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Abstract
Cirrhosis causes a heavy global burden. In this review, we summarized up-to-date epidemiological features of cirrhosis and its complications. Recent epidemiological studies reported an increase in the prevalence of cirrhosis in 2017 compared to in 1990 in both men and women, with 5.2 million cases of cirrhosis and chronic liver disease occurring in 2017. Cirrhosis caused 1.48 million deaths in 2019, an increase of 8.1% compared to 2017. Disability-adjusted life-years due to cirrhosis ranked 16th among all diseases and 7th in people aged 50-74 years in 2019. The global burden of hepatitis B virus and hepatitis C virus-associated cirrhosis is decreasing, while the burden of cirrhosis due to alcohol and nonalcoholic fatty liver disease (NAFLD) is increasing rapidly. We described the current epidemiology of the major complications of cirrhosis, including ascites, variceal bleeding, hepatic encephalopathy, renal disorders, and infections. We also summarized the epidemiology of hepatocellular carcinoma in patients with cirrhosis. In the future, NAFLD-related cirrhosis will likely become more common due to the prevalence of metabolic diseases such as obesity and diabetes, and the prevalence of alcohol-induced cirrhosis is increasing. This altered epidemiology should be clinically noted, and relevant interventions should be undertaken.
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Core Tip: The global burden of liver cirrhosis continues to rise. In 2017, there were 520000 new cases of cirrhosis and chronic liver disease. In 2019, cirrhosis caused 1.48 million deaths, an increase of 8.1% compared to 2017, and its disability-adjusted life-years ranked 16th among all diseases. The global burden of cirrhosis due to hepatitis B virus and hepatitis C virus infection is decreasing, while the burden of cirrhosis due to alcohol and nonalcoholic fatty liver disease is increasing rapidly. We also outlined the recent epidemiology of the major complications and hepatocellular carcinoma in cirrhosis.


INTRODUCTION
Cirrhosis is a consequence of chronic liver damage and inflammation, and it is characterized by diffuse hepatic fibrosis and normal liver structures being replaced by regenerative liver nodules[1,2]. As the end stage of chronic liver disease (CLD), it can be caused by a variety of conditions, such as alcohol consumption, nonalcoholic fatty liver disease (NAFLD), hepatitis viruses, and autoimmune diseases. The progressive course of cirrhosis can generally include asymptomatic stages, such as compensated cirrhosis, and decompensated stages, which are frequently associated with the development of a range of complications, such as ascites, gastro-esophageal variceal (GEV) bleeding, and hepatic encephalopathy (HE); furthermore, cirrhosis may advance to liver failure and lead to death[3]. These complications impose a heavy burden on global public health in terms of significant quality of life impairment and associated high mortality in patients[4].
Despite the global prevalence and disease burden of cirrhosis, there is less public awareness and concern regarding cirrhosis than for other common chronic diseases, such as congestive heart failure, chronic obstructive pulmonary disease, and chronic kidney disease[5]. Currently, there remains an insufficient understanding of the clinical relevance of cirrhosis, which can therefore lead to unnecessary disease progression and outcomes[5]. In this review, we comprehensively overview and synthesize the recent epidemiological features of cirrhosis and its complications and discuss the changing trends in epidemiology. This could provide definite value for the clinical diagnosis and management of cirrhosis.

METHODS
The PubMed electronic database was manually searched to obtain relevant literature. The reference lists of the primary included literature were also searched to identify potentially eligible articles. Only articles published in English were included. There was no restriction regarding the publication year. The index terms included "cirrhosis", "ascites", "spontaneous bacterial peritonitis", "variceal bleeding", "hepatic encephalopathy", "acute kidney injury", "hepatorenal syndrome", "infection", "hepatocellular carcinoma", "epidemiology", "prevalence", "incidence", "mortality", "disease burden", "hospitalization", and "cost". A critical evaluation was carried out for all studies included in this paper.

