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Type 1 diabetes (T1D) is an organ-specific autoimmune
disease with loss of pancreatic b-cells, characterized by
reduced insulin levels and increased blood glucose.[1] The
incidence of T1D is increasing by approximately 2% to
5% worldwide every year and becoming a global health
problem.[2] VitaminD (VD) deficiency was reported to be a
risk factor in the development of T1D.[3] Recent studies
showed that supplementation of VD alleviated disease
symptoms in T1D patients. However, a few randomized
controled trials (RCTs) demonstrated the clinical effect of
VD treatment with inconsistent findings. This article aimed
to evaluate the effect of VD supplementation in T1D,
which is helpful to develop an adjuvant therapy for T1D.
Effects of vitamin D on pancreatic b-cells destruction

The main cause of T1D is a decline in insulin secretion by
the pancreatic b-cells. In vitro studies demonstrated that
10 nmol/L 1,25(OH)2D3, an active form of VD, increased
glucose-stimulated insulin secretion (GSIS) in INS-1E cells
by changing the genes involved in b-cell function and
viability expression.[4]In vivo, vitamin D injection (20,000
IU/kg) improved hyperglycaemia and hypoinsulinemia
in diabetic rats, as well as decreasing inflammation by
inhibiting nuclear factor-kappa B (NF-kB) activity.[5]

Additionally, He et al[6] firstly revealed that 1,25
(OH)2D3 induced autophagy and increased insulin secre-
tion to protect from oxidative damage in streptozotocin
(STZ)-induced T1D mouse model. However, Jeddi et al[7]

showed that pretreatment of rat islets with 1,25(OH)2D3
(1 nmol/L and 10 nmol/L) increased insulin secretion with
glucose (16.7 mmol/L) stimulation, but co-incubation with
1,25(OH)2D3 (1 nmol/L and 10 mol/L) decreased insulin
secretion with glucose (16.7 mmol/L) stimulation. The
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discrepancy perhaps is associated with the dosage of 1,25
(OH)2D3 and duration of preincubation.

T1D is an immune-mediated loss of islet cell. 1,25(OH)2D3
protected b-cell against apoptosis by directly decreasing
the expression of proinflammatory cytokines thereby
inhibiting T1D development.[8] Further, 1,25(OH)2D3
increased antiapoptotic protein A20 expression to block
NF-kB activation, which decreased nitric oxide (NO)
generation to protect b-cell.[9] Accordingly, Wolden-Kirk
et al[10] demonstrated a direct protective effect of 1,25
(OH)2D3 against inflammation-induced b-cell dysfunction
in human and murine islets, especially with alterations in
chemokine production by the islets. In addition, the study
in our lab revealed 1,25(OH)2D3 protected MIN6 cells
from oxidative damage by inhibiting endoplasmic reticu-
lum (ER) stress.[11]
Vitamin D deficiency and T1D

Given that the aforementioned effects of vitamin D against
b-cell dysfunction, epidemiologic data have assessed
the 25-hydroxycholecalciferol (25-OHD3) level in T1D
patients over the last years. Three meta-analysis demon-
strated that serum 25-OHD3 is significantly lower in T1D
patients than in healthy controls in 2015 and 2016.[12-14]

In the past 3 years, from 96 Korean children with T1D and
156 healthy controls, the mean serum 25-OHD3 levels
(19.8 ± 7.2 mg/L) and 1,25(OH)2D3 (32.7 ± 13.0 ng/L) in
T1D children were significantly lower than those in healthy
individuals (25.1 ± 8.9 mg/L, P< 0.001 and 39.6±
17.2 ng/L, P< 0.01, respectively), indicating VD deficien-
cy prevalence was higher in T1D children than in
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controls.[15] Very similar results were conducted in a large
cohort study; Bae et al[16] reported themean serum levels of
25-OHD3 was considerably lower (21.6± 8.5 mg/L vs.
28.0± 12.0 mg/L, P< 0.001) and VD deficiency was more
prevalent in T1D than in healthy controls (48% vs. 26%,
P< 0.001). All these results showed VD deficiency was
highly prevalent in T1D patients. However, a cross-
sectional study including 296 T1D patients and 151
controls showed serum 25-OHD3 levels were similar
between patients and controls (22. 9± 17. 4 mg/L vs. 24.
5± 19. 3 mg/L, P= 0.382).[17] This discrepancy maybe
resulted from the bias of studies on the geographical
distribution, age difference and genetic background.
Vitamin D supplementation in T1D

