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1  |  INTRODUC TION

With the development of society, the aging of the population and 
many other factors, the incidence of diabetes and prediabetes has 
increased over the years in China. The prevalence of diabetes was 

reported to be 10.9% in 2013, and the population with prediabetes 
is also growing, which has become a public health problem. Effective 
prevention and treatment strategies are needed to be carried out.1,2 
Diabetes is a chronic disease characterized by raised blood glucose 
levels. Type 2 diabetes (T2DM) is the most common type of diabetes. 
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Abstract
The type 2 diabetes mellitus (T2DM) is an urgent global health problem. T2DM pa-
tients are in a state of high oxidative stress and inflammation. Vitamin D and glu-
tathione	 (GSH)	 play	 crucial	 roles	 in	 antioxidation	 and	 anti-	inflammation.	 However,	
T2DM	patients	have	lower	vitamin	D	and	GSH	levels	than	healthy	persons.	A	rand-
omized controlled trial was conducted to see the effect of the vitamin D supplemen-
tation on oxidative stress and inflammatory factors in T2DM patients. In this study, 
a total of 178 T2DM patients were randomly enrolled, 92 patients received regular 
treatment (T2DM group) and 86 patients in Vitamin D group received extra vitamin 
D 400 IU per day in addition to regular treatment. Serum vitamin D, GSH, GSH meta-
bolic	enzyme	GCLC	and	GR,	inflammatory	factor	MCP-	1,	and	IL-	8	levels	were	inves-
tigated. We found that the T2DM group has significantly higher concentrations of 
MCP-	1	and	IL-	8	than	those	in	the	healthy	donor	group.	After	vitamin	D	supplementa-
tion	for	90	days,	T2DM	patients	had	a	2-	fold	increase	of	GSH	levels,	from	2.72	± 0.84 
to 5.76 ± 3.19 μmol/ml,	the	concentration	of	MCP-	1	decreased	from	51.11	± 20.86 to 
25.42 ±	13.06	pg/ml,	and	IL-	8	also	decreased	from	38.21	± 21.76 to 16.05 ± 8.99 pg/
ml. In conclusion, our study demonstrated that vitamin D could regulate the produc-
tion	of	GSH,	thereby	reducing	the	serum	levels	of	MCP-	1	and	IL-	8,	alleviating	oxida-
tive stress and inflammation, providing evidence of the necessity and feasibility of 
adjuvant vitamin D treatment among patients with T2DM. On the other hand, vitamin 
D and GSH levels have important diagnostic and prognostic values in T2DM patients.
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Patients with T2DM are also faced with complications like chronic 
functional impairment of eyes, renal disease, and cardiovascular dis-
ease in the progression of diabetes mellitus.

It is suggested that hyperglycemia increases oxidative stress; how-
ever, the antioxidant function in diabetic patients is diminished, re-
sulting in the augment of oxidative stress.3,4 High concentrations of 
glucose	 induce	 the	 secretion	 of	 inflammatory	 cytokine	MCP-	1	 and	
leukocyte	interleukin-	8	(IL-	8)	by	activating	the	reactive	oxygen	species	
(ROS)	and	NF-	κB pathways.5,6	High	serum	levels	of	MCP-	1	and	IL-	8	
accelerate the progression of diabetes and increase the incidence of 
complications.7-	9	As	a	result,	therapeutic	agents	against	ROS	have	also	
been widely studied in the treatments of diabetes mellitus.10

