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Abstract

The emerging epidemic of older cirrhotics has led to a sharp increase in the number of =65 year
olds considering liver transplantation (LT). However, clinicians lack objective measures to risk
stratify older patients. We aimed to determine whether the Short Physical Performance Battery
(SPPB), a well-validated geriatric measure of physical function, has greater prognostic value in
older versus younger LT candidates. Adult outpatients listed for LT with laboratory MELD =12
underwent physical function testing using the SPPB, consisting of gait speed, chair stands, and
balance. Patients were categorized by age (“younger’= <65 years; “older”= =65 years) and SPPB
(“impaired”= <9; “robust”= >9). Competing risks models associated age and SPPB with wait-list
death/delisting. Of 463 LT candidates, 21% were =65 years; 18% died/delisted. Older patients had
slower gait (1.1 vs.1.3m/sec; p<0.001), a trend of slower chair stands (12.8 vs.11.8sec; p=0.06),
and a smaller proportion able to complete all balance tests (65 vs.78%; p=0.01); SPPB was lower
in older vs. younger patients (10 vs.11; p=0.01). When compared to younger robust patients as a
reference group, younger impaired patients (HR 1.77; p=0.03) and older impaired patients (HR
2.70; p=0.003) had significantly higher risk of wait-list mortality, but there was no difference in
risk for older robust patients (HR 1.38; p=0.35) [test of equality p=0.01]. After adjustment for
MELD-Na, only older impaired patients had an increased risk of wait-list mortality compared to
younger robust patients (HR 2.36; p=0.01) [test of equality p=0.05]. In conclusion, functional
impairment, as assessed by the SPPB, predicts death/delisting for LT candidates > 65 years
independent of MELD-Na. Further research into activity-based interventions to reduce adverse
transplant outcomes in this population is warranted.
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The national liver transplant wait-list is aging. From 2005-2014, the proportion of patients
=65 years who underwent liver transplantation increased from 11% to 19% (1). In light of
the epidemic of older adults with cirrhosis from chronic hepatitis C (2) and non-alcoholic
fatty liver disease (3), this proportion is anticipated to rise further. While older age is
associated with poorer survival before and after liver transplant (4-6), small single center
studies have demonstrated that acceptable outcomes can be achieved in select older patients
(5, 7, 8). Since factors predictive of favorable outcomes are unknown, there is no consensus
on objective and appropriate selection criteria for older patients.

We hypothesized that physical function is a key factor that contributes to differential
outcomes in older versus younger cirrhotics. While we have previously shown that physical
frailty and functional impairment predict wait-list mortality in liver transplant candidates of
all ages (9), older cirrhotics may be particularly vulnerable to adverse health outcomes due
to the combined, and likely synergistic, effects of chronic liver failure and impairments in
physical function that are common in aging adults (4-6, 10). In this study, we aimed to
compare physical function in older versus younger liver transplant candidates and evaluate
the prognostic value of physical function by age.

PATIENTS AND METHODS

Study population

The Functional Assessment in Liver Transplantation (FrAILT) Study is an ongoing
prospective cohort study of all adult (=18 years) patients with cirrhosis who are actively
listed for liver transplantation at the University of California, San Francisco. In order to
ensure an adequate number of events during the follow up period, only candidates with a
Model for End-Stage Liver Disease (MELD) score =12 were included. Excluded were those
with severe hepatic encephalopathy (n=14), defined as a Numbers Connection Test time of
>120 seconds, given concerns about their ability to cooperate with physical function testing.
Of the 470 patients who were asked to participate, 463 (99%) consented and enrolled in the
study.

