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Summary
Background Emerging evidence highlights that targeting the gut microbiota could be an interesting approach to
improve alcohol liver disease due to its important plasticity. This study aimed to evaluate the effects of inulin supple-
mentation on liver parameters in alcohol use disorder (AUD) patients (whole sample) and in a subpopulation with
early alcohol-associated liver disease (eALD).

Methods Fifty AUD patients, hospitalized for a 3-week detoxification program, were enrolled in a randomized, dou-
ble-blind, placebo-controlled study and assigned to prebiotic (inulin) versus placebo for 17 days. Liver damage, micro-
bial translocation, inflammatory markers and 16S rDNA sequencing were measured at the beginning (T1) and at the
end of the study (T2).

Findings Compared to placebo, AST (b = 8.55, 95% CI [2.33:14.77]), ALT (b = 6.01, 95% CI [2.02:10.00]) and IL-18
(b = 113.86, 95% CI [23.02:204.71]) were statistically significantly higher in the inulin group in the whole sample at
T2. In the eALD subgroup, inulin supplementation leads to specific changes in the gut microbiota, including an
increase in Bifidobacterium and a decrease of Bacteroides. Despite those changes, AST (b = 14.63, 95% CI
[0.91:28.35]) and ALT (b = 10.40, 95% CI [1.93:18.88]) at T2 were higher in the inulin group compared to placebo.
Treatment was well tolerated without important adverse events or side effects.

Interpretation This pilot study shows that 17 days of inulin supplementation versus placebo, even though it induces
specific changes in the gut microbiota, did not alleviate liver damage in AUD patients. Further studies with a larger
sample size and duration of supplementation with adequate monitoring of liver parameters are needed to confirm
these results. Gut2Brain study: https://clinicaltrials.gov/ct2/show/NCT03803709
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Introduction
Alcohol-associated liver disease (ALD) is one of the lead-
ing causes of chronic liver disease worldwide. Although
most patients with an alcohol use disorder (AUD) pres-
ent with steatosis, only 10�20% develop progressive
forms of liver disease and its related complications.
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Research in context

Evidence before the study

Alcohol use disorder (AUD) patients displayed concomi-
tant liver and gut microbiota alterations. Recent studies
have demonstrated the potential role of the gut-liver
axis in alcohol liver disease progression. Inulin is consid-
ered a prebiotic and promotes the growth of beneficial
bacteria especially Bifidobacteria. Modulating the gut
microbiota could be an interesting approach to improve
inflammatory status and liver damage in AUD.

Added value of the study

In this pilot interventional randomized placebo-con-
trolled study we demonstrate that 17 days of inulin sup-
plementation in AUD patients has no beneficial effect
on liver, microbial translocation or inflammatory
markers over alcohol abstinence alone even in patients
with early alcohol-associated liver disease (eALD).
Although inulin administration does modulate the
microbiota inducing specific changes in its composition,
AUD patients supplemented with inulin had higher level
of AST, ALT and IL-18 after 17 days of supplementation
compared to placebo. In particular, in AUD patients pre-
senting an eALD, inulin further decreased microbial
diversity of an already disturbed microbiota at baseline.

Implications of all the available evidence

Inulin does modulate the gut microbiota in a similar
way independently of the severity of liver disease. How-
ever, this prebiotic intervention did not add any addi-
tional benefit of alcohol abstinence alone regarding
improvement of liver function or inflammatory markers.
Further studies with a larger sample size and duration
of supplementation with accurate monitoring of liver
parameters are needed to confirm these results.
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Currently, the pathophysiological mechanisms impli-
cated in liver disease progression are not completely
understood and there is no drug approved for treatment
of ALD.1

Recent reports have highlighted the potential role of
the gut-liver axis in ALD progression. Gut barrier dys-
function together with alterations in the composition of
the intestinal microbiota as well as elevated systemic
microbial translocation have been associated with ALD
progression.2

Murine models of chronic ethanol exposure have
been used to discover new potential therapeutic targets
at the frontier of the gut-liver axis in ALD.3 Manipula-
tions designed to restore gut barrier function, thus pre-
venting microbial translocation, or alleviating dysbiosis
all improved liver disease in animals.4�8 However,
these data cannot necessarily be extrapolated to human
pathology for several reasons. Animals have a natural
aversion to alcohol,9,10 a 5 times faster ethanol
metabolism,11 and profound differences in their
immune system12 and their microbiota13 compared to
humans. Animals do only develop mild forms of ALD
upon chronic alcohol feeding and do not resume the
liver-damage pattern observed in humans.14 Clinical
studies targeting the gut microbiota in AUD patients
are scarce and generally focused on patients with severe
alcoholic hepatitis and decompensated cirrhosis.15 Little
is known about the impact of a gut microbiota modify-
ing strategy in AUD patients on earlier non-cirrhotic
disease stages of ALD. One potential way of modulating
the gut microbiota in those patients might be the use of
prebiotics. Prebiotics are defined as ‘substrates that are
selectively used by host microorganisms conferring a
health benefit’16 meaning that they promote the growth
of some specific bacteria. Of particular interest, inulin-
type fructan (ITF) is known to favour Bifidobacterium
and F. prausnitzii two well-recognized beneficial bacte-
ria which are decreased in AUD patients.17�19 It has
been shown that Bifidobacteria negatively correlate with
pro-inflammatory cytokines and improve intestinal
health in humans.20,21 F.prausnitzii, a butyrate pro-
ducer, exhibits anti-inflammatory properties both in
vitro and in vivo studies.22,23 ITF supplementation and
subsequent microbial modulation, have been shown to
exert beneficial effects on gut barrier function, reduce
microbial translocation and thus attenuate systemic
inflammation.15,18,24,25 We therefore designed a ran-
domized, double-blind, placebo-controlled study to
modulate the gut microbiota of AUD patients using a 3-
week inulin supplementation. Since the liver is closely
connected to the gut via the portal vein, we hypothesized
that restoring the microbial balance with subsequent
improvement of the gut barrier function could exert a
beneficial effect on ALD development.