There is convincing evidence of the benefit of vitamin D on antioxi-
dation.11-	13	Vitamin	D	is	a	fat-	soluble	vitamin	responsible	for	building	and	
maintaining bones by regulating calcium homeostasis.14 The active hor-
mone derived from vitamin D is 1,25(OH)2D3, which mediates numerous 
biological processes. The active vitamin D is associated with many other 
cellular	 functions	 like	 anti-	inflammatory	 and	 antioxidant	 properties	 to	
support physiological function and activity.15-	17 It can be used to treat 
rickets, osteoporosis, hypothyroidism, psoriasis, and diseases caused by 
a lack of calcium or vitamin D. Vitamin D has also been reported to pre-
vent the development of cancers. The deficiency of active vitamin D is 
related to the incidence of complications in T2DM patients.18 Vitamin D 
possesses	high	antioxidant	and	anti-	inflammatory	properties	by	increas-
ing the formation of glutathione (GSH).19,20 GSH helps to reduce the 
reactive oxygen level in the blood.21	Meanwhile,	long-	lasting	hypergly-
cemia results in a low level of GSH.22 In addition, GSH deficiency leads to 
the progression of diabetes and the development of complications.23,24

Vitamin D is critical for maintaining homeostasis in T2DM pa-
tients. However, the effects of vitamin D in the treatment of T2DM 
in  Southern Chinese people remain to be further investigated.

This study focuses on the effect of the supplementation of vitamin 
D on oxidative stress and inflammatory factors in patients with type 
2 diabetes in a southern city of China. We conducted a randomized 
controlled trial (RCT) to follow up T2DM patients, to see in what man-
ner	GSH,	MCP-	1,	and	IL-	8	levels	would	change	after	the	extra	supple-
mentary of vitamin D. We aim to probe the diagnostic and prognostics 
values of the evaluation of vitamin D and GSH levels to monitor the 
progression of T2DM. This study also could provide evidence of the 
necessity and feasibility of adjuvant vitamin D treatment among pa-
tients with T2DM, providing evidence of the application of vitamin D 
in	non-	bone	diseases	for	further	studies.	We	also	follow	up	to	study	
T2DM patients with vitamin D supplementation to see if they have a 
better prognosis and a lower incidence of complications.

2  |  MATERIAL S AND METHODS

2.1  |  Patient enrollment

This study is a randomized controlled trial (RCT) and was approved 
by the Committee of Ethics and Research of the People's Hospital of 
Jiangmen	(Approval	No.:20200220-	8).

We	 have	 followed	 the	 CONSORT	 guideline25 to perform the 
research.

A	 total	 of	 200	 adult	 patients	 diagnosed	 with	 type	 2	 diabetes	
were included and divided into two groups randomly. Patients with 
the following criteria were excluded: a history of cardiovascular dis-
ease, chronic liver or kidney disorders, endocrinology disorders, in-
sulin	treatment,	cancer,	and	women	in	pregnancy	or	lactation.	After	
excluding	22	patients	who	were	lost	to	follow-	up,	86	patients	in	the	
Vitamin D supplement group (VitD group) and 92 patients in the 
standard treatment group (T2DM group) were finally enrolled in this 
study.

T2DM patients in the VitD group received 400 IU vitamin D daily 
for 90 days.

Volunteers of comparable age and gender were enrolled as 
healthy donor group (Healthy donor group, n = 102).

All	the	participants	provided	blood	samples,	and	all	the	clinical	
characteristics	were	measured	and	collected.	All	the	plasma	of	blood	
samples	were	separated	by	centrifugation	and	stored	at	−30℃ for 
further analysis.

2.2  |  Vitamin D, GSH, GCLC, MCP- 1, ROS and IL- 
8 levels measurement

Plasma	levels	of	vitamin	D	(Abbott	5P02,	Control	No.	08259UI00)	
were measured using the chemiluminescent microparticle immu-
noassay	(CMIA)	technique	by	Abbott	 i2000.	In	brief,	vitamin	D	in	
the	 blood	 sample	 binds	 to	 anti-	vitamin	 D-	coated	 microparticles.	
After	incubation,	biotinylated	vitamin	D	and	anti-	Biotin	acridinium-	
labeled conjugate complexes were added to the reaction mixture 
and	bound	 to	 the	anti-	vitamin	D-	coated	particles.	After	washing,	
pre-	trigger	solution	and	trigger	solution	were	added	to	the	reaction	
mixture. The resulting chemiluminescent reaction was measured as 
relative light units (RLUs) to calculate the amount of vitamin D in 
the sample.

