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Abstract

Background & aims Sarcopenia is common in patients with liver disease and both sarcopenia and short telomeres
are associated with mortality, however their relationship in patients with liver disease remains unknown.

Methods A cohort of 16,072 adults from the National Health and Nutrition Examination Survey from 1999 to 2006
was analyzed. Liver disease was defined by aminotransferases and classified into etiology-based categories. Sarco-
penia was defined by dual-energy x-ray absorptiometry. All analyses were conducted separately on each multiple
imputation data set and combined via Rubin’s rules. P-values for group comparisons were calculated by testing logis-
tic regression parameter estimates. Cox proportional hazards regression was used for mortality analysis with mortality
data available until 2015.

Results Sarcopenia was present in 9.5% of patients with liver disease. Age, race, income, education, physical inactiv-
ity, and certain medical comorbidities were associated with sarcopenia. Patients with liver disease and sarcopenia
had significantly shorter telomeres than patients with liver disease without sarcopenia when unadjusted for age. The
interaction between telomere length and sarcopenia was significantly associated with all-cause mortality.

Conclusions The implications of telomere length on all-cause mortality in patients with liver disease varied by age
and sarcopenia status. Shorter telomeres appear to be more highly associated with increased mortality in older
patients without sarcopenia.
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Introduction
Sarcopenia is a condition of malnutrition with declining
muscle mass and function that is associated with aging as
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disease and decreased quality of life [4]. The treatment of
sarcopenia in patients with cirrhosis requires a multidis-
ciplinary approach including nutrition, exercise, and psy-
chological and pharmacological interventions [3, 5].

There are currently no standardized definitions for the
diagnosis of sarcopenia in cirrhosis [3], and there are a
variety of methods of defining sarcopenia with significant
heterogeneity in the literature. The diagnosis of skeletal
muscle mass loss necessitates analysis of body composi-
tion with options including anthropometry, dual-energy
x-ray absorptiometry (DEXA), bioelectrical impedance
analysis, impedance plethysmography, ultrasonogra-
phy, CT, and MRI [4]. Muscle function can be assessed
through measurements such as hand grip strength [4].
Regardless of the methodology used for defining sarcope-
nia, sex and age specific cut-offs are necessary.

In cirrhosis, inflammation and subsequent exposure
to reactive oxygen species results in cell death and as a
result maturation of hepatocytes with telomere shorten-
ing [6]. Telomeres are repeat DNA sequences at the end
of chromosomes which protect against DNA damage
and play an important role in regeneration. Sarcopenia
and shortened telomere length are affected by oxida-
tive stress and are associated with increased mortality,
however the relationship between sarcopenia, telomere
length, and mortality in patients with liver disease
remains unknown [7].

In this study, we evaluated cross-sectional data from
The National Health and Nutrition Examination Sur-
vey (NHANES) to determine the relationship between
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Sarcopenia assessment

Our study cohort consisted of all NHANES partici-
pants from 1999-2006 who were at least 18 years or
older. All NHANES participants ages 8—69 were eligi-
ble for DEXA scan. Our sarcopenia analysis consisted
of NHANES data from 1999-2006 (Fig. 1) as assessed
by DEXA scan. NHANES exclusion criteria for DEXA
evaluation included the following: pregnancy, history of
contrast material exposure in the past 7 days, weight over
300 pounds, and height greater than 6’5" Of the 16,072
subjects meeting inclusion criteria, 15,414 had DEXA
data available. Due to missing and invalid DEXA data,
NHANES employed multiple-imputation methodology
to provide complete and representative data. Sarcopenia
was defined according to the Foundation for the National
Institutes of Health Sarcopenia (FNIH) Project definition
using appendicular lean mass (ALM) obtained by DEXA
adjusted for BMI (weight divided by height® (kg/m?),
calculated as ALM divided by BMI. The sex specific cut
points for sarcopenia were <0.789 for men and <0.512
for women [10].

Physical activity and food security

Physical activity was assessed using the NHANES physi-
cal activity questionnaire from years 1999-2006. This
survey includes a series of questions pertaining to daily
activities, leisure-time activities, and sedentary activities
at home. The survey included questions regarding physi-
cal activity as these pertain to transportation and house-
hold activities. Based on their responses, participants’
total physical activity levels were calculated as follows:

Total Physical Activity = (moderate leisure — time physical activity 4 2 x vigorous leisure — time physical activity

+ transportation + work).

sarcopenia and telomere length in individuals with liver
disease, and their impact on mortality at the population
level.

