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Abstract: The incidence of type 2 diabetes mellitus(T2DM) is increasing globally. With the growing prevalence of obesity in
childhood, the incidence of T2DM is also on the rise among children. Children with T2DM have worse persistent ability in
glycemic control and are more prone to complications than adults. In recent years, some studies have found that vitamin D
deficiency is closely related to T2DM in adult patients, and its relationship in children and adolescents has also been reported
by more and more studies. In terms of mechanism, vitamin D possess the ability of improving insulin sensitivity and regulating
insulin secretion, the former has a relationship with renin angiotensin aldosterone system(RAAS), peroxisome proliferator
activated receptor(PPAR), oxidative stress system and other pathways, and later with protein kinase A (PKA), L-type
voltage-dependent calcium channel (L-type VDCC), phospholipase C (PLC), ATP sensitive potassium channel（KATP）and other
signaling molecules. Thus, the review aims to explore the relationship between the vitamin D deficiency and the incidence of
T2DM in children and adolescents and its possible molecular mechanism, so as to provide a reference for the prevention and
treatment of T2DM in children and adolescents.
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In recent years, the prevalence of diabetes has been
steadily increasing, making it a significant global public
health challenge that urgently needs addressing.
According to the World Health Organization, the
worldwide prevalence of obesity more than doubled
between 1990 and 2022., while prevalence of obesity in
children and adolescents aged 5–19 in 2020 is 4 times
higher than in 1990. The risk of type 2 diabetes mellitus
(T2DM) among children and adolescents has also risen
accordingly [1]. Therefore, reducing the incidence of
T2DM during childhood and adolescence has become
imperative.

T2DM results from the interaction of environmental
and genetic factors. Compared to adults with T2DM,
children and adolescents often have poorer long-term
blood sugar control [2]. Inadequate long-term control can
lead to earlier onset of complications such as
cardiovascular damage, vision impairment, and diabetic
nephropathy [3-4].

Among the essential fat-soluble vitamin families in
the human body, vitamin D is crucial. Approximately
80% to 90% of vitamin D is typically synthesized in the
skin, although it can also be obtained through dietary
intake and supplements. Vitamin D needs to specifically
bind to the vitamin D receptor (VDR) to exert its
biological effects. VDR belongs to the steroid hormone
receptor family involved in DNA transcription. Research
has identified vitamin D response elements in the

promoter of the insulin receptor gene, suggesting that
vitamin D may participate in insulin transcriptional
control [5-6]. Once bound to VDR, vitamin D promotes
insulin secretion from beta cells and enhances insulin
sensitivity [7-8].

Increasingly, studies have found a close association
between vitamin D deficiency and the incidence of type 1
diabetes mellitus (T1DM) among children and
adolescents [9-10]. Therefore, to further understand the
relationship between vitamin D and the onset of T2DM in
children and adolescents, this review elaborates on its
molecular mechanisms and research progress.

1 Current status of T2DM among children and
adolescents

A study in the United States showed a significant
increase in the incidence of T2DM among 10- to
19-year-olds from 2002 to 2015, rising from 9.0 per
100,000 in 2002 to 13.8 per 100,000 in 2014, with annual
percent change (APC) of 4.8% [11]. Research from
Auckland, New Zealand, covering 21 years from 1995 to
2015, revealed an annual increase of approximately 5% in
the incidence of T2DM among those under 15 years old
[12]. In Thailand, a study of trends in childhood diabetes
over 20 years at a tertiary medical center showed a
gradual increase in the proportion of new cases of T2DM,
rising from 10%-15% in 1995-2003 to 25%-30% in
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2004-2008, and further to 35%-40% in 2009-2014 [13].

In China, a study spanning from 1995 to 2010 found
that the incidence of T2DM among children and
adolescents increased from 4.1 per 100,000 to 10.0 per
100,000 [14]. A retrospective analysis covering the years
2010 to 2016 showed a 51.2% increase in newly
diagnosed diabetic children compared to 2010, with
T1DM accounting for 71.7% and T2DM for 20.0% [15].

Overall, diabetes incidence among children and
adolescents is rising rapidly, with T2DM accounting for
an increasingly larger proportion of total diabetes cases.
Therefore, preventing the onset of T2DM during
childhood and adolescence and managing blood sugar
levels in affected individuals are urgent priorities.

