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Abstract. Background. Nonalcoholic fatty pancreas disease sis an excessive fat infiltration of the pancreas due to
obesity in the absence of secondary steatosis. Nonalcoholic fatty liver disease is associated with progredient course;
the question of whether the presence and progression of nonalcoholic fatty pancreas disease are accompanied by
specific structural and laboratory findings is still remain unclear. The purpose of our study was to establish the
features of sonological and laboratory findings in children with nonalcoholic fatty pancreas disease depending
on steatosis degree. Materials and methods. We observed 93 children aged 7 to 17 years, the average age was
11.87 = 2.82 years. Degree of pancreatic steatosis was evaluated by ultrasonography. In order to determine pan-
creatic fibrosis and steatosis, shear wave elastography and steatometry (quantitative estimation of the ultrasound
attenuation with determination of average ultrasound attenuation coefficient (UAC)) were performed using Ultima
PA Expert apparatus (Radmir, Ukraine). Liver fibrosis and steatosis were diagnosed by means of Fibroscan 502
Touch (France) with controlled attenuation parameter (CAP) function. According to the presence of pancreatic
steatosis, children were divided into the following groups: group 1 — 50 children with pancreatic steatosis and
obesity/overweight; this group was divided into subgroups: S1 subgroup — 20 children with degree I pancreatic
steatosis, S2 subgroup — 22 patients with d egree 2 pancreatic steatosis, S3 — & children with degree 3 pancreatic
steatosis, group 2 — 30 persons without pancreatic steatosis with obesity/overweight, group 3 — 13 children with
normal weight. All patients and their parents agreed to participate in the study. We provided blood count with de-
termination of erythrocyte sedimentation rate (ESR), liver function test (alanin aminotransferase (ALT), aspartate
aminotransferase (AST), gamma-glutamyl transpeptidase (GGTP)) and test for serum amylase level. Insulin level
was determined by immunoassay with calculation of HOMA-IR. Statistical analysis was performed using Statis-
tica 7.0 software by one-way analysis of variance (AN OVA) followed by post hoc analysis. Results. Children with
degree 3 pancreatic steatosis as compared to group 3 demonstrated higher level of ESR — by 1.56 times (p = 0.01),
ALT — by 1.86 times (p = 0.006), AST — by 1.96 times (p = 0.00019), GGTP — by 2.10 times (p = 0.0001).
We found that patients with pancreatic steatosis had higher level of insulin as compared to the control group (S1
subgroup — 18.38 £ 5.07 uU/ml; S2 subgroup — 30.76 = 3.92 uU/ml; S3 subgroup — 33.70 = 5.37 uU/ml;
group 2 — 18.70 = 2.98 uU/ml; group 3 — 9.480 = 5.067 uU/ml (p = 0.00262)). Also, patients with pancre-
atic steatosis demonstrated higher level of HOMA index as compared to the control group (S1 — 4.04 = 0.87;
S2—7.11%0.96;, S3— 7.99 + 1.35; group 2 — 3.81 *+ 0.73; group 3 — 1.94 = 0.92 (p = 0.00156)). CAP level
increased in patients with pancreatic steatosis (S1 subgroup — 234.50 £ 9.94dB/m; S2 — 239.05 = 8.99 dB/m;
83— 24533+ 17.21dB/m; group 2— 197.87+ 7.70dB/m; group 3 — 172.754 £ 12.170dB/m (p = 0.00156)).
UAC reached maximal level in children of S3 subgroup (S1 — 2.55 + 0.08 dB/cm; §2 — 2.56 £ 0.09 dB/cm;
§3—2.74 % 0.14dB/cm; group 2 — 2.26 = 0.08 dB/cm; group 3 — 1.72 = 0.15dB/cm (p = 0.00001)). Patients
with pancreatic steatosis had higher level of liver and pancreatic stiffness, but significance of difference was low
(p = 0.59). Conclusions. Pediatric nonalcoholic fatty pancreas disease was accompanied by liver steatosis, higher
level of inflammation markers and insulin resistance that increased with growth of steatosis degree.
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Introduction

Increased level of triglycerides and free fatty acids can
cause ectopic fat deposition in such organs as liver, heart,
muscles, biliary tract and pancreas [1]. The excess fat in
these organs can contribute to proinflammatory condi-
tion with metabolic consequences and development of
chronic disease. One of the most significant complica-
tions of obesity is insulin resistance which is also closely
related to metabolic syndrome, type 2 diabetes mellitus,
increased cardiovascular disease risk and liver steatosis
and steatohepatitis [2].

Nonalcoholic fatty pancreatic disease (NAFPD) is
an excessive fat infiltration of the pancreas due to obesity
in the absence of secondary steatosis [1, 2]. Fatty pancre-
asis a common ultrasound finding which is characterized
by increased echogenicity in comparison to the normal
pancreas [3].

