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Abstract. Background. Today, diabetes mellitus is an actual problem, characterized by a progressive increase in the
number of patients with a high frequency of complications that require early diagnosis and timely treatment. Diabetic
nephropathy is among the most common microvascular lesions. Patients may have clinical manifestations of diabetic
kidney disease that go beyond the classic symptoms and have extrarenal consequences in the form of bone mineral
disorders. The purpose of the work is to carry out a comprehensive assessment of early markers of kidney damage
and changes in bone disorder indicators in patients with type 2 diabetes and to identify correlations between the studied
parameters. Materials and methods. Eighty patients with type 2 diabetes participated in the study. They were divided
according to the glomerular filtration rate: GFR < 60 mi/min/m? (1< group, n = 26), GFR > 60 mi/min/m? (2" group, n = 54).
Results. Analysis of early markers of kidney damage revealed some significant differences between the groups. Indica-
tors of daily urine albumin-creatinine ratio, serum cystatin C, parathyroid hormone, uric acid, and vitamin D-binding protein
were significantly higher in patients with GFR < 60 mi/min/m?. The average level of vitamin D (250H) in both groups
corresponded to a deficient state, and the 1* group was marked by a statistically significantly lower level compared to
the 2™ group: 12.32 + 4.84 and 16.72 + 5.82 ng/ml, respectively (p = 0.001). In the 1< group, vitamin D deficiency was
observed in 92.3 % of cases, and in the 2 group, in 74.1 % (p = 0.56). According to the correlation analysis, some reliab-
le relationships were found: in the 1 group, there was a negative correlation between GFR and parathyroid hormone
(r=-0.816, p < 0.001). An inverse correlation was revealed between GFR and cystatin C in the 1¢ (r=-0.862, p < 0.001)
and 2™ groups (r =—0.322, p = 0.18). Among all examined patrticipants, there was a linear negative correlation between
GFR and uric acid (r =—0.452, p < 0.001). Vitamin D (250H) didn’t have a significant relationship with GFR, however, we
found a negative correlation with the daily urine albumin-creatinine ratio (r = —0.253, p = 0.024) and cystatin C (r = —-0.303,
p = 0.006), which confirms the role of cholecalciferol in mineral bone disorders in patients with chronic kidney disease.
In our study, an inverse correlation was found between GFR and vitamin D-binding protein in the 1¢ (r =—0.436, p = 0.26)
and 2™ group (r =—-0.283, p = 0.038), which probably indicates a possible compensatory response of transport protein
to initial mineral bone disorders in patients with diabetic kidney disease. Conclusions. Early detection of bone mineral
disorders in diabetic kidney disease is important to increase the efficiency of managing patients with type 2 diabetes and
timely treatment, prevention of cardiovascular complications and bone metabolism disorders.

Keywords: diabetes mellitus; diabetic kidney disease; chronic kidney disease; vitamin D deficiency; mineral bone
disorders; hyperparathyroidism; albuminuria; vitamin D-binding protein

Intfroduction The highest rate of increase in the prevalence of diabetes

Diabetes mellitus (DM) is an actual problem today, cha-  is expected from 2021 to 2045 in middle-income countries
racterized by a progressive increase in the number of patients  (21.1 %) compared to high- (12.2 %) and low-income ones
with a high frequency of complications. According to the  (11.9 %) [1]. DM is a progressive chronic disease that can
International Diabetes Federation forecasts, the number of  cause severe micro- and macrovascular lesions requiring
people with diabetes will increase to 783 million by 2045.  early diagnosis and timely treatment. Such a microvascular
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complication as diabetic nephropathy appears to be the most
common complication of type 2 diabetes (T2DM) and is
associated with the duration of diabetes [2]. Diabetic kid-
ney disease (DKD) is the most common cause of end-stage
renal disease worldwide [3]. Among the nosological forms
of chronic kidney disease (CKD), diabetic lesions take the
first place, and cardiovascular complications are among the
prominent causes of death [4]. Mineral bone and osteoporo-
tic changes in patients of different ages also play a significant
role in CKD [5], so the problem of treatment and prevention
of complications is multidisciplinary.