Since VD deficiency is very common in T1D patients, its
supplementation may have a beneficial effect in T1D.
Recently, a retrospective study demonstrated that treat-
ment of vitamin D3 (VD3) improved the glycaemic control,
for the mean hemoglobin A1c (HbA1c) was 73.5±
14.9 mmol/mol and 65 ± 11.2 mmol/mol (P< 0.001) be-
fore and after VD3 administration for 3 months.[18] Very
similarly, Panjiyar et al[19] demonstrated that T1D patients
with VD3 supplementation lowered HbA1c, fasting blood
glucose (FBG) and mean blood glucose (MBG) level.
Furthermore, a current prospective cohort study including
30 VD-deficient T1D showed that VD3 had a significant
lowering effect on HbA1c (8.93% ± 1.85% vs. 8.72%±
1.45%, P= 0.04) after 4 months of VD3 therapy.[20]

However, a double-blinded RCT showed that VD3 in
addition to insulin therapy (intervention group) for 6
months did not result in any significant difference in mean
HbA1c and insulin requirements compared to insulin
therapy alone (control group) in T1D children.[21] Also, in
UK, an interventional study indicated that oral VD3
treatment showed no effect on glycemic control in children
with T1D.[22] There is paucity of data to support the wide-
spread use of VD3 supplementation in T1D patients.
Interestingly, a systematic review of seven RCTs showed
supplementation with 1a-OHD3 and VD3 had significant
positive effects on daily insulin dose (DID), fasting C
peptide (FCP), stimulated C-peptide (SCP), and HbA1c,
whereas supplementation with 1,25(OH)2D3 had no
effect.[23] Based on the above data, the inconsistent results
[Supplementary Table 1, http://links.lww.com/CM9/
A393[18-22,24]] could be due to the dosage, type, duration
of vitamin D supplementation, genetic differences and
sample sizes.
Future perspectives

In summary, vitamin D deficiency has been confirmed to be
closely related to pancreatic b-cell destruction and T1D.
The prevalence of T1D is increasing worldwide and
currently, exogenous insulin injection is a major treatment
for T1D patients with certain side effects, such as chronic
macrovascular and microvascular complications. There-
fore, developing a novel therapy to maintain endogenous
insulin production would be beneficial in controlling
glucose level and preventing complications of diabetes.
However, the effects of vitamin D on prevention or
treatment of T1D remains controversial. Thus, more long-
42
time and large-scale studies are required to evaluate the
role of vitamin D supplementation in T1D. Further studies
are needed to establish the duration of therapy, the optimal
dose, the appropriate form of vitamin D [VD3, alfacalcidol
(1a-OHD3), 25-OHD3, 1,25(OH)2D3] or its analogs to
elucidate the conclusion. In the future, we hope vitamin D
will be used as an adjuvant therapy to improve the quality
of life of T1D patients.
Funding

This work was supported by grants from the Natural
Science Foundation of China (No. 41877390), the Nature
Science Fund of Hunan Province (No. 2019JJ40240,
2016JJ2113), Education and Innovation Fund of Univer-
sity of South China (No. 2019JG029).
Conflicts of interest

None.
References
1. Howard SG. Exposure to environmental chemicals and type 1

diabetes: an update. J Epidemiol Community Health 2019;73:483–
488. doi: 10.1136/jech-2018-210627.

2. Weng J, Zhou Z, Guo L, Zhu D, Ji L, Luo X, et al. Incidence of type 1
diabetes in China, 2010-13: population based study. BMJ 2018;360:
j5295. doi: 10.1136/bmj.j5295.

