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Abstract 19 

Background: Evidence on exercise therapy in primary biliary cholangitis (PBC) remains 20 

limited, particularly regarding feasibility, body composition, quality of life, and the gut-liver 21 

axis. This prospective pilot study evaluated a 12-week home-based exercise program in 22 

outpatients with PBC. 23 
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Methods: The target sample size was five enrolled participants, chosen pragmatically to test 24 

recruitment, intervention delivery, adherence monitoring, serial clinical assessments and stool 25 

sampling rather than to test efficacy. Five female outpatients with PBC, including three with 26 

PBC alone and two with PBC/autoimmune hepatitis overlap, completed a home-based program 27 

combining walking and lower-limb resistance exercise. Primary feasibility outcomes were 28 

recruitment yield, completion of the intervention, attendance at the scheduled 3-month 29 

assessment, adherence to walking and resistance exercise, and exercise-related adverse events. 30 

Progression benchmarks for a future controlled study included recruitment of the planned 31 

sample, at least 80% completion, at least 80% follow-up attendance, acceptable safety, and 32 

interpretable adherence data. 33 

Results: The recruitment target was reached: five of 35 assessed patients were enrolled (14.3%; 34 

exact 95% confidence interval [CI] 4.8-30.3%). All five participants completed the intervention 35 

and the 3-month assessment (100%; 95% CI 47.8-100%). No exercise-related adverse events 36 

occurred (0%; 95% CI 0-52.2%). Mean achievement of individualized step targets was 45%, 37 

below the desired adherence benchmark, whereas mean resistance-exercise adherence was 74%. 38 

Body weight was generally maintained, skeletal muscle index increased slightly in three patients, 39 

and 6-minute walk distance increased in four patients. Total bilirubin decreased descriptively 40 

over repeated measurements. Microbiota analyses showed no consistent pre-post separation in 41 

alpha diversity, beta diversity, genus-level composition or PICRUSt2-predicted pathways. Some 42 

descriptive genus-level shifts involved taxa that include butyrate-producing members, but fecal 43 

short-chain fatty acids were not measured. 44 

Conclusions: The planned pilot sample was recruited, and progression benchmarks were met for 45 

intervention completion, follow-up attendance and safety in this 5-patient PBC pilot study. 46 
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Walking adherence was below the desired benchmark and should be addressed before a larger 47 

controlled study. Clinical and microbiota results should be regarded as exploratory and 48 

hypothesis-generating. 49 

Trial registration: UMIN Clinical Trials Registry, UMIN000051577. Registered 1 August 50 

2023. 51 

Keywords: primary biliary cholangitis; pilot study; feasibility; exercise therapy; rehabilitation; 52 

supportive care; body composition; gut microbiota; 16S rRNA sequencing 53 

Key messages regarding feasibility 54 

• What uncertainties existed regarding feasibility? It was uncertain whether stable outpatients 55 

with PBC could complete a 12-week home-based program combining walking, lower-limb 56 

resistance exercise, serial clinical assessments and stool microbiota sampling without 57 

exercise-related adverse events. 58 

• What are the key feasibility findings? Recruitment from 35 assessed patients yielded five 59 

enrolled participants; all five completed the program and 3-month assessment, no exercise-60 

related adverse events occurred, resistance-exercise adherence was relatively high, and 61 

walking-target achievement was variable. 62 

• What are the implications for the design of the main study? A larger controlled study could 63 

proceed after refining recruitment procedures, symptom-adjusted walking targets, adherence 64 

support, PBC-specific quality-of-life measurement, and direct metabolic profiling of bile 65 

acids and short-chain fatty acids. Walking adherence is the main protocol component 66 

requiring revision. 67 
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Background 68 