The principal aim of this sub-study was to investigate
the effect of inulin supplementation on liver parameters
and systemic inflammation in AUD subjects. The sec-
ondary objective was to study the effect of supplementa-
tion in a subgroup of patients with early alcohol-
associated liver disease (eALD).
Methods

Study design and ethics
The Gut2Brain study was a randomized, double blind,
placebo-controlled trial. Each subject was randomly
assigned to daily intake of prebiotic inulin (Fibruline�;
Inulin group) or maltodextrin (Placebo group). To
reduce potential gastrointestinal side effects, the dose of
inulin or maltodextrin increased gradually from 4 to
16 g per day during the 17 days of treatment (4 g from
day 3 to day 4; 8 g from day 5 to day 14 and 16 g from
day 15 to day 19 of the detoxification program; Supple-
mentary Figure 1). We have previously shown that 16 g
www.thelancet.com Vol 80 Month June, 2022
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of inulin per day was well tolerated and had a bifido-
genic effect in obese patients.18,26,27

The trial protocol was published on protocols.io (dx.
doi.org/10.17504/protocols.io.bvs2n6ge).

This study was approved by the ethics committee of
the hospital (Nb: 190616V1). All participants signed
informed consent prior to inclusion and the trial was
registered in the clinicaltrials.gov registry (Clinical-
Trials.gov identifier: NCT03803709). Due to an admin-
istrative problem beyond our control, a slight delay
between enrolment of study participants and registra-
tion on the website had occurred. During this period,
the trial was conducted as if the trial had been regis-
tered, and only six patients were enrolled in that first
phase (October-December 2018). In this study, we
focused on the outcomes of the Gut2Brain study related
to liver and inflammation (primary outcome see28).
Patients
Fifty AUD patients undergoing elective alcohol with-
drawal were recruited between October 2018 and
December 2019. They followed a 3-week highly stan-
dardized alcohol-detoxification and rehabilitation pro-
gram (Supplementary Figure 1) in an academic hospital
(Brussels, Belgium). This program includes 1 week in
the hospital, followed by 1 week at home and another
week in the hospital (Supplementary Figure 1).

AUD patients were diagnosed by a psychiatrist
according to the Diagnostic and Statistical Manual of
Mental Disorders, Fifth Edition.

Eighteen to 65 years old male or female subjects who
were actively drinking until at least 48 h prior to admis-
sion were included in the study. The following exclusion
criteria applied: presence of another addiction (except
tobacco), inflammatory bowel disease, chronic inflam-
matory diseases (such as rheumatoid arthritis), cancer,
obesity (BMI �30 kg/m2), diabetes, bariatric surgery, or
severe cognitive impairment (Mini Mental State Exami-
nation (MMSE) < 24). Patients with known cirrhosis or
significant hepatic fibrosis (�F2) detected by Fibroscan
(>7.6 kPa) immediately after admission were also
excluded from the study. Patients who have been taking
antibiotics, probiotics or prebiotics during the 3 months
prior to enrolment or who had regularly used non-ste-
roidal anti-inflammatory drugs or glucocorticoids dur-
ing the month prior to enrolment were excluded.
Randomization and masking
The randomization was performed using the method of
randomly permuted blocks via the website www.ran
domization.com, by a researcher not clinically involved
to ensure the double blind. The treatment allocation
sequence was conserved in a sealed envelope kept in a
separate location, inaccessible to the investigators, and
was only made available at the time of database lock.
www.thelancet.com Vol 80 Month June, 2022
Neither the patient nor the investigators knew which
boxes contained inulin or placebo until unblinding at
the end of the study.
Examinations and sample collections
A Fibroscan� (Echosense, Paris, France) combined with
the controlled attenuation parameter (CAP) was per-
formed at admission and repeated after 19 days. Fasting
blood samples were drawn and stool samples collected
twice on day 2 (T1) and 19 (T2) after the admission.
Blood samples were centrifuged at 1000g for 15 min at
4°C. Plasma, serum and stool samples were stored at
-80 °C until use.
Inflammatory markers
Plasma concentrations of inflammatory markers (IL-18,
MCP-1, IFN-g, IL-8, IL-10, TNF-a, IL-6) and Fibroblast
growth factor 21 (FGF-21) were determined using the
Meso Scale Discovery (MSD) U-PLEX assay (Rockville,
MD, USA) following the manufacturer’s instructions.
Microbial translocation and biomarkers of liver cell
damage
Microbial translocation was determined in plasma using
Lipopolysaccharide Binding Protein (LBP), soluble CD14
(sCD14) (Human LBP duoset ELISA and Human CD14
Quantikine ELISA kit sCD14, Biotechne Ltd, Abingdon,
United Kingdom) and Peptidoglycan Recognition Proteins
(Human PGRPs ELISA kit, Thermofisher, Merelbeke,
Belgium). Liver damage was assessed by measuring
serum Keratin 18 (K18) (K18-M65 ELISA kit; TECOmedi-
cal AG, Sissach, Switzerland). All assays were performed
in duplicate following the manufacturer’s instructions.
Routine biochemical analyses were performed by the clini-
cal biochemistry laboratory of the hospital.
Classification of patients according to severity of liver
disease
Currently, non-invasive testing allows for a good estima-
tion of steatosis and fibrosis. Controlled attenuation
parameter measurements > 250 dB/m is a generally
accepted cut-off for steatosis29,30 and liver elasticity meas-
urements by Fibroscan reliably predict fibrosis stage.31 In
addition, a novel biomarker, keratin 18 (K18), correlates
with histological changes32 and has the potential to distin-
guish severe forms of ALD from less severe ones.33,34 Our
own studies also showed that K18-M65 can be used to dis-
criminate patients with simple steatosis from those that
have progressed to early stages of alcohol-associated liver
disease or steato-fibrosis.2 Validation of those findings in a
cohort of 200 patients identified a level of K18-M65>
270 U/L as a cut-off with excellent sensitivity and specific-
ity (own unpublished data). Therefore, AUD patients were
classified according to the severity of liver disease using
3
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these clinical biomarkers. Briefly, patients with a normal
or increased CAP values (> 250 dB/m)29,30 but normal
transaminases, normal bilirubin and K18-M65 < 270 U/L
were considered as having minimal liver disease (minimal
liver involvement or simple steatosis). Patients with CAP
values >250 dB/m AND K18-M65 >270 U/L and/or
AST/ALT >40 U/L were considered as having progressed
to early alcohol-associated liver disease (eALD). In addition
to CAP values, the presence of steatosis was further con-
firmed by Doppler ultrasound examination performed on
the second day after admission. According to the prede-
fined inclusion/exclusion criteria, patients with liver stiff-
ness values > 7.6 kPa on Fibroscan at admission
(significant fibrosis) were excluded from the study.
Patients’ care and monitoring
Patients are taken care of by a multidisciplinary team
consisting of a gastroenterologist, a psychiatrist, a psy-
chologist, a dietician, a social assistant, and a dedicated
nursing team. At admission, a complete medication
and past medical history was taken, and a complete
physical examination was performed including collec-
tion of basic demographic data such as age, gender,
weight, and height. The amount of alcohol consumed
the week before hospitalization was evaluated with the
time line follow-back approach as previously
described.35,36 During hospitalization, patients under-
went daily clinical monitoring by the nursing and medi-
cal team following the standardized scheme of the unit.
All adverse events considered as not related to alcohol
withdrawal were recorded. Psychological support was
provided throughout the study.

