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Aim: to evaluate the state of small intestine permeability by the “double sugar test” in patients with overlap syndrome
(autoimmune hepatitis / primary biliary cholangitis (AIH / PBC)).

Materials and methods. Prospectively, 56 people were included in the study. Of these, 26 were diagnosed with
AlH/PBC, 30 were in the control group. The diagnosis was made in accordance with the current recommendations.
The average age of patients was 49.7 + 13.8 years, healthy volunteers — 48.6 + 9.2 years. The determination of the
permeability of the small intestine was carried out by a “double sugar test” (the ratio of lactulose/mannitol in urine),
using the method of high-performance liquid chromatography — mass spectrometry.

Results. In patients with AIH/PBC, an increase in intestinal permeability was found — 0.20 [0.09; 0.30] (p < 0.001)
compared with the control group 0.01 [0.01; 0.02]. We divided patients at the stage of liver damage. An increased
small intestinal permeability was revealed: hepatitis stage — 0.19 [0.13; 0.30] (p < 0.001), liver cirrhosis stage —
0.18[0.09; 0.30] (p < 0.05) compared with the control group. In the early stages of disease (1 month from the onset
of the disease) had an increased lactulose/mannitol ratio — 0.13 [0.05; 0.26] (p < 0.001) compared to the control
group. In the presence of portal hypertension (PH), small intestinal permeability was increased — 0.18 [0.09; 0.30]
(p < 0.001) compared with the control group.

Conclusions. An increase in small bowel permeability was found in patients with overlapping syndrome. All patients
had increased intestinal permeability (regardless of the presence of extrahepatic manifestations).

Keywords: small intestine permeability, “double sugar test”, overlap syndrome, autoimmune hepatitis / primary
biliary cholangitis (AIH/PBC), extrahepatic manifestations
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OueHKa TOHKOKMLUEeYHOMN npoHuuuaemMmocCcTny naumeHToe C CMHAPOMOM

nepekpecta (ayTOMMMYHHbIA renaTtuTt / NepBUYHbIA OMNNapPHbIA XONTaHINT)

[.P. Ak6eposa'*, A.X. OaunHuoBa?, .1. AboynraHvesa'-?

T ®rb0Y BO «KazaHckuii rocyaapCTBEHHbIA MEANLMHCKUI yHUBEPCUTET» MUHUCTEPCTBA 34paBooXpaHeHns Poccuiickor
benepaumm, KazaHb, Poccuiickas Penepadims

2[AY3 «PecnybnvikaHckasi KiimHuyeckasi 6osbHuLa MuHncTepcTBa 3apaBooxpaHeHnsi Pecriybnviku TatapctaH»,
KasaHb, Poccurickas ®enepaums

Llenb nccnepoBaHusa: N3y4nTb COCTOSIHNE MPOHULLAEMOCTN TOHKOM KULLIKK «ABOMHBIM CaxapHbIM TECTOM>» Y NaLm-
€HTOB C CMHOPOMOM MepeKkpecTa ayTOMMMYHHbIN renatuT / nepBuYHbIi GunuapHbin xonaHrut (AU /MBX).
Martepuanbl U MeToAbl. B npocnekTnBHOe nccnenoBaHne Obiv BkoYeHbl 56 yenoek. 13 HMx 26 naumeHToB —
¢ ounarHo3om AUT/MBX, 30 yenoBek — rpynna KOHTPOoJsA. JuarHo3 yctaHaBAnBasam B COOTBETCTBUN C aKTyaslbHbIMMN
pekomeHpauvsamu. CpenHuii Bo3pacT naumeHToB coctaBun 49,7 + 13,8 rona, y 340p0oBbix A,06poBonbLEB — 48,6 £
9,2 ropa. OnpeneneHne NPOHULLAEMOCTM TOHKOW KMLLKW MPOBOAMIOCH «ABOWHBIM CaxapHbIM TECTOM» (OTHOLLEHME
«1aKTy/1033/MaHHUTO/» B MOY€E) C UCMOJIb30OBAHNEM METOAA BbICOKOI(MDEKTUBHOM XMNOKOCTHOM XpomMaTtorpadpmm —
MacC-CrnekTPOMETPUMN.

