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Background: Chronic liver disease progression is closely linked to systemic inflammatory responses and nutritional status. This study
aimed to evaluate the prognostic value of the Glasgow Prognostic Score (GPS) system for predicting recompensation in patients with
decompensated primary biliary cholangitis (PBC).

Methods: This multicenter, retrospective cohort study enrolled patients with decompensated PBC admitted to seven hospitals between
January 2014 and December 2023. The GPS, mGPS, and hs-mGPS were determined according to baseline CRP, hs-CRP, and ALB
levels. The primary endpoint was the achievement of recompensation during follow-up (defined as biochemical response to UDCA,
resolution of decompensating events, and stable improvement in liver function per Baveno VII criteria).

Results: Of the 504 patients with decompensated PBC analyzed, the median age was 62 years (IQR: 53-69) and 81.5% (n=411) were
women. Over a median follow-up of 31 months (IQR: 14-56), recompensation occurred in 136 patients (27.0%). Kaplan-Meier
analysis confirmed that higher GPS, mGPS, and hs-mGPS scores were associated with lower 5-year recompensation rates (all P <
0.0001). Cox regression analysis revealed that in the fully adjusted model, GPS (HR: 0.311, 95% CI: 0.219-0.444), mGPS (HR: 0.302,
95% CI: 0.188-0.487), and hs-mGPS (HR: 0.351, 95% CI: 0.248-0.496) were all independent predictors for recompensation. Time-
dependent ROC analysis showed that the AUCs for predicting recompensation were 0.888 for GPS, 0.795 for mGPS, and 0.871 for hs-
mGPS, indicating the best predictive performance for GPS. Sensitivity and subgroup analyses confirmed the robustness of these
findings.

Conclusion: The GPS and its variants reliably predict recompensation in decompensated PBC, with the GPS showing superior
accuracy. These tools can stratify risk and inform early intervention strategies.
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Introduction

Primary biliary cholangitis (PBC) is a chronic autoimmune-mediated liver disease characterized by the progressive, non-
suppurative inflammatory destruction of the small intrahepatic bile ducts." Ursodeoxycholic acid (UDCA) is the current
standard first-line pharmacotherapy for this condition.” Recent studies indicate that a subset of patients with
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decompensated PBC can achieve a fundamental reversal of their disease status—termed “recompensation”—following
UDCA therapy, which is considered a key treatment goal.® Therefore, the early identification of patients with recom-
pensation potential is crucial for formulating aggressive, individualized treatment plans and improving long-term
outcomes.

The Model for End-Stage Liver Disease (MELD) score, which incorporates bilirubin, INR, and creatinine, is a well-
established tool for predicting mortality in patients with advanced liver disease and is widely used for organ allocation in
liver transplantation. However, MELD primarily reflects synthetic and excretory liver function and renal impairment,
without directly capturing systemic inflammation or nutritional status—key drivers of the decompensation-
recompensation continuum.” In contrast, the Glasgow Prognostic Score (GPS) system, which assesses systemic inflam-
mation and nutritional status based on serum albumin, C-reactive protein (CRP), and high-sensitivity CRP (hs-CRP)
levels, may offer complementary prognostic information by targeting the “inflammation-nutrition” axis. PBC is intrinsi-
cally an autoimmune-mediated cholestatic liver disease, in which persistent bile duct injury and cholestasis trigger
sustained systemic inflammation and progressive nutritional deterioration, making the “inflammation-nutrition” axis
particularly relevant for disease monitoring and prognosis. The Glasgow Prognostic Score (GPS) system assesses
systemic inflammation and nutritional status based on serum albumin (ALB), C-reactive protein (CRP), and high-
sensitivity CRP (hs-CRP) levels.” Originally developed for prognostic evaluation in malignancies,’ its use has increas-
ingly extended to hepatology.”* Systemic inflammation is known to be crucial in cirrhosis progression and the
decompensation/recompensation continuum.’'® However, the predictive capacity of the GPS system for recompensation
in decompensated PBC patients remains poorly defined.

To address this, we conducted a multicenter retrospective cohort study to determine the predictive value of baseline
GPS, mGPS, and hs-mGPS scores for recompensation in decompensated PBC. This study seeks to provide empirical
evidence to guide early risk stratification and management optimization.