Potential gastro-intestinal side effects of inulin were
assessed by a questionnaire commonly used to evaluate
the symptoms of irritable bowel syndrome.37 This ques-
tionnaire assessed the presence of abdominal pain and
bloating, satisfaction about intestinal transit and whether
gastrointestinal symptoms affected daily life by using
visual analogic scale from 0 to 100. Patients were also
asked about the frequency of stools and completed the
Bristol Stool Form Scale (BSFS)38 allowing to identify stool
types ranging from the hardest (type 1) to the softest (type
7). Evaluation was performed at admission, during the sec-
ond week of treatment and at the end of the study.

Dietary intake was evaluated by a trained dietician at
admission of week 1 and week 3. During the week at
home, dietary changes were monitored using a food
diary. Detailed results of the dietary aspects are pub-
lished elsewhere.28,39 Dietary advice was provided “on
demand” at the end of study. All patients received stan-
dard hospital diet during hospitalization.
16S rRNA sequencing and data analysis
Stool samples were collected at Day 2 (T1) and at the end
of the intervention (Day 19 � T2). They were collected
and stored immediately at -20 °C and then transferred
to -80 °C within 5 to 10 h. Genomic DNA was extracted
from the faeces using a QIAamp DNA Stool Mini Kit
(Qiagen, Germany), including a bead�beating step and
following the protocol Q.40 The composition of the gut
microbiota was analysed by Illumina sequencing of the
16S rRNA gene and qPCR of 16S rDNA was used to
quantify the abundance of total bacteria and Bifidobacte-
rium spp. (see supplementary Material-Microbiota anal-
ysis).
Statistical analysis
Data were presented as mean § standard error of the
mean (SEM) or mean § standard deviation (SD). The
efficacy analysis has been conducted in the modified
intention to treat (mITT) population including all the
randomized patients that completed the study. Accord-
ing to data distribution, baseline parameters were com-
pared using T-test or Mann�Whitney U test. Linear
regression models adjusted for gender, the quantity of
ethanol consumed during the second week of the pro-
gram and the baseline measurement of the outcome
were performed to analyse the difference between pla-
cebo and inulin groups at T2.

For the gut microbiota analysis only the phyla, fami-
lies, and genera with an average relative abundance
superior to 0.1% were analysed. We used a Man-
n�Whitney U test in R to compare the relative abun-
dance between groups and the within group analyses
were evaluated using a Wilcoxon paired test.

Spearman partial correlations (adjusted for gender
and the quantity of ethanol consumed during the sec-
ond week of the program) were performed to assess the
relationships between biological outcomes and micro-
bial data. A pvalue < .05 was considered as statistically
significant. Statistical analyses were performed using
SAS version 9.4 and Graphpad Prism 8.0. As this was a
pilot study with a small sample size, the multiplicity of
outcomes was not taken into account.
Sample size
Sample size was estimated using G*Power based on the
bifidogenic effect of inulin.18 Therefore, we estimated
that a total sample size of 50 participants, with a 20%
drop out during the study and 20 patients in each group
completing the study provides 80% power to observe an
effect size of 0.34 (target difference, SD: 4.25) for the
relative abundance of Bifidobacterium genus using a
power calculation test with a 0.05 two-sided significance
level.
Role of funding source
The funders had no role in collection, analysis, and
interpretation of the data or in the writing of this publi-
cation.
www.thelancet.com Vol 80 Month June, 2022
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Results

