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Abstract
Type 1 diabetes (T1D) is mainly a disease of children and young adults. The onset of disease is associated with 3 classical symptoms: 
polydipsia, polyphagia, and polyuria. Hyperglycaemia is the main and primary metabolic disorder in T1D. One of the complications 
developing as a result of microangiopathy is diabetic nephropathy (DN). Additionally, diabetes remains the most common reason for 
progressing to end-stage renal disease (ESRD). 
The aim of the study was to evaluate the most initial metabolic and functional disorders in diabetic children and children with DN. 
The study involved 76 children with T1D and diabetic nephropathy (aged 3 to 17 years). The levels of ET-1 measured using ELISA 
assay and ratio of lipid oxidation measured spectrophotometrically. Main clinical parameters (blood pressure, glycaemia, albuminuria, 
creatininaemia, HbA1C, cholesterol levels) were measured using conventional methods available in Clinical Paediatric Hospital No. 
6 (Kyiv, Ukraine). The glomerular filtration rate (GFR) was calculated using the Schwartz formula. Patterns of the BP changes, kidney 
function impairment, ET-level, and metabolic and functional disorders in children with T1D and DN were found. 
Key words:
diabetes mellitus, diabetic nephropathy, stage progression, ET-1, GFR, metabolic disorders, lipids oxidation.

Introduction

Type 1 diabetes (T1D) is a worldwide epidemic that has led 
to a rise in diabetic nephropathy (DN). The main biochemical 
disorder in diabetes and DN is hyperglycaemia, causing a toxic 
effect via activation of the chain of different intracellular enzy-
matic reactions, inflammation, and oxidative stress [1]. 

Diabetic nephropathy, also known as diabetic kidney dis-
ease, is the chronic loss of kidney function occurring in patients 
with diabetes mellitus. Diagnosis of DN is based on the mea-
surement of abnormal levels of urinary albumin in diabetic pa-
tients after the exclusion of other causes of albuminuria. Two out 
of 3 samples falling within the microalbuminuria (30 to 300 mg 
of albumin/24 h) or macroalbuminuria (more than 300 mg of 
albumin/24 h) range confirm the presence of DN [2].

Adequate control of blood glucose in patients with dia-
betes is a critical aspect of their therapy. Glucose present in 
the blood in excessive concentrations can enzymatically bind 
to proteins such as haemoglobin and causes glycosylation. 
The level of glycosylated haemoglobin formation depends on 
the concentration of glucose in the surrounding environment. 
People with high blood glucose levels will have higher levels 

of glycated haemoglobin. Non-enzymatic glycation that occurs 
as a  result of spontaneous interaction between glucose and 
amino groups of proteins leads to the formation of advanced 
glycation products (AGA). AGA in parallel with other metabolic 
disorders causes functional and morphological kidney damage 
in diabetic kidneys [3, 4].

The role of endothelin-1 (ET-1) in the kidney has been under 
study for many years. However, the complex mechanisms by 
which endothelin controls the physiology/pathophysiology of 
this organ are not fully resolved. Podocytes produce, secrete, 
and bind ET-1. Podocytes are critical determinants of the integ-
rity of the glomerular filtration barrier, and their injury leads to 
proteinuria, glomerulosclerosis, and progression of renal dis-
ease [5]. Endothelial cells are considered a principal source of 
ET-1 within the glomeruli [6].

However, the importance of endothelium-podocyte cross-
talk as a  major determinant of a  healthy filtration barrier and 
hence the cellular location of ET-1 production and function in 
T1D and DN, as well as its general effect on the cardiovascular 
system, is not clear. Autocrine and/or paracrine ET-1 signalling 
is considered to be crucial in contributing towards the develop-
ment of albuminuria. 
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ET-1 has also been shown to play a  role in numerous 
pathophysiological mechanisms within the glomeruli. Its role is 
shown in the pathogenesis of many forms of chronic kidney 
disease such as diabetic nephropathy [7], sickle nephropathy 
[8], and focal segmental glomerulosclerosis [6]. To address 
the topic of whether ET-1 levels changed in patients with early 
stages of T1D and DN we measured ET-1 levels in T1D patients 
and patients with DN.

