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IMPORTANCE Among liver transplant candidates, obesity and frailty are associated with
increased risk of death while they are on the wait-list. However, use of body mass index (BMI)
may not detect candidates at a higher risk of death owing to the fact that ascites and muscle
wasting are seen across transplant candidates of all BMI measurements.

OBJECTIVE To evaluate whether the association between wait-list mortality and frailty varied
by BMI of liver transplant candidates.

DESIGN, SETTING, AND PARTICIPANTS A prospective cohort study was conducted at 9 liver
transplant centers in the United States from March 1, 2012, to May 1, 2018, among 1108 adult
liver transplant candidates without hepatocellular carcinoma.

EXPOSURES At outpatient evaluation, the Liver Frailty Index score was calculated (grip
strength, chair stands, and balance), with frailty defined as a Liver Frailty Index score of 4.5 or
more. Candidates’ BMI was categorized as nonobese (18.5-29.9), class 1 obesity (30.0-34.9),
and class 2 or greater obesity (�35.0).

MAIN OUTCOMES AND MEASURES The risk of wait-list mortality was quantified using
competing risks regression by candidate frailty, adjusting for age, sex, race/ethnicity, Model
for End-stage Liver Disease Sodium score, cause of liver disease, and ascites, including an
interaction with candidate BMI.

RESULTS Of 1108 liver transplant candidates (474 women and 634 men; mean [SD] age, 55
[10] years), 290 (26.2%) were frail; 170 of 670 nonobese candidates (25.4%), 64 of 246
candidates with class 1 obesity (26.0%), and 56 of 192 candidates with class 2 or greater
obesity (29.2%) were frail (P = .57). Frail nonobese candidates and frail candidates with
class 1 obesity had a higher risk of wait-list mortality compared with their nonfrail
counterparts (nonobese candidates: adjusted subhazard ratio, 1.54; 95% CI, 1.02-2.33;
P = .04; and candidates with class 1 obesity: adjusted subhazard ratio, 1.72; 95% CI,
0.99-2.99; P = .06; P = .75 for interaction). However, frail candidates with class 2 or
greater obesity had a 3.19-fold higher adjusted risk of wait-list mortality compared with
nonfrail candidates with class 2 or greater obesity (95% CI, 1.75-5.82; P < .001; P = .047
for interaction).

CONCLUSIONS AND RELEVANCE This study’s finding suggest that among nonobese liver
transplant candidates and candidates with class 1 obesity, frailty was associated with a 2-fold
higher risk of wait-list mortality. However, the mortality risk associated with frailty differed for
candidates with class 2 or greater obesity, with frail candidates having a more than 3-fold
higher risk of wait-list mortality compared with nonfrail patients. Frailty assessments may
help to identify vulnerable patients, particularly those with a BMI of 35.0 or more, in whom a
clinician’s visual evaluation may be less reliable to assess muscle mass and nutritional status.
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P aralleling escalating national trends in obesity, the pro-
portion of candidates with obesity on the liver transplant
wait-list is increasing, with up to 23% of candidates with

class 1 obesity (ie, with a body mass index [BMI] of 30.0-34.9
[calculated as weight in kilograms divided by height in meters
squared]), 10% of candidates with class 2 obesity (BMI of 35.0-
39.9), and 4% of candidates with class 3 obesity (BMI≥40.0).1

For liver transplant candidates, obesity is associated with in-
creased risk of wait-list mortality,2 wait-list dropout,1 and pro-
longed waiting times for transplantation,3 yet patients with obe-
sity still derive a survival benefit from liver transplantation.2

However, BMI may not accurately reflect true body fat or size,
as ascites and volume overload can often confound body weight
measurements.4 Thus, better metrics are needed to assess risk
in liver transplant candidates with obesity.

