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ABSTRACT

The relationship between frailty and gut microbiota has not been previously addressed in patients with cirrhosis. We studied by
metagenomic shotgun sequencing the faecal microbiota composition associated with frailty in 29 patients with cirrhosis from
a previous study (Romén, Hepatol Commun 2024). Frail and prefrail patients were randomised to a multifactorial intervention
(home exercise, branched-chain amino acids and a multistrain probiotic) or control for 12 months. We observed a positive corre-
lation between the abundance of Rothia dentocariosa and the Liver frailty index (LFI), and between Bacteroides faecis and gait
speed. After the multifactorial intervention, LFI improved and the main changes in the microbiota composition were a decrease
in the abundance of Akkermansia muciniphila, and an increase in Streptococcus thermophilus, Lactobacillus acidophilus and
several species of Bifidobacterium. We conclude that frailty in patients with cirrhosis was associated with a distinct microbiome
signature. After a long-term multifactorial intervention, frailty improved in parallel with changes in microbiome composition.
Trial Registration: ClinicalTrials.gov identifier: NCT04243148.

1 | Introduction In view of its clinical impact, frailty has been identified as a ther-

apeutic target, and several strategies have been proposed for its
In patients with cirrhosis, and independently of the degree of = improvement [1]. Exercise, nutritional interventions, branched-
liver failure, frailty is a relevant prognostic factor, associated chain amino acid (BCAA) supplements, testosterone supplemen-
with mortality, the need for healthcare services, and worsening tation in men, and probiotics [1, 2] are some of the interventions
of health-related quality of life [1]. that have been explored to ameliorate frailty in cirrhosis.

Abbreviations: BCAA, branched-chain amino acid; ccK18, caspase-cleaved keratin 18; FDR, False discovery rate; LFI, Liver frailty index; MELD, Model for
end-stage liver disease; mtDNA, mitochondrial DNA.
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In a recent randomised clinical trial, we observed that a mul-
tifactorial intervention combining home-based exercise, BCAA
supplementation and a multistrain probiotic improved frailty
in patients with cirrhosis, while also reducing emergency room
visits and falls [2]. These beneficial effects were associated with
an improvement in biomarkers of inflammation, bacterial trans-
location, mitochondrial dysfunction, and amino acid and short-
chain fatty acid metabolism [3].

To our knowledge, the potential link between frailty and gut
microbiota has not been previously addressed in patients with
cirrhosis. To further explore the mechanisms associated with
frailty we aimed to analyse the relationship between faecal mi-
crobiota composition and frailty, and also the changes in the
microbiota following the multifactorial intervention in patients
with cirrhosis.
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2 | Patients and Methods

We analysed the faecal samples from 29 outpatients with cir-
rhosis who were part of our previous study in which frail and
prefrail patients were randomised to a multifactorial interven-
tion consisting of home-based exercise, BCAA supplementation
and a multistrain probiotic, or control for 12months [2, 3]. At
baseline and at 12months, frailty was assessed by the Liver
frailty index (LFI) and gait speed. Additionally, we analysed a
battery of biomarkers in serum and urine [3], and faecal samples
were collected for metagenomic shotgun sequencing analysis
(Supporting Information). A control group of 15 age and gender-
matched healthy individuals was also included (Figure 1A).

The study conformed to the Guidelines of the Declaration
of Helsinki and Istanbul, followed the good clinical practice
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FIGURE 1 | (A) Design of the study; (B) Differentially abundant species between baseline and 12months in the intervention group with

FDR <0.085. *Ten patients in the intervention group and eight patients in the control group reached the 12 month follow-up.
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recommendations and was approved on 23 August 2019 by the
ethical committee at our centre (Comité d'Etica d'Investigaci6
amb Medicaments), approval number IIBSP-FRA-2019-36,
19/212. All patients gave written informed consent after receiv-
ing the appropriate information. The study was registered on
ClinicalTrials NCT04243148.

3 | Results

The 29 outpatients included in the study were 38% women
and had (mean+SD) 64.6 +£9.1years of age. MELD score was
8.6+3.2, 23 of the 29 patients had alcohol-related liver disease,
23 had previous decompensations, and their LFI was 3.9+0.4.
In the faecal microbiota analysis, patients with cirrhosis showed
an alpha diversity lower than controls (Chao 1, p=0.01). Key
differences between patients with cirrhosis and controls in-
cluded an increased abundance of Anaerotruncus massiliensis,
Enterocloster bolteae, Streptococcus parasanguinis and 3 dif-
ferent Veillonella species in the cirrhosis group. Ruminococcus
callidus, an unclassified Ruminococcaceae, Alistipes putredinis
and an unclassified Clostridia were more abundant in healthy
controls. In patients with cirrhosis, microbial diversity did not
correlate with the LFI. We observed a positive correlation be-
tween the abundance of Rothia dentocariosa and LFI (r=0.57,
p<0.001), and between Bacteroides faecis and gait speed
(r=0.60, p<0.001). Streptococcus thermophilus was negatively
correlated with IL-6 (r=-0.63, p<0.001), while Lactobacillus
acidophilus showed a positive correlation with mtDNA (r=0.62,
p<0.001). Additionally, the abundances of Veillonella parvula
and Veillonella dispar were positively correlated with ccK18
(r=0.74, p<0.001, and r=0.75, p < 0.001, respectively).