It is noteworthy that, especially in adolescents, microvas-
cular complication frequency is more than expected 2–5 years 
after initiation of T1DM [4]. In the latest global consensus report 
published in 2018 by the International Society for Paediatric 
and Adolescent Diabetes (ISPAD) and International Diabetes 
Foundation (IDF), it is recommended that annual screening for 
microvascular complications, including albuminuria, glomeru-
lar filtration changes should be started from age 11 years and 
after 2 years of diabetes duration.

Appropriate screening for complications in diabetic pa-
tients, glycaemia levels, and blood pressure control are key in 
T1D management [9, 10]. In the present study we analysed lev-
els of  GFR, ET-1, cholesterol, and lipid oxidation ratio, and their 
dependence on the main clinical parameters (disease course, 
blood pressure, HbA1c, albuminuria) in children with T1D and 
DN. In order to evaluate the most initial pathological changes 
related to metabolic and functional disorders we included anal-
ysis of patients with T1D disease duration ≤1 year. The aim of 
the study was to evaluate the most initial metabolic and func-
tional disorders in diabetic children and children with DN.

Material and methods

A survey of 76 children (33 males, 43 females) with T1D and 
DN aged 3 to 17 years in the Endocrinology Unit of Clinical Pae-
diatric Hospital No. 6 (Kyiv, Ukraine) was performed. Informed 
consent was obtained from all patients and their families. The 
study was approved by the hospital’s local ethics committee. 
All informed consents were signed by the children (≥12 years 
old) themselves and/or by their parents and kept in their medi-
cal records. The study was conducted in Clinical Paediatric 
Hospital No. 6 where the Clinical Base of the Department of 
Paediatrics No. 4 of Bogomolets National Medical University 
is located. The control group included 27 healthy children 
(12 males and 15 females). Patients’ inclusion and exclusion 
criteria are given in Table I.

Complex examination including conventional methods 
(physical examination, blood pressure measurement, blood 
tests, study of urinary sediment, renal ultrasound, ECG etc.) 
was done for all patients.

Urinary albumin excretion measured in 24-hour urine col-
lection samples used the basic conventional technique es-
tablished in Clinical Paediatric Hospital №6. Endothelin-1 levels 
were measured using ELISA assay and commercially available 
Endothelin-1 ELISA kit (Abcam, USA). Lipid oxidation ratio re-
corded using a spectrophotometer T70 UV/VIS (PG Instruments 
Limited, UK). Quantitative evaluation of spectra was performed 
using the software Image J (NIH, USA).

The results were processed using the methods of variation 
statistics (STATISTICA 6.0) and non-parametric statistical ap-
proaches (Mann-Whitney test). Spearman’s correlation coeffi-
cient was used to express associations between parameters. 
The results are presented as mean ± SEM and were considered 
statistically significant the level of p < 0.05. Data that were quali-
fied to enter the multivariate analysis were analysed in multivari-
ate logistic analysis. Statistical analysis was performed using 
the statistical software package SPSS version 20 for Windows. 
P values < 0.05 were considered to be statistically significant.

Results

The study was designed as an analysis covering data from 
2014 to 2020 including children with T1DM followed in the 
Endocrinology unit of Clinical Paediatric Hospital No. 6 (Kyiv, 
Ukraine). The T1D group comprised patients with an average 
disease duration of 9 ±2.13 months. The group of children with 
DN included patients with disease duration of at least 1 year. 
The average disease duration in this group was 6.2 years.

All patients were seen every 3 months, and all were on mul-
tiple flexible dosing intervals of insulin treatment. Chronological 
age, diabetes duration, weight, height, body mass index (BMI), 
blood pressure, HbA1c, and serum cholesterol were recorded 
during each visit to hospital. WHO BMI-for-age z-scores for 
boys and girls were used to assess the BMI values in children 
included in the study. Children were considered to have a nor-
mal body weight once their weight-for-height Z-scores were 
observed within the interval 0 to < ±1. Based on basic clinical 
data, all patients were divided into groups (Table II).