The	 following	ELISA	kits	were	used	 to	determine	 the	 levels	of	
indicated	 components	 in	 the	 plasma:	 GSH	 (#BS-	E4238,	 Jiangsu	
Boshen	Biotech	company),	GCL	(#BS-	E7713,	Jiangsu	Boshen	Biotech	
company),	MCP-	1	 (#BS-	E4072,	 Jiangsu	Boshen	Biotech	 company),	
and	 IL-	8	 (#BS-	E3976,	 Jiangsu	Boshen	Biotech	company),	using	 the	
KHB	ST-	960	Microplate	Reader.	 ELISA	 is	 an	 immunoassay;	 briefly	
speaking, samples were incubated with the solidified antibody of in-
dicated	molecules	and	enzymatic	labeling	of	antibody	sequentially.	
Then, after adding the substrate of the enzyme, the substrate was 
catalyzed by the enzyme into colored products. The amount of the 
indicated molecules was positively linearly related to the amount of 
the colored products, so the concentrations of the tested molecules 
could be calculated.

The plasma concentrations of GR were tested using the U.V. spec-
trophotometric	method	(Zhongtuo	biomedical	Co.,	Ltd	#ZF2110F).	
GR	catalyzes	the	reduction	of	GSSG	to	GSH	using	NADPH,	measur-
ing	the	decrease	in	the	rate	of	NADPH	absorption	peak	at	340nm	to	
calculate the activity of GR.
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All	appropriate	tests,	controls,	and	standards	were	measured	ac-
cording to the manufacturer's instructions.

2.3  |  Statistical analysis

The results are expressed as mean ± standard error. The statisti-
cal difference between groups was analyzed using Student's t-test.	
Pearson's correlation analysis was performed to determine the rela-
tionships between variables. The results were considered significant 
at p < 0.05. The statistical calculations were done using GraphPad 
Prism 8.0.

3  |  RESULTS

3.1  |  T2DM patients have severer oxidative stress 
and lower vitamin D levels

Based on the promising correlation between vitamin D, GSH, and 
oxidative stress in T2DM patients, we investigated how the levels 
of those factors would change in T2DM patients compared with 
healthy persons. More importantly, we wanted to study how the 
serum levels of GSH and inflammatory factors would change in 
T2DM patients who accepted 400 U vitamin D3 supplementation 
for 90 days.

A	total	of	280	subjects	were	included	in	this	study:	178	(63.6%)	
were diagnosed with T2DM and the others were healthy donors 
with	normal	glucose	metabolism.	Among	the	T2DM	patients,	 they	
were randomly assigned to receive either the extra vitamin D sup-
plementation (n = 86) or not (n = 92) in addition to standard medi-
cation treatments.

We first investigated oxidative stress in T2DM patients by test-
ing	the	MCP-	1	and	IL-	8	levels	in	the	serum.	The	results	showed	that	
the	serum	levels	of	inflammatory	biomarker	MCP-	1	are	much	higher	
in the T2DM patients compared with healthy donors (53.64007 ± 
35.91807 vs. 20.82569 ± 7.95332 pg/ml; p <	0.0001),	as	well	as	IL-	8	
(37.76807 ± 22.57844 vs. 10.06893 ± 4.641069 pg/ml; p < 0.0001) 
(Figure 1A-	B), which indicates that the oxidative stress levels are 
much severer in T2DM patients.

On the other hand, we also tested the serum vitamin D levels of 
patients with T2DM and healthy donors. It is shown that serum vita-
min D levels of T2DM patients (20.04 ± 6.85 ng/ml) are significantly 
lower than that of healthy donors (32.71 ± 13.83 ng/ml; Figure 1C).

These results suggested that T2DM patients generally lack vita-
min D and are in a high oxidative and inflammatory condition.

