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Simultaneous physical and nutritional intervention reduces frailty in
patients with cirrhosis listed for liver transplantation: a randomized
controlled trial
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A B S T R A C T

Introduction and Objectives: Frailty is associated with an increased morbidity and mortality among patients
with cirrhosis. However, no specific treatment strategy has been formally recommended for these patients.
This study aims to evaluate the effectiveness of a strategy based on exercise and nutritional intervention
improving frailty in cirrhotic patients listed for transplantation.
Patients and Methods: Patients with increased Liver Frailty Index (LFI) (≥3.2) were randomized to a control
group (standard exercise and nutritional counseling) or intervention group (guided by physical therapist and
dietitian) for 12 weeks, LFI was measured, and patients were classified as frail or prefrail. The change in LFI
was assessed at the end of study.
Results: Sixty-six patients were included (34 to the control group and 32 to the intervention group), age
59.3§ 8.8, male 51.5 %, main etiologies: MASLD (40.9 %), ALD (15.2 %), MetALD (6.1 %), PBC (6.1 %), autoim-
mune hepatitis (4.5 %), MELD Na 17.2§ 5, Child Pugh A/B/C 13.6 %/57.6 %/28.8 %, Na 137§3mEq/L, creatinine
0.8§ 0.3mg/dL, bilirubin 3.3§ 3mg/dL, INR 1.5§ 0.4, albumin 3.3§ 0.5 g/dL, LFI 4.23§ 0.5, frail/prefrail (%)
34.8/65.2. There was a significant improvement in LFI at the end of the study in the intervention group (DLFI
0.4 vs DLFI 0.14, p = 0.02). Notably, we found a significant reduction in the proportion of frail patients in the
intervention group vs control group (28.1 % vs 8.8 %, p = 0.02) at the end of the study.
Conclusions: This randomized controlled trial conducted in patients listed for liver transplantation demon-
strates that a dual intervention can effectively reduce frailty in this population.
© 2025 Fundación Clínica Médica Sur, A.C. Published by Elsevier España, S.L.U. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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1 1. Introduction

2 Cirrhosis significantly impairs quality of life, affecting over
3 120 million people worldwide causing about two million deaths

4annually and ranking as the 15th leading cause of disability-adjusted
5life years. [1].
6The most significant manifestations of cirrhosis are primarily
7related to the development of liver failure, complications arising
8from portal hypertension and hepatocellular carcinoma (HCC) [2,3].
9Although several tools are available to predict the prognosis of
10patients with cirrhosis, they are not able to accurately predict prog-
11nosis in some patients [4,5]. Consequently, frailty has been recog-
12nized as a distinct manifestation of cirrhosis, and significant efforts
13have been made to clarify its pathogenesis, definition, prognostic
14implications, and potential treatments [6].
15Frailty is a multidimensional syndrome initially identified in the
16geriatric population, characterized by reduced physiological reserve
17and increased vulnerability to health stressors, which are
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18 independently associated with adverse outcomes [7]. In patients with
19 cirrhosis its prevalence ranges from 18 %�43 % depending on the
20 severity of liver disease, comorbidities and the diagnostic tool used
21 [8]. Various tools have been developed to assess frailty, with the Liver
22 Frailty Index (LFI) being extensively validated in this population. A
23 LFI ≥3.2 is considered abnormal, categorizing patients as pre-frail
24 with scores between 3.2 and 4.4, and frail if the score is ≥4.5 [9]. In a
25 recent study, Wang et al. demonstrated that frailty (defined as an LFI
26 score ≥4.5) was associated with an increased risk of mortality (HR
27 2.45; 95 % CI, 1.14−5.29) and hospitalization (HR 2.32; 95 % CI, 1.13
28 −4.79), even among patients with compensated cirrhosis [10]. In a
29 large multicenter study, an LFI score ≥4.5 was associated with an
30 82 % increased risk of waitlist mortality among patients listed for liver
31 transplantation (LT), independent of the MELD-Na score, presence of
32 ascites, and hepatic encephalopathy [11]. During time on the LT wait-
33 list, approximately 50 % of candidates may experience worsening in
34 their LFI score. Notably, an increase in LFI of ≥0.1 over 3 months has
35 been linked to a twofold increase in the risk of waitlist mortality [12].
36 The main drivers of physical frailty are malnutrition, immobility,
37 and sarcopenia, with additional influences from mental health,
38 comorbidities, aging, cognitive decline, and socioeconomic or envi-
39 ronmental factors [13].
40 Jamali et al. reviewed 11 randomized trials (358 participants) on
41 nutritional and physical interventions for frailty. While results varied,
42 several studies reported improved physical fitness, muscle strength,
43 and quality of life [14,15] However, the effectiveness of combined
44 interventions remains scarcely explored.
45 This study aimed to evaluate the efficacy of a simultaneous strat-
46 egy based on a nutritional intervention and physical exercise in cir-
47 rhotic patients, as assessed by the Liver Frailty Index.

