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Abstract
Baveno VII criteria (B7C) and Baveno VI criteria (B6C) have been widely
used to estimate the risk of hepatic decompensation. However, the impact
of age on these criteria warrants further investigation. The international,
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multicenter cohort study included 1138 patients with compensated cirrhosis
(median follow-up of 40.6 months), aiming to evaluate the value of age in
predicting hepatic decompensation. We identified age as an independent
predictor of hepatic decompensation, with 60 years determined as the optimal
cut-off value. The occurrence of decompensation was 18.7% and 6.7% in the older
(age ≥60 years) and younger (age <60 years) groups, respectively (p < 0.001).
We subsequently integrated age into the existing Baveno criteria. In patients
not meeting Baveno criteria (defined as not meeting B6C or B7C), the older
group exhibited a significantly elevated risk of decompensation compared to
the younger group (p < 0.05). However, no significant difference was observed
between the older and younger groups in patients meeting Baveno criteria
(p > 0.05). In conclusion, our study demonstrated that integrating age into the
Baveno criteria could enhance the assessment of hepatic decompensation. Age
should be considered before discharging patients with compensated cirrhosis
from the surveillance of hepatic decompensation.
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1 INTRODUCTION

Cirrhosis, characterized by diffuse liver fibrosis with nodu-
lar regeneration, stands as one of the leading global
burdens of disease, resulting in more than one million
deaths annually.1 In the United States alone, liver-related
expenses soared to $32.5 billion in 2016, with hospitaliza-
tions or emergency care comprising the majority of this
expenditure.2 The progression of this disease begins with
a prolonged asymptomatic phase known as compensated
cirrhosis, eventually advancing to a symptomatic phase
referred to as decompensated cirrhosis.3 The shift from
compensated to decompensated cirrhosis happens at an
annual rate of 5%–7%, significantly cutting median sur-
vival from 12 years to 2 years.4,5 Recent findings from the
Global Burden of Disease Study revealed that the global
prevalence of cirrhosis nearly doubled between 1990 and
2017, with more than 90% of cases classified as compen-
sated cirrhosis.6 Therefore, it is imperative to improve the

management strategies for compensated cirrhosis and to
accurately identify those individualswho are at an elevated
risk of hepatic decompensation, as this will ultimately
enhance their prognosis.
Portal hypertension serves as a major driver of hep-

atic decompensated. Although hepatic venous pressure
gradient (HVPG) remains the gold standard for assessing
portal hypertension, its invasive and costly nature lim-
its widespread use.7 In recent years, several noninvasive
methods have been proposed to evaluate portal hyper-
tension and to predict the risk of decompensation.8–10
Among these, the Baveno VII criteria (B7C, platelet count
[PLT]≥150 × 109/L and liver stiffness measurement [LSM]
≤15 kiloPascals [kPa]) and the Baveno VI criteria (B6C,
PLT >150 × 109/L and LSM <20 kPa) proposed by the
Baveno workshop are the most widely recognized and
validated.4,9,11
Over the last 50 years, along with socioeconomic

development, the proportion of the aging population has
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substantially increased due to a noticeable decline in the
fertility rate and a significant increase in the average life
expectancy in most regions worldwide.12 As reported by
the World Health Organization (WHO), the number of
individuals aged 60 and older was estimated to be 962 mil-
lion globally, accounting for 13% of the global population
in 2017. By 2050, 20% of the global population is expected
to be 60 years or older.12,13 In patients with chronic liver
disease, advanced age can lead to a poorer prognosis.9,14–16
A systematic review of 118 studies indicated that age, as an
essential and potent predictor of death, must be included
in any prognostic study of cirrhosis, independent of
disease stage.5 The latest Baveno VII consensus suggests
establishing whether age impacts the performance of
noninvasive tests for portal hypertension.9 Nonetheless,
few studies have investigated the value of age in predicting
hepatic decompensation in patients with compensated
cirrhosis. This knowledge gapmay have led to the fact that,
to date, age has still not been included in risk stratification
systems for these patients.
The study aimed to explore the value of age in pre-

dicting the first hepatic decompensation. Additionally,
we endeavor to integrate age into the Baveno criteria to
improve risk stratification for patients with compensated
cirrhosis.