2 International and domestic studies on the
relationship between vitamin D levels and T2DM

Research has revealed that compared to non-diabetic
individuals, patients with T2DM had lower serum vitamin
D levels [16]. Vitamin D levels during childhood and
adolescence are associated with the risk of T2DM in
adulthood [17]. Afzal et al. [18] conducted a prospective
cohort study and meta-analysis on the relationship
between T2DM and vitamin D during a 29-year
follow-up. They categorized 9,841 subjects based on
serum vitamin D levels into sufficient, insufficient,
deficient, and severely deficient groups, with serum
vitamin D level of ≥50 nmol/L, 25-49.9 nmol/L,
12.5-24.9 nmol/L, and <12.50 nmol/L, respectively. The
results showed that lower levels of serum vitamin D were
associated with an increased risk of T2DM (RR=1.35,
95%CI: 1.09-1.66 for the severely deficient group
compared to the sufficient group). Additionally, a 50%
decrease in vitamin D levels was associated with a
multivariate adjusted RR of 1.12 (95%CI: 1.03-1.21) for
T2DM. Their meta-analysis of 16 prospective cohort
studies further confirmed the association between low
vitamin D levels and T2DM incidence (RR=1.50, 95%CI:
1.33-1.70).

A cross-sectional survey in China found that T2DM
patients with metabolic syndrome had significantly lower
serum vitamin D levels compared to those without
metabolic syndrome (P<0.001). Patients were divided
into four groups based on vitamin D levels. It was found
that the lower the serum vitamin D level in T2DM
patients, the greater the risk of developing metabolic
syndrome [20]. A case-control study found that serum
vitamin D levels were lower in children with T2DM
nephropathy compared to the non-diseased group, and
vitamin D levels were negatively correlated with urinary
microalbumin/creatinine ratio and fasting blood glucose
in diabetic nephropathy children (r=-0.302, P<0.05;
r=-0.469, P<0.01), while positively correlated with
insulin and C-peptide levels (r=0.447, P<0.05; r=0.246,
P<0.05) [21]. Another study on the correlation between
vitamin D levels and diabetic nephropathy showed that
populations with lower serum vitamin D levels had a
higher risk of diabetic nephropathy (OR>1, P<0.05) [22].

These domestic and foreign studies suggest that the

onset of T2DM may be associated with vitamin D
deficiency, a finding that holds true for children and
adolescents with T2DM patients as well.

3 Molecular mechanisms of vitamin D in the
onset of T2DM

T2DM involves insulin resistance and/or insulin
secretion defects, leading to poor blood glucose control.
Factors contributing to insulin resistance include
irrational dietary behaviors, lack of exercise, while insulin
secretion defects are mainly influenced by genetic factors
and pancreatic β-cell function. The potential protective
role of vitamin D in T2DM may be related to enhancing
insulin sensitivity and improving pancreatic β-cell
activity [23].

3.1 Vitamin D and insulin resistance

The renin-angiotensin-aldosterone system (RAAS) is
one of the pathways through which vitamin D regulates
insulin. Vitamin D regulates skeletal muscle cell Ca2+
concentration by inhibiting RAAS, thereby enhancing
insulin sensitivity [24]. An important gene influencing the
renin-angiotensin system is the angiotensin-converting
enzyme gene. Animal experiments and clinical
observations confirm that angiotensin-converting enzyme
inhibitors can enhance insulin sensitivity [25]. An animal
study indicated that intervention with vitamin D
effectively improved insulin resistance and impaired
glucose tolerance in metabolic syndrome rats [26]. A
recent animal experiment found that vitamin D
intervention not only improved weight in streptozotocin
and high-fat diet-induced diabetic rats but also reduced
insulin resistance index (P<0.05) [27].

Vitamin D can also increase the expression levels of
insulin receptors in target tissues by binding with VDR,
thereby stimulating peroxisome proliferators-activated
receptors (PPAR) and reducing skeletal muscle cell
insulin resistance caused by free fatty acids, thus
enhancing cellular and tissue sensitivity to insulin [24].
Studies have shown that vitamin D treatment in diabetic
patients activates PPAR-γ, protein kinase B (Akt), lowers
glucose transporter 4, and insulin receptor substrate-1
(IRS-1) expression compared to the control group [24-25,
28-29]. Additionally, animal experiments demonstrate a
significant increase in downstream targets of the Akt
signaling pathway after vitamin D intervention (P<0.01)
[30].