48 2. Patients and methods

49 2.1. Patients

50 Patients listed for liver transplantation at the Liver Transplant
51 Unit (Hospital Clínico UC��Christus) and evaluated as outpatients
52 were recruited. Inclusion criteria were: 1) cirrhosis diagnosed via
53 imaging or biopsy, 2) LFI ≥3.2 (pre-frail or frail), 3) ability to follow
54 instructions, and 4) signed informed consent.
55 Exclusion criteria included: 1) hepatic encephalopathy grade 3 or
56 4, 2) prior liver transplantation, 3) inability to walk, 4) severe extra-
57 hepatic conditions limiting mobility (e.g., neurologic, neuromuscular,
58 or skeletal disorders), 5) severe cardiac, renal, or pulmonary disease,
59 6) planned living donor liver transplantation within 12 weeks, 7) hos-
60 pitalization within the previous 30 days and 8) hepatocellular carci-
61 noma exceeding Milan Criteria.

62 2.2. Study design

63 Recruited patients were randomized in a 1:1 ratio to one of two
64 arms:
65 a. Control Group: Patients followed standard recommendations,
66 including unsupervised physical exercise or walking at least three
67 times weekly. Compensated patients were advised to achieve
68 5.000 steps/day if possible. Nutritional guidelines included seven
69 meals daily (including a late snack), incorporating meat, poultry, fish,
70 and vegetables. Carbohydrates were adjusted for diabetes, and salt
71 and water intake were restricted following hepatologist instructions.
72 b. Intervention Group: Patients were instructed to perform
73 supervised physical therapy sessions, performing moderate-intensity
74 exercise (50−60 % heart rate reserve or a Borg rating of perceived
75 exertion of 5−6/10 for beta-blocked patients) 2−3 times weekly. Ses-
76 sions included 20−30 min of aerobic activity and muscle strengthen-
77 ing for the upper and lower extremities. Home-based exercises were
78 recommended if patients could not attend scheduled sessions which

79were registered for the investigators. A dietitian from the liver trans-
80plant program evaluated each patient every four weeks. All diets
81included seven daily meals (with a late snack) and 1.2−1.5 g protein/
82kg/day. Dietary caloric intake was tailored as follows:

83a. Compensated cirrhosis: 30 kcal/kg/day
84b. Decompensated/malnourished: 35−40 kcal/kg/day
85c. Obese patients: 25−30 kcal/kg/day

86One of the main differences among both groups was the periodic
87evaluation by a dietitian and a physical therapist to guide patients,
88clarify doubts, adjust available meals to match the recommendations
89and to ensure that the instructions were properly followed.
90For a more detailed description of the physical and the nutritional
91indications for each group see supplementary material 1 and 2
92respectively.

932.3. Study design and outcomes

94The 12-week study involved patient evaluations at baseline and
95every four weeks until completion. Besides, patients were called
96every two weeks to reinforce compliance. At each visit, LFI, gait speed
97(reduced if ≤0.8m/s), and anthropometric measures were assessed.
98Quality of life, using the Chronic Liver Disease Questionnaire (CLDQ),
99was evaluated at baseline and the final visit.

1002.4. Randomization and enrollment

101Patients were randomized using a generated list of numbers by an
102independent, blind investigator who was not involved in treatment
103assignment or evaluations. Enrollment was conducted by the princi-
104pal investigator.