Methods
Study Population

This was a multicenter retrospective cohort study. Between January 2014 and December 2023, a total of 735 patients with
decompensated PBC were enrolled from seven participating hospitals, and their clinical data were retrospectively
reviewed. The last follow-up date was December 31, 2024. Patient distribution across the centers was as follows
(Figure 1): The Second Affiliated Hospital of Kunming Medical University (n=473), The First Affiliated Hospital of
Kunming Medical University (n=129), Qujing First People’s Hospital (n=33), The Affiliated Hospital of Yunnan
University (n=40), Qujing Second People’s Hospital (n=23), Yuxi People’s Hospital (n=22), and Dali Prefecture
People’s Hospital (n=15). This study was conducted after obtaining approval from the Ethics Committee of Kunming
Medical University (Approval No.: KMMU2025MEC155) and adhered strictly to the ethical tenets of the Declaration of
Helsinki.

Inclusion Criteria

PBC was diagnosed according to the established guidelines from the European Association for the Study of the Liver
(EASL)'""'? and the British Society of Gastroenterology/UK-PBC.'*> Decompensation was characterized by the occur-
rence of at least one decompensating event, such as ascites, hepatic encephalopathy, or variceal hemorrhage.'*

Exclusion Criteria

1) Concomitant other major liver diseases, including viral hepatitis, alcoholic liver disease, or autoimmune hepatitis-PBC
overlap syndrome; 2) Comorbid malignancies or active infections; 3) Lack of standardized ursodeoxycholic acid therapy
for over 12 months; 4) Previous use of corticosteroids, immunosuppressants, or albumin preparations; 5) Incomplete
clinical follow-up data.For the three key variables required for GPS calculation (CRP, hs-CRP, and albumin), patients
with any missing values for these parameters were excluded from the analysis. All other clinical variables in the included
patients had no missing data.
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Patients diagnosed with decompensated PBC at seven participating centers
between January 2014 and December 2023 (n=735).

Participating Centers:

® The Second Affiliated Hospital of Kunming Medical University (n = 473)
® The First Affiliated Hospital of Kunming Medical University (n = 129)

® Quijing First People's Hospital (n = 33)

® The Affiliated Hospital of Yunnan University (n = 40)

® Quijing Second People's Hospital (n = 23)

® Yuxi People's Hospital (n = 22)

® Dali People's Hospital (n = 15)

Excluded (n=231):

® Coexisting viral hepatitis, alcoholic liver disease, or AIH-PBC overlap syndrome
(n = 46)

® Diagnosis of malignancy or active infection (n = 16)

® Absence of standard UDCA therapy (n = 22)

® History of corticosteroid, immunosuppressant, or albumin infusion (n = 11)

® Incomplete clinical follow-up data (n = 136)

’ patients included (n =504) ‘

Recompensation (n = 136)
No recompensation (n = 368 )

Figure | Flowchart of participant selection.

GPS, mGPS, and Hs-mGPS Scores
We derived the original GPS, mGPS, and hs-mGPS from baseline CRP, hs-CRP, and ALB levels. The specific cutoff
values and criteria for score assignment are provided in Table 1.

Outcomes

The primary outcome was defined as the achievement of recompensation within the follow-up period. Recompensation
was defined per the Baveno VII consensus'> and EASL clinical practice guidelines,'""'? requiring the simultaneous
fulfillment of all three of the following criteria: a) Successful Etiological Treatment: Response to ursodeoxycholic acid,
defined as achieving an alkaline phosphatase level under 1.67 times the upper limit of normal following 12 months of
treatment. b) Resolution of Decompensating Events: Control of ascites (disappearance after diuretic withdrawal), absence
of hepatic encephalopathy recurrence after discontinuing lactulose/rifaximin, and no variceal hemorrhage recurrence for
at least 12 months. c) Consistent and stable improvement in liver function (ALB > 35 g/L, INR < 1.50, TBIL <

34 pumol/L).

Table | Scoring Criteria for the GPS, mGPS, and Hs-mGPS

Score GPS mGPS hs-mGPS

0 CRP =< 10 mg/L and ALB 2 35 g/L CRP< |0 mg/L hs-CRP < 3 mg/L

| CRP > 10 mg/L or ALB <35 ¢g/L | CRP> 10 mg/L and ALB =35 g/L | hs-CRP >3 mg/L and ALB =35 g/L
2 CRP > 10 mg/L and ALB <35 g/L | CRP> 10 mg/L and ALB <35g/L | hs-CRP>3 mg/L and ALB<35 g/L
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Treatment Protocol

All patients received ursodeoxycholic acid (UDCA) at a standardized dose of 13—15 mg-kg '-d™' for at least 12 months,
consistent with international guidelines.'® Patients with documented poor adherence (based on medical and pharmacy
record review) were excluded from the study. All included patients were UDCA-naive at baseline. The decision to
initiate second-line therapies was made by treating physicians according to clinical judgment of inadequate response to
UDCA, following guideline-directed care.