The glomerular filtration rate (GFR) was used to assess 
kidney function. The Schwartz formula for children and adoles-
cents 1 to 17 years old was used [10]:
•	 eGFR = 0.413 x (height/Scr) if height is expressed in cen-

timetres
•	 OR 41.3 x (height/Scr) if height is expressed in metres
•	 eGFR (estimated glomerular filtration rate) = ml/min/1.73 m2

•	 Scr (standardized serum creatinine) = mg/dl
Our results show that in the control group the GFR value 

was 103.94 ±4.95% ml/min/1.73 m2. In contrast, in the T1D 
group the GFR value was 129.78 ±5.64% ml/min/1.73 m2, 
which is statistically different compared to control group value 
(p < 0.01). The GFR level in the DN group was higher com-
pared to the control group value (113.74 ±3.52 ml/min/1.73 m2 
vs. 103.94 ±4.95% ml/min/1.73 m2, p < 0.01) (Figure 1).

Interestingly, in the T1D group 63.2% of patients had 5 and 
more episodes of decompensation, i.e. diabetic ketoacidosis 
(DKA) per year causing hospitalization.  In contrast, 41.9% of 
patients from the DN group were diagnosed with 5 and more 
episodes of KDA per year (Figure 2).

Blood pressure changes in children with T1D as well as in 
the group with DN were evaluated.

Systolic blood pressure was significantly lower in children 
with T1D as compared to the control group – 97.14 ±3.8 mm 
Hg and 111.34 ±0.88 mm Hg, respectively (p < 0.01).  The DN 
group value was significantly higher than in the control group 
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Table I. Patients’ inclusion and exclusion criteria 

Data Control (n = 27) T1D (n = 35) DN (n = 41)

Inclusion 
criteria

•	 Children without any kidney, 
cardiovascular, and endocrine 
disease at present and in anamnesis 

•	 Children without any pathological 
changes in urinalysis during the last 
5 years (regular follow-up in local 
out-patient hospitals accordingly to 
National Protocol for Healthy children 
observation)

•	 Urinary albumin excretion within 
physiological range prior to study

•	 Children with T1D and without 
signs of DN. Follow-up every 
3 months.

•	 Disease duration ≤ 1 year

•	 Children with T1D and DN 
signs (2 out of 3 samples 
with  microalbuminuria or 
macroalbuminuria). Follow-up 
every 3 months.

•	 Disease duration ≥ 1 year
•	 Other than DN causes of 

albuminuria in all patients 
excluded

Exclusion 
criteria

•	 Chronic inflammatory or autoimmune 
diseases

•	 Organ transplant
•	 Arterial hypertension
•	 Viral hepatitis B or C, liver cirrhosis, 

or other severe liver diseases
•	 Acute and chronic diseases of the 

gastrointestinal tract
•	 Previous acute kidney injury
•	 Major surgery within 12 months 

before study
•	 AIDS
•	 Heart disease 
•	 Cancer
•	 Required to take drugs affecting 

immune system

•	 Chronic inflammatory or 
autoimmune diseases

•	 Organ transplant
•	 Arterial hypertension
•	 Viral hepatitis B or C, liver 

cirrhosis, or other severe liver 
diseases

•	 Acute and chronic diseases 
of the gastrointestinal tract

•	 Previous acute kidney Injury
•	 Major surgery within 12 

months before study
•	 AIDS
•	 Heart disease 
•	 Cancer
•	 Required to take drugs 

affecting immune system

•	 Chronic inflammatory or 
autoimmune diseases

•	 Organ transplant
•	 Arterial hypertension
•	 Viral hepatitis B or C, liver 

cirrhosis, or other severe liver 
diseases

•	 Acute and chronic diseases 
of the gastrointestinal tract

•	 Previous acute kidney injury
•	 Major surgery within 

12 months before study
•	 AIDS
•	 Heart disease 
•	 Cancer
•	 Required to take drugs 

affecting immune system

Table II. Clinical characteristics of patients

Parameter Control (n = 27) T1D (n = 35) DN (n = 41)