1052.5. Data collection

106Additional variables registered included liver function tests, creat-
107inine, serum sodium and potassium, albumin, blood count, Child-
108Pugh score, MELD-Na, and the presence of hepatic encephalopathy,
109ascites, hepatocellular carcinoma, diabetes, hypertension, and liver
110disease etiology.
111The primary outcome of the study was a statistically significant
112change in LFI (delta LFI) after 12 weeks of follow-up compared to
113baseline.
114The secondary outcome was a significant reduction in the propor-
115tion of frail patients in the intervention group compared to the con-
116trol group defined as a LFI ≤3.2 at the end of the study among those
117classified as frail at baseline.
118Another secondary outcome was an improvement on LFI ≥0.3
119points as it was deemed clinically significant based on existing litera-
120ture. Variables associated with LFI improvement were analyzed, and
121multivariate analysis was conducted to identify independent predic-
122tors.
123Importantly, the evaluators and adjudicators were blinded to the
124group assignments of the patients.

1252.6. Adherence assessment

126Adherence to the protocol was assessed employing an in-house
127questionnaire asking patients to rate their compliance with dietary
128and physical therapy instructions separately, using the following
129options: 1. Always, 2. Most of the time, 3. A good part of the time, 4.
130Sometimes, 5. A few times, 6. Almost never, 7. Never. Patients who
131reported following instructions at least “A good part of the time”
132were classified as having satisfactory adherence (see supplementary
133material 3).
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134 Additionally, patients were asked to report the number of physical
135 therapy sessions they completed during the 12-week follow-up
136 period.
137 A dietary recall was conducted in each group to assess adherence
138 to the initial nutritional recommendations.

139 2.7. Sample size and statistical analysis

140 Based on prior studies, the LFI in each group was assumed to fol-
141 low a normal distribution with a standard deviation of 0.6. To detect
142 a true mean difference of 0.5 points in LFI between the intervention
143 and control groups, with 90 % power and a Type I error of 0.05, a sam-
144 ple size of 31 patients per group was required.
145 Continuous variables were presented as mean § standard devia-
146 tion (SD) and compared using the Student’s t-test. Categorical varia-
147 bles were analyzed with the chi-square test. A multivariate logistic
148 regression model (binary logistic regression) identified variables
149 independently associated with an LFI improvement of ≥0.3 points
150 and frailty reversal, defined as an LFI <3.2 at the end of study. Data
151 were analyzed using SPSS version 24.0 (IBM Corp.).

152 2.8. Ethical statement

153 Written informed consent was obtained from all participants. The
154 study adhered to the ethical guidelines of the 1975 Declaration of
155 Helsinki and was approved by the Ethics Committee of the School of
156 Medicine, Pontificia Universidad Cat�olica de Chile (ID 220,111,001).
157 All data were anonymized.
158 The study was registered at ClinicalTrials.gov (NCT06149026).

159 3. Results

160 Patients were recruited between June 2022 and December 2023. A
161 total of 92 patients were evaluated, but 12 were excluded due to
162 being classified as robust, undergoing transplantation, hospitalization
163 shortly after enrollment and before the start of study, loss to follow-
164 up, or death. Ultimately, 34 patients were assigned to the control
165 group and 32 to the intervention group (Fig. 1).
166 Of the recruited patients, 51 % were male, with a mean age of 59§
167 8.8 years, a mean BMI of 28.0§ 5, and a mean Liver Frailty Index (LFI)
168 of 4.23§0.57. The primary etiologies were Metabolic Dysfunction-
169 Associated Steatotic Liver Disease (MASLD, 40.9 %), alcoholic liver dis-
170 ease (ALD, 15.2 %), Metabolic and Alcoholic Liver Disease (MetALD,
171 6.1 %), autoimmune hepatitis (AIH, 4.5 %), primary biliary cholangitis
172 (PBC, 6.1 %), and overlap syndrome (AIH/CBP, 6.1 %).

173The mean MELD-Na score was 17.3§ 5, with Child‒Pugh A/B/C
174classifications of 13.6 %, 57.6 %, and 28.8 %, respectively. Quality of
175life, as assessed by the Chronic Liver Disease Questionnaire (CLDQ),
176was similar in both groups (Table 1).
177All patients in the intervention group completed the physical
178therapy sessions as long they were adjusted following the protocol
179(see supplementary material).
180Reminders to maximize compliance with the protocol were con-
181ducted every 4 weeks in 100 % of the patients in both groups.