PesynbraTbl. Y nauyeHToB ¢ AUI/TBX 6bio BbISBAEHO MOBbILLIEHWE TOHKOKMLLEYHOW npoHuuaemoctn — 0,20
[0,09; 0,30] (p < 0,001) no cpaBHeHwuio ¢ rpynnoii koHTponsa 0,01 [0,01; 0,02]. Mpwu pasgeneHnn NaLuneHToB Ha CTa-
O NOpaxXeHWs NeYeHn ObI10 BbISIBIEHO MOBbILLIEHNE TOHKOKMLLIEYHOW MPOHMLLAEMOCTM Kak Ha CTaaum renatuta —
0,19[0,13; 0,3] (p < 0,001), Tak  Ha ctaguu LIM — 0,18 [0,09; 0,30] (p < 0,05) Npn cpaBHEHWM C FPYMMOM KOHTPONS.
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Ha paHHux cTaguax y naumMeHToB C CUHAPOMOM nepekpecTa (1 Mecsu, oT Hayana 3aboneBaHns) 6bJ1I0 BbIABIEHO
MOBbILLEHME OTHOLLEHUS nakTynosa/maHHuTon — 0,13 [0,05; 0,26] (p < 0,001) no cpaBHEHUIO C FPYMNMNON KOHTPO-
9. TOHKOKMLLIEYHas MPOHMLIAEMOCTb Oblifla NOBbILLIEHA NPU akTUBHOM popme 3abonesaHus — 0,205 [0,088; 0,284]
(b < 0,001), HeakTuBHaa ¢popma — 0,140 [0,086; 0,316] (p < 0,001) No cpaBHEHUIO C rPYNMNoM KOHTPoNS. MNpu Ha-
JINYNN NOPTasIbHOM FrMNepPTEH3UN TOHKOKMLLIEYHAsA MPOHMLaeMoCTb bbina noebieHa — 0,18 [0,09; 0,30] (p < 0,001)

Mo CPaBHEHUIO C rPYMMo KOHTPOSIS.

BbiBOAbI. Y NaumeHToB ¢ cnHapomoM nepekpecta (AUT/MBEX) 6b110 BbIBNEHO MOBbILLEHWE NPOHULLAEMOCTN TOH-
KOW KNLWKW. BHE 3aBMCMMOCTN OT KNMHNYECKNX MPOSBAEHUN, OJINTENIbHOCTU, HANMYUS BHENEYEHOUYHbIX MPOSIBIIEHUN
y BCEeX MaLMeHTOB Oblna NoBbILLEHA TOHKOKULLIEYHAsA NMPOHMLIAEMOCTb.

KnioueBble cnoBa: npoHMLAEMOCTb TOHKOMN KULLKW, «ABOWNHOM CaxapHbI TECT», CUHOPOM NepekpecTa, ayToum-
MYHHBbI FENATUT / NEPBUYHbIN OUMapHBIA xonaHruT (AUT/MNBX), BHENEYEeHOYHbIE MPOSIBIIEHNS

KoH®NUKT nHTEepecoB: aBTOPbI 3as9BNAIOT 00 OTCYTCTBUM KOHPIMKTA UHTEPECOB.

Ansa umtupoBanus: Akbeposa [.P., OgnHuosa A.X., A6gynranvesa .M. OueHka TOHKOKMLLEYHON NMPOHNLAEMOCTI Y MaUMEHTOB C CUH-
[pPOMOM nepekpecTa (ayTOMMMYHHbIN renaTuT / NePBUYHbBIA BUNMapHbIA XONaHMNT). POCCUIACKII XypHaN racTpO3HTEpOoriu, rernarto-
noruu, kononpokronoruu. 2023;33(1):51-58. https://doi.org/10.22416/1382-4376-2023-33-1-51-58

Currently, the question of the triggering mech-
anisms of the development of autoimmune liver
diseases (ALD), the features of their progression,
and the possibilities of effective therapy are be-
ing actively studied [1]. In addition to classical
ALD such as autoimmune hepatitis (AIH), prima-
ry biliary cholangitis (PBC) and primary scleros-
ing cholangitis (PSC), with their own diagnos-
tic criteria, there is a combination of AIH and
cholestatic liver diseases (PSC, PBC) [2—5]. This
immunopathological condition is called overlap
syndrome [2, 6—8]. Overlap syndrome is not a
separate nozological form of autoimmune nature,
it represents various variants of the manifestation
of clinical phenotypes that are characteristic of
patients with ALD [2, 9—11].