The main risk factors for the development of NAFPD
are obesity, insulin resistance and advanced age which
are the same with nonalcoholic fatty liver disease
(NAFLD). Therefore, both NAFLD and NAFPD po-
tentially may have the metabolic consequences. [2]. It is
known that progression of NAFLD is accompanied by
steatohepatitis with possible development of fibrosis, ad-
vanced insulin resistance and high cardiovascular risk [2,
3]. Whether the severity of pancreatic steatosis influence
the level of inflammation of the pancreatic parenchyma,
its exocrine and endocrine function or not is still unclear.

The purpose of the study was to establish the features
of sonological and laboratory findings in children with
nonalcoholic fatty pancreas disease according to steato-
sis degree.

Materials and methods
Patients

The study included 93 children aged 7 to 17 years,
average age was 11,87 *+ 2,82 years. According to pre-
sence of pancreatic steatosis children were divided into
the following groups: 1 group — 50 children with pan-
creatic steatosis and obesity/overweight that were di-
vided into subgroups: S1 subgroup — 20 children with
1 degree of pancreatic steatosis, S2 subgroup — 22 chil-
dren with 2 degree of pancreatic steatosis, S3 — 8 chil-
dren with 3 degree of pancreatic steatosis; 2 group — 30
obese/overweight children without pancreatic steatosis,
3 group — 13 children with normal weight. There were
no significant gender differences — 43,1 % of patients
were girls and 55,9 % were boys. All patients and their
parents had given their agreement to participation in
the study.

Clinical and biochemical parameters

The assessment of trophic status was carried out ac-
cording to proposed by World Health Organization
Z-score of BMI depending on the age and sex [4]. We
made measurement of the waist circumference (WC) and
compared obtained values with the data of the percentile
tables [5], hip circumference (HC) with calculation WC/
HC ratio. After an overnight 12-h fasting, blood samples
were received. Such examinations as complete blood

count with erythrocyte sedimentation rate (ESR) deter-
mination and liver function test were conducted by Stat
Fax 1904 Plus, Awareness Technology (USA). Insulin
concentration was measured using the immunoassay by
“Stat Fax 303 Plus” (USA).

Ultrasound study

Ultrasound examination of the abdominal cavity was
performed according to the generally accepted tech-
nique with usage of Toshiba Xario (Japan). The presence
of pancreatic steatosis and its degree were determined
using the technique proposed by J.S. Lee et al. (2009) [1,
6]. Pancreatic steatosis was diagnosed it the case of in-
creased echogenicity of pancreas in comparison to echo-
genicity of the kidney.

Elastometry and steatometry (estimation of ultra-
sound attenuation coefficient) were performed by Ulti-
ma PAExpert® (Radmir, Ukraine). Study was carried out
to obtain recurrent values of stiffness and ultrasound at-
tenuation coefficient (UAC); 5 measurements were per-
formed in each part with determination of mean value.

To evaluate liver fibrosis and steatosis we made tran-
sient elastography using Fibroscan 502 Touch (France)
with determination of controlled attenuation parameter
(CAP).

Evaluation of fat distribution was performed using the
ultrasound scanner Toshiba Xario SSA660-A (Japan).
The following parameters were evaluated based on the
average arithmetic values of three measurements: subcu-
taneous fat (SF), preperitoneal fat (PPF) with abdominal
wall fat index (AFI) calculation according to formula [6]:

PPF max

AF1 = SF min
Statistical analysis

For statistical analysis we used the Statistica 7.0 soft-
ware. The ANOVA test was used to compare the five
groups according to the severity of fatty pancreas; post-
hoc tests were applied to detect subgroup differences.
Correlation analysis was performed with usage of the
Spearman rank test. A value of p < 0.05 was considered
statistically significant.

Results
Clinical and biochemical parameters

Analyzing anthropometric data we found that with
the growth of pancreatic steatosis degree, body mass
index (BMI) and WC percentile were also increased.
However, level of BMI Z-score didn’t significantly differ
(Tab. 1).

It was established that the degree of pancreatic ste-
atosis was positively correlated with waist to hip ratio
(r=0.54, p < 0.05). Patients from 2, 3 groups and S1,
S2 groups didn’t differ by gender, but we found that
75 % of S3 group patients were male. Patients didn’t
differ by age.

Analyzing the data of the blood count, we found that
the level of ESR was higher in children with pancreatic
steatosis: in children of S2 group the average level of ESR
twice exceeded the level of ESR in children with normal
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weight (p = 0.0009), also we found a positive correlation
between the degree of steatosis and ESR level (r = 0.32,
p <0.05) (Tab. 2).

The level of leukocytes showed a tendency to be in-
creased in children with pancreatic steatosis, so in the
S3 group the average level of leukocytes was 7.07 G/I,
in children with a normal weight of 5.38 G/I (p = 0.058)
(Tab. 2). Other parameters of the general analysis of
blood didn’t differ significantly between groups.