CURRENT EPIDEMIOLOGY OF LIVER CIRRHOSIS
Prevalence
The most recent data available on the global prevalence of cirrhosis are from the Global Burden of Diseases, Injuries, and Risk Factors Study (GBD) 2017[6]. The GBD 2017 reported the burden of cirrhosis based on pooled epidemiological data from 195 countries and territories stratified by cause, age, and sex from 1990 to 2017. The results for prevalence are presented as numbers and age-standardized or age-specific rates per 100000 populations with 95% uncertainty intervals (UIs). In 2017, there were an estimated 112 (107-119) million cases of compensated cirrhosis and 10.6 (10.3-10.9) million cases of decompensated cirrhosis prevalent worldwide. This represented a huge increase compared to the prevalence figures for 1990, when 65.9 (63.4-68.7) million cases of compensated cirrhosis and 5.20 (5.08-5.32) million cases of decompensated cirrhosis were observed. The age-standardized prevalence of compensated cirrhosis increased from 1354.5 (1300.6-1411.7) per 100000 in 1990 to 1395.0 (1323.5-1470.5) in 2017, while decompensated cirrhosis increased from 110.6 (108.0-113.0) per 100000 in 1990 to 132.5 (128.6-136.2) in 2017. In 2017, 58.8% of compensated cirrhosis cases and 60.3% of decompensated cirrhosis cases were observed in males, suggesting that men suffer from cirrhosis at higher rates. In males, the age-standardized prevalence of compensated cirrhosis increased by 2.9% from 1990 to 2017; the prevalence of decompensated cirrhosis increased by 21.1%. In females, these figures were 3.5% and 18.1%, respectively. Overall, the prevalence of liver cirrhosis increased by 74.53% from 1990 to 2017[7].
At the regional level, the GBD 2017 also provided relevant epidemiological characteristics[6]. In 2017, the high-income Asia-Pacific region had the highest age-standardized prevalence of both compensated [2455.0 (2344.9-2575.8) per 100000] and decompensated [267.4 (259.8-275.1) per 100000] cirrhosis. Most cases in this region were from Japan and were largely due to hepatitis C. In contrast, Australia reported the lowest age-standardized prevalence of both compensated and decompensated cirrhosis, with hepatitis C also being the main etiology. High-income regions in North America showed the lowest age-standardized prevalence of compensated cirrhosis (mainly caused by hepatitis C), while the lowest prevalence of decompensated cirrhosis was found in South Asia. At the country level, Moldova, Taiwan (Province of China), and Slovakia had the highest prevalence of compensated cirrhosis, while for decompensated cirrhosis, the Philippines had the lowest prevalence, and Slovakia had the highest.
Etiology-specific statistics on the prevalence of cirrhosis are also currently available. In a recent systematic review (retrieved until August 1, 2021) that included 520 studies from 86 countries or territories (reporting a total of 1376503 patients with cirrhosis), 42% of patients with cirrhosis worldwide had hepatitis B virus infection (HBV), and 21% had hepatitis C virus infection (HCV)[8]. The prevalence of HBV infection in cirrhosis was higher in Africa and Asia (8%-61%) than in Europe, the Americas, and Oceania (3%-14%). In contrast, the prevalence of HCV infection in cirrhosis was considerably heterogeneous by country and region (12%-83%). However, in general, the overall prevalence of HBV and HCV exceeded 50% in most parts of Asia and Africa. In China, 68% [95% confidence interval (CI) 60%-74%] of patients with cirrhosis had HBV infection, while only 7% (95%CI 5%-9%) reported HCV infection. In 2017, the age-standardized prevalence of HBV-related compensated cirrhosis did not change significantly compared to 1990, but the prevalence of decompensated cirrhosis increased from 30.9 (95%UI 29.3-32.2) to 36.6 (95%UI 34.7-38.4) per 100000 population[6]. The age-standardized prevalence of HCV-associated compensated cirrhosis increased to 341.1 (314.1-368.7), and the prevalence of decompensated cirrhosis increased to 32.5 (30.6-34.5) per 100000 population in 2017[6]. Regarding cirrhosis due to alcohol consumption, the highest prevalence was recorded in Europe (16%-78%), the Americas (17%-52%), and Oceania (15%-37%), while the lowest was reported in Asia (0%-41%)[8]. In 2017, the global age-standardized prevalence for alcohol-related compensated cirrhosis remained stable compared to 1990 (288.1 in 2017 compared to 290 per 100000 in 1990). However, the global prevalence of alcohol-related decompensated cirrhosis increased from 1990 (30 in 2017 compared to 25.3 per 100000 in 1990)[6]. Another important cause that should not be overlooked is NAFLD-related cirrhosis. According to the aggregate data of the GBD 2017, there were 9.42 million (8.57-10.34) cases of compensated cirrhosis and 917000 (850000-986000) cases of decompensated cirrhosis attributed to non-alcoholic steatohepatitis (NASH) in 2017, showing an impressive increase compared to 1990[6]. The age-standardized prevalence of NASH-related compensated cirrhosis was 115.5 (105.0-126.5) per 100000 in 2017, indicating a 33.2% increase compared to 1990; the prevalence of decompensated cirrhosis showed a 54.8% increase to 11.3 (10.4-12.1) per 100000. However, there is a lack of recent global or regional reported epidemiological data on other causes of cirrhosis, such as drugs, autoimmune liver disease, and metabolic disorders.
Additional profiles were also provided by some newer regional or organizational epidemiological studies (Table 1). A recent study from the United States reported summary statistics on the prevalence and disease burden of digestive diseases in a commercially insured adult population for the period 2016 to 2018. Of the total population, 7297435 (24%) individuals had a diagnosis of digestive disease, and the prevalence of nonalcoholic cirrhosis in the digestive disease population was 0.389% compared to 0.090% in the overall population[9]. Gu et al[10] evaluated all hospital admissions within the diagnosis-related group (diagnosis based on ICD-10-GM codes) in Germany from 2005 to 2018. A total of 248085936 admissions were recorded during this period, of which 2302171 admissions were diagnosed with cirrhosis, reflecting a prevalence of 0.94%[10]. A cross-sectional study conducted in Japan in 2020 randomly selected 6000 general citizens from 2 cities, and 488 individuals underwent fatty liver and advanced fibrosis screening. The prevalence of cirrhosis based on liver stiffness measurement (LSM) was 1%, with a markedly higher prevalence in men than in women (1.6% compared to 0.4%)[11]. Finally, a study using a commercial medical claims database yielded an adult prevalence of 0.21% for cirrhosis in 2018 (estimated at 536856 cases)[12].
In specific at-risk populations, there were significant increases in the prevalence of cirrhosis (Table 2). In a 2017-2018 cross-sectional study using data from the National Health and Nutrition Examination Survey (NHANES), which included 825 United States adults with type 2 diabetes who had reliable transient elastography results, the prevalence of cirrhosis was 7.7% (95%CI 4.8%-11.9%)[13]. Another study also analyzed NHANES data from 2017-2018 and found a 4.4% prevalence of suspected cirrhosis among patients with fatty liver disease[14]. A recent study utilizing NHANES data from 2001 to 2018 included 3115 HBsAg-negative/HBcAb-positive subjects in which the prevalence of cirrhosis/advanced liver fibrosis based on FIB-4 diagnosis was 3.76% (95%CI 2.80%-4.72%), notably higher than in the general US population[15]. A systematic review and meta-analysis summarized the prevalence of cirrhosis in HBV-infected populations in sub-Saharan Africa. A total of 17 studies were included, including 22 cohorts from 13 countries (13 with HBV infection alone and 9 with HIV/HBV coinfection). The prevalence was 4.1% (95%CI 2.6%-6.4%) in primary care or the general population and significantly higher at 12.7% (95%CI 8.6%-18.3%) in referral or tertiary care settings, with no effect of HIV coinfection on cirrhosis[16]. In a recent Spanish population survey on the prevalence of NASH-related liver fibrosis, the prevalence of cirrhosis in the current biopsy-proven NASH cohort (a total of 501 patients from 2015-2020) was 0.70% (95%CI 0.10%-4.95%)[17]. A survey analyzing the Korea National Health and Nutrition Examination Survey (KNHANES) between 2015 and 2019 reported prevalence rates of cirrhosis in metabolically healthy obesity and metabolically unhealthy obesity populations of 0.5% and 0.4%, respectively[18]. In the TARGET-NASH study conducted from August 2016 to March 2019, researchers revealed that lean participants had a lower prevalence of cirrhosis (22.6% vs 40.2% of nonlean participants), with almost half of the lean subjects being Asian. Lean Asians were half as likely to develop NAFLD-related cirrhosis as nonlean individuals [odds ratio (OR) 0.47; 95%CI 0.29-0.77][19]. Furthermore, different diagnostic tools can have varied diagnostic accuracy and cost-effectiveness for cirrhosis. A cost-effectiveness study found high diagnostic accuracy and cost-effectiveness of fibrosis-4 (FIB-4), followed by either vibration-controlled transient elastography (VCTE), magnetic resonance elastography (MRE), or liver biopsy[20]. In terms of the combination of diagnostic tools, FIB-4 + VCTE was the least costly combination, whereas the incremental cost-effectiveness ratios (ICERs) for the combination of FIB-4 and MRE were lower than those for FIB-4 and liver biopsy[20]. The prevalence of cirrhosis in older patients with multiple comorbidities has recently been addressed. In a study that included a cohort of 6,193 elderly patients admitted to acute medical wards between 2010 and 2018, 315 patients (5%) were diagnosed with cirrhosis[21]. Finally, a pooled meta-analysis including 15 studies with a total of 320777 patients suggested that among those receiving dialysis, the prevalence of cirrhosis was 5% and associated with higher mortality, with further analysis showing that hepatitis B and C, rather than diabetes, contributed to the increased risk of cirrhosis[22].

