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Abstract

:

Background: There are limited data on outcomes of older patients with chronic diseases. Skeletal muscle loss of aging (primary sarcopenia) has been extensively studied but the impact of secondary sarcopenia of chronic disease is not as well evaluated. Older patients with chronic diseases have both primary and secondary sarcopenia that we term compound sarcopenia. We evaluated the clinical impact of compound sarcopenia in hospitalized patients with cirrhosis given the increasing number of patients and high prevalence of sarcopenia in these patients. Design: The Nationwide Inpatients Sample (NIS) database (years 2010–2014) was analyzed to study older patients with cirrhosis. Since there is no universal hospital diagnosis code for “muscle loss”, we used a comprehensive array of codes for “muscle loss phenotype” in the international classification of diseases-9 (ICD-9). A randomly selected 2% sample of hospitalized general medical population (GMP) and inpatients with cirrhosis were stratified into 3 age groups based on age-related changes in muscle mass. In-hospital mortality, length of stay (LoS), cost of hospitalization (CoH), comorbidities and discharge disposition were analyzed. Results. Of 517,605 hospitalizations for GMP and 106,835 hospitalizations for treatment of cirrhosis or a cirrhosis-related complication, 207,266 (40.4%) GMP and 29,018 (27.7%) patients with cirrhosis were >65 years old, respectively. Muscle loss phenotype in both GMP and inpatients with cirrhosis 51–65 years old and >65 years old was significantly (p < 0.001 for all) associated with higher mortality, LoS, and CoH compared to those ≤50 years old. Patients >65 years old with cirrhosis and muscle loss phenotype had higher mortality (adjusted OR: 1.06, 95% CI [1.04, 1.08] and CoH (adjusted odds ratio (OR): 1.10, 95% confidence interval (CI) [1.04, 1.08])) when compared to >65 years old GMP with muscle loss phenotype. Muscle loss in younger patients with cirrhosis (≤50 years old) was associated with worse outcomes compared to GMP >65 years old. Non-home discharges (nursing, skilled, long-term care) were more frequent with increasing age to a greater extent in patients with cirrhosis with muscle loss phenotype for each age stratum. Conclusion: Muscle loss is more frequent in older patients with cirrhosis than younger patients with cirrhosis and older GMP. Younger patients with cirrhosis had clinical outcomes similar to those of older GMP, suggesting an accelerated senescence in cirrhosis. Compound sarcopenia in older patients with cirrhosis is associated with higher inpatient mortality, increased LoS, and CoH compared to GMP with sarcopenia.
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1. Introduction


With the increasing age of the population in the United States [1], the number of older patients with cirrhosis continues to rise [2]. Older patients use significantly greater health care resources than younger patients, especially during hospitalization [3,4,5]. In the setting of increasing longevity in different societies, the proportion of hospitalized older adults with cirrhosis, compared to those who are younger, continues to increase [6,7,8]. Aging adversely affects hepatic function, responses to injury, and complications of cirrhosis [9,10,11]. Loss of skeletal muscle mass, or sarcopenia, is one of the most frequent complications in cirrhosis that contributes to mortality, morbidity, decreased quality of life (QoL), and poor post-liver transplant (LT) outcomes [12,13,14,15,16]. The term sarcopenia was initially used to describe the syndrome of reduced muscle mass with impaired contractile function in older adults [17]; however, with widespread clinical recognition of muscle loss in chronic diseases, aging-related muscle loss is considered to be “primary sarcopenia,” while “secondary sarcopenia” is that which occurs in chronic diseases [17]. In older patients with chronic diseases, primary (age-related) sarcopenia and secondary (disease-related) sarcopenia are likely to be additive, but have not been evaluated. We, therefore, refer to the presence of sarcopenia in older patients with chronic disease as “compound sarcopenia.” Hospitalized patients are themselves, a priori, at risk for sarcopenia due to underlying disease and frequent comorbidities [18,19]. Hospitalization aggravates muscle loss due to a combination of factors including immobilization, dietary alterations, and prolonged fasting and has been referred to as “acute sarcopenia” [18,20]. Acute sarcopenia of hospitalization is likely additive to compound sarcopenia.



Critical outcomes in hospitalized patients with cirrhosis include in-hospital mortality, length of stay (LoS), cost of hospitalization (CoH) and discharge disposition16. Sarcopenia in cirrhosis adversely affects these outcome measures [15,16], but the contributions of primary and secondary sarcopenia in aging patients with cirrhosis is not known. Published reports use ICD codes wherein the term sarcopenia has been used only since the transition to ICD-10 and was intended to code for primary sarcopenia of aging [21]. Since restricting ICD codes in this study would limit our ability to identify the true number of patients with muscle loss [16,22], we have used a previously reported group of codes to define a “muscle loss phenotype” in order to evaluate the consequences of sarcopenia in hospitalized patients [16,23].



With aging, functional decline occurs and hospitalization delays recovery of activity [4,24]. Hospitalization results in more frequent non-home discharge, including institutionalization, in patients with cirrhosis and especially in those with muscle loss phenotype. The impact of muscle loss on discharge disposition in elderly patients with cirrhosis is, however, not known. Interestingly, hospitalized patients with cirrhosis have a greater prevalence of muscle loss phenotype and worse outcomes than an older hospitalized general medicine population (GMP) [16,25]. Increasing age was a risk factor for adverse outcomes, but whether there are systematic differences in the prevalence of sarcopenia in cirrhosis with aging compared to the GMP and if the outcomes were different in different age strata in patients with cirrhosis with and without a muscle loss phenotype have not been reported.



Data in hospitalized adults with cirrhosis show that a muscle loss phenotype is more frequent in patients with cirrhosis and is an independent risk factor for in-hospital mortality and increased LoS and CoH per admission [16]. There are no data on the prevalence or consequences of sarcopenia in an age-stratified hospitalized cirrhotic population. Older patients with cirrhosis are likely to have compound sarcopenia, while the younger patients with cirrhosis have only secondary sarcopenia. To study the impact of aging on cirrhosis-related secondary sarcopenia, the prevalence and adverse consequences of a muscle loss phenotype in GMP and patients with cirrhosis were evaluated in the Nationwide Inpatient Sample (NIS) database for the years 2010–2014. We tested our hypothesis that muscle loss phenotype is more frequent and is associated with worse clinical outcomes in hospitalized patients with cirrhosis who are older compared to those who are younger. For each age stratum, we also hypothesize that patients with cirrhosis and muscle loss phenotype have worse outcomes than those without a muscle loss phenotype or GMP in the same age stratum.




