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Aim. The aim of the current study was to investigate urinary adiponectin, VCAM-1, and RBP 4 levels in children depending on
the diabetes duration.

Materials and methods. The study involved 55 subjects, including 47 children with type 1 diabetes mellitus and eight children
without diabetes and kidney disease history. Participants with diabetes were stratified into three groups, depending on the diabetes
duration: <1 year (11 people), 1-5 years (24 people) and >5 years (12 people). According to the Order of the Ministry of Health of
Ukraine, dated April 27, 2006, No. 254 on providing medical care to children in the specialty “Pediatric Endocrinology”, we examined
the children and diagnosed type 1 diabetes mellitus. Chemiluminescence signals of adiponectin, VCAM-1, and RBP4 in urine
were analyzed with Bio-Rad ChemiDoc Touch using a Proteome Profiler Human Kidney Biomarker Antibody Array (R&D Systems,
Minneapolis, USA). We used descriptive statistics and nonparametric methods (contingency tables and Spearman’s rank correlation
coefficient (r)) for the statistical analysis of study materials. Statistically significant differences were indicated by P values <0.05.

Results. Urinary adiponectin, VCAM-1, and RBP 4 levels statistically increased within the first year after diagnosing type 1 diabe-
tes in children. Adiponectin was strongly correlated with VCAM-1 (r = 0.636, P = 0.026), and RBP 4 (r = 0.650, P = 0.022).
Urinary adiponectin levels showed a statistically significant correlation with GFR (r = 0.007).

Conclusions. Serum creatinine and GFR are ineffective as diagnostic indicators of kidney damage in children with diabetes
mellitus at the incipient stages. Adiponectin in children’s urine can be used as a non-invasive kidney damage marker in the early
years of type 1 diabetes. Adiponectin, VCAM-1, and RBP 4 measurements would allow an early prediction and evaluation of
both tubular and glomerular kidney damage in children with diabetes.

3HaueHHs apunoHekTuHY, VCAM-1 i RBP 4 ceui An paHHBOI AiarHOCTHUKK
ypa)XkeHHA HUPOK Y AiTeN i3 uykpoBum Aiabetom 1 Tny

1. 0. Bixposa, A. M. Aobopa
Merta po6otn — gocnianty pieHb agunorekTuHy, VCAM-1 ta RBP 4 y ceui giTeit 3anexHo Big TpusanocTi Aiabety.

Marepianu Ta metoau. 3aiicHnnm komnnekcHe obctexeHHs 55 ocib: 47 giten i3 Lykposum giabetom 1 Tvny Ta 8 npakTMYHO
300poBUX AiTei 6e3 fiabeTy, penpeseHTaTMBHUX 3a BiKOM Ta CTaTTH. 3anexHO Bif TPUBANOCTi 3aXBOPOBAHHS NaLieHTIB noai-
UK Tak: 3 ynepLue BUSIBMEHUM LiyKpoBuM giabeTtom 1 Tuny — 11 oci6, i3 TpusanicTio xsopotu Big 1 4o 5 pokiB — 24 anTuHK, 3
nepebirom 3axBoptoBaHHS MoHag 5 pokis — 12 ocib. [iten obctexunm 3rigHo 3 Hakasom MO3 Ykpaitn Ne 254 Big 27.04.2006 p.
LLOAO0 HafaHHA MeanyHoOi [OMNOMOrW AITAM 3a crnewianbHIiCTio «[uTava eHaokpuHonorisay. MpoaHanisyBany iHTEHCUBHICTb XeMi-
nomiHecueHLii agunoHekTuHy, VCAM-1 i RBP 4 3a gonomoroto Bio-Rad ChemiDoc Touch, Bukopuctoytoun Proteome Profiler
Human Kidney Biomarker Array (R&D Systems, Minneapolis, USA). Matepian ans gocnigxeHHs 6iomapkepis — ceva 30opoBux
JiTei i XBopux Ha LiykpoBui Aiabet 1 Tuny. [1ns CTaTUCTUYHOTO aHanidy pesynsTaTiB BUKOPUCTOBYBANM JECKPUMTUBHY CTaTUCTUKY
Ta HenapameTpyyHi MeToau (Tabnuui cnpsbkeHocTi, koediLlieHT paHroBoi kopensuiji CnipmeHa).

