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Ninety patients with type 2 diabetes mellitus (DM) aged 39 to 76 years were examined. Women were 71 (78.9 %), men —
19 (21.1 %). The diagnosis of non-alcoholic fatty liver disease (NAFLD) was made based on an ultrasound examination of
the abdominal cavity. The levels of vitamin D in the blood were determined by enzyme immunoassay. NAFLD was detected
in 66.7 % of patients with type 2 DM. Vitamin D levels in the blood of patients with NAFLD on the background of type 2 DM
were lower, and its deficiency was more common than in cases of DM without NAFLD. Serum vitamin D levels in patients with
NAFLD and cholestatic syndrome were lower than in cases of NAFLD without signs of cholestasis. According to regression
analysis, the development of NAFLD in type 2 DM is affected by reduced vitamin D levels in the blood and increased values
of glucose, alanine aminotransferase, and low-density lipoproteins.

Thus, the development of NAFLD against the background of type 2 DM is associated with a decrease in vitamin D
concentration in the blood. Serum level of vitamin D less than 16.18 ng/ml can be used as a predictor of NAFLD in patients
with type 2 DM.
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0O6c¢nenoaHo 90 60sbHbIX caxapHbiM anabetom (CL) 2-ro Tvna B Bo3pacTte oT 39 no 76 net. XeHuwmH 6bino 71 (78,9 %),
MyxuinH — 19 (21,1 %). Ha ocHOBaHUK ynbTPa3BYKOBOrO UCCNEL0BaHUS OPIOLLIHON NONOCTU yCTaHaBAMBANACh HEANIKOrOJibHas
xupoBas 6one3Hb nedeHn (HAXBI). CopepxaHne BuTammnHa D B CbIBOPOTKE KPOBW ONPeaensiiv METOAOM MMMYHODEPMEHT-
Horo aHanusa. Y 66,7 % 6onbHbix C, 2-ro Tuna BeiseneHa HAXBIM. Copepxanue ButamuHa D B kposu y naumeHTos ¢ HAXBIM Ha
doHe C, 2-ro Tvna 6bin0 HUKe, a ero aeduumnT BCTpedasncs valle, Yem B cnydasax C 6e3 HAXKBI. CbiIBOPOTOUHbIE YPOBHM BUTA-
MuHa D y naumenToB ¢ HAXKBI 1 xonectatnyeckmm CUHOPOMOM Obinn HUXe, YeM B criydasx HAXKBI 6e3 npr3HakoB xonecTasa.
Mo paHHBIM perpeccuMoHHOro aHanusa, Ha passutne HAXBI npu CH 2-ro Tuna BAUSIOT HWU3KOE COAEpPXaHWe BUTaMu-
Ha D B KPOBU 1 yBENMYEHHbIE NOKA3aTENN MOKO3bI, alaHMHOBOM aMUHOTPaHchepasbl U IMNONPOTENHOB HU3KOW NIIOTHOCTH.

Takum obpasom, dopmuposaHne HAXBI Ha doHe CL1 2-ro Tuna accoLMmMpoBaHO CO CHMKEHNEM KOHLEHTPaLMK BUTa-
MuHa D B KpoBU. CbIBOPOTOYHbIV YypOBEHb BUTaMmnHa D meHee 16,18 HIr/Mn MOXET MCNOob30BaTbCs B KA4E€CTBE NPeanKTopa
HAXBIM y 6onbHbIX CL, 2-ro Tuna.

KrnroyeBblie ciioBa: HeasikoroJibHasl XupoBas 60s1€3Hb rnevyeHu, caxapruZ ,qMaﬁeT 2-ro tuna, ButTammH D
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Ac - accuracy LDL - low-density lipoproteins

ALT - alanine aminotransferase NAFLD - non-alcoholic fatty liver disease
AST - aspartate aminotransferase NPV - negative predictive value

BMI -body mass index OR - odds ratio

CI - confidence interval PPV - positive predictive value

DM - diabetes mellitus Se - sensitivity

GGT - gamma-glutamyltranspeptidase Sp - specificity

HDL - high-density lipoproteins TLR - Toll-like receptor
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diseases and includes awide range of conditions

such as steatosis, non-alcoholic steatohepati-
tis, fibrosis, cirrhosis, and hepatocellular carcinoma,
which are based on the accumulation of triglycerides
in hepatocytes without alcohol abuse [1, 2].

The prevalence of NAFLD in the world averages 25 %,
and the main proportion of patients is detected in the cohort
of the working population [3]. In patients with type 2 DM, the
prevalence of NAFLD doubles, reaching 60 % or more [4].