It is well known that people with one autoim-
mune disease are more likely to develop other au-
toimmune diseases. These patients have immuno-
logical dysfunction, and the interaction between
genetic, immunological, environmental and hor-
monal factors which plays a role in the develop-
ment of the disease [2, 6, 7]. Among extrahepatic
immune disorders in AIH, the most common are
autoimmune thyroid diseases (AIT)- Hashimoto’s
thyroiditis, Graves’ disease and unspecified auto-
immune thyroiditis [12—14]. P.L. Bittencourt et al.
[15] showed that extrahepatic immune-mediated
disorders, designated as concomitant autoimmune
disorders, occur in approximately 22—46 % of cas-
es with type 1 ATH, and in 20—34 % of cases with
type 2 ATH [16].

The close relationship between the liver and
intestine affects the development and progression
of parenchymal liver diseases. The liver receives
about 75 % of its blood reserves from the intestine
[17]. Kupfer cells in the liver serve as the most
important protective system that removes toxins
and pathogenic microorganisms entering the por-
tal vein from the intestine [18, 19]. Changes in

the intestinal mucosa of a structural and function-
al nature can increase its permeability. Among
the structural disorders that lead to an increase
in the permeability of the small intestine, por-
tal hypertension and a decrease in the villi/crypt
ratio should be mentioned [19]. One of the most
sensitive methods for assessing the permeability of
the small intestine is the “double sugar test” [20].

The aim of the study was to evaluate the state
of permeability of the small intestine by a “dou-
ble sugar test” in patients with overlap syndrome
AIH/PBC.

Material and methods

The prospective study included 56 people, 26
of them with a diagnosis of overlap syndrome
AIH/PBC (98 % of women and 2 % of men) and
30 people in the control group. The average age
of patients was 49.7 £ 13.8 years, in the group of
healthy volunteers — 48.6 + 9.2 years.

The study was approved by the Local Ethics
Committee of the Kazan State Medical University
of the Ministry of Health of the Russian Federation
(extract from Protocol No. 10 of December 23,
2020) and the State Medical Institution “RCH
of the Ministry of Health of the Republic of
Tatarstan”. All procedures carried out in human
studies complied with the ethical standards of
the National Research Committee, as well as
the Helsinki Declaration of 1964 and its later
amendments.

The criteria for inclusion in the study were: the
age of patients over 18 years old; signed informed
consent to participate in the study; reliable clini-
cal and laboratory data confirming the diagnosis of
overlap syndrome. Exclusion criteria from the study:
the presence of markers of viral hepatitis; Wilsons
disease; non-alcoholic steatohepatitis; alcoholic liver
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disease; drug hepatitis; pregnancy and lactation; re-
fusal of the patient to participate in the study; the
presence of active or chronic infections in the acute
stage; an undesirable reaction to mannitol and / or
lactulose.

The control group was represented by 30 vol-
unteers who did not have diseases of the digestive
system and closest relatives with ALD, and also
did not take any medications.

Patients with overlap syndrome were examined
by doctors: internist, gastroenterologist, endocri-
nologist, rheumatologist. The diagnosis was estab-
lished in accordance with the recommendations of
AIH — TAIHG (2011) [7], PBC — EASL (2017)
[21] and AASLD (2019) [22].