Study procedures and data collection

At enrollment into the FrAILT Study, all patients underwent testing of physical function
using the Short Physical Performance Battery (SPPB) [Appendix]. This measure was
selected for this specific study for two reasons: a) we have previously demonstrated its
construct validity in liver transplant candidates (9) and b) it is a purely performance-based
measure and therefore not susceptible to recall bias. Moreover, the SPPB has excellent
reliability with an intraclass correlation coefficient of 0.88—0.92 for measures performed one
week apart (11). At the time of physical function testing, information regarding
demographics, medical co-morbidities (e.g., hypertension, diabetes, coronary artery disease),
and laboratory tests were collected from the patient’s electronic health record. The degree of
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ascites — classified as absent, controlled, or severe/refractory — was assessed and determined
by the candidate’s primary hepatologist at the time of physical function testing. Hepatic
encephalopathy was classified as none/mild versus moderate based on a Numbers
Connection Test Score of < or >60 seconds, respectively. The MELD-sodium (MELD-Na)
score was calculated using the formula detailed in the paper by Kim et al (12).

On the same day as the clinic visit, the patient’s hepatologist was asked to subjectively rate
his or her patient’s health using the following question:

“We are interested in your general impression about your patient’s overall health,
as compared to other patients with underlying liver disease. How would you rate
this patient’s overall health today? Excellent (0), very good (1), good (2), fair (3),
poor (4), or very poor (5)".

Statistical analysis

Subjects were categorized by an age cut-off of 65 years (“younger” = <65 years; “older” =
>65 years), a clinically relevant and commonly-used cut-off to define “older”. Differences in
baseline characteristics by age categories were compared using chi-square or Wilcoxon rank
sum tests for categorical and continuous variables, respectively. The primary predictor was
physical function, as assessed by the SPPB. To facilitate interpretation and usability in
clinical practice, this variable was dichotomized into >9 (“robust™) and <9 (“functionally
impaired”), as this would represent at least 1-point of impairment in each of the three
components of the SPPB, or at least 2-points of impairment in one of the components (see
Appendix for scoring system).

The primary outcome in this study was wait-list mortality, defined as death prior to liver
transplantation or delisting for being too sick for transplant. Patients who were delisted for
reasons other than being too sick (e.g., substance abuse, non-adherence) were censored from
the FrAILT Study at the time of wait-list removal. We performed a sensitivity analysis
censoring HCC patients delisted for tumor progression (n=7 [8% of total number who died/
were delisted]), instead of counting them as having reached the primary outcome.
Competing risks analysis evaluated the association between categories of age (< or =65
years) and SPPB score (> or <9) and wait-list mortality, with liver transplantation as the
competing risk. Patients who received an organ by living donor liver transplantation were
censored on the day prior to undergoing transplantation. All co-variates associated with a p-
value <0.10 in univariable analysis were evaluated for inclusion in the multivariable model.
We employed backwards step-wise regression to eliminate co-variates from the final
multivariable model using a threshold p-value 0.05. Post-estimation tests of equality among
age and SPPB categories were performed using the Wald test.

The UCSF Institutional Review Board approved this study. STATA® v12 (College Station,
Texas) was used for all statistical analyses.
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Baseline characteristics of the cohort

A total of 463 liver transplant wait-list candidates with MELD score =12 were included in
the analyses: 95/463 (21%) patients were =65 years. Baseline characteristics of the cohort
categorized by age category are shown in Table 1. Median (interquartile range [IQR])
follow-up time was 14 months for older patients and 17 months for younger patients
(p=0.09). Older patients were similar to younger patients with respect to gender (39 versus
35% female), median body mass index (BMI) [29 kg/m? versus 28 kg/m?], median MELD
(15 versus 16), median MELD-Na (18 versus 18), prevalence of ascites (25 versus 34%) and
prevalence of moderate hepatic encephalopathy (18 versus 17%) [p>0.05 for each].
However, older patients differed significantly from younger patients by etiology of liver
disease (HCV: 35 versus 52%; NAFLD: 22 versus 10%,; cholestatic: 5 versus 14%)
[p<0.01]. Compared to younger patients, older patients were more likely to have
hepatocellular carcinoma (37 versus 19%), hypertension (63 versus 37%), and coronary
artery disease (11 versus 4%) [p<0.01 for each]. Notably, older and younger patients had
similar overall health assessments by their primary hepatologists with median (IQR) ratings
of 3 (2-3) versus 3 (1-3) [p=0.23, respectively].