2 RESULTS

2.1 Baseline characteristics of included
participants

From January 2009 to August 2020, a total of 1422 individ-
uals from 5 countries were assessed for eligibility: China
(n = 565), Singapore (n = 304), South Korea (n = 280),
Japan (n = 223), and Egypt (n = 50). In accordance
with the exclusion criteria, 1138 patients with compen-
sated cirrhosis were included in the final analysis. The
flowchart of patients is depicted in Figure 1. The mean
age was 54.1 years (standard deviation [SD] 11.9), and
65.4% (n = 744) were male. The predominant etiology is
viral hepatitis (n = 852, 74.9%), followed by nonalcoholic
steatohepatitis (n = 106, 9.3%) and alcohol-related liver
disease (n = 64, 5.6%). The mean PLT was 141.5 × 109/L,
and the mean LSM was 19.6 (SD 13.5) kPa. A total of 118
patients (10.4%) developed hepatic decompensation dur-
ing amedian follow-up of 40.6months (interquartile range
[IQR] 39.1–42.0). Patientswere categorized into two groups
based on whether hepatic decompensation occurred at the
end of the follow-up. Patients experiencing hepatic decom-
pensation were older and had significantly higher baseline
LSM, lower PLT, and worse liver function compared to
those without the development of hepatic decompensa-

F IGURE 1 Flowchart of the study population.

tion. Additional baseline characteristics are detailed in
Table 1.

2.2 Association between age and
hepatic decompensation

The restricted cubic spline analysis showed a progres-
sive increase in the risk of hepatic decompensation with
advancing age, with a nonsignificant result for the non-
linearity test (p = 0.457), indicating a linear relationship
(Figure S1A). Furthermore, age was significantly related
to the occurrence of hepatic decompensation in univari-
ate regression analysis (hazard ratio [HR] = 1.05 [95% CI:
1.03–1.07], p < 0.001). In multivariate regression analy-
sis (Figure 2), age persisted as a significant predictor of
hepatic decompensation after adjusting for sex and center
(adjusted HR [aHR] = 1.05 [95% CI 1.04–1.07], p < 0.001).
This association remained robust despite further balanc-
ing for etiology, LSM, model of end-stage liver disease
(MELD) score, albumin, and PLT (aHR = 1.03 [95% CI
1.01–1.05], p = 0.001). By employing maximally selected
rank statistics, the optimal threshold for risk stratification
was identified as 60 years of age (Figure S1B). There-
fore, patients were divided into the younger group (age
<60 years) and older group (age ≥60 years). Compared
to the younger group, the older group had significantly
higher LSM and MELD score, and a higher proportion
of varices (Table 2). The follow-up times were similar
between the older and the younger groups (40.8 vs. 39.0
months, p = 0.764). By the end of follow-up, the occur-
rence of decompensation was 18.7% (n = 65/347) and 6.7%
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TABLE 1 Baseline characteristics.

Characteristic

Not hepatic
decompensation
(n = 1020)

Hepatic
decompensation
(n = 118) p value

Age, years 53.3 (11.8) 60.7 (11.4) <0.001
Male, n (%) 678 (66.5) 66 (55.9) 0.03
Etiology, n (%) <0.001
Viral hepatitis 795 (77.9) 57 (48.3)
NASH 88 (8.6) 18 (15.3)
Alcohol 43 (4.2) 21 (17.8)
Othera 94 (9.2) 22 (18.6)