Study population
To reach the final sample, 150 patients were screened,
77 did not meet the inclusion criteria and 23 refused to
participate. Finally, 50 AUD patients were randomized.
Among those, 44 patients had complete biological data
and composed the modified intention to treat (ITT) pop-
ulation (Figure 1). Compliance with the nutritional sup-
plementation was 96% in the placebo group and 98%
in the inulin group. The sociodemographic characteris-
tics and biological parameters at baseline are presented
in Tables 1 and 2. There was a women predominance in
the inulin group (20% in placebo vs 48% in the inulin
group, Chi-Square test p = 0.11) and they had one addi-
tional criterion in the DSM-5 classification compared to
the placebo group (7.9 § 1.9 in placebo vs 9.3 § 1.4 in
inulin group, Mann Whitney U test p = 0.02). During
the second week of the detoxification program, among
the patients who completed the study, 7 patients
relapsed in the placebo group vs 10 in the inulin group
(32% vs 45% respectively, Fisher's test p = 0.53). Patients
who relapsed in placebo group consumed 53 g/d alcohol
on average vs 74 g/d in inulin group (Mann Whitney U
test, p = 0.47).

We first studied the effect of inulin supplementation
compared to the placebo group in the whole sample
(n = 50).

Then, we stratified the population according to the
severity of the liver disease (minimal liver disease (LD)
vs early ALD) to study the effect of inulin supplementa-
tion in patients with more severe liver disease.
Inulin supplementation did not improve liver damage,
microbial translocation, and inflammatory markers
over abstinence alone
The univariate analysis highlighted that inulin supple-
mentation did not have a beneficial effect on liver
enzymes, microbial translocation, and inflammatory
markers (Table 3). Since an imbalance between the
groups was initially observed between gender (50% of
woman in inulin group vs 23% in placebo group), we
adjusted the analysis for this parameter as well as for
the amount of ethanol consumed during the intermedi-
ate week and the baseline parameter. Indeed, these
parameters are known to influence the recovery of liver
and inflammatory parameters.41,42 Linear regression
analysis revealed that the levels of AST and ALT at T2
were higher in the inulin group than in the placebo
group (Linear regression models b = 8.55, 95% CI [2.33;
14.77], p = 0.008 and b = 6.01, 95% CI [2.02; 10.00]
p = 0.004 respectively; Table 3). Five patients (22.7%) in
the inulin group had an AST value above the upper
limit of normal, while all patients in the placebo group
returned to a normal value at T2 (Fisher test,
p = 0.047). CAP values and FGF-21 were not
www.thelancet.com Vol 80 Month June, 2022
significantly different between the placebo group and
the inulin group (Table 3).

No difference was observed neither for microbial
translocation nor for inflammatory markers between
groups except for IL-18. The adjusted linear regression
analysis showed a statistically significant higher level of
IL-18 in inulin group compared to placebo group at T2
(Linear regression model b = 102.85, 95% CI [1.46;
190.25], p = 0.02; Table 3).

Taken together, our results suggest that 17 days of
inulin supplementation has no beneficial effect on liver,
bacterial translocation, and inflammatory markers in
our population of AUD patients during a period of 3
weeks of abstinence.
The impact of inulin supplementation in AUD patients
with early alcohol-associated liver disease (eALD)
We have previously shown that the gut microbiota of
patients with more severe liver disease was particularly
impaired.2 Therefore, we wanted to study the effect of
inulin supplementation in a subgroup of patients with
eALD. For this exploratory analysis, we stratified the
study population into patients with minimal LD and
eALD according to clinical parameters. As by definition,
patients with eALD were characterized by elevated AST,
ALT, CAP, and serum K18-M65 compared to minimal
LD patients. In addition, we found that among the upre-
gulated markers, two of them, FGF-21, and IL-8, also
distinguished minimal LD from eALD with statistically
significantly higher levels in the latter one (Supplemen-
tary Figure 2).
Inulin supplementation induced different changes in
gut microbiota composition at the phylum, family and
genus level in minimal LD and eALD groups
Microbiota analysis at baseline revealed that the eALD
group displayed a decreased richness since the Chao-1
index was statistically significantly decreased compared
to minimal LD patients (Supplementary Figure 3a). A
trend was also observed towards a lower number of spe-
cies observed and a lower Shannon index (p = 0.09 and
p = 0.10 respectively; Supplementary Figure 3a). Total
bacteria measured by qPCR, was not different between
the groups (Supplementary Figure 3b). The LEfSE anal-
ysis showed that Firmicutes and especially Clostridia
were higher in minimal LD group while Proteobacteria
were statistically significantly higher in eALD patients
(Supplementary Figure 3c and d). At the genus level,
the relative abundance of NK4A214 group and UCG-005
from Oscillospiraceae family, Ruminococcus and Fusicate-
nibacter were statistically significantly higher in mini-
mal LD group while Flavonifractor and Veillonella were
statistically significantly increased in eALD (Supple-
mentary Figure 3d). The effects of inulin supplementa-
tion on the gut microbiota composition have been
5
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Placebo n = 22 Inulin n = 22

Sociodemographic characteristics

Age (y) 45.8 [41.0; 56.3] 47.8 [38.9; 55.9]

Gender, n (%)

Male 17 (77.3) 11 (50.0)

Female 5 (22.7) 11 (50.0)

Marital status, n (%)

Couple/ married 10 (45.4) 7 (32.0)

Single 8 (36.4) 12 (52.0)

Separated/divorced 4 (18.2) 3 (16.0)

Educational level, n (%)

Primary 2 (9.1) 2 (9.1)

Secondary 9 (40.9) 6 (27.3)

University 11 (50.0) 14 (63.6)

Clinical examination

Weight (kg) 71.2 § 10.2 73.4 § 14.7

BMI (kg/m2) 23.3 § 3.5 24.4 § 3.1

MMSE score 28.7 § 1.2 27.7 § 2.9

Smoking, n (%) 18 (81.8) 16 (72.7)

Alcohol history

DSM-5 AUD score 7.9 § 1.9 9.3 § 1.4

Age of loss of control (years) 29.5 [25.0; 36.0] 32.0 [22.0; 40.0]

Number of alcohol withdrawal cures 2.5 § 2.4 2.0 § 2.1

Duration of drinking habit (years) 16.4 [5.7; 21.2] 14.9 [5.3; 22.4]

Alcohol consumption (g/day) 130.0 [85.6; 178.5] 143.3 [96.0; 180.0]

Table 1: Baseline characteristics of participants in the modified ITT population.
Data are described as Mean § standard deviation or numbers (n) with (%). Age, age of loss of control, duration of drinking habits and alcohol consumption are

described as median [Q1; Q3].