Patients and methods

NHANES

NHANES is a continuous annual survey conducted by
the National Center of Health Statistic’s Division and
Health and Nutrition Examination Surveys in the Cent-
ers for Disease Control and Prevention [8]. It is a survey
of the noninstitutionalized civilian resident population of
the United States [8]. The goal of this survey is to provide
national estimates on health-related topics [8]. This itera-
tion of NHANES began in 1999 with 2-year data-release
cycles [8, 9]. Demographic data was obtained from the
cohort including sex, age, race, educational level, income
level, as well as medical comorbidities. Mortality follow
up was available through 2015.

Participants were labeled as inactive if they had less
than 150 min of activity per week, moderately active if
achieving 150-299 min of activity per week, and ideally
active if achieving at least 300 min of activity per week.

Food security was assessed using the NHANES Food
Security questionnaire where participants were asked
questions about household food security. The number of
questions varied based on presence of children under 18
years of age in the home.

Telomere length assessment

The telomere length analysis consisted of NHANES data
from 1999 to 2002. Adults 20 years and older were eligible
for participation. Telomere length was assessed on serology
in the laboratory of Dr. Elizabeth Blackburn at the Univer-
sity of California, San Francisco, using quantitative poly-
merase chain reaction method to measure telomere length
relative to standard reference DNA (T/S ratio) [11, 12].
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Fig. 1 Flowchart of Cohort Selection for Sarcopenia Analysis for NHANES 1999-2006

Definition of liver disease

The presence of liver disease was defined and strati-
fied sequentially by etiology and presence of advanced
fibrosis. As such, patients without available serum ami-
notransferase levels or platelet counts were excluded.
Participants with normal alanine transaminase (ALT)
and aspartate transaminase (AST) levels were classi-
fied as having metabolic associated steatotic liver dis-
ease (MASLD) (n=956) if they met the Improved Fatty
Liver Index for the multi-ethnic US population (US FLI)
criteria. The US FLI is a biochemical model that pre-
dicts the presence of fatty liver based on age, race/eth-
nicity, waist circumference, gamma glutamyltransferase
(GGT) activity, fasting insulin, and fasting glucose [13].
Participants were also considered as having MASLD
(n=1177) if they had abnormal ALT or AST (>19 IU

for females and >29 IU for males) [14] and also met
criteria for metabolic syndrome. Metabolic syndrome
was defined as having three of more of the follow-
ing conditions: (1) impaired glycemic control (hemo-
globin A, >5.7%, or fasting serum glucose>100 mg/
dL, or use of diabetes medications), (2) either increased
waist circumference (> 88 cm for females, > 101 cm for
males) or elevated BMI (>30 Kg/m?), (3) low high-den-
sity lipoprotein cholesterol (<50 mg/dL in females, <40
mg/dL in males), (4) high triglyceride levels (> 150 mg/
dL), or (5) hypertension (systolic blood pressure > 130
mm Hg or diastolic blood pressure >85 mm Hg) [9].
Participants with evidence of active infection with
either Hepatitis B virus (HBV) (positive for HBsAg),
or Hepatitis C virus (HCV) (positive for HCV RNA or
positive for antibodies to HCV with non-negative HCV
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RNA) were considered as having viral liver disease
(VLD) (n=372). Next, alcohol-associated liver disease
(ALD) (n=1582) was defined by elevated ALT or AST
(>19 IU for females and >29 IU for males) [14] and
self-reported evidence of either (1) current heavy alco-
hol use (>3 drinks per day for females, >4 drinks per
day for males, or binge drinking [>4 drinks on same
occasion for females, >5 drinks on same occasion for
males] on 5 or more days per month), (2) current mod-
erate alcohol use (>2 drinks per day for females, >3
drinks per day for males, or binge drinking > 2 days per
month), or (3) a history of daily binge drinking. Patients
were categorized as having other liver disease (OLD)
(n=5603) if they had abnormal ALT or AST (>19 IU
for females and > 29 IU for males) but did not meet cri-
teria for MASLD, VLD, ALD. Lastly, patients who did
not meet any of the above criteria were considered as
having no liver disease (NLD) (n=5603). By employing
aminotransferase elevation as the initial branch point
for the presence or absence of liver disease, the studied
patient population captures the broad spectrum of liver
disease, not being limited to just those with chronic
liver disease and/or advanced fibrosis. The following
statistical analysis focuses on patients with liver dis-
ease as the cohort of interest within the representative
population.