Body mass index, kg/m2 24.9 (4.1) 25.1 (4.7) 0.717
Creatinine, μmol/L 79.7 (73.3) 71.1 (36.9) 0.210
Total bilirubin, μmol/L 18.7 (15.7) 25.7 (24.9) <0.001
Albumin, g/L 41.6 (4.9) 36.6 (5.7) <0.001
LSM, kPa 18.0 (11.6) 33.9 (19.5) <0.001
PLT, ×109/L 147.2 (66.7) 92.1 (39.5) <0.001
Varices, n (%) 308 (30.2) 90 (76.3) <0.001
International normalized ratio 1.1 (0.1) 1.2 (0.2) <0.001
MELD 8.4 (2.6) 10.3 (3.5) <0.001
Child-Pugh class, n (%) 0.004
A 986 (96.7) 107 (90.7)
B 34 (3.3) 11 (9.3)

Not meeting Baveno VI criteria, n (%) 678 (66.5) 114 (96.6) <0.001
Not meeting Baveno VII criteria, n (%) 745 (73.0) 113 (95.8) <0.001
Follow-up, months 40.9 (27.9–54.5) 25.3 (13.6–37.6) <0.001

Note: Data are n (%), mean (standard deviation), or medium (interquartile range).
Abbreviations: LSM, liver stiffness measurement; MELD, model of end-stage liver disease; NASH, nonalcoholic steatohepatitis; PLT, platelet count.
aOther etiologies included autoimmune hepatitis, primary biliary cholangitis, primary sclerosing cholangitis, drug-induced liver injury, and cryptogenic cirrhosis;
Baveno VII criteria: PLT ≥150 × 109/L and LSM ≤15 kPa; Baveno VI criteria: PLT > 150 × 109/L and LSM < 20 kPa.

F IGURE 2 Multivariable Cox regression analysis of age as a predictor of hepatic decompensation. This forest plot displays the results of
a multivariable Cox regression analysis. CI, confidence interval; LSM, liver stiffness measurement; MELD, model of end-stage liver disease.
*Age corrected for covariates in brackets.



LIU et al. 5 of 11

TABLE 2 Clinical characteristics in the younger and older patients.

Characteristic The younger The older p value
Age, years 48.0 (8.3) 67.8 (6.1) <0.001
Male, n (%) 582 (73.6) 162 (46.7) <0.001
Etiology, n (%) <0.001
Viral hepatitis 655 (82.8) 197 (56.8)
NASH 41 (5.2) 65 (18.7)
Alcohol 33 (4.2) 31 (8.9)
Othera 62 (7.8) 54 (15.6)

Body mass index, kg/m2 25.1 (3.9) 24.6 (4.7) 0.067
Creatinine, μmol/L 76.5 (41.5) 84.0 (111.0) 0.098
Total bilirubin, μmol/L 19.7 (18.1) 18.7 (14.3) 0.354
Albumin, g/L 41.9 (5.0) 39.3 (5.4) <0.001
LSM, kPa 18.9 (13.0) 21.4 (14.5) 0.003
PLT, ×109/L 148.3 (69.0) 126.0 (57.7) <0.001
Varices, n (%) 251 (31.7) 147 (42.4) <0.001
International normalized ratio 1.1 (0.1) 1.1 (0.1) 0.297
MELD 8.5 (2.6) 9.0 (3.2) 0.007
Child-Pugh class, n (%) 0.557
A 762 (96.3) 331 (95.4)
B 29 (3.7) 16 (4.6)

Meeting Baveno VI criteria, n (%) 278 (35.1) 68 (19.6) <0.001
Meeting Baveno VII criteria, n (%) 228 (28.8) 52 (15.0) <0.001
Hepatic decompensation, n (%) 53 (6.7) 65 (18.7) <0.001
Follow-up, months 39.0 (25.7–52.6) 40.8 (26.8–54.4) 0.764

Note: Data are n (%), mean (standard deviation), or medium (interquartile range).
Abbreviations: LSM, liver stiffness measurement; MELD, model of end-stage liver disease; NASH, nonalcoholic steatohepatitis.
aOther etiologies included autoimmune hepatitis, primary biliary cholangitis, primary sclerosing cholangitis, drug-induced liver injury, and cryptogenic cirrhosis;
Baveno VII criteria: PLT ≥150 × 109/L and LSM ≤15 kPa; Baveno VI criteria: PLT > 150 × 109/L and LSM < 20 kPa.

