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Abstract

Objectives: Skeletal muscle loss or sarcopenia is a frequent complication in heart failure (HF)
and contributes to adverse clinical outcomes. We evaluated if age (primary) and chronic disease
(secondary) related sarcopenia, that we refer to as compound sarcopenia, impacts clinical
outcomes in hospitalized patients with HF.

Design: Cross sectional study using hospitalized patient data.

Setting: Data from the Agency for Healthcare Research and Quality through the Healthcare Cost
and Utilization Project (HCUP).

Participants.—Hospitalized adult patients with a primary or secondary diagnosis of HF
(n=64,476) and a concurrent random 2% sample of general medical population (GMP; n=322,217)
stratified by age (<50y, 51-65y, >65y) from the Nationwide Inpatient Sample (NIS) database
(years 2010-2014).

Measurements.—In-hospital mortality, length of stay (LoS), cost of hospitalization per
admission (CoH), comorbidities and discharge disposition, with and without muscle loss
phenotype, were analyzed. Muscle loss phenotype was defined using a comprehensive code set
from international classification of diseases-9 (ICD-9).

Results: Muscle loss phenotype was observed in 8,673(13.5%) patients with HF compared to
5,213(1.6%) GMP across all age strata. In patients with HF, muscle loss phenotype was associated
with higher mortality, LoS, and CoH. Patients with HF (>65y) and muscle loss phenotype had
higher mortality (adjusted OR: 1.81; 95% CI 1.56-2.10), CoH (adjusted OR 1.48; 95% CI 1.44—
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1.1.52) and LoS (adjusted OR 1.40; 95% CI 1.37-1.43) compared to >65y GMP with muscle loss
phenotype.

Conclusion: Muscle loss phenotype is more commonly associated with increasing age in
hospitalized patients with HF. Clinical outcomes were significantly worse in patients with HF age
>65y compared to younger patients with HF and all age strata in GMP with and without a muscle
loss phenotype.
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Introduction.

With increasing population longevity due to enhanced healthcare! and improved screening
and treatment for common chronic diseases, the prevalence of heart failure(HF) continues to
increase? primarily in older adults and in those with comorbidities3. Hospitalization-related
healthcare resource utilization is higher in older patients compared to younger patients#-6
and overall, HF represents the most frequent cause of hospitalization in persons >65 years of
age(y)” 8. The higher frequency of comorbidities with aging further worsens clinical
outcomes in patients with HF®, with older patients with HF having increased comorbidities
compared to younger patients with HF10: 11, |_oss of skeletal muscle mass with aging or
“primary sarcopenia” is well recognized to adversely affect healthspanl2. Skeletal muscle
loss that is frequent in patients with chronic diseases including those with HF is termed
“secondary sarcopenia” and contributes to increased mortality, morbidity, decreased physical
activity and exercise capacity3-15. Thus, in older patients with chronic diseases, primary
and secondary sarcopenia are likely to be present together and may be additive, a condition
that we have termed “compound sarcopenia”. The prevalence and clinical course of older
patients with compound sarcopenia in HF has not been described.

Sarcopenia in HF adversely affects outcome measures including in-hospital mortality, length
of stay(LoS), and cost of hospitalization(CoH)4 16-19 With aging, hospitalization results in
functional decline and difficulty in returning to pre-hospitalization activity levels® 20,
Patients with muscle loss phenotype are also less likely to be discharged home and are more
likely to require longer stays in skilled nursing facilities (SNF) or inpatient rehabilitation
following hospital discharge?l. Adverse outcomes in inpatients are more frequent and severe
with increasing age22: 23, but whether differences in clinical outcomes are due to greater
frequency of muscle loss phenotype in patients with HF compared to the general medical
population(GMP), and whether outcomes are different based on the age of patients with HF,
with and without muscle loss are not known8. To be inclusive of all patients with sarcopenia
or muscle loss phenotype, we used the International Classification of Diseases, Ninth
revision(ICD-9) codes to compile various diagnoses for muscle loss?l: 24, Age-stratified
outcomes of inpatients with a primary or secondary diagnosis of HF with or without muscle
loss phenotype were compared to those in a concurrent random sample of GMP to identify
differences associated with secondary or compound sarcopenia. No prior studies have
examined the effects of compound sarcopenia on outcomes of hospitalization in older
patients with HF. We, therefore, evaluated if a muscle loss phenotype is more frequent and
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associated with worse clinical outcomes in inpatients with HF of different age strata in a
large hospital database in the US.