Vitamin D is essential in maintaining calcium
homeostasis in the body through a receptor belonging
to the nuclear hormone receptor superfamily. In recent
decades, particular attention has been paid to the non-
classical effects of vitamin D, such asimmune modulation,
effects on hormonal secretion, and participation in cell
differentiation and proliferation, which provide antioxidant
protection and reduction of inflammation and fibrosis [5].

It is hypothesized that vitamin D deficiency coexists
with NAFLD, given their associations with obesity and type
2 DM. The point of view that there is a causal relationship
between hypovitaminosis D and metabolic pathology of
the liver is gaining more recognition [6].

Thus, in patients with NAFLD, a reduced content of
vitamin D in the blood was determined, and its deficiency
(less than 20 ng/ml) occurred in 70 % of the cases [7].
Decreased blood levels of vitamin D (less than 30 ng/
mL) were detected in 70.1 % of patients with steatosis,
89.7 % with non-alcoholic steatohepatitis, and 84.6 %
with liver cirrhosis [8]. A decrease in serum vitamin D
values was noticed in NAFLD patients with type 2 DM [9-
11], especially in cases of severe liver fibrosis [11].

However, there is an opinion that the concentration
of vitamin D in the blood, as well as the frequency of its
deficiency in patients with NAFLD, does not differ from
the total population [12, 13], although the results of some
meta-analyses refute this data [14]. The role of vitamin D
in predicting NAFLD in patients with type 2 DM has not yet
been determined.

The study aimed to evaluate the predictive value of blood
vitamin D levels in patients with NAFLD and type 2 DM.

Material and Methods. The study included
90 patients with type 2 DM aged 39 to 76 (mean age
58.79+8.59 years). Women were 71 (78.9 %), men —
19 (21.1 %). Inclusion criteria: type 2DM; age over 18;
signed informed consent to participate in the study.
Exclusion criteria: Type 1 DM; gestational diabetes;
liver diseases other etiologies; alcohol consumption
in hepatotoxic doses; acute infections in the last three
months; chronic somatic disorders in the aggravation
or decompensation stage; organ pathology affecting
phosphorus calcium metabolism; drug addiction;
pregnancy and lactation; malignant neoplasms;
consumption of calcium, vitamin D, glucocorticosteroids,
bisphosphonates, other drugs, that have affected the
metabolism of vitamin D over the past three months.

The duration of DM did not exceed 9.5 (5.0; 15.0)
years. The mean values of BMI, glycosylated haemoglo-
bin, glucose, ALT, AST, GGT, total bilirubin, total choleste-
rol, HDL, LDL, triglycerides were 32.78+4.46 kg/m?,
8.81+£2.08 %, 10 .07 (7.26; 12.64) mmol/I, 27.70 (18.25;
44.77) U/l, 23.50 (17.55; 30.03) U/I, 33.00 (23.00;
49.75) U/1, 10.70 (8.12; 12.52) umol/l, 5.70 (5.02; 6.47)
mmol/l, 1.22(1.07; 1.48) mmol/I, 3.58+1.29 mmol/I, 1.79
(1.40; 2.80) mmol/l, respectively. Arterial hypertension
was detected in 84.4 % of patients.

The diagnosis of NAFLD was based on abdominal
ultrasonography, which is highly sensitive and specific
and is a sufficient diagnostic criterion when excluding
other causes of liver pathology [15].

NAFLD is one of the most common chronic liver
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The content of vitamin D in blood serum (SCVital Deve-
lopment Corporation, Russia) was determined by ELISA.

The patients signed an informed consent to
participate in the research, confirmed by the university’s
ethics committee.

The results were statistically processed using
StatTechv. 3.0.9 (Stattech Pvt. Ltd., Russia). Quantitative
parameters with normal distribution were described
using the mean (M) and standard deviation (SD). Without
a normal distribution, parameters are presented as a
median (Me) and the lower and upper quartiles (Q1; Q3).
To identify differences, the Student’s t-test and Mann —
Whitney test were used. The odds ratio (OR) and its 95 %
confidence interval (Cl) were calculated. ROC analysis
was performed to determine the diagnostic value of
the indicators, and the information content of the test
was assessed using the area under the ROC curve. The
value of several parameters in the NAFLD prediction was
estimated by logistic regression. Sensitivity, specificity,
positive and negative predictive values, and accuracy
were calculated. The discrepancies were considered
statistically significant at p<0.05.

Results and Discussion. NAFLD was detected
in 60 (66.7 %) patients with type 2 DM; in 30 (33.3 %)
cases, there were no signs of liver pathology. Patients
with NAFLD on the background of type 2DM had higher
glucose levels, glycosylated haemoglobin, ALT, AST,
GGT, total cholesterol, LDL, and very low levels of HDL in
the blood (Table 1). Triglycerides in this cohort of patients
tended to increase.