A possible limitation of current screening methods for
DKD is the non-albuminuric phenotype of diabetic nephro-
pathy, which is becoming increasingly common and has no
specific therapy [6]. Early diagnosis of renal pathological
changes in DM, taking into account various markers of
kidney damage, including some indicators of bone mine-
ral disorders, and timely implementation of renoprotection
measures are extremely relevant.

Impaired secretory function of the kidneys in CKD is
often associated with hyperactivation of the renin-angioten-
sin-aldosterone system, hypertension, hyperkalemia, ane-
mia, and CKD. Bone mineral disorders predict a very high
risk of death, cardiovascular events, and progression of CKD
to end-stage renal disease [7].

Mineral disorders of bone tissue in patients with CKD
(CKD-MBD — chronic kidney disease-mineral and bone
disorder) are caused by numerous biochemical and hor-
monal disorders and are associated with a high risk of bone
fractures, progression of pathological renal changes, cardio-
vascular events, and mortality [8]. The term “CKD-MBD”
summarizes all changes, including the development of osteo-
porosis without primary damage to the parathyroid glands
[9]. Secondary hyperparathyroidism can be a sign of mineral
and bone disorders, bone diseases and vascular calcification.

The role of MBD in patients with CKD is important in
the pathogenesis of cardiovascular diseases. In patients with
CKD-MBD, urinary phosphate excretion decreases and
the concentration of fibroblast growth factor 23 (FGF23)
and parathyroid hormone (PTH) in the blood increases. At
the same time, the serum calcitriol level decreases due to an
increase in FGF23. It has already been proven that increased
levels of PTH and FGF23 cause left ventricular hypertrophy,
arrhythmia, and calcification of the cardiovascular system
[10]. Thus, it is important to carry out therapeutic correction
of CKD-MBD, which will simultaneously contribute to the
prevention of cardiovascular diseases.

The aim of the work: to carry out a comprehensive as-
sessment of early markers of kidney damage and changes in
MBD indicators in patients with type 2 diabetes, as well as to
identify correlations of the studied parameters.

Materials and methods

The research was carried out in the Department of Gene-
ral Endocrine Pathology (Kyiv City Endocrinological Center,
Kyiv). The principles of the Declaration of Helsinki were
followed. All participants signed the appropriate form of in-
formed consent to participate in this study. Inclusion criteria
were patients with a diagnosis of T2DM in a state of subcom-
pensation, whose disease duration was more than 5 years.

Exclusion criteria were age under 18 years, patient re-
fusal, participation in another study, type 1 diabetes, pre-
vious intake of vitamin D preparations, pregnancy, lactation,
diseases such as pyelonephritis in the acute phase, primary
hyperparathyroidism, a history of nephrectomy, cancer, acute
heart failure or acute kidney injury.

Eighty patients with T2DM were included in the study.
The groups were formed according to the level of glomeru-
lar filtration rate (GFR): GFR < 60 ml/min/m? (1 group,
n=26), GFR > 60 ml/min/m? (2" group, n = 54). GFR was
estimated according to the Chronic Kidney Disease Epide-
miology Collaboration equation based on serum creatinine.
Creatinine, uric acid (UA), magnesium were determined
by the colorimetric method. The enzyme-linked immuno-
sorbent assay was used to study serum vitamin D (250H),
vitamin D-binding protein (VDBP), PTH, and cystatin C.
HbA1c was measured by the method of high-performance
liquid chromatography. The albumin-creatinine ratio (ACR)
in daily urine was calculated with the determination of the
level of albuminuria by the immunoturbidimetric method
and creatinine by the colorimetric method.