2. Materials and Methods


The NIS database is maintained by the Agency for Healthcare Research and Quality via the Healthcare Cost and Utilization Project (HCUP). The data organizations that contribute to this project are listed at https://www.hcup-us.ahrq.gov/db/hcupdatapartners.jsp (accessed 23 June 2020). A data user agreement was signed with the Agency for Healthcare Research and Quality. Administrative data from nearly 8 million annual hospitalizations from about 1000 U.S. hospitals including academic medical centers and public hospitals (non-federal) are hosted in the NIS and include primary and secondary diagnoses, patient demographics, hospital LoS, discharge status, in-hospital mortality, CoH, and severity/comorbidity measures. Readmissions and individual patient identifying information including specific laboratory values are not available. Patients were stratified into 3 categories based on age at admission: ≤50 years old, 51–65 years old and >65 years old. The cutoff of 65 years old was chosen to define the elderly population as it is the age that most individuals in the United States are eligible for retirement benefits and is used by the Center for Medicare and Medicaid Services to allow for transition to federally guaranteed healthcare beyond employer provided medical insurance.



Information from the NIS database was aggregated for the dates between 1 January 2010 and 31 December 2014 to capture 5 years of consistent, encounter-level hospitalization data before ICD-10 codes were introduced in 2015. It has been reported that a narrow use of ICD-9 codes may unintentionally omit data from patients who do in fact have muscle loss [16]. In the ICD-9 list of codes, there is no single unique code for muscle loss; so as previously reported [16], we defined a composite term of a “muscle loss phenotype” that comprises multiple ICD-9 codes that together define the condition of loss of muscle or contractility. Some of the codes we selected included “malnutrition of moderate degree” (263.0) and “cachexia” [799.4], as examples. While an individual code for “sarcopenia” was introduced in 2015 with ICD-10, it was intended and has been interpreted clinically as a code for primary sarcopenia, or sarcopenia of aging. However, with the increasing recognition in the clinical community of secondary sarcopenia of chronic disease, we anticipate the interpretation of the code for sarcopenia will broaden with time and should be used in future analyses.



Hospitalizations for maternal/pregnancy care were excluded using the Major Diagnostic Category 14: “Pregnancy, Childbirth and the Puerperium” codes. In addition to the standard terminology for race/ethnicity, we included a category termed “Other” which includes Asian/Pacific Islanders and Native Americans. Elixhauser co-morbidity indices, which predict in-hospital mortality and discharge disposition based on the presence or absence of certain co-morbidities, were calculated from the NIS datasets using the relevant ICD-9 codes [16,26]. A random sample of 2% of hospitalized GMP was included to determine if this cohort was different from that in the cirrhosis group and to ensure an approximately 5:1 ratio of GMP to cirrhosis patient population. The overall, but not age stratified characteristics, of this population have been previously reported [16]. The total number differ from our previous publication because we excluded variables with missing values as opposed to utilizing simple imputation for missing values.



Additional outcomes analyzed included the LoS, CoH, in-hospital mortality, and discharge disposition. For these analyses, we used our previously reported terms: “routine discharge” for patients sent home from the hospital without any assistance and “non-routine discharge” or release to home with any home health aide/support, to a nursing home, to a rehabilitation facility, or against medical advice [16,23]. Non-routine discharge was considered an undesirable outcome because it is recommended for patients with functional limitations and correspondingly, in these analyses, “non-routine discharge” was used as a surrogate for impaired functional status at discharge, as previously reported [16,23]. To evaluate differences among patient outcomes and clinical characteristics in various geographies and socioeconomic statuses, the location of the hospital and insurance carrier types were also analyzed.



Statistical analysis: The primary outcome was in-hospital mortality across age strata in patients with cirrhosis with or without a muscle loss phenotype. Other outcomes of interest included the LoS and CoH for each admission across age strata. Summary statistics, median values, multivariate logistic and linear regression analyses and model fit were performed as previously described [16,23]. A confidence level of 95% was used for all intervals unless otherwise noted. Covariates known to affect risk for muscle loss phenotype were included in our multivariate regression model as previously reported [16,23]. A linear regression analysis of the Elixhauser comorbidity score as the dependent variable was also performed. Statistical analyses were performed using R version 4.0.0 (The R Foundation for Statistical Computing, Vienna, Austria) and SAS 9.4 software (SAS Institute, Cary, NC, USA). Our study and its methods were in accordance to the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines [27]. The participant flow chart that conforms to the CONSORT statement is shown in Supplementary Figure S1.




3. Results


The overall clinical, demographic characteristics, and outcomes for hospitalized GMP and patients with cirrhosis stratified by age are shown in Table 1, Supplementary Table S1. Between 2010–2014, we evaluated a random 2% sample (n = 517,605) of hospitalized GMP and compared it to the total cohort of hospitalized patients with cirrhosis from the same time period (n = 106,835). After stratification of subjects into three age groups (≤50 years old, 51–65 years old and >65 years old), we found that the prevalence of Black race and Hispanic ethnicity were lower in older inpatients and that there were more female than male cirrhotic inpatients in each age category of patients with cirrhosis (Supplementary Figure S2). During the study period, the proportion of all GMP or those with muscle loss phenotype in the different age strata did not change significantly (Figure 1A,B). However, over the years 2010 to 2014, there was an increase in both the proportion of hospitalized patients >65 years old with cirrhosis with and without muscle loss phenotype (Figure 1A) as well as that of inpatients with cirrhosis aged 51–65 years old and >65 years old with a muscle loss phenotype (Figure 1B). The mean age of GMP ≤50 years old was significantly lower, while the mean age of GMP >65 years old was significantly higher (p < 0.001 for both), than that of matched age strata for hospitalized patients with cirrhosis. In-hospital mortality and muscle loss phenotype nearly doubled for the older age groups within both the GMP and cirrhotic patients. In younger patients with cirrhosis, LoS, in-hospital mortality, CoH per admission, muscle loss phenotype, number of diagnoses on discharge, and Elixhauser score were significantly higher (p < 0.001) when compared to older GMP. In addition, all patients with cirrhosis (compared to the GMP within the same age group) and older GMP (compared to younger GMP) were more likely to require transfer to a skilled nursing facility or require home health care. The prevalence of comorbidities including alcohol abuse and diabetes was significantly higher in patients with cirrhosis in each age stratum compared to that in GMP. However, hypertension was significantly higher (p < 0.001) in patients with cirrhosis aged ≤50 years old compared to GMP aged ≤50 years old, while in the higher age strata, hypertension was less frequent in hospitalized patients with cirrhosis compared to similar aged GMP (Table 1).