The Nationwide Inpatient Sample(NIS) contains deidentified data from nearly 8 million
annual hospitalizations from approximately 1,000 US hospitals and is maintained by the
Agency for Healthcare Research and Quality (AHRQ). The participating organizations are
listed at https://www.hcup-us.ahrg.gov/db/hcupdatapartners.jsp. The available NIS data from
January 1, 2010 to December 31, 2014, including primary and secondary diagnoses, patient
demographics, in-hospital mortality, LoS, discharge status, CoH, and severity/comorbidity
measures, were analyzed. Readmissions and protected health information including specific
laboratory values that are not available within the database were not analyzed. All hospital
discharges with a primary or secondary ICD-9 code for HF (398.91, 402.11, 402.91, 404.11,
404.13, 404.91, 404.93, 428.xx) with or without a secondary diagnosis of muscle loss
phenotype (n=64,476) as previously described® were included. To be inclusive of all
patients with HF, those with a possible diagnosis of secondary HF due to kidney disease
were included in the analyses. However, these patients represented less than 5% of the total
sample and our interpretation of the data in HF will not be significantly impacted even if we
exclude these patients. A concurrent 2% sample population of hospitalized GMP excluding
those with HF (n=322,217) with an approximately 5:1 ratio of GMP to patients with HF
served as the control population. In a previous study, a similar analysis was conducted?® in
which we excluded patients with cirrhosis from the GMP group. The current analysis
utilizes a significantly different GMP group which includes patients with cirrhosis and
removes those with congestive heart failure. The Elixhauser comorbidity index, a predictor
of in-hospital mortality and discharge disposition, was calculated using ICD-9 codes as
previously described?8: 25, There is no single ICD code that includes all clinical diagnoses
for a muscle loss phenotype and a restrictive use of ICD-9 codes does not capture a large
number of patients with skeletal muscle loss, the major constituent of malnutrition and
physical frailty26. Therefore, a comprehensive list of diagnoses was used to include patients
with a muscle loss phenotype as previously reported?!: 24, This approach accounts for
differing terminologies when evaluating patients with clinically diagnosed muscle loss.
“Sarcopenia” was added to the ICD-10 codes (initiated October 2015), but it refers to aging-
related muscle loss or myopathies, but not secondary sarcopenia in chronic disease?’. Al
adult (=18y) hospitalizations were included and were stratified into three categories based on
age at admission: <50y, 51-65y and >65y. The cutoff of 65y was chosen to define the oldest
stratum as this is generally the age for retirement in the US and is used by the Center for
Medicare and Medicaid Services to define the transition to guaranteed healthcare. To
specifically determine if within the older population (age 65y), there were differences based
on increasing age, we analyzed critical outcomes in patients 66—75y and >75y. We also
compared outcomes in systolic (428.21, 428.23) and diastolic HF (428.31, 428.33)28.

For the outcome of discharge disposition, we defined “routine discharge” (patients sent
home from the hospital without additional assistance) and “non-routine discharge” (home
with home health aide/support, nursing home, rehabilitation or against medical advice)2°.
Non-routine discharge is primarily recommended for patients with impaired functional status
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and was considered a suboptimal outcome, as previously reported’6: 24, Hospital location
and insurance data were collected to evaluate geographic and socioeconomic differences in
outcomes and clinical characteristics.

Statistical analysis.

Results.