Frailty, a state of decreased physiologic reserve and in-
creased vulnerability to stressors, may represent a novel met-
ric to better assess risk in patients with cirrhosis. Frailty was ini-
tially described in community-dwelling older adults,5 but the
construct has expanded to patients with cirrhosis through the
Liver Frailty Index (LFI; consisting of 3 performance-based tests:
grip strength, chair stands, and balance), derived and vali-
dated specifically in patients with cirrhosis who are awaiting liver
transplantation.6-8 Up to 25% of liver transplant candidates are
frail,6,7 and frailty is associated with an increased risk of wait-
list mortality,7,8 increased hospitalizations,9 and depression10

in liver transplant candidates. The increased risk of wait-list mor-
tality in frail candidates is independent of age,11 hepatic en-
cephalopathy, and ascites8; thus, frailty conceptually captures
the physiological reserve of a patient. Therefore, frailty may im-
prove selection of transplant candidates who potentially have
a higher risk for adverse outcomes, but it is unknown if BMI
modifies the association between frailty and increased mortal-
ity risk among candidates on the liver transplant wait-list.

To clarify and quantify the interaction of candidate BMI
and frailty on mortality for liver transplant candidates, we
sought to quantify the prevalence of frailty, compare indi-
vidual elements of the LFI score, and quantify the associa-
tion of frailty and wait-list mortality in liver transplant candi-
dates by BMI.

Methods
Study Population
This was a prospective, longitudinal cohort study of 1108 par-
ticipants 18 years or older who were being evaluated in the out-
patient setting for liver transplant at the following institu-
tions: University of California San Francisco (n = 765) from
March 1, 2012, to April 1, 2018; Johns Hopkins Hospital, Bal-
timore, Maryland (n = 111), from August 9, 2016, to May 1, 2018;
Columbia University, New York, New York (n = 50), from Feb-
ruary 1, 2016, to April 1, 2018; Baylor University Medical Cen-
ter, Dallas, Texas (n = 49), from January 1, 2016, to April 1, 2018;
Duke University, Durham, North Carolina (n = 40), from May
1, 2016, to April 1, 2018; Loma Linda University Health, Loma
Linda, California (n = 32), from July 1, 2016, to April 1, 2018,
University of Pittsburgh, Pittsburgh, Pennsylvania (n = 36),

from February 1, 2017, to April 1, 2018; University of Arkan-
sas, Little Rock (n = 19), from March 1, 2017, to April 1, 2018;
and Northwestern University (n = 6), Chicago, Illinois, from Oc-
tober 1, 2016, to April 1, 2018. No participants were lost to fol-
low-up during the study period. We excluded participants with
hepatocellular carcinoma because their wait-list mortality was
expected to differ substantially from participants with other
causes of liver failure. The institutional review board from each
site approved the study. Written informed consent was ob-
tained from each participant prior to enrollment in the study.

Data Collection
We measured the LFI as described below. Additional partici-
pant characteristics were abstracted from the electronic medi-
cal record (age, sex, race/ethnicity [white, African American,
Asian, Hispanic, or other], indication for liver transplant, BMI,
Model for End-stage Liver Disease Sodium [MELDNa] score,
type 1 or 2 diabetes, hypertension, coronary artery disease, his-
tory of stroke, ascites, and hepatic encephalopathy). Ascites
was ascertained at the baseline study visit from the hepatolo-
gists’ recorded physical examination or the management plan
associated with the clinic visit that occurred on the same day
at the assessment of frailty.8 Ascites was categorized as ab-
sent if ascites was not present on physical examination or as
present if ascites was present on examination and/or the pa-
tient was undergoing large-volume paracentesis. Hepatic en-
cephalopathy was defined as time greater than 60 seconds to
complete the Numbers Connection Test as previously used in
liver candidate cohorts.7,11,12 A previous study reported that al-
ternate definitions of ascites or hepatic encephalopathy (eg,
based on the medical history or current medication use) did
not substantially change the association between LFI score and
wait-list mortality.8 Physicians were not aware of the mea-
sured LFI scores at liver transplant evaluation.

Frailty
We measured the LFI as previously defined in participants with
end-stage liver disease.6,7,11,13 The LFI is composed of 3 com-
ponents (grip strength, balance testing, and chair stands) and
takes fewer than 5 minutes to administer in the clinic. These
objective measures were recorded at the time of clinic liver
transplant evaluation using the following:

Key Points
Question Among liver transplant candidates, does the association
of frailty and increased risk of wait-list mortality differ by body
mass index?

Findings In this cohort study, the prevalence of frailty among
nonobese candidates and those with class 1 obesity and class 2 or
greater obesity was similar. Frailty was associated with a 2-fold
higher risk of mortality in nonobese candidates and those with
class 1 obesity, and a 3-fold higher risk of mortality in candidates
with class 2 or greater obesity.