Statistical data were processed using SPSS software (ver-
sion 23, IBM Corp., Armonk, NY, USA). The normality
of the law of distribution of data of continuous variables
was assessed using the Shapiro-Wilk test. Data were pre-
sented as mean with standard deviation (mean =+ SD) or
median with first and third quartiles (median (Q1-Q3)) and
unpaired t-test or Wilcoxon test were used to study the dif-
ference between group means according to the normality law
distribution. Differences between indicators were considered
significant at p < 0.05.

Results

The characteristics of the examined patients of both
groups are presented in Table 1. The average age of the
patients in the I* group was 66.81 + 8.34 years and in the
2™ — 60.74 £ 10.05 years (p = 0.290). A statistically signi-
ficant difference was found in the duration of DM in the 1*
and 2" groups, respectively: 12 (10; 20) and 10 (5; 13) years
(p=0.016). The ACR in daily urine was significantly higher
in the 1 group compared to the 2" 5.25 (2.3; 160.7) and
1 (0.6; 2.9) mg/mmol, p < 0.001, which corresponded to
microalbuminuria.

Another sensitive marker for early diagnosis of kidney
lesions, cystatin C, was also significantly different: 0.75 (0.52;
0.99) in the I* group and 0.45 (0.39; 0.52) mg/l in the 2™
(p <0.001).

The median of the main indicator for assessing the
filtration capacity of the kidneys (GFR) in patients from
the 1* group was 48.1 (32.4; 57.2), which statistically
significantly differed from the 2™ group — 83.45 (72.4;
92.7) ml/min/m? (p < 0.001). The median of vitamin D
in both groups corresponded to a deficient state (using
the classification according to the recommendations of
the of Ukrainian experts on the diagnosis, prevention and
treatment of vitamin D deficiency in adults) [11], and
the 1* group was characterized by a statistically signifi-
cantly lower level of vitamin D (250H) compared to the
2" group (12.32 = 4.84 and 16.72 + 5.82 ng/ml, respec-
tively; p = 0.001). In the 1* group, vitamin D (250H) defi-

Vol. 20, No. 4, 2024

https://iej.zaslavsky.com.ua

239


https://iej.zaslavsky.com.ua

OpwuriHaAbHi AoocAipXeHHs / Original Researches

skl

Table 1. Characteristics of the examined patients with type 2 diabetes

Indicators GFR < 60 (n = 26) GFR > 60 (n = 54) o]

Age (years), average 66.81 + 8.34 60.74 = 10.05 0.290
Duration of diabetes (years), median 12 (10; 20) 10 (5; 13) 0.016
BMI (kg/m?), average 30.960 + 4.546 31.62 £ 6.00 0.618
GFR (ml/min/m?), median 48.1 (32.4; 57.2) 83.45 (72.4; 92.7) < 0.001
Vitamin D (250H) (ng/ml), average 12.32 + 4.84 16.72 £ 5.82 0.001

PTH (pg/ml), median 78.68 (53.12; 133.67) 52.54 (42.44; 72.31) 0.008
Cystatin C (mg/l), median 0.75 (0.52; 0.99) 0.45 (0.39; 0.52) < 0.001
Serum VDBP (ng/ml), median 125.82 (99.27; 168.8) 101.07 (75.34; 131.18) 0.028
UA (umol/l), median 424.3 (369.7; 473.5) 316.85 (271.4; 357) < 0.001
ACR daily urine (mg/mmol), median 5.25 (2.3; 160.7) 1(0.6;2.9) < 0.001
HbA1c (%), average 8.76 + 2.11 9.17 £ 2.17 0.426
Magnesium (mmol/l), median 0.76 (0.73; 0.81) 0.78 (0.75; 0.83) 0.191

ciency was observed in 92.3 % of cases (n = 24), and in the
2™ group — in 74.1 % (n = 40), p = 0.56.