(n = 53/791) in the older and younger groups, respectively,
(p < 0.001).

2.3 Risk stratification of hepatic
decompensation based on Baveno criteria
and age groups

In the total cohort, patients not meeting the B7C or B6C
criteria had a higher risk of developing decompensation
compared to those who met the criteria (both log-rank
tests: p < 0.001). The estimated 3-year cumulative inci-
dence of decompensation in patients meeting B7C or B6C
was 1.9% and 1.1%, respectively, whereas in those not meet-
ing the criteria, it was 10.9% and 11.9%, respectively. The
risk of hepatic decompensation was significantly higher
in the older group compared to the younger group among
patients not meeting B7C (aHR = 2.42 [95% CI 1.64–
3.59], p < 0.001) and B6C (aHR = 2.37 [95% CI 1.60–3.50],
p < 0.001) after adjusting the covariates of sex and center
(Figure 3A,B). Conversely, among patients who met B7C

and B6C, there was no significant difference in the risk of
hepatic decompensation between the older and younger
groups, with aHRs of 4.79 (95% CI 0.71–32.08, p = 0.107)
and 3.34 (95% CI 0.40–28.06, p = 0.267), respectively
(Figure 3C,D). Independent subgroup analyses conducted
in China, and other countries showed similar findings
(Table S1). Consistent with the results from the overall
cohort, we found no significant difference in the inci-
dence rate of decompensation between older and younger
patients in those meeting B7C and B6C groups; however,
among those not meeting B7C and B6C criteria, there
were significant differences between the older and younger
groups.
Furthermore, among individuals not meeting B7C crite-

ria, the proportion of varices was 47.5% (n= 140/295) in the
older group and 38.4% (n = 216/563) in the younger group
(p = 0.010, Figure 4A). Similarly, in those not meeting B6
criteria, the proportion of varices was 48.7% (n = 136/279)
in the older group and 41.3% (n = 212/513) in the younger
group (p = 0.044, Figure 4B). However, no significant dif-
ference in the proportion of varices between the older and
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F IGURE 3 The adjusted probability of free-hepatic decompensation between the older and younger groups in patients not meeting B7C
(A) or B6C (B), and those meeting B7C (C) or B6C (D). Covariates included sex (female [reference] vs. male) and country (other countries
[reference] vs. China). The adjusted curves were plotted using the direct standardization method by “adjustedCurves” package. aHR, adjusted
hazard ratio; B6C, Baveno VI criteria; B7C, Baveno VII criteria.

younger groups was observed among individuals meeting
B7C or B6C criteria (both p > 0.05, Figure 4C,D).

2.4 Incorporating age into the Baveno
criteria

We incorporated age into the Baveno criteria (Figure 5A).
According to the clinical pathway, individualswho fulfilled
the Baveno criteria were classified into the low-risk group.

Conversely, thosewhodid notmeet the Baveno criteria and
were under 60 years old were placed in the medium-risk
group. Finally, individuals who failed to meet the Baveno
criteria and were 60 years old or older were assigned to the
high-risk group.
The proportions of varices among the low-, medium-

, and high-risk groups were observed to be 15.1%
(n= 42/278), 38.3% (n= 216/564), and 47.3% (n= 140/296),
respectively. After adjusting for sex and center, the risk
of hepatic decompensation was 6.73-fold (aHR, 95% CI
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F IGURE 4 The distribution of varices between the older and younger groups in patients not meeting B7C (A) or B6C (B), and those
meeting B7C (C) or B6C (D). The statistical significance of the differences was evaluated using the chi-squared test. B6C, Baveno VI criteria;
B7C, Baveno VII criteria.