Age 12.4 ±1.3 11.54 ±3.41 11.85 ±4.09

Boys/girls 13/12 15/20 17/24

Body weight, kg 52.41 ±2.33 51.09 ±2.19 52 ±4.01

Height, cm 151.3 ±2.03** 145.24 ±4.35 153.02 ±3.98**

BMI, kg/m2 18.43 ±0.85 18.15 ±0.93 18.3 ±0.79

Serum creatinine, mcmol/ml 55.01 ±3.22** 41.22 ±2.81 57.33 ±1.82**

Albuminuria, mg/day 11 ±2.07 23 ±3.12 248.49 ±23.67**

Hb1cA, % 2.11 ±0.1 9.5 ±0.24** 9.35 ±0.32**

Systolic blood pressure, mm Hg 111.34 ±0.88** 97.14 ±3.8 127.51 ±1.79**

Diastolic blood pressure, mm Hg 65.2 ±1.45 64.15 ±1.5 75 ±1.18**
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Figure 1. GFR levels in children with TD1 and DN
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Figure 2. Ketoacidosis occurrence in children with TD1 
and DN
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Figure 3. Serum ET-1 in children with TD1 and DN (A). Correlation between serum ET-1 and disease duration in patients with DN
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and in patients with T1D (p < 0.01). Diastolic blood pressure 
values were similar in the control group and in the group of pa-
tients with T1D, at 64.15 ±1.5 mm Hg and 64.89 ±1.45 mm Hg, 
respectively. However, the DN group value is higher than in the 
control group and in the group of patients with T1D (p < 0.01).

In order to evaluate the possible effector in the development 
of microvascular disorders and BP changes we measured the 
level of ET-1. All patients with T1D included in the study had 
homogenous results of ET-1 levels. Differences within the group 
or their dependence on disease duration were not evaluated. 

In patients with T1D the level of ET-1 was significantly higher 
compared to the control group value – 1.71 ±0.1 pg/ml and 
3.41 ±0.12 pg/ml, respectively (p < 0.01). Patients from the DN 
group had higher levels of ET-1 (4.38 ±0.2 pg/ml) compared to 
the T1D group (p < 0.001) (Fig. 3A). We found a positive direct 
relationship between ET-1 levels and disease course in children 
with DN (r = 0.65, p < 0.05) (Fig. 3B).

We measured levels of blood cholesterol in all patients in-
cluded in the study. Our results show that the control group 
cholesterol value was 3.81 ±0.07 mmol/l, and in the T1D group 
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– 3.86 ±0.08 mmol/l. In contrast, the DN group value was 5.11 
±0.27 mmol/l, which is higher in comparison to the control 
group and T1D group values (p < 0.01) (Fig. 4A).

Furthermore, we examined children for plasma level of 
the lipid oxidation ratio. The ratio shows the fractions of non-
oxidized/oxidized lipids. In the control group the value is 1.27 
±0.08. In the group of children with T1D – 1.03 ±0.06%, which 
is lower as compared to the control group value (p < 0.05). In 
children with DN the lipids oxidation level was 0.76 ±0.07%, 
which is lower as compared to the control group value 
(p < 0.01) (Fig. 4B).

In the DN group the values of systolic and diastolic blood 
pressure were higher as compared to T1D groups values. At 

the same time, the average value of height was somewhat 
higher in patients with DN in comparison to the T1D group val-
ues. An association between systolic BP, diastolic BP, height, 
and serum ET-1 in patients with DN was found. The serum ET-1 
level was independently associated with increased values of 
systolic BP (4.81 ±1.43, 95%: 0.64 to 2.67, p < 0.05) and dia-
stolic BP (1.81 ±1.03, 95%: 1.69 to 5.15, p < 0.04) in children 
with DN. Height values did not show a positive association with 
increased values of systolic BP (–0.02 ±0.006, 95%: –0.11 to 
0.11, p = 0.84) and diastolic BP (–0.09 ±0.07, 95%: –0.23 to 
0.04, p = 0.82) in children with DN (Table III). Figure 5 shows 
the individual distribution between the above-mentioned pa-
rameters in children with DN.
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Figure 4. Blood cholesterol values (A) and lipids oxidation ratio (B) in patients with TD1 and DN  
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Table III. Multivariate logistic regression model evaluating the association between systolic BP, diastolic BP, height, and serum 
ET-1 in patients with DN  