AUD, Alcohol use disorders; Alcohol Use Disorders Test; BMI, Body mass index; DSM-5, Diagnostic and Statistical Manual of Mental Disorders fifth edition;

MMSE, Mini Mental State Examination
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already published elsewhere, showing namely an
increase in Bifidobacterium as a “signature” of inulin
intake.28 We compared the change from baseline of Bifi-
dobacterium between placebo and the inulin group. Bifi-
dobacterium increased statistically significantly in the
inulin group compared to placebo in eALD as well as
minimal LD group (Figure 2a and b). The bifidogenic
effect of inulin was therefore confirmed in both
groups. Inulin supplementation induced a statisti-
cally significant decrease of all a diversity indexes
compared to placebo in the eALD group (Figure 2c)
while only the number of observed species was
decreased in the minimal LD group (Figure 2d). In
the eALD group, analysis of phylum and family levels
of bacteria revealed minor changes in those who
received placebo while an increase of Bifidobacteriaceae
(Actinobacteriota) and a decrease of Bacteroidaceae
(Bacteroidota) was found in patients supplemented with
inulin (Supplementary Figure 4a). In the minimal LD
group, inulin supplementation has no effect at phylum
level, but similar changes were observed at family level
with an additional increase of Veillonellaceae family
(Supplementary Figure 4b). At the genus level,
www.thelancet.com Vol 80 Month June, 2022
prebiotic treatment also increased Dialister whereas Bac-
teroides, Ruminococcus torques and Dorea decreased in
the eALD group (Supplementary Table 1). In the pla-
cebo group, Fusicatenibacter, Oscillospiraceae UCG-002,
Monoglobus, Alistipes and Lachnospiraceae ND3007
increased statistically significantly between T1 and T2
while Oscillibacter, Flavonifractor, Colidextribacter and
Sutterella decreased (Supplementary Table 1).

The genera modified between T1 and T2 in minimal
LD group are presented in Supplementary Table 2. Bifi-
dobacterium and Veillonella increased statistically signifi-
cantly after 17 days of inulin supplementation. In
contrast, Lachnoclostridium, Ruminococcus torques group,
Dorea, Tizzerella, Oscillibacter, Colidextribacter, Erysipelo-
trichaceae UCG-003 and Bacteroides decreased statistically
significantly (Supplementary Table 2). In the placebo
group, Lachnospiraceae NK4A136 group increased while
Blautia, Eubacterium eligens group and Acidaminococcus
decreased after 17 days (Supplementary Table 2).

Globally, inulin supplementation exacerbated the
decrease in a-diversity but did not impact the bacteria
shown to be already altered at baseline in eALD
patients.
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Placebo n = 22 Inulin n = 22

Liver related markers

AST, IU/L 32.0 [25.0; 76.0] 36.0 [22.0; 70.0]

ALT, IU/L 32.5 [22.0; 62.0] 32.5 [19.0; 78.0]

yGT, IU/L 71.5 [52.0; 185.0] 63.0 [47.0; 131.0]

Liver elasticity, kPa 5.5 [4.5; 6.0] 5.7 [4.6; 6.3]

CAP, dB/m 267.0 [200.0; 312.0] 307.0 [234.0; 333.0]

K18-M-65, pg/ml 215.0 [164.6; 322.9] 278.7 [162.3; 417.5]

FGF-21, pg/ml 2073.0 [1633.0;3915.0] 2632.4 [2048.0; 4769.1]

Biochemical markers

Bilirubin, mg/dL 0.40 [0.30; 0.60] 0.40 [0.30; 0.50]

Albumin, g/L 46.0 [44.0; 48.0] 47.0 [46.0; 48.0]

Creatinine mg/dl 0.78 [0.67; 0.84] 0.76 [0.66; 0.86]

Bacterial translocation

LBP, ng/ml 18.6 [18.0; 20.1] 19.1 [18.1; 19.7]

sCD14, ng/ml 1601.4 [1470.0; 1845.6] 1739.2 [1516.0; 2081.3]

PGRP, ng/ml 44.9 [35.7; 57.1] 49.5 [37.2; 74.9]

Inflammation

IL-18, pg/ml 462.8 [368.4; 656.6] 496.3 [370.6; 679.1]

IL-8, pg/ml 5.3 [4.0; 7.5] 5.4 [4.9; 8.5]

MCP-1, pg/ml 249.2 [215.5; 335.5] 240.4 [221.0; 285.6]

TNFa, pg/ml 2.1 [1.9; 3.1] 3.0 [2.0; 4.2]

IL-6, pg/ml 4.2 [2.3; 5.8] 4.3 [3.0; 6.9]

IL-10, pg/ml 1.5 [0.6; 2.1] 1.7 [1.2; 2.6]

Table 2: Liver related and biochemical markers at baseline.
Data are described as median [Q1; Q3].

AST, Aspartate transaminase; ALT, Alanine transaminase; CAP, controlled attenuation parameter; K18-M65, Serum Keratin 18; sCD14, soluble CD14.