Regarding liver function test, the level of gamma-
glutamyl transpeptidase (GGTP) and aspartate trans-
aminase (AST) positively correlated with the degree of
steatosis: in the S3 group, the mean alanine aminotrans-
ferase (ALT) level was in 1.86 times higher in compari-
son to the SO group, and the GGTP level — in 2 times,
respectively (p < 0.05). The level of blood amylase in

children of the S2 group was significantly lower than in
the control group (p < 0.05).

We found that the level of insulin (r = 0.39, p < 0.05)
and HOMA-IR (r = 0.46, p < 0.05) positively correlated
with the degree of steatosis, gradually increased with in-
creasing of steatosis degree (Fig. 1). The average level of
insulin in the S3 group was 33.70 £ 5.37 uO/ml, HOMA-
IR — 7.99 £ 1.35, that was significantly higher compa-
ring to the corresponding control group parameters.

Ultrasound study

Analysing data of abdominal fat index we found that
level of AFI was increased with steatosis degree growth
(p =0.056) (Fig. 2).

We found that pancreatic UAC level increased ac-
cording to the degree of steatosis and was significantly

Table 1. Comparison of demographic and anthropometric parameters between study groups (M £ m)

1 group 28 3g
rou rou
S1 S2 S3 P P
BMI, kg/m? 24.35 + 0.69* # 25.68 =+ 0.68* 28.23 + 1.20* 23.41 £ 0.58* 18.33 £ 0.92
BMI Z-score, standard 2.73+£0.93 2.21 +£0.98 2.82+1.53 2.80+£0.74 1.04 £0.23
deviation
WC/HC 1.450 £ 0.034 1.550 £ 0.034* | 1.600 £ 0.053* 1.420 £ 0.027 1.240 £ 0.043
WC percentile 85.80 + 1.99*# 97.4 £ 1.9% 104.41 £ 3.16* | 84.40 £ 1.63*# 19.80 £ 2.58
Age, year 11.23+£2.84 11.77 £2.14 11.25 + 3.37 11.86 = 3.03 11.45+2.80
Gender (male/female) 13/8 14/22 6/2* 13/18 6/7
Notes: * — p < 0,05 comparing with 3 group; *— p < 0,05 comparing with S3 group.
Table 2. Data of blood count and liver/pancreas function test (M = m)
1 group
2 grou 3 grou
S1i S2 S3 ST L
ALT, U/I 20.79+1.78 17.80+1.70 29.80 £ 2.81* 16.21+1.43 15.94 +£2.30
AST, U/I 17.18 £ 1.67 17.72+£1.59 29.52 + 2.64* 15.55+2.15 15.01 £1.37
GGTPR, U/I 18.31+1.84 17.49+1.84 34.35 + 2.90* 16.59 + 2.38 16.37 £ 1.50
Amylase, U/I 43.07 £ 3.65 30.13 + 3.48* 41.00£6.17 42.60 £ 2.93 43.44 £5.16
ESR, mm/h 13.30+1.43 15.83 £ 1.33* 14.57 £ 2.14* 9.27 £1.18 7.83+1.19
Leukocytes, G/I 6.54 £0.31 6.18 £ 0.30 7.08 £0.49 6.59 £ 0.25 5.38 £ 0.40
Note: * — p < 0.05 comparing with 3 group.
Current effect F (4, 72) = 4.5107, p = 0.0262
Current effect F (4, 69) = 5.5960, p = 0.0058 Effective hypothesis decomposition
Effective hypothesis decomposition Vertical bars denote 0.95 confidence intervals
Vertical bars denote 0.95 confidence intervals 50
12
45 ==
10 T 40
35
8 30
£ 6 = % = -
g - = 20 =
2 4 }Mﬁ 15
10
2 T 5
0 0
-5
-2 -10
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A B G
Groups roups

Figure 1. Level of HOMA-IR (A) and insulin (B) in studied groups
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higher in children with steatosis in comparison with
children without steatosis (p < 0.05) (Fig. 3a). The level
of CAP also was increased with growth of the pancre-
atic fat level (Fig. 3b). The degree of pancreatic steato-
sis positively correlated with pancreatic UAC (r = 0.53,
p <0.05) and CAP (r=0.46, p < 0.05).

In the analysis of the elastography data, no reliable
differences were established between the groups (Tab. 3),
but we found negative correlation between the pancre-
atic stiffness and pancreatic UAC (r = —0.29, p < 0.05).
We also evaluated positive correlation between UAC and
CAP (r=0.28,p <0.05).

Among children of the S1 group, liver steatosis was di-
agnosed in 55.0 % of children, in the S2 group — 54.5 %,
in the S3 group — 62.5 % and in the 2 group it amounted
16.75 %. Liver stiffness according to Fibroscan didn’t
significantly differ (Tab. 3).

Discussion

Correlation between AFI, WC/HC ratio and pancre-
atic steatosis showed that pancreatic steatosis degree de-
pends on visceral fat distribution. Our findings confirm
that abdominal obesity plays important role in the de-
velopment of pancreatic steatosis. Progression of central
obesity was followed by increasing severity of pancreatic
steatosis.