2.43–18.63, p < 0.001) and 16.24-fold (aHR, 95% CI 5.87–
44.90, p < 0.001) higher in the medium- and high-risk
groups, respectively, compared with the low-risk group
(Figure 5B). Furthermore, a comparison between the
medium- and high-risk groups revealed that the latter
exhibited a markedly increased risk of decompensation,
with an aHR of 2.45 (95% CI 1.66–3.62, p < 0.001). By
the end of follow-up, the proportion of hepatic decom-
pensation occurring in the low-, medium-, and high-risk
groups was 1.4% (n = 4/278), 9.0% (n = 51/564), and 21.3%
(n = 63/296), respectively (p < 0.001).

3 DISCUSSION

In the international, multicenter cohort study, we iden-
tified age as an independent predictor of hepatic decom-
pensation in patients with compensated cirrhosis. Impor-

tantly, our findings revealed that age exerted distinct
prognostic implications at different stages of compen-
sated cirrhosis. Specifically, older patients who did not
satisfy the Baveno criteria exhibited a significantly ele-
vated risk of hepatic decompensation compared to the
younger patients. However, among patients who did meet
the Baveno criteria, we did not observe a significant dif-
ference in the risk of hepatic decompensation among
different age groups. These results underscore the impor-
tance of considering age when applying the B7C and B6C.
Consequently, we developed a novel clinical pathway that
integrates both the Baveno criteria and age, facilitating
a more comprehensive evaluation of the risk of hepatic
decompensation.
As the WHO declares the advent of a global aging era,

there is a growing emphasis on understanding the impact
of age on disease prognosis.17,18 Although few studies have
explored the value of age in predicting hepatic decompen-
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F IGURE 5 The pathway of Baveno criteria in combination with age groups to stratify the risk of hepatic decompensation (A) and the
adjusted probability of free-hepatic decompensation in different risk groups (B). Meeting the Baveno criteria is defined as satisfying the
Baveno VII criteria and Baveno VI criteria simultaneously. Otherwise, it is considered not to meet the Baveno criteria. Covariates included sex
(female [reference] vs. male) and country (other countries [reference] vs. China). The adjusted curves were plotted using the direct
standardization method by “adjustedCurves” package.

sated among patients with compensated cirrhosis, there
has been substantial evidence indicating a strong associ-
ation between age and worse prognosis in patients with
chronic liver disease.14,15,19 de Jongh FE et al. showed that
age was an independent prognostic factor related to sur-
vival in chronic hepatitis B.20 Similarly, Weissberg JI et al.
identified patients aged ≥40 years as having worse out-
comes in chronic hepatitis B.21 In addition, D’Amico and
colleagues reviewed 118 studies and concluded that agewas
the only variable found to have predictive value for survival
that is not part of the Child-Pugh score and/or its parame-
ters in patients with cirrhosis.5 The evidence shows that
age needs to be given enough attention in patients with
compensated cirrhosis. Albeit with the different cut-off
values of age due to different research purposes in previous
studies, the present study found that 60 years old is the best
cut-off value to stratify the risk of hepatic decompensation
in compensated cirrhosis.
In the current study, the risk of hepatic decompensation

was found to increase with age in patients with compen-
sated cirrhosis. Similarly, a study performed by Lin H et al.
found that the relative importance of liver-related death
increases with age in patients with NAFLD.22 Further-
more, in patients with NAFLD combined with diabetes,
age was able to predict the occurrence of liver-related
events.23 The detailed pathophysiological mechanisms of
how age is involved in predicting the occurrence of hepatic
decompensation are beyond the scope of this paper. How-
ever, according to previous reports, aging may lead to an
increase in portal blood flow and intrahepatic resistance

through complex mechanisms, which drive the develop-
ment of portal hypertension.24–26 In this study, we also
observed that older patients, compared to younger ones,
had significantly higher LSM and proportion of varices.
Notably, the risk of other chronic diseases increases in the
elderly, such as heart disease, diabetes, and musculoskele-
tal conditions, and the interaction of these conditions
may accelerate the natural course of deterioration in
compensated cirrhosis.12,27,28
To bemore adaptable to clinical practice, we explored for

