Vitamin D network in Type 1 Diabetes and diabetic nephropathy in children
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Abstract
Vitamin D deficiency is a great problem worldwide. Vitamin D plays essential role in calcium and bone metabolism. The vitamin D receptors presented in all cell types.  In vitro and in vivo studies show their role in transcription of multiple genes. 
Diabetic nephropathy (DN) is a dangerous kidney-related complication of type 1 diabetes. DN characterizes by presence of albuminuria, which in turn causes renal disease progression and cardiovascular complications.  
Aim of the study was to evaluate levels of Vitamin D3 in patients with T1D and Diabetic nephropathy; to study the dependence between the Vitamin D level and main clinical and laboratory parameters of the disease (duration, complications episodes, albuminuria levels, blood pressure, GFR).
We conclude that Vitamin D has direct relationship with functional disorders with DN, i.e. albuminuria, GFR, kidney function. Further investigations of Vitamin D supplementation on different stages of the ND development and progression needed. 
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Introduction
Vitamin D is a lipid-soluble, secosteroid hormone. Vitamin D plays a crucial role in a numerous of physiological functions and associating vitamin D deficiency with many acute and chronic illnesses including disorders of calcium metabolism, autoimmune diseases, some cancers, types 1 and 2 diabetes mellitus, cardiovascular disease and infectious diseases. Vitamin D deficiency is now recognized as a global pandemic. The major cause for vitamin D deficiency is the lack of appreciation that sun exposure has been and continues to be the major source of vitamin D for children and adults of all ages. It plays primary essential role in calcium homeostasis regulation. [1-3] (Figure 1).
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Figure 1. Chemical structures of Vitamin D2 (A) and Vitamin D3 (B).

To evaluate the vitamin D status in humans the 25(OH)D measurement in  blood is commonly used method [1,2]. Following scale using to evaluate the results:  >30 ng/mL (>75 nmol/L) - sufficient, 20–30 ng/mL (50–75 nmol/L) - insufficient, 10–20 ng/mL (25–50 nmol/L) - deficient, and <10 ng/mL (<25 nmol/l) as severe deficient.









[bookmark: _GoBack]Vitamin D receptors (VDR) expressed in all human cell types. VDR and Vitamin D regulate multiple biological processes through the gene regulation [3,4]. Vitamin D and it’s role in understanding the basic processes of kidney and cardiovascular diseases pathogenesis are crucial for further treatment strategies [5-7].
Aim of the study was to evaluate levels of Vitamin D3 in patients with T1D and Diabetic nephropathy; to study the dependence between the Vitamin D level and main clinical and laboratory parameters of the disease (duration, complications episodes, albuminuria levels, blood pressure, GFR).  

Material and methods
A survey of 72 children (33 males, 39 females) with T1D and DN aged 3 to 17 years in Endocrinology unit on Clinical Pediatric Hospital №6 (Kyiv, Ukraine) done. Informed consent taken from all patients and their families. The study was approved by the hospital local ethics committee. All informed consents were signed by children (≥12 years old) themselves and/or by their parents and kept in medical records. Study conducted in Clinical Pediatric Hospital №6 where the Clinical Base of the Department of Pediatrics №4 of Bogomolets National Medical University located. Control group included 27 healthy children (12 males and 15 females). Complex examination including conventional methods (physical examination, blood pressure measurement, blood tests, study of urinary sediment, renal ultrasound etc.) done to all patients.
Urinary albumin excretion measured in 24-hour urine collection samples using basic conventional technique established in Clinical Pediatric Hospital №6. Vitamin D3 levels studied using ELISA assay and commercially available kit (Vitamin D3 (human) ELISA kit (BioVision, USA).
Results processed using the methods of variation statistics (STATISTICA 6.0) and non-parametric statistical approaches (Mann-Whitney test). Spearman correlation coefficient used to express associations between parameters. Results are presented as Mean ± SEM, was considered statistically significant level of P<0.05.