Meaning Frailty assessment at transplant evaluation may aid in
identification of patients at higher risk of death, mainly obese
patients for whom the clinician’s visual evaluation may be less
reliable to assess muscle mass and nutritional status.
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1. Grip strength: mean of 3 trials in the patient’s dominant hand
using a hand dynamometer, measured in kilograms;

2. Chair stands: measured as the number of seconds it takes
to stand from seated in a chair 5 times with the patient’s arms
folded across the chest; and

3. Balance testing: measured as the number of seconds that a
patient can balance in 3 positions (feet side to side, semitan-
dem, and tandem) for a maximum of 10 seconds each.

The LFI was calculated (https://liverfrailtyindex.ucsf.
edu/) as: (−0.330 × sex-adjusted grip strength) +
(−2.529 × number of chair stands per second) + (−0.040
× balance time) + 6.

Standard cutoffs were used to define robust (LFI score
<3.2), prefrail (LFI score of 3.2 to <4.5), and frail (LFI score
≥4.5).6

Wait-list Mortality
Among participants, the risk of wait-list mortality was esti-
mated at 6 months, 1 year, and 3 years using a competing risk
framework by candidate BMI (nonobese [18.5-29.9], class 1 obe-
sity [30.0-34.9], and class 2 or greater obesity [≥35.0]), as de-
fined by World Health Organization classification,14 and frailty
status. Cumulative incidence curves for wait-list mortality were
constructed using frailty and candidate BMI. Transplanta-
tion was considered a competing risk, and date the candidate
was placed on the wait-list was the time origin. Subhazard ra-
tios (SHRs) of wait-list mortality by candidate BMI were ob-
tained using the Fine and Gray15 method for competing risks.
Multivariable models included candidate age, sex, race/
ethnicity, indication for transplant, MELDNa score, and asci-
tes. To test whether wait-list mortality varied by candidate BMI,
an interaction between candidate BMI and frailty was ex-
plored using a Wald test.

Sensitivity Analysis
We then performed a sensitivity analysis excluding patients with
refractory ascites, defined as repeated need for paracentesis, to
evaluate the stability of our findings in patients without signifi-
cant volume overload. We estimated the SHR of wait-list mor-
tality by candidate BMI and, in a separate model, included an
interaction between candidate BMI and frailty. Models were ad-
justed for candidate age, MELDNa score, and ascites.

Statistical Analysis
Candidate characteristics were compared with χ2 test for cat-
egorical variables and t tests or analysis of variance for continu-
ous variables. All P values were from 2-sided tests, and results
were deemed statistically significant at P < .05. All analyses were
performed using Stata, version 14.2/MP (StataCorp).

Results
Baseline Characteristics of the Cohort
Among the 1108 liver transplant candidates, the mean (SD) age
was 55 (10) years, 474 (42.8%) were women, and 774 (69.9%)
were white. With respect to BMI, 246 candidates (22.2%) had
class 1 obesity and 192 (17.3%) had class 2 or greater obesity.

The mean (SD) MELDNa score was 18 (6), and 290 candidates
(26.2%) were frail.

Baseline Characteristics by Obesity Status
Candidates with class 1 and class 2 or greater obesity were more
likely to be older than nonobese candidates (mean [SD]: class
1 obesity, 57.3 [8.1] years; class 2 or greater obesity, 55.8 [8.7]
years; and nonobese, 54.6 [10.9] years; P = .001) (Table 1). Can-
didates with class 1 and class 2 or greater obesity were more
likely than nonobese patients to have nonalcoholic steato-
hepatitis (class 1 obesity, 58 of 246 [23.6%]; class 2 or greater
obesity, 56 of 192 [29.2%]; and nonobese, 80 of 670 [11.9%];
P < .001) and were less likely to have alcoholic cirrhosis (class
1 obesity, 63 of 246 [25.6%]; class 2 or greater obesity, 41 of 192
[21.4%]; and nonobese, 178 of 670 [26.6%]; P < .001). Non-
obese patients, candidates with class 1 obesity, and candi-
dates with class 2 or greater obesity had similar mean (SD)
MELDNa scores (nonobese, 18.2 [5.8]; class 1 obesity, 17.7 [5.8];
and class 2 or greater obesity, 18.8 [6.1]; P = .14), prevalence
of ascites (nonobese, 248 of 670 [37.0%]; class 1 obesity, 92 of
246 [37.4%]; and class 2 or greater obesity, 72 of 192 [37.5%];
P = .99), and prevalence of hepatic encephalopathy (non-
obese, 131 of 670 [19.5%]; class 1 obesity, 53 of 246 [21.5%]; and
class 2 or greater obesity, 44 of 192 [21.3%]; P = .82).