Statistical Analysis

All statistical analyses were performed using SPSS version 26.0 and R version 4.5.1. Continuous variables exhibiting
skewed distributions are summarized as median with interquartile range (IQR), and between-group comparisons were
made using the Mann—Whitney U-test. Categorical variables are presented as numbers (percentages), with comparisons
conducted via the Chi-square test or Fisher’s exact test, as appropriate. Recompensation rates were estimated using both
the Kaplan-Meier method and the cumulative incidence function (CIF) accounting for death as a competing event, and
inter-group differences were compared with the Log rank test. Cox regression (treating death as censored) and Fine-Gray
competing-risk regression (treating death as a competing event) were performed and compared. Collinearity was
evaluated by tolerance and variance inflation factor (VIF) (Table S1). Time-dependent area under the curve (AUC) for
predicting recompensation was evaluated, with internal validation conducted using bootstrap resampling. We used the
follow-up time from baseline (date of diagnosis of decompensation) to the occurrence of the event (recompensation) or
censoring. Specifically, we employed the cumulative case/dynamic control approach for time-dependent ROC curves and
evaluated the discriminative ability of the model at a fixed prediction horizon of 60 months (5 years), Corresponding
areas under the curve (AUC) with 95% confidence intervals (CI) were calculated, and the DeLong test was applied for
AUC comparisons across models. The robustness of key findings was assessed in subgroup analyses—stratified by
MELD scores (<10 vs >10)—and in a sensitivity analysis that excluded patients with concomitant hypertension,
arteriosclerosis, or diabetes to minimize potential confounding from medications used to manage these conditions.
A two-sided P-value < 0.05 was considered statistically significant for all tests.

Results

Baseline Characteristics of the Study Population

Following the predefined screening protocol (Figure 1), a total of 504 patients with decompensated PBC were included
for the analysis of baseline characteristics. The median age of the patients was 62 years (IQR: 53—69), with 411 (81.5%)
being female. The median BMI was 21.64 (IQR: 19.6-23.42). As shown in Table 2, compared to the non-recompensation
group, patients who achieved recompensation had significantly lower baseline levels of total bilirubin, ALT, AST, ALP,
CRP, lower MELD scores, and a lower GP210 positivity rate, but higher BMI and albumin levels (all comparisons P <
0.05). Additionally, significant differences were observed between the two groups in GPS, mGPS, and hs-mGPS scores
(P <0.001).

Association Between Glasgow Prognostic Scores and Recompensation
Kaplan-Meier survival analysis revealed that elevation in GPS, mGPS, and hs-mGPS scores corresponded to significantly
lower 5-year cumulative recompensation rates. (all trend P < 0.0001, Figure 2). Specifically, the 5-year recompensation
rate exhibited a stepwise decline with increasing GPS scores, measuring 53.9%, 22.2%, and 3.9% for scores of 0, 1, and
2, respectively; for those with corresponding mGPS scores, the rates were 39.8%, 17.0%, and 3.9%; and for those with
corresponding hs-mGPS scores, the rates were 49.4%, 17.2%, and 7.6%. In the presence of competing events, the 5-year
recompensation rate estimated by CIF was slightly lower than that estimated by KM, but the absolute difference was
small (<4.3%), and the decreasing trend with increasing GPS scores remained unchanged (Table S2).