Such inflammation signs as growth of ESR and leu-
kocytes level depending on steatosis degree can be ex-
plained by chronic inflammation that accompanies ec-
topic fat accumulation. Notably, chronic inflammation
is capable of inducing insulin resistance, lipolysis, and
interstitial fibrosis in adipose tissue [7].

Also we found that growth of pancreatic steatosis
degree is associated with insulin resistance. This data
confirms previous study of Jun Seok Lee et al. (2009)
[1]. However, in this study after adjusting for factors re-

Current effect F (4, 64) = 2.4385, p = 0.5588 lated to body fat distribution, particularly visceral fat, the
 Effective hypothesis decomposition strong association with insulin resistance disappeared.
07 vertical bars denote 0.95 confidence intervals Authors suggest that visceral fat is a much stronger re-
1 lational factor that influenced the relationship between
06 fatty pancreas and insulin resistance.
05 In our study in a majority of cases pancreatic and liver
< steatosis were found simultaneously, and most fatty liver
E 14 + patients (83.25 %) also showed fatty pancreas. This im-
03 plies that fatty pancreas could be used as the initial indi-
cator of “ectopic fat deposition” and as an early marker
0.2 1 of insulin resistance, which is a key element of fatty liver
o1 and/or metabolic syndrome [1, 6].
3 2 s1 s2 S3 Increased ALT and GGT levels can be explained by
Groups liver coexistent liver steatosis and also by association of
Figure 2. Level of AFI studied groups these parameters with pancreatic function. We observed
Current effect F (4, 72) = 9.0000, p = 0.0000
Effective hypothesis decomposition CurreEnf; eﬁ,eCtE @ i3) =17.7793,p =0.0002
Vertical bars denote 0.95 confidence intervals ) ective hypothesis decqmposmon
32 Vertical bars denote 0.95 confidence intervals
300
30
280
28
g 26 € 2o ] T
D 24 g 240 -
) 2.9 o 220 E T
2 20 e 200
18 180
16 160
14 140
12
A 3 2 s1 s2 s3 g 10 3 2 s1 s2 s3
Groups Groups
Figure 3. Level of UAC (A) and CAP (B) in studied groups
Table 3. Data of liver and pancreatic stiffness (M = m)
Groups Pancreatic stiffness, kPa Liver stiffness, kKPa
S1 3.43+£0.18 3.94 £0.20
S2 3.70+0.21 3.90+0.18
S3 3.67 £0.28 441 +£0.34
2 3.86+0.32 3.75+0.24
3 3.58 £0.16 3.84 £0.15
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increased level of liver enzymes only in patients of S3
group that give evidence to negative effect of pancre-
atic steatosis progression. Study of Li Wang et al. [8, 11]
provided the possibility of using elevated liver enzymes
as simple biomarkers of early insulin secretion deficit in
type 2 diabetes, especially in young obese patients. It has
long been proposed that elevation of liver enzymes in-
cluding ALT, AST, and GGT may be associated with
insulin resistance. The relationship between liver en-
zymes and islet B-cell function might be based on oxida-
tive stress existing in liver fat infiltration since the obese
adolescents are always accompanied with different se-
verity of fatty liver. Several studies showed that cellular
GGT level is closely related to oxidative stress indicators
invivo [7, 8].

Therefore, even though we did not have the direct
evidence of pancreatic fat infiltration in our study, we
also think that oxidative stress exists both in liver and
pancreas in the case of steatosis.

In study of N.S. Patel, pancreatic fat content was
lower in NAFLD patients who had advanced fibrosis [9].
These findings suggest that fat accumulation in patients
with NAFLD is probably also occurring in other organs
including the pancreas as shown in this pilot study. Our
study found association of pancreatic steatosis and pan-
creatic and liver stiffness but also we found negative cor-
relation between pancreatic attenuation parameter and
pancreatic stiffness. We saw a tendency for decreased
pancreatic stiffness in group S1 comparing with control
group. In addition to this fact tendency to growth of pan-
creatic stiffness in S3 group comparing with SO group
suggest that early stage of pancreatic steatosis is associ-
ated with decreased stiffness which rises according to
steatosis degree possible due to development of inflam-
mation.

Decreased amylase in S2 group compared to control
also can be explained by changes in pancreatic parenchy-
ma. It is known that fatty pancreas may lead to exocrine-
endocrine dysfunction and to the loss of $-cell mass and
function, which may cause the decrease of serum amylase
[10]. Relative growth of amylase in S3 group comparing
to S2 group can be explained by development of inflam-
mation of pancreatic parenchyma (steatopancreatitis) in
the case of steatosis progression. Wu et al. found that se-
rum amylase values were significantly lower for the fatty
pancreas as compared to normal pancreas [11]. Lee et al.
also found that low serum amylase levels were associa-
ted with an increased prevalence of metabolic syndrome
[1]. Studies of Nakajima et al. [12] showed that low se-
rum amylase levels may be associated with NAFLD and
metabolic syndrome through insulin resistance and fatty
pancreas. However, according to Jinmei Yao a relative
serum amylase increase may be an independent factor of
more advanced hepatic fibrosis [10, 13].