Incidence
The global number of incident cases of cirrhosis and CLD in 2017 was 5.2 million according to the GBD 2017, although the incidence was not available[23]. However, the latest global incidence of NASH-associated cirrhosis has been mentioned in recent publications using data from the GBD 2017[24,25]. In 2017, the global incidence of cirrhosis due to NASH was 367780 cases, an increase of approximately 105.56% compared to 1990 (178430 cases in 1990). The age-standardized incidence rate (ASR) was 4.81 (95%UI 4.38-5.28) per 100000 population in 2017 compared to 3.31 (95%UI 3.02-3.63) per 100000 population in 1990, with an estimated annual percentage change (EAPC) of 1.35% (95%CI 1.28-1.42%). Gender and regional differences in incidence were also observed. The incidence was higher in males than in females [5.54 (5.06-6.07) compared to 4.08 (3.69-4.49) per 100000 population], although the EAPC was higher in females. The middle-high sociodemographic index (SDI) region featured the highest incidence, while that of the low SDI was the lowest [6.14 (5.60-6.70) compared to 2.72 (2.43-3.05) per 100000 population]. A more pronounced increase in the ASR was recorded in Eastern Europe, Andean Latin America, and Central Asia, while the Asia Pacific region showed a decline. In terms of HBV and HCV-associated cirrhosis, the overall incidence has shown a relatively encouraging trend both in men and women. Veracruz et al[26] exploited GBD statistics from 2010-2019 to analyze the global incidence and mortality trends in HBV and HCV infection, cirrhosis, and hepatocellular carcinoma (HCC) over this period. The worldwide incidence of HBV-related cirrhosis decreased by 15% from 5.78 (95%CI 4.3-7.3) in 2010 to 4.91 (95%CI 3.5-6.5) in 2019 per 100000 individuals, with the greatest reduction occurring in Eastern Europe at 36%. This trend may be related to widespread HBC vaccination[27]. However, the 2019 incidence of HCV-associated cirrhosis amounted to 6.7 (95%CI 5.0-8.6) per 100000 population, an increase of 5.6%, with the greatest increase of 27.8% in central sub-Saharan Africa and the greatest decrease of 13.5% in the high-income Asia-Pacific region.
The China Kadoorie Biobank prospectively included 512891 adults (210222 men and 302669 women) aged 30-79 years in 10 geographically disaggregated sites. During the 10-year follow-up period, 2082 cases of cirrhosis occurred in 503993 participants with an excluded history of CLD. The incidence of cirrhosis among diabetic patients was 756.4 per 100000 compared to 397.4 per 100000 among nondiabetic patients, and the Cox regression yielded a hazard ratio (HR) of 1.81 (95%CI 1.57-2.09) for cirrhosis among diabetic patients[28]. Another modeling study employed a multicohort state-transition (Markov) model to predict the epidemiological trends in alcohol-related liver disease in the US from 2019 to 2040[29]. In this model, researchers modeled prevalence and mortality trends of decompensated cirrhosis in three projection scenarios, including a status quo scenario (current trends continued), a moderate intervention scenario (high-risk alcohol intake receded to 2001 levels), and a strong intervention scenario (high-risk alcohol intake trends decreased by 3.5% per year). In the status quo scenario, the age-standardized incidence of alcohol consumption-related decompensated cirrhosis was projected to increase from 9.9 (95%CI 9.3-10.9) cases per 100000 person-years in 2019 to 17.5 (15.8-18.4) cases per 100000 person-years in 2040, which would be a 77% increase. In the moderate intervention scenario, the age-standardized incidence of alcohol drinking-related decompensated cirrhosis would be expected to increase by 69% to 16.7 (95%CI 14.2-16.4) cases per 100000 person-years in 2040. Conversely, the incidence of alcohol-related decompensated cirrhosis associated under the strong intervention scenario would decrease by 11% compared to 2019, which is encouraging. From 2019 to 2040, the cumulative incidence was projected to reach 1118200 cases (95%CI 1005400-1123500), 1067000 (943400-1084600) and 786400 cases (711200-819300) for the status quo, moderate and strong intervention scenarios, respectively, with the strong intervention scenario achieving a 30% reduction compared to the status quo scenario. In a large national cohort study conducted in Korea, the incidence of alcoholic cirrhosis showed an overall increase between 2012 and 2016, from 1463 cases in 2012 to 1530 cases in 2016[30]. A Swedish population-based cohort study including 310000 inhabitants analyzed epidemiological trends in the incidence, causes, and complications of cirrhosis in the last decade (2011-2018). The incidence of cirrhosis was assessed at 23.2 per 100000 person-years, with a higher rate of 30.5 in men and 16.4 in women[31]. Stratifying by age showed the highest incidence in the 60-69 age group, and alcohol was the leading cause of all cases (50.5%). In a study conducted in South Korea using the National Health Insurance Service database, trends in the incidence of rare diseases were explored for the period 2011-2015. The average annual cumulative incidence of primary biliary cirrhosis was 68.32 cases per 10000000 and was increasing at an annual trend of 6.32[32]. A retrospective study conducted in Ontario, Canada, used health data from the period 1997-2016 to determine the incidence of cirrhosis in young birth cohorts. During this period, 165979 cases of cirrhosis were diagnosed, with an increasing trend in age-standardized incidence from 70.6 in 1997 to 89.6 per 100000 person-years in 2016. The incidence was higher in the younger birth year cohort than in the middle-aged birth cohort and was more evident in women[33].
In pediatric populations, the incidence and current trends of cirrhosis have also been reported in the recent literature. A population-based study from Ontario, Canada, analyzed changes in the incidence of cirrhosis in children from 1997-2017[34]. Over the past two decades, 2966 new cases of cirrhosis were diagnosed in children (median age 9 years), and the age- and sex-adjusted incidence of cirrhosis increased significantly by nearly fourfold (from 2.7. in 1997 to 10.6 per 100000 person-years in 2017). Notably, the most marked increases were identified in infants < 1 year and adolescents > 11 years old. After the age-period-cohort study, the authors found that children born in 2010 had twice the risk of developing cirrhosis than those born in 2001. Dong et al[35] prospectively included 139 children with biopsy-proven cirrhosis (median age at initial diagnosis 2 years) from January 2010 to January 2020, 93 of whom had a definite cause. HBV infection was the most common cause (33.3%), followed by glycogen storage disease (17.2%) and Wilson disease (15.1%).
The incidence of cirrhosis has also been investigated in specific populations in recent studies. A recent meta-analysis pooled 14 studies including 902 patients with Fontan circulation and estimated the incidence of cirrhosis in this population[36]. Fontan circulation is characterized by an increase in central venous pressure, which in turn affects back-stream veins and can lead to congestive hepatopathy known as Fontan-related liver disease[37,38]. There were 241 patients with reported cirrhosis following a mean follow-up period of 17.9 ± 4.5 years, with a cumulative incidence of 27.5% (95%CI 16.9%-34.4%). Another updated study included 1250 patients (median age 3.6 years, 47.5% female) who underwent their first Fontan procedure, with cirrhosis diagnosed in 5.8% of patients over a median follow-up period of 10.2 years. The cumulative incidence of cirrhosis at 10, 20, and 30 years after Fontan surgery was 0.9%, 11.6%, and 25.7%, respectively[39]. The high incidence of cirrhosis in this population can be a substantial disease burden and therefore should be taken seriously. A nested case control study conducted in Taiwan found that the presence of diabetes and associated extrahepatic complications, such as hypertensive cardiovascular disease and chronic kidney disease, were associated with an increased incidence of treatment-naïve HCV-related cirrhosis[40], suggesting an important role for metabolic risk factors in the increased risk of developing cirrhosis. A nationwide cohort study including approximately 1.2 million people aged 30 years or older in Rome analyzed the association between long-term exposure to air pollution and the incidence of cirrhosis, of which 10111 cases occurred during a 14-year follow-up period, yielding a crude incidence of 67 per 100000 person-years[41]. Long-term exposure to PM10, PM coarse, PM2.5, and NO2 was associated with the incidence of cirrhosis.