The clinical and demographic characteristics of hospitalized GMP and cirrhosis patients with muscle loss phenotype grouped by age are shown in Table 2, Supplementary Table S2, and Supplementary Figure S3. We noted that patients with cirrhosis with muscle loss had significantly higher (p < 0.001) in-hospital mortality (across all age groups) and CoH (in the 51–65 and >65 year-old age strata) than comparable GMP in the same age strata. Similarly, in-hospital mortality was significantly higher (p < 0.001) in younger patients with cirrhosis with muscle loss compared to both younger and older GMP with or without muscle loss. In patients with cirrhosis, older age with muscle loss phenotype resulted in a lower likelihood of discharge to home than the younger population of patients with cirrhosis or the equivalent GMP age group with muscle loss phenotype. Alcohol abuse disorder was significantly higher (p < 0.001) in patients with cirrhosis with muscle loss than GMP with muscle loss for each comparable age group. Prevalence of comorbidities as a total percentage, Elixhauser score, and alcohol abuse were significantly higher (p < 0.001) in patients with cirrhosis than in GMP with muscle loss phenotype in each of the age strata (Table 2).



Regression analysis comparing hospitalized GMP and patients with cirrhosis with muscle loss phenotype showed that CoH per admission, in-hospital mortality, and LoS were significantly higher in patients with cirrhosis 51–65 years old compared to GMP of the same age group, even after adjustment for covariables and other demographic features. Among patients with cirrhosis with muscle loss phenotype, CoH per admission and in-hospital mortality were higher than in GMP with muscle loss phenotype for those >65 years old, while LoS was not significantly different. In-hospital mortality was higher for the ≤50 year-old patient population with cirrhosis with muscle loss phenotype when compared to GMP with muscle loss phenotype of the same age group, while CoH and LoS were not different (Table 3).



Clinical, demographic characteristics, and outcomes of GMP with and without muscle loss phenotype grouped by age are shown in Table 4, Supplementary Table S3 and Supplementary Figure S4. The proportion of hospitalized GMP males with muscle loss phenotype was significantly higher than that without muscle loss phenotype. Muscle loss phenotype was also associated with significantly higher (p < 0.001) in-hospital mortality, LoS, CoH per admission, and Elixhauser comorbidity score for all age groups of GMP. With increasing age, the GMP discharge-to-home rate was lower in those with muscle loss phenotype compared to those without. In-hospital mortality nearly doubled with increasing age group among GMP without muscle loss phenotype yet was significantly higher still (p < 0.001) in each respective GMP age group with muscle loss phenotype. In-hospital mortality rate and LoS in patients with muscle loss phenotype in GMP ≤50 years old was higher than those >65 years old without muscle loss diagnosis. In addition, muscle loss phenotype was associated with a higher prevalence of alcohol disorder and hypertension in GMP of all age groups. Prevalence of comorbidities including alcohol abuse, diabetes, and hypertension were significantly higher (p < 0.001) in GMP ≤50 years old with muscle loss phenotype compared to those ≤50 years old without muscle loss phenotype for each age group (Table 4).



The clinical and demographic characteristics of hospitalized patients with cirrhosis with and without muscle loss phenotype stratified by age classes are shown in Table 5, Supplementary Table S4, and Supplementary Figure S5. There was a male preponderance among hospitalized patients with cirrhosis ≤50 years old with muscle loss. However, there was no difference in sex distribution of patients with cirrhosis in the 51–65 and >65 year-old age groups with or without a muscle loss phenotype. Muscle loss phenotype in patients with cirrhosis was associated with significantly higher (p < 0.001) in-hospital mortality, LoS, and CoH per admission. Patients with cirrhosis and a muscle loss phenotype also had a significantly lower (p < 0.001) likelihood of discharge home in each age stratum. Similar to our observations in the GMP, the mortality rate in patients with cirrhosis ≤50 years old with a muscle loss phenotype was higher than that in patients with cirrhosis >65 years old without a diagnosis of muscle loss. In matched comparisons of each of the age strata, there was a significantly higher CoH in patients with cirrhosis and muscle loss phenotype compared to those without muscle loss phenotype. Individual comorbidities as well as the composite Elixhauser index were significantly higher (p < 0.001) in patients with cirrhosis and a muscle loss phenotype compared to those without (Table 5).



A multivariate linear regression model of the Elixhauser comorbidity score comparing age categories and muscle loss phenotype in hospitalized patients with cirrhosis and GMP is shown in Supplementary Table S5. The Elixhauser comorbidity score in patients with cirrhosis was significantly higher in the older age categories. Among patients with cirrhosis, the adjusted comorbidity score was 1.79 points higher (95% CI 1.61–1.96, p < 0.001) for those 51–65 years old and 5.43 points higher (95% CI 5.24–5.62, p < 0.001) for those >65 years old as compared to the ≤50 year-old group. For those with muscle loss phenotype, the Elixhauser score for patients with cirrhosis was 14.15 points higher (95% CI 13.95–14.35, p < 0.001) when compared to those without muscle phenotype even after adjustment for age category.



A multivariate linear regression model comparing age categories and muscle loss phenotype in the GMP showed that the Elixhauser comorbidity score was also significantly higher in those 51–65 years old (2.93, 95% CI: 2.87–2.99, p < 0.001) and in those ≥65 years old (5.94, 95% CI: 5.89–5.99, p < 0.001) compared to those aged ≤50 years old. Muscle loss phenotype was similarly associated with a significantly higher Elixhauser comorbidity score in the GMP population after adjustment for age category (16.52 points, CI: 16.37–16.68, p < 0.001). A multivariate linear regression model comparing the Elixhauser comorbidity score in those with cirrhosis versus GMP, adjusted for age (as a continuous variable), showed that patients with cirrhosis had a significantly higher comorbidity score by 10.57 points (CI: 10.51–10.64, p < 0.001) compared to the GMP. Specifically, for each increase in age by 1 year, the comorbidity score increased by 0.145 points even when adjusted for the presence of cirrhosis (95% CI: 0.144–0.146, p < 0.001).



Multivariate analyses, predicting variables associated with increased in-hospital mortality, LoS and CoH per admission in different age groups of hospitalized patients with cirrhosis (Supplementary Tables S6–S8), showed that muscle loss phenotype, chronic lung disease, coagulopathy, congestive heart failure and acute kidney injury were independently associated with increased LoS for all age groups. Alcohol abuse was associated with decreased LoS in all age groups among patients with cirrhosis. Muscle loss phenotype, metastatic cancer, solid tumors, coagulopathy, anemia, congestive heart failure, diabetes (complicated), and acute kidney injury were associated with increased CoH for all age groups, while alcohol abuse was associated with decreased CoH. Muscle loss phenotype, metastatic cancer, solid tumors, coagulopathy, congestive heart failure, diabetes mellitus, and acute kidney injury were also associated with increased risk for in-hospital mortality. Black race was associated with increased in-hospital mortality when compared to White race, but LoS and CoH were not significantly different when race/ethnicities were compared across all age groups.