1823.1. Results: Liver frailty index (LFI) and frailty reversal

183At the study’s conclusion, the LFI was 4.05§0.52 in the control
184group and 3.89§0.63 in the intervention group, demonstrating a pro-
185gressive improvement in DLFI in the intervention group. This change
186became statistically significant at week 12, with DLFI of 0.40§0.08 in
187the intervention group versus 0.14§0.07 in the control group
188(p = 0.02). Thus, the intervention group achieved the clinically signifi-
189cant 0.3-point improvement in LFI (Fig. 2).
190By the end of the study, the distribution of frail, pre-frail, and
191robust patients in the intervention versus control groups was 15.6 %
192vs. 23.5 %, 68.8 % vs. 73.5 %, and 6.2 % vs. 2.9 %, respectively. There was
193a significant reduction in the proportion of frail patients in the inter-
194vention group compared to the control group (28.1 % vs. 8.8 %,
195p = 0.02, Fig. 3).

1963.2. Factors associated with frailty reversal

197Baseline LFI, male gender, and reduced gait speed were associated
198with frailty reversal (Table 2). Independent predictors of frailty rever-
199sal included baseline LFI (OR 15.5, p = 0.003) and assignment to the
200intervention group (OR 6.2, p = 0.04; Table 3).

2013.3. LFI improvement and quality of life outcomes

202Based on the criteria outlined in the methods section, 39.3 % of
203patients achieved an LFI improvement of ≥0.3 points. Improvement
204was more frequent in the intervention group compared to the control
205group (48.4 % vs. 32.4 %, p=NS). Factors associated with LFI improve-
206ment included male gender, reduced gait speed, and baseline LFI
207(Table 4). Baseline LFI was the only independent predictor of LFI
208improvement (OR 6.11, p = 0.008; Table 5).
209Quality of life, assessed via the CLDQ, showed significant improve-
210ment in the activity domain within the intervention group by the
211study’s end (p = 0.04; table 6).
212No significant differences were observed in the frequency of satis-
213factory compliance to physical therapy recommendations between
214the intervention and control groups (68.6 % vs. 79.2 %, p = 0.1).
215Patients in the control group completed a similar number of exercise
216sessions as those in the intervention group (31§8.6 vs 36§6.1,
217p = 0.2). However, compliance with the nutritional intervention was
218significantly lower in the control group compared to the intervention
219group (57.1 % vs. 73.4 %, p = 0.049).
220No differences in the frequency of adverse effects on each arm
221were found. These are detailed in table 7.

2224. Discussion

223Frailty, a concept that originated in geriatrics, signifies increased
224vulnerability to stressors and is consistently linked to adverse out-
225comes. In a recent 4-year prospective cohort study of cirrhotic
226patients, frailty independently predicted worse prognosis, regardless
227of MELD-Na, hepatocellular carcinoma, or hepatic encephalopathy
228[16].
229In cirrhotic patients, several mechanisms have been associated
230with their development such as increased intestinal permeability,Fig. 1. Flowchart.
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Table 1

Baseline characteristics of patients. *Values expressed as mean § standard deviation. MASLD, Metabolic dys-
function-associated Steatotic Liver Disease; ALD, Alcoholic Liver Disease; MetALD, Metabolic and Alcoholic
Liver Disease; NSBB, non-selective beta-blockers.

Overall Intervention group Control group p value

Total (n°) 66 32 34 −

Men ( %) 51.5 59 44 NS
Age (years)* 59.4§ 8.81 59.8§ 9.94 58.9§ 7.74 NS
Diabetes ( %) 33.3 28.1 38.2 NS
Hypertension ( %) 27.3 21.9 32.4 NS
Liver Frailty Index* 4.23§0.57 4.26§0.56 4.21§0.59 NS
Prefrail/Frail ( %) 65.2/34.8 56.2/43.8 73.5/26.5 NS
Handgrip (Kg)* 18.4§ 8.36 19.6§ 9.20 17.4§ 7.54 NS
Gait speed (meters/second) * 1.34§0.41 1.34§0.44 1.33§0.39 NS
Reduced gait speed ( %) 10.6 12.5 8.8 NS
Weight (Kg) * 73.6§ 14 76.2§ 13 71.2§ 15 NS
Body Mass Index (BMI) * 28.0§ 5 28.5§ 4.82 27.6§ 5.17 NS
Etiology ( %)

MASLD
ALD
MetALD
Autoinmune Hepatitis (AIH)
Primary Biliary Cholangitis (PBC)
Overlap (AIH/PBC)
Primary Sclerosing Cholangitis
Chronic hepatitis C
Cryptogenic
Others