Measurements of Physical Function

The median (IQR) score on the SPPB was significantly lower in older compared to younger
patients [10 (9-11) versus 11 (9-12); p=0.01], although a similar proportion of older and
younger patients had an SPPB score 9 (36 versus 29%; p=0.20) [Table 2]. With respect to
the three individual components of the SPPB, older patients had slower gait speed (1.1
versus 1.3 m/sec; p<0.01), a trend toward slower chair stands (12.8 versus 11.8 seconds;
p=0.06), and fewer were able to complete all three balance tests for 10 seconds each (65
versus 78%; p=0.01) [Table 2].

Associations between physical function and outcomes

By the end of follow-up, 83 (18%) patients died/were delisted for being too sick, 134 (29%)
underwent liver transplant, and 25 (5%) were removed from the wait-list for other reasons.
Older and younger patients experienced similar rates of death/delisting (22 versus 17%;
p=0.23) and similar rates of transplant (25 versus 30%; p=0.38).

Table 3 shows the uni- and multi-variable analyses for associations with wait-list mortality.
In univariable competing risks analysis, compared to the reference group of younger robust
(SPPB >9) candidates, patients who were impaired (SPPB<9) had significantly higher risk
of wait-list mortality regardless of whether they were younger (HR 1.77; p=0.03) or older
(HR 2.70; p=0.003), but older robust patients did not (HR 1.38; p=0.35) [Wald test of
equality p=0.01; Table 3]. MELD-Na (per point; HR 1.09; p<0.001), serum albumin (per
g/dL; HR 0.56; p=0.01), moderate hepatic encephalopathy (HR 1.70; p=0.04), and
hepatocellular carcinoma (HR 1.65; p=0.04) were also associated with wait-list mortality in
univariable analysis (Table 3). Other variables that were evaluated in univariable analysis
include liver disease etiology (reference: alcoholic; HCV: HR 1.22, p=0.53; NAFLD: HR
0.99, p=0.97; cholestatic: HR 1.17, p=0.71), coronary artery disease (HR 1.58, p=0.23),
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BMI (per kg/m?; HR 0.98, p=0.46), and ascites (reference: absent; controlled: HR 1.33,
p=0.23; severe/refractory: HR1.46, p=0.50), however these were not significantly associated
with wait-list mortality. In multivariable analysis adjusting for MELD-Na and albumin, only
older impaired patients demonstrated significantly higher risk of wait-list mortality
compared to younger robust candidates (HR 2.36; p=0.01; Wald test of equality for all
categories of age and SPPB: p=0.05; Table 3). Among younger candidates, the p-value for
the comparison between robust versus impaired patients was 0.03. The p-value for the
comparison among older adults was 0.01. In a sensitivity analysis censoring HCC patients
delisted for tumor progression, the hazards of wait-list mortality associated with each age-
SPPB category remained similar (Wald test of equality p=0.06).

DISCUSSION

Despite the growing demand for liver transplantation posed by older patients, liver
transplant clinicians lack objective tools to measure non-liver related factors that reflect
increased vulnerability of older cirrhotics to adverse outcomes. As a result, beyond strict
criteria, selection of older cirrhotics for transplantation may be based on subjective
assessments grounded in clinical intuition. While clinical assessments of overall health by
transplant hepatologists can be accurate (13), its application to transplant decision-making
varies by patient, provider, and clinical circumstance. Our data demonstrating the prognostic
value of a measure of physical function in liver transplant candidates over 65 years of age
fills a critical gap in clinical transplant practice.

Many measures of physical function exist (14), but the SPPB holds distinct advantages as a
prognostic marker in older cirrhotics. Originally developed in 5,000 adults over 70 years of
age (without chronic liver disease) to assess lower extremity strength (15), this three-
component battery of tests predicts subsequent disability (16-18) and mortality (19-21). For
cirrhotics, performance-based measures of physical function are particularly relevant given
the association between muscle area of the psoas major — one of the muscles responsible for
hip flexion necessary to complete a chair stand or lift one’s legs to walk — with post-
transplant mortality (22). While we have previously shown that each one-point decrease in
the SPPB predicts increasing risk of wait-list mortality in liver transplant candidates of all
ages (9), it is biologically plausible that this instrument might have greater prognostic value
in older cirrhotics who are vulnerable to the overlapping effects of functional impairment
from both aging- and cirrhosis-induced processes.

