
Research Article
Impact of Age on Mortality and Decompensation Events in
Patients With Liver Cirrhosis: A Multicenter, Propensity Score
Matched Study

Muhammad Shabbir ,1,2 Miguel Salazar,1,2 and Zeid Kayali 1,2

1Department of Gastroenterology and Hepatology, University of California, Riverside, California, USA
2Inland Empire Clinical Trials, Rialto, California, USA

Correspondence should be addressed to Muhammad Shabbir; shikaibshabbir@gmail.com

Received 19 July 2025; Revised 6 October 2025; Accepted 14 October 2025

Academic Editor: Amal Santra

Copyright © 2025 Muhammad Shabbir et al. International Journal of Hepatology published by John Wiley & Sons Ltd. This is an
open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and
reproduction in any medium, provided the original work is properly cited.

Background: The incidence of cirrhosis is increasing in the older population. Limited data are available on the disease progression
and mortality in the older population with cirrhosis. This study is aimed at evaluating the impact of age at diagnosis on all-cause
mortality and decompensation events in patients with liver cirrhosis.
Methods: This is a retrospective cohort study utilizing TriNetX. ICD codes were used to identify individuals with the diagnosis of
liver cirrhosis between the ages of 20 and 80. Patients with the diagnosis of congestive heart failure (CHF), end-stage renal disease
(ESRD), chronic kidney disease (CKD) Stage IV and V, human immunodeficiency virus (HIV), malignant neoplasm, and
psychoactive substance abuse were excluded from the analyses. Patients were divided into two cohorts: Cohort 1 included
individuals with the diagnosis of liver cirrhosis between the ages of 51 and 80, and Cohort 2 included individuals with the
diagnosis between the ages of 20 and 50. Statistical analyses were conducted using TriNetX Live. A 1:1 propensity score
matching was performed for variables including race, gender, ethnicity, comorbidities, laboratory values for MELD 3.0, and
etiology of liver cirrhosis. There were 70,983 patients in each cohort after matching. The primary outcome was all-cause
mortality, and the composite outcome of decompensation events at 5- and 10-year intervals from the age of diagnosis of liver
cirrhosis. Secondary outcomes included the risk of decompensation events, all-cause hospitalization at 5-year intervals, and a
subgroup analysis of all-cause mortality and decompensation events among males and females.
Results: Older age at diagnosis of liver cirrhosis was associated with increased all-cause mortality at 5 years (aOR 1.378, 95% CI:
1.335–1.422; p < 0 001) and 10 years (aOR 1.418, 95% CI: 1.376–1.462; p < 0 001). These patients also demonstrated an increased
risk of decompensation events at 5 years (aOR 1.236, 95% CI: 1.199, 1.275; p < 0 001) and at a 10-year interval (aOR 1.266, 95%
CI: 1.229, 1.305; p < 0 001). At 5-year intervals, these patients (Cohort 1) were found to have an increased risk of variceal bleeding
(aOR 1.309, 95% CI: 1.258–1.361; p < 0 001), ascites (aOR 1.114, 95% CI: 1.052–1.180; p < 0 001), hepatic encephalopathy (aOR
1.1, 95% CI: 1.026–1.180; p < 0 001), hepatopulmonary syndrome (aOR 1.45, 95% CI: 0.820–2.564; p = 0 101), and hepatocellular
carcinoma (aOR 2.924, 95% CI: 2.477–3.453, p < 0 001). Conversely, in younger patients, there were increased odds of developing
spontaneous bacterial peritonitis (SBP) (aOR 0.848, 95% CI: 0.720–0.998, p = 0 02) and hepatorenal syndrome (HRS) (aOR 0.753,
95% CI: 0.651–0.871, p < 0 01). The differences were persistent in a subgroup analysis among males (mortality, aOR 1.37, 95% CI:
1.319, 1.424; p < 0 001) and females (mortality aOR 1.384, 95% CI: 1.311, 1.462; p < 0 001).
Conclusion: Older age at diagnosis of liver cirrhosis is associated with increased all-cause mortality and key decompensation
events. Certain conditions, like SBP and HRS, are more common in the younger population, likely due to increased alcohol
abuse. Early detection of portal hypertension and early appropriate prophylaxis for variceal bleeding can provide benefit in this
high-risk population, although the exact impact of such strategies needs further studies. Besides early recognition, alcohol
remains a key factor that needs to be concomitantly addressed as it drives life-threatening decompensating events.
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1. Introduction

The global demographic shift toward an aging population
has significant implications for chronic liver disease man-
agement, particularly cirrhosis. As life expectancy increases
due to advancements in healthcare, social, and economic
development, the prevalence of cirrhosis is expected to rise
in the elderly population [1, 2].

Cirrhosis remains a major global health concern. Even
though age-standardized mortality rates have stabilized,
the absolute number of cirrhosis cases and deaths con-
tinues to rise [3]. The incidence of cirrhosis in elderly
patients is expected to increase due to the increase in prev-
alence of metabolic dysfunction–associated liver disease
(MASLD) [4].

Aging leads to important physiologic changes in the
liver, including a reduction in liver blood flow and volume.
This leads to reduced regenerative potential and weakened
intrahepatic immunity due to decreased function of Kupffer
cells [5–7]. Survival outcomes differ between age groups,
with older patients generally exhibiting poorer survival due
to frailty, multiorgan failure, and limited eligibility for liver
transplants [8].

This has been attributed to the fact that elderly patients
are not usually candidates for liver transplantation, either
due to age or related severe comorbidities, and they have
poor tolerance to the treatment of decompensation, specifi-
cally ascites and hepatic encephalopathy (HE) [9–11]. Previ-
ous studies assessing the impact of aging on clinical
outcomes of cirrhosis in elderly patients had certain limita-
tions, including single-center designs, small sample size, uti-
lizing a limited number of variables that might impact
survival, and a lack of population diversity. To address these
limitations, we conducted a multicenter, large-scale study
with a diverse population utilizing real-world data.