40.9
15.2
6.1
4.5
6.1
6.1
4.5
3
4.5
7.6

43.8
15.6
6.3
0
3.1
9.4
3.1
3.1
3.1
12.5

38.2
14.7
5.9
8.8
8.8
2.9
5.9
2.9
5.9
2.9

NS

Hepatocellular carcinoma ( %) 22.7 21.9 23.5 NS
Child‒Pugh A/B/C ( %) 13.6/57.6/28.8 12.5/56.2/31.2 14.7/58.8/26.5 NS
MELD- Na score* 17.3§ 5 17.2§ 5 17.3§ 5 NS
Creatinine (mg/dL) * 0.8§ 0.3 0.8§ 0.3 0.8§ 0.3 NS
Na (mEq/L) * 137§3 136§3 137§3 NS
Total Bilirubin (mg/dl) * 3.3§ 3 3.2§ 3.4 3.2§ 2.6 NS
INR* 1.5§ 0.4 1.5§ 0.2 1.6§ 0.5 NS
Albumin (g/dL) * 3.3§ 0.5 3.3§ 0.5 3.2§ 0.5 NS
Hemoglobin (g/dL) * 12.0§ 2 11.8§ 1.6 12.1§ 2.4 NS
Platelets count (x 103/uL) * 95§88 111§113 78§50 NS
Hepatic encephalopathy ( %) 71.2 71.9 70.6 NS
Ascites ( %)

Without ascites
Grade I
Grade II
Grade III

28.8
21.2
36.4
13.6

28.1
18.8
37.5
15.6

29.4
23.4
35.3
11.8

NS
NS
NS
NS

Use of NSBB 77.3 84.4 70.6 NS
CLDQ (points) * 4.23 4.36 4.15 NS

Fig. 2. Change in Delta LFI across the study in both arms. For clarity, the values are presented as absolute changes to better illustrate improvements in the Liver Frailty Index (LFI).
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231 which promotes bacterial translocation and systemic inflammation
232 [17,18]. These factors are commonly observed in listed patients as
233 those included in our study. However, there is no consistent evidence
234 on how exercise and nutrition influence these factors, if at all.
235 Hepatic metabolic dysfunction drives a hypercatabolic state,
236 severe anorexia, and early satiety due to ascites and cirrhosis compli-
237 cations. Non-hepatic contributors to frailty include age-related mus-
238 cle loss (1 % annually until 70, then 1.5−2.5 %) and comorbidities like
239 diabetes, cardiovascular, pulmonary, and kidney diseases. Alcohol
240 intake and non-alcoholic fatty liver disease further exacerbate liver
241 and muscle toxicity in listed patients [13].
242 Importantly, pre-transplant physical frailty was shown to be sig-
243 nificantly associated with post-transplant mortality (adjusted hazard
244 ratio [HR] 2.1; 95 % CI 1.4−3.3) [11]. After LT, frailty increases health-
245 care utilization and independently predicts ICU stays ≥4 days, hospi-
246 tal stays ≥12 days, and non-home discharge post-transplant [10].
247 Finally, frailty before LT has been associated with worse health
248 related quality of life 1 year after LT (mainly related to the physical
249 component of healthcare questionnaires). [11] Even in the setting of
250 very short waiting time in the list frailty evaluated by LFI was associ-
251 ated to a higher chance of early and late post-transplant complica-
252 tions as well as significative longer in hospital stay [19].
253 Frailty can be assessed using various tools, including handgrip
254 strength, body composition analysis, the Karnofsky Performance
255 Scale, the Fried Frailty Phenotype (FFP), and gait speed, among others.
256 Our group has shown that FFP is a very good predictor of long-term
257 survival. Interestingly, gait speed ≤0.8 m per second predicts survival
258 effectively and can be easily measured with minimal training for
259 medical personnel [16]. The Liver Frailty Index is a widely validated
260 test specifically designed for patients with cirrhosis. It involves speci-
261 fying gender, measuring handgrip strength, conducting a balance