4. Discussion


Our analyses of a large inpatient dataset show that over a 5-year period, there was an increase in the proportion of hospitalized patients with cirrhosis >65 years old. Aging increased critical outcomes evaluated in this study: LoS, CoH per admission and in-hospital mortality in both the GMP and those with cirrhosis; however, each of these outcomes was worse in patients with cirrhosis for each age stratum. The proportion of muscle loss phenotype increased with increasing age strata, but to a greater extent in patients with cirrhosis than in the GMP. Muscle loss phenotype in both the GMP and patients with cirrhosis was associated with higher inpatient mortality, LoS, and CoH, but each outcome was worse in patients with cirrhosis than in the GMP. These data demonstrate that the population of hospitalized older adults with cirrhosis continues to increase and that cirrhosis in older adults is associated more frequently with a muscle loss phenotype and adverse consequences than in younger patients with cirrhosis or age strata matched GMP.



There are increasing data that the population of patients with chronic liver disease continues to increase both in the United States and globally [6,8,28,29,30]. However, there are no published data on muscle loss phenotype or sarcopenia in older patients with cirrhosis. Primary sarcopenia is one of the recognized consequences of aging and, consistently, our data in hospitalized GMP and adults with cirrhosis show an aging-related increase in prevalence of a muscle loss phenotype in both groups. However, the higher frequency of muscle loss phenotype in cirrhosis for each stratum shows that an additional element of secondary sarcopenia contributes to the primary sarcopenia of aging, resulting in compound sarcopenia that occurs in patients with cirrhosis and potentially those with other chronic diseases as they age. These data are consistent with previous reports that malnutrition, of which the major component is muscle loss, was more frequent in hospitalized adults with cirrhosis than comparable GMP [16,25]. Our observations show a high prevalence and worse clinical consequences of the presence of a muscle loss phenotype in each of the identified age strata in hospitalized patients with cirrhosis compared to the GMP.



Most published data on aging patients with cirrhosis are derived from LT recipient databases [8,30,31,32,33]. In the United States, the mean age of transplant recipients increased from 29 years old to 45 years old between 1985 and 1995, while the proportion of LT recipients aged 65 years and older increased from 9% in 2002 to nearly 20% in 20178. The mean age of patients listed for LT increased from 51.2 years old in 2002 to 55.7 years old in 2014. Similar observations have been reported in the European transplant data [8]. Consistent with reports of higher transplant waitlist mortality in older patients with cirrhosis [32,34], in the present study, the oldest age strata of patients with cirrhosis had worse clinical outcomes, including higher inpatient mortality, than younger patients with cirrhosis and age strata matched GMP. Despite the increase in the number of older patients with cirrhosis, potential reasons for lower transplant listings and worse post-transplant outcomes in the elderly include greater comorbidities including cardiovascular, renal, and metabolic bone disease and malignancies [35,36,37,38]. Consistently, in the present study, older patients with cirrhosis had more comorbidities than younger patients with cirrhosis. Additionally, both the GMP and patients with cirrhosis with a muscle loss phenotype had more comorbidities than those without a muscle loss phenotype. These data are similar to those reported in a much smaller cohort from the Indiana Health system in which the aging patient population with cirrhosis was more frequently associated with mortality [29], but the impact of muscle loss phenotype on mortality was not reported.



Others have shown that frailty, or loss of physical function driven primarily by muscle loss, is associated with increased mortality [34,39]. Frailty, determined by measures of contractile function, in hospitalized patients with cirrhosis is associated with poor clinical outcomes [40]. There are currently no ICD (9 or 10) codes for frailty or loss of physical function and comparisons of frailty and its adverse impact in different age strata have not been reported. While the concept of frailty was developed in the aging population, chronic diseases (including cirrhosis) have been reported to have accelerated senescence [41,42] with measures of impaired physical function. Even though a muscle loss phenotype is generally accompanied by contractile dysfunction, the underlying mechanisms of physical frailty are not as well identified as they are for sarcopenia. There are emerging data that contractile dysfunction may be due to post-translational modification of contractile proteins and mitochondrial dysfunction [43,44]. These data suggest that sarcopenia and frailty may have common underlying mechanisms. Unlike the sarcopenic phenotype that has been well defined in cirrhosis, there is a need to clarify the interactions and consequences of the frailty phenotype [45]. Our observations also show that hospitalized younger patients with cirrhosis without a muscle loss phenotype had clinical outcomes similar to those of older GMP, suggesting functional senescence in cirrhosis. This is further supported by our analyses that a significantly higher proportion of patients with cirrhosis in each age stratum had a muscle loss phenotype compared to those in comparable age strata among the GMP.



Our observations that comorbidities are more frequent in both GMP and patients with cirrhosis with a muscle loss phenotype are consistent with and extend earlier reports that other complications of liver disease are more common in sarcopenic patients with cirrhosis [46], and shows the adverse impact of “compound sarcopenia” in older patients with cirrhosis. It is not clear if comorbidities contribute to the muscle loss phenotype, whether patients with muscle loss have more comorbidities, or if there is a bidirectional interaction between these two adverse clinical consequences and these questions need to be evaluated in future studies. Sarcopenia in cirrhosis adversely affects outcomes, and since compound sarcopenia occurs in older patients with cirrhosis, adverse consequences are likely to be worse in such patients. There are few studies on outcomes and, specifically, responses to hospitalization in older patients with cirrhosis who have more comorbidities [47,48]. Even though primary sarcopenia adversely impacts outcomes, our prespecified outcomes in hospitalized patients with cirrhosis ≤50 years old with a muscle loss phenotype are worse than older GMP. These observations support an accelerated aging phenotype in patients with cirrhosis and that muscle loss of aging compounds the disease-related sarcopenia of cirrhosis [41,42], contributing to the high proportion of older patients with cirrhosis with a muscle loss phenotype (Graphical abstract).



Graphical abstract: Aging related primary sarcopenia compounds secondary sarcopenia of cirrhosis with worse clinical outcomes.