Placebo n = 22 Inulin n = 22 Adjusted difference at T2 (inulin vs placebo) b [95% CI] P1

T2 T2

Liver related markers (normal range)

AST (<40 IU/L) 24.9 § 7.4 31.6 § 17.7 8.55 [2.33; 14.77] 0.008

ALT (<40 IU/L) 12.2 § 6.8 16.6 § 12.8 6.01 [2.02; 10.00] 0.004

CAP (< 250 dB/m) 226.4 § 39.5 243.9 § 57.3 4.76 [-23.98; 33.51] 0.73

K18-M-65 (<270 pg/ml) 221.1 § 109.7 306.9 § 204.9 74.48 [-1.89; 150.84] 0.06

FGF-21, pg/ml 2240.2 § 1409.9 2590.3 § 1515.7 -164.70 [-867.38; 537.97] 0.64

Bacterial translocation

LBP, ng/ml 18.7 § 1.6 19.1 § 1.7 0.46 [-0.30; 1.22] 0.23

sCD14, ng/ml 1406.8 § 282.2 1647.8 § 448.7 94.71 [-92.61; 282.04] 0.31

PGRP, ng/ml 50.2 § 18.5 58.9 § 24.7 2.39 [-7.61; 12.40] 0.63

Inflammation

IL-18, pg/ml 474.4 § 208.4 545.3 § 239.5 102.85 [15.46; 190.25] 0.02

IL-8, pg/ml 5.3 § 2.2 5.5 § 2.2 0.22 [-1.09; 1.53] 0.73

MCP-1, pg/ml 249.1 § 81.8 240.0 § 87.5 -2.71 [-47.15; 41.7] 0.90

TNFa, pg/ml 2.5 § 1.2 3.1 § 1.5 0.20 [-0.41; 0.80] 0.51

IL-6, pg/ml 4.7 § 2.7 4.7 § 2.9 -0.31 [-1.90; 1.27] 0.69

IL-10, pg/ml 1.8 § 1.1 1.9 § 1.0 -0.03 [-0.59; 0.53] 0.92

Table 3: Effect of inulin supplementation on liver function, bacterial translocation, and inflammatory markers in the global sample.
1 Linear regression model adjusted for gender, the baseline measurement of the outcome and the quantity of ethanol consumed during the second week of

the programAST, Aspartate transaminase; ALT, Alanine transaminase; CAP, controlled attenuation parameter; FGF-21, Fibroblast growth factor 21; K18-M65,

Serum keratin 18; sCD14, soluble CD14.
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Figure 2. Effect of inulin supplementation on gut microbiota composition in minimal liver disease and early ALD patients.
Early alcohol-associated liver disease (eALD): n = 9 and n = 11 in placebo and inulin groups respectively. Minimal liver disease: n = 10 and n = 8 in placebo and inulin groups respectively

(a, b) Change in relative abundance of Bifidobacterium between T1 and T2. (c, d) Changes in alpha-diversity indexes: Number of observed species, Chao-1, Shannon, Simpson and total bacte-
ria measured by qPCR. Mann-Whitney U tests were performed to compare placebo and inulin groups. *p < 0.05, **p < 0.01,*** p < 0.001.Data are expressed as mean§ SEM.
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Inulin supplementation did not improve liver damage,
microbial translocation, and inflammatory markers in
the subgroup of patient suffering from early alcohol-
associated liver disease
We compared liver enzymes, microbial translocation
and inflammatory markers between inulin and placebo
at T2 and found no difference (Table 4). However, the
adjusted linear regression models revealed that AST
and ALT at T2 remained higher in the inulin group
compared to placebo (Linear regression models
b = 14.63, 95% CI [0.91; 28.35], p = 0.038 and b = 10.40,
95% CI [1.93; 18.88] p = 0.02 respectively; Table 4). No
statistically significant differences were observed
between placebo and inulin for the other markers after
adjustment.

Overall, our data do not support a beneficial effect of
inulin supplementation compared with placebo, even in
the sub-group of patients with more severe liver disease
at baseline.
Link between liver alterations, inflammatory markers,
and microbiota in the subgroup of patient with eALD
To investigate whether changes in liver or inflammatory
markers after treatment could be related to certain bac-
terial genera, we performed partial correlations adjusted
for gender and the amount of alcohol consumed during
the second week in the eALD group. We found moder-
ate negative correlations between the variations of Shan-
non and Simpson indexes, the variation of
Placebo n = 9 Inulin n = 13 A
T2 T2

Liver related markers (normal range)

AST (<40 IU/L) 27.7§ § 7.5 37.4 § 20.6 1

ALT (<40 IU/L) 16.3§ 9.3 21.8 § 13.7 1

CAP (< 250 dB/m) 240.6 § 37.4 256.1 § 58.1 0

K18-M-65 265.0 § 140.2 390.5 § 217.8 1

FGF-21, pg/ml 2589.6 § 1903.5 2457.2 § 1218.2 -2

Bacterial translocation

LBP, ng/ml 19.1§ 1.4 18.7 § 1.2 -0

sCD14, ng/ml 1293.1 § 271.6 1639.8 § 423.2 2

PGRP, ng/ml 43.0§ 7.7 60.8 § 23.2 3

Inflammation

IL-18, pg/ml 457.9 § 179.5 503.9 § 222.8 9

IL-8, pg/ml 6.2 § 2.6 5.2 § 2.0 -0

MCP-1, pg/ml 282.5 § 95.0 210.3 § 49.3 -4

TNFa, pg/ml 2.4 § 1.3 2.6 § 0.8 0

IL-6, pg/ml 5.3 § 2.9 4.3 § 3.1 -1

IL-10, pg/ml 2.0 § 1.3 1.6 § 0.8 0

Table 4: Effect of inulin supplementation on liver function, bacterial tra
alcohol-associated liver disease.