The primary outcome of the current investigation was in-hospital mortality in patients with
HF with or without a muscle loss phenotype across the age-defined strata. Other study
outcomes included LoS, CoH and discharge disposition for each admission. Variables that
were not normally distributed are presented as median values and interquartile range.
Qualitative variables were compared using the chi square test. Continuous variables that
were normally distributed were compared using the Student t-test. Data that were not
normally distributed, Wilcoxon and box-cox analyses were performed. Associations with
outcomes were identified using multivariate logistic and linear regression analyses. Model fit
was assessed using R2 and C-Index. Two-tailed analyses were performed with an alpha set at
5% and 95% confidence intervals. Covariates known to affect risk for muscle loss phenotype
(including sex, race, chronic lung disease, metastatic cancer, acute kidney injury (AKI),
coagulopathy, anemia, alcohol abuse, and solid tumors) were chosen a prioribased on a
review of the literature24 30. 31 and adjusted for in our multivariate regression model. A
linear regression analysis of the Elixhauser comorbidity score as the dependent variable was
performed. In the first analysis, age categories and muscle loss phenotype as independent
variables for HF and GMP was performed. We then performed a linear regression analysis
where HF/GMP were treated as categorical variables and age as a continuous independent
variable with Elixhauser as the dependent variable. All 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).

Our study and methods used are in accordance to the Strengthening the Reporting of
Observational Studies in Epidemiology(STROBE) guidelines32. The participant flow chart
conforms to the CONSORT statement and is shown in Supplementary Figure 1.

The clinical, demographic characteristics and outcomes for all inpatients (regardless of
muscle loss status) stratified by age are shown in Supplementary Table 1. The prevalence of
Black race and Hispanic ethnicity was lower in older GMP and patients with HF (Figure 1,
Supplementary Figure 2) and there were more female than male inpatients with HF in each
age category. The proportion of inpatients with HF 51-65y with a muscle loss phenotype
increased from 2010-2014, unlike in the GMP (Supplementary Figure 3,A,B). The mean
age of GMP <50y was significantly lower than in inpatients with HF in the same age group.
For the older age groups within the GMP, in-hospital mortality (3.3% in GMP >65y vs 8.5%
in HF <50y) and muscle loss phenotype (0.5% in GMP >65y vs 12.3% in HF <50y) was
lower compared to the <50y group with HF. In-hospital mortality, LoS, CoH, muscle loss
phenotype, number of diagnoses on discharge, and Elixhauser scores were significantly
higher (p<0.001) in younger patients (both <50y and 51-65y) with HF when compared to
older GMP (>65y). Patients with HF compared to GMP for each age stratum and older GMP
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compared to younger GMP were less likely to undergo routine discharge and were more
likely to transfer to a SNF or require home health care. Comorbidity prevalence including
alcohol abuse, AKI and diabetes was significantly higher in patients with HF compared to
the GMP for each age stratum. Hypertension was significantly higher (p<0.001) in patients
with HF <50y and 51-65y compared to similar aged GMP; however, in those >65y,
hypertension was less frequent in patients with HF compared to the GMP (Supplementary
Table 1). Detailed co-morbidities, insurance type and hospitalization location for patients
with HF and GMP regardless of muscle loss phenotype are shown in Supplementary Table 2.

The clinical and demographic characteristics of GMP and inpatients with HF who had a
muscle loss phenotype are shown in Table 1 and Supplementary Table 3. The clinical and
demographic information for GMP with and without muscle loss are shown in
Supplementary Table 4. Patients with HF with muscle loss phenotype had significantly
higher (p<0.01) in-hospital mortality when compared to GMP with muscle loss phenotype in
the same age strata. Importantly, in-hospital mortality was significantly higher (p<0.001) in
younger patients with HF with muscle loss phenotype compared to all GMP regardless of
age and muscle loss status. Patients with HF in the higher age strata had a lower likelihood
of routine discharge compared to the younger patients with HF (Table 1). Alcohol use
disorder and AKI were significantly more prevalent (p<0.001) in patients with HF with
muscle loss than GMP with muscle loss for each comparable age group. Diabetes mellitus
(uncomplicated and complicated) was significantly more prevalent in older (>65y) patients
with HF with muscle loss compared to similar aged GMP with muscle loss. The prevalence
of comorbidities and the composite Elixhauser score were significantly higher (p<0.001) in
people with HF with muscle loss than in GMP with muscle loss phenotype in each of the age
strata even after adjusting for the presence of HF (Table 1). Additional characteristics
including insurance type and geographic distribution of inpatients with muscle loss
phenotype are shown in Supplementary Tables 1-6.