The determination of small intestine permea-
bility by the “double sugar test” (lactulose/man-
nitol) was carried out in patients with overlap
syndrome (ATH/PBC) and in a group of healthy
volunteers. Before starting the study, urine was
taken from patients. Then they drank a mixture
solution containing 5 g of lactulose, 10 g of man-
nitol and 40 g of sucralose dissolved in 100 ml of
clean water. The patients collected urine for the
next 6 hours. The urine of each subject was stored
in a container containing thimerosal as a preser-
vative. The urine was mixed, the volume was ac-
curately measured, each sample was frozen and
transported on dry ice to the laboratory. Prior to
the laboratory analysis, the samples were stored
at a temperature of —20 °C. The results on colon
permeability (sucralose level) (nmol/L) are not
reflected in this article.

Table 1. Laboratory parameters of patients

Tabauua 1. JlabopatopHble TIOKa3aTen MallieHTOB

The double sugar test was performed by
high-performance liquid chromatography — mass
spectrometry on an Agilent 1260 Infinity chro-
matograph (Agilent Technologies, Inc., USA)
coupled with an ABSciex 5600 mass spectrometer
(AB Sciex, USA).

Statistical processing and analysis of the ob-
tained results was carried out using the program
SPSS version 28, Statistica version 12.5 (Statsoft)
and Microsoft Excel 2013. The distribution of the
studied parameters was different from normal, so
the description of the features is presented in the
form of Me [O1; O3], where Me is the median,
Q1 and Q3 are the first and third quartile, re-
spectively. The Mann — Whitney criterion was
used for paired comparison. The differences ob-
tained were considered statistically significant at
p < 0.05. Nonparametric statistical methods were
used. The mean value and 95 % confidence inter-
val were determined.

Research results

In clinical manifestations in patients with over-
lap syndrome jaundice was observed in 57.7 % of
cases, abdominal discomfort in 53.8 %, joint syn-
drome in 55 %, autoimmune thyroiditis (AIT) in
42.3 %. In 30.7 % of patients were at the stage of
liver cirrhosis.

In the study of small intestinal permeability
in patients with overlap syndrome (AIH/PBC)
was found an increase in small intestinal per-
meability — the lactulose/mannitol ratio was

Parameter In the beginning of disease
IToxaszarennb Jle6ror
M + SD 95% CI
- 95% [
Hemoglobin, g/L 110.0 + 7.4 94.67—125.33
Temorno6un, r/n
ALT, U/L 125.10 + 13.72 5.80—153.31
AJIT, Ex/ 1 T > '
AST, U/L 118.60 + 13.82 90.08—147.13
ACT, En/n T ' '

Alkaline phosphatase, U/L
lenounas docdaraza, Ex/ /o

489.85 + 67.30

350.62—629.08

TFamma-rnoOysuH, T/ 7

GGT, U/L o .
Total bilirubin, umol /L 3117 + 5.40 .95 1055
OO6mmit 6uupyOuH, MKMOJIb,/ JT -
Albumin, g/L 4 N . w
Anp6ymMuH, T/ 71 6.95 + 0.63 5.58—48.33
Total I1gG, mg/ml 1 L 190 e
O6mwmit 1gG, Mr/ M 7.60 £ 1. .81-19.87
Gamma globulin, g/L 95.35 + 0.91 23,3827 32
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Fig. 1. Lactulose/mannitol ratio in patients with overlap syndrome (ATH/PBC)

Puc. 1. OrHoueHNe JaKTy1032,/MAHHUTOJI Y MAIMEHTOB ¢ cuHApPOoMOM Tiepekpecta AT /TIBX

0.2 [0.088; 0.3] (»p < 0.001), in the control group
0.013 [0.01; 0.025]. When separating patients at
the stage of liver damage it was revealed that at
the stage of hepatitis was 8 (30.7 %) patients with
overlap syndrome (ATH/PBC), the small intesti-
nal permeability was increased — 0.19 [0.13; 0.3]
(p <0.001) — compared with the control group,
in 18 (69.3 %) patients with liver cirrhosis —
0.18 [0.086; 0.3] (»p < 0.05) — in comparison
with the control group, an increase in small in-
testine permeability was also observed (Fig. 1).