Candidates with class 1 obesity and class 2 or greater obe-
sity were more likely than nonobese candidates to have dia-
betes (class 1 obesity, 99 of 246 [40.2%]; class 2 or greater obe-
sity, 70 of 192 [36.5%]; and nonobese, 172 of 670 [25.9%];
P < .001) and hypertension (class 1 obesity, 108 of 246 [43.9%];
class 2 or greater obesity, 84 of 192 [43.8%]; and nonobese, 237
of 670 [35.6%]; P = .02) than nonobese candidates (Table 1).
Nonobese candidates, those with class 1 obesity, and those with
class 2 or greater obesity had a similar prevalence of stroke
(nonobese, 9 of 670 [1.4%]; class 1 obesity, 7 of 246 [2.8%]; and
class 2 or greater obesity, 4 of 192 [2.1%]; P = .31) and coro-
nary artery disease (nonobese, 33 of 670 [5.0%]; class 1 obe-
sity, 22 of 246 [8.9%]; and class 2 or greater obesity, 12 of 192
[6.3%]; P = .08).

The prevalence of frailty was similar across candidates who
were nonobese, had class 1 obesity, and had class 2 or greater
obesity (nonobese, 170 of 670 [25.4%]; class 1 obesity, 64 of
246 [26.0%]; and class 2 or greater obesity, 56 of 192 [29.2%];
P = .57) (Table 1) as was the prevalence of robustness (non-
obese, 103 of 670 [15.4%]; class 1 obesity, 27 of 246 [11.0%];
and class 2 or greater obesity, 22 of 192 [11.5%]; P = .14)
(Figure 1). The mean (SD) LFI score was similar across all BMI
categories: 4.0 (0.9) for nonobese candidates, 4.1 (0.8) for those
with class 1 obesity, and 4.2 (0.9) for those with class 2 or greater
obesity (P = .08) (Table 2). The median grip strength and me-
dian chair stand components of the LFI were similar across all
BMI categories (grip strength, men: nonobese, 33 kg [inter-
quartile range (IQR), 26-39 kg]; class 1 obesity, 32 kg [IQR, 27-41
kg]; and class 2 or greater obesity, 33 kg [IQR, 27-39 kg]; P = .10;
grip strength, women: nonobese, 20 kg [IQR, 16-24 kg]; class
1 obesity, 19 kg [IQR, 16-24 kg]; and class 2 or greater obesity,
22 kg [IQR, 17-27 kg]; P = .93; chair stand: nonobese, 15 sec-
onds [IQR, 13-17 seconds]; class 1 obesity, 17 seconds [IQR, 13-20
seconds]; and class 2 or greater obesity, 14 seconds [IQR, 11-18
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seconds]; P = .46) (Table 2). However, candidates with class 2
or greater obesity had poorer median performance for bal-
ance testing scores compared with nonobese candidates and
those with class 1 obesity (nonobese, 30 seconds [IQR, 30-30
seconds]; class 1 obesity, 30 seconds [IQR, 30-30 seconds]; and
class 2 or greater obesity, 30 seconds [IQR, 29-30 seconds];
P = .04) (Table 2). In addition, the percentage of candidates in
each BMI category who could balance for the full 30 seconds
decreased as BMI increased: 80.4% (539 of 670) of nonobese
candidates, 77.2% (190 of 246) of candidates with class 1 obe-
sity, and 72.9% (140 of 192) of candidates with class 2 or greater
obesity.

