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Pesiome

HAXBI xapakTepHa Bbicokas PAacNpoCTpaHeHHOCTb CUMHAPOMa U36LITOYHOrO GakTepuansHoro pocra (CUBP). Lens
paboTbl — U3yunTh BAUsHUEe CUBP Ha CTPYKTYPHO-(YHKLUMOHANbHbIE NOKa3aTeNU NEYEHN y AeTeil C U36bITOYHBIM BECOM

C N36bITOYHbLIM BECOM/OXWPEHWeM U Hannumem CHUBP, 2 rpynna — 28 AETEN C M36bITOYHBLIM BECOM/OXWUpeHnem 6e3

NoKasaTenen 6uoxmMMmnyeckoi FenaTorpammel, IMNUAHOTO M YrAEBOAHOrO CNEKTPOB. Pe3ynbTaTbl. YCTaHOBAGHO, YTO
70 % peven 1 rpynnel imenu conytcreywowyo HAXEIM no CPaBHEHU € 32 % go 2 rpynne. B 1 rpynne CKOPOCTh
OCCAAHNS 3pUTPOLMTOB Gbina Bhille, YeM BO 2 v 3 rpynnax (p < 0,05). Takxe y getei 1 rPynnbl YPOBHM

BBICOKMM 3HAYEHUAM MHCYIMHA 1 uHaekca HOMA s 1 Fpynne no cpaBHEHWIO CO BTOPOIA. Manbabcopbums nakTosm
AnarHoctuposaHa y 17 (56,7 %) pereit c HAXEN, naktozosaBucumblii CUEP — y 15 (50,0 %). Mpwu OXuUpeHun 6es
HAXBM manbabcopbums nakTosb BeifaBnera y 10 (35,7 %) nauuenTos, a NaKTososasncumblin CUBP — vy 9 (32,1 %).
Takum obpasom, y aeteii ¢ HAXKEN Manbabcopbumsa nakTo3sb BCTpeyanack B 1,6 pasa valye, yem y Aevei 6e3 HAXBIM.
BbiBoAbl. YcTaHoBREHO, uTo HAXKET SIBAAERTCA (hakTOpoM pucka bopmuposaHns CUBP. CUBP accoummpoBaH ¢
HW3KOYPOBHEBbLIM BOCNaneHueM, netu ¢ CUBP Ha hoHe oxupeHus Xapakrepusosanuce 6osee HebnaronpusaTHLIM
MeTabonudyeckum npodunem g BUAE USMEHEHWI NapaMeTpoB NUNUAHOMO YrneBoAHOro obMeHa, Yto Moxer npuBOANUThL
K nporpeccupoBaHuio HAXBI. MponemoHcTpupoBaHa Beicokas HacroTa Manbabcopbumm nakTosbl u NaKTo303aBUcCUMoro
CWUBP y peteit ¢ HAXENN.

Knrouesbie cnoea

HeasnkoronbHas xuposas 60ne3Hb MNEYEHN; ACTH; CUHAPOM U36BITOYHOrO 6akrepuanbHoro pocta; Manbabcopbuus
NAKTO3bI
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Introduction

The global epidemic of obesity has led to changes in the etiological structure of the digestive system
diseases. So, at the present time, non-alcoholic fatty liver disease (NAFLD) is a leader among chronic liver
diseases in children in industrialized countries [8]. NAFLD is considered as a liver manifestation of metabolic
syndrome and includes a wide pathological spectrum, ranging from simple steatosis to a different degree of
necrotic inflammation (non-alcoholic steatohepatitis), which leads to the development of fibrosis, and
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NAFLD patients [10]. SIBO is defined as an increase in the number of bacteria (over 105 CFU/ml) in the
proximal small intestine, The gold diagnostic standard for SIBO is a bacteriological examination of the

Most of the works investigating SIBO effect on NAFLD development was performed in adult patients [9, 10,
14, 16, 18, 20]. Frequently, for the diagnosis of SIBO, glucose hydrogen breath test is used
presence of lactose-dependent SIBO in such patients are limited,

Therefore, the purpose of our work is to study the influence of SIBO and features of lactose digestion on
structural and functional parameters of the liver in obese/overweight children.