A regression analysis of GMP and patients with HF with muscle loss phenotype showed that
in-hospital mortality was higher in the patient population with HF with muscle loss in all age
groups, but particularly in the <50y group, compared to GMP with muscle loss. LoS was
also significantly greater in all age groups (<50y adj OR 1.61, CI: 1.51-1.71; 51-65y adj OR
1.54, Cl: 1.50-1.58; >65y adj OR 1.40, CI: 1.37-1.43) (Table 2). Consistent with longer
LoS, CoH was also higher for patients with HF with muscle loss.

The clinical and demographic characteristics of inpatients with HF with or without muscle
loss phenotype stratified by age are shown in Table 3. There was no difference in the gender
distribution of patients with HF based on the presence or absence of muscle loss phenotype
in any of the three different age groups. Muscle loss phenotype in patients with HF was
associated with significantly higher (p<0.001) in-hospital mortality, LoS, CoH, and number
of diagnoses on discharge, and a significantly lower (p<0.001) likelihood of routine
discharge (p<0.001) for each age stratum. In-hospital mortality was higher in younger
(<50y) patients with HF with a muscle loss phenotype than in older (>65y) patients with HF
without a diagnosis of muscle loss.
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A multivariate linear regression model of the Elixhauser comorbidity score comparing age
categories and muscle loss phenotype in inpatients with HF (Supplementary Table 7)
demonstrated that patients with HF have a significantly higher Elixhauser score in older age
categories. Among patients with HF, the adjusted comorbidity score was 0.32 points higher
(95% CI 0.08-0.55, p<0.001) for those 51-65y and 1.89 points higher (95% CI 1.66-2.12,
p<0.001) for those >65y as compared to the <50y group. In patients with HF and muscle
loss phenotype, the Elixhauser score was 9.24 points higher (95% CI 9.07-9.41, p<0.001)
than in those without muscle phenotype, even after adjustment for age category. Muscle loss
phenotype was similarly associated with a significantly higher Elixhauser comorbidity score
in the GMP after adjustment for age category (11.47 points, Cl: 11.31-11.62, p<0.001). A
multivariate linear regression model comparing the Elixhauser comorbidity scores in those
with HF versus GMP in the same age strata showed that patients with HF consistently had
higher comorbidity scores. In patients with HF <50y, there was an increase in Elixhauser
score by 3.64 points (Cl: 3.61-3.67, p<0.001) compared to GMP <50y. In patients with HF
in the 51-65y group, there was an increase of 3.65 points (CI: 3.64-3.67, p<0.001)
compared to GMP 51-65y, and in patients with HF >65y, there was a 3.67 point increased
score compared to GMP >65y (Cl: 3.66-3.69, p<0.001) (Supplementary Table 7).

We then compared critical outcomes between patients 66—75y and >75y (Supplementary
Table 8). There was increased risk for inpatient mortality, greater LoS and CoH, and a higher
Elixhauser co-morbidity index in patients with HF with muscle loss phenotype in both age
groups; however, the highest risk for these adverse events was identified in patients with HF
and muscle loss >75y. We also observed that there was no significant difference in inpatient
mortality, LoS, CoH and Elixhauser co-morbidity index whether patients had systolic or
diastolic HF. However, patients >65y with systolic HF were at higher risk for mortality
compared to those with diastolic HF (Supplementary Table 9-10).

Discussion.

In this large, national cross-sectional analysis, the prevalence of muscle loss phenotype was
higher with increasing age strata among hospitalized patients and was more frequent in
patients with HF compared to GMP. Our analyses show an increase over time in
hospitalization of patients with HF >50y and that these patients have more frequent muscle
loss phenotype than those with HF or GMP <50y. Even though muscle loss phenotype was
associated with greater inpatient mortality, LoS, and CoH in both GMP and patients with
HF, each outcome was worse in the comparable group in the population with HF than in the
GMP.