Our study showed that growth of pancreatic steato-
sis level is accompanied by increased visceral fat, insulin
resistance, growth of liver enzymes and relatively de-
creased serum amylase. Pancreatic steatosis level was as-
sociated with such sonological parameters as ultrasound
attenuation of pancreas and liver.

Conclusions

1. Fatty pancreas is associated with central obesity,
chronic inflammation and insulin resistance that in-
creasing with growth of pancreatic steatosis degree.

2. Pancreatic steatosis can proceed concurrently with
liver steatosis and be accompanied by growth of liver en-
zymes according to degree of pancreatic steatosis.

3. Development of pancreatic steatosis was followed
by reduction of exocrine function in early stages of ste-
atosis with it relative growth in the case of advanced ste-
atosis, possibly due to development of steatopancreatitis.

4. Sonologically diagnosed fatty pancreas isn’t meta-
bolic inert and pediatrics should pay attention to it.

5. Implementation of steatometry can improve diag-
nostics of pancreatic steatosis and its level.

Conflicts of interests. Authors declare the absence of
any conflicts of interests that might be construed to influ-
ence the results or interpretation of their manuscript.
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Oco6AMBOCTI Nepebiry HEAAKOTOAbHOT XXMPOBOT XBOPOOU MiALIAYHKOBOT 30AO3U
Y AiTeN 3aA€XXHO BiA CTYNEHs CTeaTosy

Pe3iome. Akrtyambnicts. HeankoronbHa Xuposa XBOpoGa
MiJIUTYHKOBOI 3aJ103U SIBJIsSIE COO0I0 HAUTUIIIKOBE HAKOIH-
YEeHHSI XMUPY B IMILLIYHKOBIN 3a/103i, acoliiloBaHe 3 OXU-
PiHHSIM, TIpU BUKJIIOYEHHI BTOPMHHOI €TiOJIOTil cTeaTosy.
HeankoroyibHa XxBopo0a IMeYiHKK MOXE MaTu IPOrpeli€HT-
HUI niepeOir; MUTaHHS PO T, HACKIJIBKM HasIBHICTh i MPO-
rpecyBaHHS HEAJIKOTOJIbHOI XKUPOBOi XBOPOOU MiIIILTYHKOBOL
3JI031 CYMPOBOKYETHCS CIENU(PIYHUMU CTPYKTYPHUMHU Ta
JIabOpaTOPHUMU 3MiHAMMU, 3aJTUIIAETHCS BiAKpUTUM. Mera:
BCTAaHOBUTU OCOOJMBOCTI COHOJIOTIYHUX Ta JaOOPATOPHUX
3MiH y JiTeil i3 HeaJKOroJIbHOI XUPOBOIO XBOPOOOIO Mij-
IIJTYHKOBOI 3aJI03U 3aJIeXKHO BiJ CTymneHsl cteato3y. Mare-
piaau Ta Metoau. Mu cnoctepiranu 93 niteit BikoM Bix 7 no
17 pokiB, cepenniit Bik 11,87 = 2,82 poky. CTymniHb cTeaTo3y
I IIUTYHKOBOT 3aJ1031 OIIIHIOBAJIM 3a JIOTTIOMOTOIO YIIbTPAco-
Horpadii. Mu mpoBoIMIN 3CYBHOXBUJIBOBY eacTorpadito i
cTeaToMeTpilo (KiJIbKICHY OLIIHKY CTYIEHSI 3aracaHHsl YJib-
TPa3BYKY 3 BU3HAUEHHSIM CEPeAHbOro KoedillieHTa 3aracaH-
Hs1 yabTpa3Byky (UAC)) 3 BukopucranHsam amapaty Ultima
PA Expert («Panmip», Ykpaina). ®@idbpo3 Ta creato3 mne4iHKu
OyJIM JiarHOCTOBaHi 3 BUKOPUCTaHHSIM amapaty «DidbpockaH
502 Touch» (®paniist) 3 CAP (KoHTpoIbOBaHUI TTapaMmeTp
YJIBTPa3BYKOBOTO 3aracaHHs) (yHkieto. Jlitu 6y posro-
MiJeHi Ha Taki rpynu: 1-ma rpyma — 50 miteit 3i crearo3om
MiIIITYHKOBOI 321031 1 OXXMPiHHSIM/HaAMIpHOIO Baroo; siki
Oy/u posnifeHi Ha miarpynu: ninrpyna S1 — 20 gireii 3 1-m
CTyIeHEM CTeaTo3y MiAIIIYHKOBOI 3a7103u; mmiarpymna S2 —
22 TUTUHU 3 2-M CTyMEHEM CTeaTo3y MiAlLIyHKOBOI 3aJ1031,
S3 — 8 nmiTeit 3 3-M cTyreHeM cTeaTo3y MiAIUTYHKOBOI 3aJ10-
3u; 2-ra rpyna — 30 giteit 6e3 creaTo3y MiAIUTYHKOBOI 3aJ10-
31 3 OXUPIHHSIM/HaAMIipHOIO Barow, 3-Ts rpyna — 13 mitei
3 HOPMaJIbHOIO Baroo (KOHTpoJsibHa rpyna). [lanieHtam Oyau
BUKOHAHI 3arajJibHOKJIiHIYHUM aHaJi3 KpOBi 3 BUSHAYEHHSIM
mBuaKocTi ocinanus epurporuTis (LLIOE), 6ioximiuHa rema-
Torpama (3 BU3HAUCHHSAM ayniaHiHamiHoTpaHchepasu (AJIT),
acnaptaramiHoTpaHchepasu (ACT), ramma-rayTamiaTpaH-
cnentuaasu (I'TTIT)) i Bu3HaYeHHsT piBHS amijia3u KpOBI.