262test, and timing five chair stands, all of which require minimal time
263to complete. This objective tool is easily implementable in outpatient
264clinical settings [6].
265Given frailty’s clinical impact, available diagnostic tools, and the
266need to optimize liver graft use, prehabilitation is recommended to
267enhance patient condition pre-transplantation and improve out-
268comes. However, no specific interventions are currently recom-
269mended for patients with cirrhosis.
270Some studies show that exercise improves key components of
271physical frailty (functional/aerobic capacity, sarcopenia) and
272quality of life in chronic liver disease and after liver transplanta-
273tion without significant adverse effects related to this type of
274interventions [20,21]. Adherence to physical training appears to
275improve prognosis. Li et al. conducted an ambispective study of
276517 patients, finding that a median LFI improvement of 0.3 corre-
277lated with better survival. Notably, compliance with physical
278therapy was independently linked to increased survival (HR= 0.54
279[0.31−0.94]). [22]
280Jamali et al. published a systematic review including eleven ran-
281domized controlled trials (358 participants). Interventions ranged
282from 8 to 14 weeks and included different types of exercises. Nine
283studies showed statistically significant improvements in at least 1
284physical fitness variable. Ten studies showed statistically significant
285improvements in at least 1 muscular fitness variable. Six studies
286showed statistically significant improvements in at least 1 quality-of-
287life variable [14,15].
288These studies focused on physical training interventions without
289incorporating specific nutritional guidelines, such as kcal/kg/day, pro-
290tein intake, or a structured meal schedule including a late-night
291snack. This omission may negatively impact on the effectiveness of
292the interventions.

Fig. 3. Reduction in the proportion of frail patients at the end of study on each arm.
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293 Two recent studies highlighted the role of nutrition in frail cir-
294 rhotic patients. Lel Meena et al. randomized 100 patients to standard
295 care or intensive dietitian-supported home-based nutritional ther-
296 apy, with a 6-month follow-up. LFI improvement was greater in the
297 intervention group (0.8 vs. 0.4; P< 0.001), and hospitalization rates
298 were lower (19 [38 %] vs. 29 [58 %]; P = 0.04). [23] Iramolpiwat et al.
299 randomized 54 patients to BCAA supplementation or standard nutri-
300 tion. At 16 weeks, the BCAA group showed greater LFI improvement
301 (�0.36§ 0.3 vs. �0.15§ 0.28; P = 0.01), higher serum albumin
302 (+0.26§ 0.27 vs. +0.06§ 0.3 g/dl; P = 0.01), and a higher frailty rever-
303 sal rate (36 % vs. 0 %; P< 0.001). Additionally, the BCAA group had sig-
304 nificant improvements in the physical component score of the SF-36
305 questionnaire [24]. Therefore, nutritional interventions appear justi-
306 fied for frail patients with cirrhosis.
307 Given the evidence, combining physical training with nutritional
308 intervention may improve outcomes following predictable stressors

Table 2

Baseline characteristics of patients who experimented frailty reversion vs those
without frailty reversion at the end of study. *Values expressed as mean § standard
deviation.

Frailty reversion Non frailty reversion p value

N° 12 54 −

Men ( %) 25.0 57.4 0.04
Age (years)* 62.0§.1 58.7§ 8.9 NS
Intervention group ( %) 75.0 42.6 0.04
Liver Frailty Index* 4.8§ 0.2 4.1§ 0.5 <0.001
Frailty at baseline ( %) 100 20.4 <0.001
Handgrip (Kg)* 14.8§ 4.6 19.1§ 8.7 NS
Gait speed (meters/sec-

ond) *

1.11§0.61 1.4§ 0.3 0.035

Reduced gait speed ( %) 3 (25.0 %) 4 (7.4 %) 0.07
Etiology ( %)

MASLD
Alcohol
MetALD
Autoimmune Hepatitis
(AIH)

Primary Biliary Cholan-
gitis (PBC)

Overlap (AIH/PBC)
Primary Sclerosing Chol-

angitis
Hepatitis C
Cryptogenic
Others

50.0
16.7
0.0
0.0
16.7
0.0
8.3
0.0
0.0
8.3

38.9
14.8
7.4
5.6
3.7
7.4
3.7
3.7
5.6
7.4

NS

Hepatocellular carci-

noma ( %)

8.3 23.5 NS

Child‒Pugh A/B/C ( %) 8.3/66.7/25 14.8/55.6/29.6 NS
MELD- Na score* 17.7§ 5.3 16.9§ 4.5 NS
Creatinine (mg/dL) * 0.8§ 0.2 0.8§ 0.3 NS
Na (mEq/L) * 137§3 136§3 NS
Total Bilirubin (mg/dl)