Table 1
Clinical characteristics of NAFLD on the background
of type 2 DM (M+SD; Me (Q1; Q3))

NAFLD DM with-
Parameters with DM out NAFLD p
(n=60) (n=30)
Gender Male 10 (16.7 0/0) 9 (30 0/0) O 144
abs. (%)  |Female| 50 (83.3 %) | 21 (70 %) '
Age, years 57.87+8.91 | 60.63+7.73 0.151
Duration of DM, 10.50 8.00 0.504
years (6.00; 15.00)((4.25; 16.50) )
Glycosylated 9.35 7.46 <0.001%*
hemoglobin, % (8.17; 10.81)| (6.10; 8.43) '
10.74 7.28
Glucose, mmol/I (8.69; 15.20)| (5.53: 9.90) <0.001**
35.10 20.50
ALT, U/I (21.75; (15.70; <0.001**
49.80) 27.75)
25.30 20.50
AST, U/I (17.85; (17.48; 0.039**
42.33) 28.00)
42.00 23.50
GGT, U/I (28.75; (18.00; <0.001**
71.25) 33.75)
Total bilirubin, 11.32 10.05 (8.30; 0.262
umol/I (7.66; 14.85) 11.20) '
BMI, kg/m?2 33.06+3.92 | 32.22+5.41 0.402
Iﬁ’rﬁfwro'esmm" 6.1741.70 | 5.1240.82 | <0.001*
HDL, mmol/I 1.23+£0.32 | 1.41+£0.37 0.019*
LDL, mmol/I 3.87+1.39 | 3.02+0.84 0.003*
Triglycerides, 1.9 1.69 0.062
mmol/I (1.46; 2.98) | (1.10; 2.39) '
Arterial pre- 52 24
hyperten- | sence | (86.7 %) | (80 %) 0538
sion abs. ab- 8 6 =
(%) sence | (13.3 %) (20 %)

Note: * — Student’s t-test; ** — Mann — Whitney test.
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The blood concentration of vitamin D in patients
with type 2 DM was decreased and amounted to 15.4
(10.94; 29.98) ng/ml. Serum levels of vitamin D in type
2 DM patients with NAFLD were statistically significantly
lower (12.00 (8.53; 16.20) ng/ml) than in diabetic
patients without NAFLD (32.33 (25.28; 41.05) ng/ml;
p<0.001).

Vitamin D deficiency in patients with NAFLD was
more common (81.7 and 16.7 % of cases, respectively),
and normal values of vitamin D were rare (6.6 and
56.6 % of cases, respectively) than in diabetic patients
without NAFLD. Vitamin D deficiency in both groups was
determined in 11.7 % and 26.7 % of cases, respectively
(Fig. 1).

100 %

80 %

=DM
60 % without
NAFLD
40 % DM
with
20 % NAFLD

%k

0% -
Normal levels
(=30 ng/ml)

Deficiency
(<20 ng/ml)

Insufficiency
(20-30 ng/ml)

Fig. 1. The frequency of vitamin D deficiency in NAFLD
against the background of type 2 DM.
Note: * - criterion 42 = 35.2, p<0.001;
** _ criterion 32 = 27.9, p<0.001

Blood levels of vitamin D in patients with NAFLD in
combination with cytolysis were lower (11.63 (6.86;
15.03) ng/ml) than in patients without increased
aminotransferase activity (13.07 (9.77; 22.64) ng/ml),
but the differences did not reach statistical significance
(p>0.05).

Serum values of vitamin D in patients with NAFLD and
cholestatic syndrome were lower (11.27 (6.86; 13.50) ng/
ml) than in cases of NAFLD without biochemical signs of
cholestasis (13.50 (10.30; 21.35) ng/ml, p=0.038).

Threshold levels of vitamin D in the blood less than
16.18 ng/ml were associated with an increased risk
of NAFLD in patients with type 2 DM (OR = 87.0; 95 %
Cl1(10.89; 694.55)) and were highly sensitive and specific
(Table 2). The area under the ROC curve was 0.895+0.041
(p<0.001).