It is worth noting that our older and younger liver transplant candidates received similar
overall assessments of health status by their primary hepatologists. This is surprising given
the intuitive selection bias against listing older cirrhotics for liver transplantation due to data
demonstrating worse post-transplant outcomes compared to younger patients (4, 5). Despite
the similar subjective assessments by transplant clinicians, the SPPB identified functional
differences between older and younger liver transplant candidates: older patients were
consistently more impaired (by both the SPPB summary score as well as its individual
components). These findings strongly support the clinical utility of this objective measure of
physical function in transplant decision-making to detect clinically relevant factors in older
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adults — that are missed by even the most trained transplant clinicians — that may increase
vulnerability to adverse outcomes.

We acknowledge several limitations to our study. There were relatively few deaths and
delistings among the older liver transplant candidates during the study period. As a result,
this limits our ability to adjust for multiple confounders in our analyses. However, we
evaluated all clinically relevant factors in univariable competing risks analysis and only
MELD-Na and albumin remained statistically significant in the multivariate model. While
this study included a large, diverse cohort of liver transplant candidates, its results need to be
confirmed in other cohorts or a multi-center study. Because all of the patients enrolled in the
cohort were outpatients, the median MELD score of our cohort is relatively low. Additional
studies that include inpatients are needed to evaluate the role of physical function in higher
MELD cohorts. Lastly, although we selected specific cut-offs for both age and physical
function, we feel that both cut-offs are clinically justifiable. Age 65 years is not only a well-
accepted cut-off to define an “older” adult but, in our clinical experience, is also the age at
which transplant clinicians begin to incorporate age into their transplant decision-making.
To receive an SPPB score of 9 or less, a patient would have to be somewhat impaired in
each of the three tests, or significantly impaired in one or two. Using these cut-offs enhances
the clinical applicability of our analyses as clinicians can easily translate our findings into
clinical practice.

Despite these limitations, our findings have important implications for clinical transplant
practice. First, functional impairment, as assessed by the SPPB, can identify the older
candidates most vulnerable to poor outcomes and facilitate conversations between older
patients, their caregivers, and clinicians regarding the likelihood of surviving to transplant.
Those unlikely to reach the transplant goal may elect for care focused on quality of life,
possibly decreasing suffering for both patients and caregivers. Conversely, and of equal
importance, this objective and transparent measure may justify and compel access to liver
transplantation for older robust candidates who, in our study, experienced rates of wait-list
mortality similar to younger candidates. Although there is no data on post-transplant
functional outcomes of older candidates, we are currently conducting a prospective study to
evaluate the importance of pre-transplant physical function on outcomes and recovery after
liver transplantation. Lastly, our data regarding functional impairment, a modifiable risk
factor, provide a solid foundation for the development of activity-based interventions to
improve functional status and potentially, improve liver transplant wait-list outcomes.
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References
1.

United Network for Organ Sharing (UNOS)/Organ Procurement and Transplantation Network
(OPTN). [Accessed March 2015] UNOS online database system. http://www.unos.org/donation/
index.php?topic=data

. Smith BD, Morgan RL, Beckett GA, Falck-Ytter Y, Holtzman D, Teo CG, et al. Recommendations

for the identification of chronic hepatitis C virus infection among persons born during 1945-1965.
MMWR Recommendations and reports : Morbidity and mortality weekly report Recommendations
and reports /Centers for Disease Control. 2012; 61(RR-4):1-32. [PubMed: 22895429]

. Charlton MR, Burns JM, Pedersen RA, Watt KD, Heimbach JK, Dierkhising RA. Frequency and

outcomes of liver transplantation for nonalcoholic steatohepatitis in the United States.
Gastroenterology. 2011; 141(4):1249-53. [PubMed: 21726509]

. Schwartz JJ, Pappas L, Thiesset HF, Vargas G, Sorensen JB, Kim RD, et al. Liver transplantation in

septuagenarians receiving model for end-stage liver disease exception points for hepatocellular

carcinoma: the national experience. Liver transplantation : official publication of the American

Association for the Study of Liver Diseases and the International Liver Transplantation Society.
2012; 18(4):423-33.