In the fully adjusted model (Table 3), compared with a score of 0, higher scores of GPS, mGPS, and hs-mGPS were
independently associated with a reduced risk of recompensation, with adjusted hazard ratios (95% Cls) as follows: GPS
1, 0.383 (0.249-0.590) and GPS 2, 0.054 (0.017-0.168); mGPS 1, 0.393 (0.176-0.878) and mGPS 2, 0.075
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Table 2 Comparison of Baseline Clinical Characteristics

Characteristic Total (n=504) | No Recompensation | Recompensation | P-value
(n=368) (n=136)

Age (years), M (IQR) 62(53,69) 63(54,69) 59.5(52,69.75) 0.203

Sex, n (%) 0.066

female 411 (81.5) 293(79.6) 118(86.8)

male 93(18.5) 75(20.4) 18(13.2)

BMI (Kg/m2), M (IQR) 21.64(19.6,23.42) 21.33(19.38,23.02) | 21.78(20.77,24.03) | < 0.001

Hypertension, n (%) 0.151

Yes 84(16.7) 56(15.2) 28(20.6)

No 420(83.3) 312(84.8) 108(79.4)

Diabetes Mellitus, n (%) 0.431

Yes 54(10.7) 37(10.1) 17(12.5)

No 450(89.3) 331(89.9) 119(87.5)

Atherosclerosis, n (%) 0.129

Yes 31(6.2) 19(5.2) 12(8.8)

No 473(93.8) 349(94.8) 124(91.2)

TBIL (umol/L),M (IQR) | 30.45(17.13,74.45) 42.55(22.55,109.4) | 17.05(13.08,25.48) | < 0.00I

ALT (u/L), M(IQR) 37.81(23,66) 40(25,68.82) 32.5(20.33,61.75) 0.019

AST (u/L), M (IQR) 62(38.64,99) 7141111 47(31,73.99) | <0.00I

ALP (u/L), M (IQR) 191.75(120.5,322) 219.55(128.8,353) | 156(109.55,246.48) | < 0.001

GGT (u/L), M (IQR) 129(61.25,300.25) 133.5(64,296.75) 102(56.93,303.5) 0.222

ALB (g/L), M (IQR) 30.9(26.88,35.6) 29.3(25.3,32.7) | 37.35(34.23,40.78) 0.033

CRP (mg/L), M (IQR) 6.75(2.1,14.34) 10.44(4.55,17.11) 1.5(0.78,2.90) | < 0.00I

MELD Score, M (IQR) 7.64(3.71,11.98) 8.8(5.28,13.16) 3.60(1.58,6.02) | < 0.00I

AMA-M2, n (%) 0.321

| 379(75.2) 281(76.4) 98(72.1)

0 125(24.8) 87(23.6) 38(27.9)

SP100, n (%) 0.080

| 62(12.3) 51(13.9) 11(8.1)

0 442(87.7) 317(86.1) 125(91.9)

GP210, n (%) 0.025

| 153(30.4) 122(33.2) 31(22.8)

0 351(69.6) 246(66.8) 105(77.2)

GPS, n (%) < 0.001

0 120(23.8) 23(6.3) 97(71.3)

| 209(41.5) 174(47.3) 35(25.7)

2 175(34.7) 171(46.4) 4(3.0)

mGPS, n (%) < 0.001

0 287(56.9) 162(44.0) 125(91.9)

| 42(8.4) 35(9.5) 7(5.2)

2 175(34.7) 171(46.5) 4(2.9)

hs-mGPS, n (%) < 0.001

0 178(35.3) 64(17.4) 114(83.8)

| 49(9.7) 39(10.6) 10(7.4)

2 277(55.0) 265(72.0) 12(8.8)

(0.024-0.235); hs-mGPS 1, 0.413 (0.203-0.841) and hs-mGPS 2, 0.117 (0.057-0.243). The sHRs from Fine-Gray
regression were directionally consistent with those from Cox regression (all P < 0.001), confirming the robust

independent predictive value of the Glasgow Prognostic Score system (Table S3).
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Figure 2 Kaplan-Meier curves for re-compensation in patients with decompensated PBC, stratified by the Glasgow Prognostic Score system: (A) GPS, (B) mGPS, (C) hs-mGPS.

Trend Analysis

Trend analysis confirmed a significant inverse dose-response relationship between increasing scores of each system and
the risk of recompensation, with HRs (95% ClIs) of 0.311 (0.219-0.444) for GPS, 0.302 (0.188-0.487) for mGPS, and
0.351 (0.248-0.496) for hs-mGPS (all P < 0.05; Table 3).

Subgroup and Sensitivity Analyses

Subgroup analysis stratified by MELD score is presented in Table 4. Among patients with MELD <10, higher scores on
the GPS (HR 0.298, 95% CI 0.199-0.447), mGPS (0.285, 0.164-0.494), and hs-mGPS (0.363, 0.244-0.540) remained
independent predictors of recompensation. However, in the MELD >10 subgroup, only GPS (HR 0.141, 95% CI
0.034-0.588) and hs-mGPS (HR 0.275, 95% CI 0.110-0.684) were significantly associated with recompensation,
whereas the association for mGPS was not significant (HR 0.256, 95% CI 0.062—1.066, P = 0.061).