In the 10 patients from the multifactorial intervention group
that reached the 12 month evaluation, both LFI and gait speed
improved (3.31+£0.40 vs. 4.01+0.41 at baseline, p=0.005;
1.00+0.09 vs. 0.86 +0.18 m/s at baseline, p=0.03, respectively).
The most notable changes in the microbiome composition
were an increased abundance of Streptococcus thermophilus,
Lactobacillus acidophilus and several species of Bifidobacterium
after the intervention. Conversely, there was a decrease in
Akkermansia muciniphila and Ruminococcus gnavus, and
Lachnospira pectinoschiza, Bifidobacterium catenulatum,
Bifidobacterium dentium and Eubacterium siraeum disappeared
(Figure 1B). No significant changes were observed in the control
group. The functional analysis revealed no statistically signifi-
cant associations or changes related to microbial pathways.

4 | Discussion

The main finding of this study was an association between
frailty and the abundance of specific bacterial species in the mi-
crobiota of patients with cirrhosis. To our knowledge, the direct
relationship between gut microbiota composition and frailty in
cirrhosis has not been studied previously.

Faecal microbial diversity was lower in patients with cirrho-
sis than in healthy controls, as has been previously reported
[4]. Notably, the increase in Streptococcus parasanguinis, a

bacterium from the oral microbiome [4], and the decrease in
Ruminococcaceae, Alistipes and Clostridium have also been
previously shown in cirrhosis [4-6]. An interesting finding was
the increase in Anaerotruncus massiliensis, a mucin-degrading
bacterium [7] that may contribute to the impairment of the gut
barrier in cirrhosis. The abundance of two Veillonella species
correlated with ccK18, an index of liver damage. This finding
is in line with previous reports showing a relationship between
increased Veillonella abundance and prognosis in several liver
diseases [8].

Regarding frailty, we found a positive correlation between LFI
and Rothia dentocariosa while gait speed was more impaired in
patients with less abundance of Bacteroides faecis. These find-
ings align with previous research linking frailty to increased
Rothia abundance in patients with chronic kidney disease [9]
and reduced gait speed to decreased Bacteroides in sedentary
women [10].

Following the multifactorial intervention, in parallel with frailty
improvement we observed changes in the microbiota composi-
tion. These changes could be related to the improvement of
frailty itself and/or to the combined effect of the components of
the multifactorial intervention, as all three components (probi-
otics, exercise and BCAA) can modulate gut microbiota [11-13].
The increase in Streptococcus thermophilus and Lactobacillus
acidophilus at the end of the study was to be expected because
both were components of the multistrain probiotic adminis-
tered to patients. In addition, an increase in the abundance
of Lactobacillus was previously observed in pigs receiving the
BCAA leucine [13]. Interestingly, Streptococcus thermophilus
correlated negatively with serum IL-6, while Lactobacillus ac-
idophilus correlated positively with mtDNA, suggesting these
bacteria could have contributed to reducing inflammation and
improving mitochondrial function after the intervention [3, 14].
It is of note that in a rat model, Streptococcus thermophilus has
demonstrated beneficial effects on sarcopenia [15].

Other significant post-intervention changes were decreases in
the abundance of Akkermansia muciniphila and Eubacterium si-
raeum. While Akkermansia has been reported to be reduced in
patients with cirrhosis and sarcopenia [16], it has been found to
be increased in frail elderly people [17]. Although the abundance
of Akkermansia is generally considered beneficial, it has also
been associated with Parkinson's disease, multiple sclerosis [18],
and mortality in patients admitted to an intensive care unit [19].
Regarding Eubacterium siraeum, it has been associated with in-
testinal barrier dysfunction [20]. Lastly, the lack of statistically
significant changes or associations in the microbial functional
analysis may be due to the limited sample size, thus highlighting
the need for further investigation in larger cohorts.

Within the limitations of the sample size, we conclude that
frailty in cirrhosis was associated with a distinct microbiome
signature that correlated with biomarkers of inflammation,
mitochondrial dysfunction and liver damage. After a long-term
multifactorial intervention, frailty improved in parallel with
changes in the microbiome composition. These results provide
valuable insights into potential therapeutic targets to improve
frailty and its consequences in patients with cirrhosis.
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