the first time the value of combining the Baveno criteria
and age groups for risk stratification of hepatic decom-
pensation. Interestingly, we found that age demonstrated
a disparate impact on prognosis in those who met and
those who did not meet the Baveno criteria. In patients
who did not fulfill the Baveno criteria, the occurrence of
hepatic decompensation was significantly higher in the
older group than in the younger group. However, in those
who met the Baveno criteria, no significant difference
in the occurrence of decompensation events between the
younger and older groups was observed. The possible rea-
son for this is that liver functionwas better preserved in the
younger group, and the effect of age had a lower impact
on prognosis.25,26 Additionally, in patients not meeting
Baveno criteria, we also observed a higher percentage of
varices in older patients compared to younger patients. Yet,
no similar differences were observed in patients meeting
Baveno criteria. Overall, these results suggested that age
might have different effects at different disease stages in
patients with compensated cirrhosis.
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Based on these results, we constructed a new clinical
pathway to divide patientswith compensated cirrhosis into
low-,medium-, and high-risk groupswith significantly dif-
ferent risks of decompensation. First, performing more
invasive examinations (e.g., HVPG and endoscopy) is not
recommended in all older patients. Because the risk of
decompensation is low in the low-risk group (even in
older individuals), HVPG and endoscopy can be avoided
in these patients. However, for patients who do not fulfill
the Baveno criteria, we recommend that more aggressive
measures should be taken if no contraindications exist,
regardless of age. It is worth noting that older patients
who did not fulfill the Baveno criteria were individually
classified into the high-risk group, as their risk of decom-
pensation was significantly higher. Therefore, for the
high-risk group, a comprehensive diagnostic assessment is
necessary, and closer follow-up should be given even after
discharge, as timely detection of portal hypertension and
varices in patients is essential to estimate the risk of hepatic
decompensation and to guide therapeutic decisions.
The present study has several strengths. First, this is

an international multicenter cohort study demonstrating
the relationship between age and hepatic decompensation,
which makes our results more generalizable. Second, age
is a readily available indicator that does not require any
clinical examination, nor does it increase the cost of diag-
nosis and treatment. Therefore, our results are simple and
practical that can be applied to routine clinical practice.
We acknowledged that there are limitations. First, there
are inherent confounding biases due to the retrospective
nature of the study design. Second, viral hepatitis is the
primary etiology in the present cohort. The applicability of
the findings to patients with predominantly other etiolo-
gies of cirrhosis remains to be further validated. Finally,
HVPG was unavailable in this study.
In conclusion, the current study demonstrated that

incorporating age into the Baveno criteria can significantly
improve the evaluation of hepatic decompensation risk.
Age greater than or equal to 60 years predicts a higher risk
of hepatic decompensation in patients with compensated
cirrhosis who do not fulfill the Baveno criteria. Therefore,
age should be considered before discharging patients with
compensated cirrhosis from the surveillance of hepatic
decompensation.

4 MATERIALS ANDMETHODS

4.1 Study design and participants

This international, multicenter cohort study was initi-
ated by the Liver Health Consortium in China (CHESS).
From January 2009 to August 2020, eligible patients were