Materials and methods

A total of 73 childre

of the Institute of Gastroenterology of the National Academy of Medical Sciences of Ukraine in 2017-2018.
The average age of patients was (11.41 + 2.68) years, Before the study, the parents and patients were fully
informed about the methods and amount of the research and gave consent for the planned studies. Clinical
examination of patients, anthropometry with subsequent calculation of body mass index (BMI) [13] were
performed. The presence of obesity/overweight was determined according to the World Health Organization
recommendations [13]. The presence of abdominal obesity was diagnosed with a waist circumference (WQC)
measurement according to the recommendations of the International Diabetes Federation [17].

All the patients underwent a general blood test and a biochemical blood test with determination of the levels
of total protein, total bilirubin, alanine aminotransferase (ALT), aspartate aminotransferase (AST), gamma-
glutamyl transpeptidase (GGT) using the biochemical analyzer Stat Fax 1904 Plus (Awareness Technology,
USA). For the biochemical study of blood lipids, the content of total cholestero] (TC), triglycerides (TG), high-
density lipoprotein (HDL) cholesterol using Cormay reagents (Poland) was determined using the same
analyzer with the subsequent calculation of low-density lipoprotein (LDL) and very low-density lipoprotein

The content of insulin in the blood serum was determined by the immunogenic enzyme test method (DRG
International, Inc., Germany) using Stat Fax 303 Plus (USA) reader. Then, the homeostasis model
assessment (HOMA) was calculated. The level of glycosylated hemoglobin was measured using a
spectrophotometer SF-4 (Lachema).

Glucose tolerance was evaluated on the basis of the oral glucose tolerance test (OGTT). Glucose loading was
Carried out at the rate of 1.75 g per 1 kg of body weight (not more than 75 g). In the future, hyperglycemic
and hypoglycemic factors were calculated.

Diagnosis of SIBO was determined from glucose HBT data using the Gastro+ Gastrolyzer gas analyzer
(Bedfont Scientific Ltd, UK). The dose of glucose was 1 g per 1 kg of body weight, but not more than 50 g,

in kilopascals (kPa), degree of viscosity, or fatty degeneration, — in decibels per meter (dB/m). To establish
the diagnosis and assess the severity of disease, we used unified clinical protocols [2].

distribution of characteristics was checked out using Shapiro-Wilk test, Depending on the distribution of
signs, quantitative data were presented in the form of mean and standard deviations (M £ SD) or in the
form of medians and interquartile intervals (Me [25; 75 %]), for qualitative characteristics — in the form of
relative indices (n (%)). The difference in likelihood was based on Mann-Whitney U test and Student’s t-test
under normal distribution. When comparing qualitative indicators, the assessment of the likelihood of
differences was carried out according to Fisher’s exact test. The ratio of the factor being analyzed to the risk
factors was determined on the basis of odds ratio (OR) and relative risk (RR) calculation. The conclusion
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about the statistical significance of the revealed relationship between the factor and the result was made
when the confidence interval did not include 1, that is, both values of the boundaries were either above or
below 1. The significance of the differences was set at p < 0.05.

Depending on the presence of overweight/obesity and the results of glucose-based hydrogen breath test,
patients were divided into 2 groups: group 1 — 30 overweight/obese children with SIBO, group 2 — 28
overweight/obese children without SIBO. The control group consisted of 15 healthy children with normal
weight and no SIBO according to glucose HBT,

Results

Age, sex and anthropometric parameters

The analysis of anthropometric data showed that children of groups 1 and 2 did not differ significantly in BMI
and WC. In group 1, 21 (70.0 %) patients had obesity, 9 (30.0 %) — overweight; in group 2 — 18 (64.3 %)
and 10 (35.7 %) individuals, respectively, The frequency of abdominal type of fat distribution was 83.3 %
(25 children) in group 1 and 75.0 % (21 persons) in group 2,

Clinical data

The analysis of complaints showed that children of group 1 more often had diarrhea (an increase in bowel
movements to 3 and more times a day) compared to patients of groups 2 and 3 (p < 0.05) (Table 2).
Frequency of complaints for flatulence was not significantly different between groups. In group 1, painful
palpation in the hypogastrium was twice more likely — 50 compared to 25 % in group 2.