3. Miettinen ME, Niinistö S, Erlund I, Cuthbertson D, Nucci AM,
Honkanen J, et al. Serum 25-hydroxyvitamin D concentration in
childhood and risk of islet autoimmunity and type 1 diabetes: the
TRIGR nested case-control ancillary study. Diabetologia
2020;63:780–787. doi: 10.1007/s00125-019-05077-4.

4. Bornstedt ME, Gjerlaugsen N, Olstad OK, Berg JP, Bredahl MK,
Thorsby PM. Vitamin D metabolites influence expression of genes
concerning cellular viability and function in insulin producing (-cells
(INS1E). Gene 2020;746:144649. doi: 10.1016/j.gene.2020.144649.

5. Derakhshanian H, Djalali M, Mohammad Hassan MH, Alvandi E,
Eshraghian MR, Mirshafiey A, et al. Vitamin D suppresses cellular
pathways of diabetes complication. Iran J Basic Med Sci 2019;
22:690–694. doi: 10.22038/ijbms.2019.36054.8584.

6. He DW, Wang YB, Liu RJ, He A, Li SS, Fu XJ, et al. 1,25(OH)2D3
activates autophagy to protect against oxidative damage of INS-1
pancreatic beta cells. Biol Pharm Bull 2019;42:561–567. doi:
10.1248/bpb.b18-00395.

7. Jeddi S, Syedmoradi L, Bagheripour F, Ghasemi A. The effects of
vitamin D on insulin release from isolated islets of rats. Int J
Endocrinol Metab 2015;13:e20620. doi: 10.5812/ijem.20620.

8. Giarratana N, Penna G, Amuchastegui S, Mariani R, Daniel KC,
Adorini L. A vitamin D analog down-regulates proinflammatory
chemokine production by pancreatic islets inhibiting T cell recruit-
ment and type 1 diabetes development. J Immunol 2004;173:2280–
2287. doi: 10.4049/jimmunol.173.4.2280.

9. Riachy R, Vandewalle B, Kerr Conte J, Moerman E, Sacchetti P,
Lukowiak B, et al. 1,25-dihydroxyvitamin D3 protects RINm5F and
human islet cells against cytokine-induced apoptosis: implication of
the antiapoptotic protein A20. Endocrinology 2002;143:4809–4819.
doi: 10.1210/en.2002-220449.

10. Wolden-Kirk H, Rondas D, Bugliani M, Korf H, Van Lommel L,
Brusgaard K, et al. Discovery of molecular pathways mediating 1,25-
dihydroxyvitamin D3 protection against cytokine-induced inflam-
mation and damage of human and male mouse islets of Langerhans.
Endocrinology 2014;155:736–747. doi: 10.1210/en.2013-1409.

11. Hu C, Wu Z, LI YL, Zhu GL, Cao ZH, Hu XB. The protective effect
of 1,25-dihydroxyvitamin-D3 on hydrogen peroxide-induced MIN6
cell apoptosis. Chin Pharmacolog Bull 2020;2:198–203. doi:
10.3969/j.issn.1001-1978.2020.02.010.

12. Feng R, Li Y, Li G, Li Z, Zhang Y, Li Q, et al. Lower Serum 25 (OH)
D concentrations in type 1 diabetes: a meta-analysis. Diabetes Res
Clin Pract 2015;108:e71–e75. doi: 10.1016/j.diabres.2014.12.008.

http://links.lww.com/CM9/A393
http://links.lww.com/CM9/A393
http://www.cmj.org


Chinese Medical Journal 2021;134(1) www.cmj.org
13. Shen L, Zhuang QS, Ji HF. Assessment of vitamin D levels in type 1
and type 2 diabetes patients: Results from metaanalysis. Mol Nutr
Food Res 2016;60:1059–1067. doi: 10.1002/mnfr.201500937.