Mortality
The most recent GBD 2019 describing global mortality from cirrhosis is available. A recent systematic analysis of the GBD 2019 highlighted that the total number of deaths from cirrhosis worldwide was 1.43 million in 2019, an increase of 8.1% compared to the number of deaths in 2017 according to the GBD 2017 (1323000 cases)[42]. In a recent report, the GBD 2019 assessed the health progress of subnational regions in Ethiopia in 2019. In 2019, the all-cause age-standardized mortality rate was 993.52 (95%UI 914.97-1070.55), and for cirrhosis and other CLDs, it was 52.18 (95%UI 44.17-62.07) per 100000 population[43].
In 2017, 31.5% of cirrhosis deaths among men were caused by HBV, 25.5% by HCV, 27.3% by alcoholic liver disease (ALD), 7.7% by NASH, and 8.0% by other factors[6]. Among women, the proportion of deaths from cirrhosis due to HBV, HCV, ALD, NASH, and other causes was 24.0%, 26.7%, 20.6%, 11.3%, and 17.3%, respectively[6]. Deaths from hepatitis B-related cirrhosis were 321000 in 2019, representing 22% of all cirrhosis deaths. In 2017, the number of associated deaths was 384000 (29%), which indicated a 16.4% decrease in the mortality rate[42]. A previous study investigated trends in the incidence and mortality of acute infections, cirrhosis, and HCC by exploring the GBD for HBV and HCV from 2010-2019[26]. The 2019 global mortality rate for HBV-associated cirrhosis was 4.03 (95%CI 3.39-4.76) per 100000 population, showing a 23.2% reduction over this decade. The highest death rate for cirrhosis due to HBV infection was recorded in western sub-Saharan Africa at 16.49 (95%CI 12.69-21.35), while the lowest was seen in high-income North America at 0.35 (95%CI 0.29-0.42). The largest reduction in mortality compared to 2010 was in East Asia at 46.5%. The global mortality rate for HCV-related cirrhosis was 4.82 (95%CI 4.09-5.57) per 100000 in 2019, a 7.4% decrease compared to 2010. The highest mortality rate was 15.4 (95%CI 12.52-19.04) in Eastern sub-Saharan Africa, and the lowest was 1.79 (95%CI 1.41-2.25) per 100000 population in Western Europe. The greatest decrease of 23.9% was seen in the high-income Asia Pacific region, although several regions, such as the Caribbean and high-income North America, experienced an upward trend. In 2017, the global age-standardized mortality rate for ALD was 6.2 (5.7-6.9) and 2.1 (1.9-2.6) per 100000 for men and women, respectively[6]. The estimated number of deaths due to NASH cirrhosis worldwide in 2017 was 118,030, an increase of 90.7% compared to 1990, with an age-standardized death rate of 1.5 (1.3-1.6) per 100000 population, which was not significantly different compared to that of 1990[25].
The trend in the in-hospital burden of ALD among women was analyzed using data from the 2003 to 2017 National Inpatient Sample (NIS). In 2017, there were 14330 deaths from alcoholic cirrhosis (2.05% of all deaths), a relative decrease of 21.27% compared to 2003, although deaths from alcoholic hepatitis have increased rapidly[44]. Another study analyzed trends in mortality from alcohol-related cirrhosis in Mexico from 2000-2017 and found a decrease in mortality in all age groups, with the associated mortality rate falling from 20.55 to 10.62 per 100000 for all populations during this period[45]. However, there has been a rapid increase in alcohol consumption in the United States and other regions in recent years, and consequently, the mortality rate from ALD has shown a marked increase[46-49]. A study included underlying cause of death public-use data from January 1, 2017, to December 31, 2020, a dataset that contains death data for all United States citizens. Age-adjusted mortality from ALD increased from 13.1 (95%CI 12.9-13.3) to 16.9 (16.7-17.1) in men and 5.6 (5.4-5.7) to 7.7 (7.6-7.9) per 100000 in women[50].

Public health burden
In the latest analysis of the burden of 369 diseases and injuries in 204 countries and territories, the percentage of disability-adjusted life-years (DALYs) for cirrhosis and CLD at all ages in 2019 was 1.8 (95%UI 1.6-2.0), ranking 16th. The percentage increase in the number of DALYs compared to 1990 was 33.0 (22.4-48.2), while the age-standardized DALYs decreased by 26.8%[51]. In the age-stratified analysis, DALYs for cirrhosis in 2019 were ranked 12th at 2.8% of all diseases and injuries among individuals aged 25-49 years, 7th at 2.7% among individuals aged 50-74 years, and 19th at 1.1% among individuals aged 75 or older. Another recent study analyzed the impact of HBV and HCV infections on DALYs using data from the GBD 2010-2019. The 2019 DALYs for HBV cirrhosis decreased by 23% from 168.6 (95%CI 146.9-191.3) in 2010 to 129.8 (108.3-153.0), while the DALYs for HCV cirrhosis decreased by 8.2% to 146.2 (124.4-169.8) compared to that in 2010[52]. In 2019, HCV infection, alcohol, and HBV infection-related etiology were the most predominant sources of DALYs for cirrhosis, with prevalences of 26%, 24%, and 23%, respectively, and NAFLD contributed a relatively small proportion (8%) but showed a rapidly increasing trend[53]. In poorer countries, DALYs were higher, and cirrhosis due to HBV was the main source, whereas in wealthier countries, HCV and alcohol were the primary contributors. DALYs due to NAFLD cirrhosis are expected to become mainstream in the future in parallel with the epidemic of diabetes and obesity. Furthermore, the authors critically highlighted the current underestimation of the disease burden of cirrhosis (as compensated cirrhosis is currently considered no disability and decompensated cirrhosis only mild disability)[53].
The financial burden associated with hospitalized patients with cirrhosis was addressed in a recent study using data from the 2008-2014 NIS. Hospitalization costs for cirrhosis increased by 30.2% to $7.37 billion over the study period. Admissions for compensated and decompensated cirrhosis increased by 24% and 36%, respectively, while noncirrhotic populations dropped by 7.7%. The median length of stay (LOS) in the hospital was longer for cirrhosis than for other diseases. Implementing mechanical ventilation and complications associated with cirrhosis were the main drivers of the increased costs. More specifically, mechanical ventilation increased costs by 15%-152% in hospitalized patients with cirrhosis, and infection and nonhypertensive gastrointestinal bleeding led to increased costs in patients with compensated cirrhosis, while renal and infectious events were contributors to decompensated cirrhosis[54]. Jepsen et al[53] suggested that although the prevalence of cirrhosis was increasing, it would be simplistic to assume that costs for patients with cirrhosis were increasing, as the treatment currently provided for cirrhotic patients may be less or cheaper than before. However, the cost of NAFLD-related cirrhosis will likely continue to rise until an effective treatment becomes available[55].

EPIDEMIOLOGY OF MAJOR COMPLICATIONS
Ascites and ascites infection
Ascites is the most common complication in patients with cirrhosis and is defined as pathological fluid accumulation in the peritoneal cavity[56]. Ascites occurs only in the presence of portal hypertension, and approximately 75% of the occurrence of ascites is due to cirrhosis and portal hypertension[56,57]. The pathophysiological mechanisms may involve a complex interaction of the endogenous vasoactive system, portal hypertension, and renal dysfunction[58]. As a hallmark of decompensation, ascites has a prevalence of approximately 10% in patients with cirrhosis[58]. Approximately 60% of patients with compensated cirrhosis can develop this complication over a 10-year period, and it is associated with a high mortality rate of up to 50% within 3 years of onset[59,60]. A recent population-based study analyzed the epidemiology of ascites infection among patients with cirrhosis in Queensland, Australia, from 2008-2017. Of 103165 patients with cirrhosis, 16550 had ascites (16%)[61]. A further Korean study using a nationally representative database yielded a real-world burden of complications in patients with decompensated cirrhosis from 2016 to 2018, with ascites being the most common decompensated event (54.8%), followed by GEV bleeding, HE and hepatorenal syndrome (HRS)[62]. However, recent epidemiological information related to ascites in cirrhosis is relatively scarce.
Ascites infection is a frequent concurrent event in patients with cirrhosis and ascites, such as the prevalent spontaneous bacterial peritonitis (SBP) and, less commonly, fungal infections[63,64]. SBP is defined as spontaneous ascites infection in the absence of other causes of secondary peritoneal infection[65]. The diagnosis is based on the presence of > 250 polymorphonuclear cells/mm3 in the ascites fluid as the high negative culture rate (up to 60% has been reported)[66,67]. Admissions for ascites infections increased by 76% in Queensland, Australia, from 2008 to 2017[61]. Another recent retrospective study included 1035 patients with cirrhosis from a single center in Israel between 1996 and 2020. A total of 173 (16.7%) of the patients developed SBP, and positive ascites fluid cultures were demonstrated in 47.4% of the SBP cases[68]. A recent meta-analysis including 99 studies comprising 5861142 patients with cirrhosis summarized the prevalence, resistance, and outcomes of SBP in cirrhosis worldwide[69]. The pooled global prevalence of SBP was 17.12% (95%CI 13.63%-21.30%), with Africa having the highest prevalence (68.20%) and North America having the lowest (10.81%). The prevalence of community-acquired SBP was 6.05% (95%CI 4.32%-8.40%) compared with 11.11% (95%CI 5.84%-20.11%) for health care-related SBP. The prevalence of antibiotic-resistant microorganisms in SBP was 11.77% (95%CI 7.63%-17.73%), with methicillin-resistant Staphylococcus aureus (6.23%), broad-spectrum β-lactamase-producing microorganisms (6.19%) and vancomycin-resistant enterococci (1.91%) being predominant. The incidence of SBP in outpatient paracentesis among patients with asymptomatic cirrhosis was estimated at 2% (95%CI 1%-3%) in a recent meta-analysis that included 16 studies with 1532 patients[70]. The global pooled mortality rate for SBP was 30.61% (23.30%-39.06%), with in-hospital, 30-d and 90-d mortality rates of 23.38%, 25.64% and 37.64%, respectively[69].