. Aloia TA, Knight R, Gaber AO, Ghobrial RM, Goss JA. Analysis of liver transplant outcomes for

United Network for Organ Sharing recipients 60 years old or older identifies multiple model for
end-stage liver disease-independent prognostic factors. Liver transplantation : official publication of
the American Association for the Study of Liver Diseases and the International Liver
Transplantation Society. 2010; 16(8):950-9.

. Sharpton SR, Feng S, Hameed B, Yao F, Lai JC. Combined effects of recipient age and model for

end-stage liver disease score on liver transplantation outcomes. Transplantation. 2014; 98(5):557—
62. [PubMed: 24717221]

. Cross TJ, Antoniades CG, Muiesan P, Al-Chalabi T, Aluvihare V, Agarwal K, et al. Liver

transplantation in patients over 60 and 65 years: an evaluation of long-term outcomes and survival.
Liver transplantation : official publication of the American Association for the Study of Liver
Diseases and the International Liver Transplantation Society. 2007; 13(10):1382-8.

. Yoshizumi T, Shirabe K, Soejima Y, Taketomi A, Yamashita N, Ikegami T, et al. Living donor liver

transplantation in patients older than 60 years. Transplantation. 2010; 90(4):433-7. [PubMed:
20588207]

. Lai JC, Feng S, Terrault NA, Lizaola B, Hayssen H, Covinsky K. Frailty predicts waitlist mortality

in liver transplant candidates. American journal of transplantation : official journal of the American
Society of Transplantation and the American Society of Transplant Surgeons. 2014; 14(8):1870-9.

10. Fried LP, Tangen CM, Walston J, Newman AB, Hirsch C, Gottdiener J, et al. Frailty in older

adults: evidence for a phenotype. The journals of gerontology Series A, Biological sciences and
medical sciences. 2001; 56(3):M146-56.

11. Ostir GV, Volpato S, Fried LP, Chaves P, Guralnik JM. Reliability and sensitivity to change

assessed for a summary measure of lower body function: results from the Women’s Health and
Aging Study. Journal of clinical epidemiology. 2002; 55(9):916-21. [PubMed: 12393080]

Liver Transpl. Author manuscript; available in PMC 2016 December 01.


http://www.unos.org/donation/index.php?topic=data
http://www.unos.org/donation/index.php?topic=data

1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

WangBA et al.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Page 8

Kim WR, Biggins SW, Kremers WK, Wiesner RH, Kamath PS, Benson JT, et al. Hyponatremia
and mortality among patients on the liver-transplant waiting list. The New England journal of
medicine. 2008; 359(10):1018-26. [PubMed: 18768945]

Lai JC, Covinsky KE, Hayssen H, Lizaola B, Dodge JL, Roberts JP, et al. Clinician assessments of
health status predict mortality in patients with end-stage liver disease awaiting liver
transplantation. Liver international : official journal of the International Association for the Study
of the Liver. 2015

Gill TM. Assessment of function and disability in longitudinal studies. Journal of the American
Geriatrics Society. 2010; 58(Suppl 2):S308-12. [PubMed: 21029059]

Guralnik JM, Simonsick EM, Ferrucci L, Glynn RJ, Berkman LF, Blazer DG, et al. A short
physical performance battery assessing lower extremity function: association with self-reported
disability and prediction of mortality and nursing home admission. J Gerontol. 1994; 49(2):M85—
94. [PubMed: 8126356]

Guralnik JM, Ferrucci L, Simonsick EM, Salive ME, Wallace RB. Lower-extremity function in
persons over the age of 70 years as a predictor of subsequent disability. The New England journal
of medicine. 1995; 332(9):556-61. [PubMed: 7838189]

Ward RE, Leveille SG, Beauchamp MK, Travison T, Alexander N, Jette AM, et al. Functional
performance as a predictor of injurious falls in older adults. Journal of the American Geriatrics
Society. 2015; 63(2):315-20. [PubMed: 25688606]