This study is aimed at evaluating the impact of age at
diagnosis on all-cause mortality and decompensation events
in patients with liver cirrhosis. By understanding how age
influences the incidence and progression of these complica-
tions, the study will provide insights into the challenges of
managing this growing population of aging patients with cir-
rhosis. Furthermore, it will provide direction for future
research aimed at refining treatment approaches for both
younger and older patients with liver disease.

2. Study Design

The primary endpoint was all-cause mortality and the com-
posite outcome of decompensation events at 5-year and 10-
year intervals from the age of diagnosis of liver cirrhosis
among the two cohorts. Cohort 1 included individuals with
the diagnosis of liver cirrhosis between the age of 51 and
80, and Cohort 2 included individuals with the diagnosis
of liver cirrhosis between the age of 20 and 50. Secondary
end points included the odds of decompensation events,
including esophageal varices with bleeding, ascites, sponta-
neous bacterial peritonitis (SBP), hepatorenal syndrome
(HRS), hepatopulmonary syndrome (HPS), HE, risk of hos-
pitalization, and hepatocellular carcinoma (HCC) during

the 5-year interval, and a subgroup analysis among males
and females.

3. Methods

TriNetX, a global health research network, provided access
to electronic medical records (diagnoses, procedures, medi-
cations, laboratory values, and genomic information) from
approximately one hundred million patients from 141
healthcare organizations (HCOs).

This study was performed on August 08, 2025, on the
global collaborative network. All data collection, processing,
and transmission were done in compliance with all Data
Protection laws applicable to the contributing HCOs, includ-
ing the European Union's (EU) General Data Protection
Regulation 2016/679, which protects the processing of per-
sonal data, and the US federal laws, specifically the Health
Insurance Portability and Accountability Act, which protects
the privacy and security of healthcare data.

TriNetX is International Organization for Standardiza-
tion (ISO) 27001:2013 certified and maintains a robust IT
security program that protects both personal data and
healthcare data. The analysis was done with TriNetX LIVE
built-in analytics.

The global collaborative network is a distributed net-
work, and analytics are performed at the HCO, with only
aggregate results being returned to the platform. Interna-
tional Classification of Disease, Tenth Revision, Clinical Mod-
ification (ICD-10-CM) codes were used to identify cohorts.

Inclusion criteria included patients with the diagnosis of
liver cirrhosis with an age at diagnosis between 20 and 80.
Patients with the diagnosis of ESRD, CKD Stage IV and V,
heart failure, malignant neoplasm, HIV, and psychoactive
substance abuse were excluded from the study. In addition,
patients with any decompensation event prior to the onset
of liver cirrhosis were excluded from the analysis (Table S1).

The total pool meeting the above criteria was further
subdivided into two cohorts. Cohort 1 included individuals
with a diagnosis of liver cirrhosis with the age at diagnosis
between 51 and 80, and Cohort 2 included individuals with
the age at diagnosis between 20 and 50.

The index event for both groups was defined as the onset
of liver cirrhosis. To avoid overlap between the two groups
and to ensure that the groups are mutually exclusive,
patients with a diagnosis of liver cirrhosis between the ages
of 20 and 50 were excluded from Cohort 1 and vice versa.

The most common etiology of liver cirrhosis was fatty
liver (10.3% vs. 10.1%, p = 0 194), followed by chronic viral
hepatitis C (4.5% vs. 4.5%, p = 0 759) and alcoholic liver dis-
ease (4.2% vs. 4.2%, p = 0 50).

A flow chart diagram with the inclusion and exclusion
criteria is shown in Figure 1. The primary endpoint, all-
cause mortality, is determined when the patient becomes
deceased in the TriNetX network. The platform tests for
mortality by various methods, including a recorded death
event in the electronic health record (EHR) a discharge code
indicating death. Secondary outcomes were assessed using
the ICD-10 codes (Table S2).
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This study is exempt from informed consent. The data
reviewed is a secondary analysis of existing data, does not
involve intervention or interaction with human subjects,
and is deidentified per the deidentification standard defined
in Section §164.514(a) of the HIPAA Privacy Rule. The pro-
cess by which the data is deidentified is attested to through a
formal determination by a qualified expert as defined in Sec-
tion §164.514(b)(1) of the HIPAA Privacy Rule.

4. Statistical Analysis

All statistical analyses were performed using TriNetX
through its browser-based real-time analytics platform, Tri-
NetX Live (TriNetX LLC). The baseline characteristics of
both cohorts were defined using the mean and standard

deviation (SD). One-to-one (1:1) propensity score matching
(PSM) was performed for gender, race, ethnicity, BMI, dia-
betes mellitus (DM), ischemic heart disease, other forms of
heart disease, cerebral infarction, chronic lower respiratory
disease, hypertensive disorders, peripheral vascular disease,
lab values for MELD 3.0 (serum bilirubin, albumin, INR,
serum sodium, and serum creatinine), fatty liver, alcoholic
liver disease, toxic liver disease, and chronic viral hepatitis
B and C. These variables were selected because they have
been found to impact survival in patients with liver cirrhosis.
PSM was performed using the TriNetX platform, which
applies logistic regression to estimate propensity scores
based on user-defined covariates. Matching was conducted
using a greedy nearest-neighbor algorithm with a caliper
width of 0.1 pooled SDs. To minimize selection bias, the

TriNetX [global collaborative
network]

(08/08/2025)

Diagnosis of liver cirrhosis
(n = 891324)

Age >20
(n = 887437)

Total pool meeting inclusion
criteria

(365640)

Patients with diagnosis
of liver cirrhosis

between age of 51 to 80
(n = 281567)

Patients in Cohort 1 excluded
individuals with diagnosis of liver

cirrhosis between 21 to 50 and vice
versa

Propensity score matching 1:1 for
race, gender, ethnicity, BMI,

comorbidities, lab values for MELD
3.0 and etiology of liver cirrhosis

Control group before
PSM

(n = 83024)