Variceal bleeding
Varices can be observed in up to two-thirds of patients with cirrhosis, while the annual incidence rate is 8%-10% and the rate of progression to large varices is 10%-12% annually[71]. Variceal bleeding is a common complication in cirrhosis associated with high mortality, with portal hypertension being the major driver. The common forms of variceal bleeding are esophageal and gastric variceal bleeding and, less commonly, rectal variceal bleeding. GEV bleeding can be present in 25%-35% of patients, which can develop in 40% of compensated cirrhosis patients and 85% of decompensated cirrhosis patients[72]. The six-week mortality rate for acute variceal bleeding ranges from 15% to 25%[73]. In a study that included 1902 children younger than 18 years who suffered esophageal variceal bleeding in 50 hospitals in the US from 2004-2019, the mortality rate for variceal bleeding was 7.3% (increasing to 8.8% after 6 wk) and 20.1% for any cause[74]. A retrospective study enrolled all patients in the NIS from 2016-2019 who were discharged with a diagnosis of esophageal variceal bleeding (166760 cases, of which 32.7% were women), and found that males were associated with a higher mortality rate than females (9.91% compared to 8.31%, P value 0.008 after adjusting for confounders)[75]. However, there are relatively few relevant recent epidemiological reports.

HE
HE is a neuropsychiatric disorder in cirrhosis that is strongly associated with prognosis, and its clinical course can be divided into covert hepatic encephalopathy (CHE), which includes minimal hepatic encephalopathy (MHE) (cognitive deficits found on psychological tests) and Grade I HE, and overt hepatic encephalopathy (OHE), where clinically significant symptoms develop[76,77]. The median survival of patients with cirrhosis is significantly shorter at 0.95 years in those over 65 years after the diagnosis of HE was established[78].
The prevalence of CHE has been reported to be very high in patients with cirrhosis, but estimates vary considerably among studies depending on, for example, the diagnostic method and the severity of cirrhosis[79]. In a prospective multicenter study, the prevalence of MHE under the combined diagnostic criteria based on the critical flicker frequency (CFF) and Psychometric Hepatic Encephalopathy Score (PHES) was 18.2%, with 12.1% of patients having compensated cirrhosis and 22.5% of patients showing decompensated cirrhosis[80]. Another multicenter study validated the ability of the EncephalApp in diagnosing MHE. The prevalence of MHE was 51% for the norm-based EncephalApp, 37% for the PHES-based EncephalApp, and 54% for the inhibitory control test (ICT)-based EncephalApp[81]. In a recent study conducted in Turkey, the prevalence of MHE in compensated cirrhosis patients based on the PHES, CFF, and a combination of both was 29.8%, 27.4%, and 16.0%, respectively[82]. An attempt was made to examine the effect of single and combined diagnostic modalities in CHE. The prevalence of CHE varied among the different diagnostic sets, with rates of 18%, 25%, 29%, 35%, 37% and 54% for the PHES + ICT, ICT + Stroop EncephAlapp (StE), PHES + StE, ICT, PHES, and StE, respectively[83]. In addition, the underestimation of the burden of HE and other factors that may be regionally variable, such as smoking, diabetes, and alcohol intake, can impact the diagnosis of CHE[79], all contributing to the significant variability in the prevalence of CHE.
The incidence of OHE has also been described recently. A prospective study included 294 patients with Child A-B cirrhosis without previous HE from July 2016 to August 2018, with the incidence of OHE at one year being 14% in all patients, 10% in Child A patients, and increased to 25% in Child B patients[84]. A large population-based study included a randomized 20% of Medicare participants with cirrhosis and Part D prescription coverage from 2008-2014, with a total OHE incidence of 11.6 per 100 patient-years over a 5.25-year follow-up of 166,192 patients with cirrhosis (median age 65 years). Alcoholic cirrhosis and portal hypertension are key players in the development of OHE, and drug use, such as proton pump inhibitors (PPIs), benzodiazepines, gamma-aminobutyric acid and opioids, is also potentially relevant[85]. These findings indicate that other components may also be associated with the development of HE and influence the incidence. In fact, several factors, such as transjugular intrahepatic portosystemic shunts (TIPSs)[86], PPIs[87], albumin[88], sustained virological response (SVR) in HCV infection[89], and others, can contribute to the development of HE.
HE imposes a heavy burden on patients with cirrhosis, including increased hospitalization, costs, and readmissions, impairment of health-related quality of life (HRQOL), and decreased socioeconomic status[90]. During 2010-2014, data from the NIS show a 24.4% increase in the number of hospital admissions for HE and a 46.0% increase in the total cost of admissions (which reached $11.9 billion in the United States in 2014)[91]. HE-related 90-d readmissions comprised approximately 23.7% of patients with cirrhosis[92] and were significantly associated with readmission in patients with decompensated cirrhosis[93]. In a large multistate population-based study on the causes and rates of readmission in cirrhosis, HE was significantly correlated with both 30-d readmission and 90-d readmission, with adjusted ORs of 3.23 (95%CI 2.97-3.52) and 3.07 (2.86-3.30), respectively[94]. Moreover, HE is associated with an increased risk of falls and can cause serious outcomes leading to high comorbidity and mortality[95]. In socioeconomic terms, cognitive impairment due to HE has been shown to have a multilevel association with adverse outcomes of employment/income, driving ability, and HRQOL[79].

Acute kidney injury and HRS
Renal dysfunction is a common complication in patients with cirrhosis and ascites[96]. In 2015, the revised consensus of the International Club of Ascites defined acute kidney injury (AKI) in cirrhosis as an increase in serum creatinine (sCr) of 0.3 mg/dL in < 48 h or a 50% increase in sCr from baseline within the last 3 mo[97]. AKI comprises a variety of phenotypes, including functional AKI and structural AKI. Functional AKI includes volume-responsive prerenal azotemia (PRA) and HRS-AKI, while structural AKI presents with structural changes such as acute tubular necrosis (ATN). HRS-AKI (previously known as HRS-1) is defined as at least stage 2 or above AKI in patients with cirrhosis and ascites, while excluding other causes such as PRA and ATN[97]. HRS can thus be divided into HRS-AKI and HRS-non-AKI (previous HRS-2)[98].
In a prospective study of 405 patients with cirrhosis enrolled in 2016-2017, the prevalence of AKI was 19.3%, and survival was lower at 30 d and 90 d compared to that of non-AKI patients[99]. The prevalence of AKI ranges from 18.5% to 40.6% in some other regions[100-102]. A meta-analysis revealed that the prevalence of AKI in acute-on-chronic liver failure (ACLF) could be significantly increased to 41%[103]. The overall prevalence rates of PRA and ATN in patients with cirrhosis are 15%-45% and 15%-60%, respectively, which are higher than the 10-40% rate of HRS[104]. The prevalence of HRS in patients with decompensated cirrhosis was 3.6%, while the median LOS for HRS was 4 wk per year in a large representative Korean database from 2016-2018, significantly higher than that for patients with ascites (19 d) or GEV bleeding (13 d)[62]. A recent study that included patients with a primary diagnosis of HRS in the NIS from 2008-2018 found a notable increase in the number of HRS hospitalizations from 22864 in 2008 to 42985 in 2018; however, there was a decreasing trend in inpatient mortality (36.2% in 2008 to 25.7% in 2018)[105].