Primary biliary cholangitis (PBC) is a chronic autoimmune cholestatic liver disease characterized 69 

by immune-mediated injury of small intrahepatic bile ducts. It predominantly affects middle-70 

aged and older women and can progress from asymptomatic cholestasis to fibrosis, cirrhosis, 71 

portal hypertension and hepatic failure. Even when hepatic reserve is preserved, fatigue, pruritus, 72 

sleep disturbance, anxiety, depressed mood and reduced physical activity can impair health-73 

related quality of life; therefore, management should address symptoms and physical function in 74 

addition to biochemical response and long-term prognosis [1]. 75 

The gut-liver axis has become an important framework for understanding PBC. Altered gut 76 

microbial profiles have been reported in patients with PBC, and partial restoration after 77 

ursodeoxycholic acid (UDCA) treatment has been described [2]. Other studies have linked 78 

microbiota and microbial metabolites to the response to bile acid sequestrants, treatment 79 

response and experimental PBC-like phenotypes [3-6]. These findings suggest that microbiota-80 

related pathways may be relevant to cholestatic autoimmune liver disease, although causality in 81 

humans remains uncertain. 82 

Exercise and diet intervention has been shown to modify microbiome networks in patients with 83 

nonalcoholic fatty liver disease [7]. Exercise therapy is also increasingly recognized as a non-84 

pharmacological strategy for chronic liver disease, as reflected in recent liver rehabilitation 85 

guidance [8]. Physical activity may influence intestinal motility, gut barrier function, bile acid 86 

metabolism, microbial metabolites and systemic inflammation through the hepatobiliary-gut axis 87 

[9]. Exercise may rebalance enterohepatic bile acid profiles in nonalcoholic fatty liver disease 88 

[10], and exercise has been reported to alter gut microbiota composition and function in lean and 89 

obese humans [11]. 90 
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In PBC, the EXCITED clinical trial showed that a home-based aerobic and resistance exercise 91 

program may attenuate fatigue, supporting the feasibility of home-based exercise in this 92 

population [12]. However, few studies have evaluated exercise intervention together with serial 93 

clinical assessments and gut microbiota analysis in patients with PBC. We therefore conducted 94 

an exploratory prospective pre-post pilot study in five patients with PBC. The primary aim was 95 

to evaluate the feasibility and safety of a 12-week home-based exercise program. Secondary and 96 

exploratory aims were to describe changes in body composition, physical function, liver-related 97 

laboratory parameters, disease-related quality of life and gut microbiota profiles. Given the small 98 

sample size and absence of a control group, this study was designed to generate feasibility data 99 

rather than establish efficacy. 100 

Methods 101 

Study design, setting and feasibility objectives 102 

This prospective, single-center, non-randomized pre-post pilot study was conducted at Niigata 103 

University Medical and Dental Hospital. Reporting was informed by the journal guidance for 104 

non-randomized pilot and feasibility studies and by the CONSORT extension for pilot and 105 

feasibility trials where applicable [23,24]. Thirty-five female outpatients with PBC were assessed 106 

for eligibility, and five patients who met the study criteria and provided written informed consent 107 

were enrolled (Fig. 1). 108 

The primary feasibility outcomes were recruitment yield among assessed patients, completion of 109 

the 12-week intervention, attendance at the scheduled 3-month assessment, adherence to 110 

prescribed aerobic and resistance exercise, and exercise-related adverse events. These feasibility 111 

outcomes were selected to determine whether a future controlled study would be practical in 112 
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stable outpatients with PBC and whether protocol components required refinement before 113 

progression. 114 

Sample size rationale and progression criteria 115 

The target sample size was five enrolled participants. This pragmatic target was chosen because 116 

PBC is uncommon, the intervention required repeated outpatient assessments and stool sampling, 117 

and the primary purpose was to test feasibility procedures rather than to estimate efficacy. The 118 

sample size was therefore not based on statistical power. Instead, the planned sample was 119 

intended to determine whether recruitment, home-based exercise delivery, adherence monitoring, 120 

serial clinical assessments and stool collection could be completed and to generate feasibility 121 

estimates for a future controlled study. 122 

Progression to a future controlled study was judged using pragmatic feasibility benchmarks 123 

rather than efficacy thresholds: recruitment of the planned five participants from the assessed 124 

clinic population, with an approximate recruitment yield of at least 10%; completion of the 12-125 

week intervention by at least 80% of enrolled participants; attendance at the scheduled 3-month 126 

assessment by at least 80%; no exercise-related serious adverse events and no exercise-related 127 