Control group after PSM
(n = 70983)

Primary outcome: all-cause mortality at 5 years and 10 years
secondary outcomes: decompensation events at 5 years and 10

years, subgroup analyses among male and female cohorts

Experimental group
before PSM

(n = 241197)

Experimental group after
PSM

(n = 70983)

Patients with diagnosis of
liver cirrhosis between the

age of 21 to 50
(n = 98240)

Exclusion criteria
Diagnosed with HIV
diagnosed with CHF

diagnosed with neoplasm
diagnosed with ESRD, CKD Stage IV and V

psychoactive substance abuse
any decompensation event prior to liver

cirrhosis

Figure 1: Age at diagnosis is a predictor of mortality in patients with liver cirrhosis.
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platform randomizes the order of rows prior to matching.
Postmatching p values assess the balance of covariates
between cohorts. The t-test was used to compare numerical
lab values, and the chi-square was used to compare categor-
ical lab values. Following matching, outcomes were analyzed
using adjusted odds ratios (aORs) with 95% confidence
intervals (CI). Two-sided p values less than 0.05 were con-
sidered statistically significant. The platform uses R's sur-
vival package v3.2-3 to calculate the hazard ratio (HR).

5. Results

There were 70,983 patients in each cohort after PSM
(Figure 2). A table of baseline demographics, comorbidities,
etiology of liver cirrhosis, and means of laboratory values is
shown in Table 1.

Mean current age of Cohort 1 was 69 1 ± 8 years com-
pared to 47 9 ± 9 years in Cohort 2. Mean age at index event
was 62 4 ± 7 4 years versus 40 9 ± 7 3 years, respectively
(p < 0 001). The majority of the patients were White
(58.3% vs. 58.0%, p = 0 186) and African American (6.5%
vs. 6.9%, p = 0 001). Male patients had a higher proportion
than females in both cohorts (61.5% vs. 61.4% male, p =
0 731; 38.5% vs. 38.6% females, p = 0 756). Among the eth-
nicities, the majority were non-Hispanic (53.2%, p = 0 836),
Hispanic (12.5%, p = 0 974), and Asian (9.4% vs. 8.9%, p =
0 002).

A significant proportion of patients had DM (9.4% vs.
9.4%, p = 0 993) and chronic lower respiratory diseases
(7.6% vs. 7.6%, p = 0 609). The proportion of ischemic heart
disease and other forms of heart disease was 2% (p = 0 317)
and 6% (p = 0 717), respectively, in both cohorts.

The most common etiology of liver cirrhosis was fatty
liver (10.3% vs. 10.1%, p = 0 194), followed by chronic viral
hepatitis C (4.5% vs. 4.5%, p = 0 759). Mean MELD 3.0 at
baseline was 10 for males and 12 for females, for both

cohorts. Mean MELD 3.0 at a 10-year interval was 20 in
males and 21 in females in Cohort 1 and 19 in males and
20 in females in Cohort 2 (Table 2). Mean laboratory values
of both cohorts at 5- and 10-year intervals are shown in
Tables 3 and 4, respectively (Table S3).

Older age at diagnosis of liver cirrhosis (Cohort 1) was
associated with increased all-cause mortality at 5 years
(aOR 1.378, 95% CI: 1.335, 1.422; p < 0 001) and 10 years
(aOR 1.418, 95% CI: 1.376, 1.462; p < 0 001) (Tables 5 and
6). These patients also demonstrated increased odds of
decompensation events (composite outcome) at 5 years
(aOR 1.236, 95% CI: 1.199, 1.275; p < 0 001) and 10 years
(aOR 1.266, 95% CI: 1.229, 1.305; p < 0 001).

At a 5-year interval, Cohort 1 was found to have
increased risk of variceal bleeding (aOR 1.309, 95% CI:
1.258–1.361, p < 0 001), ascites (aOR 1.114, 95% CI: 1.052–
1.180, p < 0 001), HE (aOR 1.1, 95% CI: 1.026–1.180, p <
0 001), and HPS (aOR 1.45, 95% CI: 0.820–2.564, p = 0 10
). The odds of developing HCC were markedly elevated in
older patients (aOR 2.924, 95% CI: 2.477–3.453, p < 0 001),
indicating a strong predisposition of age at index event to
malignant transformation. Conversely, in younger patients,
there were increased odds of developing SBP (aOR 0.848,
95% CI: 0.720–0.998, p = 0 02) and HRS (aOR 0.753, 95%
CI: 0.651–0.871; p < 0 001) (Table 5 and Figure 3).

In a subgroup analysis, among older versus younger
male patients, the differences were persistent at 5 years,
including all-cause mortality (aOR 1.370, 95% CI: 1.319–
1.424; p < 0 001), composite outcome of decompensation
events (aOR 1.216, 95% CI: 1.171–1.264; p < 0 001), variceal
bleeding (aOR 1.208, 95% CI: 1.150, 1.268; p < 0 001), ascites
(aOR 1.207, 95% CI: 1.122, 1.299; p < 0 001), HE (aOR 1.19,
95% CI: 1.088, 1.301; p < 0 001), and HCC (aOR 2.782, 95%
CI: 2.317, 3.340; p < 0 001). Cohort 2 (younger males) had
increased odds of HRS (aOR 0.827, 95% CI: 0.697, 0.982; p
= 0 015) and SBP (aOR 0.743, 95% CI: 0.605, 0.912; p =
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Figure 2: Graph before and after propensity score matching.
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TABLE 1: Baseline demographics, comorbidities, and lab values before and after propensity score matching.