Infection
In addition to SBP, patients with cirrhosis are at substantially increased risk of developing infections, commonly urinary tract infections (UTIs), pneumonia, and soft tissue infections[106]. The most frequent types of infections in a study that included 877 hospitalized cirrhotic patients from 2011-2016 were UTI (33%), pneumonia (23%), SBP (14%), and bacteremia (11%)[107]. Using the Nationwide Readmissions Database from 2011-2014, the overall prevalence of infections was 29.2% in 1798830 admissions, including UTI (13.7%), pneumonia (8.9%), cellulitis (5.2%), Clostridioides difficile infection (CDI) (2.8%), and SBP (2.0%). Pneumonia, SBP, and CDI had notably higher mortality than cellulitis and UTI, and sepsis and organ failure were also more common. Pneumonia had the highest mortality in the multivariate regression analysis (OR 2.73, 95%CI 2.68-2.80) and caused multiple organ failure (OR 3.59, 95%CI 3.50-3.68)[108]. The prevalence of CDI in cirrhosis has shown an increasing trend at approximately 2.7% in 2014, while the mortality of CDI is on the decline, and in local hospitals, the incidence of CDI ranges from 4.9% to 18.8%[109]. In recent years, infections caused by multidrug-resistant organisms (MDRO) have posed a serious challenge in cirrhosis[110]. In a study conducted in Europe that prospectively included two series of cohorts of patients with decompensated cirrhosis in 2011 and 2017-2018, the prevalence of MDRO in culture-positive infections increased from 29.2% in 2011 to 38.0% in 2017-2018[111]. Another worldwide study enrolled 1302 patients with cirrhosis and infections at 46 centers (15 in Asia, 15 in Europe, 11 in South America, and 5 in North America) in 2015-2016 and found a 34% prevalence of MDROs with geographic variability (highest in Asia)[112].

EPIDEMIOLOGY OF HCC IN LIVER CIRRHOSIS
Primary liver cancer was the sixth most common and the third most deadly cancer in 2020, with HCC being the predominant phenotype[113]. According to the GBD 2019, the global age-standardized incidence rate, age-standardized mortality rate and age-standardized DALYs for liver cancer in 2019 were 6.51, 5.95, and 151.08 per 100000, respectively[114]. NASH is the fastest growing cause of liver cancer and is projected to continue to increase in the future[115]. In 2019, the most common contributing factor for liver cancer was hepatitis B (41%), followed by hepatitis C (28.5%), alcohol use (18.4%), NASH (6.8%) and other etiologies (5.3%)[115,116]. Cirrhosis is a precancerous lesion that predisposes patients to progressing to HCC. However, HCC can develop directly without the presence of cirrhosis in a proportion of individuals. In a large US multicenter study, 11.7% of 5,144 included HCC patients showed the absence of cirrhosis, with NAFLD (26.3%), HCV (12.1%) and HBV (10%) being the most common causes[117]. A recent meta-analysis concluded that 37% (95%CI 28%-46%) of patients with NAFLD-related HCC presented without cirrhosis[118]. The prevalence of NAFLD-related HCC was significantly higher in patients with cirrhosis than in those without (374.4/10000 vs 4.6/10000 persons)[119].
The epidemiology of HCC in patients with cirrhosis has recently been studied and is etiologically variable (Table 3). In a recent Swedish nationwide population-based cohort study, the incidence of HCC in the cirrhotic population was 23 per 1000 person-years (lowest in ALD at 15 per 1000 person-years and highest in viral hepatitis at 41 per 1000 person-years)[120]. The cumulative incidence of HCC in patients with cirrhosis at 5 and 10 years was 8.3% and 12.2%, respectively. At 10 years, the cumulative incidence was lowest in women with alcoholic cirrhosis (4.3%) and highest in men with viral hepatitis (26.6%)[120]. A study included two US prospective multiethnic contemporary cohorts of patients with cirrhosis, with a total enrolled population of 2733 patients with cirrhosis (19.0% had active HCV, 23.3% had cured HCV, 16.1% had ALD, and 30.1% had NAFLD). After 7,406 person-years of follow-up, the annual HCC incidence rate was 1.82%. The annual HCC incidence in patients with cured HCV, ALD and NAFLD was 1.71%, 1.32%, and 1.24%, respectively. The risk of developing HCC in patients with cured HCV cirrhosis was two-fold higher than that in patients with NAFLD (HR 2.04, 95%CI 1.24-3.35)[121]. Data on the mortality and public health burden of HCC in patients with cirrhosis are relatively scarce.
In a recent meta-analysis of patients with cured HCV, the incidence of HCC was 2.1 per 100 person-years and declined over time after the patients was cured[122]. A prospective study yielded a cumulative incidence of HCC of 7.4% at 5 years in patients with HBV cirrhosis receiving antiviral therapy[123], and partial virological response after two years of entecavir treatment was associated with an increased risk of HCC[124].
In a retrospective study that included 501 patients with primary biliary cholangitis and compensated cirrhosis, a total of 22 cases of HCC occurred during the study period (4.39%)[125], which is similar to the findings of another study (4.51%)[126]. In patients with primary sclerosing cholangitis and cirrhosis, the risk of HCC development is very low, although the risk of gallbladder cancer and cholangiocarcinoma is high[127].
The absolute risk of developing HCC in alcoholic cirrhosis seems to be lower than in viral hepatitis (annual incidence of approximately 2%-5%)[128]. A recent meta-analysis that included 18 studies outlined the incidence of HCC in alcoholic cirrhosis. After accounting for the competing risk of death without HCC, the cumulative incidence of HCC at 1, 3, 5, and 10 years was 1%, 2%, 3%, and 9%, respectively. The overall incidence of HCC in alcoholic cirrhosis was 8.29 (95%CI 4.77-14.39) per 1000 person-years[129]. However, the prognosis for HCC due to alcoholic cirrhosis appears to be worse[130]. Furthermore, alcohol consumption increases the incidence of HCC in HBV-related cirrhosis[131-133], while abstinence from alcohol significantly reduces the risk of developing HCC[133].
In a nationwide survey conducted in Japan, HCV-associated cirrhosis was the leading cause of HCC (60.3% of cases). The proportion of HCC from 2008 to 2016 due to hepatitis virus-related cirrhosis decreased, while HCC due to NASH and ALD-related cirrhosis increased from 1.5 to 7.2% and 8.5 to 18.6%, respectively[134].
The value of HCC surveillance in patients with cirrhosis remains to be addressed given the lack of sufficient randomized controlled trials to confirm the overall benefits and harms[135]. However, recent studies have provided robust evidence of the significance of HCC screening. A recent meta-analysis that included 59 cohort studies concluded that HCC surveillance was associated with improved early detection, curative treatment receipts and survival, although few studies weighed the benefits against the harms[136]. In another prospective cohort of patients with cirrhosis, HCC surveillance improved early detection, with physical damage observed in 8.8% of patients and mostly mild[137]. Furthermore, a survey performed in patients with cirrhosis found that patients were more concerned about early HCC detection than about potential surveillance harm[138]. A survey conducted in the United States showed that gastroenterology and hepatology providers also prefer HCC surveillance when the risk of HCC is below the threshold recommended for surveillance by professional societies[139].
Ultrasound with or without alpha-fetoprotein (AFP) is recommended for HCC surveillance, and the addition of AFP to ultrasound significantly increases the sensitivity of early HCC detection[140]. Clinical HCC surveillance is still underused in patients with cirrhosis. A meta-analysis noted that only 24% of patients were screened, and this underutilization occurred particularly in patients with alcohol- or NASH-related cirrhosis and those not followed in subspecialty gastroenterology clinics[141]. In a United States nationwide cohort of patients with cirrhosis, only 8.78% of patients were under surveillance for HCC[142]. A retrospective multicenter cohort study found that the main reason for barriers to surveillance was lack of surveillance orders or nonadherence[143]. Another United States survey identified patient-reported barriers to surveillance as knowledge deficits about HCC surveillance, cost, difficulty scheduling and transportation[144]. Individualized predictive modeling for risk stratification in patients with cirrhosis can facilitate and improve the cost-effectiveness of surveillance[145,146].