adverse events requiring discontinuation; and interpretable adherence data. For adherence, mean 128 

resistance-exercise adherence of at least 70% was considered acceptable, whereas mean step-129 

target achievement below 70% was interpreted as indicating that walking goals and adherence 130 

support should be revised before a larger study. 131 

Participants 132 

PBC was diagnosed according to Japanese PBC clinical practice guidelines and internationally 133 

accepted diagnostic concepts based on cholestatic hepatobiliary enzyme elevation, 134 

antimitochondrial antibody status, histological findings and clinical course [13]. 135 
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PBC/autoimmune hepatitis (AIH) overlap was assessed with reference to the Paris criteria, 136 

considering cholestatic features, hepatocellular injury, autoantibodies, immunoglobulin G, 137 

histology and treatment course [14]. Three patients had PBC alone and two were judged to have 138 

PBC/AIH overlap. 139 

Patients were excluded if they had recent antibiotic use, new initiation or modification of 140 

probiotics or prebiotics, active infection, inflammatory bowel disease, difficulty providing stool 141 

samples, or a condition judged by the attending physician to make exercise intervention 142 

unsuitable. Background UDCA was continued in all patients, and low-dose prednisolone was 143 

continued in the two patients with PBC/AIH overlap. Diet, bowel habits, proton pump inhibitor 144 

use, supplements and other potential microbiota-related confounders were not standardized. 145 

Exercise intervention 146 

The intervention consisted of a 12-week home-based program combining aerobic walking and 147 

resistance exercise focused on lower-limb muscles. Resistance exercises targeted the iliopsoas, 148 

quadriceps, gluteus medius and triceps surae using body weight or elastic bands. Patients were 149 

instructed to perform three sets of 10 repetitions for each exercise at least 3 days per week. 150 

Aerobic exercise was based on walking, with a target perceived intensity of 11-13 on the Borg 151 

scale. 152 

Individual daily step targets were set by adding 1000 steps to the pre-intervention average, with a 153 

lower limit of 3000 steps/day and an upper limit of 8000 steps/day. Exercise performance was 154 

monitored using outpatient instruction, exercise diaries and activity meter records. Adherence 155 

was reviewed at 1 and 2 months, and patients were encouraged to continue exercise when 156 

needed. Exercise-related adverse events, including falls, musculoskeletal symptoms requiring 157 

discontinuation, hospitalization and worsening liver-related complications, were assessed by 158 

outpatient interviews and diary review. 159 
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Clinical assessments 160 

Body composition was assessed using body weight, body mass index, skeletal muscle index 161 

(SMI), body fat percentage, and limb and trunk muscle mass. SMI was calculated using body 162 

composition measurements obtained with multi-frequency bioelectrical impedance analysis 163 

(InBody S10; InBody Japan, Tokyo, Japan). Physical function was assessed using handgrip 164 

strength and 6-minute walk distance. Liver stiffness and controlled attenuation parameter were 165 

measured as supportive assessments of fibrosis and steatosis. 166 

Health-related quality of life was evaluated using the Chronic Liver Disease Questionnaire 167 

(CLDQ) before and after the intervention. Laboratory measurements included total and direct 168 

bilirubin, albumin, aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline 169 

phosphatase (ALP), gamma-glutamyl transpeptidase (gamma-GTP), cholinesterase, ammonia, 170 

metabolic markers, complete blood count, coagulation indices, immunoglobulins, hyaluronic 171 

acid, bile acids, type IV collagen 7S and Mac-2 binding protein glycosylation isomer. ALP 172 

activity was measured using an IFCC-traceable method. 173 

Gut microbiota analysis 174 

Stool samples were collected before the intervention and at 3 months, then stored frozen until 175 

analysis. DNA extraction was performed according to the method of Takahashi et al.; after 176 

pretreatment and crude extraction, purification was performed using PI-480 (Kurabo Industries, 177 