Characteristic

Before propensity score matching After propensity score matching
Older patients

with liver
cirrhosis

(n = 241, 197)

Younger
patients with
liver cirrhosis
(n = 83, 024)

Standardized
mean

difference
p value

Older patients
with liver
cirrhosis

(n = 70, 983)

Younger
patients with
liver cirrhosis
(n = 70, 983)

Standardized
mean

difference
p value

Age, mean (SD) 69.6 (7.9) 47.9 (9.0) 2.565 < 0.001 69.1 (8.0) 47.9 (9.0) 2.493 < 0.001

Age at index 63.1 (7.5) 40.8 (7.3) 3.029 < 0.001 62.4 (7.4) 40.9 (7.3) 2.936 < 0.001

Sex

Female 96,164 (41.3) 27,715 (38.5) 0.058 < 0.001 27,312 (38.5) 27,369 (38.6) 0.002 0.756

Male 136,715 (58.7) 44,329 (61.5) 0.058 < 0.001 43,646 (61.5) 43,583 (61.4) 0.002 0.731

Race and ethnicity

American Indian
or Alaska Native

1978 (0.8) 1615 (2.2) 0.113 < 0.001 1444 (2.0) 1441 (2.0) < 0.001 0.955

Asian 13,253 (5.7) 6486 (9.0) 0.127 < 0.001 6661 (9.4) 6326 (8.9) 0.016 0.002

Black or African
American

19,558 (8.4) 4956 (6.9) 0.057 < 0.001 4600 (6.5) 4909 (6.9) 0.017 0.001

White 147,952 (63.5) 41,612 (57.7) 0.118 < 0.001 41,413 (58.3) 41,167 (58.0) 0.007 0.186

Hispanic or
Latino

21,218 (9.1) 9094 (12.6) 0.113 < 0.001 8844 (12.5) 8848 (12.5) < 0.001 0.974

Non-Hispanic or
Latino

128,744 (55.3) 38,404 (53.3) 0.040 < 0.001 37,738 (53.2) 37,777 (53.2) 0.001 0.836

Native Hawaiian
or other Pacific
Islander

856 (0.4) 313 (0.4) 0.011 0.011 279 (0.4) 311 (0.4) 0.007 0.187

Unknown race 40,599 (17.4) 13,269 (18.4) 0.026 < 0.001 12,991 (18.3) 13,122 (18.5) 0.005 0.37

Unknown
ethnicity

83,019 (35.6) 24,577 (34.1) 0.032 < 0.001 24,401 (34.4) 24,358 (34.3) 0.001 0.81

Diagnosis

Diabetes mellitus 40,085 (17.2) 6756 (9.4) 0.232 < 0.001 6704 (9.4) 6703 (9.4) < 0.001 0.993

Other forms of
heart disease
(deprecated 2021)

24,622 (10.6) 4234 (5.9) 0.172 < 0.001 4166 (5.9) 4133 (5.8) 0.002 0.717

Ischemic heart
diseases

17,674 (7.6) 1403 (1.9) 0.267 < 0.001 1349 (1.9) 1401 (2.0) 0.005 0.317

Chronic lower
respiratory diseases

25,348 (10.9) 5477 (7.6) 0.113 < 0.001 5411 (7.6) 5360 (7.6) 0.003 0.609

Cerebral
infarction

3856 (1.7) 327 (0.5) 0.118 < 0.001 306 (0.4) 327 (0.5) 0.004 0.403

Fatty (change of)
liver, not elsewhere
classified

22,491 (9.7) 7664 (10.6) 0.032 < 0.001 7318 (10.3) 7170 (10.1) 0.007 0.194

Other
inflammatory liver
diseases

11,705 (5.0) 3951 (5.5) 0.021 < 0.001 3627 (5.1) 3762 (5.3) 0.009 0.107

Alcoholic liver
disease

5374 (2.3) 3824 (5.3) 0.157 < 0.001 2955 (4.2) 3006 (4.2) 0.004 0.5

Toxic liver
disease

2103 (0.9) 856 (1.2) 0.028 < 0.001 769 (1.1) 788 (1.1) 0.003 0.628

Chronic viral
hepatitis C

17,654 (7.6) 3189 (4.4) 0.133 < 0.001 3210 (4.5) 3186 (4.5) 0.002 0.759

Chronic viral
hepatitis B without
delta-agenta

3551 (1.5) 1456 (2.0) 0.038 < 0.001 1262 (1.8) 1399 (2.0) 0.014 0.007

Neoplasms 47,050 (20.2) 7020 (9.7) 0.296 < 0.001 7020 (9.9) 7003 (9.9) 0.001 0.88
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0 002) (Tables 7 and 8 and Figure 4). In a subgroup analysis
within female patients (older versus younger), Cohort 1
compared to Cohort 2 was found to have increased risk of
all-cause mortality (aOR 1.384, 95% CI: 1.311, 1.462; p <
0 001), composite outcome (aOR 1.308, 95% CI: 1.245,
1.374; p < 0 001), variceal bleeding (aOR 1.568, 95% CI:
1.468, 1.674; p < 0 001), and HCC (aOR 3.648, 95% CI:
2.481, 5.364; p < 0 001). There was no statistically significant
difference in ascites, SBP, HRS, HPS, and HE among the two
cohorts (Tables 9 and 10 and Figure 5) (Tables S4 and S5).

TABLE 1: Continued.

Characteristic

Before propensity score matching After propensity score matching
Older patients

with liver
cirrhosis

(n = 241, 197)

Younger
patients with
liver cirrhosis
(n = 83, 024)

Standardized
mean

difference
p value

Older patients
with liver
cirrhosis

(n = 70, 983)

Younger
patients with
liver cirrhosis
(n = 70, 983)

Standardized
mean

difference
p value

Hypertensive
diseasesa

68,160 (29.3) 10,965 (15.2) 0.343 < 0.001 11,154 (15.7) 10,859 (15.3) 0.011 0.031

Other peripheral
vascular diseases

5078 (2.2) 424 (0.6) 0.137 < 0.001 394 (0.6) 422 (0.6) 0.005 0.326

Autoimmune
hepatitis

2151 (0.9) 957 (1.3) 0.038 < 0.001 919 (1.3) 929 (1.3) 0.001 0.815

Inflammatory
liver disease,
unspecified

3705 (1.6) 1498 (2.1) 0.036 < 0.001 1323 (1.9) 1366 (1.9) 0.004 0.402

Nonalcoholic
steatohepatitis
(NASH)

