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Summary

Introduction. Diabetic nephropathy (DN) is a chronic microvascular complication of type 1 diabetes
mellitus (TIDM). DN incidence has been gradually increased worldwide. Prevalence of the DN
varies between age groups, patients’ cohorts, countries, and continents. Factors such as smoking,
hypertension, hyperglycemia, hyperfiltration and late nephroprotective treatment are the major
risk factors in the DN progression. Numerous diverse causes are associated with kidney function
impairment in children with DN. The latter are uncompensated kidney failure and hypertensive
nephrosclerosis, leading to the complications, i.e. hypertension, proteinuria, and progressive
reduction in the kidney function. DN remains incompletely understood in pediatric practice,
particularly requiring an understanding of the individual course, mechanisms of pathogenesis and
progression of its early stages in children.

Case presentation. We describe a 17-year-old female patient diagnosed type 1 diabetes followed
by Diabetic nephropathy development. We conducted an analysis of the dynamics of clinical,
biochemical and therapeutic indicators in the course of type 1 diabetes mellitus with the development
of diabetic nephropathy in a child during 4 years.

Conclusions. Diabetic nephropathy is a life-threatening progressive complication of type 1
diabetes. Course of the DN is accompanied by a range of biochemical and clinical deviations and
disorders. In this study we show that diabetic nephropathy is accompanied by a wide range of
biochemical and clinical disorders, i.e. hyperglycemia-related disorders, hypercholesterolemia,
pro-inflammatory status, functional changes in ECG, compensatory hypertrophy of the kidneys,
glomerular hyperfiltration and disorders of Vitamin D system. Monitoring of patients with diabetic
nephropathy requires constant and timely assessment of both standard indicators of the course of
type 1 diabetes (blood glucose, Hb1Ac, albuminuria, GFR, serum cholesterol, albumin/globulin
ratio) and additional ones — vitamin D. Nephroprotective therapy should be started as soon as
possible in diabetic nephropathy to guarantee that kidney damage markers return to normal.
A crucial component of the treatment of diabetic nephropathy is correcting vitamin D insufficiency.
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INTRODUCTION

Diabetic nephropathy (DN) is a chronic
microvascular complication of type 1 diabetes mellitus
(T1DM). According to statistics, the global prevalence
of DN ranges from 1.5 to 3-4 % to 8-10 % of the total
population. Diabetic nephropathy is a major cause
of early mortality and disability among patients. In
Ukraine, the incidence rates of TIDM are increasing
annually [1]. DN remains incompletely understood
in pediatric practice, particularly requiring an
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understanding of the mechanisms of pathogenesis
and progression of its early stages in children.
According to the World Health Organization (WHO),
the number of children and adolescents with diabetes
has increased from 493,000 in 2000 to approximately 1.1
million in 2019, almost doubling [2, 3].

This significant rise in the prevalence of diabetes
among children emphasizes the need for a deeper
understanding of the mechanisms of the disease progression
and its complications, particularly diabetic nephropathy.
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Children facing this condition are at an elevated risk of
developing chronic kidney failure, which can seriously
deteriorate their quality of life and lead to death [4].

Scientific research conducted within epidemiological
studies indicates that children with diabetes have a higher
risk of developing nephropathy compared to the general
population. For instance, findings from a study by the
International Diabetes Federation reveal that over 30 %
of children with diabetes show signs of nephropathy before
reaching the age of 25 [5].

Considering these conclusions, it is crucial to focus
on the development and improvement of strategies for the
management and monitoring of diabetic nephropathy in
pediatric medicine. Modern diagnostic and therapeutic
methods, including the use of advanced technologies and
medications, can significantly enhance the prognosis and
quality of life for children with diabetes facing diabetic
nephropathy. It is also important to develop individualized
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approaches to treatment, taking into account the unique
characteristics of each patient.

AIM

The aim of the study was to conduct an analysis of
the dynamics of clinical, biochemical and therapeutic
indicators in the course of type 1 diabetes mellitus with
the development of diabetic nephropathy in a child.

CASE PRESENTATION

Patient A, 17 years old. From the medical history, it
is known that she has been diagnosed with type 1 diabetes
for 9 years. She is undergoing insulin therapy in a basal-
bolus regimen. Throughout the observation period from
2020 to 2023, the glycemic profile showed deviations
throughout the day within the range of 4.24-17.16 mmol/L
(Figure 1).
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Figure 1. Matrix diagram of the glycemic control of the examined patient.