When assessing the level of PTH, the median values were
significantly higher in patients with GFR < 60 ml/min/m?*
78.68 (53.12; 133.67) than in persons with preserved renal
filtration capacity: 52.54 (42.44; 72.31) pg/ml, p = 0.008,
which confirms hyperactivity of parathyroid tissue in renal
failure.

The median of UA in the blood corresponded to hyper-
uricemia in the group of patients with GFR < 60 ml/min/m?
424.3 (369.7; 473.5) in contrast to the group with GFR
> 60 ml/min/m?* 316.85 (271.4; 357) umol/1, p < 0.001. No
statistical difference was found in HbAlc, however, lower
glycemia was observed in patients from the 1* group, proba-
bly due to lower insulinase activity in severe kidney damage,
which affects the improvement of carbohydrate metabo-
lism and may even provoke the risk of hypoglycemia. The
median magnesium levels in both groups corresponded to
the reference values, but in patients from the 2™ group they
were higher (0.76 (0.73; 0.81) and 0.78 (0.75, 0.83) mmol/I,
p = 0.191). As it is already known, hypomagnesemia in-
creases insulin resistance by suppressing the translocation of
glucose transporter type 4, which contributes to the initiation
and progression of diabetes, and the development of mac-
ro- and microvascular complications, in particular diabetic
nephropathy [12].
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Figure 1. Correlation between GFR and PTH
in patients with GFR < 60 ml/min/m?

We conducted a correlation analysis that demonstrated
some statistically significant relationships. Thus, in patients
from the 1* group, the correlation analysis showed a negative
relationship between GFR and PTH (r=—0.816, p < 0.001)
(Fig. 1); in the 2™ group, no connection between these indi-
cators was found.

A negative correlation was found between GFR and
cystatin C in the I* (r = —0.862, p < 0.001) and 2™ groups
(r=-0.322, p=0.18) (Fig. 2A, 2B), which indicates a hig-
her sensitivity of the serum marker cystatin C with a signifi-
cant decrease in GFR. GFR and the level of UA had no
correlation in separate groups — a linear negative correlation
was found among all the examined (r = —0.452, p < 0.001)
(Fig. 3C). In our study, vitamin D was not significantly as-
sociated with GFR, but since it is considered an indicator
of MBD in patients with CKD, we further investigated its
association with other early markers of renal damage in DM.
A negative correlation was found in both groups between the
levels of vitamin D and cystatin C (r = —0.303, p = 0.006)
and daily urinary ACR (r = —0.253, p = 0.024) (Fig. 3A, 3B).

Researchers report that the level of fibroblast growth fac-
tor increases with DKD and the biosynthesis of 1,25(OH),D,
is actively inhibited [13]. In the pathogenesis of diabetic ne-
phropathy, the filtration of albumins and the loss of VDBP
with urine increase [14]. When analyzing the results, an in-
verse correlation was found between GFR and VDBP in the
I (r=-0.436, p = 0.26) and in the 2™ groups (r = —0.283,
p = 0.038) (Fig. 2C, 2D), which may indicate a possible
compensatory reaction of the transport protein in response
to the initial violations of MBD in patients with diabetic
kidney damage.

Discussion

The problem of high mortality due to complications of
DM is a challenge for the healthcare systems of all countries,
regardless of socioeconomic level. Timely diagnosis and ef-
fective treatment of kidney damage in a patient with diabe-
tes require a multidisciplinary approach in order to prevent
complications. Therefore, identifying early markers of kidney
damage is an important task the doctor faces. The index of
albuminuria and ACR are the KDIGO 2023 recommended

240

Miznarodnij endokrinologicnij Zurnal, ISSN 2224-0721 (print), ISSN 2307-1427 (online)