1 Linear regression model adjusted for gender, the baseline measurement of th

the programAST, Aspartate transaminase; ALT, Alanine transaminase; CAP, con

ble CD14.
Fusicatenibacter and the variation of AST level (r = -
0.49, p = 0.03; r = -0.47, p = 0.04 and r = -0.46,
p = 0.048 respectively; Supplementary Figure 4). The
variation of Shannon and Simpson indexes, Oscillospira-
ceae UCG-002, and Alistipes were negatively associated
with the variation of the translocation marker sCD14
level (r = -0.49, p = 0.03; r = -0.50, p = 0.027; r = -0.55,
p = 0.01 and r = -0.59, p = 0.007 respectively) while Sut-
terella was positively associated (r = 0.46, p = 0.048). A
strong positive correlation was observed between Oscilli-
bacter and IL-10 while Colidextribacter were moderately
correlated with IL-10 (r = 0.60, p = 0.007; r = 0.48,
p = 0.04 respectively). No correlation between alpha
diversity indexes or bacterial genera and IL-18 levels was
observed (supplementary Figure 4).
Tolerability and safety
Tolerability and safety endpoints are described in
Table 5. No difference was observed for abdominal pain,
bloating, stool frequency, the total score of gastrointesti-
nal tolerance or the creatinine level between placebo
and inulin group at the end of the study. Only the BSFS
score was statistically significantly higher in inulin
group compared to placebo (3.2 § 1.5 vs 4.5 § 3.3 in pla-
cebo and inulin group, respectively). However, a BSFS
score of 4.5 is considered as a normal score.38 One
patient complained of diarrhoea in the inulin group
which has been considered as possibly related to the
compound. Three patients reported being constipated
djusted difference at T2 (inulin vs placebo) b [95% CI] p1

4.63 [0.91; 28.35] 0.04

0.40 [1.93; 18.88] 0.02

.20 [-43.54; 43.93] 0.99

23.41 [-30.93; 277.76] 0.11

58.20 [-1428.38; 911.98] 0.65

.25 [-1.31; 0.82] 0.63

10.04 [-88.54; 508.61] 0.16

.01 [-10.85; 16.86] 0.65

9.97 [-15.84; 215.78] 0.09

.39 [-2.24; 1.47] 0.66

5.67 [-102.64; 11.29] 0.11

.06 [-0.60; 0.72] 0.85

.12 [-3.19; 0.94] 0.27

.23 [-0.43; 0.88] 0.47

nslocation, and inflammatory markers in patients with early

e outcome and the quantity of ethanol consumed during the second week of

trolled attenuation parameter; K18-M65, Serum cytokeratin 18; sCD14, solu-
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Placebo n=22 Inulin n=22

Study entry End of the study Study entry End of the study

Abdominal pain, n (%) 8 (34.8) 2 (11.1) 13 (59.1) 7 (31.8)

Bloating, n (%) 8 (34.8) 6 (33.3) 14 (63.6) 10 (45.5)

Stool frequency, mean § SD 1.7 § 1.2 1.5 § 0.9 1.5 § 0.9 1.9 § 1.4

Stool consistency, mean § SD 4.7 § 1.6 3.2 § 1.5 5.2 § 1.9 4.5 § 3.3

Global score of GI symptoms, mean § SD 106.6 § 80.5 53.2 § 62.1 152.5 § 78.7 70.7 § 74.4

Diarrhoea, n (%) 0 (0.00) 0 (0.00) 0 (0.00) 1 (4.5)

Constipation, n (%) 0 (0.00) 3 (13.6) 0 (0.00) 0 (0.00)

Creatinine (mg/dl) 0.77 § 0.15 0.89 § 0.16 0.75 § 0.12 0.92 § 0.16

Allergic contact dermatitis, n (%) 0 (0.00) 0 (0.00) 0 (0.00) 1 (4.5)

Serious adverse events, n (%) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)

Table 5: Tolerability and safety assessments

Articles
in the placebo group. One patient developed an allergic
contact dermatitis that was not related to the interven-
tion. No severe adverse events have been reported dur-
ing the study.
Discussion
This work aimed at studying the effect of inulin supple-
mentation on the gut-liver axis in AUD patients during
alcohol withdrawal. We hypothesized that inulin,
through restoration of gut dysbiosis, could improve liver
damage in AUD patients especially in a subgroup of
patients with eALD defined by clinical parameters. We
demonstrated that 17 days of inulin supplementation
did not elicit additional benefit over abstinence alone on
liver disease and inflammatory parameters in AUD
patients. Surprisingly, we observed even a less pro-
nounced reduction of AST, ALT and IL-18 in patients
supplemented with inulin compared to placebo. Even
after stratifying patients according to the severity of liver
disease, we did not find a benefit of inulin in the sub-
group of patient suffering from more severe ALD at
baseline. AST and ALT remained statistically signifi-
cantly higher in inulin group than in placebo group at
the end of the intervention after adjustment for gender
and the quantity of ethanol consumed during the sec-
ond week of the detoxification program.