The state of small intestinal permeability was
analyzed depending on the duration of the course
of the overlap syndrome (AIH/PBC). An interest-
ing fact turned out to be that already in the early
stages (1 month from the onset of the disease),
the lactulose/mannitol ratio was increased in pa-
tients with overlap syndrome (ATH/PBC) — 0.13
[0.05; 0.261] (p < 0.001). With a duration of up
to 6 months — 0.268 [0.097; 0.284] (p < 0.001),
from 6 months to 1 year — 0.114 [0.072; 0.245]
(p < 0.001), more than 1 year — 0.205 [0.099;
0.3] (»p < 0.001) compared with the control group
(Fig. 2).

Regardless of the Child — Pugh class the lact-
ulose/mannitol ratio was increased in the studied
group of patients (Table 2).

When assessing the activity of the overlap syn-
drome (ATH/PBC) the permeability of the small
intestine was increased in patients with an active
form of the disease in 88.5 % of cases — 0.205
[0.088; 0.284] (p < 0.001), and in patients with
an inactive form of the disease in 11.5 % of cas-
es — 0.14[0.086; 0.316] (» < 0.001) compared to
the control group (Table 2).

Portal hypertension (PH) was observed in 31 %
of cases in patients with overlap syndrome (ATH/
PBC). Regardless of the presence or absence of
PH the small intestinal permeability was increased
in each group of patients — 0.18 [0.09; 0.304]
(p < 0.001) and 0.19 [0.065; 0.28] (p < 0.001)
respectively (Table 2).

In 55 % of patients with overlap syndrome
(ATH/PBC) with joint syndrome the small intes-
tinal permeability was increased — 0.17 [0.099;
0.27] (p < 0.05) compared with the control group.
In 42.3 % of cases of patients with overlap syn-
drome (AIH/PBC) with AIT the small intestinal
permeability was also increased — 0.17 [0.097; 0.3]
(p < 0.05) compared with the control group (Table 2).

An increase in small intestinal permeability
was detected regardless of the therapy with ur-
sodeoxycholic acid (UDCA) or glucocorticoste-
roids (GCS).
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Fig. 2. The ratio of lactulose / mannitol in patients with overlap syndrome (AIH,/PBC) depending on the duration

of the disease

Puc. 2. OrHomenne JIaKTyJIOSa/MaHHI/ITOJI y mManueHToB ¢ CUMHAPOMOM MEepeKpecTa B 3aBUCUMOCTH OT JIUTEJTbHOCTH

3a00JIeBaHUs

Discussion

In our study, an increase in small intesti-
nal permeability was revealed in patients with
overlap syndrome (AIH/PBC) (0.2 [0.088; 0.3]
(p < 0.001)) compared with the control group
(0.013 [0.01; 0.025]). Already at the hepatitis
stage the ratio lactulose/mannitol (0.19 [0.13;
0.3] (p < 0.001)) was higher than in the control
group. With the progression of the overlap syn-
drome (ATH/PBC) into cirrhosis an increase in
the permeability of the small intestine also per-
sisted (0.18 [0.086; 0.3] (» < 0.05)) compared to
the control group. The increase in intestinal per-
meability did not depend on the duration of the
disease (p < 0.001), disease activity (p < 0.001),
portal hypertension (p < 0.001). An interesting
fact was the detection of an increase in the lac-
tulose/mannitol ratio in patients already at the
onset of the disease (within 1 month from the
moment of the appearance of the first signs of
crossroads syndrome) compared with the control
group.

Immune inflammatory diseases are closely as-
sociated with changes in the intestinal micro-
biome [23], which is associated with changes
in intestinal permeability.

J. Benjamin et al. [24] were analyzing the lact-
ulose/mannitol ratio at patients with liver cirrho-
sis various etiologies (alcoholic, viral) and they
determined that the excretion of mannitol was in-
creased. They expected that these results because
of a damage to tight contacts and a decrease in the
height of the villi as a result of portal enteropathy
in patients with portal hypertension. J. Such et
al. [25] found in patients with liver cirrhosis and
PH syndrome structural and functional changes
in the intestinal barrier (stagnation, swelling of
the mucous membrane) due to the expansion of
intercellular spaces. That fact can be secondary
due to PH and lead to an increase intestinal perme-
ability and, probably, to a bacterial translocation.
K. Norman et al. [26] showed an increased intestinal
permeability in patients with decompensated alco-
holic liver cirrhosis. They expected that it happened
due to the changes in tight contacts and changes in
the morphology of the intestinal wall. In our study
the small intestinal permeability in PH was also in-
creased compared to the control group.