Osaka, Japan) [15]. The V3-V4 region of the bacterial and archaeal 16S rRNA gene was 178 

amplified using universal primers (341F/805R), and paired-end sequencing was performed on 179 

the MiSeq platform (Illumina, San Diego, CA, USA) [15,16]. 180 

Sequence data were processed using QIIME 2 version 2021.2, and denoising and amplicon 181 

sequence variant inference were performed using DADA2 [17,18]. Taxonomic annotation was 182 

based on the SILVA database, and predicted functional profiling was performed using 183 
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PICRUSt2 [19,20]. Alpha diversity was assessed using Chao1 richness and Shannon diversity, 184 

and beta diversity was evaluated using weighted UniFrac distances. Because 16S rRNA 185 

sequencing has limited resolution at the species and strain levels, microbiota results were 186 

interpreted primarily at the genus level. 187 

Statistical analysis 188 

Continuous variables are presented as medians [interquartile ranges] or individual values, as 189 

appropriate. No formal hypothesis testing was conducted in the revised analyses, and p values 190 

are not reported. Baseline-to-3-month changes and repeated measurements are summarized 191 

descriptively using medians, interquartile ranges and individual trajectories. Genus-level relative 192 

abundance and PICRUSt2-predicted pathway analyses were considered exploratory and are 193 

summarized using descriptive differences and directions of change. 194 

Exact binomial 95% confidence intervals were calculated for recruitment yield, completion, 195 

follow-up attendance and exercise-related adverse events. Because the sample size was only five 196 

patients and the study had no control group, clinical and microbiota findings were not interpreted 197 

as evidence of efficacy or causality. 198 

Results 199 

Baseline characteristics 200 

Baseline characteristics are summarized in Table 1. All five patients were female, and the 201 

median age was 68 years. Three patients had PBC alone and two had PBC/AIH overlap. All 202 

patients had a Child-Pugh score of 5, indicating preserved hepatic reserve. UDCA was continued 203 

in all patients, and low-dose prednisolone was continued in the two patients with PBC/AIH 204 

overlap. Median baseline body weight was 55.7 kg, median SMI was 5.9 kg/m2, median 6-205 

minute walk distance was 481.0 m and median total bilirubin was 0.8 mg/dL. 206 

 207 
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Table 1. Baseline characteristics of the five patients. 208 

Characteristic Pt1 Pt2 Pt3 Pt4 Pt5 

Age, years 68 62 73 57 68 

Sex Female Female Female Female Female 

Diagnosis PBC 
PBC/AIH 

overlap 
PBC 

PBC/AIH 

overlap 
PBC 

UDCA Yes, 400 mg Yes, 600 mg Yes, 300 mg Yes, 300 mg Yes, 600 mg 

Prednisolone No Yes, 5 mg No Yes, 5 mg No 

Child-Pugh 

score 
5 5 5 5 5 

Body weight, 

kg 
52.8 55.7 50.7 57.6 69.4 

BMI, kg/m2 23.2 21.8 20.1 24.6 26.1 

SMI, kg/m2 4.7 5.9 5.7 6.3 6.6 

6-minute walk 

distance, m 
354.4 456.5 481.0 498.2 501.0 

Total bilirubin, 

mg/dL 
0.4 0.9 0.8 0.8 0.8 

Albumin, g/dL 4.0 3.9 4.2 4.9 4.2 

ALP, U/L 46 43 49 38 86 

gamma-GTP, 

U/L 
35 11 21 15 45 

CLDQ total 

score 
145 141 184 157 167 

AIH autoimmune hepatitis, ALP alkaline phosphatase, BMI body mass index, CLDQ Chronic 209 

Liver Disease Questionnaire, gamma-GTP gamma-glutamyl transpeptidase, PBC primary biliary 210 

cholangitis, SMI skeletal muscle index, UDCA ursodeoxycholic acid. Background UDCA and 211 

low-dose prednisolone for PBC/AIH overlap were continued throughout the study. 212 
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Feasibility, adherence and safety 213 

Five of 35 assessed patients were enrolled, giving a recruitment yield of 14.3% (exact 95% CI 214 

4.8-30.3%) and achieving the planned pilot sample size of five participants. All five patients 215 

completed the 12-week intervention and the scheduled 3-month assessment, resulting in a 216 

completion and follow-up attendance rate of 100% (5/5; exact 95% CI 47.8-100%) (Fig. 1; Table 217 

