
O R I G I N A L  R E S E A R C H

Differences and Clinical Significance of Serum 
25-Hydroxyvitamin D3 and Vasohibin-1 (VASH-1) 
Levels in Patients with Diabetic Nephropathy and 
Different Renal Injuries
Hui Liu1, Dongyan Wang1, Jingnan Tang1, Linlin Yu2, Shanshan Su 1

1Department of Nephrology, Affiliated Hospital of Shandong University of Traditional Chinese Medicine, Jinan, Shandong, People’s Republic of China; 
2Department of Science and Technology, Affiliated Hospital of Shandong University of Traditional Chinese Medicine, Jinan, Shandong, People’s 
Republic of China

Correspondence: Shanshan Su, Department of Nephrology, Affiliated Hospital of Shandong University of Traditional Chinese Medicine, Jinan, 
Shandong, People’s Republic of China, Email sushan8223@163.com 

Objective: We investigate the relationship between the changes of serum 25-hydroxyvitamin D3 (25(OH)D3) and vasohibin-1 
(VASH-1) and renal function injury in patients with type 2 diabetic nephropathy.
Methods: In this study, 143 patients with diabetic nephropathy (DN) were selected as DN group, and 80 patients with type 2 diabetes 
mellitus were selected as T2DM group. The serum 25 (OH) D3, VASH-1, blood glucose index, inflammation index and renal function 
index were compared between the two groups. According to the urinary microalbumin/creatinine ratio (UACR), the DN group was 
divided into microalbuminuria group (UACR range≥30.0mg/g and <300.0mg/g) and macroalbuminuria group (UACR≥300.0mg/g) for 
stratified comparison. The correlation between 25-hydroxyvitamin D3, VASH-1 and inflammation index and renal function index was 
analyzed by simple linear correlation analysis.
Results: The level of 25 (OH) D3 in DN group was significantly lower than that in T2DM group (P<0.05). The levels of VASH-1, 
CysC, BUN, Scr, 24h urine protein, serum CRP, TGF-β1, TNF-α and IL-6 in DN group were higher than those in T2DM group 
(P<0.05). The level of 25 (OH) D3 in DN patients with massive proteinuria was significantly lower than that in DN patients with 
microalbuminuria. The level of VASH-1 in DN patients with massive proteinuria was higher than that in DN patients with 
microalbuminuria (P<0.05). There was a negative correlation between 25 (OH) D3 and CysC, BUN, Scr, 24h urine protein, CRP, 
TGF-β1, TNF-α, IL-6 in patients with DN (P<0.05). VASH-1 was positively correlated with Scr, 24h urinary protein, CRP, TGF-β1, 
TNF-α and IL-6 in patients with DN (P<0.05).
Conclusion: The level of serum 25 (OH) D3 in DN patients was considerably decreased, and the level of VASH-1 was increased, 
which was related to the degree of renal function injury and inflammatory response.
Keywords: 25 hydroxyvitamin D3, angiogenesis inhibitor protein 1, type 2 diabetes, diabetic nephropathy, renal function damage, 
inflammation indicators

Introduction
Diabetes is a metabolic disease characterized by hyperglycemia due to defective insulin secretion or impaired biological 
function, or both.1,2 The constitution of diabetes in China is mainly type 2 diabetes (T2DM), and long-term elevated 
blood sugar can lead to eye, kidney, heart, blood vessels, nerve chronic damage and dysfunction.2–4 Diabetic nephropathy 
is one of the most important complications of diabetic patients, which is featured by progressive reduction of proteinuria 
and glomerular filtration rate (GFR). There are no obvious symptoms in the early stage of the disease. Once it develops to 
the end stage, irreversible renal function damage will occur, making the treatment more difficult.5–7 Therefore, early 
prediction of diabetic nephropathy is particularly important. Serum 25-hydroxyvitamin D3 refers to activated vitamin D3, 
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which must be activated by kidney and liver to achieve calcium absorption. Therefore, serum 25-hydroxyvitamin D3 
level can reflect renal function and serve as a serum marker for predicting diabetic nephropathy.8,9 Vasohibin-1 (VASH-1) 
is considered to be the only protein with negative regulation of angiogenesis derived from endothelial cells, which can be 
induced by vascular endothelial growth factor 2 and basic fibroblast growth factor 2. VASH-1 inhibits angiogenesis by 
targeting multiple factors, blocks the synthesis and release of angiogenic factors, and antagonizes their effects. Studies 
have shown that VASH-1 has a protective effect on renal function in patients with diabetic nephropathy.10 Therefore, this 
study explored the differences and clinical significance of serum 25-hydroxyvitamin D3 and VASH-1 levels in patients 
with diabetic nephropathy and different renal injuries.