Wait-list Mortality
The cumulative incidence of wait-list mortality at 6 months
after being placed on the wait-list was 4.7% (31 of 670) in non-
obese candidates, 5.2% (13 of 246) in those with class 1 obe-
sity, and 5.6% (11 of 192) in those with class 2 or greater obe-
sity; at 1 year was 10.0% (67 of 670) in nonobese candidates,
10.7% (26 of 246) in those with class 1 obesity, and 11.6% (22
of 192) in those with class 2 or greater obesity; and at 3 years
was 19.8% (133 of 670) in nonobese candidates, 21.3% (52 of
246) in those with class 1 obesity, and 22.9% (44 of 192) in those
with class 2 or greater obesity. After adjustment, candidates
with class 1 obesity and class 2 or greater obesity had a similar
risk of wait-list mortality compared with nonobese candi-
dates (class 1 obesity: adjusted SHR [aSHR], 1.12; 95% CI, 0.81-
1.54; P = .46; and class 2 or greater obesity: aSHR, 1.16; 95%
CI, 0.80-1.68; P = .35).

The cumulative incidence of wait-list mortality in frail vs
nonfrail candidates at 6 months was 8.0% (23 of 290) vs 4.0%
(33 of 818), at 1 year was 16.5% (48 of 290) vs 8.4% (68 of 818),
and at 3 years was 32.0% (93 of 290) vs 17.0% (139 of 818).
After adjustment, frailty was associated with a nearly 2-fold
higher risk of wait-list mortality (aSHR, 1.85; 95% CI, 1.36-
2.50; P < .001).

The association of frailty with mortality increased as
candidate BMI increased. For frail nonobese candidates, the
risk of mortality was 1.5-fold higher than nonfrail nonobese
candidates (aSHR, 1.54; 95% CI, 1.02-2.33; P = .04); for frail
candidates with class 1 obesity, the risk of mortality was 1.7-
fold higher than nonfrail candidates with class 1 obesity
(aSHR, 1.72; 95% CI, 0.99-2.99; P = .06); and for frail candi-
dates with type 2 or greater obesity, the risk of mortality was
3.2-fold higher than nonfrail candidates with class 2 or

Table 1. Characteristics of Liver Transplant Wait-list Candidates by Frailty Status and Body Mass Index

Characteristic

Body Mass Indexa

P Value
18.5-29.9
(n = 670)

30.0-34.9
(n = 246)

≥35.0
(n = 192)

Age, mean (SD), y 54.6 (10.9) 57.3 (8.1) 55.8 (8.7) .001

Female sex, No. (%) 289 (43.1) 107 (43.5) 78 (40.6) .79

Race/ethnicity, No. (%)

White 464 (69.3) 171 (69.5) 139 (72.4)

.15

African American 36 (5.4) 7 (2.8) 10 (5.2)

Asian 35 (5.2) 8 (3.3) 2 (1.0)

Hispanic 132 (19.7) 59 (24.0) 41 (21.4)

Other 3 (0.4) 1 (0.4) 0

Indication for liver transplant, No. (%)

Alcoholic cirrhosis 178 (26.6) 63 (25.6) 41 (21.4)

<.001

NASH 80 (11.9) 58 (23.6) 56 (29.2)

HCV 182 (27.2) 69 (28.1) 62 (32.3)

Cholestatic disease 132 (19.7) 23 (9.3) 13 (6.8)

Other 98 (14.6) 33 (13.4) 20 (10.4)

MELDNa score, mean (SD) 18.2 (5.8) 17.7 (5.8) 18.8 (6.1) .14

Hepatic encephalopathy, No. (%) 131 (19.5) 53 (21.5) 44 (21.3) .82

Ascites, No. (%) 248 (37.0) 92 (37.4) 72 (37.5) .99

Diabetes, No. (%) 172 (25.9) 99 (40.2) 70 (36.5) <.001

Stroke, No. (%) 9 (1.4) 7 (2.8) 4 (2.1) .31

Hypertension, No. (%) 237 (35.6) 108 (43.9) 84 (43.8) .02

Coronary artery disease 33 (5.0) 22 (8.9) 12 (6.3) .08

Frail 170 (25.4) 64 (26.0) 56 (29.2) .57

Abbreviations: HCV, hepatitis C virus;
MELDNa, Model for End-Stage Liver
Disease sodium; NASH, nonalcoholic
steatohepatitis.
a Calculated as weight in kilograms

divided by height in meters
squared.