Pesyneraru. PieHb agunoHekTuHy, VCAM-1i RBP 4 y cevi Aiteit CTaTUCTUYHO 36iMbLuyBaBCs BXE B NEpLUMIA Pik 3aXBOPHOBAHHS!
Ha LykpoBwit Aiabet 1 Tvny. YprHapHUin aaunoHEKTUH Nokasae iCTOTHY AMHaMIKy NPOTSAroM yCboro nepioay A0CHimpkeHHs. PiBeHb
AAMMNOHEKTUHY B Cevi 3HauHo kopentosas i3 VCAM-1 (r = 0,636, p = 0,026)i RBP4 (r = 0,650, p = 0,022). KoediuieHT kope-
nauii CnipmeHa Mix LUBWAKICTHO kny6o4KoBOT hinbTpayii Ta ypuHapHUMU MapKkepamm Nokasas CTaTUCTUYHO 3HaYYLLY KOPensiLito
Tinbku 3 agunoxektuHom (p = 0,007).

BucHoBku. CypoBaTKOBMIA KpeaTUHIH i WBMAKICTb KNyBoukoBOi hinbTpaLii He € ePEKTUBHUMM LiarHOCTUYHUMM NOKa3HUKaMu
MOLLIKOMKEHHS HUPOK Ha paHHiX eTanax 3axBOpioBaHHs Ha LiyKpoBWi diabeT 1 Tuny B AiTel. BuaHaueHHs piBHS agunoHEKTUHY B
Cevi AiTen MOXHa BUKOPUCTOBYBATM 5K HEIHBA3VBHUIN iHAVMKATOP YpaXeHHs! HUPOK Y MepLLI pPOKV 3aXBOPIOBAHHS Ha LiyKpoBUIA iabeT
1 Tuny. BusnayeHHs BmicTy agunoHextuHy, VCAM-1 i RBP 4 y cevi gacTb 3Mory Ha paHHix ctafisix nporHosysatyt 1 oLjiHIoBaTH
CTaH KknyboukoBKX i TyOynapHUX HUPKOBUX CTPYKTYP Y AiTel i3 LykpoBuM giabetom 1 Tuny.

3HaueHue apunoHekTMHa, VCAM-1 u RBP 4 mouu B paHHe# AMarHocTuke
NoBpeXAEHUA NoYeK y AeTei ¢ caxapHbiM Auabetom 1 Tuna