Data and Methods
General Information
In this study, 143 patients with diabetic nephropathy (DN) diagnosed in our hospital were selected as DN group, and 80 
patients with simple type 2 diabetes diagnosed in the same period were selected as T2DM group. This study complied 
with the Declaration of Helsinki.

Inclusion criteria: (1) The age range of the subjects selected in this study was 50–79 years old. (2) Diagnostic criteria 
for type 2 diabetes7 reference to the people’s health press, the ninth edition of the ‘internal medicine’11 standard, diabetic 
nephropathy in patients with urinary albumin creatinine ratio (UACR)≥30.0mg/g. (3) All included patients were willing 
to accept the relevant examination of this study. (4) Patients signed informed consent before the implementation of this 
study. This study was approved by the Medical Ethics Committee of Affiliated Hospital of Shandong University of 
Traditional Chinese Medicine. Exclusion criteria: (1) Patients with malignant tumor. (2) With primary kidney disease 
(pyelonephritis, chronic glomerulonephritis, immune system diseases, etc.). (3) Patients with kidney stones. (4) Patients 
with severe infection. (5) Drug-induced renal injury. (6) Recent use of drugs affecting renal function.

Observation Indicators and Detection Methods
According to urine PCR, the patients were divided into microalbuminuria group and macroalbuminuria group. Serum 25 
(OH) D3, VASH-1, fasting plasma glucose (FPG), fasting insulin (Fins), glycosylated hemoglobin (HbA1c), C-reactive 
protein (CRP), transforming growth factor-β1 (TGF-β1), tumor necrosis factor-α (TNF-α), interleukin-6 (IL-6), cystatin 
C (CysC), urea nitrogen (BUN), serum creatinine (Scr) and 24-h urine protein were compared between the two groups.

Fasting blood samples were collected from patients in the morning, centrifuged at 1000r/min with a radius of 10cm 
for 20min to separate serum. Serum 25 (OH) D3 level was detected by serum 25 (OH) D3 kit (provided by Suzhou 
Boyuan Medical Technology Co., Ltd.). VASH-1 level was detected by VASH-1 kit (provided by Suzhou Boyuan 
Medical Technology Co., Ltd.). Enzyme-linked immunosorbent assay kit (provided by Suzhou Boyuan Medical 
Technology Co., Ltd.) was used to detect FPG, Fins, HbA1 c, CRP, TGF-β1, TNF-α, IL-6, CysC, BUN, Scr and 24 
h urine protein levels.

Statistical Method
The data were processed by SPSS21.0. The normal distribution of 25 (OH) D3, VASH-1, CRP, TGF-β1, TNF-α, IL-6 and 
other counting data collected in this study were described by (�x� s). The independent sample t test was used to compare 
the hypothesis test between the two groups. Count data (gender, personal history, combined disease) were described by 
the number of cases (percentage). Non-hierarchical count data between groups were analyzed by χ2 test and Pearson 
method for correlation analysis.

Results
Comparison of Baseline Data Between DN Group and T2DM Group
The baseline data of the two groups are compared in Table 1, and there was good comparability and balance between the 
two groups.

https://doi.org/10.2147/DMSO.S405554                                                                                                                                                                                                                               

DovePress                                                                                                                                

Diabetes, Metabolic Syndrome and Obesity 2023:16 1086

Liu et al                                                                                                                                                               Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Comparison of 25 (OH) D3 and VASH-1 Levels Between DN Group and T2DM 
Group
After a comparative analysis, the level of 25 (OH) D3 in the DN group was significantly lower than that in the T2 DM 
group, and the level of VASH-1 in the DN group was higher than that in the T2 DM group (P<0.05). See Table 2.

Comparison of Blood Glucose and Renal Function Indexes Between DN Group and 
T2 DM Group
After comparative analysis, CysC, BUN, Scr, 24h urine protein of DN group were higher than T2DM group (P<0.05). 
The levels of FPG, Fins and HbA1c were compared between DN group and T2DM group (P>0.05). See Table 3.

Comparison of Inflammatory Markers Between DN Group and T2DM Group
After a comparative analysis, the levels of serum CRP, TGF-β1, TNF-α and IL-6 in DN group were higher than those in 
T2DM group (P<0.05). See Table 4.

Comparison of 25 (OH) D3 and VASH-1 Levels in DN Patients with Different 
Conditions
After a comparative analysis, the level of 25 (OH) D3 in DN patients with massive proteinuria was significantly lower 
than that in DN patients with microalbuminuria, and the level of VASH-1 in DN patients with massive proteinuria was 
higher than that in DN patients with microalbuminuria (P<0.05). See Table 5.