Results
The study covered analysis of data from 2015 to 2020. cluding children with T1DM followed in the Endocrinology unit of Clinical Pediatric Hospital №6 (Kyiv, Ukraine). Group entitled T1D were patients included in to the study after the onset of T1D up to 1 year of the disease duration. Group of children with DN included patients with disease duration at least 1 year and longer. The average disease duration in this group is 6,15 years.
All patients were seen every 3 months and all were on multiple flexible dosing intervals of insulin treatment. Chronological age, diabetes duration, weight, height, body mass index (BMI), blood pressure, Hb1Ac, serum cholesterol recorded during each visit to hospital. WHO BMI-for-age z-scores for boys and girls used to assess the BMI values in children included into the study. Children considered to have a normal body weight once their weight-for-height Z scores observed within the interval 0 to <±1. Based on basic clinical data all patients divided into groups (Table. 1).

Clinical characteristics of patients
Table 1
	Parameter
	Control group
	T1D
	DN group (T1D with diabetic nephropathy)

	Age
	11,34±1,3
	11,59±3,46
	14,35±4,09

	Boys/girls
	13/12
	16/17
	17/22

	Body weight, kg
	51,41±2,33
	51,09±2,19 
	52±4,01

	Hight, cm
	150,3±2,03
	151,36±4,43 
	153,02±2,98**

	BMI, kg/m2
	18,33±0,85
	18,06±0,98
	18,01±0,19

	Serum creatinine, mcmol/mL
	56,02±3,22**
	42,6±2,89
	57,33±1,22**

	Albuminuria, mg/day 
	10±1,07 
	32±10,01
	398,49±13,67**

	Hb1cA, %
	 2,11±0,1
	9,9±0,24**
	9,35±0,52**

	Systolic blood pressure, mmHg
	113,34±0,18 **
	96,22±3,8
	128,01±1,92**
 

	Diastolic blood pressure, mmHg
	67,2±1,25
	64,3±1,45
	76,01±1,18**



Glomerular filtration rate (GFR) used to assess kidney function. Schwartz formula for children and adolescents from 1 to 17 years old used [10]:
eGFR=0.413x(height/Scr) if height is expressed in centimeters
OR 41.3 x (height/Scr) if height is expressed in meters
eGFR (estimated glomerular filtration rate) = mL/min/1.73 m2
Scr (standardized serum creatinine) = mg/dL

Our results show that in control group GFR value was 104,44 ± 3,95% mL/min/1.73 m2. In contrast, T1D group - 131,25 ± 3,74% mL/min/1.73 m2 which is statistically different as compared to control group value (p<0,01). GFR level in DN group was higher as compared to control group value (112,44 ± 3,02 mL/min/1.73 m2 vs. 104,44 ± 3,95% mL/min/1.73 m2, p<0,01). 
Blood pressure changes in children with T1D as well as in group with DN evaluated. Systolic blood pressure is significantly lower in children with T1D as compared to control group - 96,22 ± 3,8 mmHg and 113,34 ± 0,18 mmHg, respectively (p<0,01).   DN group value is significantly higher as compared to control group and patients with T1D (p<0,01). Diastolic blood pressure values were similar in control group and group of patients with T1D - 67,2 ± 1,25 mmHg and 64,3 ± 1,45 mmHg, respectively. However, DN group value is higher than in control group and in group of patients with T1D (p<0,01).
Blood levels of Vitamin D measured in all children with T1D and DN. Normal level of Vitamin D defined as ≥30 ng/mL; Vitamin D insufficiency and deficiency  - 21-29 ng/mL and ≤20 ng/mL, respectively. Endogenous levels of  Vitamin D3 synthesis are season-dependent. Due to this reason study done during the period from September to February. The lowest Vitamin D3 levels detected in patients with diabetic nephropathy. In control group Vitamin D3 was detected at level 35,75±0,29 ng/mL, in patients with T1D - 32,0±0,83 ng/mL, in patients with diabetic nephropathy – 18,94±0,26 ng/mL  (р<0,01 as compared to control group). 
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Figure 1. Vitamin D levels in children with T1D and DN.