6111 (2.6) 1632 (2.3) 0.023 < 0.001 1541 (2.2) 1591 (2.2) 0.005 0.366

Alcoholic liver
disease, unspecified

2573 (1.1) 1404 (1.9) 0.069 < 0.001 1193 (1.7) 1242 (1.7) 0.005 0.317

Alcoholic
hepatitis

2285 (1.0) 2409 (3.3) 0.163 < 0.001 1648 (2.3) 1659 (2.3) 0.001 0.847

Alcoholic fatty
liver

933 (0.4) 486 (0.7) 0.037 < 0.001 386 (0.5) 413 (0.6) 0.005 0.338

Laboratory values,
mean (SD)

Bilirubin total
(mass/volume) in
serum, plasma, or
blood

1.2 (2.6) 1.8 (3.9) 0.186 < 0.001 1.4 (2.8) 1.8 (3.8) 0.001 0.828

INR in plasma or
blood

1.2 (0.4) 1.2 (0.4) 0.048 < 0.001 1.2 (0.4) 1.2 (0.4) 0.008 0.146

Creatinine
(mass/volume) in
serum, plasma, or
blood

1.1 (4.2) 0.9 (3.0) 0.043 < 0.001 1.1 (4.3) 0.9 (3.0) 0.001 0.863

Sodium (moles/
volume) in serum,
plasma, or blood

138.2 (4.0) 138.0 (3.7) 0.061 < 0.001 138.2 (4.0) 138.0 (3.7) 0.001 0.816

Albumin (mass/
volume) in serum,
plasma, or blood

3.8 (0.7) 3.8 (0.8) 0.068 < 0.001 3.7 (0.7) 3.8 (0.7) < 0.001 0.987

BMI 30.0 (7.3) 30.8 (8.9) 0.095 < 0.001 29.5 (7.2) 30.9 (8.9) 0.001 0.822

Note: Bolded data are outcomes that were statistically significant after PSM.
aOutcomes were statistically significant even after PSM.

TABLE 2: Progression of MELD 3.0.

Cohort Sex
MELD 3.0
at diagnosis

MELD 3.0
at 5-year
interval

MELD 3.0
at 10-year
interval

Cohort 1 Male 10 17 20

Cohort 1 Female 12 18 21

Cohort 2 Male 10 17 19

Cohort 2 Female 12 18 20
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TABLE 3: Lab test values in patients with liver cirrhosis at 5 years. INR, international normalized ratio.

Lab test Mean + SD of Cohort 1 Mean + SD of Cohort 2 p value

Aspartate aminotransferase (enzymatic activity/volume) 92 257 ± 526 859 109 116 ± 565 823 < 0.001
Alanine aminotransferase (enzymatic activity/volume) 51 636 ± 167 841 61 471 ± 174 168 < 0.001
INR in plasma or blood 1 333 ± 0 700 1 416 ± 0 834 < 0.001
Alkaline phosphatase (enzymatic activity/volume) 126 104 ± 119 816 130 993 ± 124 333 < 0.001
Albumin (mass/volume) in serum, plasma, or blood 3 545 ± 0 840 3 621 ± 0 865 0.337

Bilirubin (mass/volume) in serum, plasma, or blood 2 324 ± 5 516 3 403 ± 7 273 0.008

Creatinine (mass/volume) in serum, plasma, or blood 1 455 ± 6 787 1 212 ± 4 718 0.001

Serum sodium (moles/volume) in serum, plasma, or blood 138 132 ± 4 865 137 839 ± 4 455 < 0.001

TABLE 4: Lab test values in patients with liver cirrhosis at 10 years. INR, international normalized ratio.

Lab test Mean ± SD of Cohort 1 Mean ± SD of Cohort 2 p value

Aspartate aminotransferase (enzymatic activity/volume) 94 412 ± 526 389 108 972 ± 569 335 < 0.001
Alanine aminotransferase (enzymatic activity/volume) 51 19 ± 167 438 60 873 ± 175 947 < 0.001
INR in plasma or blood 1 330 ± 0 690 1 411 ± 0 829 < 0.001
Alkaline phosphatase (enzymatic activity/volume) 126 975 ± 121 350 130 609 ± 124 077 < 0.001
Albumin (mass/volume) in serum, plasma, or blood 3 538 ± 0 841 3 627 ± 0 865 0.177

Bilirubin (mass/volume) in serum, plasma, or blood 2 385 ± 5 829 3 388 ± 7 315 0.001

Creatinine (mass/volume) in serum, plasma, or blood 1 606 ± 7 941 1 29 ± 5 489 0.008

Serum sodium (moles/volume) in serum, plasma, or blood 138 073 ± 5 06 137 846 ± 4 538 < 0.001

TABLE 5: Outcomes in patients with liver cirrhosis at 5 years.

Outcome Cohort Patients in cohort Patients with outcome Risk Odds ratio 95% CI p value

Variceal bleeding
1 70,983 6086 0.086

1.309 (1.258, 1.361) < 0.001
2 70,983 4747 0.067

Ascites
1 70,983 2554 0.036

1.114 (1.052, 1.180) < 0.001
2 70,983 2301 0.032

SBP
1 70,983 268 0.004

0.848 (0.720, 0.998) 0.023
2 70,983 316 0.004

HRS
1 70,983 322 0.005

0.753 (0.651, 0.871) < 0.001
2 70,983 427 0.006

Mortality
1 70,983 10,170 0.143

1.378 (1.335, 1.422) < 0.001
2 70,983 7682 0.108

HPS
1 70,983 29 0.000

1.45 (0.820, 2.564) 0.101
2 70,983 20 0.000

Hepatic encephalopathy
1 70,983 1682 0.024

1.1 (1.026, 1.180) 0.004
2 70,983 1532 0.022

Rates of hospitalization
1 70,983 25,804 0.364

1.009 (0.987, 1.031) 0.218
2 70,983 25,663 0.362

HCC
1 70,983 547 0.008

2.924 (2.477, 3.453) < 0.001
2 70,983 188 0.003

Composite outcome
1 70,983 10,537 0.148

1.236 (1.199, 1.275) < 0.001
2 70,983 8772 0.124
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The Kaplan–Meier survival analysis showed that 16.2%
of patients in Cohort 1 and 11.9% of patients in Cohort 2
were deceased at a 10-year interval from the age of diagnosis
(adjusted hazard ratio [aHR] 1.329, 95% CI: 1.293, 1.367; p
< 0 001). Among females, 12.1% of patients in Cohort 1