2). No exercise-related adverse events, falls, musculoskeletal symptoms requiring 218 

discontinuation, hospitalization or worsening liver-related complications occurred during the 219 

intervention period (0/5; exact 95% CI 0-52.2%). 220 

Daily step targets were individualized within the range of 3000-8000 steps/day. Mean step-target 221 

achievement varied among patients, with an overall mean of 45%, which was below the desired 222 

benchmark of 70% and indicates that walking goals and adherence support require refinement 223 

before a larger study. Resistance exercise adherence was relatively high, with an overall mean of 224 

74%, meeting the desired benchmark. Pt3 maintained high achievement for both walking and 225 

resistance exercise, whereas Pt2 showed lower adherence to both components. These findings 226 

suggest that a home-based program can be implemented in this selected population, but the 227 

walking component requires protocol revision. 228 

Table 2. Feasibility outcomes, adherence and safety during the 12-week intervention. 229 

Outcome 
Progression 

target/benchmark 
Observed result 

Interpretation 

Target sample 

size/recruitment yield 

Enroll planned pilot 

sample (n = 5); 

approximate recruitment 

yield >=10% 

5/35, 14.3% (exact 

95% CI 4.8-30.3%) 

Met; planned 

sample recruited 

Completion 
>=80% reach the end of 

the 12-week intervention 

5/5, 100% (exact 95% 

CI 47.8-100%) 

Met 

3-month assessment 

attendance 

>=80% attend scheduled 

assessment after 

intervention 

5/5, 100% (exact 95% 

CI 47.8-100%) 

Met 
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Outcome 
Progression 

target/benchmark 
Observed result 

Interpretation 

Exercise-related adverse 

events 

No serious exercise-

related adverse events 

and no event requiring 

discontinuation 

0/5, 0% (exact 95% 

CI 0-52.2%) 

Met; precision 

limited by n = 5 

Mean step-target 

achievement 

>=70% desirable; <70% 

indicates need to refine 

walking goals/support 

45% overall; 

individual means 6-

92% 

Not met; revise 

walking 

component 

Mean resistance-

exercise adherence 
>=70% desirable 

74% overall; 

individual means 36-

100% 

Met, but 

individual 

variability 

remains 

Clinical changes 230 

During the 12-week intervention, body weight was generally maintained (Table 3). Median body 231 

weight was 55.7 kg at baseline and 56.6 kg at 3 months. Median SMI was 5.9 kg/m2 at baseline 232 

and 5.9 kg/m2 at 3 months; in individual baseline-to-3-month comparisons, SMI increased 233 

slightly in three patients, was unchanged in one and decreased in one. 234 

Six-minute walk distance increased in four of five patients, with a median change of +35.6 m 235 

[11.8 to 44.5]. The CLDQ total score increased in three of four evaluable patients, with a median 236 

change of +8 points [3 to 11]. These changes are reported descriptively and should not be 237 

interpreted as evidence of efficacy. 238 

Total bilirubin decreased across repeated measurements, with median values of 0.8 mg/dL at 239 

baseline, 0.7 mg/dL at 1 month, 0.7 mg/dL at 2 months and 0.6 mg/dL at 3 months. In individual 240 

baseline-to-3-month comparisons, total bilirubin decreased in all five patients, with a median 241 

change of -0.2 mg/dL [-0.2 to -0.1]. Because baseline bilirubin values were low, the absolute 242 

change was small and no control group was included, this finding was interpreted descriptively. 243 

Albumin, AST, ALT, ALP and gamma-GTP did not show consistent directional changes. 244 

Table 3. Group summary of selected clinical variables during the 12-week intervention. 245 
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Variable 0 month 1 month 2 months 3 months 

Body weight, 

kg 

55.7 [52.8-

57.6] 

56.8 [52.7-

59.0] 

56.9 [52.1-

59.2] 

56.6 [52.0-

59.3] 

SMI, kg/m2 5.9 [5.7-6.3] 5.9 [5.9-6.5] 5.9 [5.7-6.5] 5.9 [5.9-6.4] 