W. A. BuxpoBa, A. H. Aobopa

Llenb pa6oTbl — 13yunTb ypoBeHb ypuHapHoro agunoHekTHa, VCAM-1 1 RBP 4 y peteii B 3aBUCUMOCTY OT NPOAOIIKMTENb-
HOCTM anabeTa.
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Marepwuansi u MeToabl. [MpoBeneHo komnnekcHoe obcnenoBaHme 55 yenosek: 47 feTel ¢ caxapHbiM Avabetom 1 Tuna u 8 peteit
6e3 auabera, penpe3eHTaTUBHbIX N0 BO3pacTy ¥ Nofy. B 3aB1CUMOCTY OT NPOLOMKUTENBLHOCTY 3ab0mneBaHNs NauUeHTOB NoAenunmu
TaK: C BrepBble AMarHoCTMPOBaHHbLIM caxapHbiM auabetom 1 Tuna — 11 YenoBek, C NPOAOMKUTENBHOCTLIO 3abonesanus ot 1 4o 5
net — 24 pebeHka, Te4eHneM Bonesnm 6orblue 5 net — 12 geteit. [eten obenenosanm cornacko npukasy MO3 YikpauHsl Ne 254
01 27.04.2006 r. 06 OKa3aH1y MeAMLMHCKON NOMOLLM AETSM MO cneumansHocTy «[leTckas 3HOoKpuHonorus». MpoaHanuanposanv
MHTEHCUBHOCTb XeMUIIOMUHeCLieHLM agunoHekTuHa, VCAM-1 1 RBP 4 ¢ nomoLwbto Bio-Rad ChemiDoc Touch, ncnonesys Proteome
Profiler Human Kidney Biomarker Array (R&D Systems, Minneapolis, USA). Matepuan ans uccnenoeanus 61omapkepos — moda
300POBbIX AETEN M 6OMbHbIX CaxapHbIM AnabeTom 1 Tvna. [ns CTaTucTMYeckoro aHannaa ucnonb3oBani AECKPUNTUBHYHO CTaTUCTUKY
1 HenapameTpuyeckvie MeToabl (Tabnunubl CONPSKEHHOCTH, KOIMULMEHT paHroBor koppensuu CnnpmeHa).

Pesynbrartbl. YpoBeHb agunoHekTHa, VCAM-1 1 RBP 4 B Mode fieTeli CTaTUCTUYECKU YBENMUMBANCS yKe B NepBbIi rog 3abo-
neBaHWs caxapHbiM Anabetom 1 Trna. AQUNOHEKTUH MOYM NOKasan 3Ha4YNTemNbHYI AMHAMUKY Ha NPOTSHKEHUW BCEro nepuoaa
ncenenoBaHus. YpoBeHb agUnoHeKTHa 3HaunTenbHo koppenuposan ¢ VCAM-1 (r = 0,636, p = 0,026) n RBP 4 (r = 0,650,
p = 0,022). KoacpdprumeHT koppensum CnpmeHa Mexzy CKOPOCTLIO KyOOo4KOBO (hUnbTpaLmm M Mapkepamu B MOYE nokasarn
CTaTUCTNYECKN 3HAUMMYIO KOPPEMALMIO TOMNbKO C aaunoHekTuHoM (p = 0,007).

Bi1BobI. ChIBOPOTOUHBI KPEATUHUH 1 CKOPOCTb KITy6O4KOBOM (hnnbTpaLymn HeaththEKTUBHBI B KAYECTBE ANarHOCTUYECKUX MapKepoB
MOBPEXOEHUS NOYEK Ha paHHUX aTanax 3abonesaHns caxapHbiM Anabetom 1 Tvna y geteit. OnpeaeneHne ypoBHS aaunoHeKTUHa
B MOYe [eTen MOXET ObiTb MCMONb30BaHO Kak HEMHBA3WBHLIN MHAMKATOP MOBPEXAEHNS NoYek B nepsble roabl 3abonesaHns ca-
xapHbIM anabetom 1 Tuna. OnpegeneHve cogepxaHns agunoHekTHa, VCAM-1 u RBP 4 B Moye no3BOnSIET Ha paHHUX cTagusix
MPOrHO3MPOBAaTL W OLIEHWNBATL COCTOSIHE KiyHOUKOBBIX 1 TyOyNsipHbIX MOYEYHBIX CTPYKTYP Y AeTel C caxapHbiM anabetom 1 Tuna.

Diabetes mellitus is a global health problem resulting
in social and economic effects. In 2019, according to
the International Diabetes Federation, 463 million adults
lived with diabetes, and this number is supposed to reach
578 million by 2030. More than 1.1 million children suffer
from type 1 diabetes mellitus (T1DM). The overall annual
increase is estimated to be around 3 %. The age-sex
standardized incidence rate of T1DM in Ukrainian children
and adolescents aged 0-14 years lies between 5-10 per
100,000 population per annum, and it is not so high as in
the other EU countries such as Finland (62.3) or Sweden
(43.2) [1]. However, the possibility of early formation (in five
years of the disease duration) of micro- and macrovascular
complications makes the problem of T1DM extremely actual.