Sarcopenia in HF is a consequence of complex multifactorial pathophysiologic
perturbations. Local and systemic factors contribute to progressive muscle loss in these
patients that include decreased oral intake, malabsorption, decreased physical activity,
systemic inflammation, oxidative stress, apoptosis, and dysregulated protein homeostasis33.
Even though it is challenging to dissect the systemic and local factors that contribute to the
molecular and metabolic perturbations in the muscle, identifying shared and unique
perturbations for primary age-related and secondary disease-related sarcopenia are important
areas of future research.
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The increased proportion of older patients with HF was expected because HF is a leading
cause of hospitalization in individuals >65y’: 8. However, to date there are no published data
examining age-stratified compound sarcopenia or muscle loss phenotype in patients with HF
compared to GMP. Primary sarcopenia occurs with aging and our data showed an expected
increase in muscle loss phenotype prevalence in older age strata, demonstrating the validity
of these analyses. The current data are also consistent with previous analyses showing that
sarcopenia was more prevalent in patients with HF compared to GMP13-15 and
demonstrates the contributions of secondary sarcopenia in these patients. Overall, secondary
sarcopenia contributes to and worsens the clinical consequences of primary, age-associated
sarcopenia. The synergistic nature of these muscle loss mechanisms results in a higher
proportion of and worse clinical outcomes due to compound sarcopenia in HF compared to
other inpatients.

In the present study, patients with HF >65y had higher inpatient mortality, LoS, CoH and
comorbidities than patients with HF who were younger (<51y) and age strata matched GMP.
Potential reasons for worse outcomes in older patients with HF include greater noncardiac
comorbidities like renal failure, diabetes, chronic obstructive pulmonary disease (COPD),
and other lower respiratory diseases34. Consistently, older patients with HF had more
comorbidities than younger patients with HF. Interestingly, both GMP and patients with HF
with a muscle loss phenotype had more comorbidities than those without muscle loss. These
data suggest that age, muscle loss, and in HF patients, compound sarcopenia, adversely
affect clinical outcomes.

In addition to the combined effects of aging and disease, our observations also show that
hospitalized younger patients with HF had clinical outcomes similar to those of older GMP.
Younger patients with HF had clinical outcomes similar to those in older GMP, an
observation that suggest mechanisms mirroring a form of early aging3> 36. This is supported
by our observations that patients with HF in each age stratum had a higher proportion of
muscle loss phenotype compared to similar age strata among GMP, reiterating the
importance of identifying the mechanisms of secondary sarcopenia in HF. However, within
each age stratum, GMP with muscle loss tended to be younger compared to patients with HF
and the number of comorbidities was also lower in GMP. Alcohol abuse was higher in
patients with HF, which may represent a potential confounding factor for outcome measures,
although our regression analyses adjusted for a history of alcohol abuse. Others have
reported that patients with HF not only have less muscle mass but also that the muscle is
dysfunctional3”- 38, which results in physical frailty and places them at higher risk for poor
clinical outcomes37: 39,

Our observations that comorbidities are more frequent in GMP and patients with HF with a
muscle loss phenotype are consistent with and extend the findings of previous reports that
sarcopenic patients with HF commonly exhibit other complications of their disease??. The
present association studies do not identify whether the greater prevalence of comorbidities
contributes to the muscle loss phenotype or if muscle loss phenotype leads to more
comorbidities in patients, highlighting the need for large, multicenter, prospective studies
(Figure 2). Recent studies have also shown that older inpatients with decompensated HF
have severe limitations in physical function that are likely due to sarcopenia®l. Further
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delineation of the disease-related muscle loss phenotype in older patients (compound
sarcopenia) is likely to help improve the clinical management of HF. This understanding
could be critical for optimizing patient treatment and rehabilitative strategies in this
population. Currently, there are multiple ongoing intervention studies including
pharmacotherapy to treat sarcopenia*? 43 and innovative rehabilitation strategies*4.
However, these interventions are intended to treat primary sarcopenia and their efficacy in
secondary/compound sarcopenia is yet to be established. To date, the major issues that
interfere with our ability to target primary, secondary, and compound sarcopenia include
difficulties in defining the broad effects of muscle loss and thus identifying it reliably in
patientsl4 4. 46 Due to the continued increase in the population of older patients with HF,
the impact of a muscle loss phenotype is likely to have a greater effect on long-term clinical
outcomes because sarcopenia impacts the ability to exercise and perform physical
activityl3 14, Cardiac rehabilitation programs aim to limit the functional consequences of
HF, including muscle loss phenotype, and to reduce the risk for future hospitalizations®’.
Importantly, compound sarcopenia can limit benefits of cardiac rehabilitationl?.
Furthermore, our estimate of patients with sarcopenia, which uses ICD-9 codes and
administrative data, likely significantly undercounts the true prevalence of secondary
sarcopenia in HF, emphasizing the clinical significance of compound sarcopenia in these
patients. Even though anorexia, a common symptom in patients with HF48, also contributes
to muscle loss, ICD9 codes for anorexia are not a direct measure of muscle mass or function.
We therefore, did not use these codes for defining a muscle loss phenotype. Another
limitation is that muscle mass or body composition were not directly quantified. Thus, our
data lay the foundation for future, prospective studies to directly measure muscle mass with
imaging measures and contractile function in older patients hospitalized with HF and
develop therapeutic approaches to improve clinical outcomes and increase the efficiency of
health care resource utilization.