It is noted in the medical history that the child
frequently violates the diet and the insulin therapy regimen.
HbAIc levels ranged from 9.3 % to 11.2 % during the
observation period which is higher than recommended Hb1Ac
values necessary for a good T1D management (Figure 2).
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Figure 2. Dynamics of Hb1Ac levels in examined patient.
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The dynamics of microalbuminuria (MAU) was 91.3
mg/day in 2020, 53.9 mg/day in 2021, 11.3 mg/day in 2022,
and 67 mg/day in 2023, corresponding to stage 111 diabetic
nephropathy according to Mogensen’s classification, except
for normal range value in 2022, when the patient received
nephroprotective therapy (enalapril) (Figure 3).
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Figure 3. Dynamics of albuminuria levels in examined patient.
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Glomerular filtration rate (GFR) was used to assess
kidney function. Schwartz formula for children and
adolescents 1 to 17 years old was used:

eGFR=0.413x(height/Scr) if height is expressed in
centimeters OR 41.3 x (height/Scr) if height is expressed
in meters (¢GFR (estimated glomerular filtration
rate) = mL/min/1.73 m?; Scr (standardized serum
creatinine) = mg/dL.

Our results show that GFR value exceeded normal
at each of four follow-ups during 2020-2023. The highest
GFR value documented in 2023-141,74 mL/min/1.73 m?
(Figure 4).

Biochemical deviations detected in patient include
vitamin D deficiency (14.98 ng/mL in 2020, 13.96 ng/mL
in 2021, 19.31 ng/mL in 2022 and 24.05 ng/mL in 2023),
hypercholesterolemia up to 5,4 mmol/L (Figure 5A) and
reduced albumin/globulin ratio down to 0,87 mml/L in
2022 (Figure 5B).
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Figure 4. Dynamics of GFR levels in examined patient.
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Figure 5. Dynamics of serum cholesterol (A) levels and albumin/globulin ratio (B) in examined patient.

Dynamics of the key biochemical and functional
parameters (HblAc, albuminuria, GFR, serum
cholesterol, albumin/globulin ratio, serum vitamin
D) during the period of observation (2020-2023) given in
mosaic diagram (Figure 6).

Kidney ultrasound shown an increased kidney size
by 5,6% (right kidney) and 4,9% (left kidney) in 2022 as
compared to the corresponding age values. In 2020, 2021 and
2023 the kidney size documented within the normal value for
the appropriate age group.

Among the registered comorbidities, there were
functional ‘minor changes on the ECG’ throughout the
entire observation period. Diabetic cataract has been
treated surgically in 2015. The treatment regimen during
the observation period included insulin therapy, alpha-lipoic
acid, multivitamins (group B), hepatoprotectors (during
2020-2023), enalapril (in 2020, 2022, 2023), and vitamin D
(in 2023).
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Figure 6. Dynamics of the key biochemical and functional parameters
during the period of observation (2020-2023).
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DISCUSSION

About 40 % of people with diabetes have diabetic
nephropathy (DN), a dangerous microvascular
consequence. DN, which affects 700 million people globally
and is disproportionately associated with social poverty,
is currently the major cause of end-stage renal disease
(ESRD) [1-3]. The main cause of end-stage renal disease,
diabetic nephropathy, is a consequence of diabetes mellitus.
Damage to the kidneys’ blood arteries and glomeruli
is the condition’s hallmark, and it causes proteinuria,
hypertension, and renal failure. With the development
of numerous pharmaceutical and non-pharmacological
therapies to manage the disease, tremendous progress has
been made in the prevention and treatment of DN. The
expanding knowledge of the underlying biological causes
of the illness, such as the function of inflammation and
oxidative stress, and epigenetic modifications improved
understanding and management of DN [3, 5].

Diabetic nephropathy is a serious progressive
complication of type 1 diabetes, the course of which
is accompanied by a range of biochemical and clinical
deviations and disorders. Inadequate compensation of type
1 diabetes and the untimeliness of therapy play a crucial
role in the progression of damage in diabetic nephropathy
[6]. Progression of DN is a serious multifactorial
complication of type 1 diabetes, the course of which is
accompanied by a number of biochemical and clinical
abnormalities and disorders. Insufficient compensation of
type 1 diabetes and untimely therapy play an important role
in the progression of damage in diabetic nephropathy [7].