recruited from three centers in China (Tianjin Second
People’s Hospital, Ruijin Hospital, The Fifth Hospital of
Shijiazhuang), one center in Singapore (Changi General
Hospital), one center in South Korea (Korea University
Ansan Hospital), two centers in Japan (Ehime Univer-
sity Graduate School of Medicine and Hyogo College of
Medicine Hospital), and one center in Egypt (Zagazig Uni-
versity Faculty of Medicine). Demographic, routine labo-
ratory, and anthropometric variables were collected from
patients. All patients underwent a transient elastography
(TE) examination. The inclusion criteria were as follows:
(1) age 18 years or older; (2) fulfilled the diagnosis of
compensated cirrhosis based on available hospital records,
including histological, radiological, and clinical features.
Notably, patients were not required to be first diagnosed
with compensated cirrhosis. The following patients were
excluded: (1) previous hepatic decompensation; (2) hepa-
tocellular carcinoma; (3) previous liver transplantation;(4)
portal vein thrombosis; (5) antiplatelet or anticoagulation;
(6) alcoholic cirrhosis with significantly ongoing alcohol
intake; (7) not receiving primary prophylaxis of the first
hepatic decompensation (e.g., nonselective beta-blockers
or endoscopic variceal ligation); (8) non-sinusoidal por-
tal hypertension; and (9) incomplete follow-up data. All
eligible patients were routinely followed up at 6-month
intervals to monitor hepatic decompensation and death.
The present study was authorized by the ethics committee
of the First Hospital of LanzhouUniversity (LDYYLL2020-
19) and complied with the 1975 Declaration of Helsinki.
In light of the retrospective nature of the study, the
requirement for informed consent was waived.

4.2 Transient elastography

Following the manufacturer’s guidelines, the LSM was
assessed by trained operators utilizing TE with the
FibroScan (Echosens). The following results were consid-
ered reliable: at least 10 valid acquisitions, IQR less than
30%, and successful rate greater than 60%. The median
value represents the patient’s final examination results,
expressed in kPa. Patients with unreliable results were
excluded from the study.

4.3 Definition and outcomes

According to the Baveno consensus, meeting B7C is
defined as having a PLT ≥ 150 × 109/L and LSM ≤15 kPa;
meeting B6C is defined by a PLT > 150 × 109/L and
LSM< 20 kPa. Thus,meeting the Baveno criteria is defined
as satisfying the B6C and B7C criteria simultaneously.
Otherwise, it is considered not to meet the Baveno criteria.
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The primary endpoint was the time to the first hepatic
decompensation (variceal bleeding, ascites, or hepatic
encephalopathy). Patients were censored at the time of
hepatic decompensation, death, and the last follow-up,
respectively. To reduce reporting bias, we only incor-
porated the following objective endpoints in the study:
clinically significant ascites that required paracentesis or
diuretic therapy, variceal bleeding documented by esopha-
gogastroduodenoscopy, and overt hepatic encephalopathy
(defined as west-haven Grade 2 and beyond) determined
by experts.

4.4 Statistical analysis

Continuous variables were represented as mean (SD)
or median (IQR). Categorical variables were denoted by
counts and percentages (%). Qualitative variables were
analyzed using either the chi-square test or Fisher’s
exact test, whereas quantitative variables were compared
through Student’s t-test or Mann–Whitney U-test. The
median follow-up time was determined utilizing the
reverse Kaplan–Meier method. The restricted cubic spline
with four knots (5th, 35th, 65th, and 95th centiles) was used
to analyze the relation of age (continuous variable) and
HR of first hepatic decompensation by “rms” package.29
In addition, we employed Cox proportional hazards
regression analyses to examine the relationship between
age and the time to hepatic decompensation. For sufficient
sample size for analysis, we classified the countries into
two groups: China and other countries. In the multi-
variate analysis, we adjusted sex and center (China and
other countries) to reduce the influence of confounding
factors. Further, the optimal cut-off point for age (years),
corresponding to the most significant association with
hepatic decompensation, was determined by maximally
selected rank statistics using “maxstat” for time to the
development of hepatic decompensation.30,31 In addition,
the adjusted probability of free-hepatic decompensation
was calculated with the direct standardization method,
and adjusted curves were plotted by “adjustedCurves”
package.32,33 The probability of decompensation among
different risk groups was compared using the long-rank
test. All statistical tests were conducted as two-sided, with
a significance threshold set at p < 0.05. Data management
and analysis were performed using SPSS 25.0 (IBM) and
R V.4.1.3 (R core team) with the additional packages
survival, survminer, rms, adjustedCurves, and so on.
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