Total bilirubin, 

mg/dL 
0.8 [0.8-0.8] 0.7 [0.7-0.8] 0.7 [0.6-0.8] 0.6 [0.6-0.6] 

Albumin, g/dL 4.2 [4.0-4.2] 4.1 [4.1-4.5] 4.3 [4.3-4.4] 4.0 [3.9-4.1] 

AST, U/L 20 [20-29] 19 [18-29] 19 [18-32] 20 [17-26] 

ALT, U/L 15 [13-18] 13 [13-19] 15 [11-17] 13 [11-16] 

ALP, U/L 46 [43-49] 48 [46-73] 47 [47-56] 57 [46-62] 

gamma-GTP, 

U/L 
21 [15-35] 22 [14-42] 16 [15-37] 19 [15-37] 

Values are median [interquartile range]. All clinical variables are summarized descriptively 246 

without p values. ALP alkaline phosphatase, ALT alanine aminotransferase, AST aspartate 247 

aminotransferase, gamma-GTP gamma-glutamyl transpeptidase, SMI skeletal muscle index. 248 

Gut microbiota findings 249 

Alpha diversity, assessed using Chao1 richness and Shannon diversity, did not show a consistent 250 

pre-post pattern (Fig. 2). Weighted UniFrac analysis did not show clear pre-post separation in 251 

beta diversity (Fig. 3). Individual samples shifted to some extent, but inter-individual differences 252 

were larger than any consistent intervention-related shift. 253 

Genus-level microbiota composition for all five patients is shown in Fig. 4. Exploratory genus-254 

level analysis was summarized by mean and median relative-abundance differences rather than p 255 

values (Table 4). In descriptive analysis, Dorea, Agathobacter, Acidaminococcus and 256 

Faecalibacterium were relatively higher before the intervention, whereas Clostridium sensu 257 

stricto 1 and Roseburia were relatively higher after the intervention. PICRUSt2 analysis was also 258 

treated as descriptive pathway-level exploration (Fig. 5). These findings were treated as 259 

hypothesis-generating only. 260 
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Several genera showing numerical pre-post differences included taxa with recognized short-261 

chain fatty-acid-producing capacity. In particular, Roseburia and Faecalibacterium are 262 

commonly regarded as butyrate-producing genera in the human gut [25-27]. The relative 263 

increase in Roseburia after the intervention may therefore be compatible with a potential 264 

butyrate-related microbial shift. However, this interpretation was not consistent across all 265 

butyrate-producing taxa, because Faecalibacterium and Agathobacter were relatively higher 266 

before the intervention. Therefore, the present data do not support a conclusion that butyrate 267 

production increased; direct measurement of fecal short-chain fatty acids, including butyrate, 268 

will be required in future studies. 269 

Table 4. Exploratory genus-level microbiota analysis. 270 

Taxon 
Mean 

difference 

Median 

difference 
Direction 

Dorea -0.00525 -0.00443 Higher before 

Agathobacter -0.03186 -0.02287 Higher before 

Clostridium 

sensu stricto 1 
0.010009 0.000609 Higher after 

Roseburia 0.002826 0.001087 Higher after 

Acidaminococcus -0.00730 -0.00661 Higher before 

Faecalibacterium -0.01226 -0.00891 Higher before 

Mean and median differences indicate after-exercise minus before-exercise relative abundance. 271 

Findings are descriptive and were not interpreted as evidence of an intervention effect. 272 

Discussion 273 

In this exploratory prospective pre-post pilot study, five patients with PBC completed a 12-week 274 

home-based exercise intervention with concurrent clinical and gut microbiota assessments. The 275 

main feasibility findings were that all enrolled patients completed the intervention and the 3-276 

month assessment, no exercise-related adverse events occurred, and resistance-exercise 277 

adherence was higher than walking-target achievement. The study also generated descriptive 278 

clinical and gut microbiota data, but these findings should not be interpreted as evidence of 279 

efficacy. 280 
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The feasibility and safety findings are clinically relevant because very few previous studies have 281 

assessed exercise therapy in patients with PBC. The 100% completion rate and absence of 282 

exercise-related adverse events suggest that a carefully supervised home-based program can be 283 

implemented in stable outpatients with preserved hepatic reserve. However, the confidence 284 

intervals around these feasibility estimates were wide because of the very small sample size. 285 