Clinical data of patients, in particular the characteristics of pain syndrome, were mainly due to the
concomitant pathology of the digestive system. Characteristics of concomitant pathology are presented in
Table 3. A higher frequency of NAFLD and biliary tract disorders in children of group 1 compared to those of
groups 2 and 3 (p < 0.05) and a tendency to a higher incidence of gastroesophageal reflux disease in group
1 should be noted.
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Table 1 — Age, sex and anthropometric parameters

of patients
Parameter, units Group 1 | Group 2 Group 3
of measursment n=30) | (n=28) {n = 15)
Age, years heet | 9% | 119
Male gender, n (%) | 18 (60.0) | 17(60.7) | 8 (563.3)
BMI, kg/m arst | %= | %
WC, cm 876t | %% | oume
Note, * —p < 0.05 — compared 1o group 3.
Table 2 — Data of clinical examination of patients
Parameter ‘{:‘f‘.’-_“’%’e; ?r: :uzps)z ﬁf‘i“{'s?
Complaints, n {%)
Dyspepsia 23(767)* | 25 (89.3) | 3 (20.0
Nausea 16 (53.3)" | 13 (43.3)" | 1 (6.7}
Heartburn 8(26.7) | 6(21.4) 0
Diarrhea 11.88.7)%] 310y 0
Flatulence 11(36.7) | 8(28.7) 0
Pain syndrome 24 (80.0y [ 24 (B5.7) | 1(6.7)
Right hypochondrium| 2 (10.0} | 2(14.3) 0
Epigastrium 8(26.7) 11 (6.7) 0
Paraumbilical region | 11 36.7) | 7 {23.3) 1({6.7}
Hypogastrium 3 (10) 4 (14.3) 0
Lefl hypochondrium | 10 (33.3) | 4(14.3) 0
Objective data, n {%)
Epigastrium 22 (73.3) | 20 (71.4) -~
Gallbladder symptoms| 7 (23.3) | 5(17.9¢ 1(6.7)
Hypogastrium 16 (50) | 7(25.0) 0
Pancreatic symptoms| 9 {30) 5(17.9) 0

Notes (here and in Tables G=B): e 2 0,05 compared
fogroup 2;% — p < 0.05 — compared to group 3.

Table 3 — Concomitant pathology of digestive organs

Group 1 | Group 2 | Group 3

i et LR P e 15)
NAFLD 21 (700 | 9(32.1) 0
gggg%?ggggggea* 8(267) | 4(14.3) 0

Chronic gastrits 15 (50.0) [ 14 (50,0) | 8 (53.3)

Functional dyspepsia| 8 (26.7y | 10 (50.3) | 9(60.0)
ggpgg;%*}g;ga"bfad- 14467 | 6(21.4) 0
Iritaie bowel syn- 0 2(7.2) 0

Note. " —p < 0.05 — compared to group 2,

General clinical and biochemical tests

The study of general blood test data demonstrated that children of group 1 were characterized by a
significantly higher erythrocyte sedimentation rate (ESR) compared to the patients of groups 2 and 3
(p < 0.05) (Table 4). Children with obesity/overweight (groups 1 and 2) were found to be different from

those with normal weight with higher ALT and AST (p < 0.05) based on the findings of biochemical
functional test,

Table 4 — Data of biood and fiver function tests

Parameter, units of measurement Group 1 {n =30) Group 2 (n = 28) Group 3 {n = 15)
Hemoglobin, G/ 137.83 + 9,49 132.56 + 8.34 135.40 2 13.08
Leucocytes, G/ 6.07 +1.29 6.16 + 1,34 560+ 1.14
ESR, mm/mh 16.07 + 8. 20 10.89 + 4 52 873+513
Total bilirubin, pmot B.817.7;10.4] 8.45 [7.55; 10.5] 8.0[7.2; 11.5]
ALT, U/ 18.5[15.4; 24 5 17.0[12.0; 22 35 12.0 [9.8; 15.5]
AST, U/t 16.00 [13.0; 225 | 17.55 {12.35; 20.45}* 13.1[11.0; 16.2]
GGT, u 17.6 [14.7; 22 8] 16.4 [13.25; 19.15] 15.912.7; $8.7]J