Penninx BW, Ferrucci L, Leveille SG, Rantanen T, Pahor M, Guralnik JM. Lower extremity
performance in nondisabled older persons as a predictor of subsequent hospitalization. The
journals of gerontology Series A, Biological sciences and medical sciences. 2000; 55(11):M691-7.
Minneci C, Mello AM, Mossello E, Baldasseroni S, Macchi L, Cipolletti S, et al. Comparative
Study of Four Physical Performance Measures as Predictors of Death, Incident Disability, and
Falls in Unselected Older Persons: The Insufficienza Cardiaca negli Anziani Residenti a
Dicomano Study. Journal of the American Geriatrics Society. 2015; 63(1):136-41. [PubMed:
25597564]

Cesari M, Onder G, Zamboni V, Manini T, Shorr RI, Russo A, et al. Physical function and self-
rated health status as predictors of mortality: results from longitudinal analysis in the iISIRENTE
study. BMC geriatrics. 2008; 8:34. [PubMed: 19102751]

Kim JH, Lim S, Choi SH, Kim KM, Yoon JW, Kim KW, et al. Sarcopenia: an independent
predictor of mortality in community-dwelling older Korean men. The journals of gerontology
Series A, Biological sciences and medical sciences. 2014; 69(10):1244-52.

Englesbe MJ, Patel SP, He K, Lynch RJ, Schaubel DE, Harbaugh C, et al. Sarcopenia and
mortality after liver transplantation. Journal of the American College of Surgeons. 2010; 211(2):
271-8. [PubMed: 20670867]

Liver Transpl. Author manuscript; available in PMC 2016 December 01.



1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

WangBA et al.

Baseline characteristics of 463 liver transplant candidates with MELD =12 by age (< or =65 years).

Table 1

Characteristic”

Age = 65 years n=95 (21%) Age <65 years n= 368 (79%) p-value
Follow up time, months 14 (9-23) 17 (9-26) 0.09
Age, years 67 (66-69) 56 (49-60) <0.001
Female 39% 35% 0.48
White 66% 56%
Black 3% 3%
Race/ ethnicity Hispanic 19% 29% 0.30
Asian 4% 6%
Other 8% 6%
HCV 35% 52%
Alcohol 23% 16%
Etiology of liver disease ~ NAFLD 22% 10% <0.001
Cholestatic 5% 14%
Other 15% 8%
Hepatocellular carcinoma 37% 19% <0.001
Weight, kg 84 (71-97) 85 (72-99) 0.99
BMI (kg/m?) 29 (26-33) 28 (25-34) 0.51
Medical co-morbidities
Hypertension 63% 37% <0.001
Diabetes 33% 28% 0.35
Coronary artery disease 11% 4% 0.01
Laboratory tests
Laboratory MELD 15 (13-18) 16 (13-19) 0.18
MELD-Na 18 (16-21) 18 (16-22) 0.43
Total bilirubin, mg/dL 2.1(1.6-3.0) 2.8 (1.9-4.0) <0.001
INR 1.4 (1.3-1.7) 1.4 (1.3-1.6) 0.35
Creatinine, mg/dL 1.0 (0.8-1.4) 1.0 (0.7-1.3) 0.43
Sodium, mEq/L 136 (134-138) 137 (134-139) 0.85
Albumin, g/dL 2.9 (2.6-3.3) 2.9 (2.6-3.3) 0.74
Absent 75% 66%
Ascites Controlled 21% 30% 0.21
Severe/refractory 4% 4%
Moderate hepatic encephalopathy 18% 1% 078
A 15% 14%
Child Pugh Score B 70% 66% 0.51
C 15% 20%
Clinician Assessment? 3(2-3) 3(1-3) 0.23
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*
Median (interquartile range) or %

TModerate hepatic encephalopathy was defined as a Numbers Connection Test score between 60-120 seconds. Patients with Numbers Connection
Test 2120 seconds were excluded from the study.

o
Clinician assessment was on a scale of 0 = excellent to 5 = very poor.
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Table 2

Short Physical Performance Battery (SPPB) scores and its components, by age (< or 265 years).