Diabetic nephropathy (DN) is one of the most com-
mon complications of diabetes and the leading cause of
the end-stage renal disease (ESRD). The prevalence of DN
among US children with TIDM is 5.8 % [2]. DN is caused
by alterations in the glomerular and tubular structure and
function under the influence of hyperglycemia, high blood
pressure, and generates advanced glycation end products
(AGEs) [3]. Uncertainty remains regarding the diagnosis of
early pathological changes in the kidneys of children with
diabetes. Non-invasive methods of routine screening for
DN in children and adolescents with T1DM must be pref-
erable. The gold standard for DN identification consists in
the measurement of urine albumin levels. Microalbuminuria
(30-300 mg/24 hr) or macroalbuminuria (>300 mg/24 hr)
are conventional biomarkers of DN and its progression to
ESRD, but kidney structural damage might precede the al-
bumin excretion [2,4]. Nowadays, significant numbers of
novel biomarkers were detected in urine and can be used
for early identification of DN, thus improving the in-time
interpretation of the disease stage and adjusting therapy,
unlike with traditional diagnostics.

Adiponectin is an anti-inflammatory cytokine produced
by adipose tissue, and urinary adiponectin is an independent
predictor of end-stage renal disease in diabetic patients
Adiponectin reduces angiotensin-induced inflammation, has
an anti-fibrotic function, and decreases oxidative stress in re-
nal-cells [5,6]. Vascular cell adhesion molecule-1 (VCAM-1)
is a glycoprotein expressed by endothelial cells and is a
major regulator of leukocyte adhesion through interaction
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with 0431 integrin [7]. VCAM-1 expression is activated by
pro-inflammatory cytokines, high glucose concentration,
and stress [8]. Its expression increases in the kidneys of
DN patients and correlates with albuminuria in diabetic
patients. VCAM-1 urine levels indicate an early inception
of DN in T1DM patients [9].

Retinol-binding protein 4 (RBP 4) represents the family
of lipocalins produced in the liver and mature adipocytes. Its
filtration processes occur in the glomerulus, and then the RBP 4
is almost completely reabsorbed in the renal proximal tubules.
Some sources claim, that an increase in RBP 4 in the urine was
observed in diabetes patients with macro- and microvascular
complications, which confirmed the predictive role of RBP 4.
Increased urinary RBP 4 levels were also present in patients
with diabetes and normal albumin in urine [10,11].

Aim
The aim of this study was to investigate the features of

urinary adiponectin, VCAM-1, and RBP 4 levels in children
depending on the diabetes duration.

Materials and methods

The study involved 55 participants (22 girls and 33 boys)
aged from 7 to 17 years, the mean age was 13.7 + 0.4
years, including 47 patients with T1IDM and eight children
without diabetes.

Children with T1IDM were divided into three groups
depending on the diabetes duration: <1 year (11 people),
1-5years (24 people) and >5 years (12 people). The com-
parison group included individuals without T1DM and with
urine clinical analysis within normal physiological ranges.

Complying with the Declaration of Helsinki (adopted by
the 18th WMA General Assembly, Helsinki, Finland, June
1964 held in Helsinki, Finland in June 1964, and amended
by the 52nd WMA General Assembly, Edinburgh, Scotland,
October 2000 and revised in October 2000, Edinburg, Scot-
land), the study was performed following the approval of
the Ethics Committee of Sumy State University. The children
and their parents were informed of the study purpose and
gave a written informed consent to participate in the study.
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Fig. 1. The intensity of the chemiluminescence signal of the markers.