Advanced fibrosis was defined by Fibrosis-4 Index (FIB-
4) for patients older than 35 years old with FIB-4>2.67
indicating advanced fibrosis [15]. For patients younger
than 35 years old, AST to Platelet Ratio Index (APRI) was
used to define advanced fibrosis with a cut off of >0.7
indicating advanced fibrosis [16].

Statistical analysis

All analyses were conducted separately on each multi-
ple imputation data set and combined via Rubin’s rules.
Sampling weights were calculated using Table E from
the NHANES 99 —10 Analytic Guidelines. Since DEXA
results were used to calculate sarcopenia, examination
weights were used. Waves 99 —00 and 01-02 were nor-
malized using 4-years weights; other waves used the
2-year weights. All numbers in the results are based on
weighted summaries, unless otherwise noted. Descriptive
tables were compiled using median and IQR for numeric
variables (unless otherwise noted) and frequencies and
percentages for categorical variables. Summary statistics
are reported based on weighted data normalized to give
appropriate group totals and p-values. Formal testing for
probability of sarcopenia was done using logistic regres-
sion adjusting for multiple imputation. Cox proportional
hazards regression was used for mortality analysis. Odds
ratios and hazard ratios were reported accordingly with a
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95% confidence interval and were adjusted based on key
clinical characteristics. All analyses were conducted in R
4.2.2 (R Foundation, Vienna, Austria).

Results

Prevalence of sarcopenia in liver disease

Of 16,072 patients in the cohort, 8,891 patients had liver
disease. Sarcopenia classification was available in 8,480
and determined to be present in 807 (9.5%). Demo-
graphic data for the cohort of patients with liver disease
by sarcopenia status is shown in Table 1. Sarcopenia
adjusted for BMI (ALM/BMI) was more prevalent in
patients with MASLD (18.4%) compared to other etiolo-
gies of liver disease, including ALD (8.7%), OLD (8.3%),

Table 1 Demographics by sarcopenia status in patients with
liver disease

Sarc(-) (N=7673) Sarc(+) (N=807)

Age,y

Median (Q1, Q3) 44.0 (33.0,54.0) 56.0 (45.0,67.0)
Sex

Male 2896 (37.7%) 312 (38.6%)
Female 4776 (62.3%) 495 (61.4%)
Body Mass Index

Median (Q1, Q3) 274(239,31.7) 32.1(283,37.0)
Obesity class

BMI<30 5142 (67.0%) 289 (35.8%)
BMI>30 2530 (33.0%) 518 (64.2%)
Education Level

<9th grade 400 (5.2%) 141 (17.5%)
9-11th grade 926 (12.1%) 142 (17.6%)
HS Grad®/GED? 1980 (25.8%) 211 (26.2%)
Some college/AA® 2353 (30.7%) 217 (27.0%)
College Graduate 2007 (26.2%) 95 (11.8%)
Household Income

<$20K 1137 (15.8%) 197 (26.1%)
>20K 92 (1.3%) 17 (2.3%)
$20K-$45K 1964 (27.3%) 251 (33.3%)
$45K-$75K 1837 (25.6%) 169 (22.4%)
>$75K 2155 (30.0%) 120 (15.9%)
Physical Activity Level

Ideal 3118 (60.7%) 174 (47.3%)
Moderate 1008 (19.6%) 80 (21.8%)
Inactive 1009 (19.7%) 114 (31.0%)
Household Food Security

HH? fully food secure 3035 (85.7%) 286 (79.5%)
HH® marginally food secure 192 (5.4%) 22 (6.2%)
HH? food insecure w/o hunger 191 (5.4%) 36 (9.9%)
HH? food insecure w/hunger 123 (3.5%) 16 (4.4%)

2 High school graduate (HS Grad), High school equivalency (GED), Associate of
Arts degree (AA), Household (HH)



Kezer et al. BMC Gastroenterology (2024) 24:404

VLD (6.4%) or no liver disease (8.7%) (P<0.001) (Supple-
mentary Table 1). When defining sarcopenia with ALM
alone (unadjusted for BMI) with sex-specific cut offs of
<19.75 kg for men and <15.02 kg for women [10], sarco-
penia continued to be significantly associated with etiol-
ogy of liver disease (P<0.001) and sarcopenia was more
prevalent overall with this definition. Applying the unad-
justed ALM definition, sarcopenia was present in 10.2%
of patients with ALD, 20.5% of patients with VLD, 13.1%
of patients with NLD, 7.7% of patients with MASLD, and
12.8% of patients with OLD.