Recruitment yield was modest but sufficient to reach the planned 5-patient pilot target; future 286 

studies should refine recruitment pathways, reduce stool-sampling burden where possible, and 287 

clarify eligibility criteria. 288 

Resistance exercise adherence was higher than walking-target achievement. Walking can be 289 

influenced by weather, fatigue, pruritus, sleep disturbance, comorbidities and daily schedule, 290 

whereas brief resistance exercises can be performed indoors and may be easier to maintain. A 291 

future controlled study should therefore include symptom-adjusted goals, feasible resistance 292 

exercise modules, and regular behavioral support to improve walking adherence. 293 

The descriptive decrease in total bilirubin requires cautious interpretation. Bilirubin is an 294 

important marker of cholestasis and prognosis in PBC, and bilirubin values within the normal 295 

range may still have prognostic relevance when combined with ALP normalization [1,13,21]. In 296 

the present study, total bilirubin decreased from a median of 0.8 mg/dL at baseline to 0.6 mg/dL 297 

at 3 months, and all five patients showed lower values at 3 months than at baseline. However, 298 

baseline values were already low, the absolute change was small and the study had no control 299 

group. Therefore, this observation should be regarded as a descriptive signal that warrants 300 

evaluation in future controlled studies, not as evidence that exercise directly reduced bilirubin. 301 

One possible hypothesis is that exercise may influence cholestasis-related parameters through the 302 

hepatobiliary-gut axis. Physical activity has been proposed to affect intestinal motility, gut 303 
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barrier function, bile acid metabolism, microbial metabolites and systemic inflammation [9]. 304 

Exercise-related changes in bile acid balance and gut microbiota have also been reported in 305 

metabolic liver disease or non-PBC populations [7,10,11]. Nevertheless, findings from 306 

nonalcoholic fatty liver disease or sedentary adults cannot be directly extrapolated to PBC, which 307 

involves cholangitis, autoimmunity, UDCA treatment and, in some patients, AIH overlap and 308 

immunosuppressive therapy. The present study did not directly measure bile acid fractions, 309 

short-chain fatty acids, including fecal butyrate, intestinal permeability or inflammatory 310 

mediators. 311 

The butyrate-related hypothesis is biologically plausible but remains unproven in this study. 312 

Butyrate-producing bacteria, including Roseburia and Faecalibacterium, contribute to short-chain 313 

fatty acid production in the gut [25-27], and gut microbiota-derived butyrate has been implicated 314 

in immune and metabolic reprogramming in experimental PBC-like models [4]. In the present 315 

study, however, the direction of change was mixed: Roseburia was relatively higher after the 316 

intervention, whereas Faecalibacterium and Agathobacter were relatively higher before the 317 

intervention. Thus, the observed pattern should be framed only as a rationale for future fecal 318 

metabolomic or targeted short-chain fatty acid analysis, not as evidence that exercise increased 319 

butyrate production in PBC. 320 

The microbiota findings were descriptive and inconclusive, which is not unexpected in a 5-321 

patient study. The analyses used established QIIME 2 and DADA2 workflows for sequence 322 

processing and amplicon sequence variant inference, SILVA for taxonomic assignment, and 323 

PICRUSt2 for predicted functional profiling [17-20]; however, these approaches remain 324 

constrained by sample size, 16S rRNA-based taxonomic resolution and indirect functional 325 

inference. PBC-associated dysbiosis and experimental PBC-like phenotypes have been reported 326 
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[2-6,22], but gut microbiota composition varies substantially among individuals and is affected 327 

by diet, bowel habits, medications, season and lifestyle. No genus-level or pathway-level finding 328 

was interpreted as evidence of an intervention effect, and 16S rRNA sequencing cannot reliably 329 

infer species, strain or metabolic activity. PICRUSt2 similarly provides predicted functional 330 

profiles rather than direct measurements of genes, transcripts or metabolites. 331 