Systolic BP β Std. Error Conf. interval p

(Constant) 90.539 15.564 0.1171 to 104.64 0.000

ET-1 4.805 1.432 0.6358 to 2.666 0.002

Height –0.020 0.006 –0.1147 to 0.1117 0.837

Diastolic BP

(Constant) 74.24 16.62 40.57 to 107.9 0.000

ET-1 1.809 1.025 1.689 to 5.146 0.036

Height –0.09 0.067 –0.2264 to 0.0449 0.820
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Discussion
The Diabetic nephropathy is a life-threatening complication 

of type 1 diabetes [11, 12]. A quarter of T1D patients with DN 
progress to ESRD [3]. DN is also a major risk factor of coronary 
artery disease (CAD) development [13] and overall mortality in 
diabetic patients. The natural history of DN is characterized by 
a  long silent period without any prominent clinical signs and 
symptoms of the disease. This leads to a delay of the treat-
ment and development of early complications. It was reported 
that only a third of patients aged < 20 years with DN were ad-
ministered ACE inhibitors (ACEi) and/or angiotensin-receptor 
blockers (ARB), which is supposed to be a basic renoprotec-
tive treatment [14].

Late start of the DN treatment leads to irreversible kidney 
damage – GFR decline and renal structural changes. These, in 
turn, are factors leading to ineffectiveness of therapeutic strate-
gies [15]. Earlier identification of GFR decline is an important 
issue, which allows the therapeutic interventions to decrease 
the rate of GFR loss and prolong the time to development of 
end-stage renal disease (ESRD).

There are data showing the benefit of the early and ade-
quate glycaemic and blood pressure control in preventing mi-
crovascular complications in T1D [16, 17]. Vascular disorders, 
including hypertension, is one of the causes of death in pa-
tients with ESRD in diabetic patients [17, 18].  However, it is not 
clear whether hypertension can cause gradual loss of kidney 
function. Moreover, it is unclear how these disorders are inter-
related in their development and progression. 

Vupputuri et al. found a direct association between high BP 
and GFR decline. The age-related decline in GFR is the most 
important predisposing factor of CKD [19]. There are data 
showing an association between baseline blood pressure (BP) 
and subsequent GFR decline and/or development of CKD. 
However, some authors shown no relationship between these 
factors [20].

In our study we found that children with T1D and disease 
duration < 1 year have a 25% increase of GFR as compared 
to control group values. At the same time, these patients have 
normal BP values and increased serum ET-1 levels. In our pre-
vious studies [21, 22] we found that patients with T1D have 
high levels of intracellular hypoxia (HIF-1alfa, marker) and 
apoptosis effectors. We hypothesise that increased GFR might 
be a response to metabolic changes that have a case in T1D, 
i.e. hyperglycaemia, hypoxia, apoptosis, and ET-1 activation. 
Moreover, we analysed a number of decompensation episodes 
(DKA) in these patients and found that the T1D group had high 
numbers of DKA (≥ 5 episodes/year), which may be one of the 
reasons for the metabolic effect on kidney and “shock” GFR 
increase. 

Patients with signs of DN show increased levels of GFR. 
However, the GFR value in this group was lower as compared 
to T1D patients. In children from the DN group GFR increased 
by 12% as compared to the control group value. All children 
with DN have increased systolic BP values, higher level of 
serum ET-1 (as compared to the T1D group), and increased 

cholesterol values. Taking into account all these changes, we 
hypothesize that arteries and veins become damaged later and 
this effect depends on disease duration. The proof of later is 
the direct positive relationship between serum ET-1 level and 
disease course in children with DN. Multivariate analysis shows 
an association between systolic and diastolic BP values and 
serum ET-1 levels in children with DN. 