*

2.6§ 1.7 3.4§ 3.2 NS

INR* 1.6§ 0.2 1.55§0.5 NS
Albumin (g/dL) * 3.3§ 0.5 3.2§ 0.5 NS
Hemoglobin (g/dL) * 11.5§ 1.7 12.0§ 2.1 NS
Platelets count (x 103/

uL) *

101§85 93§89 NS

Hepatic encephalopa-

thy ( %)

66.7 72.2 NS

Ascites ( %) 75.9 70.4 NS

Table 3

Multivariate analysis considering variables associated to
frailty reversion.

Variables Odds ratio 95 %CI p

Baseline LFI 15.5 2.5−93.5 0.003
Gait speed 1.27 0.2−8.1 0.8
Intervention group 6.2 1.1−35.6 0.04

Table 4

Variables associated to LFI improvement. *Values expressed as mean § standard devi-
ation.

LFI improvement Non LFI improvement p value

N° ( %) 26 (39.3 %) 40 (60.6 %) −

Men ( %) 38.5 59.0 0.04
Age (years)* 59.1§.10 59.74§7.5 NS
Liver Frailty Index* 4.5§ 0.6 4.0§ 0.4 <0.001
Frailty at baseline ( %) 57.7 20.5 <0.001
Handgrip (Kg)* 14.8§ 4.6 19.1§ 8.7 NS
Gait speed (meters/sec-

ond) *

1.26§0.52 1.4§ 0.3 NS

Reduced gait speed ( %) 5 (19.2) 2 (5.1) 0.072
Etiology ( %)

MASLD
Alcohol
MetALD
Autoinmune Hepatitis
(AIH)

Primary Biliary Cholan-
gitis (PBC)

Overlap (AIH/PBC)
Primary Sclerosing Chol-
angitis

Hepatitis C
Haemochromatosis
Cryptogenic
Others

38.5
15.4
3.8
3.8
7.7
3.8
11.5
7.7
0.0
0.0
11.5

43.6
15.4
7.7
5.1
2.6
7.7
0.0
2.6
2.6
7.7
2.6

NS

Hepatocellular carci-

noma ( %)

11.5 30.8 NS

Child‒Pugh A/B/C ( %) 15.4/57.7/26.9 12.8/59.0/28.2 NS
MELD- Na score* 17.0§ 4.2 16.7§ 4.6 NS
Creatinine (mg/dL) * 0.8§ 0.2 0.8§ 0.2 NS
Na (mEq/L) * 137§4 136§2 0.04
Total Bilirubin (mg/dl)

*

2.6§ 1.7 3.4§ 3.2 NS

INR* 1.5§ 0.2 1.5§ 0.5 NS
Albumin (g/dL) * 3.3§ 0.5 3.2§ 0.5 NS
Hemoglobin (g/dL) * 11.6§ 1.8 12.3§ 2.0 NS
Platelets count (x 103/

uL) *

124§121 73§46 0.005

Hepatic encephalopa-

thy ( %)

61.5 76.9 NS

Ascites ( %) 84.6 61.5 NS

Table 5

Multivariate analysis considering variables associated to LFI
improvement ≥0.3.

Variables Odds ratio 95 %CI p

Baseline LFI 6.11 1.6−23.1 0.008
Reduced gait speed 1.3 0.15−11.7 0.8
Gender 0.51 0.48−25.3 0.23

Table 6

Change of CLDQ score at the end of study. Overall score and each domain are
detailed. Results are expressed as mean § standard deviation.

Control group

Intervention group p

D CLDQ-overall score �0.04§ 0.99 0.15§ 1.24 NS
D CLDQ-fatigue domain �0.11§1.24 0.41§1.53 NS
D CLDQ-systemic symptoms
domain

0.07§1.01 0.09§1.15 NS

D CLDQ-activity domain �0.25§1.56 0.52§1.81 0.04
D CLDQ-emotional function
domain