We also found that the concentrations of blood inflammatory 
markers are significantly negatively correlated with the vitamin D 
levels (Figure 1D-	G), irrespective of healthy donor group or T2DM 
group, indicating that vitamin D may reduce the oxidative and inflam-
matory levels, which are consistent with previous studies.15,16,26,27

In the vitamin D group, after the supplementation of vitamin 
D for 90 days, the serum vitamin D levels significantly increased 

and were back to normal levels (36.57654321 ± 12.66437866 
vs. 17.21851852 ± 7.950170603 ng/ml; Figure 2A). These results 
showed that the supplementation of vitamin D besides regular treat-
ment could recover the deficiency of vitamin D in the blood of these 
patients.	In	the	meanwhile,	the	MCP-	1	and	IL-	8	levels	were	signifi-
cantly lower in the blood of T2DM patients after adjuvant treatment 
of	vitamin	D.	MCP-	1	levels	decreased	from	51.11	± 20.86 pg/ml to 
25.42 ±	13.06	pg/ml,	 and	 the	concentrations	of	 IL-	8	also	 reduced	
from 38.21 ± 21.76 to 16.05 ± 8.99 pg/ml (Figure 2B, C).

The result showed that active vitamin D3 could effectively lower 
the oxidative stress in T2DM patients.

3.2  |  Vitamin D lowers the oxidative stress by 
increasing the activity of GSH formation

With the evidence that vitamin D participates in the metabolism of 
GSH,28,29 it functions as an effective antioxidant. It plays a vital role 
in alleviating the progression of diabetes and its complications. We 
also investigated the serum levels of GSH and its related metabolic 
enzymes GR and GCLC in T2DM patients. Concentrations of GSH in 
the healthy donor group and T2DM patients were 3.36 ± 0.52 and 
2.75 ± 0.89 μmol/ml, respectively (Figure 3A).	As	expected,	T2DM	
patients with lower vitamin D levels had lower levels of GSH in their 
blood. GR and GCLC are the two key enzymes that regulate the syn-
thesis of GSH. Likewise, there were significantly lower GR and GCLC 
activities in T2DM patients than in healthy donors (Figure 3B, C). 
GR levels were 20.18 ± 17.42 vs. 65.11 ± 16.05 ng/L, and the GCLC 
activities were 42.74 ± 37.6 vs. 89.86 ± 90.72 U/mL.

In the vitamin D group, after supplying vitamin D, GSH levels 
were increased from 2.72 ± 0.84 to 5.76 ± 3.19 μmol/mL, even 
slightly higher than the healthy persons (Figure 3D).	 At	 the	 same	
time, vitamin D increased GR levels from 19.50 ± 9.29 to 56.55 ± 
17.76 ng/L and the activities of GCLC were also enhanced from 
36.86 ± 22.47 vs. 95.93 ± 96.67 U/mL (Figure 3E,	F). The results in-
dicate that extra vitamin D supplements could significantly increase 
the formation and stabilization of GSH.

There was a positive correlation between blood vitamin D levels 
and GSH in healthy persons and T2DM patients, so were the two en-
zymes GR and GCLC (Figure 4A-	C).	These	results	are	consistent	with	
the conclusions that vitamin D could upregulate the formation of 
GSH,28 which also indicates that vitamin D could regulate the serum 
levels of GSH by affecting the concentrations and activities of GSH 
synthesis enzymes GR and GCLC.

On	the	other	hand,	we	found	that	the	concentrations	of	MCP-	1	
and	 IL-	8	 are	 also	 significantly	 negatively	 correlated	with	 the	GSH	
levels (Figure 5A,	B),	irrespective	of	healthy	donor	group	or	T2DM	
group, indicating that GSH is upregulated by vitamin D and thereby 
alleviates the oxidative stress and inflammatory conditions.

In conclusion, the results above indicate that the supplemen-
tation of vitamin D in the treatment of diabetes is a benefit for 
T2DM patients. Vitamin D could significantly induce the formation 
of GSH by increasing and activating GCLC and GR, which could 



4 of 8  |     GU et al.

consequently	 reduce	 the	oxidation	and	 the	 secretion	of	 inflamma-
tion	cytokines	like	MCP-	1	and	IL-	8	in	T2DM	patients,	thereby	slow-
ing down the progressive deterioration of diabetes and reducing the 
risks of complications.