Table 1 Comparison of Baseline Data Between Two Groups of Patients

Groups n Age (Years Old) BMI (kg/m2) Gender (%) Smoking (%) Drinking (%) Hypertension (%) Lipid Abnormality (%)

Male Female

DN group 143 67.5±7.3 24.16±1.70 87(60.84) 56(39.16) 50(34.97) 67(46.85) 56(39.16) 77(53.85)

T2DM group 80 65.8±7.8 24.00±1.81 43(53.75) 37(46.25) 24(30.00) 31(38.75) 38(47.50) 48(60.00)

t/χ2 1.627 0.659 1.060 0.570 1.367 1.463 0.789

P 0.105 0.511 0.303 0.450 0.242 0.226 0.375

Table 2 Comparison of 25 (OH) D3 and VASH-1 Levels 
Between DN Group and T2DM Group (�x� s)

Groups n 25 (OH) D3 (ng/mL) VASH-1 (ng/L)

DN group 143 19.66±6.10 443.1±66.8

T2DM group 80 28.18±8.45 328.6±57.1

t −8.679 12.914
P 0.000 0.000

Table 3 Comparison of Blood Glucose and Renal Function Indexes Between DN Group and T2 DM Group (�x� s)

Groups n FPG (mmol/L) Fins (mmol/L) HbA1c (%) CysC (mg/L) BUN (mmol/L) Scr (μmol/L) 24h Urine Protein (g/24h)

DN group 143 8.65±1.30 12.49±2.81 8.51±0.89 1.10±0.34 14.59±4.40 154.2±18.7 2.89±0.85

T2DM group 80 8.38±1.14 12.01±2.55 8.34±0.80 0.85±0.20 8.30±2.21 104.3±11.8 0.16±0.05

t 1.553 1.264 1.418 6.016 11.962 21.573 28.671

P 0.122 0.208 0.158 0.000 0.000 0.000 0.000
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Correlation of 25 (OH) D3 and VASH-1 Levels with Inflammatory Indexes and Renal 
Function Indexes in DN Group
There was a negative correlation between 25 (OH) D3 and CysC, BUN, Scr, 24h urine protein, CRP, TGF-β1, TNF-α, IL- 
6 in patients with DN (P<0.05). VASH-1 was positively correlated with Scr, 24h urinary protein, CRP, TGF-β1, TNF-α 
and IL-6 in patients with DN (P<0.05). See Table 6 and Table 7.

Table 4 Comparison of Inflammatory Markers Between DN Group and T2DM 
Group (�x� s)

Groups n CRP (mg/L) TGF-β1 (μg/L) TNF-α (ng/L) IL-6 (ng/L)

DN group 143 7.45±1.85 13.94±2.61 40.72±9.56 36.77±9.04

T2DM group 80 3.96±0.81 12.55±2.44 17.40±4.41 18.30±5.20

t 16.024 3.903 20.610 16.777
P 0.000 0.000 0.000 0.000

Table 5 Comparison of 25 (OH) D3 and VASH-1 Levels in DN Patients 
with Different Conditions (�x� s)

Groups n 25 (OH) D3 (ng/mL) VASH-1 (ng/L)

Microalbuminuria group 88 21.76±5.81 414.8±64.2

Massive proteinuria group 55 16.30±5.54 488.4±57.0
t 5.565 −6.958

P 0.000 0.000

Table 6 Correlation Between 25 (OH) D3, VASH-1 
and Renal Function Indexes in Patients with DN

Index 25 (OH) D3 VASH-1

r P r P

CysC −0.517 0.000 0.311 0.081

BUN −0.486 0.005 0.274 0.136
Scr −0.491 0.003 0.362 0.041

24hurine protein −0.511 0.000 0.442 0.011

Table 7 Correlation Between 25 (OH) D3, VASH-1 
Levels and Inflammatory Markers in Patients with DN

Index 25 (OH) D3 VASH-1

r P r P

CRP −0.544 0.000 0.401 0.036
TGF-β1 −0.536 0.000 0.461 0.004

TNF-α −0.628 0.000 0.552 0.000

IL-6 −0.591 0.000 0.573 0.000
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Discussion
Diabetes is a high blood sugar caused by insulin resistance and a relative lack of insulin. The typical symptoms are ‘three 
more and one less’, that is, more drinking, more eating, more urine but weight loss.12,13 The disease is easy to cause 
complications such as kidney disease, retinopathy, and diabetic foot. Among them, diabetic nephropathy is the most 
common one, which is generally related to genetic and metabolic abnormalities caused by hyperglycemia. Diabetic 
nephropathy must be controlled in the early stage. If it develops to the end stage, it will cause renal failure, thus 
increasing the difficulty of treatment and mortality.14–17 Therefore, early use of serum indicators to predict diabetic 
nephropathy is particularly important. Studies have shown that 25 (OH) D3 can be used as a predictor of diabetic 
nephropathy.18 However, there are few studies on the value of VASH-1 in diabetic nephropathy.