In conclusion, the presence of a muscle loss phenotype is more frequent with increasing age
and is associated with worse clinical outcomes in hospitalized patients but to a greater extent
in those with HF. Higher rates of muscle loss are present even in young patients with HF
compared to older GMP. Our observations demonstrate the high clinical significance of
disease-initiated (i.e. secondary) sarcopenia in addition to primary (i.e. age-related)
sarcopenia in hospitalized patients. A better understanding of this combination of primary
and secondary, or, compound sarcopenia, will have a direct impact on clinical management
as well as resource allocation to identify the mechanisms of compound sarcopenia and serve
to inform future exercise and nutrition interventions in these patients.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Key points.

. Our study is important because heart failure is a frequent cause of
hospitalization in older patients.

. Primary sarcopenia (muscle loss) with aging compounds secondary
sarcopenia of heart failure in older patients.

. Compound sarcopenia in older hospitalized heart failure patients worsens
clinical outcomes.
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Why does this paper matter:

These data show the increase in hospitalized older patients with heart failure with
increased health care and post-acute care resource utilization. These data that will lay the
foundation for developing public health policies to improve clinical outcomes in older
patients with heart failure.
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Race and ethnicity proportions among a random 2% inpatient sample of the general
medicine population (GMP) and inpatient heart failure patients with muscle loss phenotype
from the National Inpatient Sample database stratified by age group.
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Graphical abstract of the risk factors for sarcopenia and associated outcomes in older

patients with heart failure
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Demographic characteristics of hospitalized general medicine population and patients with heart failure with
muscle loss phenotype, grouped by age.