Since careful characterization of older patients with cirrhosis is critical to optimize management strategies, including the decision for or against transplantation, evaluation of the presence of a muscle loss phenotype will help identify appropriate candidates for LT within this group. Since the population of older patients with cirrhosis and those receiving LT continues to increase [8], the presence of a muscle loss phenotype is likely to have a greater impact on long-term outcomes because, unlike other complications of liver disease, sarcopenia does not improve after LT [13,49]. Whether post-transplant sarcopenia is worse in the older transplant recipient is not well described, primarily because it is only recently that older patients with cirrhosis are increasingly being transplanted [42]. Similar to the approaches in younger patients with cirrhosis, aggressive strategies to control muscle loss are required to improve outcomes both before and after LT. Immunosuppressive medications are a potential reason for post-LT muscle loss [49]. Lower tolerance to immunosuppressive medications in older patients with cirrhosis may contribute to greater post LT sarcopenia, but this has not been evaluated to date. Post-transplant sarcopenia is associated with other components of metabolic syndrome and adverse clinical outcomes that may be more frequent in older patients with cirrhosis [49,50,51]. The present studies lay the foundation for evaluating the risks for the development and worsening of muscle loss after LT in older patients with cirrhosis and its adverse consequences.



We and others had projected an increase in alcohol related liver disease and cirrhosis in the coming decade [52]. Interestingly, the proportion of older patients with cirrhosis and alcohol use disorder is less than in younger patients and these data are similar to that reported by others [29]. Potential reasons for lower rates of alcohol use disorder in older patients with cirrhosis include mortality from complications related to alcohol consumption [52], higher mortality in alcoholic cirrhosis compared to other etiologies of liver disease, and an increase in the prevalence of non-alcoholic fatty liver disease-related cirrhosis with age [29,53]. Among both the GMP and patient population with cirrhosis, we noted a lower proportion of Black patients in the older age strata, which may be due to a higher mortality rate in this racial group [54].



Our data show an increase over time in the number of older hospitalized patients with cirrhosis; additionally, in the older age strata, the prevalence of muscle loss phenotype is nearly double that in younger patients with cirrhosis. Our observation of an independent adverse effect of a muscle loss phenotype on clinical outcomes that increases with aging reveals the urgent need to target and manage sarcopenia, specifically in older adults with cirrhosis.
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Figure 1. Increasing proportion of older patients with cirrhosis with and without muscle loss phenotype. (A) Line graphs depicting percentage of the analyzed random 2% inpatient sample of the general medical population (GMP) and hospitalized patients with cirrhosis from the National Inpatient Sample (NIS) database each year from 2010–2014 who were ≤50, 50–64, and >65 years old. (B) Line graphs depicting percentage of the analyzed inpatient sample of those GMP or patients with cirrhosis with muscle loss phenotype each year from the NIS from 2010–2014 who were ≤50, 50–64, and >65 years old. 
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Table 1. Demographic characteristics for hospitalized general medicine and patients with cirrhosis, grouped by age.
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GMP

	
Patients with Cirrhosis






	
Age Categories (Years)

	
≤50

	
51–65

	
>65

	
≤50

	
51–65

	
>65




	
Number of patients

	
188,510

	
121,829

	
207,266

	
24,848

	
52,969

	
29,018




	
Female (%)

	
131,500 (69.8) c,f

	
60,668 (49.8) c,i

	
117,519 (56.7) f,i

	
15,682 (63.1) ***,c,f

	
34,978 (66.0) ***,c,i

	
15,618 (53.8) ***,f,i




	
Age (mean (SD))

	
34.1 (9.4)

	
58.1 (4.3)

	
78.1 (7.8)

	
43.2 (6.4) ***

	
57.3 (4.1) ***

	
74.1 (6.5) ***




	
Race (%)




	
White

	
108,484 (57.5) c,f

	
83,825 (68.8) c,i

	
162,751 (78.5) f,i

	
16,372 (65.9) ***,c,f

	
36,330 (68.6) c,i

	
21,447 (73.9) ***,f,i




	
Black

	
36,259 (19.2) c,f

	
21,769 (17.9) c,i

	
21,446 (10.3) f,i

	
2195 (8.8) ***,c,e

	
5708 (10.8) ***,c,i

	
2005 (6.9) ***,e,i




	
Hispanic

	
29,665 (15.7) c,f

	
10,262 (8.4) c,i

	
13,603 (6.6) f,i

	
4592 (18.5) ***,c,f

	
8230 (15.5) ***,c,i

	
3946 (13.6) ***,f,i




	
Others

	
14,102 (7.5) c,f

	
5973 (4.9) c,i

	
9466 (4.6) f,i

	
1689 (6.8) ***,c,f

	
2701 (5.1) c,g

	
1620 (5.6) ***,g,i




	
LoS (mean (SD))

	
3.8 (5.7) c,f

	
5.1 (6.90) c,i

	
5.4 (6.6) f,i

	
7.7 (10.8) ***,c,f

	
8.1 (10.0) ***,c,i

	
8.2 (8.6) ***,f,i




	
In-hospital mortality (%)

	
948 (0.5) c,f

	
2393 (2.0) c,i

	
8011 (3.9) f,i

	
1974 (7.9) ***,c,f

	
5121 (9.7) ***,c,i

	
3362 (11.6) ***,f,i




	
CoH in USD (median (IQR))

	
4768.0 (2979.0, 8367.0) c,f

	
8197.0 (4664.0, 14,755.0) c,i

	
8007.00 (4735.0, 14,121.0) f,i

	
9631.8 (5610.2, 19,696.6) ***,c,f

	
10,643.2 (6000.5, 22,137.5) ***,c,i

	
11,408.4 (6569.9, 21,598.4) ***,f,i




	
Muscle loss phenotype (%)

	
1058 (0.6) c,f

	
2417 (2.0) c,i

	
7052 (3.4) f,i

	
2511 (10.1) ***,c,f

	
6688 (12.6) ***,c,i

	
4501 (15.5) ***,f,i




	
Number of diagnoses on discharge (mean (SD))

	
6.7 (4.5) c,f

	
10.4 (5.6) c,i

	
12.3 (5.7) f,i

	
15.5 (7.2) ***,c,f

	
17.5 (7.5) ***,c,i

	
20.1 (7.2) ***,f,i




	
Elixhauser score (mean (SD))

	
0.8 (6.4) c,f

	
3.9 (9.0) c,i

	
7.2 (9.7) f,i

	
12.1 (11.6) ***,c,f

	
14.3 (12.3) ***,c,i

	
18.3 (12.9) ***,f,i




	
Comorbidities (%)

	




	
Acute kidney injury

	
6075 (3.2) c,f

	
13,329 (10.9) c,i

	
40,755 (19.7) f,i

	
2948 (11.9) ***,c,f

	
10,964 (20.7) ***,c,i

	
10,912 (37.6) ***,f,i




	
Alcohol abuse

	
9879 (5.2) c,f

	
8494 (7.0) c,i

	
3863 (1.9) f,i

	
16,556 (66.6) ***,c,f

	
28,710 (54.2) ***,c,i

	
7072 (24.4) ***,f,i




	
Diabetes (uncomplicated)