Tumor necrosis factor-α (TNF-α), interleukin-6
(IL-6), and other pro-inflammatory cytokine levels
increase in T2DM patients, leading to increased IRS
serine phosphorylation levels, inhibition of tyrosine
phosphorylation, thereby disrupting glucose metabolism
and inhibiting peripheral tissue sensitivity to insulin [24,
28]. After binding with VDR, vitamin D activates
antioxidant-related gene expression, thereby alleviating
oxidative stress response and inhibiting inflammatory
factor damage to pancreatic β-cells, promoting the
production of anti-inflammatory cytokines [6, 8, 24].
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Cell studies have shown that vitamin D binding with

VDR improves cell damage caused by excessive
respiration and reactive oxygen species (ROS). ROS
signal molecules activate cell stress-sensitive pathways,
including nuclear factor-kappa B (NF-κB), p38
mitogen-activated protein kinase (p38MAPK), leading to
cell damage and inflammatory responses [31]. Animal
experiments indicate that simultaneous vitamin D
deficiency and high-fat diet in rats increase
inflammation-related RNA and miRNA overexpression,
activating the NF-κB signaling pathway [32]. Guo et al.
[33] found consistent results through animal and cell
experiments, showing that calcitriol treatment can
improve proteinuria severity in diabetic nephropathy rats,
reduce apoptosis of renal tubular epithelial cells, and
significantly promote VDR expression, while its effect on
p38MAPK is opposite. A recent cross-sectional study
found that serum vitamin D levels decrease sequentially
from the non-T2DM group (n=113) to the prediabetes
group (n=84) and the T2DM group (n=94) (P<0.05), and
serum NF-κB expression levels increase accordingly
(P<0.05), which may be one of the factors contributing to
insulin resistance in T2DM patients [34].

Therefore, vitamin D may improve insulin resistance
by activating PPAR, Akt, inhibiting RAAS, reducing
insulin resistance mediated by free fatty acids, and
improving insulin resistance by inhibiting IRS-1, glucose
transporter 4, IL-6, TNF-α, NF-κB, p38MAPK, etc.
Vitamin D deficiency may increase the risk of insulin
resistance, thereby increasing the risk of T2DM onset.

3.2 Vitamin D and insulin secretion

Insulin secretion is a calcium-dependent process, and
the action of insulin also relies on the mediation of
calcium ions. Changes in calcium ion levels within target
cells and tissues impair insulin signal transduction,
reducing glucose transporter activity and promoting
insulin resistance [35]. Studies indicated that vitamin D
deficiency leaded to increased calcium ion concentrations
[29]. Elevated levels of vitamin D in the body stimulate
insulin secretion through several pathways: firstly, by
activating protein kinase A (PKA) to stimulate L-type
voltage-dependent calcium channels (L-type VDCC) and
phosphorylation of proteins involved in exocytosis;
secondly, by mediating phospholipase C (PLC) to
synthesize 1,4,5-triphosphate inositol, causing
depolarization of the cytoplasmic membrane and
activating L-type VDCC and ATP-sensitive potassium
channels (KATP), thereby inducing influx of extracellular
calcium ions into pancreatic β-cells and promoting insulin
secretion [25, 36].

Additionally, PLC can mobilize vesicular transport
in cells, promoting insulin secretion in conjunction with
Ca2+ [37]. Calcium/calmodulin-dependent protein kinase
II (CaMKII), a serine-threonine protein kinase located in
insulin secretion vesicles, plays a key role in
phosphorylating proteins involved in mobilization and
exocytosis processes [38]. cAMP-response element
binding protein (CREB) is associated with insulin gene

transcription, pancreatic β-cell activity, glucose
susceptibility, and insulin exocytosis; induction of insulin
gene expression by CREB can increase intracellular Ca2+
levels [39].

Researchers have found in animal experiments that
vitamin D can stimulate insulin synthesis and vesicular
transport by activating pathways such as PKA, KATP,
L-type VDCC, and K+-Ca2+, upregulating signaling
molecules like CaMKII and CREB, stimulating calcium
ion influx, and promoting insulin exocytosis and secretion
to regulate insulin secretion [37-39].

4 Clinical intervention studies of vitamin D and
T2DM

In a 12-week randomized double-blind
placebo-controlled trial, researchers included 48 T2DM
patients aged 30-60 years. They found that compared to
the placebo group, vitamin D supplementation
significantly reduced advanced glycation end products
(AGEs), TNF-α serum levels, and gene expression of
RAGE in peripheral blood mononuclear cells of T2DM
patients with deficient or insufficient vitamin D levels
[40]. AGEs play a crucial role in microvascular and
macrovascular complications in diabetes. However, a
community-based randomized controlled trial (RCT)
showed no statistically significant difference in the
incidence of T2DM after 2 years of vitamin D
supplementation in prediabetic individuals compared to
the control group (P=0.701) [41].