Table 1. Clinical and demographic characteristics of the studied groups (M + m, Cl)

Variables, units Comparison Duration of TIDM
S less than a year

Number of subjects,n 8 (3/5) 11 (6/5) 24 (1717) 12 (7/5)
(male/female)
Age, years old 12,50 + 0.76 12.27 £ 1.02 13.63 + 0.65 16.08 + 0.38
10.71-14.29 10.00-14.54 12.28-14.97 15.25-16.92
Duration of DM, years ~ — 0.80 + 0.06 3.60 £ 0.25 11.90 + 0.97
0.7-0.9 3.08-4.12 9.76-14.04
Creatinine, pmol/l 80.24 + 447 86.22 + 3.92 97.52 + 6.26 96.36 + 6.18
69.68-90.79 77.35-95.09 84.57-110.47 75.90-116.82
P = 0.032 P = 0.049
GFR, mlimin/1.73 m? ~ 108.49 + 1575 88.38 + 7.58 97.53 + 6.84 96.46 + 10.42
71.25-145.74 71.49-105.26 83.38-111.68 73.51-119.40

P: statistical significance relative to the comparison group.

Table 2. Increase in the intensity of signal/pixel density depending on the duration of
T1DM in children

- Duration of TIDM

Adiponectin 1.5 times* 1.7 times* 3.9 times*
VCAM-1 1.3 times* 1.4 times* 1.6 times*
RBP 4 1.3 times* 1.3 times* 1.5 times*

*: statistical significance relative to the comparison group.

Table 3. Spearman’s rank correlation coefficient (r) between GFR and urinary
markers in children with T1DM

GFR: Adiponectin 0.734*; P = 0.007
GFR: VCAM-1 0.345; P = 0.271
GFR: RBP 4 0.329; P = 0.189

*: statistical significance between parameters.

We diagnosed T1DM according to the Order of the Min-
istry of Health of Ukraine dated April 27, 2006, No. 254 on
providing medical care to children in the specialty “Pediatric
Endocrinology” [12]. Creatinine-based “bedside Schwartz”
formula was used to estimate glomerular filtration rate
(GFR). According to the National Kidney Foundation (USA),
this formula is currently considered to be the best method
for assessing GFR in children (https://www.kidney.ora/
professionals/kdoqi/gfr_calculatorPed).

The first morning urine sample from the enrolled chil-
dren was collected in the Regional Children’s Clinical Hospi-
tal in Sumy, centrifuged, and stored at -20 °C until providing
an analysis. We analyzed the chemiluminescence intensity
for urine adiponectin, VCAM-1 and RBP 4 in the children
depending on the T1DM duration using a Proteome
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Profiler Human Kidney Biomarker Antibody Array (R&D
Systems, Minneapolis, USA) (https://www.rndsystems.com/
products/proteome-profiler-human-kidney-biomarker-ar-
ray-kit_ary019). This assay is analogous to enzyme-linked
immunosorbent assay (ELISA), but uses amembrane as a
substrate rather than a plate. Urine samples were diluted,
mixed with biotinylated detection antibodies, and incubated
overnight with the membranes. Streptavidin-horseradish
peroxidase and chemiluminescent detection reagents were
applied, and a signal was amplified at each capture spot.
Capture antibodies were spotted onto the membrane, with
each pair of spots representing a different analyte. The
membranes contained duplicate spots that represented
each biomarker. The chemiluminescence signals (pixel
density) from each spot of the membranes were detected
with Bio-Rad ChemiDoc Touch (https://www.bio-rad.com/)
and analyzed semi-quantitatively using Bio-Rad Image Lab
Software. We pooled urine samples from each group (less
than 1 year, 1-5 years, over 5 years, and the comparison).
The data obtained from the study were analyzed using
the GraphPad Prism 7.04 (https://www.graphpad.com/) and
Microsoft Excel 2016 software package.

For statistical analysis of the study materials, we
used descriptive statistics (mean (M), the mean error (m),
confidence interval (Cl)), and nonparametric methods (con-
tingency tables for the difference between the comparison
group and patients with T1DM). We calculated the statistical
dependence between the rankings of two variables using
Spearman’s rank correlation coefficient (r). Statistically
significant differences were indicated by P values <0.05.