Figure 1. Prevalence of Frailty by Candidate Body Mass Index
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greater obesity (aSHR, 3.19; 95% CI, 1.75-5.82; P < .001)
(Table 3). The association between increased wait-list mor-
tality and frailty was not different by candidate BMI among
nonobese candidates and those with class 1 obesity (P = .75
for interaction). However, the association between wait-list
mortality and frailty varied and was stronger among candi-
dates with class 2 or greater obesity (P = .047 for interaction)
(Table 3 and Figure 2).

Sensitivity Analysis
After exclusion of 78 participants with refractory ascites, frail
participants were still at a 1.77-fold increased risk of wait-list
mortality compared with nonfrail participants (95% CI, 1.31-
2.39; P < .001). The association between increased risk of wait-
list mortality and frailty did not differ by candidate BMI among
nonobese candidates and those with class 1 obesity (P = .84 for
interaction). Specifically, frail nonobese candidates had a higher
risk of wait-list mortality compared with nonfrail nonobese

candidates (aSHR, 1.55; 95% CI, 1.01-2.35; P = .04), as well as
a trend toward higher wait-list mortality in frail candidates with
class 1 obesity compared with nonfrail candidates with class 1
obesity (aSHR, 1.67; 95% CI, 0.95-2.95; P = .08). Similarly, the
association between wait-list mortality and frailty was not dif-
ferent for candidates with class 2 or greater obesity (P = .18 for
interaction); frail candidates with class 2 or greater obesity had
a 2.57-fold higher risk of wait-list mortality compared with non-
frail candidates with class 2 or greater obesity (95% CI, 1.40-
4.71; P = .002).

Discussion
In this 9-center prospective cohort study of frailty in 1108 liver
transplant candidates, we report 2 novel findings. First, we ob-
served that the prevalence of frailty, as measured by the com-
posite LFI score, was similar across the spectrum of BMIs (ie,

Table 2. Scores for Individual Components of the Liver Frailty Index by Body Mass Index

Component

Body Mass Indexa

P Value
18.5-29.9
(n = 670)

30.0-34.9
(n = 246)

≥35.0
(n = 192)

LFI score, mean (SD) 4.0 (0.9) 4.1 (0.8) 4.2 (0.9) .08

Grip strength, median (IQR), kg

Male 33 (26-39) 32 (27-41) 33 (27-39) .10

Female 20 (16-24) 19 (16-24) 22 (17-27) .93

Balance, median (IQR), s 30 (30-30) 30 (30-30) 30 (29-30) .04

Chair stand, median (IQR), s 15 (13-17) 17 (13-20) 14 (11-18) .46

Abbreviations: LFI, Liver Frailty Index;
IQR, interquartile range.
a Calculated as weight in kilograms

divided by height in meters
squared.

Table 3. Subhazard Ratio of Wait-list Mortality by Frailty Status and Body Mass Indexa

Body Mass Indexb aSHR (95% CI) P Value
P Value
for Interaction

18.5-29.9

Nonfrail 1 [Reference] NA NA

Frail 1.54 (1.02-2.33) .04 [Reference]

30.0-34.9

Nonfrail 1 [Reference] NA NA

Frail 1.72 (0.99-2.99) .06 .75

≥35.0

Nonfrail 1 [Reference] NA NA

Frail 3.19 (1.75-5.82) <.001 .047

Abbreviation: aSHR, adjusted
subhazard ratio.
a Transplant was treated as a

competing event.
b Calculated as weight in kilograms

divided by height in meters
squared.

Figure 2. Cumulative Incidence of Wait-list Mortality by Frailty Status in Nonobese Candidates,
Candidates With Class 1 Obesity, and Candidates With Class 2 or Greater Obesity
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nonobese, class 1 obesity, and class 2 or greater obesity), with
more than 1 in 4 candidates meeting the criteria for frailty. Next,
frailty was associated with a 2-fold higher risk of wait-list mor-
tality and as candidate BMI increased, the risk of wait-list mor-
tality increased. In addition, the mortality risk associated with
frailty differed for candidates with class 2 or greater obesity,
with frail candidates having more than 3 times higher risk of
wait-list mortality vs nonfrail candidates.