14. Liu C, LuM,XiaX,Wang J,WanY,He L, et al. Correlation of serum
vitamin D level with type 1 diabetes mellitus in children: a meta-
analysis. Nutr Hosp 2015;32:1591–1594. doi: 10.3305/nh.2015.
32.4.9198.

15. NamHK, Rhie YJ, Lee KH. VitaminD level and gene polymorphisms
in Korean children with type 1 diabetes. Pediatr Diab 2019;20:750–
758. doi: 10.1111/pedi.12878.

16. Bae KN, Nam HK, Rhie YJ, Song DJ, Lee KH. Low levels of 25-
hydroxyvitamin D in children and adolescents with type 1 diabetes
mellitus: a single center experience. Ann Pediatr Endocrinol Metab
2018;23:21–27. doi: 10.6065/apem.2018.23. 1.21.

17. Dogan B, Oner C, Feyizoglu G, Yoruk N, Oguz A. Vitamin D status
of Turkish type 1 diabetic patients. Diabetes Metab Syndr 2019;
13:2037–2039. doi: 10.1016/j.dsx.2019.04.026.

18. Giri D, Pintus D, Burnside G, Ghatak A, Mehta F, Paul P, et al.
Treating vitamin D deficiency in children with type I diabetes could
improve their glycaemic control. BMC Res Notes 2017;10:465. doi:
10.1186/s13104-017-2794-3.

19. Panjiyar RP, Dayal D, Attri SV, Sachdeva N, Sharma R, Bhalla AK.
Sustained serum 25-hydroxyvitamin D concentrations for one year
with cholecalciferol supplementation improves glycaemic control and
slows the decline of residual ( cell function in children with type 1
diabetes. Pediatr Endocrinol Diabetes Metab 2018;3:111–117. doi:
10.5114/pedm.2018.80992.
43
20. Hafez M, Musa N, Atty SA, Ibrahem M, Wahab NA. Effect of
vitamin D supplementation on lipid profile in vitamin D-deficient
children with type 1 diabetes and dyslipidemia. Horm Res Paediatr
2019;91:311–318. doi: 10.1159/000500829.

21. Sharma S, Biswal N, Bethou A, Rajappa M, Kumar S, Vinayagam V.
Does vitamin D supplementation improve glycaemic control in
children with type 1 Diabetes Mellitus? A randomized controlled
trial. J Clin Diagn Res 2017;11:SC15–SC17. doi: 10.7860/JCDR/
2017/27321.10645.

22. Perchard R,Magee L, Whatmore A, Ivison F, Murray P, Stevens A. A
pilot interventional study to evaluate the impact of cholecalciferol
treatment on HbA1c in type 1 diabetes (T1D). Endocr Connect
2017;6:225–231. doi: 10.1530/EC-17-0045.

23. Gregoriou E, Mamais I, Tzanetakou I, Lavranos G, Chrysostomou S.
The effects of vitamin D supplementation in newly diagnosed type 1
diabetes patients: systematic review of randomized controlled trials.
Rev Diabet Stud 2017;14:260–268. doi: 10.1900/RDS.2017.14.260.

24. Ordooei M, Shojaoddiny-Ardekani A, Hoseinipoor SH, Miroliai M,
Zare-Zardini H. Effect of vitamin D on HbA1c levels of children and
adolescents with diabetes mellitus type 1. Minerva Pediatr
2017;695:391–395. doi: 10.23736/S0026-4946.16.04145-1.

How to cite this article: Hu XB, Duan TT, Liu J, Zhu GL, Cao ZH, Feng
SL. Effect of vitamin D supplementation on pancreatic b-cell destruction
and type 1 diabetes. Chin Med J 2021;134:41–43. doi: 10.1097/
CM9.0000000000001239

http://www.cmj.org

	Effect of vitamin D supplementation on pancreatic β-cell destruction and type 1 diabetes
	Effects of vitamin D on pancreatic β-cells destruction
	Vitamin D deficiency and T1D
	Vitamin D supplementation in T1D
	Future perspectives
	Funding
	Conflicts of interest
	References