GMP with muscle loss phenotype

HF with muscle loss phenotype

Age categories in <50 51-65 >65 <50 51-65 >65
years n= 659 n= 1336 n= 3218 n= 730 n= 3248 n= 4695
Number of Patients 659 1336 3,218 730 3248 4,695
Female (%) 335 (50.8) 721 (54.0) 1,500 (46.6) 418 (57.3) | 2,028 (62.4) 77 | 2,491 (53.1)
Age (mean (SD)) 39.86 (8.50) 58.60 (4.21) 7881 (7.77) | 43.96(6.34) " | 58.42(4.18) 76.21 (7.04) ***
Race (%)
White 407 (61.8) 871 (65.2) 2,423 (75.3) 440 (60.3) 2,088 (64.3) 3,379 (72.0) **
Black 139 (21.1) 299 (22.4) 414 (12.9) 150 (20.5) 657 (20.2) 499 (10.6) **
Hispanic 66 (10.0) 101 (7.6) 203 (6.3) 102 (14.0) * 349 (10.7) 529 (11.3) 7
Other 47 (7.1) 65 (4.9) 178 (5.5) 38(5.2) 154 (4.7) 288 (6.1)
Length of stay in of o i 14.54 (19.22) 12.83 (13.53) fi
days (mean (SD)) 18.09 (19.84) 14.31 (16.70) 10.81 (10.19) - ey 11.16 (12.45)
In-hospital mortali
o T v 4061 157 (11.8)° ar2a16)’ | 1021400 7 | as4 149 9 | 811173 Y
) 25,329.00 18,619.50 14,088.00 22,278.18 18,245.76 15,425.32
CoH in USD [11,846.00, [9,905.25, [7,925.25, [10,322.53, [9,238.09, [8,683.92,
(median (IQRY)) cf ci fi cf ci fi
56,083.00] 40,824.00] 26,901.25] 45,791.49] 38,141.44] 29,390.81]
Number of diagnoses
on discharge (mean 21.15 (3.77) 21.28 (3.73) 21.07 (3.46) 21.18 (5.24) 20.99 (5.36) 21.02 (5.12) ***
(SD))
Elixhauser score 32.05(10.42 31.96 (10.68) 32.65 (10.68)
(mean (SD)) 1872 (10.63)7 | 1986(1089) | 1982 (1025)7 (1042) - kg
Comorbidities (%)
Acute kidney
injury 124 (18.8) 286 (21.4) 966 (30.0) 232 (31.8) ™ | 1,159 (35.7) *** | 1,972 (42.0) ***
) ) 1,121 (34.5) )
Alcohol abuse 01 (13.8)" 204 (15.3)" 134 (4.2)" 297 (40.7) ***F okl 738 (15.7)
Diabetes . 1,380 (29.4)
(uncomplicated) 101 (15.3)% 281 (21.0)% 791 (24.6)"7 117 (16.0)" 788 (24.3) wnnfi
Diabetes i 1 468 (10.0)
(complicated) 59(9.0) 143 (10.7)’ 213 (6.6)’ 50 (6.8)°7 398 (12.3)" sonclh
) . ) 1,760 (54.2) 2,776 (59.1)
Hypertension 22367 | 738@52° | 21856797 | 333 (45.6) " woxCi e
Home Discharge 245 (39.6)°" 361 (30.7) 431 (15.2)" 274 (43.6)° 034 (33.9)° | 692 17.9"

Abbreviations: CoH: Cost of hospitalization per admission, GMP: General medical population, HF: heart failure, LoS: Length of stay, SD:
Standard deviation, USD: US dollars.

GMP with muscle loss vs HF with muscle loss, between each age group:

*
p <0.05,
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Hok

p <0.01,
Ak

*
p <0.001.

Within disease group, <50 vs. 51-65:
a"p<0.05;

b0t
% p<0.001.

Within disease group, <50 vs. >65:
% <0.05;
& p<0.01;

F5<0.001.

Within disease group, 51-65 vs. >65:
90<0.05;
M <001

"p<0.001.
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Regression analysis for hospitalized general medicine and heart failure patients with muscle loss phenotype.

CHF vs GMP age <50

CHF vs GMP age 51-65

CHF vs GMP age >65

Unadjusted OR
(95% ClI)

Adjusted” OR
(95% CI)

Unadjusted OR
(95% ClI)

Adjusted” OR
(95% CI)

Unadjusted OR
(95% ClI)

Adjusted” OR
(95% CI)

CoH

0.86(0.77-0.96)

1.83 (1.70-1.98)

0.96(0.90-1.02)

1.65 (1.59-1.70)

1.06(1.02-1.11)

1.48(1.44-1.52)

In-hospital
mortality

251 (1.73-3.72)

2.11 (1.35-3.35)

1.31(1.08-1.60)

1.48 (1.19-1.84)

1.60 (1.40-1.82)

1.81 (1.56-2.10)

LoS

0.81(0.74-0.88)

1.61 (1.51-1.71)

0.94(0.89-0.99)

1.54 (1.50-1.58)

1.01(0.98-1.04)

1.40 (1.37-1.43)

Bold text indicates significance. Abbreviations: Cl: Confidence interval; CoH: Cost of hospitalization per admission; GMP: General medical
population; LoS: Length of stay; OR: Odds ratio.

*
Adjusted for sex, race, and comorbidities (acute kidney injury, congestive heart failure, anemia, chronic lung disease, alcohol abuse, coagulopathy,
metastatic cancer, cancer with solid tumors, diabetes [uncomplicated], diabetes [complicated]
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Demographic characteristics of hospitalized patients with heart failure with/without muscle loss phenotype,

grouped by age.