Table 2
Parameters of the significance of vitamin D
in the detection of NAFLD in patients with type 2 DM

Vitamin OR Se, Sp, PPV, | NPV, Ac,
D |(95%CI)| % % % % %
87.0
<nl%|8 (10.898; | 75.0 | 96.7 | 97.8 | 65.9 | 82.2
9 694.546)

Using multiple logistic regression, the significance
of 16 parameters was assessed (age, gender, duration
of DM, presence of arterial hypertension, body mass
index values, activity of AST, ALT, GGT, total bilirubin,
glucose, glycosylated haemoglobin, total cholesterol,
triglycerides, HDL, LDL, vitamin D in the blood) in the
prediction of NAFLD in patients with type 2 DM. According
to regression analysis, the development of NAFLD in
this population of patients is prognostically significantly
affected by serum levels of vitamin D, glucose, ALT,

and LDL. The chances of having NAFLD decrease by
1.094 times with an increase in vitamin D by one ng/
ml and, on the contrary, increase with an elevation in
glucose by one mmol/l (1.377 times), ALT by one U/I
(1.067 times), LDL per 1 mmol/I (2.208 times) (Fig. 2).

ViiminD:  —e— |

LDL-

Glucose

ALT- —0—
i 3 3
OR; 95% C1
Fig. 2. Factors influencing the development
of NAFLD in type 2 DM: odds ratio with 95 % CI

The study showed that in NAFLD patients with type 2
DM, there is a decrease in the blood content of vitamin
D and an increase in the frequency of its deficiency
(81.7 %), which coincides with previously obtained data
[9-11].

Vitamin D deficiency is thought to be unrelated to
NAFLD but is associated with increased vitamin D content
in fatty tissues during obesity, as well as a sedentary
lifestyle and less contact with sunlight in patients, and
high-level calorie food with low content of minerals and
vitamins [8, 16]. However, obesity does not explain
vitamin D deficiency in NAFLD, as some studies have
shown that vitamin D levels in the blood have also been
reduced in non-obese patients [16].

The high risk of NAFLD associated with hypovitami-
nosis D persisted even after excluding such a factor as
visceral obesity [13].

Several ways exist to understand the pathogenetic
relationship between vitamin D deficiency and NAFLD.
First, vitamin D reduces insulin resistance of peripheral
tissues and hepatocytes, so its deficiency leads to
hepatic steatosis. In the NAFLD model, adding vitamin D
reduces glucose and insulin levels, and triglycerides in
the liver. The protective effect was associated with the
activation of the vitamin D receptor, which increased the
expression of hepatocyte nuclear factor 4o (controls the
expression of triglyceride transport genes) [17].

Secondly, vitamin D influences hormone secretion
(increases adiponectin production, inhibits resistin and
renin activity), immune response (reduces the release
of pro-inflammatory mediators), and cell proliferation.
In the model of NAFLD, vitamin D deficiency led to an
increase in hepatic expression of the resistin gene, genes
of acquired (interleukins 1, 4, 6) and innate immunity
(TLR-2, -4, -9), which was accompanied by an increase
of fat in the liver, parameters of lobular inflammation and
NAFLD activity score [18].

In addition, the activation of the vitamin D receptor
signifies the pathway of the presses of oxidative stress
soup and the proliferation of hepatic stellation cells,
which improves fibrosis in NAFLD. For example, in
vitamin D-deficient rats, hepatic expression of the
hemoxygenase-1 gene, a marker of oxidative stress
involved in fibrogenesis, was increased due to increased
fibrosis severity in the NAFLD [18] model.
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Finally, an important role of the gut microbiota in the
pathogenesis of NAFLD may be associated with vitamin D
deficiency. The microbiome’s interaction with intestinal
epithelial cells is mediated by the TLRs expressed on
them. Vitamin D deficiency is responsible for increased
expression of TLR-2, -4, and -9, followed by an increase
in endotoxin exposure to the liver, which contributes to
the development of NAFLD [5].

According to our data, blood levels of vitamin D less
than 16.18 ng/ml were associated with an increased (87—
fold) risk of NAFLD in patients with type 2 DM and were
characterized by high sensitivity and specificity (75.0
and 96.7 %, respectively). Previously, it was noticed that
NAFLD is negatively associated with vitamin D levels, and
the risk of NAFLD occurrence increased by 20-30 % in
cases of vitamin D deficiency [13, 19]. Blood levels of
vitamin D less than 11 ng/ml predicted the presence
of NAFLD in the general population with a sensitivity of
45 % and a specificity of 98 % [7].

Our regression analysis showed that the development
of NAFLD in patients with type 2 DM is affected by serum
levels of vitamin D, glucose, ALT, and LDL. In other

studies, according to binary logistic regression, NAFLD
risk factors in type 2 DM were age, HOMA-IR values, BMI,
GGT, cystatin C, HDL, and vitamin D in the blood [7, 10,
11].

Thus, the formation of NAFLD against the background
of type 2 DM is associated with a reduced vitamin D
content in the blood. The relationship between an
increased risk of developing NAFLD with reduced vitamin
D levels indicates its pathogenetic significance in the
onset of the disease.