In contrast to the well-known role of plasma ET-1 as a con-
tributor to renal and vascular damage, ET-1 is generally be-
lieved to act in an autocrine rather than in an endocrine fashion. 
It is known that circulating ET-1 is filtered by the glomerulus 
and then destroyed by neutral endopeptidases in the proximal 
tubule [23]. Thus, we speculate that ET-1 has a direct effect on 
kidney vasculature in children with T1D and DN via its auto-
crine effect. The endocrine fashion of the ET-1 activity leads to 
blood pressure changes, and this effect depends on disease 
duration.  

The American Diabetes Association (ADA) recommends 
screening for signs of DN in 5 after the onset of T1D. Taking 
into account the fact that DN is linked to hypertension, patients’ 
blood pressure should be monitored carefully. In the current 
study we followed the rule of yearly monitoring of BP, GFR, 
HbA1c, and ET-1. We believe that this is reasonable in terms of 
yearly functional and metabolic disorder evaluation and further 
adequate treatment administration. 

In was shown that in paediatric patients with T1D an end-
stage renal disease occurred in 2.9% of its population. This 
was directly associated with poor glucose control (A1C ≥ 10%), 
higher LDL cholesterol (>100 mg/dl), and age > 6 years at 
diagnosis [24]. In our study the average disease course in chil-
dren with DN was 6.2 years. Higher cholesterol levels as well 
as higher lipid oxidation ration was detected within 5–6 years of 
the disease duration.   

Figure 5. Individual distribution between systolic and diastolic 
BP and serum ET-1 levels and height in children with DN
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It is known that in youths with type 1 diabetes the structural 
damages observed in the glomeruli, interstitium, and vascula-
ture present long before the prominent sign of DN. Moreover, 
functional changes often reflect advanced disease [25]. The 
Oxford Regional Prospective Study reported that microalbu-
minuria is associated with poor glycaemic control and higher 
GFR at 5 years [28]. Albuminuria is a commonly used marker 
to detect the kidney disease; however, this may be an imperfect 
marker [26, 27]. Thus, it is advisable to use complex examina-
tion in terms of early signs of metabolic functional changes in 
T1D and DN. 

Potential limitations of this study include insufficient evalua-
tion of specific markers of kidney injury – kidney injury molecule 
(KIM-1), gelatinase-associated lipocalin (NGAL) – in patients 
with DN and during its “silent period”. The study did not take 
into account other factors that potentially have an effect of DN 
formation – hormonal status, gender, and inflammatory mark-
ers. Another disadvantage of this study involves the limited 
number of patients included in the study.

Taking into account our results, we conclude that initial 
functional changes, i.e. GFR increase, in children with T1D 
appear during the first year of disease. These early disorders 
appear ahead of BP changes and albuminuria. The latter is 
a  sign of DN and leads to further albumin-induced damage 
of the kidney. We hypothesis that early functional disorders in 

children with T1D are due to metabolic changes that take place 
in T1D, i.e. hyperglycaemia, hypoxia, and decompensation epi-
sodes. DN in children with T1D is associated with the above-
mentioned metabolic disorders, ET-1 levels increase and lipid 
disorders, which we speculate have an effect kidney vascu-
lature and blood pressure. These effects depend on disease 
duration.  

Finally, we focus our attention on fact that DN is character-
ized by a long silent period of the disease course without signs 
or symptoms. There is an urgent need for improved methods 
of detecting early mediators of renal injury, to further prevent 
initiation and progression of DN. We made a great deal of effort 
studying these issues in children with T1D and DN. In particu-
lar, we speculate that early complex evaluation and monitoring 
of the above-mentioned changes may help to understand the 
deep initial mechanisms of T1D progression and its complica-
tions development. 

Potential limitations of this study include insufficient evalu-
ation of specific markers of kidney injury – kidney injury mol-
ecule (KIM-1) and gelatinase-associated lipocalin (NGAL) – in 
patients with DN and during its “silent period”. The study did 
not take into account other factors that potentially have an ef-
fect of DN formation – hormonal status, gender, and inflamma-
tory markers. Another disadvantage of this study involves the 
limited number of patients included.
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