and 9.0% of patients in Cohort 2 were deceased at a 5-year
interval (aHR 1.307, 95% CI: 1.241, 1.376; p < 0 001). Among
males, 15.5% of patients in Cohort 1 and 11.8% of patients in
Cohort 2 were deceased at a 5-year interval (aHR 1.275, 95%
CI: 1.230, 1.321; p < 0 001) (Table 11 and Figures 6, 7, and 8).

TABLE 6: Outcomes in patients with liver cirrhosis at 10 years.

Outcome Cohort Patients in cohort Patients with outcome Risk Odds ratio 95% CI p value

Variceal bleeding
1 70,983 6482 0.091

1.337 (1.287, 1.390) < 0.001
2 70,983 4962 0.070

Ascites
1 70,983 2721 0.038

1.134 (1.073, 1.199) < 0.001
2 70,983 2410 0.034

SBP
1 70,983 283 0.004

0.881 (0.751, 1.034) 0.061
2 70,983 321 0.005

HRS
1 70,983 337 0.005

0.77 (0.688, 0.888) < 0.001
2 70,983 437 0.006

Mortality
1 70,983 11,480 0.162

1.418 (1.376, 1.462) < 0.001
2 70,983 8501 0.120

HPS
1 70,983 30 0.000

1.429 (0.818, 2.496) 0.105
2 70,983 21 0.000

Hepatic encephalopathy
1 70,983 1771 0.025

1.128 (1.053, 1.208) < 0.001
2 70,983 1575 0.022

Rates of hospitalization
1 70,983 27,087 0.382

1.014 (0.992, 1.036) 0.104
2 70,983 26,857 0.378

HCC
1 70,983 588 0.008

3.032 (2.578, 3.567) < 0.001
2 70,983 195 0.003

Composite outcome
1 70,983 11,147 0.157

1.266 (1.229, 1.305) < 0.001
2 70,983 9103 0.128

Outcomes
Primary outcomes

Mortality 1.378 (1.335–1.422)

Composite outcome 1.236 (1.199–1.275)
Secondary outcomes
Variceal bleeding

Ascites

SBP

HRS

HPS

Hepatic Encephalopathy 1.100 (1.026–1.180)

Rates of Hospitalization 1.009 (0.987–1.031)

2.924 (2.477–3.453)

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5

HCC

1.450 (0.820–2.564)

0.753 (0.651–0.871)

0.848 (0.720–0.998)

1.114 (1.052–1.180)

1.309 (1.258–1.361)

OR (95% CI) Favors younger patients Favors older patients

Figure 3: Outcomes at 5-year interval among older versus younger cirrhotic patients. SBP, spontaneous bacterial peritonitis; HRS,
hepatorenal syndrome; HPS, hepatopulmonary syndrome; HE, hepatic encephalopathy; HCC, hepatocellular carcinoma.
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6. Discussion

This study provides a more in-depth analysis of the inci-
dence of mortality and decompensation events in young
and elderly patients with cirrhosis. It showed a significant
difference in risk and survival between these age groups,
highlighting the impact of aging on liver-related complica-
tions. Even though liver cirrhosis is usually more prevalent
in older individuals, its occurrence in younger individuals
(as early as 20) can be attributed to genetic, autoimmune
liver diseases, and early acquisition of hepatitis C or B.
Although our data did not have the genetic testing results
in all cohorts, we acknowledge that it could have played a
role specifically in the etiology of cirrhosis in younger
patients.

Esophageal variceal bleeding (EVB) occurred more fre-
quently in older patients. Research on this relationship in
cirrhotic patients has yielded mixed results, with some stud-
ies indicating a greater risk in older individuals [12]. In con-
trast, others suggest younger patients may experience more
aggressive disease progression [13, 14].

Ascites, a serious complication of cirrhosis, was more
frequent in the older patients' group. The higher prevalence
of EVB, HE, and ascites in the older patients' cohort in this
study is most likely attributed to the fact that elderly patients
have a longer duration of cirrhosis and hence a higher inci-
dence of portal hypertension. Furthermore, the cumulative
hepatic injury and age-related physiological decline may
contribute to its occurrence. Older patients are at higher risk
of acute renal insufficiency, regardless of the etiology of

TABLE 7: Outcomes in male patients with liver cirrhosis at 5 years.

Outcome Cohort Patients in cohort Patients with outcome Risk Odds ratio 95% CI p value

Variceal bleeding
1 44,315 3875 0.087

1.208 (1.150, 1.268) < 0.001
2 44,315 3258 0.074

Ascites
1 44,315 1633 0.037

1.207 (1.122, 1.299) < 0.001
2 44,315 1361 0.031

SBP
1 44,315 160 0.004

0.743 (0.605, 0.912) 0.002
2 44,315 215 0.005

HRS
1 44,315 241 0.005

0.827 (0.697, 0.982) 0.015
2 44,315 291 0.007

Mortality
1 44,315 6890 0.155

1.37 (1.319, 1.424) < 0.001
2 44,315 5248 0.118

HPS
1 44,315 14 0.000

1.273 (0.578, 2.804) 0.275
2 44,315 11 0.000

Hepatic encephalopathy
1 44,315 1070 0.024

1.19 (1.088, 1.301) < 0.001
2 44,315 903 0.020

Rates of hospitalization
1 44,315 16,308 0.368

1.037 (1.009, 1.066) 0.005
2 44,315 15,935 0.360

HCC
1 44,315 434 0.010

2.782 (2.317, 3.340) < 0.001
2 44,315 157 0.004

Composite outcome
1 44,315 6762 0.153

1.216 (1.171, 1.264) < 0.001
2 44,315 5714 0.129

TABLE 8: Lab test values for male patients with liver cirrhosis at 5 years. INR, international normalized ratio.