A meta-analysis of 23 RCTs involving 1,797 T2DM
patients showed that compared to the placebo group,
vitamin D intervention had no significant effect on
HbA1c levels but significantly improved fasting blood
glucose levels in patients [42]. Another meta-analysis[43]
of 20 studies (n=2,703) found that vitamin D
supplementation increased serum vitamin D levels in
T2DM patients and significantly reduced the insulin
resistance index, although it did not significantly affect
fasting glucose, HbA1c, or fasting insulin levels.
Furthermore, Santos et al. [44] suggested that for T2DM
patients with stable blood glucose control or sufficient
vitamin D levels, vitamin D supplementation did not
normalize blood glucose levels, and there was insufficient
evidence to support that vitamin D supplementation
improves glucose metabolism or insulin action.
There is limited research on RCTs of vitamin D

supplementation for treating or preventing T2DM in
children. A recent meta-analysis included 7 RCTs of
vitamin D intervention in obese children and adolescents
(aged 2-19 years) with impaired glucose tolerance.
Results from 4 RCTs showed improvements in insulin
levels, fasting blood glucose, and insulin resistance
following vitamin D intervention, while results from the
other 3 RCTs did not show statistically significant
associations with glucose parameters [45].
Conclusions drawn from RCTs involving healthy

individuals, prediabetic individuals, and T2DM patients
vary, but supplementation of vitamin D in patients with
vitamin D deficiency has a beneficial effect on glycemic
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control.

5 Conclusion

In summary, the incidence of T2DM among children
and adolescents is increasing. Vitamin D deficiency may
increase the risk of T2DM and affect glycemic control
and the severity of related complications in affected
children. The protective mechanisms of vitamin D on
pancreatic islets may involve improving sensitivity to
insulin and enhancing pancreatic β-cell activity. Vitamin
D regulates insulin sensitivity through systems such as
RAAS, PPAR, and oxidative stress, and stimulates insulin
secretion through pathways including PKA, L-type
VDCC, PLC, and KATP. Supplementation of vitamin D
in patients with vitamin D deficiency has favorable
effects [46], although whether supplementation of vitamin
D can positively impact fasting blood glucose, fasting
insulin, and HbA1c in T2DM patients with sufficient
vitamin D levels or stable blood glucose control remains
unclear. Furthermore, there is a lack of high-quality RCTs
or cohort studies on whether preventive vitamin D
supplementation can reduce the risk of developing
T2DM.
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)%)$$ $%"J#! '$))

B

'$)*K

*()+ ]1?85VP=8eW$ G=1Z==TT$ F0QOV$ =:78KT7.7;=6=.:PR=.9P5

-10.=90O=7O=! GN==RR=-:PRX0:760. !O?QQ8=6=.:7:0P. P. ;8A-7=60-

-P.:1P80. Q7:0=.:O<0:N :AQ=) 907@=:=O6=880:?O! 7OAO:=67:0-1=X0=<

7.9 6=:757.78AO0O*S+K4?1S4.9P-10.P8$ )%$2$ $2M"$#! H$

B

H$(K

*('+ F0me$ F0? e$ [N=.;e!$ =:78KGN==RR=-:PRX0:760. !O?QQ8=6=.5

:7:0P. P. ;8A-=60--P.:1P80. :AQ=) 907@=:=OQ7:0=.:O! 7OAO:=67:0-

1=X0=<7.9 6=:757.78AO0O*S+KY?:10=.:O$ )%$J$ $%"'#! '2IK

*((+ D7.:POH]̂ $ 317.9|P5F067VY$ G=:=HT!!$ =:78K_0:760. !17:0P

7.9 ;8A-7=60--P.:1P80. 0.90X09?78O<0:N :AQ=) 907@=:=O6=880:?O! 7

OAO:=67:0-1=X0=<*S+K!07@=:=OT=:7@ H=OH=X$ )%$J$ '("'#!$

B

$$K

*(I+ D0.;N L$ D0.;N YK_0:760. !0.:=1X=.:0P. 7O7-?17:0X=6=7O?1=RP1

;8?-PO=0.:P8=17.-=0. P@=O=-N0891=. 7.9 79P8=O-=.:O! 7OAO:=67:0-

1=X0=<P. 17.9P60\=9 -P.:1P8:1078O*S+K4?1SV=907:1$)%)($ $J'

"(#! $(2I

B

$(J'K

*(M+

"��

$

v:�

K

æ�¨

!

5

)

:;<=

*S+K

wØÎÏ&"

$

)%))$'I"2#!*(J

B

*I$K

D? DS$ F0m̂K_0:760. !7.9 :AQ=) 907@=:=O6=880?O*S+KUN0. S

U80. H=O$ )%))$ 'I"2#! *(J

B

*I$K

ÐÑ+,

!)%)(

B

%(

B

%)C

ÒÓ+,

!)%)(

B

%(

B

)' C

=Ô

!

rst

&2$%$&C

wØÎÏ&"

C)%)(

Ê

2

#$

'2

%$

2

&

CUN0. SU80. H=O$S?8A)%)($ _P8K'2$ YPK2C