Vol. 20, No. 4, 2024



OpuriHaAbHI AoocAipXeHHs / Original Researches

GFR < 60 GFR > 60
2.5+ 0.8 7
r =-0.862; p < 0.001 *  =-0322;p=0.018
< 20- . =
()] (o]
€ € 0.6
g 157 %)
£ £
S 1.01 S
2 2 047
O 454 (&)
00 T T T 1 02 T T T T 1
0 20 40 60 80 40 60 80 100 120 140
ﬂ GFR, ml/min/m? B GFR, ml/min/m?
GFR < 60 GFR > 60
600 600
° r=-0.436; p = 0.026 r=-0.283; p = 0.038
E 400- : E 400-
()] [o]
c c
o o ¢
8 a
S 200 S 200 -
0 T T T 1 0 T T T T 1
0 20 40 60 80 40 60 80 100 120 140
GFR, ml/min/m? B GFR, ml/min/m?
Figure 2. Correlations of GFR with cystatin C and VDBP in both groups
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Figure 3. Correlations of vitamin D (250H), ACR, UA, and cystatin C in both groups regardless of GFR

parameters for the verification of kidney damage, assessing
the severity of proteinuria, effectiveness of treatment, and
stratification of the risk of mortality [15]. We conducted a
comprehensive assessment of possible early markers of kid-
ney damage in patients with T2DM, namely indicators of
ACR, cystatin C, VDBP, and UA. It should be noted that
the loss of albumin with urine was significantly higher in the
1*t group compared to the 2™, according to ACR (Table 1).
KDIGO 2022 [15] guidelines on the management of a
patient with CKD recommended to determine the level of
cystatin C for calculating GFR as a sensitive and accurate
marker. According to the results of the study, it is noted that
cystatin C was significantly higher in the 1% group than in the
2" one. Cystatin C is also reported to be a better estimate
of true kidney function, as it excludes muscle loss due to
long-term critical illness [16]. The assessment of mineral
and bone metabolism was based on the analysis of vitamin D
(250H), PTH, and VDBP levels. Today, vitamin D (250H)

is considered not only a marker for the regulation of calci-
um-phosphorus metabolism but also as a prohormone that
participates in many biological processes. It is also known as
a separate component of the multifactorial development of
insulin resistance [17].

The results of the examination show that the level of
25(OH)D in both groups corresponded to the indicators
of a deficient state regardless of the level of GFR. However,
with the loss of renal functions, the deficiency state was more
pronounced — the 1% group was marked by a statistically
significantly lower level of 25(OH)D compared to the 2™
group. The development of secondary hyperparathyroidism
is inherent in a decrease in GFR, a tendency which was no-
ted in patients of the 1% group (GFR < 60 ml/min/m?) with
median PTH of 78.68 (53.12; 133.67) pg/ml. It is already
known that hyperphosphatemia, hypocalcemia, D-hypovi-
taminosis stimulate the synthesis and secretion of PTH, as
well as the proliferation of cells of the parathyroid glands. At
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first, the parathyroid tissue grows diffusely, then its nodular
growth spreads during the progression of kidney disease,
which causes a lower sensitivity of the parathyroid glands
to inhibition of PTH synthesis [18]. Vitamin D binds to its
transport carrier VDBP, which is filtered through the glome-
ruli of the kidneys and absorbed by the receptor in the proxi-
mal tubules. We investigated the level of VDBP in blood
serum, which had a significant inverse correlation with GFR
in all patients, with a stronger correlation in the 1 group. It
has already been proven that patients with type 2 diabetes and
CKD had a higher aldosterone level, which was accompanied
by a higher frequency of hypertension and albuminuria/
proteinuria [19]. Despite the sufficient delivery of substrates
to the proximal tubules of the kidneys, since higher levels
of serum VDBP were observed in the 1% group, albuminuria
progressed along with a decrease in vitamin D. Considering
modern views on VDBP and MBD parameters as markers of
early kidney damage, further studies are needed to estimate
the effect of renin-angiotensin-aldosterone system blockers
on urinary albumin filtration, including VDBP.