FUTURE DIRECTIONS
In the early 2020s, the outbreak and subsequent epidemic of coronavirus disease 2019 (COVID-19) imposed heavy and multifaceted consequences globally[147]. The effect of COVID-19 on cirrhosis has also been extensively researched. COVID-19 infection is associated with significantly higher morbidity and mortality in patients with liver cirrhosis[148-151]. The COVID-19 epidemic may also have implications for the etiology of cirrhosis. The prevalence of COVID-19 promotes alcohol consumption and is associated with liver disease[152-155] and metabolic disorders[156]. Therefore, the newer epidemiology of cirrhosis may change due to the COVID-19 epidemic.
Alcohol consumption and NAFLD-induced liver disease are growing rapidly. A nationwide study in the United States showed that the charges of alcoholic cirrhosis exceeded the cost of other causes of cirrhosis combined[157]. NAFLD and ALD-related cirrhosis will account for almost all newly diagnosed cases in Canada by 2040[158]. Alcohol intake can influence cirrhosis of any etiology[133,159-161]. Therefore, effective measures to prevent and reduce the associated contributing factors will likely help mitigate the epidemic. One study found that alcohol control policies can have a significant and immediate effect on mortality from cirrhosis[162]. Alcohol abstinence reduced HCC due to alcoholic cirrhosis, although only in patients without previous decompensated disease[163]. NAFLD is emerging as another major epidemic due to the prevalence of metabolic disorders such as obesity and diabetes, and there is currently no effective treatment for NAFLD. Cirrhosis due to NAFLD is expected to be a major component in the future, representing a shift in the associated epidemiology. Therefore, utilization of available interventions such as weight loss and available medications to minimize the progression of NAFLD and the detection of early liver fibrosis using effective and accurate tools will be instrumental in mitigating the risk of cirrhosis.

CONCLUSION
The latest epidemiological data revealed the heavy burden of cirrhosis globally (Table 4). In 2017, the age-standardized global prevalence of compensated cirrhosis was 1395.0 per 100000, compared to 132.5 per 100000 for decompensated cirrhosis. In 2019, cirrhosis caused 1.48 million deaths worldwide, an increase of 8.1% compared to 2017. In 2019, liver cirrhosis ranked 16th among all diseases for DALYs. The burden of cirrhosis due to HBV and HCV is declining, while the burden of NAFLD and alcohol consumption is mounting. Furthermore, there is currently a changing epidemiology of the major complications of cirrhosis (Figure 1). The burden of HCC in patients with cirrhosis is etiologically variable, and HCC due to NASH and alcohol intake is increasing.
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Figure Legends
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Figure 1 The latest epidemiological data on the major complications of liver cirrhosis. The prevalence of covert hepatic encephalopathy depends on the means of diagnosis, the stage of cirrhosis, the underestimation of HE, and the presence of other factors affecting the prevalence. For the prevalence of infections, these data were obtained from the Nationwide Readmissions Database; therefore, the total population included readmissions. SBP: Spontaneous bacterial peritonitis; CHE: Covert hepatic encephalopathy; OHE: Overt hepatic encephalopathy; AKI: Acute kidney injury; HRS: Hepatorenal syndrome; MDRO: Multidrug-resistant organisms.

Table 1 Recent local epidemiological data on liver cirrhosis in the general population
	Ref.
	Country
	Study population
	Study period
	Diagnostic methods
	Presented data

	[9]
	US
	7297435 patients with a GI diagnosis in a commercial insurance database
	2016-2018
	ICD-10 code
	Nonalcoholic cirrhosis prevalence: 0.389%; average inpatient cost: 43733 dollars; annualized total costs: 53214 dollars

	[10]
	Germany
	All hospital admissions (248085936 patients)
	2005-2018
	ICD-10 code
	Prevalence: 0.94%

	[11]
	Japan
	488 randomly selected individuals underwent fatty liver and advanced fibrosis screening
	From October to November 2020
	Liver stiffness measurement
	Prevalence: 1%

	[12]
	US
	Adult patients in a commercial medical claims database
	2018
	ICD-9 or ICD-10 code
	Prevalence: 0.21%

	[28]
	China
	503993 participants prospectively included in China Kadoorie Biobank
	2004-2008 (10 years of follow-up)
	ICD-10 code
	Incidence: 756.4 and 397.4 per 100000 among diabetic patients and nondiabetic patients, respectively

	[30]
	Korea
	Adult patients in the HIRA-NPS database
	2012-2016
	ICD-9 code
	Alcoholic cirrhosis incident cases: 7295 cases

	[31]
	Sweden
	All patients at Halland Hospital
	2011-2018
	ICD-10 code and SNOMED code
	Age-standardized incidence: 23.2 per 100000 person-years

	[32]
	Korea
	Adult patients in the NHIS database
	2011-2015
	KCD-7 code
	Primary biliary cirrhosis average annual cumulative incidence: 68.32 cases per 10000000

	[33]
	Canada
	Adult patients in the ICES databases
	1997-2016
	ICD-10 code
	Age-standardized incidence: 70.6 in 1997 and 89.6 per 100000 person-years in 2016

	[34]
	Canada
	Children in the ICES databases
	1997-2017
	ICES-validated algorithm
	Age- and sex-adjusted incidence: 2.7 in 1997 and 10.6 per 100000 person-years in 2017

	[44]
	US
	NIS
	2003-2017
	ICD-10 code
	Alcoholic cirrhosis deaths in women: 14330 cases

	[45]
	Mexico
	National Institute of Statistics and Geography
	2000-2017
	ICD-10 code
	Alcoholic cirrhosis mortality rate: From 20.55 to 10.62 per 100000

	[54]
	US
	Adult patients in the NIS
	2008-2014
	ICD-9 code
	Hospitalization costs: 7.37 billion dollars in 2014


US: United States; ICD: International classification of diseases; HIRA-NPS: Health insurance review and assessment-national patient samples; SNOMED: Systematized nomenclature of medicine; NHIS: National Health Insurance Service; KCD: Korean standard classification of diseases; ICES: Institute for clinical evaluative sciences; NIS: National inpatient sample.

Table 2 Epidemiology of cirrhosis in specific at-risk populations
	Ref.
	Country
	Study population
	Study period
	Diagnostic methods
	Presented data

	[13]
	US
	825 adults with type 2 diabetes who had reliable TE results from the NHANES
	2017-2018
	TE
	Prevalence: 7.7%

	[14]
	US
	Patients with NAFLD from the NHANES
	2017-2018
	TE
	Prevalence: 4.4%

	[15]
	US
	3115 HBsAg-negative/HBcAb-positive subjects from the NHANES
	2001-2018
	FIB-4
	Cirrhosis/advanced liver fibrosis prevalence: 3.76%

	[16]
	13 countries in sub-Saharan Africa
	HBV-infected population
	2012-2019
	TE, APRI and Fibrotest
	Prevalence: 4.1% in primary care or the general population and 12.7% in referral or tertiary care settings

	[17]
	Spain
	501 biopsy-proven NASH patients with paired TE data from tertiary centers
	2015-2020
	TE
	Prevalence: 0.70%

	[18]
	Korea
	27629 adults with MHO or MUHO from the KNHANES
	2015-2019
	Self-report survey or by an AST level ≥ 23.5 IU/L
	Prevalence: 0.5% and 0.4% in MHO and MUHO, respectively