Indicators of lipid and carbohydrate spectrum
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When studying the parameters of lipid spectrum, it was found that patients with SIBO differed significantly
in terms of the higher levels of TG and LDL compared to children without SIBO (p < 0.05) (Table 5).
Hypertriglyceridemia was observed in 6 (20 %) persons in group 1 and in 3 (10.7 %) children in group 2.
Patients of groups 1 and 2 were also characterized by a lower level of HDL and a higher level of LDL
compared to those in group 3 (p < 0.05). The level of insulin and HOMA reached the maximum values in
group 1, significantly differing from the corresponding indicators of group 3 (p < 0.05), and showed a
tendency to a higher level compared to group 2 (p = 0.06 and p = 0.08, respectively). The increase in
HOMA was found in 19 (66.3 %) children in group 1 and in 15 (53.6 %) in group 2. The analysis of OGTT
data showed that patients of group 1 differed in terms of higher hyperglycemic coefficient compared to
children of groups 2 and 3 (p < 0.05).

Data of instrumental methods

The analysis of transient elastography data demonstrated that children of the first group had higher CAP
than those in groups 2 and 3 (p < 0.05) (Table 6). The frequency of liver steatosis among patients in group
1 was 70 % (21 children) compared to 32 % (9 persons) in group 2 (p < 0.05). The stiffness of the ljver
parenchyma did not differ significantly between the groups.

Table 5— Indicators of Hpid ang carbohydrate metabolism

Parameter, units of measurement Group 1 (n = 30) Group 2 (n = 28) Group 3 (n = 15)
TG, mmoit 4.36[3.95; 4.91) 4.13[3.69; 4.77) 3.83 [3.47; 4.30] .
TG, mmol/ 0.93[0.74; 1.43] 0.61[0.34; 0.90] 0.60[0.51; 0.71]
HDL, mmoV) 1.23[0.88; 1.41) 1.28 [1.05; 1,57} 1.58 [1.37; 1.79]
LDL, mmoli/ 2.52 [2.28; 2.88) 2.67 [2.18, 3.06) 2.00 [1.86; 2.35]
VLDL, mmaoli 0.43[0.34; 0.86]" 0.2810.16; 0.41] 0.2810.23; 0.33]
Giycosylated hemioglobin, umol of fructose/gHB 3.89 4008 3241084 3381035
Glucose, mmol/] 4.48 + 0.59 4.19 + 0.68 4.14 £ 0.45
Glucose 60 min after loading, mmoy| 5.86 + 1.80 5.14 +1.29 4.83 + 1.38
Glucose 120 minutes after loading, mmol/ 4.97 + 0.95 4.30 + 0.29 4.83+076
Hyperglycemic factor 1.43 + 0.45 1.16 + 0.29 1.16 £ 0.45
Hypoglycemic factor 1.2340.36 1.09 £0.19 114+ 0.19
Insulin, prm/mi 23.20[13.4: 32 g 14.9[8.6; 25.7] 13.15[8.1; 16.6]
HOMA 4.86[2.22; 6.56) 3.10[2.03; 5,12 2.27 [1.54; 2.94)
Table 6 — Indicators of transient elastograph y and HBT
Parameter, units of measurement Group 1 (n = 30) Group 2 (n = 28) Group 3 (n = 15)
CAP, dB/m? 246.80 « 48.88* 214.32 = 48.43¢ 165.53 + 32 80
Stiffness of liver parenchyma, kPa 3.95+ 072 4.10 + 1.05 412+ 0.68
Coné?g}tr%tg)rg of hydrogen after glucose loading 16.0 [10.0; 20.0)* 4.0[2.0; 6.0] 2.0[1.0;2.0]
g%n&?g;r:?;% of hydrogen after lactose loading 15.0 [7.0; 27.0]* 45[3.0;7.0] 4.0[1.0;7.0]
ggfgcg?g{f*;g;nof hydrogen after lactose loading | . [14.0; 36.0] 85[6.0; 12.0] 2.0{1.0; 5.0]
=g Children with NAFLD ~d~ Children with NAFLD
=&~ Obese children without NAFLD =&~ Obese children without NAFLD
16 wa Control group 30 «¥s Control group
§ i éas
§ 12 5
® % 20
£ 10 g
S 815
8 8
c 8 & 10
) & 3
Fo2 £
Q e B .r“..__.‘._...____,...._.T.. ..................... r ..................... T 0 Te R e ——————————— e = e e g e - s
¢} 15 30 45 80 ; X 5 60 90 120 150 18p
Time, min Time, min
Figure 1 — Hydrogen concentration in exhaled air Figure 2 — Hydrogen concentration in exhated air
when conducting glucose HEBT, depending on the when conducting lactose HBT. depending on the
presence of NAFLD presence of NAFLD