Conclusions

Early diagnosis of kidney damage and bone metabolism
disorders in patients with type 2 diabetes has extremely im-
portant prognostic value, and parameters of MBD such as
levels of PTH, vitamin D (250H), VDBP, along with ACR
and cystatin C, can be considered early markers of damage
in CKD.

The study showed that the level of vitamin D (250H)
in both groups corresponded to the indicators of a de-
ficient state, and it was statistically significantly lower in
the group with GFR < 60 ml/min/m? than in patients with
GFR > 60 ml/min/m? (12.32 £ 4.84 and 16.72 £ 5.82 ng/ml,
p=0.001).

Patients with GFR < 60 ml/min/m? and type 2 diabetes
have a high risk of developing secondary hyperparathyroi-
dism, in contrast to individuals with preserved renal filtration
capacity.
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PAHH$ AiQrHOCTUKA MiIHEPAABHUX | KICTKOBUX PO3ACAIB
y NAuUieHTiB i3 Aid6eTUYHOKO XBOPOOOKO HUPOK
HQA TAI LYKPOBOro Aia6eTty 2-ro tuny

Pestome. Axkmyaavnicme. Llykposuii 1iaGet € akTyabHOIO IIPo0IIe-
MOIO ChOTOZIEHHS, SIKa XapaKTePU3YEThCSI MPOTPECYIOYUM 3pOCTaH -
HSIM KiJTbKOCTI TIALIIEHTIB i3 BUCOKOIO YAaCTOTOIO YCKJIAIHEHb, 110
MOTpeOYIOTh PAaHHbOI AiarHOCTUKM Ta CBOEYACHUX JIIKYBAITbHUX
3axomiB. OMHUM i3 HANMOIIMPEHIIINX MiKPOCYIMHHUX YpaXXeHb €
niaberuuHa HedpornaTis. [allieHTn MOXyTh MaTH KJIiHIUHI TPOSIBU
NiabeTUYHO1 XBOPOOU HUPOK, SIKi BUXOMSITh 32 MEXi KIaCUUHUX
CHUMIITOMIB i MalOTh €KCTpapeHaIbHi HACTIIKY Y BUIJISII MiHepa-
JIO-KIiCTKOBUX po3naniB. Mema po6omu: IpOBECTU KOMILJIEKCHY
OILIIHKY paHHIX MapKepiB ypaxkeHHsI HUPOK i 3MiH ITOKa3HUKIB
MiHepajbHOI IIiIIbHOCTI KiCTKOBOI TKAHWHU B IMALiEHTIB i3 11y~
KPOBUM JiabeTOM 2-TO TUITY, @ TAKOX BUSBUTHU B3a€EMO3B’SI3KU
TMOCTIIKyBaHUX TlapaMeTpiB. Mamepiaau ma memodu. Y nocii-
JKeHHI B3siM yyacTh 80 MallieHTiB i3 LyKpOBUM AiabeToM 2-TO
TUITY, SIKi OYJIM PO3MOIiJIeH] 3a PiBHEM IIBUAKOCTI KITyOOUYKOBOT
dinprpauii: pLLHK® < 60 mi1/x8/M? (niepiia rpyma, n = 26), pLLIK®
> 60 mu1/xB/M? (1pyra rpyna, n = 54). Pesyabmamu. AHaji3 paHHix
MapKepiB ypaxkeHHsI HUPOK B 00CTEXXEHMX TpyIlax BUSBUB JIEsKi
CYTTE€BI BinMiHHOCTI. [ToKa3HUKM CIiBBiZHOIIIEHHS aJIbOYMiHY
Ta KpeaTuHiHy B 1000Biil cedi, cupoBaTKoBoro uucraruny C, na-
paTrOpMOHY, CeYOBOi KUCIOTH, BiTaMiH-D-3B’s13yt0uoro 6iika
Oy BiporigHo BUIIMMU B natieHTiB i3 pLLIK® < 60 mui/xB/M2.
CepemHiii ymicT BitamiHy D B 000X rpynax Bianoinas nedinur-
HOMY CTaHy, IPUYOMY Tieplia rpyrna Bia3Havyauacs CTAaTUCTUYHO
BipOTiTHO HUXXYUM PiBHEM TOPIBHSIHO 3 npyroio — 12,32 + 4,84
Ta 16,72 + 5,82 ur/mia BignosigHo (p = 0,001). Y nepuiii rpymi
neditut Bitaminy D crioctepirasest B 92,3 % Bunajkis, y Apyriidi —
y 74,1 % (p = 0,56). I1pu KopessLiiHOMY aHai3i 3HaiAeHi AesKi