Here we show on described case that diabetic
nephropathy is accompanied by a wide range of
biochemical and clinical lesions of organs and systems —
hyperglycemia-related disorders, hypercholesterolemia,
pro-inflammatory status, functional changes in ECG,
compensatory hypertrophy of the kidneys, glomerular
hyperfiltration and disorders of Vitamin D system.

Many physiological processes depend on vitamin D,
and deficiencies in this vitamin have been linked to a wide
range of acute and chronic conditions, such as problems
with calcium metabolism, autoimmune diseases, certain
cancers, types 1 and 2 diabetes mellitus, cardiovascular
disease, and infectious diseases [8].

Significant progress has been achieved in the
prevention and treatment of diabetic kidney disease (DN),
a consequence of diabetes that damages the kidneys, in
recent years [6]. New therapy approaches, enhanced
diagnostic instruments, and a deeper comprehension of the
disease’s fundamental causes have all contributed to this
advancement. The chance of developing diabetic neuropathy
has been reduced by preventive interventions such strict blood
pressure, cholesterol, and glucose control. Modifying one’s
lifestyle to include regular exercise and a healthy diet can also
help stop the disease from starting and spreading [6, 7, 9].
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Our previous findings have shown that vitamin D
administration, when combined with traditional treatment,
has demonstrated to have a significant impact on
alterations in BcL-xL levels, a crucial molecule within the
Bcl family in apoptosis controlling, in children diagnosed
with early DN. When toddlers received early DN
treatment with vitamin D in addition to a typical regimen
that included antioxidants like vitamin E and angiotensin-
converting enzyme inhibitors (ACEi), the antiapoptotic
benefits were more pronounced. It’s interesting to
note that more kids in the DN group treated with the
concentration scheme experience macroalbuminuria
episodes during the course of three years [9, 10].

CONCLUSIONS

Unsatisfactory compensation of type I diabetes
(Hb1Ac levels) in the examined patient is one of the decisive
moments in the formation of chronic complications of type
I diabetes, including the formation of diabetic nephropathy.
Timely appointment of nephroprotective therapy in diabetic
nephropathy ensures the normalization of indicators of
kidney damage. Interruptions in this direction of therapy
lead to deterioration of indicators. Correction of vitamin D
deficiency is an important point in the therapy of diabetic
nephropathy, which will provide both nephroprotection and
prevention of the occurrence and progression of disorders.
Monitoring of patients with diabetic nephropathy requires
constant and timely assessment of both standard indicators
of the course of type 1 diabetes (blood glucose, Hb1Ac,
albuminuria, GFR, serum cholesterol, albumin/globulin
ratio) and additional ones — vitamin D.

Study limitations and future perspectives. Study
limitations are dealing with absence of other than Vitamin
D and albuminuria novel markers of the kidney damages
analysis. Perspectives of the study are connected to the
further complex management of such patients.
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Pe3stome

OWHAMIKA KNIHIKO-BIOXIMIYHMX TA TEPANEBTUYHUX NOKA3HUKIB Y NEPEBITY AIABETUMHOI HEGDPOMATII
Y AUTUHU: KNIHINHWA BUNALOK
€srenia A. Bypnaka, Inra 0. MitiopseBa-KopHiiiko, Hatanis C. Inatiii, Makcum K0. Cmouko, Irop B. KoBanbuyk

HaujonansHuin meguynmi yHisepcutet imeni O. O. boromonbug, kadenpa nepiatpii Ne 4, m. Kuis, Ykpaina