	[19]
	US
	3386 patients with NAFLD in the TARGET-NASH study
	2016-2019
	Pragmatic case definitions
	Prevalence: 22.6% in lean patients

	[21]
	Italy
	6193 older subjects admitted to acute medical wards and included in the REPOSI registry
	2010-2018
	ICD-9 code
	Prevalence: 5%

	[22]
	10 countries in the world
	320777 dialysis patients
	1980-2019
	TE, histopathology, radiology, and ICD codes
	Prevalence: 5%

	[36]
	NR
	902 patients with a Fontan circulation
	NR
	NR
	Cumulative incidence: 27.5%

	[39]
	Japan
	1260 patients who underwent the Fontan procedure and survived to discharge from 9 institutions
	From before 2011 to 2021 (median10.2 of years follow-up)
	Biopsy or imaging or extrahepatic features
	Cumulative incidence at 10, 20, and 30 years after the Fontan procedure: 0.9%, 11.6%, and 25.7%, respectively

	[41]
	Italy
	All adults aged 30 years or older without cirrhosis in Rome
	From 2001 follow up to 2015
	A validated algorithm
	Crude incidence rate: 67 per 100000 person-years


US: United States; TE: Transient elastography; NHANES: National Health and Nutrition Examination Survey; NAFLD: Nonalcoholic fatty liver disease; HBsAg: Hepatitis B surface antigen; HBcAb: Hepatitis B core antibody; FIB-4: Fibrosis-4; HBV: Hepatitis B virus; APRI: Aspartate transferase-to-platelet ratio index; NASH: Nonalcoholic steatohepatitis; MHO: Metabolically healthy obesity; MUHO: Metabolically unhealthy obesity; KNHANES: Korea National Health and Nutrition Examination Survey; AST: Aspartate transferase; IU/L: International unit per liter; REPOSI: Registro Politerapia Società Italiana di Medicina Interna; NR: Not recorded.

Table 3 Epidemiology of hepatocellular carcinoma in patients with cirrhosis
	Ref.
	Country
	Study population
	Study period
	Study design
	Epidemiology

	[119]
	US
	392800 NAFLD patients from 26 major integrated US healthcare systems
	2015-2020
	Retrospective cohort study
	Prevalence: 374.4/10000 persons

	[120]
	Sweden
	15215 individuals with cirrhosis in the National Outpatient Register
	2001-2016
	Nationwide population-based cohort study
	Incidence rate: 23 per 1000 person-years; cumulative incidence: 8.3% at 5 years and 12.2% (4.3% in women with alcoholic cirrhosis and 26.6% in men with viral hepatitis) at 10 years

	[121]
	US
	2733 patients with cirrhosis in two contemporary prospective multiethnic cohorts
	2016-2020 (with follow-up until June 30, 2021)
	Prospective multiethnic cohort study
	Annual incidence: 1.82% (1.71%, 1.32%, and 1.24% in cured HCV, ALD and NAFLD, respectively)

	[122]
	NA
	29444 patients with HCV cure
	NA
	Meta-analysis
	Incidence: 2.1 per 100 person-years

	[123]
	China
	937 treatment-naïve adults with compensated HBV-induced cirrhosis
	2012-2015 (with follow-up until June 30, 2019)
	Prospective cohort study
	Cumulative incidence: 7.4% at 5 years

	[124]
	Korea
	359 patients with HBV-associated cirrhosis who were treated with ETV for at least 2 years
	2007-2012 (median follow-up of 82 mo)
	Retrospective cohort study
	Cumulative incidence: 4.7%, 15.9%, 21.8% and 32.9% at 3, 5, 7 and 9 years, respectively

	[125]
	US
	501 veterans with PBC and compensated cirrhosis
	2008-2016 (with follow-up until December 31, 2019)
	Retrospective cohort study
	Incidence: 0.6 and 0.7 person-years in UDCA responders and UDCA partial responders, respectively

	[126]
	US
	532 patients with PBC and compensated cirrhosis
	2008-2016 (with follow-up until June 30, 2020)
	Retrospective cohort study
	Incidence: 0.9 and 0.3 person-years in males and females, respectively

	[129]
	NA
	148333 patients with alcoholic cirrhosis
	NA
	Meta-analysis
	Cumulative incidence: 1%, 2%, 3%, and 9% at 1, 3, 5, and 10 years, respectively

	[131]
	China
	1095 patients with decompensated cirrhosis
	2014-2019
	Retrospective cohort study
	Incidence: 3.92% in alcoholic cirrhosis

	[132]
	China
	1515 patients with cirrhosis with alcoholism or/and HBV infection
	2005-2020 (with follow-up until June 30, 2021)
	Retrospective cohort study
	Annual incidence: 3.5% (5.9%, 3.6%, and 2.9% in HBV plus alcoholism, HBV only and alcoholism only patients, respectively)


HCC: Hepatocellular carcinoma; US: United States; NAFLD: Nonalcoholic fatty liver disease; HCV: Hepatitis C virus; ALD: Alcoholic liver disease; NA: Not available; HBV: Hepatitis B virus; ETV: Entecavir; PBC: Primary biliary cholangitis; UDCA: Ursodeoxycholic acid.


Table 4 Latest global epidemiological features of cirrhosis
	[bookmark: _GoBack]Ref.
	Epidemiological figures
	Latest research
	Type or etiology of cirrhosis
	Reported data

	Prevalence

	[6]
	Age-standardized prevalence
	GBD 2017
	Cirrhosis
	Compensated cirrhosis: 1395.0 (1323.5-1470.5); decompensated cirrhosis: 132.5 (128.6-136.2) per 100000

	[6]
	Age-standardized prevalence
	GBD 2017
	HBV-related cirrhosis
	Compensated cirrhosis: 451.9 (420.0-485.9); decompensated cirrhosis: 36.6 (34.7-38.4)

	[6]
	Age-standardized prevalence
	GBD 2017
	HCV-related cirrhosis
	Compensated cirrhosis: 341.1 (314.1-368.7); decompensated cirrhosis: 32.5 (30.6-34.5)

	[6]
	Age-standardized prevalence
	GBD 2017
	Alcohol-related cirrhosis
	Compensated cirrhosis: 288.1 (267.5-311.3); decompensated cirrhosis: 30.0 (28.2-31.8)

	[6]
	Age-standardized prevalence
	GBD 2017
	NASH-related cirrhosis
	Compensated cirrhosis: 115.5 (105.0-126.5); decompensated cirrhosis: 11.3 (10.4-12.1)

	Incidence

	[24]
	Age-standardized incidence
	GBD 2017
	NASH-related cirrhosis
	4.81 (4.38-5.28)

	[26]
	Age-standardized incidence
	GBD 2019
	HBV-related cirrhosis
	4.91 (3.50-6.50)

	[26]
	Age-standardized incidence
	GBD 2019
	HCV-related cirrhosis
	6.7 (5.0-8.6)

	Mortality

	[26]
	Age-standardized Mortality
	GBD 2019
	HBV-related cirrhosis
	4.03 (3.39-4.76)

	[26]
	Age-standardized Mortality
	GBD 2019
	HCV-related cirrhosis
	4.82 (4.09-5.57)

	[25]
	Age-standardized mortality
	GBD 2017
	NASH-related cirrhosis
	1.5 (1.3-1.6)

	Public health burden

	[52]
	DALYs
	GBD 2019
	HBV-related cirrhosis
	129.8 (95%CI 108.3-153.0)

	[52]
	DALYs
	GBD 2019
	HCV-related cirrhosis
	146.2 (124.4-169.8)


GBD: Global burden of diseases, injuries, and risk factors study; HBV: Hepatitis B virus; HCV: Hepatitis C virus; UI: Uncertainty interval; CI: Confidence interval; NASH: Nonalcoholic steatohepatitis; DALYs: Disability-adjusted life-years.
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