BipOTiJHi 3B’S13KM: Y TIepLIiil TpyIi — HeraTuBHA KOpPEJsiilis MixX
plIK® rta ITT (r = —0,816, p < 0,001). CrioctepiraBcst o6ep-
HeHwMii 38’130K MixX pLLIK® Tta rucratunom Cy 1-ii (r = —0,862,
p <0,001) Ta 2-it rpynax (r = —0,322, p =0,18). Cepen ycix oocTe-
XKEHMX YYACHUKIB BUSIBJIICHO JIiHiiIHY HETaTUBHY KOPEJSIIil0 MixX
pLLIK® Ta piBHem ceuoBoi kucnotu (r = —0,452; p < 0,001). Bira-
MiH D He maB BiporigHoro 38’s3ky 3 pLIIK®, nmpore Mmu 3Haium
HETaTMBHY KOPEJISLI0 3i CITiBBIIHOIICHHSIM albOyMiHy i Kpea-
TUHiHY B 1000Bi# ceui (r = —0,253, p = 0,024) Ta uucraruom C
(r=-0,303, p=0,006), 1110 TiATBEPIKYE POJIb XOJIEKATbLINDEPOTY
B IMOPYILIEHHI MiHEPaJIbHOI IIiJILHOCTI KiCTKOBOI TKAHWMHMU B Malli-
€HTIB i3 AiaOeTUYHOIO0 XBOPOOOIO HUPOK. Y HAIIOMY AOCTiMIKEHHI
BUSIBJICHO 3BOPOTHY Kopesuito Mixx pIIIK® ta Biramin-D-38’g-
3y10unM OiKoM y mepiiii (r = —0,436, p = 0,26) Ta apyriit rpymi
(r=-0,283, p=10,038), 1110, iIMOBipHO, BKa3y€e Ha MOXJIUBY KOM-
MEHCATOPHY PeaKllilo TPAaHCIIOPTHOTO OiJIKa Ha MOYaTKOBI MiHepa-
JIO-KiCTKOBI MTOPYILIEHHS B MALIEHTIB i3 1iaOETUYHUM ypaXkeHHSIM
HUpPOK. Bucnoexu. PanHe BUSIBIEHHSI MiHEpaJIbHUX 1 KiCTKOBUX
pOo3NafiB mpu AiabeTUUHi XBOPOOi HUPOK € BaXKJIMBUM ILIOAO i~
BUIIIEHHS e(DEKTUBHOCTI BEIEHHSI MALIIEHTIB i3 IlyKPOBUM IiabeTOM
2-TO TUITY Ta CBOEYACHOTO JIIKyBaHHS, TPOMITAKTUKU YCKIaTHEHD
3 OOKY CepleBO-CYIMHHOI CUCTEMU i MOPYIIeHb KiCTKOBOTO Me-
TaboJTi3My.

KurouoBi ciioBa: mykposuii niaber; miabeTuuyHa XBopoba HU-
POK; XpOHiYHa XBOpoOa HUPOK; nedinut Bitaminy D; MiHepaib-
Hi Ta KiCTKOBi po3Jiaau; TineprnapaTupeos; alboyMiHypisi; BiTa-
MiH-D-3B’s13y10unii 610K
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