This study has several limitations. First, the sample size was only five patients, resulting in 332 

limited precision. Second, the absence of a control group prevents separation of intervention 333 

effects from time effects, regression to the mean, attention effects or natural variability. Third, 334 

patients with PBC alone and PBC/AIH overlap were analyzed together despite differences in 335 

disease biology and treatment background. Fourth, diet, bowel habits, medications, supplements 336 

and other microbiota-related confounders were not standardized; therefore, the findings should 337 

be framed as exercise-based supportive care rather than direct evidence for nutritional therapy. 338 

Fifth, 16S rRNA sequencing and PICRUSt2 do not provide species-level, strain-level or direct 339 

metabolic evidence, including direct evidence of fecal butyrate production. Sixth, adherence was 340 

assessed using diaries and activity meter records, but the intensity and quality of each resistance 341 

exercise session could not be fully verified in the home setting. Seventh, the progression criteria 342 

reported here are pragmatic feasibility benchmarks for planning a future trial and should not be 343 

interpreted as evidence that clinical efficacy has been established. 344 

Despite these limitations, the study prospectively combined a home-based exercise intervention, 345 

serial clinical measurements, adherence monitoring, quality-of-life assessment and stool 346 

microbiota analysis in patients with PBC. The progression benchmarks were met for recruitment 347 

of the planned pilot sample, completion, follow-up and safety, and resistance-exercise adherence 348 
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was acceptable; however, walking adherence did not meet the desired benchmark and needs 349 

refinement before progressing to a larger controlled multicenter study. 350 

Conclusions 351 

A 12-week home-based exercise program was feasible in this 5-patient PBC pilot study with 352 

respect to recruitment of the planned pilot sample, intervention completion, follow-up attendance 353 

and absence of exercise-related adverse events. Walking adherence was below the desired 354 

benchmark, indicating a key area for protocol refinement. The study was accompanied by 355 

maintained body weight, small numerical increases in SMI in some patients, and a descriptive 356 

decrease in total bilirubin over time; however, these clinical and microbiota findings should be 357 

interpreted as exploratory and hypothesis-generating. A larger controlled study incorporating 358 

PBC-specific quality-of-life instruments, metagenomics, bile acid and short-chain fatty acid 359 

profiling, including fecal butyrate measurement, immune assessments and detailed adherence 360 

monitoring appears warranted after refinement of recruitment and adherence-support procedures. 361 
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Figures 479 
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 481 

Figure 1. Study flowchart. Female outpatients with PBC were assessed for eligibility, and five 482 

patients were enrolled in this prospective single-center pre-post pilot study. All five patients 483 

completed the 12-week home-based exercise intervention and were included in the analysis. 484 

Clinical assessments and stool sample collection were performed according to the study 485 

schedule. AIH autoimmune hepatitis, PBC primary biliary cholangitis. 486 

 487 
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 488 

Figure 2. Alpha diversity indices before and after the exercise intervention. Chao1 richness and 489 

Shannon diversity were used to evaluate alpha diversity. The distributions are shown 490 

descriptively, and no p values are presented. 491 

 492 
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 493 

Figure 3. Weighted UniFrac-based beta diversity before and after the exercise intervention. 494 

Weighted UniFrac analysis was used to evaluate beta diversity by incorporating both 495 

phylogenetic distance and relative abundance. No clear pre-post separation was observed after 496 

the 12-week intervention. Labels denote paired samples from the five patients before and after 497 

exercise. 498 

 499 
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 500 

Figure 4. Genus-level gut microbiota composition before and after the intervention. Genus-level 501 

microbiota composition is shown for all five patients before and after the intervention. 502 

Exploratory genus-level analysis identified taxa with relatively large numerical changes; 503 

however, these findings were descriptive only. Because the analysis was based on 16S rRNA 504 

sequencing, species-level or strain-level interpretation should be avoided. 505 

 506 
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 507 

Figure 5. PICRUSt2-predicted functional pathway analysis. PICRUSt2 was used to infer 508 

functional pathways from 16S rRNA gene sequencing data. Pathways selected for descriptive 509 

visualization are shown for hypothesis generation only; PICRUSt2 provides predicted functional 510 

profiles and does not directly measure genes, transcripts or metabolites. 511 
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