Impact of Sociodemographics on Sarcopenia

In a multivariable analysis of patients with liver disease,
the following were associated with sarcopenia: age, all
levels of education less than a college degree, all lev-
els of physical activity less than ideal, race, income lev-
els<20 K and 20 K-45 K, hypertension, diabetes mellitus,
chronic kidney disease, and lung disease (Supplementary
Table 2). Compared to White race, other races/ethnicities
had increased risk of sarcopenia, except non-Hispanic
Black race which was associated with decreased sarco-
penia, (OR 0.21 [0.13, 0.34] P<0.001). Advanced fibrosis
was not significantly associated with sarcopenia (OR 0.85
[0.45, 1.62] P=0.63). In patients with liver disease, the
prevalence of sarcopenia decreased as income level and
education level increased (Figs. 2 and 3).

Survival analysis
In a Cox model for survival, male sex, age, advanced
fibrosis, level of education between 9th and 11th grade,
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level of education attending some college, income
between 20 and 45 K, current smoking, hypertension,
chronic kidney disease, and lung disease were signifi-
cantly associated with mortality in patients with liver
disease (Supplementary Table 3). Sarcopenia was not
significantly associated with mortality (HR 1.14 [0.79,
1.65] P=0.49). In a separate model, the interaction
between sarcopenia and advanced fibrosis was not sig-
nificantly associated with mortality either (HR 1.18
[0.68, 2.03] P=0.56).

Telomere length

Telomere measurements were available in 3,713
patients with liver disease from 1999 to 2002. Patients
with liver disease and sarcopenia had significantly
shorter telomeres than patients with liver disease with-
out sarcopenia (P <0.001), however this relationship did
not remain significant when adjusted for age (P=0.13),
(Figs. 4 and 5). In patients with liver disease, the inter-
action also known as effect-modification between
telomere length and sarcopenia was significantly asso-
ciated with mortality (HR 2.83 [1.06, 7.57] P=0.039)
(Table 2). Table 3 demonstrates from this model how
the effects of sarcopenia and telomere length inter-
act with one another, as well as with age. Sarcopenia
had a greater impact on mortality at younger ages,
with shorter telomeres attenuating that effect. Longer
telomeres were generally associated with increased
mortality at younger ages, especially in those with sar-
copenia. However, at older ages, longer telomeres were

Sarcopenia

100 -
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Sarcopenia

- Sarc(-)
. Sarc(+)

<$20K 4
>20K 4
$20K-$45K 4

$45K-$75K 4
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Fig. 2 Sarcopenia by household income in patients with liver disease



Kezer et al. BMC Gastroenterology (2024) 24:404

Page 6 of 10

100 -

754

50 4

Sarcopenia

251

04

Sarcopenia

B sarci)
. Sarc(+)

<9th grade -
9-11th grade A
HS Grad/GED -

Some college/AA -
College Graduate -

Education Level

Fig. 3 Sarcopenia by education level in patients with liver disease
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associated with decreased mortality in those without
sarcopenia.

Discussion

Here we demonstrate the prevalence of sarcopenia in
patients with liver disease overall, particularly in those
with MASLD. In patients with MASLD, there are alter-
ations of the metabolic pathways related to insulin

v N
Telomere Mean Length

Fig. 4 Telomere length in patients with chronic liver disease with and without sarcopenia unadjusted
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resistance, lipogenesis, chronic inflammation, physical
inactivity, and vitamin D deficiency that contribute to the
development of sarcopenia [17]. In a cohort study of over
50,000 patients, MASLD (NAFLD) was associated with
an increased risk of sarcopenia as measured by faster loss
of skeletal muscle mass [18]. While numerous studies
have demonstrated an association between sarcopenia,
MASLD, and worse outcomes, the optimal diagnostic
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Fig. 5 Association of telomere length with sarcopenia, adjusted for age in patients with chronic liver disease. Each point is a within group mean
telomere length for patients within 10-year period. For example, point at age 25 is average of telomere length of patients between ages 20-30

Table 2 Association of age, telomere length, and sarcopenia
with mortality in patients with liver disease