PiBeHb iHCY/IiHY BUM3HAYa/IM 3a JOMOMOIOI0 iMyHOGhEpMEHT-
Horo aHanizy 3 posdpaxynkoMm HOMA-IR. Cratuctuunmit
aHaJsi3 NMPOBOAMBCS 3 BUKOPUCTAHHSIM MPOTPAMHOro 3abe3-
neyeHHs Statistica 7.0 3a 10ITOMOI00 AUCIIEPCIHOTO aHai3y
(ANOVA) 3 HacTynHuM post hoc aHasizom. PesyabraTu. it
rpynu S3 MOPiBHSHO 3 KOHTPOJIEM TTPOAEMOHCTPYBAIM OiJTBIIT
Bucokuii piseHp IHIOE — B 1,86 pa3za (p = 0,01), AJIT —y
1,86 pasa (p = 0,006), ACT — y 1,96 pa3a (p = 0,00019),
ITTIT —y 2,1 paza (p = 0,0001). Mu BUsIBUIU, IO MALLIEHTH
3 TTAHKPEATUYHUM CT€aTO30M Maju OUTBII BUCOKWI pPiBeHb
iHCYJIiHY TOPiBHSIHO 3 KOHTPOJIBHOIO Tpyroto (mmiarpymna S1 —
18,38 £5,07 MxOJ1/mur; migrpymna S2 — 30,76 £ 3,92 MxO /1 /mut;
miarpyna S3 — 33,70 + 5,37 mMxOJl/mn; 2-ra rpyma —
18,70 £ 2,98 MxO/[I/mit; 3-1s1 rpymna — 9,48 £ 5,067 MxO/J1/ M
(p = 0,00262)). Takox mailieHTH 3i CTEATO30M MiIILTyH-
KOBOI 3aJI034 TMPOJAEMOHCTPYBaIyd OiNbIII BUCOKMIA piBEHb
innekcy HOMA mnopiBHSIHO 3 KOHTPOJIbHOIO rpyrnoto (S1 —
4,04+0,87;S2—7,11%£0,96;S3 — 7,99 £+ 1,35; 2-rarpyma —
3,81 £0,73; 3-ta rpyna — 1,94 + 0,92 (p = 0,00156)). PiBeHb
CAP OyB NiIBUILLIEHUM Y JIiTeli i3 TaHKPEATUYHUM CTEaTO30M
ropiBHsHO 3 KoHTposieM (S1 — 234,50 + 9,94 nb/m; S2 —
239,05 £ 8,99 nb/m; S3 — 245,33 + 17,21 nb/Mm; 2-ra rpymna —
197,87 = 7,70 nb/m; 3-ts rpyna — 172,754 = 12,17 nb/m
(p=10,00156)). UAC csaraB MaKCUMaJbHUX PiBHIB Y TiTEM MiI-
rpyru S3 (S1 — 2,55+ 0,08 n1b/cm; S2 — 2,56 £ 0,09 nb/cwMm;
S3 — 2,74 £ 0,14 n1b/cm; 2-ra rpyma — 2,26 = 0,08 n1b/cM;
3-ta rpyna — 1,72 £ 0,15 1b/cm (p = 0,00001)). [Mauientu 3i
CTeaTo30M TiIIUTYHKOBOI 3aJI03M MaJIM BUILMI PiBEHb XOP-
CTKOCTI MEYiHKHU Ta MiAIUTYHKOBOI 3aJ103U1, IPOTE 3HAYYILICTh
BiIMiHHOCTEl Oysia HemocTaTHbO. BucHOBKM. [locmikeHHS
M0oKa3aJo, 1110 HeaJIKOToJIbHA XXMPOBa XBOPOOa MiAILTYHKOBOT
3aJ103U B JIiTell CYMPOBOMIXKYETHCSI CTEATO30M TMEeUiHKU, 301J1b-
LIEHHSIM PiBHSI MapKepiB 3arajieHHsT Ta iHCYJIiHOPEe3UCTEHT-
HICTIO B Mipy 3pOCTaHHSI CTYIIEHS CTeaTo3y.