As expected, children of group 1 were characterized by higher levels of hydrogen 60 minutes after glucose
loading (Table 6). They also had higher hydrogen concentration 30 and 120 min after lactose loading
compared to similar indices in groups 2 and 3 (p < 0.05). When analyzing the data of |actose HBT, it was
found that 2/3 of children in group 1 and 4 (14 %) patients in group 2 had signs of lactose-dependent SIBO.
According to HBT data, 21 (70 %) children in group 1 and 7 (25 %) persons in group 2 had lactose
malabsorption. We also analyzed the data of glucose (Fig. 1) and lactose HBT (Fig. 2), depending on the
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hydrogen when conducting glucose and lactose HBT. Among children with NAFLD, lactose malabsorption was
diagnosed in 17 (56.7 %) persons, lactose-dependent SIBO — in 15 (50.0 %). Ten (35.7 %) obese children
without NAFLD had lactose malabsorption, and 9 (32.1 %) — lactose-dependent SIBO. Thus, in patients with
NAFLD, lactose malabsorption was detected 1.6 times more often than in children without NAFLD.

Factors associated with SIBO in obese/ overweight children

When analyzing risk factors associated with SIBO, following parameters were analyzed: NAFLD, abdominal
obesity, hypertriglyceridemia, an increase in the HOMA, lactose malabsorption and lactose-dependent SIBO

(Table 7).
Table 7 — Leading factors associated with SIBO in obese/o verweight children
: Group 1 Group 2 -
Risk factors {n = 30), % (n = 28), % OR 895% Ci RR 95% CI
NAFLD 70.0 32.1 4.67* 1.62-15.00 2.1 1.72-3.77
Abdominal obasity 83.0 75.0 1.67 0.46-6.03 1.11 0.85-1.45
Hypertriglyceridemia 20 36.7 2.09 0.47-9.29 1.87 0.52-8.76
HOMA increase 63.3 53.3 1.30 0.45-372 1.36 0.84--2 20
Lactose malabsorption 70.0 25 7.0" 2.20-22 90 2.80" 1.41-554
Lactose-dependent SIBO 86.7 14.3 12.0° 3.26-44.15 4.67* 1.82-11.97

Notes: Cl — confidence interval: * — the significance of the differences, p < 0.05.

It was found that children with NAFLD had 2-fold increased relative risk of developing SIBO.

Discussion

Our research has shown that obese/overweight children with SIBO were more likely to have NAFLD, Thus,
SIBO was diagnosed in 70 % of patients with NAFLD, at the same time, 70 % of obese/overweight children
with SIBO were diagnosed with NAFLD. According to literature sources, the prevalence of SIBO with NAFLD
ranges from 50 to 77.8 % [3,9, 20].

In our study, patients with SIBO were characterized by a higher level of ESR, indicating a relationship
between this pathological condition and systemic inflammation. This can be explained by the fact that
pathogen-associated molecular patterns of intestinal microorganisms penetrate through the portal vein
system into the liver and are recognized by specific receptors, including TLR and NOD-like receptors. TLR
binding to the corresponding ligands induces a powerful inflammatory cascade as a result of NF-kB
activation, the production of proinflammatory cytokines, and the activation of IJNK [8, 18].