Variable Hazard Ratio (95% Cl) P-value
Age 0(1.09,1.12) <0.001
Telomere Length 2.51(1.30, 4.86) 0.006
Sarcopenia 2.04(0.37,11.22) 041
Age*Telomere 0.98 (0.96, 0.99) 0.008
Age*Sarcopenia 0.98 (0.96, 1.00) 0.029
Telomere*Sarcopenia 2.83(1.06,7.57) 0.039

*Indicates interaction between variables

Table 3 Impact of sarcopenia and telomere length on mortality
in patients with liver disease

Variable Hazard Ratio (95% Cl)
Sarcopenia(+) Effect

Age 35, Telomere Length 0.75 227 (1.15,4.48)
Age 35, Telomere Length 1.25 81(2.10,6.91)
Age 75, Telomere Length 0.75 1.06 (0.80, 1.40)
Age 75, Telomere Length 1.25 1.78(1.16, 2. 72)
Telomere Effect (per 0.25 increase)

Age 35, Sarcopenia(-) 1.05(0.97,1.13)
Age 35, Sarcopenia(+) 1.36(1.07,1.73)
Age 75, Sarcopenia(-) 0.85(0.72,1.00)
Age 75, Sarcopenia(+) 1.10(0.89, 1.35)

criteria for sarcopenia in patients with MASLD remains
controversial. A study of 156 patients with biopsy-proven
MASLD (NAFLD) found significant heterogeneity in the
prevalence of sarcopenia when comparing the Founda-
tion for the National Institutes of Health (FNIH) defi-
nition of sarcopenia to other definitions including the
skeletal muscle index and the ratio of skeletal muscle
mass to body fat mass, concordance 0.058 [19]. In our
study, sarcopenia was defined by ALM adjusted for BMI
based on the recommendation of the FNIH consortium
[10]; therefore as patients have increasing BMI, which is
a risk factor for MASLD, they are more likely to be sar-
copenic by definition. We demonstrated this concept by
assessing the prevalence of sarcopenia by ALM alone
unadjusted for BMI in which case sarcopenia was least
prevalent in MASLD compared to when sarcopenia was
defined by ALM adjusted for BMI, where sarcopenia was
most prevalent in MASLD. This discordance highlights
the challenges to accurately identifying sarcopenia in
patients with MASLD, and future research needs to be
done to optimize the definition in this patient population.

Our study demonstrates several sociodemographic
disparities in the development of sarcopenia in patients
with liver disease. Specifically, we identified racial and
ethnic disparities in the development of sarcopenia, par-
ticularly in all minorities other than non-Hispanic White
and Black races. Black race was significantly associated
with decreased prevalence of sarcopenia. In an NHANES
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study comparing ALM/BMI to grip strength and gait
speed, Bigman and Ryan found that Black patients were
less likely to have sarcopenia based on muscle mass index,
however more likely to have sarcopenia by gait speed and
no difference in risk was found by grip strength [20].
Therefore, the diagnosis of sarcopenia in various races
must be interpreted with caution, and further research
needs to be done looking at race specific definitions of
sarcopenia, particularly in patients with liver disease.
This study is limited to the U.S. civilian population, there-
fore the applicability of these findings to patients in other
countries with different risk factors and etiologies of liver
disease must be further investigated. Similar to previ-
ous literature, we also found that lower levels of income
and education were associated with a higher prevalence
of sarcopenia [21, 22]. These disparities highlight addi-
tional challenges some patients may face related to their
propensity to develop sarcopenia and means to intervene
and treat the disease thereafter.

Physical activity level has previously been shown to
be an independent predictor of sarcopenia in chronic
liver disease [23]. While physical activity is beneficial in
patients with cirrhosis, there are multiple reasons why
patients with cirrhosis may get less exercise. In addition,
patients with cirrhosis have diminished cardiac response
to exercise [24, 25]. They require frequent healthcare
appointments and are at risk of falls for reasons related
and unrelated to sarcopenia, including hepatic encepha-
lopathy. Furthermore, the severity of liver disease, sar-
copenia, and exercise capacity are related [25], meaning
patients at greatest need of physical activity may be those
least likely to be able to do so. Importantly, exercise can
attenuate or even reverse sarcopenia [25, 26]. While it
may not be feasible or safe for all patients with cirrhosis
to achieve our study’s definition of ideal physical activ-
ity, the odds ratio for developing sarcopenia in inactive
patients was 1.73 as compared to 1.39 in those achieving
moderate activity, indicating some activity is likely better
than no activity.