Table 3 Univariable and Multivariable Cox Regression Analyses of the Association Between Glasgow Prognostic Scores and
Recompensation

Variable Univariate Analysis Multivariable Analysis
Model A Model B Model C

HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value
GPS
0 Reference Reference Reference Reference
| 0.329(0.222-0.488) | < 0.001 | 0.325(0.217-0.486) | < 0.001 | 0.324(0.216-0.486) | < 0.001 | 0.383(0.249-0.590) | < 0.00I
2 0.054(0.020-0.147) | < 0.001 | 0.054(0.020-0.147) | < 0.001 | 0.046(0.017-0.126) | < 0.001 | 0.054(0.017-0.168) | < 0.00I
p for trend | 0.283(0.208-0.385) | < 0.001 | 0.280(0.204-0.384) | < 0.001 | 0.269(0.196-0.369) | < 0.001 | 0.311(0.219-0.444) | < 0.001
mGPS
0 Reference Reference Reference Reference
| 0.461(0.215-0.988) 0.046 0.467(0.216-1.010) 0.053 0.485(0.223-1.054) 0.068 0.393(0.176-0.878) 0.023
2 0.080(0.029-0.216) | < 0.001 | 0.082(0.030-0.222) | < 0.001 | 0.071(0.026-0.195) | < 0.001 | 0.075(0.024-0.235) | < 0.001
p for trend | 0.316(0.211-0.474) | <0.001 | 0.320(0.213-0.481) | < 0.001 | 0.305(0.203—-0.457) | < 0.001 | 0.302(0.188-0.487) | < 0.001
hs-mGPS
0 Reference Reference Reference Reference
| 0.433(0.226-0.829) 0.012 0.414(0.214-0.802) 0.009 0.413(0.212-0.807) 0.010 0.413(0.203-0.841) 0.015
2 0.111(0.061-0.202) | < 0.001 | 0.109(0.059-0.199) | <0.001 | 0.096(0.052-0.177) | < 0.001 | 0.117(0.057-0.243) | < 0.00I
p for trend | 0.345(0.262-0.454) | < 0.001 | 0.339(0.256-0.450) | < 0.001 | 0.321(0.241-0.426) | < 0.001 | 0.351(0.248-0.496) | < 0.001

Notes: Model A: Adjusted for age, sex, BMI index. Model B: Adjusted for all variables in Model A plus hypertension, diabetes mellitus, atherosclerosis. Model C: Adjusted
for all variables in Model B plus TBIL, ALT, AST, ALP, GGT, AMA-M2, SP100, and GP210.
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Table 4 Association Between Glasgow Prognostic Scores and Recompensation, Stratified by MELD Score

Variable Univariate Analysis Multivariable Analysis

Model A Model B Model C

HR (95% CI) | P-value | HR (95% Cl) | P-value | HR (95% Cl) | P-value | HR (95% Cl) | P-value

MELD=10
GPS 0.173(0.076-0.395) | <0.001 | 0.128(0.050-0.329) | < 0.001 | 0.143(0.055-0.370) | <0.001 | 0.141(0.034-0.588) 0.007
mGPS 0.308(0.128-0.743) 0.009 0.301(0.124-0.733) 0.008 0.293(0.120-0.718) 0.007 0.256(0.062—1.066) 0.061

hs-mGPS 0.249(0.134-0.465) | < 0.001 | 0.227(0.119-0.432) | < 0.001 | 0.202(0.102-0.399) | < 0.001 | 0.275(0.110-0.684) 0.006
MELD< 10
GPS 0.311(0.218-0.444) | <0.001 | 0.303(0.210-0.439) | <0.001 | 0.295(0.204-0.425) | < 0.001 | 0.298(0.199-0.447) | < 0.001
mGPS 0.339(0.213-0.539) | <0.001 | 0.343(0.214-0.548) | < 0.001 | 0.319(0.200-0.509) | < 0.001 | 0.285(0.164-0.494) | < 0.001
hs-mGPS 0.392(0.287-0.535) | < 0.001 | 0.379(0.274-0.524) | < 0.001 | 0.366(0.264-0.507) | < 0.001 | 0.363(0.244-0.540) | < 0.001

Notes: Model A: Adjusted for age, sex, BMI index. Model B: Adjusted for all variables in Model A plus hypertension, diabetes mellitus, atherosclerosis. Model C: Adjusted
for all variables in Model B plus TBIL, ALT, AST, ALP, GGT, AMA-M2, SP100, and GP210.