Measure™ Age = 65 years n=95 (21%) Age <65 years n= 368 (79%) p-value

Short Physical Performance 10 (9-11) 11 (9-12) 0.01

Battery Summary scoret

% SPPB <9 36% 29% 0.21

Individual SPPB Componentsi

Walk speed, meters/second 1.1(0.9-1.4) 1.3 (1.1-1.6) <0.001
Balance, seconds 30 (27-30) 30 (30-30) 0.03
Chair stands, seconds 12.8 (10.3-15.7) 11.8 (9.5-14.8) 0.06

*
Median (interquartile range) or %

TPerformance-based instrument that consists of three tests: gait speed, balance testing, and repeated chair stands. Range 0 = impaired to 12 = robust
(see appendix for scoring method).

¢Faster walk speed (greater distance per second), longer balance (maximum 30 seconds), and faster chair stands (fewer seconds) all indicate a more
robust patient.
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Table 3

Unadjusted and adjusted risk of wait-list mortality associated with each category of age and Short Physical
Performance Battery” (SPPB) score (“robust” = SPPB >9; “impaired” = SPPB<9).

Hazard Ratio (95% CI) p-value

Univariable AnalysisT Multivariable analyses§

Robust -- -
Younger (age<6sy)  |mpaired 1.77 (1.06-2.95) 1.40 (0.83-2.39)
0.03 0.21
Robust 1.38 (0.71-2.68) 1.57 (0.81-3.05)
0.35 0.18
Older (age =265y)
Impaired 2.70 (1.40-5.24) 2.36 (1.19-4.66)
0.003 0.01
MELD-Na (per point) 1.09 (1.05-1.13) 1.08 (1.03-1.13)
<0.001 0.001

Albumin (per g/dL)

0.56 (0.37-0.85)
0.01

0.66 (0.44-0.99)
0.046

Moderate hepatic encephalopathy:t

1.70 (1.02-2.75)
0.04

Hepatocellular carcinoma

1.65 (1.03-2.63)
0.04

*
Performance-based instrument that consists of three tests: gait speed, balance testing, and repeated chair stands. Range 0 (frail) to 12 (robust).

TListed are variables associated with a p-value <0.10 in univariable analysis.

¢Moderate hepatic encephalopathy was defined as a Numbers Connection Test score between 60-120 seconds. Patients with Numbers Connection
Test 2120 seconds were excluded from the study.

§The p-value for the comparison between those who were robust versus impaired among younger adults was 0.03. The p-value for the comparison
between those who were robust versus impaired among older adults was 0.01. The Wald test of equality for all categories of age and SPPB:

p=0.05.
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Appendix

The Short Physical Performance Battery scoring system (15)

Page 13

Component

Instructions

Grading

Timed repeated
chair stands

Ask the subject to fold his arms over his chest while sitting in a chair,
then stand up and sit down five times. Time begins when the subject
begins to stand up and ends when he has sat down completely for the
5t time.

4=<11.1sec
3=13.6-11.2 sec
2 =16.6-13.7 sec
1=>16.7 sec

0 =unable

Balance testing

Ask subject to stand in 3 positions for up to 10 seconds each:

1 Semitandem (side of the heel of one foot touching the big
toe of the other foot)

2 Side-by-side (feet together, side- by-side)

3 Tandem (heel of one foot in front and touching the toes of
the other foot)

4 = tandem 10 sec

3 = semitandem 10 sec, tandem 3-9.9 sec

2 = semitandem 10 sec, tandem 0-2.9 sec

1 = side by side 10 sec, semitandem <10 sec
0 = side by side 0-9.9 sec or unable

8 foot walk (2.44
meters)

Subject walks at his usual pace from the start to the end of a walking
course (flat 8 foot walking surface)

4 =<3.1 sec (>0.78 m/sec)
3=3.2-4.0 (0.61-0.77 m/sec)

2 =4.1-6.5 sec (0.44-0.60 m/sec)
1> 5.7 sec (<0.43 m/sec)

0 = could not do
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