In order to evaluate relation between the serum Vitamin D levels and clinical and laboratory parameters, i.e. GFR, albuminuria, disease course, a correlation analysis used. Negative correlation between the Vitamin D level and duration of the disease found in group of patients with DN (R= -0,51, р<0,05) (Figure 2). Average disease duration in children with DN was 6,15 years. 
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Figure 2. Correlation between serum levels of Vitamin D3 and disease duration in children with DN.
All patients included into the group with DN have albuminuria levels documented at least at level 300 mg/24 h. All children with T1D and DN signs documented two out of three samples falling within the microalbuminuria or macroalbuminuria range. Follow-ups done every 3 months.
In was found that Vitamin D3 serum levels negatively correlate with albuminuria levels in patients with diabetic nephropathy (R=-0,52, р<0,001) (Figure 3). In contrast, any dependence between two parameters found in T1D group.  
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Figure 3. Correlation between serum levels of Vitamin D3 and albuminuria levels in children with DN.
Our results show that children with T1D have significantly higher level of GFR as compared to control group and group with DN. In order to evaluate the relationship between that GFR and Vitamin D levels a correlation analysis done. In was found that Vitamin D3 serum levels positively correlate with GFR in patients with T1D (R= 0,59, р<0,05) (Figure 4). However, any relationship between the serum Vitamin D levels and GFR in a group with DN not found.  
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Figure 4. Correlation between serum levels of Vitamin D3 and GFR in children with T1D.

             Discussion
The wide tissue distribution of VDR suggests that the vitamin D has additional physiological functions beyond calcium homeostasis. Epidemiological studies show that diabetes mellitus type 1 has prevalence in countries with lower winter ultraviolet exposure. These data support hypothesis that vitamin D supplementation in early childhood may prevent the onset of diabetes mellitus type1 [8]. 
On in vivo model shown that 1,25(OH)2D or its analogues have capacity to reduce the kevels of proteinuria levels due to preserved glomerular podocyte structure, decreased levels of TGF-β1 [12]. It is known about the inverse association of circulating vitamin D levels with blood pressure [7].
VDR have also been identified in pancreatic beta cells.Vitamin D deficiency has been shown to effect the insulin synthesis and secretion in animal models of type 2 diabetes. Several studies demonstrated that lower vitamin D levels were associated with an increased risk of diabetes. A double-blinded placebo trial [9] adults with high risk of type 2 diabetes development were administered Vitamin D. A short-term supplementation with Vitamin D significantly improved function of beta cels; HbA1c levels were decreased [9-14]. 
[bookmark: bbib2]Albuminuria is one of the most characteristic clinical signs of the DN. In the past, especially from the observations in patients with type 1 DM, the clinical stages of DN were considered to begin from early glomerular hyperfiltration, followed by the development of microalbuminuria, macroalbuminuria [15]. In this study in group of patients with DM a negative correlation between albuminuria and Vitamin D level found in patients with DN. We speculate that the latter is a result of structural changes in kidney in response to persistent albuminuria, metabolic changes. This in turn disrupts Vitamin D kidney metabolism. Moreover, Vitamin D levels negatively correlate with the DN disease duration meaning the time-dependent effect of the mentioned above changes. 
Hyperglycemia, as a hallmark of T1D, causes afferent arteriolar dilatation by release of vasoactive mediators, such as insulin-like growth factor 1 (IGF-1), glucagon, nitric oxide (NO), vascular endothelial growth factor (VEGF) and prostaglandin. On the other hand, alterations in renal tubular function also occur in the early stage of DN, and related to the degree of glycemic control [16,17]. In this study we found that patients with T1D during the one year after the disease course have increased GFR level as compared to control values. Meaning the GFR increase can be a “shock” reaction of the glomerular circulation in response to methabolic disorders: hyperglycemia, ketoacidosis, oxidative stress. We found a positive correlation between Vitamin D levels and FGR in those patients. We hypothesize that this effect may have a compensative function of kidney in Vitamin D metabolism in response to changed functional environment. 
[bookmark: bbib62][bookmark: bbib63]
Conclusions
· Pediatric patients with T1D during the first year after the disease onset show trend to serum Vitamin D level decrease. Patients with T1D and DN with average disease duration 6,3 years have Vitamin D deficiency.
· In patients with DN negative correlation between Vitamin D serum levels and disease duration, Vitamin D serum levels and albuminuria found.
· Serum levels of Vitamin D positively correlate with GFR in patients with T1D. The latter might be an evidence of the direct influence of Vitamin D on nephron leading to the initial functional changes represented by GFR increase. This trend absent in patients with DN.
· There are in vitro and in vivo data shown that Vitamin D deficiency has been linked to onset and progression of DN. 
· Our results are in line with previous experimental data showing that Vitamin D has direct relationship with functional disorders with DN, i.e. albuminuria, GFR, kidney function. Further investigations of Vitamin D supplementation on different stages of the ND development and progression needed. 
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