been observed to reduce the synthesis of the insulin with reduced its secretion in
humans or on the laboratory animal. Research indicates that a deficiency in vitamin D
might elevate the likelihood of glucose intolerance [9]. Vitamin D has been revealed to be
related with type 1 diabetes. through genetic and epidemiological research. Research
indicates that individuals residing in areas with limited sunlight exposure a higher risk of
type 1 of diabetes [10].
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2. Materials and Methods

The article is a review that synthesizes information from multiple studies to explore
the relationship between diabetes mellitus and vitamin D deficiency. The following
methods were used to gather and analyze the data:

1. Literature Review:
a. Peer-reviewed articles and studies were examined to collect data on the
physiological roles of vitamin D, its sources, and metabolism.
b. Data on the effects of type 1 and type 2 diabetes on vitamin D levels, as well
as the mechanisms linking vitamin D deficiency to diabetes, were included.
2. Key Data Sources:
a. Scientific databases and journals were referenced to ensure credibility.
b. Relevant keywords like "diabetes mellitus," "vitamin D," and "vitamin D
deficiency" guided the literature search.
3. Analysis Framework:
a. Studies were categorized based on their focus (e.g., vitamin D’s role in
insulin regulation, its deficiency in diabetes, or supplementation effects).
b. Insights were summarized to identify trends and mechanisms, such as the
relationship between vitamin D deficiency and insulin resistance.

3. Results and Discussion

Vitamin D Source

Vitamin D is a "fat-soluble” vitamin that exit in two forms: the first one is vitamin D2
or refer to it as ergocalciferol and the second form of this vitamin is called vitamin D3 or
cholecalciferol. The ergocalciferol is obtained from the diet, especially plants,
Cholecalciferol can be sourced from dietary animal products, including deep-sea oily fish,
the yolks of eggs, or liver. Other sources of obtaining vitamin D3 is through the skin which
has the ability of converting cholesterol precursor "7-dehydrocholesterol” to vitamin D3
through being exposed to "ultraviolet B" radiation. Vitamin D production from sun
exposure is effective only when the angle of sunlight exceeds 45°. Consequently, residents
of the northern hemisphere may not obtain adequate vitamin D via skin synthesis during
the winter months, and in certain northern regions, insufficient sun exposure may persist
for up to six months annually.

Furthermore, a conventional Western diet is deficient in vitamin D [11]. To enhance
vitamin D intake, certain nations have implemented policies to enrich milk products and
margarine with vitamin D, while the utilization of light bulbs for artificial UVB exposure
serves as an additional method to augment vitamin D synthesis [12]. Considering the
challenge of acquiring adequate quantities of vitamin D from dietary sources, taking
vitamin d from artificial sources in form of pills or injections containing different dose to
cover the daily requirement. The Supplement of vitamin D like ergocalciferol or
cholecalciferol may be used to for covering daily dose. Recent studies showed that the
using of Vitamin d3 result in increasing level of the vitamin D active form 1,25(OH)2D
compared with using vitamin D2 [13].

Vitamin D Metabolism

Vitamin D forms cholecalciferol and ergocalciferol Regardless of its source undergo
the same metabolism, both forms of vitamin D are undergoing the addition of hydroxyl
group that lead to formation of 25-hydroxyvitamin [25(OH)D] that take place in the liver,
which is then release into the blood circulation and bound to Vitamin D binding-protein
(DBP). 25(OH)D undergoes further hydroxylation, resulting in the formation of compound
called 1,25-dihydroxyvitamin D [1,25(OH)2D], a method that ensues in the kidneys. The
1,25-dihydroxyvitamin D [1,25(OH)2D] is the known to be the functional form of vitamin
D. Vitamin D 1,25(0OH)2D functions predominantly in the duodenum by enhancing
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calcium absorption in osteoclasts, which subsequently mobilize calcium [14, 15]. This
newfound interest arises from the finding that its active form, of vitamin D3, via its nuclear
vitamin D receptor [VDR], modulates numerous genes throughout the body, including
those responsible for proteins related to cell differentiation, cell proliferation, and calcium
and phosphate homeostasis [16].

Calcium and phosphorus metabolism were regulating through Vitamin D in higher
vertebrates and governs various biological activities associated with immune, circulatory
systems, skin and muscle function, cellular development regulation, and many other
processes in the human body [17, 18]. Studies shown that vitamin D act as Vitamin D is
acting as hormone rather than vitamin D. The reason for this perspective is that vitamin D
significantly influences neurobiological pathways and communication cascades associated
with mental health, as shown by its reaction to specific components and the fact that the
presences of vitamin D receptors (VDRs) in the brain. Evidence suggests that vitamin D is
involved in various pathway of the endocrine system, indicating that a shortage of vitamin
D may constitute a hormonal insufficiency [19, 20].

Vitamin D Deficiency

Vitamin D insufficiency is currently acknowledged as a pandemic. The low exposure
to the sun is considering the main cause of low vitamin D level in the human body. Vitamin
D insufficiency may result in osteomalacia, and rickets in children. Patients with cardiac
disease found to be having a vitamin D deficiency due to the fact that those patient
exposure inadequate sun-induced vitamin D synthesis in the skin and insufficient dietary
intake of vitamin D [21, 22]. The insufficiency of vitamin D could interfere with pancreatic
[-cell functionality, hence impairing the secretion of insulin. Moreover, vitamin D
deficiency may aggravate inflammation, apoptosis in the pancreas, oxidative stress and
several organs, resulting in insulin resistance [23, 25].