Results

Table 1 represents clinical and demographic characteristics
of the examined population. The study indicated the preva-
lence of males with T1DM in all groups, the general male-
to-female ratio was 1.76 : 1.00. Such gender difference with
a male excess is typical for populations of European origin
[13]. The mean age of examined patients with T1DM was
13.73 = 0.41 years. This result confirms that the highest in-
cidence of T1DM s observed in 10—14-year-old patients [13].

Serum creatinine can not be an early predictor of DN
because its level significantly elevated only between 1 to
5 years compared to the initial manifestation of T1DM in
children.

One of the characteristic early renal functional changes
in of DN includes hyperfiltration [14]. GFR, calculated
according to the Schwartz creatinine-based formula, did
not demonstrate any significant changes in patients with
different duration of T1DM relative to the comparison group.
That is why this marker and creatinine-based GFR were
not effective to predict the occurrence of hyperfiltration in
children with T1IDM.

The analysis of contingency tables showed that urinary
levels of adiponectin, VCAM-1, and RBP 4 were statistically
increased in the very first year of diabetes onset in children
(Fig. 1).

However, the urine adiponectin levels demonstrated
greater dynamics throughout the study (Table 2).

Thus, we recommend this marker as a first line
non-invasive indicator of kidney damage in children with
T1DM. Urinary adiponectin was strongly correlated with
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VCAM-1 (r = 0.636, P = 0.026) and RBP 4 (r = 0.650,
P = 0.022). Therefore, their high levels may be foreseen in
case of increased concentration of adiponectin in the urine.
However, a statistically significant correlation with GFR was
relevant only for urinary adiponectin. Neither VCAM-1 nor
RBP 4 indicated changes of GFR (Table 3).

Thus, urinary adiponectin is more indicative of glome-
rular dysfunction in patients with T1DM, while VCAM-1
and RBP 4 illustrate the tubular apparatus impairment. The
subsequent development of a biomarker panel that contains
these three biomarkers would reliably and early predict and
evaluate both tubular and glomerular kidney damage in
children with T1IDM.

Discussion

The prevalence of diabetes is increasing and has already
pandemic proportions. Diagnosis of DN at incipient stages
can improve treatment and the quality of life in patients
with T1DM [1-3]. Albuminuria is a standard biomarker for
the diagnosis of DN, but it has different limitations. Several
biomarkers of renal dysfunction can precede microalbumi-
nuria, assuming its presence after overt kidney failure has
already occurred [15]. Hyperglycemia leads to the formation
of AGEs that contribute to the proliferation and hypertrophy
of renal cells. There occurs an activation of NADPH oxidase
and increased release of reactive oxygen species (ROS),
which activates protein kinase C (PKC), a mitogen-activated
protein (MAP), and NF-kB resulting in the overproduction
of extracellular matrix proteins. Extracellular matrix accu-
mulation in the tubular cells may be a significant factor
for renal failure progression in diabetic patients [3,16].
Nevertheless, both renal tubules and glomeruli are heavily
involved in the pathogenesis of DN [10]. We have identified
several glomerular and tubular biomarkers predicting DN
onset or progression in line with this. They are essential in
early diagnostics, especially in normoalbuminuric diabetic
patients with normal GFR [10,17].