In this study, the levels of 25 (OH) D3 and VASH-1 were compared between the two groups. The results showed that 
the level of 25 (OH) D3 in DN group was significantly lower than that in T2DM group, and the level of VASH-1 was 
higher than that in T2DM group. Vitamin D3 and its derivatives can effectively protect renal function and reduce 
proteinuria. The level of 25 (OH) D3 is closely related to obesity, diabetes, urinary protein and urinary inflammatory 
cytokines. Vitamin D is synthesized by human skin after ultraviolet irradiation and intake from food or supplements. 
Vitamin D enters the human body binds to vitamin D receptors and is transported to the kidney, which is hydroxylated 
into 1,25-dihydroxyvitamin D3 under the action of 1-αhydroxylase in the kidney. Therefore, in the event of renal injury, 
patients will show a significant reduction in serum 25 (OH) D3 levels, and the results of this study were consistent with 
those of previous studies.19–21 At the same time, VASH-1 is an endothelial-derived secretory protein regulated by 
angiogenic factors, which can promote the proliferation and metastasis of endothelial cells and affect new angiogenesis.22 

The progression of diabetic nephropathy is often accompanied by new angiogenesis. Therefore, VASH-1 is increased in 
this process to protect the kidney from stress response and promote the proliferation of vascular endothelial 
inhibitors.23,24

In this study, the renal function indexes of the two groups were compared. The results showed that CysC, BUN, Scr 
and 24 h urine protein in the DN group were significantly higher than those in the T2 DM group, indicating that the renal 
function of patients with diabetic nephropathy was worse than that of patients with simple diabetes. CysC, BUN, Scr and 
24 h urine protein are stable indicators for evaluating renal function.25,26

In this study, the inflammatory indexes of the two groups were compared. The results showed that the levels of serum 
CRP, TGF-β1, TNF-α and IL-6 in the DN group were significantly higher than those in the T2DM group, indicating that 
the inflammation level of diabetic nephropathy patients was higher than that of simple diabetic patients.27,28 CRP is an 
acute reactive protein and a marker of inflammation in the body.29,30 TNF-α is a cytokine that can cause hemorrhagic 
necrosis in a variety of tumors. TGF-β is a cytokine that regulates cell growth and differentiation. IL-6 is a small cytokine 
or signal protein secreted by cells. Among them, there is often a high level of TGF-β in the active tissue of cell 
differentiation, such as osteoblasts, kidneys, bone marrow and hematopoietic cells of fetal liver.31,32 When inflammation 
occurs in human organs, TGF-β can promote the production of IL-6 in human fibroblasts, promote the expression of 
extracellular matrix through the regulation of IL-6 gene transcription, and induce cell proliferation and 
differentiation.33,34 Therefore, when renal function is damaged, cytokines have a protective response to stress and 
promote factor proliferation and differentiation, which is manifested by a significant increase in serum CRP, TGF-β1, 
TNF-α, and IL-6 levels.

This study showed that the level of 25 (OH) D3 in DN patients with massive proteinuria was significantly lower than 
that in DN patients with microalbuminuria, and the level of VASH-1 was higher than that in DN patients with 
microalbuminuria. Studies have shown that in patients with vitamin D deficiency, there will be trace or large proteinuria 
risk, and over time, proteinuria levels will gradually increase.35–41 Because vitamin D needs to bind to the receptor, it is 
hydroxylated to 25 (OH) D3 under the action of 1-αhydroxylase, so vitamin D is insufficient, and the 25 (OH) D3 level 
of DN patients with massive proteinuria will be significantly reduced.42,43 VASH-1 binds to receptors on renal mesangial 
cells and reduces urinary protein production by activating the NK-κB pathway, whereas VASH-1 consumes large 
amounts of secreted proteins to reduce proteinuria.44–46 Therefore, the level of VASH-1 in DN patients with massive 
proteinuria will be significantly increased.
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This study showed that 25 (OH) D3 in DN patients was significantly negatively correlated with CysC, BUN, Scr, 24 
h urine protein, CRP, TGF-β1, TNF-α and IL-6 (P<0.05). VASH-1 was positively correlated with Scr, 24 h urine protein, 
CRP, TGF-β1, TNF-α and IL-6, indicating that 25 (OH) D3 and VASH-1 levels were related to renal function and 
inflammatory indicators and were related to the degree of renal function injury. The results further confirmed the above 
inference, indicating that serum 25 (OH) D3 and VASH-1 can be used as indicators to evaluate the degree of renal 
function damage.

In summary, the level of serum 25 (OH) D3 in patients with DN was significantly decreased, and the level of VASH-1 
was increased, which was related to the degree of renal function injury and inflammatory response.
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