Lab test Mean + SD of Cohort 1 Mean + SD of Cohort 2 p value

Aspartate aminotransferase (enzymatic activity/volume) 98 389 ± 540 782 120 612 ± 608 004 < 0.001
Alanine aminotransferase (enzymatic activity/volume) 55 688 ± 175 238 68 994 ± 193 758 < 0.001
INR in plasma or blood 1 354 ± 0 693 1 433 ± 0 838 0.001

Alkaline phosphatase (enzymatic activity/volume) 127 836 ± 123 196 133 058 ± 128 260 < 0.001
Albumin (mass/volume) in serum, plasma, or blood 3 511 ± 0 853 3 612 ± 0 890 0.436

Bilirubin (mass/volume) in serum, plasma, or blood 2 613 ± 6 022 3 649 ± 7 496 0.010

Creatinine (mass/volume) in serum, plasma, or blood 1 608 ± 7 481 1 247 ± 4 355 0.009

Serum sodium (moles/volume) in serum, plasma, or blood 137 772 ± 5 098 137 716 ± 4 643 0.209
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cirrhosis [15, 16]. This finding is most likely related to the
fact that older patients do not tolerate diuretics well and
have more risk factors for chronic renal insufficiency,
including hypertension, diabetes, and sarcopenia [17].

The study found a higher incidence of SBP and HRS in
younger patients. In sex-stratified analysis, the differences

were statistically significant among males, whereas there
was no statistically significant difference among females.
The higher incidence of SBP in younger male patients may
be linked to factors like increased alcohol use, contributing
to faster cirrhosis progression and an increase in gut perme-
ability for bacterial translocation [18–20]. Older patients

Outcomes
Primary outcomes

Mortality 1.370 (1.319–1.424)

Composite outcome 1.216 (1.171–1.264)
Secondary outcomes
Variceal bleeding

Ascites

SBP

HRS

HPS

Hepatic Encephalopathy 1.190 (1.088–1.301)

Rates of Hospitalization 1.037 (1.009–1.066)

2.782 (2.317–3.340)

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5

HCC

1.273 (0.578–2.804)

0.827 (0.697–0.982)

0.743 (0.605–0.912)

1.207 (1.122–1.299)

1.208 (1.150–1.268)

OR (95% CI) Favors younger Males Favors older Males

Figure 4: Outcomes at 5-year interval among older versus younger males. SBP, spontaneous bacterial peritonitis; HRS, hepatorenal
syndrome; HPS, hepatopulmonary syndrome; HE, hepatic encephalopathy; HCC, hepatocellular carcinoma.

TABLE 9: Outcomes in female patients with liver cirrhosis at 5 years.

Outcome Cohort Patients in cohort Patients with outcome Risk Odds ratio 95% CI p value

Variceal bleeding
1 27,902 2409 0.086

1.568 (1.468, 1.674) < 0.001
2 27,902 1586 0.057

Ascites
1 27,902 1022 0.037

1.027 (0.940, 1.123) 0.278
2 27,902 996 0.036

SBP
1 27,902 77 0.003

0.754 (0.561, 1.014) 0.031
2 27,902 102 0.004

HRS
1 27,902 120 0.004

0.844 (0.662, 1.077) 0.087
2 27,902 142 0.005

Mortality
1 27,902 3376 0.121

1.384 (1.311, 1.462) < 0.001
2 27,902 2524 0.090

HPS
1 27,902 15 0.001

1.5 (0.674, 3.340) 0.16
2 27,902 10 0.000

Hepatic encephalopathy
1 27,902 689 0.025

1.052 (0.944, 1.172) 0.181
2 27,902 656 0.024

Rates of hospitalization
1 27,902 9856 0.353

0.942 (0.910, 0.975) < 0.001
2 27,902 10,240 0.367

HCC
1 27,902 120 0.004

3.648 (2.481, 5.364) < 0.001
2 27,902 33 0.001

Composite outcome
1 27,902 4087 0.146

1.308 (1.245, 1.374) < 0.001
2 27,902 3236 0.116
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with cirrhosis might also have a more gradual progression of
liver disease, leading to a less aggressive course of SBP [21].
This interesting phenomenon warrants further investigation.

The increased incidence of HRS in younger cohorts can also
be explained by these findings, as clinically, SBP is a major
precipitant of HRS, and as much as 30% of patients with

TABLE 10: Lab test values in female patients with liver cirrhosis at 5 years. INR, international normalized ratio.

Lab test Mean + SD of Cohort 1 Mean + SD of Cohort 2 p value

Aspartate aminotransferase (enzymatic activity/volume) 78 185 ± 427 516 89 753 ± 446 289 0.797

Alanine aminotransferase (enzymatic activity/volume) 43 48 ± 127 343 50 009 ± 137 87 0.006

INR in plasma or blood 1 302 ± 0 733 1 384 ± 0 828 < 0.001
Alkaline phosphatase (enzymatic activity/volume) 126 447 ± 115 729 129 340 ± 126 060 0.004

Albumin (mass/volume) in serum, plasma, or blood 3 611 ± 0 808 3 637 ± 0 825 0.348

Bilirubin (mass/volume) in serum, plasma, or blood 1 888 ± 4 520 2 942 ± 6 690 0.04

Creatinine (mass/volume) in serum, plasma, or blood 1 166 ± 5 158 1 123 ± 4 986 0.003

Serum sodium (moles/volume) in serum, plasma, or blood 138 639 ± 4 471 138 012 ± 4 148 < 0.001