Decreased concentration of plasma adiponectin is as-
sociated with insulin resistance in diabetes and metabolic
syndrome [6]. Adiponectin prevents kidney podocytes from
cell death by apoptosis, therefore, itis involved in recovery of
renal function in diabetic conditions [18]. It also protects both
kidney glomeruli and tubules. Glomerular cells express adi-
ponectin receptor 1 (AdipoR1). AdipoR1 can activate ade-
nosine monophosphate-activated protein kinase (AMPK)
and plays a vital role in controlling oxidative stress and cell
survival within the glomerulus [6,19]. The serum level of
adiponectin was significantly elevated in children with poor
T1DM control; it was directly associated with HbA1c and
negatively correlated with the disease/year [20]. Elevated
adiponectin levels in urine were associated with rapid GFR
decline, CKD incidence, and persistent DN over six years
in adults with T1DM [5]. Yamakado S. et al. have found
that urinary adiponectin could be a new diagnostic index
for assessing CKD related to diabetic nephropathy in adults
[21]. Our study has established an essential role of urinary
adiponectin as an early marker of glomerular damage in
pediatric patients with T1DM.

Hyperglycemia impairs vascular endothelial cell func-
tion, probably in part owing to oxidation of low-density lipo-
protein (LDL) and increased formation of free radicals. Free
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radicals stimulate the release of proinflammatory cytokines,
which induce the expression of adhesion molecules, inclu-
ding VCAM-1[22]. VCAM-1 expression is directly activated
by high glucose concentration [8]. Urine proteome analysis
indicates that VCAM-1 is the most relevant protein for earlier
stages DN diagnosis. The renal filtration function declines,
and urinary albumin excretion levels increase progres-
sively with an elevation in serum VCAM-1 levels [9,23,24].
VCAM-1 level was significantly higher in microalbuminuric
patients, so it may be used as a predictive marker for risk
stratification for nephropathy development and progression
[24]. However, there are no studies that describe the role of
urinary VCAM-1 in DN in children with T1DM. Therefore, our
finding of VCAM-1 as a marker of kidney tubular apparatus
lesion is novel and important.

Similar to adiponectin, RBP 4 is involved in mechanisms
of insulin resistance. Itinduces an enzyme expression in he-
patocytes (mainly phosphoenolpyruvate carboxykinase) in
the gluconeogenesis and impairs insulin signaling pathways
in skeletal muscle [11,25]. Serum RBP 4 positively correlates
with diabetes duration, glucose level, HbA1c, and urine
albumin-to-creatinine ratio (ACR). Negative correlations
between serum RBP 4 and GFR illustrate that a decrease
in GFR could lead to accumulation of RBP 4 in the systemic
circulation [11]. This marker is filtered at the glomerulus and
entirely reabsorbed in the proximal tubule. Thus, RBP 4 is
one of the most sensitive functional biomarkers of proximal
tubule damage [10,11]. Urinary RBP 4 excretion is elevated
in diabetic subjects and correlates with urinary albumin
excretion, serum and urine creatinine, GFR, indicating its
potential clinical application as a marker of early DN [10,26].
Increased urinary excretion of RBP 4 could suggest that
proximal tubular dysfunction may occur independently of
glomerular alteration [10]. Our study has also shown that
RBP 4 in the urine may indicate a tubular injury and serve
as a tool for clinical monitoring of DN development and
progression in children with T1DM.

Adiponectin, VCAM-1, and RBP 4 can serve as indi-
cators of treatment effectiveness. Reducing angiotensin ||
levels by ACE inhibition may have a multifactorial effect on
decreasing albuminuria, including reducing adhesion mole-
cules and diminishing glomerular filtration pressure, as well
as preventing the promotion of profibrotic pathways [22].

Conclusions

1. Serum creatinine could not be an early predictor
of DN because its level was significantly elevated only
between 1 to 5 years from the initial manifestation of T1DM
in children.

2. Creatinine-based glomerular filtration rate calcula-
tion did not effectively predict hyperfiltration occurrence in
children with T1DM.

3. Urinary adiponectin can be recommended as a
first-line non-invasive kidney damage indicator in children
with T1IDM.

4. Urinary adiponectin is more indicative of glomerular
dysfunction in patients with T1DM, while VCAM-1 and RBP
4 illustrate the tubular apparatus impairment.

Prospects for further research. It seems promising
to assess the level of kidney damage biomarkers in urine
individually for each patient with T1DM.
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