4  |  DISCUSSION

Under the induction of obesity, unhealthy lifestyle, aging, and 
other	 risk	 factors,	 the	diabetic-	susceptible	population	will	develop	
pancreatic β-	cell	 dysfunction	 and	 insulin	 resistance,	 leading	 to	
hyperglycemia.

Oxidative stress is involved in the occurrence and development 
of T2DM and its complications; therefore, related research on the 
prevention and control of T2DM is urgent. Previous studies have 
shown that the high glucose and free fatty acids level in plasma 

increases oxidative stress by enhancing the production of free rad-
icals.30 High glucose levels in the blood could boost the production 
of oxidative radicals, leading to insulin resistance, impaired insulin 
secretion, and diabetic vascular lesions,31-	33 accelerating the deteri-
oration of diabetes. On the other hand, high glucose levels may also 
cause oxidative stress30,34,35 and activate inflammatory responses 
in the body, causing the development and acceleration of a series of 
complications.23,36,37

High glucose concentrations induce the secretion of inflam-
matory	cytokine	MCP-	1	by	activating	 the	 reactive	oxygen	species	
(ROS)	and	NF-	κB pathways.5,6	MCP-	1	also	has	a	potential	effect	on	
promoting renal complications in T2DM patients.38 Hyperglycemia 
is also positively correlated to the high level of leukocyte interleu-
kin-	8	 (IL-	8),	which	 results	 in	 a	 severe	 complication	of	 diabetic	 en-
cephalopathy.5	 In	 addition,	ROS	mediates	 the	 activation	of	NF-	κB 
pathways	and	induces	the	expression	of	IL-	8.39,40

F I G U R E  1 T2DM	patients	have	high	inflammatory	marker	levels	and	lower	vitamin	D	levels.	The	serum	MCP-	1	(A),	IL-	8	(B),	and	vitamin	D	
(C)	levels	of	patients	with	T2DM	and	healthy	donors.	(D-	G)	The	correlations	between	blood	vitamin	D	and	MCP-	1	or	IL-	8	levels	of	patients	
with T2DM and healthy donors. (ns: not significant, *: p < 0.05, **: p < 0.01, ***: p < 0.001, ****: p< 0.0001.)
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GSH is closely related to oxidative stress, which could scavenge 
oxygen free radicals effectively. Glutathione (GSH) is a tripeptide 
containing glutamate, cysteine, and glycine. GSH is an effective 
physiological antioxidant that helps to reduce the reactive oxygen 
level in the plasma. The deficiency of GSH positively correlates 
with aging and the prevalence of metabolic and cardiovascular dis-
eases.41	GSH	exists	in	both	reduced	glutathione	(G-	SH)	and	oxidized	
glutathione (GSSG) in blood. GSH is a convincing suppressor of ra-
diative stress,42,43 which contributes to the impairment of cells and 
tissues, leading to the progression of diabetes and the development 
of complications, as well as the dysregulation of other types of met-
abolic cycles.44 GSH participates in many physiological and patho-
logical processes, such as detoxification, regulates cell viability, and 

participates in the progression of chronic diseases like cardiovas-
cular diseases, immune diseases, and diabetes.23 Biosynthesis of 
GSH is tightly regulated by GCL activity, the catalytic component of 
which is GCLC. GR is responsible for maintaining the reduced form 
of GSH, which is responsible for eliminating radical oxidants.