Outcomes
Primary outcomes

Mortality 1.384 (1.311–1.462)

Composite outcome 1.308 (1.245–1.374)
Secondary outcomes
Variceal bleeding

Ascites

SBP

HRS

HPS

Hepatic Encephalopathy 1.052 (0.944–1.172)

Rates of Hospitalization 0.942 (0.910–0.975)

3.648 (2.481–5.364)

0 1 2 3 4 5 6

HCC

1.500 (0.674–3.340)

0.844 (0.662–1.077)

0.754 (0.561–1.014)

1.027 (0.940–1.123)

1.568 (1.468–1.674)

OR (95% CI) Favors younger Females Favors older Females

Figure 5: Outcomes at 5-year interval among older versus younger females. SBP, spontaneous bacterial peritonitis; HRS, hepatorenal
syndrome; HPS, hepatopulmonary syndrome; HE, hepatic encephalopathy; HCC, hepatocellular carcinoma.

TABLE 11: Survival analysis table.

Cohort Patients in cohort Patients with outcome Adjusted hazard ratio (aHR) p 95% CI

Survival analysis at 10-year interval among patients with liver cirrhosis

Cohort 1 70,983 11,480
1.329 < 0.001 1.293, 1.367

Cohort 2 70,983 8501

Survival analysis at 5-year interval among male patients with liver cirrhosis

Cohort 1 44,315 6890
1.275 < 0.001 1.230, 1.321

Cohort 2 44,315 5248

Survival analysis at 5-year interval among female patients with liver cirrhosis

Cohort 1 27,902 3376
1.307 < 0.0001 1.241, 1.376

Cohort 2 27,902 2524
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SBP develop HRS without albumin supplementation [22].
By contrast, in younger women, estrogen's hepatoprotective
effect likely blunts these responses [23]. The increased inci-
dence of ascites, EVB, and HE in older patients highlights
the need for cautious diuretic titration, routine endoscopic
surveillance, and noninvasive portal pressure measurements
such as platelet-based indices and liver stiffness measure-
ment [24]. Early detection and risk stratification in these
patients can guide prophylaxis with beta-blocker usage and
transplant evaluation. Prioritizing SBP prophylaxis in youn-
ger patients can reduce this complication in this cohort.

On the other hand, older patients tend to have a higher
prevalence of HPS compared to younger patients, though
the differences were not statistically significant. The differ-
ences were insignificant in a subgroup analysis among males
and females. In a study by Pascasio et al., there was no asso-

ciation between HPS and age, sex, or the cause of cirrhosis.
Similar findings have been reported in the literature where
demographic factors have not been linked as a risk factor
for the development of HPS [25–28].

The older cohort displayed a significantly higher risk of
developing HCC compared to the younger cohort, as indi-
cated by the odds ratio. Existing literature indicates that
age is a significant risk factor for HCC, primarily due to
cumulative exposure to various etiological factors. Chronic
infections with hepatitis B and C viruses are major contrib-
utors to liver carcinogenesis. Additionally, chronic alcohol
consumption leading to liver cirrhosis and MASLD is also
recognized as a risk factor for HCC development [29]. While
younger individuals have a lower risk, their higher survival
probability suggests that early detection and timely interven-
tion may play a role in improving outcomes in this group.
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Figure 6: Kaplan–Meier curve (green curve = younger patients, purple curve = older patients) at 10-year interval.
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Figure 7: Kaplan–Meier curve (green curve = younger females, purple curve = older females) among female patients at 5-year interval.
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Figure 8: Kaplan–Meier curve (green curve = younger males, purple curve = older males) among male patients at 5-year interval.
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Older patients have a significantly higher mortality rate
compared to their younger counterparts. This finding aligns
with existing literature [30]. Reduced survival in older
patients may be due to declining hepatic reserves, weakened
immune function, and increased susceptibility to complica-
tions like infections and multiorgan failure. These findings
were persistent in sex-stratified analysis.

Comorbidities further impact prognosis, and age influ-
ences liver transplantation eligibility and outcomes. While
older candidates face higher waitlist and posttransplant mor-
tality, careful selection can still yield significant benefits [31].
The observed higher mortality in older cirrhotic patients
underscores the need for tailored management strategies.
This includes vigilant monitoring, early intervention for
complications, and comprehensive evaluation for liver trans-
plantation to improve outcomes in this vulnerable
population.

We believe that one of the strengths of our study is a
global network database and diverse patient population,
along with extended follow-up periods. The differences
observed were consistent at various time intervals up to
10 years from the time of diagnosis. To the best of our
knowledge, this is one of the few studies that explore the
differences in clinical presentation among males and
females.

Our study has several limitations, including a retrospec-
tive study; reliance on ICD-10 codes; multiple centers; lack
of genetic testing for younger patients; reliance on numerous
physicians in estimating, managing, and diagnosing the
events; and variability in recording events. Another limita-
tion is the relatively small percentage of Asian patients in
both groups, which may limit the generalizability of the
study's findings to this ethnic group. Furthermore, events
that occur outside the participating HCOs are not captured,
and data that are documented in unstructured clinical notes
are not included. These limitations stem from the nature of
EHR. The mean MELD score is an estimation from the
means of lab values, as TriNetX does not provide precom-
puted MELD values. Lastly, even after PSM, the Asian and
African American races were statistically significant in both
cohorts.

7. Conclusion

This study highlights the critical role of age at diagnosis in
liver-related complications and survival outcomes in cir-
rhotic patients. Older individuals face a higher risk of
decompensation with generally lower survival. However,
certain conditions, like SBP, demonstrate unexpected trends,
with younger patients experiencing higher incidences. These
findings emphasize the complex interplay between aging,
disease progression, and comorbidities. Given the increased
vulnerability of older patients due to physiological decline
and cumulative liver damage, tailored management strate-
gies are essential. Further research is necessary to refine pre-
ventive measures, enhance early detection, and optimize
treatment approaches for cirrhotic patients across different
age groups.
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