	
13,969 (7.4) c,f

	
29,136 (23.9) c,i

	
53,496 (25.8) f,i

	
3888 (15.6) ***,c,f

	
13,733 (25.9) ***,c,i

	
10,911 (37.6) ***,f,i




	
Diabetes (complicated)

	
3597 (1.9) c,f

	
7667 (6.3) c,i

	
11,664 (5.6) f,i

	
979 (3.9) ***,c,f

	
4481 (8.5) ***,c,i

	
3486 (12.0) ***,f,i




	
Hypertension

	
36,017 (19.1) c,f

	
71,179 (58.4) c,i

	
145,906 (70.4) f,i

	
8017 (32.3) ***,c,f

	
25,695 (48.5) ***,c,i

	
18,740 (64.6) ***,f,i




	
Home discharge

	
166,183 (88.7) c,f

	
84,046 (70.4) c,i

	
92,455 (46.4) f,i

	
16,764 (73.4) ***,c,f

	
29,707 (62.2) ***,f,i

	
10,258 (40.1) ***,f,i








Abbreviations: CoH: Cost of hospitalization, GMP: general medical population, LoS: Length of stay, SD: Standard deviation, USD: US dollars. GMP vs. patients with cirrhosis between each age group: *** p < 0.001. Within disease group, ≤50 vs. 51–65: c: p < 0.001. Within disease group, ≤50 vs. >65: e: p < 0.01; f: p < 0.001. Within disease group, 51–65 vs. >65: g: p < 0.05; i: p < 0.001.
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Table 2. Demographic characteristics of hospitalized general medicine population and patients with cirrhosis with muscle loss phenotype, grouped by age.
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GMP with Muscle Loss Phenotype

	
Patients with Cirrhosis with Muscle Loss Phenotype






	
Age categories (years)

	
≤50

	
51–65

	
>65

	
≤50

	
51–65

	
>65




	
Number of patients

	
1058

	
2417

	
7052

	
2511

	
6688

	
4501




	
Female (%)

	
519 (49.1) d

	
1111 (46.0) i

	
3749 (53.2) d,i

	
1386 (55.2) ***,c

	
4377 (65.4) ***,c,i

	
2474 (55.0) i




	
Age (mean (SD))

	
40.1 (8.4)

	
58.7 (4.2)

	
79.4 (7.8)

	
43.0 (6.59) ***

	
57.7 (4.1)

	
74.5 (6.7) ***




	
Race (%)




	
White

	
637 (60.2) f

	
1579 (65.3) i

	
5274 (74.8) f,i

	
1751 (69.7) ***

	
4742 (70.9) ***

	
3304 (73.4)




	
Black

	
230 (21.7) f

	
533 (22.1) i

	
942 (13.4) f,i

	
242 (9.6) ***,a

	
809 (12.1) ***,a,i

	
370 (8.2) ***,i




	
Hispanic

	
120 (11.3) e

	
187 (7.7)

	
471 (6.7) e

	
320 (12.7)

	
752 (11.2) ***

	
531 (11.8) ***




	
Others

	
71 (6.7)

	
118 (4.9)

	
365 (5.2)

	
198 (7.9) a

	
385 (5.8) a

	
296 (6.6) **




	
LoS (mean (SD))

	
18.1 (20.8) c,f

	
14.5 (15.8) c,i

	
11.5 (12.2) f,i

	
15.8 (17.1) ***,c,f

	
14.7 (14.7) c,i

	
12.3 (11.8) ***,f,i




	
In-hospital mortality (%)

	
70 (6.6) b,f

	
276 (11.4) b

	
834 (11.8) f

	
444 (17.7) ***,cf

	
1248 (18.7) ***,c,i

	
897 (19.9) ***,f,i




	
CoH in USD (median (IQR))

	
25,214.5 (11,835.5, 58,475.0) c,f

	
19,629.0 (10,221.0, 42,480.3) c,i

	
14,611.0 (8059.0, 28,393.0) f,i

	
25,506.7 (13,172.4, 52,870.7) f

	
23,538.8 (12,421.5, 48,347.4) ***,i

	
18,645.07 (10,762.5, 35,458.6) ***,f,i




	
Number of diagnoses on discharge (mean (SD))

	
21.3 (3.7)

	
21.4 (3.8)

	
21.4 (3.6)

	
24.2 (3.7) ***,c,f

	
24.7 (3.5) ***,c,i

	
25.1 (3.1) ***,f,i




	
Elixhauser score (mean (SD))

	
19.3 (11.1) c,f

	
21.4 (11.4) c,i

	
22.4 (11.0) f,i

	
25.6 (10.3) ***,c,f

	
26.8 (10.8) ***,c,i

	
29.5 (11.2) ***,f,i




	
Comorbidities (%)

	
19.3 (11.1) c,f

	
21.4 (11.4) c,i

	
22.4 (11.0) f,i

	
25.6 (10.3) ***,c,f

	
26.8 (10.8) ***,c,i

	
29.5 (11.2) ***,f,i




	
Acute kidney injury

	
224 (21.2) c,f

	
588 (24.3) c,i

	
2331 (33.1) f,i

	
532 (21.2) c,f

	
1887 (28.2) ***,c,i

	
1878 (41.7) ***,f,i




	
Alcohol abuse

	
130 (12.3) f

	
325 (13.4) i

	
229 (3.2) f,i

	
1602 (63.8) ***,c,f

	
3709 (55.5) ***,c,i

	
1228 (27.3) ***,f,i




	
Diabetes (uncomplicated)

	
159 (15.0) c,f

	
518 (21.4) c,h

	
1719 (24.4) f,h

	
378 (15.1) c,f

	
1551 (23.2) c,i

	
1374 (30.5) ***,f,i




	
Diabetes (complicated)

	
109 (10.3)

	
294 (12.2) i

	
668 (9.5) i

	
141 (5.6) c,f

	
652 (9.7) ***,c,i

	
535 (11.9) ***,f,i




	
Hypertension

	
411 (38.8) c,f

	
1367 (56.6) c,i

	
4864 (69.0) f,i

	
899 (35.8) c,f

	
3404 (50.9) ***,c,i

	
2837 (63.0) ***,f,i




	
Home discharge

	
393 (39.8) c,f

	
609 (28.5) c,i

	
906 (14.6) f,i

	
944 (45.8) ***,c,f

	
1837 (33.8) ***,c,i

	
679 (18.9) ***,f,i








Abbreviations: CoH: Cost of hospitalization, GMP: General medical population, LoS: Length of stay, SD: Standard deviation, USD: US dollars. GMP with muscle loss vs. patients with cirrhosis with muscle loss, between each age group: ** p < 0.01, *** p < 0.001. Within disease group, ≤50 vs. 51–65: a: p < 0.05; b: p < 0.01; c: p < 0.001. Within disease group, ≤50 vs. >65: d: p < 0.05; e: p < 0.01; f: p < 0.001. Within disease group, 51–65 vs. >65: h: p < 0.01; i: p < 0.001.
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Table 3. Regression analysis for hospitalized general medical and patients with cirrhosis with muscle loss phenotype.