Vitamin	 D	 possesses	 high	 antioxidant	 and	 anti-	inflammatory	
properties. It can effectively modulate the levels of GSH by affecting 
the activity and the expression levels of critical enzymes like GSH 
peroxidase superoxide dismutase (GPx1) and GR in GSH metabo-
lism.19 It is reported that the supplementation of vitamin D could 
significantly reduce the incidence of gestational diabetes and de-
crease the prevalence of kidney or cardiovascular complications in 
T2DM patients.45 Some studies indicated that supplementation with 

F I G U R E  2 Vitamin	D	supplementation	down-	regulates	the	oxidative	stress.	The	serum	vitamin	D	(A),	MCP-	1	(B),	and	IL-	8	(C)	levels	in	
T2DM patients before and after the supplement of vitamin D. (ns: not significant, *: p < 0.05, **: p < 0.01, ***: p < 0.001, ****: p < 0.0001.)
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< 0.05, **: p < 0.01, ***: p < 0.001, ****: p < 0.0001.)
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vitamin D could modulate the inflammation symptoms and improve 
the defense against some chronic infections.26,27,46

However, the prevalence of vitamin D deficiency is surprisingly 
high and widespread among all ages and worldwide, and it may be 
associated with several chronic diseases,47,48 including type 2 diabe-
tes. Studies on the relationship between hyperglycemia, oxidative 
stress, and GSH implied that reductive glutathione could lower the 
oxidative stress, helping to control the circular glucose level and its 
complications.49 Oxidative stress and diabetes, these two processes 
are likely to reinforce each other. However, the relationships be-
tween GSH, oxidative stress, and inflammatory cytokines remain to 
be investigated in T2DM patients.

According	to	our	results,	Vitamin	D	could	induce	the	production	
of GSH by mediating the upregulation of GCLC and GR, thereby re-
ducing	the	serum	levels	of	MCP-	1	and	IL-	8	to	prevent	the	progres-
sion of diabetes and the incidence of complications.

This study found that vitamin D supplementation to increase 
GSH was beneficial in patients with T2DM, as demonstrated by re-
ducing	inflammatory	factors	MCP-	1	and	IL-	8	in	patients’	blood.	Our	
results suggest that vitamin D could increase the stability of GR/
GCLC by protecting them from degradation, and the mechanisms 
could be investigated in a further study.

We speculated that vitamin D might reduce the risk of complica-
tions of T2DM caused by the activated inflammatory processes, like 

F I G U R E  4 Correlations	between	blood	
vitamin	D	and	GSH	(A),	GCLC	(B),	GR(C)	
levels of patients in healthy donors and 
the T2DM group
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the	other	anti-	inflammatory	agents.50-	52  Therefore, T2DM patients 
can benefit from vitamin D supplementation.

We conducted this study to investigate the predictive value 
of vitamin D and GSH level assessment in T2DM disease surveil-
lance and patient prognosis. This study provides evidence for the 
necessity and feasibility of adjuvant vitamin D therapy for T2DM 
patients and further expands the application of vitamin D in disease 
treatment. On the other hand, the detections of vitamin D, GSH, 
GR,	GCLC,	MCP-	1,	and	IL-	8	are	widely	available	in	the	department	
of laboratory medicine, and physicians can regularly monitor these 
indicators and formulate the treatments according to the health sit-
uation of the patient.

We	also	conducted	a	follow-	up	study	of	T2DM	patients	supple-
mented with vitamin D to observe whether their prognosis would be 
better and the incidence of complications would be lower to evaluate 
the value of vitamin D in the adjuvant treatment of T2DM patients, 
providing evidence that vitamin D could be a promising biomarker 
of diabetes progression, as well as new guidance for the research on 
the development of diabetes.

This	study	is	a	single-	center	study	with	several	potential	limita-
tions, our study only includes patients in our hospital, and contin-
uous	measurements	need	to	be	further	 investigated.	At	the	same	
time, racial and ethnic differences and biorhythm differences exist. 
But our study demonstrated the ability of vitamin D to improve cir-
culating GSH levels and reduce inflammatory factors. These find-
ings could provide evidence of the beneficial effects of vitamin D 
supplementation in patients with T2DM. In addition, the regular 
inspection of vitamin D and GSH concentrations in the blood of 
T2DM patients is a promising way to monitor the progression of 
this disease.
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