The Effect of Type 1 Diabetes on the Level of Vitamin D

Type 1 diabetes is classified as a chronic autoimmune disorder marked by insulin
insufficiency, and resulted in hyperglycemia. Information about type 1 diabetes has
elevated rapidly in the last twenty-five years, leading to in depth understanding of various
aspects of the disease [26]. Studies showed that a supplement of vitamin D might link to
lower the risk of type 1 diabetes. Providing sufficient vitamin D supplementation for
babies could reduce the growing risk of type 1 diabetes. Supplementation of vitamin D
throughout early childhood may provide a protective effect against the onset of type 1
diabetes [27, 28]. Lower level of vitamin D3 are often found in patients with type 1 diabetes
compared with healthy controls. Supplementation of vitamin D in childhood correlates
with a reduced risk of type 1 diabetes [29].

The Effect of Type 2 Diabetes on Vitamin D Levels in Patients

Type 2 diabetes mellitus (T2DM) is an expanding international health concern,
strongly tied to the global obesity crisis. Members with type 2 diabetes mellitus (T2DM)
are at elevated risk for microvascular consequences, including nephropathy, retinopathy,
and neuropathy, along with macrovascular illness, such as cardiovascular coexisting
conditions, due to hyperglycemia and components of insulin resistance syndrome [30].

Over four hundred million individuals globally are living with diabetes, with a
predicted 193 million remaining undiagnosed. Type 2 diabetes makes up over ninety
percentage of diabetes cases and lead to complication of both microvascular and
macrovascular resulting in considerable psychological and physical distress for both
patients and caregivers, while placing tremendous pressure on healthcare systems [31].
Deficiencies in vitamin D and calcium may negatively impact glycemia, however
simultaneous treatment of both minerals may improve glucose metabolism [32].
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The mechanism that diabetes cause vitamin D deficiency

Vitamin D insufficiency lowers insulin secretion in both laboratory animals and
humans, leading to glucose intolerance; however, vitamin D replacement improves the
abnormalities [33]. Epidemiological investigations have shown a correlation between
vitamin D insufficiency, obesity, and an increased risk of type 2 diabetes [34]. Vitamin D
and with its metabolites is likely to have substantial impacts on insulin production,
secretion, and function, as well as inflammatory components, and all of these might have
an impact on the etiology of the second type of diabetes [35].

Symptoms of painful diabetic neuropathy had reduced after the administration of an
injection of 60000 IU of vitamin D [36]. Vitamin D influences metabolism of glucose. In
gestational diabetes mellitus the level of vitamin D was linked inversely with glycosylated
hemoglobin levels. Moreover, vitamin D seems to prevent the evolution of gestational
diabetes mellitus [37]. Hereditary gene polymorphisms were suggested to be a possible
causes of vitamin D deficiency by inducing insulin resistance in cases of the vitamin D-
binding protein, vitamin D receptor, and vitamin D lalpha-hydroxylase genes [38].

A controlled experiment shown that daily consumption of 1100 IU of colecalciferol
(vitamin D) over four years significantly decreased the risk of non-skin malignancies,
underscoring the profound medical, societal, and economic ramifications of addressing
vitamin D insufficiency [39]. Studies has been shown that vitamin D might affect the
pancreatic beta cell (3-cells) that responsible for the secretion of insulin. Insulin resistance
consider the begins of the diabetes. Increasing the secretion of insulin by {-cells could
reduce this resistance, so minimizing hyperglycemia [40].

An administration of vitamin D (VID)—approximately 2000 IU per day —during
early childhood has demonstrated a significant reduction in the chance of acquiring type
1 diabetes, with a projected decrease of up to 80% over the next 30 years [41]. The important
role of vitamin D in relation to osteoporosis and fractures has been understood for over 40
years. Vitamin D deficiency is identified by assessing 25-hydroxyvitamin D (25-OHD)
levels, which should exceed 50 nmol/l year around. Recent research indicates that several
serious diseases may be averted by elevating 25-OHD levels to 80 nmol/l [42, 43].

4. Conclusion

In conclusion, this review underscores the significant interplay between diabetes and
vitamin D, highlighting its critical role in insulin secretion, glucose metabolism, and
overall glycemic control. Key findings reveal the high prevalence of vitamin D deficiency
in individuals with type 1 diabetes and the potential benefits of early supplementation in
reducing disease risk, as well as the role of vitamin D deficiency in exacerbating insulin
resistance and hyperglycemia in type 2 diabetes. Mechanistic insights suggest that vitamin
D enhances pancreatic [3-cell functionality, reduces inflammation, and mitigates oxidative
stress, with genetic factors potentially influencing these processes. These findings
emphasize the importance of integrating vitamin D status assessment and
supplementation into diabetes management strategies to improve health outcomes.
However, further research is required to elucidate optimal supplementation protocols,
long-term effects, and the underlying genetic and molecular mechanisms linking vitamin
D to diabetes pathophysiology.
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