Table 3. Regression analysis for hospitalized general medical and patients with cirrhosis with muscle loss phenotype.





	

	
Patients with Cirrhosis vs. General Medical Patients Age ≤ 50

	
Patients with Cirrhosis vs. General Medical Patients Age 51–65

	
Patients with Cirrhosis vs. General Medical Patients Age > 65




	
Unadjusted OR (95% CI)

	
Adjusted * OR (95% CI)

	
Unadjusted OR (95% CI)

	
Adjusted * OR (95% CI)

	
Unadjusted OR (95% CI)

	
Adjusted * OR (95% CI)






	
Cost of hospitalization

	
1.00

(0.93, 1.08)

	
0.92

(0.81, 1.04)

	
1.20

(1.14, 1.25)

	
1.24

(1.15, 1.34)

	
1.26

(1.22, 1.31)

	
1.10

(1.04, 1.17)




	
Hospital mortality

	
2.89

(2.06–4.17)

	
2.15

(1.44–3.27)

	
1.98

(1.63, 2.43)

	
1.86

(1.49–2.33)

	
1.87

(1.62–2.16)

	
1.77

(1.50–2.08)




	
Length of stay

	
0.94

(0.89, 1.00)

	
0.91

(0.82, 1.01)

	
1.05

(1.01, 1.09)

	
1.10

(1.03, 1.16)

	
1.09

(1.06, 1.12)

	
1.02

(0.98, 1.07)








OR: Odds ratio, CI: Confidence interval. * Adjusted for sex, race, and comorbidities (acute kidney injury, congestive heart failure, anemia, chronic lung disease, alcohol abuse, coagulopathy, aids, metastatic cancer, cancer with solid tumors, diabetes (uncomplicated), diabetes (complicated).
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Table 4. Demographic characteristics of hospitalized general medicine patients with/without muscle loss phenotype grouped by age.
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GMP without Muscle Loss Phenotype

	
GMP with Muscle Loss Phenotype






	
Age categories (years)

	
≤50

	
51–65

	
>65

	
≤50

	
51–65

	
>65




	
Number of patients

	
187,452

	
119,412

	
200,214

	
1058

	
2417

	
7052




	
Female (%)

	
130,981 (69.9) c,f

	
59,557 (49.9) c,i

	
113,770 (56.8) f,i

	
519 (49.1) ***,d

	
1111 (46.0) ***,i

	
3749 (53.2) ***,d,i




	
Age (mean (SD))

	
34.1 (9.3)

	
58.1 (4.3)

	
78.0 (7.8)

	
40.1 (8.4) ***

	
58.7 (4.2) ***

	
79.4 (7.8) ***




	
Race (%)

	

	

	

	

	

	




	
White

	
108,484 (57.5) c,f

	
83,825 (68.8) c,i

	
162,751 (78.5) f,i

	
637 (60.2)

	
1579 (65.3) ***

	
5274 (74.8) ***




	
Black

	
36,259 (19.2) c,f

	
21,769 (17.9) c,i

	
21,446 (10.3) f,i

	
230 (21.7) *,a

	
533 (22.1) ***,a,i

	
942 (13.4) ***,i




	
Hispanic

	
29,665 (15.7) c,f

	
10,262 (8.4) c,i

	
13,603 (6.6) f,i

	
120 (11.3) ***

	
187 (7.7)

	
471 (6.7)




	
Others

	
14,102 (7.5) c,f

	
5973 (4.9) c,i

	
9466 (4.6) f,i

	
71 (6.7) a

	
118 (4.9) a

	
365 (5.2) *




	
LoS (mean (SD))

	
3.7 (5.3) c,f

	
4.9 (6.5) c,i

	
5.2 (6.2) f,i

	
18.1 (20.8) ***,c,f

	
14.5 (15.8) ***,c,i

	
11.5 (12.2) ***,f,i




	
In-hospital mortality (%)

	
878 (0.5) c,f

	
2117 (1.8) c,i

	
7177 (3.6) f,i

	
70 (6.6) ***c,f

	
276 (11.4) ***c,i

	
834 (11.8) ***f,i




	
CoH in USD (median (IQR))

	
4746.0 (2971.0, 8284.0) c,f

	
8080.0 (4622.0, 14,465.5) c,i

	
7871.0 (4672.5, 13,787.0) f,i

	
25,214.5 (11,835.5, 58,475.0) ***,c,f

	
19,629.0 (10,221.0, 42,480.3) ***,c,i

	
14,611.0 (8059.0, 28,393.0) ***,f,i




	
Number of diagnoses on discharge (mean (SD))

	
6.6 (4.4) c,f

	
10.2 (5.4) c,i

	
12.0 (5.5) f,i

	
21.3 (3.7) ***

	
21.4 (3.8) ***

	
21.4 (3.6) ***




	
Elixhauser score (mean (SD))

	
0.7 (6.2) c,f

	
3.6 (8.6) c,i

	
6.6 (9.2) f,i

	
19.3 (11.1) ***,c,f

	
21.4 (11.4) ***,c,i

	
22.4 (11.0) ***,f,i




	
Comorbidities (%)

	
0.7 (6.2) c,f

	
3.6 (8.6) c,i

	
6.6 (9.2) f,i

	
19.3 (11.1) ***,c,f

	
21.4 (11.4) ***,c,i

	
22.4 (11.0) ***,f,i




	
Acute kidney injury

	
5851 (3.1) c,f

	
12,741 (10.7) c,i

	
38,424 (19.2) f,i

	
224 (21.2) ***,f

	
588 (24.3) ***,i

	
2331 (33.1) ***,f,i




	
Alcohol abuse

	
9749 (5.2) c,f

	
8169 (6.8) c,i

	
3634 (1.8) f,i

	
130 (12.3) ***,f

	
325 (13.4) ***,i

	
229 (3.2) ***,f,i




	
Diabetes (uncomplicated)

	
13,810 (7.4) c,f

	
28,618 (24.0) c,i

	
51,777 (25.9) f,i

	
159 (15.0) ***,c,f

	
518 (21.4) **,c,h

	
1719 (24.4) **,f,h




	
Diabetes (complicated)