The results of our research showed that patients with SIBO had higher hyperglycemic coefficient during
OGTT, indicating a correlation between the intestinal microbiota and carbohydrate metabolism disorder.

mice, by continuous subcutaneous infusion of lipopolysaccharides for four weeks, is accompanied by an
increase in the following parameters: fasting glycemia, insulinemia, inflammatory markers, liver triglyceride

The higher level of triglycerides and LDL in the group of children with SIBO can be explained by the high
incidence of NAFLD among group 1 representatives, After all, NAFLD is characterized by the growth of TG
and LDL. However, the direct effect of intestinal microbiota on lipid metabolism disorders in obese patients
has been shown. In the distal part of the small intestine and colon, undigested carbohydrates, such as
starch, dietary fiber and other poorly digestible polysaccharides, are fermented by saccharolytic bacteria
that include Bacteroidetes, Firmicutes, and Actinobacteria with short-chain fatty acids. Short-chain fatty

in the expression of genes involved in the de novo lipogenesis and inhibition of epithelial expression of the
fasting-induced adipocyte factor (Fiaf), a suppressor of lipoprotein lipase. Fiaf is produced not only in the
intestine, but also in the liver and adipose tissue, being an essential regulator of the accumulation of
peripheral fat, By suppressing Fiaf, the microbiota enhances the activity of lipoprotein lipase in the adipose
tissue, increasing the content of triglycerides, which determines the storage of TG in the liver [10, 16].
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When conducting lactose HBT, the majority of children with NAFLD had a curve characterized by a rapid
increase (within the first 60 minutes) in hydrogen concentration stored up to 90 minutes with a lack of

It is suggested that the use of milk and dairy products is associated with optimal insulin secretion, the
absence of fluctuations in blood glucose level and increased secretion of glucagon-like peptide 1 and
glucose-dependent insulinotropic polypeptide [5]. However, patients with hypolastasia do not have these
benefits. A French cohort study, involving 3,575 patients, demonstrated that hypolactasia is associated with
a higher incidence of glucose tolerance and type 2 diabetes mellitus [12]. Thus, on the one hand, the

pressure with the further development of SIBO, and the presence of SIBO can lead to a disturbance in the
lactose digestion. On the other hand, disorders of lactose digestion are associated with an adverse effect on
carbohydrate metabolism, which aggravates the course of NAFLD.,

It should be noted that in 14 % of children, who had a negative result of glucose HBT, lactose-dependent
SIBO was detected, and 25 % had lactose malabsorption. These data suggest the need for a thorough
history collection and e€xamination of obesity patients with dyspeptic manifestations, as clinical data may
often be attributed not only to SIBO, but also to lactose malabsorption and to lactose-dependent SIBO. After
all, the SIBO in the studied patients had clinical manifestations as increased frequency of defecation, painful
palpation in the hypogastrium,

To our knowledge, this is the first study on the evaluation of the state of small intestinal microbiota and
carbohydrates digestion in NAFLD children using transient elastography. For the first time, the comparison of
lactose and glucose HBT among obese/overweight children in general and among children with NAFLD in
particular was provided. The limitation of work is the inability to exclude cases of Hz-non-production, i.e.,
there was no control of methane level in the exhaled air for the purpose of diagnosing SIBO in H>-non-
producers,

Conclusions

1. NAFLD in children can act as a risk factor for SIBO development.

3. Children with lactose malabsorption had three times higher relative risk of SIRO. At the same time, more
than a half of NAFLD patients were characterized by the presence of lactose malabsorption and lactose-
dependent SIBO according to lactose HBT.

4. Thus, timely diagnosis and correction of the existing disorders of the intestinal microflora, taking into
account lactose digestion, is an important trend in preventing the progression of NAFLD in children.

Conflicts of interests. Authors declare the absence of any conflicts of interests and their own financial
interest that might be construed to influence the results or interpretation of their manuscript.,
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