Ki04y0Bi ci0Ba: HeankorosbHa XupoBa XBOpoba ITiIIITyH-
KOBOI 3aJI031; HEAIKOTOJIbHA KUPOBA XBOPOOa MEeTiHKM; CTea-
TOMETpIsl; €1aCTOMETPIsT; iTH

CrenaHos tO.M., NykesiHeHko O.fO., 3aBropoaHsis H.KO., pasuposckast H.I.
Y «W/IHCTUTYT racTpOsHTEPOAONMM HAMH YkpauHs», r. AHernp, YkpauHa

OCO6EeHHOCTN TeYEeHUS HEAAKOTOAbHOM XXUPOBOM GOAE3HU NOAXKEAYAOUYHOM XEeAE3bl Y AeTer
B 3ABUCUMOCTU OT CTEMNEHU CTEATO3A

Pesiome. AkryansHocts. HeankoroibHast XupoBas GOJIE3Hb
ITOIKENTYIOYHOM KeIe3bl — 3TO M30BITOYHOE HAKOILIEHHE
KUpa B MOIKEIyI0YHO Xejle3e, aCCOLUUPOBAHHOE C OXM-
peHMEM, TIPY UCKITIOUEHUU BTOPUYHOM DTUOJIOTMU CTE€aTo3a.
HeankoronpHast XXupoBast 60JIe3Hb TIEYEHU MOXKET XapaKTe-
PpU30BaTLCS IIPOrPEINEHTHBIM TEUCHIEM; BOIIPOC O TOM, CO-

TIPOBOXKIAETCS JIM TIPOTPECCUPOBAHNE HEATKOTOTBHOM KMU-
pOBOIi 6O0JIE3HM TIOIKEITYIOUHOM XKeJe3bl CreuPUIeCKUMU
CTPYKTYPHBIMM U J1aOOPAaTOPHBIMU MU3MEHEHMSIMM, OCTAeTCs
OTKPBIThIM. Ilesb: yCTaHOBUThL OCOOEHHOCTM COHOJIOTMYEe-
CKUX ¥ JIAOOPaTOPHBIX U3MEHEHUH Y JIeTeil C HeaIKOTOIbHOM
KUPOBOU 0OJIE3HBIO TTOMKETYIOYHOM KeIe3bl B 3aBUCUMOCTH
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OT CTeneHM cTearto3a. Matepuanbl U MeToAbl. Mbl HaOI0-
nanu 93 nereil B Bo3pacte oT 7 no 17 jeT, cpeaHuil Bo3pact
11,87 + 2,82 roma. CrerneHb cTeaTo3a MOIKeITyI0UHOM XKele-
3bI OLIEHUBAJIN C MOMOIIBIO yiabTpacoHorpaduu. [TarmeHtam
MPOBOIWIIMCH CIBUTOBOJIHOBAsI 3J1acTOTpadus M CTeaToMe-
Tpust (KOJTMIECTBEHHAsI OLIEHKA CTETIeHUW 3aTyXaHWs yIbTpa-
3ByKa C OIpeAeeHUeM CpeaHero KoahGUIIMeHTa 3aTyXaHusI
yabTpasByka (UAC)) MomKeaynouHoi Keae3bl ¢ MCIOIb30-
BanueM anmapara Ultima PA Expert («Panmup», Ykpauna).
®dubpo3 u cTearo3 MeYeH!W AUATHOCTUPOBAIUCH C MCITOJIb-
3oBaHMeM amrapaTta «Pudpockan 502 Touch» (PpaHuus) ¢
CAP (KOHTpOJMpYeMbIii TapaMeTp YIbTPa3BYKOBOTO 3aTyXa-
HuUst) pyHKUMe. ety ObUIM pa3aeeHbl Ha CIeAyIoIe TPyIl-
el 1-s rpynma — 50 meTeil ¢ maHKpeaTUYeCKMM CTeaTO30M
1 OXHMPEHNEM/U30bITOUHBIM BECOM — OBLIM paslesieHbl Ha
noarpynmnel: moarpynmna S1 — 20 gereii ¢ 1-i1 cTeneHblo cTe-
aTo03a MOXKETYI0YHOM XeJie3bl; moarpymnna S2 — 22 pebeHka
€O 2-if CTeTIEHBIO CTeaTo3a MOMKETYIOTHOM Kene3bl; S3 — 8
JeTeit ¢ 3-1 CTeMeHbIo CTeaTo3a MOMIKETYIOUHOM JKele3bl; 2-5
rpynna — 30 geTeil 6e3 creaTo3a MOMXKEIYTOYHOM Kee3bl ¢
OXXMPEHUEM/M30BITOYHBIM BECOM; 3-5 rpymnma — 13 mereii ¢
HOpPMaJIbHBIM BecOM (KOHTpPOJIb). [larmeHTaM OB BBITIOJ-
HEHbI OOIIEKJIMHUYECKUN aHaJIM3 KPOBU C OMpeaeIeHUEM
ckopoctu ocenaHusi aputpounutoB (COD), Guoxumuueckasi
remarorpaMma (C ompezesieHUEM aJaHMHaAMUHOTpaHCche-
pasel (AJIT), acmapraramuHoTtpaHcdepassl (ACT), ramma-
rnyramuiatpaHenentunassl (I'TTIT)) u onpeneneHue ypoBHs
aMMJIa3bl KPOBU. YPOBEHb WMHCYJIMHA ONPENCISUTM C TTOMO-
b0 UMMYHO(GEpPMEHTHOTO aHanmm3a ¢ pacuetoM HOMA-IR.
CTaTUCTUYECKUI aHaIW3 IPOBOAMIICS C MCITOJIb30BAHUEM
nporpaMMHoro obecrieueHus Statistica 7.0 ¢ mOMOILIBIO JUC-
nepcuoHHoro aHanu3a (ANOVA) ¢ nocaenytomum post hoc
aHanmu3oM. Pesyabratel. [letu rpynmbl S3 1o cpaBHEHUIO C