	
3488 (1.9) c,f

	
7373 (6.2) c,i

	
10,996 (5.5) f,i

	
109 (10.3) ***

	
294 (12.2) ***,i

	
668 (9.5) ***,i




	
Hypertension

	
35,606 (19.0) c,f

	
69,812 (58.5) c,i

	
141,042 (70.4) f,i

	
411 (38.8) ***,c,f

	
1367 (56.6) c,i

	
4864 (69.0) *,f,i




	
Home discharge

	
165,790 (88.9) c,f

	
83,437 (71.2) c,i

	
91,549 (47.5) f,i

	
393 (39.8) ***,c,f

	
609 (28.5) ***,c,i

	
906 (14.6) ***,f,i








Abbreviations: CoH: Cost of hospitalization, GMP: General medical population, LoS: Length of stay, SD: Standard deviation, USD: US dollars. GMP without muscle loss vs. GMP with muscle loss phenotype, between each age group: * p < 0.05, ** p < 0.01, *** p < 0.001. Within phenotype group, ≤50 vs. 51–65: a: p < 0.05; c: p < 0.001. Within phenotype group, ≤50 vs. >65: d: p < 0.05; f: p < 0.001. Within phenotype group, 51–65 vs. >65: h: p < 0.01; i: p < 0.001.
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Table 5. Demographic characteristics of hospitalized patients with cirrhosis with/without muscle loss phenotype, grouped by age.
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Patients with Cirrhosis without Muscle Loss Phenotype

	
Patients with Cirrhosis with Muscle Loss Phenotype






	
Age categories (years)

	
≤50

	
51–65

	
>65

	
≤50

	
51–65

	
>65




	
Number of patients

	
22,337

	
46,281

	
24,517

	
2511

	
6688

	
4501




	
Female (%)

	
14,296 (64.0) c,f

	
30,601 (66.1) c,i

	
13,144 (53.6) f,i

	
1386 (55.2) ***c

	
4377 (65.4) c,i

	
2474 (55.0) i




	
Age (mean (SD))

	
43.2 (6.4)

	
57.3 (4.1)

	
74.1 (6.5)

	
43.0 (6.6)

	
57.7 (4.1) ***

	
74.5 (6.7) ***




	
Race (%)

	

	

	

	

	

	




	
White

	
16,372 (65.9) c,f

	
36,330 (68.6) c,i

	
21,447 (73.9) f,i

	
1751 (69.7) ***

	
4742 (70.9) ***

	
3304 (73.4)




	
Black

	
2195 (8.8) c,e

	
5708 (10.8) c,i

	
2005 (6.9) e,i

	
242 (9.6) a

	
809 (12.1) **,a,i

	
370 (8.2) **,i




	
Hispanic

	
4592 (18.5) c,f

	
8230 (15.5) c,i

	
3946 (13.6) f,i

	
320 (12.7) ***

	
752 (11.2) ***

	
531 (11.8) **




	
Others

	
1689 (6.8) c,f

	
2701 (5.1) c,g

	
1620 (5.6) g,i

	
198 (7.9) *,a

	
385 (5.8) *,a

	
296 (6.6) **




	
LoS (mean (SD))

	
6.8 (9.4) c,f

	
7.2 (8.8) c,h

	
7.4 (7.7) f,h

	
15.8 (17.1) ***,b,f

	
14.7 (14.7) ***,b,i

	
12.3 (11.8) ***,f,i




	
In-hospital mortality (%)

	
1530 (6.8) c,f

	
3873 (8.4) c,i

	
2465 (10.1) f,i

	
444 (17.7) ***

	
1248 (18.7) ***

	
897 (19.9) ***




	
CoH in USD (median (IQR))

	
8921.3 (5342.8, 16,837.6) c

	
9680.6 (5621.7, 18,898.9) c,i

	
10,439.6 (6164.0, 19,323.8) i

	
25,506.7 (13,172.4, 52,870.7) ***,c,f

	
23,538.8 (12,421.5, 48,347.4) ***,c,i

	
18,645.07 (10,762.5, 35,458.6) ***,f,i




	
Number of diagnoses on discharge (mean (SD))

	
14.5 (6.8) c,f

	
16.5 (7.3) c,i

	
19.2 (7.4) f,i

	
24.2 (3.7) ***,c,f

	
24.7 (3.5) ***,c,i

	
25.1 (3.1) ***,f,i




	
Elixhauser score (mean (SD))

	
10.6 (10.7) c,f

	
12.4 (11.4) c,i

	
16.2 (12.1) f,i

	
25.6 (10.3) ***,c,f

	
26.8 (10.8) ***,c,i

	
29.5 (11.2) ***,f,i




	
Comorbidities (%)




	
Acute kidney injury

	
2416 (10.8) c,f

	
9077 (19.6) c,i

	
9034 (36.8) f,i

	
532 (21.2) ***,c,f

	
1887 (28.2) ***,c,i

	
1878 (41.7) ***,f,i




	
Alcohol abuse

	
14,954 (66.9) c,f

	
25,001 (54.0) c,i

	
5844 (23.8) f,i

	
1602 (63.8) **,c,f

	
3709 (55.5) *,c,i

	
1228 (27.3) ***,f,i




	
Diabetes (uncomplicated)

	
3510 (15.7) c,f

	
12,182 (26.3) c,i

	
9537 (38.9) f,i

	
378 (15.1) c,f

	
1551 (23.2) ***,c,i

	
1374 (30.5) ***,f,i




	
Diabetes (complicated)

	
838 (3.8) c,f

	
3829 (8.3) c,i

	
2951 (12.0) f,i

	
141 (5.6) ***,c,f

	
652 (9.7) ***,c,i

	
535 (11.9) f,i




	
Hypertension

	
7118 (31.9) c,f

	
22,291 (48.2) c,i

	
15,903 (64.9) f,i

	
899 (35.8) ***,c,f

	
3404 (50.9) ***,c,i

	
2837 (63.0) *,f,i




	
Home discharge

	
15,820 (76.1) c,f

	
27,870 (65.8) c,i

	
9579 (43.5) f,i

	
944 (45.8) ***,c,f

	
1837 (33.8) ***,c,i

	
679 (18.9) ***,f,i








Abbreviations: CoH: Cost of hospitalization, LoS: Length of stay, USD: US dollars, SD: Standard deviation. Patients with cirrhosis without muscle loss vs. patients with cirrhosis with muscle loss, between each age group: * p < 0.05, ** p < 0.01, *** p < 0.001. Within phenotype group, ≤50 vs. 51–65: a: p < 0.05; b: p < 0.01; c: p < 0.001. Within phenotype group, ≤50 vs. >65: e: p < 0.01; f: p < 0.001. Within phenotype group, 51–65 vs. >65: g: p < 0.05; h: p < 0.01; i: p < 0.001.
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