�0.11§1.35 0.09§1.12 NS

D CLDQ- worries domain �0.12§1.55 0.3§ 1.35 NS
D CLDQ-abdominal symptoms
domain

0.2§ 1.22 0.47§1.24 NS
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309 like surgery, infections, bleeding, and liver transplantation. This ratio-
310 nale guided the design of our trial.
311 We demonstrated that a dual intervention significantly improved
312 LFI in a short period, a critical finding given the unpredictable avail-
313 ability of liver grafts and the limited time before transplantation or
314 death in patients with higher MELD-Na scores. Frequent patients con-
315 tact (every two weeks) enhanced adherence to the trial, with most
316 reporting satisfactory compliance to physical recommendations,
317 showing no significant differences between the intervention (68.8 %)
318 and control (79.4 %) groups (p = 0.1). The intervention group received
319 more specific and regularly supervised physical recommendations
320 (dietitian evaluated patients every four weeks in the intervention
321 group), likely avoiding protocol deviations providing an advantage
322 over the control group. This is particularly important given that some
323 patients may report adherence to exercise but fail to strictly follow the
324 prescribed recommendations. Nutritional compliance was lower in the
325 control group, which is unsurprising as the intervention group
326 received periodic guidance to reinforce recommendations, prevent
327 deviations, and tailor food options to individual needs.
328 We observed a significant reduction in the proportion of frail
329 patients in the intervention group compared to control group
330 (�28.1 % vs. �8.8 %; P = 0.02), making the trial’s primary outcome
331 clinically meaningful as it reflects a phenotypic change. While several
332 variables were associated with reduced frailty, only baseline LFI and
333 assignment to the intervention group were independent predictors,
334 highlighting the intervention’s effectiveness and the importance of
335 targeting sicker patients.
336 Given that small LFI changes (≥0.3) are linked to mortality [22],
337 we assessed this in our cohort and found that 39.3 % of patients
338 showed LFI improvement. Factors associated with improvement
339 included male gender, reduced gait speed, and baseline LFI.
340 Baseline LFI’s independent association with frailty reversal sug-
341 gests that intervention is essential for the frailest patients. While
342 future studies are needed to confirm this, our findings clearly demon-
343 strate that the strategy employed in the intervention arm signifi-
344 cantly facilitated frailty reversal. Importantly, consistent with other
345 studies, the CLDQ results showed a significant improvement in the
346 intervention group, particularly in the physical activity domain. On
347 the other hand, the intervention appears to be safe considering the
348 side effects in both arms.
349 Importantly, most patients in both groups achieved satisfactory
350 compliance with the physical intervention. At least part of this
351 achievement is the result of frequent calls as detailed in methods sec-
352 tion. This is notable, as compliance is linked to better outcomes and
353 may partially explain the trial’s positive results. The breakdown of

354the compliance for physical and nutritional intervention on each
355group can be seen in supplementary material 4)
356Our study has some limitations. First, while it is a positive trial,
357experience with specific dual interventions is limited, and multicen-
358ter studies in diverse populations are needed. Additionally, its impact
359on medium- and long-term prognosis remains unexplored. Second,
360the study population comprised highly motivated liver transplanta-
361tion candidates; evaluating non-listed patients would provide
362broader insights. Third, the findings may not apply to all cirrhotic
363patients, as we excluded those with severe encephalopathy (unable
364to follow instructions), hepatocellular carcinoma beyond Milan crite-
365ria (due to incurable and debilitating disease), or severe extrahepatic
366mobility limitations (preventing LFI assessment or participation in
367interventions). Patients with recent hospitalization were also
368excluded, as their condition may not reflect baseline health due to
369immobility or undernutrition. Fourth, patients were frequently con-
370tacted and periodically evaluated for the dietitian and physical thera-
371pist. Most probably, this strategy is not easy to apply at every center.
372Finally, bioelectrical impedance was not measured due to the high
373prevalence of ascites and edema in our patient cohort. However, most
374listed patients at our center were screened at some point.
375Nevertheless, we believe that our study adds important informa-
376tion to the field, considering that it tested a very specific strategy that
377can be replicated (see supplementary material).
378We think that a significant strength of this trial is that it tested a
379combined strategy based on the positive results of previous studies
380that evaluated nutritional and physical interventions separately. We
381thought that the combination of both strategies is rational and possi-
382bly has an additive or even synergistic effect over the patient’s status.

3835. Conclusions

384We conclude that a dual strategy of physical and nutritional inter-
385ventions improves LFI and significantly reduces frailty in patients
386with cirrhosis listed for liver transplantation.
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