It is well known that extrahepatic autoimmune
diseases are often detected in patients with ALD.
AIT is most often associated with ALD [3, 14]: in
10—23 % of cases [11, 12]. In our study, a high
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Table 2. Clinical features of the overlap syndrome (ATH/PBC) and intestinal permeability indicators
Tabuua 2. Knuandeckne ocOGEHHOCTH CHHPOMA TEPEKPECTa U TOKA3ATeIM KUIIEYHON IIPOHUIIAEMOCTH

Sight N Ratio lactulose/mannitol
3aboJieBanne/ IPU3HAK JlarTy03a,/MaHHHUTOI
Child — Pugh A 3 0.316 [0.068; 0.37]**
HII mo Yaitngy — Ilbio B
6 0.8 [0.14; 0.23]**
C 9 0.09 [0.08; 0.26]**
Activity Active )
AKTHUBHOCTD AKTHBHBILI 23 0.205 [0.088; 0.284]**
[uot active, 3 0.14 [0.086; 0.316]**
€aKTUBHBIN
Portal hypertension Yes 8 0.18 [0.09; 0.304]**
[lopranbuas rumepTeH3ust Hamrane ’
No 18 0.19 [0.065; 0.28]**
OtcyTcTBrEe
Extrahepatic reveals With joint syndrome 13 0.17 [0.099; 0.27]*
Bueneuenounbie mposiBaeHust C aprpanrusamu ’ ’ T
Without jOiIlt syndrome 13 0.2 [0.088; 0.28]*
Bes aprpanruii ’
With autoimmune thyroid . *
C AVT 1 0.17 [0.097; 0.3]
Without autoimmune thyroid ] *
Bea AT 15 0.2 [0.086; 0.28]
Treatment UDCA .
i e— VXK 1 0.2 [0.97; 0.7]**
Steroids 14 1 - 0.28]**
TKC 0.18 [0.06; 0.28]
Control group 30 0.01310.01; 0.025]
Konrposb

Note. * p < 0.05 compared to the control group; ** p < 0.001 compared to the control group.

[Tpumevanne. *p < 0,05 MO cpaBHEHUIO C TPYMIION KOHTPOJIS; **

frequency of AIT was revealed in patients with
overlap syndrome (AIH/PBC) — 42 % of cases.
The same trend was observed in the study Q. Zeng
et al. [3] — 34.9 % of cases in patients with ALD.
The permeability of the small intestine was in-
creased in AIT (was 0.17 [0.097; 0.3] (p < 0.05))
and in patients with joint syndrome (0.17 [0.099;
0.27] (p < 0.05)) compared to the control group.
Q. Zeng et al. [3] it is assumed that the pres-
ence of AIT did not change the clinical course
or severity of ALD. The features of the clinical
course of ALD were almost the same in patients
with ALD with and without AIT as evidenced by
the absence of significant differences in symptoms,
biochemical parameters, histological stage in pa-
tients with ALD [3]. In our study, patients with
crossroads syndrome without AIT also had increased

» < 0,001 o cpaBHEHMIO C TPYINION KOHTPOJIA.

small intestinal permeability (0.2 [0.086; 0.28]
(p < 0.05)) compared to the control group.

When evaluating the therapy in patients with
overlap syndrome the small intestinal permeabil-
ity was changed when taking GCS which can be
explained by the presence of two autoimmune
liver diseases in a patient with overlap syndrome
(AIH/PBC).

Conclusions

In patients with overlap syndrome (AIH/PBC)
was detected an increase in small intestinal perme-
ability even at the onset of the disease as well
as at the stages of hepatitis and liver cirrhosis
regardless of the duration of the disease, activity,
and the presence of extrahepatic manifestations.

56
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