HF without muscle loss phenotype

HF with muscle loss phenotype

Age categories in

Yours <50 51-65 >65 <50 51-65 65
Number of Patients 5,205 22,576 28,022 730 3,248 4,695
Female (%) 3,154 (60.6) 14,109 (62.5) 14,519 (51.8) 418 (57.3) 2,028 (62.4) 2,491 (53.1)
Age (mean (SD)) 44.07 (6.19) 58.39 (4.14) 75.66 (6.90) 43.96 (6.34) 58.42 (4.18) 76.21 (7.04)
Race (%)
White 2,830 (54.4) 13,944 (61.8) 20,702 (73.9) 440 (60.3) 7 | 2,088 (64.3) 7 | 3,379 (72.0) "
Black 1,252 (24.1) 4,642 (20.6) 2,594 (9.3) 150 (205) * 657 (20.2) 499 (10.6) **
Hispanic 815 (15.7) 2,926 (13.0) 3,324 (11.9) 102 (14.0) 349 (10.7) *** 529 (11.3)
Other 308 (5.9) 1,064 (4.7) 1,402 (5.0) 38 (5.2) 154 (4.7) 288 (6.1) ™
LoS (mean (SD)) 87512320 | 813(953) 7.69 (8.14)" 14'51(31797;22) 12'83,535753) 11.12&2.45)

In-hospital mortality

%) 405 (7.8) 1805 (8.0)’ 2745 98)7 | 102(14.0) ™ | 484 (149) *Y | 811 (17.3) ™Y
22,278.18 18,245.76 15,425.32
Cost of 10,501.11 10,175.32 10,187.96 1032253, [9.738.00. [8,683.92,
hospitalization [5.867.47, . [5.814.17, [5'967'7°'f. 45,791.49] 38.141.44] 29.390.81]
(median (IQR)) 21,261.28]° 19,472.301 18,184.90]" wsCf — stfi
Number of diagnoses
! ; ; 21.02 (5.12
on Si)l)scharge (mean 1760 5.60) | 1802(546)7 | 1841(542)" | 21.18(5.24) " | 2099 (5.36) 251
Elixhauser score o o 5 | 3205(10.42) 31.96 (10.68) | 3265 (10.68)
(mean (SD)) 20.33 (10.39) 20.97 (10.24) 22.86 (9.91) wrCl wACi woknf]
Comorbidities (%)
injﬁfy”te Kidney 1,634 (31.4) 7,751 (34.3) 11,551 (41.2) 232 (31.8) 1,159 (35.7) 1,972 (42.0)
. . 1121 (34.5) .
Alcohol abuse 1746 335 | 69703097 | 2120 aa7) | 207 (a0.7) " wknCl 738 (15.7)"
Diabetes i : : 1,380 (29.4)
(uncomplicated) 1301 25.0)7 | 7852 (34.8)° | 11084 30.9)" | 117 (16.0) * | 788 (24.3) 7 wxkfi
Diabetes 1 i
(complicated) 29896 | 201132 | 31330127 | s068) | 30801237 | 468100 "
_ . , N 1,760 (54.2) 2,776 (59.1)
Hypertension 2819 (542)" | 14256 63.)°" | 18412 (65.7)" | 333 (45.6) T ki -~
Home Discharge 3126 65.) | 11,067 5337 | 9,019 35.7)7 | 274 (43.6)** | 934 33.9)7*** | 692 (17.9)"***

Abbreviations: CoH: Cost of hospitalization per admission, HF: Heart failure, LoS: Length of stay, USD: US dollars, SD: Standard deviation.

CHF without muscle loss vs CHF with muscle loss, between each age group:

*
p <0.05,
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Hok

p <0.01,
Ak

*p <0.001.

Within phenotype group, <50 vs. 51-65:
#p<0.05;

b0t

©p<0.001.

Within phenotype group, <50 vs. >65:

% <0.05;

€p<0.01;

F5<0.001.

Within phenotype group, 51-65 vs. >65:
90<0.05;
M o<0.01:

"p<0.001.
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