KOHTPOJIEM TIPOJIEMOHCTPUPOBATYN 00Jiee BBICOKUI YPOBEHB
COD —sB1,86paza(p=0,01), AJIT — B 1,86 paza (p = 0,006),
ACT — B 1,96 pa3a (p = 0,00019), I'TTIT — B 2,10 pa3a
(p =0,0001). MbI 0OHAPYXWJIU, YTO MALMEHTHI C MAHKPEATU-
YECKMM CT€ATO30M MMeJIN 60Jiee BEICOKMI YPOBEHDb MHCY/IMHA
10 CPaBHEHMIO C KOHTPOJBHOM TpyImoii (rmoarpymnma S1 —
18,38 £5,07 mxEJl /M1, moarpymma S2 — 30,76 £ 3,92 MmxEJT /M,
noarpynmna S3 — 33,70 = 5,37 mxEJl/mn, 2-a rpynna —
18,70 £ 2,98 MxEJl /M1, 3-s1 rpynma — 9,48 £ 5,067 MxEl /M
(p = 0,00262)). TakKe MalMEHTH CO CTEATO30M ITOMKEIY-
JIOYHOM 3KeJIe3bl ITPOAEMOHCTPUPOBAIK 00Jiee BHICOKUIA ypO-
BeHb nHAeKca HOMA 110 cpaBHEHUIO ¢ KOHTPOJILHOM IpyIi-
moit (S1 — 4,04 £0,87; S2 — 7,11 £0,96; S3 — 7,99 £ 1,35;
2-g rpynma — 3,81 £ 0,73; 3-a rpymma — 1,94 + 0,92
(p = 0,00156)). YpoBerb CAP GbL1 MOBBILIEH Y A€TEH C MaH-
KPeaTUYeCKUM CTeaTO30M I10 CPAaBHEHMIO ¢ KOHTPOJIeM (IO~
rpymma S1 — 234,50 + 9,94 nb/m; S2 — 239,05 + 8,99 nb/Mm;
S3—245,33+ 17,21 nb/m; 2-a rpynma — 197,87 £ 7,70 nb/m;
3-a rpynma — 172,754 + 12,170 nb/m (p = 0,00156)). UAC
JIOCTUTA]l MaKCUMAaJIbHBIX YPOBHEW y HeTeil MOArpyImbl S3
(S1 — 2,55 £ 0,08 nb/cm; S2 — 2,56 + 0,09 nb/cm; S3 —
2,74 £ 0,14 nb/cm; 2-g rpymnma — 2,26 £ 0,08 1b/cm; 3-a
rpynna — 1,72 £ 0,15 nb/ cm (p = 0,00001)). ITarmeHTHI CO
CTeaTo30M ITOIKETYIOUYHOM KeJie3bl MMeTN 0ojiee BBICOKMIA
YPOBEHB KECTKOCTHU TIEUYSHU W TTOIKETYIOUHOMN JKeJIe3bl, Of-
HAaKO 3HAYMMOCTb pa3Inyuii Obla HegocTarouHoi (p = 0,59).
BoiBoapl. MccienoBaHue mokasasno, YTO HeaaIKOroJIbHask XKUpOo-
Bast 00JIC3HD MOIKETYIOYHOM JKeJle3bl COMMPOBOXKIACTCST CTea-
TO30M TEeYeHU, YBEIMICHUEM YPOBHSI MapKePOB BOCTIAJICHUS 1
MHCYJIMHOPE3UCTEHTHOCTH 10 MEPE POCTA CTEIIEHU CTEaTo3a.
KiroueBbie ciioBa: HeaJKoOrosibHasl KUpoBasi 00J€3Hb MOIXKe-
JIYIOYHOM 3KeJie3bl; HeaJKOroJIbHasl XXUpoBasi 60JIe3Hb Iede-
HM; CTEATOMETPUST; DJIACTOMETPUST; IETH
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