We originally sought to explore the association between
frailty and BMI owing to concerns that performance-based test-
ing of grip strength and chair stands might be altered by BMI
alone. In the original Fried Frailty Phenotype, scoring of grip
strength to calculate the frailty index was adjusted by BMI.5

In addition, there is a theoretical concern that obesity may be
associated with the time it takes an individual with obesity to
perform 5 chair stands owing to the additional body weight.
If LFI scores varied significantly by obesity status, this find-
ing might suggest that the LFI score captured obesity itself in
patients with cirrhosis, rather than the true construct of de-
creased physiologic reserve and increased vulnerability to
health stressors as originally described in community-
dwelling older adults.5 Instead, we observed that LFI score and
rates of frailty were similar across obesity categories, demon-
strating the independent association of frailty with mortality
and underscoring the clinical significance of assessing frailty
in patients with cirrhosis.

Participants with class 2 or greater obesity displayed poorer
balance than nonobese candidates and those with class 1 obe-
sity. This finding is consistent with studies evaluating bal-
ance in other populations showing that obesity is associated
with poor balance in both younger and older adults.16,17 Given
the relatively small contribution of balance to the LFI score,
as well as the relatively small difference in balance time by obe-
sity status, this statistical difference in balance did not result
in a clinically (or statistically) meaningful difference in LFI score
by obesity status.

We believe that our analyses demonstrating the interac-
tion between class 2 or greater obesity and frailty on the out-
come of wait-list mortality is of particular significance to the
hepatology and liver transplant communities. Obesity is rising
in prevalence among patients with end-stage liver disease, es-
pecially those seeking liver transplantation. Alongside this rise
is the increasing recognition of the association of sarcopenia with
transplant-related outcomes, which is a dominant component
of the frailty phenotype.18,19 Although muscle wasting can of-
ten be identified relatively easily in nonobese patients, subcu-
taneous adipose tissue may mask underlying muscle wasting,
making it nearly undetectable until the most advanced stages,
if at all. For these patients, the LFI score may enhance risk pre-
diction. Furthermore, identification of frail patients may guide
pretransplant interventions such as prehabilitation, which have

been studied in candidates for kidney transplant.20 Prehabili-
tation appears to be a feasible option in candidates for liver trans-
plant to improve frailty status prior to transplant and is cur-
rently being studied at several centers.21

Limitations
We acknowledge the following limitations. First, we could not
accurately classify dry weight because we did not have exact
volume status assessment on patients. Although sensitivity
analysis excluding participants with refractory ascites con-
firmed that frailty was associated with an increased risk of wait-
list mortality for individuals in all BMI categories, we were un-
derpowered to detect an interaction; however, the direction,
magnitude, and dose response seen between wait-list mortal-
ity and frailty with increasing candidate BMI were consistent
with the primary analysis. However, the proportion of partici-
pants with ascites did not differ by BMI category, and a previ-
ous study has shown that the association between frailty and
wait-list mortality did not change based on different methods
of ascites ascertainment (eg, medical history, current medica-
tion use, or current physical examination).8 Last, this study en-
rolled only outpatients; thus, our findings may not be general-
izable to the inpatient population. Furthermore, frailty has been
associated with poor surgical outcomes in other populations.22,23

However, to our knowledge, the association between frailty and
BMI has not been reported in other surgical populations prior
to surgery, and thus may be a future area of study.

Conclusions
Despite these limitations, to our knowledge this is the largest
study to date evaluating the association between frailty, obe-
sity, and wait-list mortality in patients with end-stage liver dis-
ease, with important clinical implications. Our findings sug-
gest that liver transplant candidates with obesity who are frail
should be counseled on their potential risk of wait-list mor-
tality in excess of their liver disease severity. More important,
our findings highlight the importance of frailty in the risk as-
sessment of patients with obesity with cirrhosis and that frailty,
not necessarily obesity, matters. There appears to be a need
to determine whether a similar interaction between frailty and
obesity exists with respect to the outcome of death after liver
transplantation is an area of future research for the Multi-
Center Functional Assessment in Liver Transplantation
(FrAILT) Study. In the interim, our data strongly support the
incorporation of systematic frailty assessment with the LFI in
all patients with end-stage liver disease awaiting liver trans-
plantation, which is particularly critical for individuals with
stage 2 or greater obesity in whom frailty is associated with the
highest risk of mortality.
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