Our findings that inulin does not improve liver func-
tion or inflammatory markers in the specific context of
AUD is in opposite to animal studies where some bene-
fits have been observed43�46 after alcohol feeding. In
obese or diabetic patients inulin supplementation also
decreased circulating cytokines and ameliorated liver
function tests as did oligofructose supplementation, a
short chain ITF, in patients with non-alcoholic
steatohepatitis.27,47�49

The less pronounced decrease of ALT and AST in
our patients occurred in parallel to higher IL-18 levels in
inulin supplemented subjects than in placebo subjects
at T2. This is in line with the proposal that IL-18 could
www.thelancet.com Vol 80 Month June, 2022
play a specific role in liver injury.50,51 One might
postulate that some specific inulin-related changes in
the gut microbiota composition could be responsible
for this intriguing result. However, we did not find
any correlation between the changes in IL-18 levels
and changes in genera abundance. Alternatively, we
did not assess changes in metabolites from the gut
microbiota or bile acids that potentially could explain
the changes observed in IL-18. Some studies have
revealed that Bifidobacterium can produce ethanol
through the fermentation of fibres, which is suscepti-
ble to partially counteract the beneficial effect of
inulin.52,53 It would therefore be of interest to ensure
that inulin does not promote the growth of ethanol-
producing bacteria, which could explain the smaller
decrease not only in liver enzymes but also in IL-18.
This effect might be especially relevant in an AUD
population.

Our previous study showed that patients with eALD
had a particularly altered microbiota.2 We here observed
that inulin supplementation reduced microbial richness
compared to placebo in these patients in line with other
studies showing a decrease in microbial diversity with
inulin supplementation.54,55 Decreased microbial diver-
sity has often been associated with a pathological con-
text in the literature56,57 including ALD.2,58 In our
study, this decrease in diversity was negatively corre-
lated with the decrease AST and sCD14 levels in eALD
patients and as such might rather be an unfavourable
outcome. Early ALD patients are characterized by an
overrepresentation of the phylum Proteobacteria com-
pared to minimal LD patient. Proteobacteria has been
shown to be increased in patients with liver
cirrhosis59,60 and in non-alcoholic steatohepatitis
patients with advanced fibrosis and cirrhosis.61 Alcohol
use has also been associated with an increase in Proteo-
bacteria considered to be responsible for endotoxemia
and hepatic inflammation.62�64 At least in our context,
inulin was not able to counteract this potentially nega-
tive impact.
11
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At the genus level, inulin increased the abundance of
Bifidobacterium and Dialister while it decreased Bacter-
oides, Ruminococcus torques group, Dorea and Eubacte-
rium ruminantium group. Most of these changes have
already been observed in a different context19,65 but
their significance in AUD and ALD is not clear. Addo-
lorato et al showed that Bacteroides was enriched in
AUD patients and that this is associated with circulating
LPS.58 By contrast, a preclinical study in mice fed a
Lieber De Carli diet found that liver alterations due to
alcohol are associated with a low level of Bacteroides.66

Bifidobacteria, a core genus in human gut microbiota,
are generally associated with good health outcome
including improvement of gut barrier function and
reduced liver alterations.20,21,67 Our group previously
reported that AUD patients had a decreased abundance
of Bifidobacteria compared to healthy individuals17 but
another study showed an increased faecal abundance of
Bifidobacterium in AUD patients with cirrhosis.68 Inulin
supplementation in dysbiotic TLR5-KO mice induced
hepatic alterations via the increase of butyrate69 indicat-
ing a possible negative impact that results from butyrate
production via inulin fermentation. It is conceivable
that potential beneficial effects of inulin only apply to
particular pathological contexts70,71 and that promoting
Bifidobacteria, in the context of AUD patients might not
be beneficial.

Multiple alterations of the intestinal barrier have
been associated with chronic alcohol consumption.2,7,8

It is possible that inulin is not the right compound to
restore dysbiosis or that a prebiotic approach alone is
not sufficiently powerful to achieve this objective. One
small randomized, placebo-controlled study72 and one
small open-label study73 used FMT to modulate the
microbiota in patients with advanced forms of ALD (cir-
rhosis and severe alcoholic hepatitis, respectively). They
showed some beneficial biological and behavioural
effects in the FMT groups indicating that a more
“radical” change of the microbiota in patients with
advanced ALD might be needed to observe improve-
ments of biological and behavioural parameters. Our
study took a different approach looking for benefits of
microbiota modulation using a prebiotic in patients
with less severe forms of liver disease who followed an
in-hospital detoxification program. Given these pro-
found differences in study design, a direct comparison
of the results of the studies is not possible. It is also pos-
sible that the duration of the supplementation and the
dose of inulin were not sufficient to induce significant
changes in biological parameters. Indeed, to avoid side
effects, the dose of inulin was progressively increased
from 4 to 16g/d during the study, thus patients were
supplemented with 16g only for 5 days. In addition, we
recruited a highly selected population already on absti-
nence therapy. As abstinence alone already has a strong
impact on liver and inflammatory parameters,2,74 this
could mask an additional positive effect of inulin.
Finally, we have chosen maltodextrin as a placebo.
Although a study in mice showed that maltodextrin
could lead to a decrease in the gut barrier function,75 no
significant changes were observed in microbial translo-
cation markers neither in the microbial composition.

The principal strength of our pilot study is the
blinded-randomized-placebo controlled design. How-
ever, some limitations do apply. Since gender is known
to influence the biological parameters including liver
damage,41,42 a higher proportion of females in the inu-
lin group could have impacted the results. Although
relapse rates were similar between both groups of treat-
ment, we cannot exclude that this parameter could have
influenced liver recovery. To limit the consequences of
these potential biases, we adjusted the linear regression
models for both variables. The sample size for the sub-
group analyses was small which could have impacted
the results.

Overall, our pilot study shows that modulation of the
microbiota can be obtained via inulin in AUD patients.
However, 17 days of inulin supplementation versus pla-
cebo did not have a beneficial effect on liver recovery
after short-term alcohol withdrawal. Further studies
with a larger sample size and longer duration of supple-
mentation are needed to confirm the results. Future tri-
als targeting the gut microbiota in AUD subjects,
especially those where a decrease in bacterial diversity
could be anticipated, should be planned and performed
carefully with a particular attention given to liver altera-
tions.
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