A sensitivity analysis excluding patients with hypertension, arteriosclerosis, or diabetes yielded consistent results
(Table 5). In the adjusted model, higher scores on all three systems maintained a significant inverse association with
recompensation (all P < 0.001), with HRs (95% CIs) of 0.269 (0.168-0.428) for GPS, 0.309 (0.160-0.599) for mGPS,
and 0.423 (0.274-0.652) for hs-mGPS.

Although most patients were from a single center, a mixed-effects Cox model with hospital as random intercept
confirmed that the prognostic value of the GPS system was not driven by center-specific bias (results consistent with the
primary analysis) (Table S4). A analysis censoring patients at initiation of second-line therapies yielded results consistent
with the primary analysis, confirming that the prognostic value of the GPS is robust and independent of

subsequent second-line therapy decisions (Table S5).

Predictive Performance of Glasgow Prognostic Scores

Time-dependent ROC analysis was performed to evaluate the predictive performance of each score for recompensation
(Figure 3). The AUCs were 0.888 (95% CI: 0.855-0.921) for GPS, 0.795 (0.756-0.835) for mGPS, and 0.871 (0.838-
—0.904) for hs-mGPS (all P < 0.001). Subsequent model comparison using the DeLong test revealed that both GPS and
hs-mGPS demonstrated significantly superior predictive performance compared to mGPS (P < 0.05), whereas no
significant difference was found between GPS and hs-mGPS. We performed time-dependent ROC analysis with a 60-
month prediction horizon and validated the AUC estimates using 1000 bootstrap resampling iterations, confirming the
robustness of the predictive model without overfitting (Table S6).

Table 5 Association Between Glasgow Prognostic Scores and Recompensation in the Sensitivity
Analysis After Excluding Patients with Hypertension, Atherosclerosis, or Diabetes Mellitus

Variable Univariate Analysis Multivariable Analysis

Model A Model B

HR (95% CI) | P-value | HR (95% Cl) | P-value | HR (95%Cl) | P-value

GPS 0.221(0.147-0.332) | <0.001 | 0.211(0.138-0.323) | < 0.001 | 0.269(0.168-0.428) | < 0.001
mGPS 0.279(0.162-0.482) | < 0.001 | 0.283(0.164-0.490) | < 0.001 | 0.309(0.160-0.599) | < 0.001
hS-mGPS | 0.338(0.242-0.472) | < 0.001 | 0.331(0.234-0.467) | < 0.001 | 0.423(0.274-0.652) | < 0.001

Notes: Model A: Adjusted for age, sex, BMI index. Model B: Adjusted for all variables in Model A plus TBIL, ALT, AST, ALP, GGT,
AMA-M2, SP100, and GP210.
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Figure 3 Time-dependent ROC curves for predicting re-compensation using the GPS, mGPS, and hs-mGPS.

Discussion
This study is the first to systematically evaluate the predictive value of the GPS system for recompensation in patients
with decompensated PBC, based on a large multicenter cohort from Southwest China. The main findings are that GPS,
mGPS, and hs-mGPS scores are all independent predictors of recompensation, with GPS demonstrating the best
predictive performance. Thus, this work lays a foundation for improved risk stratification and personalized management
in patients with decompensated PBC. Sensitivity and subgroup analyses further validated the robustness of these
conclusions.

This study validates that the Glasgow Prognostic Score system—originally derived in oncology to assess the