Beryn. Aiabetnuna Hedpomatia (AH) € XpoHIYHMM MIKpOCYAMHHUM YCKAAAHEHHSIM IIyKpOBOTO AiabeTy
1 tuny (IA I tury). 3axsoproBanicts Ha AH nocrynoso 3pocrae y Bcbomy cgiTi. [Tommpenicts AH Bapitoerscs
B 3aA€KHOCTI BiA BiKOBOI I'pyIM, KOTOpTM IAlli€eHTiB, KpaiHu i KOHTMHeHTY. Taki dakTopw, sIK IIaAiHHS, Tilep-
TOHIsI, TilepraikeMis, rimepgiabTpariis Ta misHe HeppONPOTEKTOPHE AiKyBaHHSI, € OCHOBHUMU (paKTOpaMy py-
3uKy nporpecysanHsa AH. YncaeHHi pisHOMaHITHI IpMYIMHY IIOB A3aHi 3 IOPYIIEHHIM GYHKIIIT HUPOK Y AiTei
3 AH. Ao ocTaHHIX BiAHOCATBCSI HEKOMITIEHCOBaHA HUPKOBA HEAOCTATHICTb i TilTepTOHIYHMIT HeppOCKAEepO3, IO
NIPU3BOAUTD AO YCKAAAHEHD — apTepiaAbHOI TillepTeHsii, MpoTeiHypii Ta MpOrpecyrovoro 3HVKeHHsI (PyHKIIiT
HMpokK. AH 3aAuIIaeTses He A0 KiHILSI BUBYEHVM Y ITeAiaTPUIHIN IPaKTHUILi, OCOOAVBO IIOTpedye pO3yMiHHS iH-
AVBIAYaABHOTO IIepebiry, MexaHi3MiB ITaTOTeHe3y Ta IIPOrpeCyBaHHS JOr0 paHHIX CTaAlll y AiTelt.
ITpesenTamis keiicy. OmicaHO KAIHIYHNMIT BUITAAOK AUTHHM, 17 POKiB, Y sIKOI AlaTHOCTOBAHO ITyKPOBMIL AlabeT
I Ty 3 MOAQABIIIIM PO3BUTKOM AlabeTraHOI HedpomaTii. [TpoBeaeHO aHaAI3 AMHAMIKM KATHIKO-6i0XiMiTHMIX
Ta TepalleBTMYHIX II0Ka3HMKIB IIpy Iepebiry IyKpoBoro aiabety 1 Tuiy 3 posBUTKOM AiabeTuIHOI HedpomaTil
Yy AUTUHU IIPOTSTOM 4 POKiB.

BucHoBku. AiabeTryHa HedporlaTis € Hebe3[eUHNUM AASL XUTTS MPOTPeCylOuMM yCKAAAHEHHSIM IIyKpPOBO-
ro aiabery I tTumny. ITepebir AH cynpoBoaAXY€ThCsI HU3KOIO 6i0XiMIiYHMX i KAIHIYHUX BIAXVAEHb i TOPYIIIEHS.
Y 11bOMy AOCAIAKEHHI MY IIOKa3y€eMO, IO AlabeTiaHa HeppOoIIaTist CyIIPOBOAXKYEThCS IMPOKIM CIIEKTPOM bio-
xiMivHMX i KATHIYHUX pO3AaAiB, TOGTO po3AaAiB, OB A3aHMX 3 TillepraikeMiero, rimepxoaecrepureMiero, mposa-
IIaABHVM CTaTycoM, pyHknioHarbHUMY 3MmiHamuy Ha EKT, koMIleHcaTopHOIO TillepTpodiecio HMPOK, KAYOOUKOo-
BOIO rimepdiabrpaliieio Ta po3raaaMi B cucTeMi BiTaminy A. MoHITOpMHT XBOpuX Ha AlabeTudHy Hedpomnariio
IoTpebye MOCTiNHOI Ta CBO€YACHOI OI[IHKY SIK CTAHAAPTHMX ITOKa3HMKIB mepebiry LIA 1 tumy (raroxo3a Kposi,
Hb1Ac, aasbyminypisy, IIIK®D, xorecTepuH CHpOBaTKM KPOBi, CIIIBBIAHOIIIEHHST aAbOYMiH/TAODYAIH), Tak i Ao-
AatkoBux — Bitaminy D. HedpomnporexTopHa Tepartist IOBUHHA IIOYMHATICH SIKHAMIIIBYUALIIE IIPY AlabeTndaHin
Hedpomnarii, o6 rapaHTyBaTV HOpMaAi3allilo MapKepiB ypaXkeHHs HUPOK. BaXXAMBIM KOMIIOHEHTOM AiKyBaH-
HS AlabeTrHOI Hedpomarii € KOpeKIisl HeAoCcTaTHOCTI BiTaMiny D.

Kntouoei cnoea: mykposuii aiabet 1 Tuiry, AiabeTiaHa Hedppomnartisi, AiTH, IporpecyBaHHsI, HeppONpOTeKILis,
AiKyBaHHSI
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