Conclusions

1. In patients with NAFLD on the background of type
2 DM, there is a decrease in the levels of vitamin D in
the blood, especially in cases of cholestatic syndro-
me.
2. The risk of developing NAFLD in patients with type
2 DM is increased 87 times, with blood levels of vitamin D
less than 16.18 ng/ml.

3. Predictors of the formation of NAFLD in patients
with type 2 DM are parameters of vitamin D, ALT, glucose,
and LDL.

Disclosure: The authors declare no conflict of interest.
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CHARACTERISTICS OF IRON DEFICIENCY
IN CHILDREN WITH CELIAC DISEASE

Ivenskaya T. A. !, Klimov L. Ya. !, Kuryaninova V. A. "2 3, Zakharova I. N. 4,
Yagupova A. V. "2, Kochneva L. D. !, Cherkasova E. A. ', Aznauryan V. S. !

1 Stavropol State Medical University, Russian Federation
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XAPAKTEPUCTUKA XXEAE3OAEPULLUTHBIX COCTOSHUM
Y AETEU C LEAUAKUEUN

T. A. UBeHckasn !, A. 1. Kaumos 1, B. A. KypbsiHuHosa ' 2 3, U. H. 3axaposa 4,
A. B. firynosa "2, A. A. KouHesa |, E. A. Yepkacosa !, B. C. AsHaypsiH '

1 CTaBpONOAbLCKMIA FOCYAQPCTBEHHbIN MEAULLMHCKMI YHUBEPCUTET,
Poccunckas Peaepaums

2 FopoACKas AETCKAsl KAMHMYecKas 60AbHMLLA UM. T. K. Puaunnckoro,
Ctasponoab, Poccuickas Pesepaums

3 Mo# meanumHckui ueHTp, CankT-NMeTepbypr, Poccuiickas Peaepauus

4 Poccuickas MeAULUHCKAS OKAAEMUS HEeNpPepbIBHOrO NPodOeCCMOHAALHOTO
o6pasoBaHusa, Mocksa, Poccumnckasa Peaepauus

The iron deficiency (ID) structure was estimated in 235 children with celiac disease aged eight months to 18 years.
The patients included in the study were divided into three groups: group | included 64 (27.2 %) children without ID, group
Il - 106 (45.1 %) children with latent iron deficiency (LID), and group Ill - 65 (27.7 %) with iron deficiency anemia (IDA). In the
period of manifestation of celiac disease, ID conditions were diagnosed in 72.8 % of cases. At the same time, LID dominated
the structure of ID forms in all age groups. It was found that in children with celiac disease complicated by IDA, there was a
lag in the pace of physical development, as well as more pronounced gastrointestinal symptoms: vomiting was noted more
often (p=0.022), bloating (p=0.027) and diarrhea (p=0.018), than in the group I. Total atrophy of the small intestine mucosa
villus predominates in 87.7 % of patients with IDA. Thus, specialized laboratory and instrumental methods of diagnosing
celiac disease in children should include a detailed analysis of ID.

Keywords: iron deficiency anemia, atrophy of the small intestine mucosa, celiac disease, children

MpoBefeHa oueHka CTPYKTYpPbI Xene3oaeduumnTHbIX COCTOHUIA Yy 235 aeTel ¢ uenvakmein B BoO3pacTe oT 8 MecsLEeB [0
18 net. NauneHTsl, BOLeOLWME B UCcegoBaHne, pacnpenenexsl Ha 3 rpynnbl: 64 (27,2 %) pebeHka 6e3 xenezonepuunt-
HbIX cocTosiHu (I rpynna), 106 (45,1 %) neteit ¢ naTeHTHbIM aeduumtom xenesa (Il rpynna) u 65 (27,7 %) ¢ xenesopedu-
umtHom aHemumen (lll rpynna). B nepuoge maHndecTaumm uenmakmm xenesonepuumtHble COCTOAHUSA AMAarHOCTUPOBaHbI B
72,8 % cny4yaes. Npu 3TOM BO BCEX BO3PACTHbIX NEPMOAx B CTPYKType dopM peduunta xenesa npeobnagan naTeHTHbIN
neduunt xenesa. BoigBNeHO, 4TO y AeTel C uennakmen, OCI0XHEHHOM xene3oneduunTHONM aHEMMEN, OTMEeYanoch OTCTa-
BaHMe TeMnoB GpU3NYEeCKOro pasBnTus, a Takke 6onee BbipaXeHHas raCTPOMHTECTUHANbHAA CMMNTOMATMUKA: Yalle oTMe-
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