16.17__als0 predicts the likelihood of recompensation in

nutrition-inflammation axis via albumin and C-reactive protein
PBC, with higher scores indicating a lower probability. Multiple lines of evidence support this finding. Cash et al
reported significantly elevated CRP levels in PBC patients.'® Mendelian randomization studies further confirmed CRP as
a risk factor for PBC."” Elevated CRP is also associated with cirrhosis progression and increased mortality risk,”® and
holds prognostic value in acute liver failure with sepsis.?' In PBC patients, hypoalbuminemia is strongly associated with
an unfavorable prognosis.”***> The underlying mechanism may stem from a vicious cycle of sustained inflammatory
injury and progressive nutritional depletion during PBC progression.”* Within the context of the autoimmune bile duct
injury characteristic of PBC, elevated CRP levels signify a persistent systemic inflammatory state. This state may
exacerbate liver fibrogenesis by impairing regulatory T-cell function and promoting the activation of pro-inflammatory
Th1/Th17 cells, which in turn activate hepatic stellate cells.>> Concurrently, inflammatory cytokines promote the hepatic
synthesis of acute-phase proteins while inhibiting albumin production.”® Hypoalbuminemia not only directly reflects
decreased liver synthetic function but is also often accompanied by malnutrition, which weakens the intestinal mucosal
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barrier and increases the risk of bacterial translocation.”” These mechanisms collectively drive immune dysfunction and
the progression of liver fibrosis, ultimately leading the disease into its decompensated phase.

The predictive power of the GPS stems from its ability to capture the “inflammation-nutrition” vicious cycle
comprehensively. By simultaneously capturing both inflammatory and nutritional dimensions, the GPS creates
a composite index more informative than any single marker, effectively identifying patients in the adverse dual-risk
state of “high inflammation and low nutrition.” This integrative advantage is reflected in its superior predictive
performance, as demonstrated by a time-dependent ROC analysis yielding an optimal AUC of 0.888 for GPS. This
difference primarily arises from the distinct ways the three scores handle the weighting of albumin. The mGPS and hs-
mGPS adjust the score based on low albumin only when CRP or hs-CRP is elevated; thus, they may fail to identify
patients with normal CRP but significantly reduced albumin. In chronic liver diseases like PBC, low albumin is often
related to malabsorption due to cholestasis, chronic decline in liver synthetic function, and malnutrition.”® The GPS, by
incorporating both CRP and ALB, can more sensitively identify patients with “low-grade inflammation but high
malnutrition risk,” thereby achieving a more comprehensive and precise stratification of recompensation risk.
Therefore, in the clinical management of PBC, using the original GPS may provide more accurate prognostic information
than its modified versions.

From a practical clinical perspective, our finding that hs-mGPS did not significantly outperform the original GPS
(AUC: 0.871 vs 0.888, P > 0.05) carries an important message. High-sensitivity CRP assays, while offering greater
precision at low CRP concentrations, are more expensive and not universally available in all clinical laboratories,
particularly in resource-limited settings. The comparable predictive performance of the standard GPS, which uses
conventional CRP testing, suggests that the additional cost and complexity of hs-CRP are not necessary for risk
stratification of recompensation in decompensated PBC. This finding supports the widespread clinical translatability of
the GPS, as it can be calculated using routine, inexpensive laboratory tests available in most healthcare facilities. We
propose that the GPS be calculated using routinely available baseline levels of CRP and albumin in patients with an
initial diagnosis of decompensated PBC. This scoring system effectively stratifies the probability of recompensation:
higher GPS values are associated with a lower likelihood of achieving recompensation, thereby enabling early interven-
tion in high-risk individuals. Whether longitudinal dynamic monitoring of GPS offers additional prognostic value beyond
that of baseline assessment remains an open question. Future prospective studies are warranted to investigate whether
serial GPS measurements can capture treatment response and inform adaptive management strategies.

The principal strengths of this investigation lie in its multicenter design, substantial sample size, and extended median
follow-up duration. However, the following limitations should be acknowledged. First, 231 of 735 patients (31.4%) were
excluded, including 136 due to incomplete follow-up data, which may introduce selection bias. Second, the strict Baveno
VII recompensation criteria may theoretically underestimate clinical improvement in some patients, and future studies
should consider this issue. Third, due to the limitations inherent in the retrospective study design, graded severity of
decompensation events could not be assessed. Furthermore, we acknowledge that the incremental predictive value of the
GPS beyond established prognostic models such as MELD was not evaluated in this study; future dedicated analyses are
planned to perform comparative model assessments and determine whether GPS improves discrimination for recompen-
sation beyond these scores.

In conclusion, our findings establish the utility of the Glasgow Prognostic Score system in predicting recompensation
in decompensated primary biliary cholangitis, with the original GPS showing the highest predictive accuracy. Relying on
routinely available blood markers, this tool is clinically feasible and readily translatable, supporting earlier risk
stratification and personalized care for this patient population.
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