Telomere length shortens with age and shorter tel-
omeres have been associated with increased mortality
[27]. In this study, the interaction between telomere
length and sarcopenia was significantly associated with
mortality in patients with liver disease. In an NHANES
study encompassing the years 1999-2002, in patients
with sarcopenia (not limited by those with liver dis-
ease), there was not a significant association between
telomere length and mortality [7]. Shortened telomere
length has been associated with a higher risk of all-
cause mortality in patients with liver disease [9]. Our
results demonstrate that sarcopenia is associated with
higher mortality at younger ages, and that shorter tel-
omeres attenuate this effect. Telomerase, the enzyme
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responsible for telomere length regulation, is neces-
sary for cell immortalization and oncogenesis [28]. The
shortening of telomeres has two oppositional effects on
cancer development, one being a tumor-suppressive
effect through arrest of cellular proliferation and the
other being telomere crisis where there is significant
genome instability that can result in cancer develop-
ment [29]. There is significant heterogeneity within
the literature as to the impact of telomere length on
cancer development, however longer telomeres have
been shown to increase the risk for several cancers
and reduce the risk for some other diseases, including
cardiovascular disease [30]. An NHANES study from
years 1999-2002 evaluating the association of telomere
length with all-cause, cardiovascular, and cancer spe-
cific mortality risk among US adults when adjusted for
sociodemographic and health-related characteristics
including age found that increasing telomere length
was associated with lower all-cause and cardiovascu-
lar mortality rates, but not cancer-relate mortality [31].
Therefore, the conflicting data in the literature regard-
ing the association between telomere length and mor-
tality is likely intertwined with cause of death. While
our cross-sectional study assessed all-cause mortality,
it is possible that the negative impact of longer telom-
eres on overall survival in younger patients with sar-
copenia seen here is actually reflective of associations
between telomere length and cause of death.

Strengths of our study include the large database
of patients evaluated and that the NHANES survey is
designed to be representative of the US population at
large. Limitations of this study include the cross-sec-
tional survey design of NHANES which is limited by
the data that is publicly available and much of the sur-
vey data is self-reported by participants. DEXA scan is
widely available and validated in the literature for the
assessment of sarcopenia but does have limitations in
its lack of functional assessment of muscle strength,
limiting its accuracy in capturing the entirety of frailty
syndrome. The Asian Working Group for Sarcopenia
(AWGS) as well as the European Working Group on
Sarcopenia in Older People (EWGSOP) include both
muscle mass and strength in their definitions of sar-
copenia [32, 33]. Our study is limited in the lack of
assessment of muscle strength however DEXA scan is
a readily available tool that makes the assessment of
sarcopenia scalable to a large patient population at risk
for this syndrome. DEXA can be used to measure three
body components: fat, bone minerals, and lean tissue
[34]. Appendicular lean mass (ALM) is the sum of lean
mass from both arms and legs and when adjusted for
BMI has been recommended by The FNIH Biomark-
ers Consortium Sarcopenia Project for the diagnosis
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of sarcopenia [10]. Advantages of the use of DEXA for
defining sarcopenia include its availability, efficiency,
and reproducibility [5]. Disadvantages include that the
equipment is not portable, and it is an indirect meas-
urement of lean and fat mass meaning results can be
affected by hydration status, body fluid changes, and
ascites [5, 35].

An additional limitation of this study is that the avail-
able data is limited to that of the NHANES database.
Specifically, DEXA scan was only obtained from years
1999-2006 and mortality data until 2015, therefore
more recent DEXA and mortality data is not available.
The overall prevalence and trends in prevalence of sar-
copenia are difficult to discern given the heterogeneity
of definitions used to define sarcopenia in the literature,
therefore this large population-based study is indeed very
relevant as we look to further understand and character-
ize sarcopenia at the population level. Additionally, other
potential confounding variables such as genetics and
nutritional habits were not able to be accounted for given
the limitations of the NHANES database.

This study highlights the importance of assessing
patients with liver disease for social determinants of
health in order to identify risk factors that are associ-
ated with sarcopenia so appropriate resources can be
provided. In addressing these health disparities, we may
be able to prevent sarcopenia in some of our patients
or at a minimum intervene more effectively. The impli-
cations of telomere length on mortality in patients
with liver disease varies by age and sarcopenia status.
Shorter telomeres appear to be more highly associ-
ated with increased mortality in older patients without
sarcopenia. Future research on the complex interplay
between sarcopenia, telomere length, and age is needed
to fully elucidate their impact on outcomes including
mortality in patients with liver disease.
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