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A Comparison of Different Frailty Scores and Impact
of Frailty on Outcome in Patients With Cirrhosis
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Background & aims: There is no “gold standard” tool for the assessment of frailty in cirrhosis. This study com-
pares Liver Frailty Index (LFI), Short Physical Performance Battery (SPPB), Fried Frailty Criteria (FFC), and
Clinical Frailty Scale (CFS) for frailty assessment and ascertains its impact on predicting mortality and hospital-
izations in a cohort of outpatients with cirrhosis. Methods: 116 patients were enrolled in this prospective obser-
vational cohort study. Frailty assessment was done using LFI, SPPB, FFC, and CFS. All patients were followed up
for 6 months. The primary outcome was the first of either all-cause unplanned hospitalization or all-cause mor-
tality occurring within 6 months of the study period. Results: 100 (86.2%) males and 16 (13.8%) females with a
mean age of 50.2 (48.4–51.9, 95% CI) years were included. Themost common cause of cirrhosis was alcoholic liver
disease (47.4%) followed by hepatitis C (12.9%) and Nonalcoholic steatohepatitis (NASH) (10.3%). There was no
significant difference in prevalence of frailty based on LFI (43.1%), FFC (36.2%), CFS (44%), and SPPB (47.4%) (P >
0.05). Frail patients had worse outcomes compared to the Not frail group. At 6months, themortality rate in Frail
patients was 42% versus 1.5% for the Not frail; hospitalization in Frail patients occurred in 92% versus 6% in the
Not frail. Onmultivariable analysis, independent predictors ofmortality were Frailty [OR 14 (1.4–54.2)], alcohol-
related cirrhosis [OR 4.2 (1.1–16.3)], Child-Turcotte-Pugh (CTP) [OR 2.1 (1.4–2.9)] and Chronic liver disease
questionnaire (CLDQ) [OR 0.1 (0.1–0.4)] scores. Conclusions: LFI, SPPB, FFC, and CFS are comparable in frailty
assessment in patients with cirrhosis. Importantly, comparability of the commonly used scores for frailty assess-
ment and prediction of hospitalization andmortality allows flexibility for clinical application. ( J CLIN EXP HEP-

ATOL 2022;12:398–408)
Frailty is a multidimensional construct with its origin
in geriatrics.1 Defined as a “loss of strength, endur-
ance, physical ability, and cognitive function”, frailty

increases vulnerability to disease, dependence, and
death.2 Most frailty studies in cirrhosis have focused on
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the evaluation of physical frailty with prevalence across
North American series ranging from 17 to 49%.3–7 Across
studies, physical frailty has been identified as a robust,
independent predictor of morbidity, hospitalizations,
and mortality.3,4,8,9 There is growing data to support the
value of assessing cognitive dysfunction in addition to
physical frailty in cirrhosis, but to date, both of these di-
mensions of frailty have only been evaluated in a few
studies.10,11

In 2019 the American Society of Transplantation Liver
and Intestinal Community of Practice described the tools
available for the evaluation of physical frailty in patients
with cirrhosis.12 These tools included the Short Physical
Performance Battery (SPPB),8 Fried Frailty Criteria
(FFC),4 Clinical Frailty Scale (CFS),4 Liver Frailty Index
(LFI),13 6-minute walk test (6MWT),14 Activities of Daily
Living (ADL),3 cardiopulmonary exercise testing
(CPET),14 gait speed,9 grip strength,12 Instrumental Activ-
ities of Daily Living (IADL)12 and Karnofsky Performance
Status (KPS).15 Varying in their test characteristics,
subjectivity, predictive validity for outcomes, reliability,
responsiveness to change over time, time to administer,
and whether specialized equipment or highly trained
personnel would be required for testing,12 each tool has
vier B.V. All rights reserved.
erimental Hepatology | March–April 2022 | Vol. 12 | No. 2 | 398–408

mailto:drsuniltaneja@hotmail.com
https://doi.org/10.1016/j.jceh.2021.07.003
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jceh.2021.07.003&domain=pdf


JOURNAL OF CLINICAL AND EXPERIMENTAL HEPATOLOGY

s

advantages and disadvantages depending upon the
setting. For example, the CFS is easy and quick to perform
but is subjective. The FFC is lengthy and has some subjec-
tive components but is a reliable predictor of outcomes.
The LFI is objective but requires specialized equipment.
The SPPB is objective without the need for equipment,
but like the LFI includes three tests, and therefore, re-
quires more time to be performed than a single
measure.12 As evidence for these tools in cirrhosis evolves,
knowledge gaps are becoming apparent. First, limited
studies have reported a head-to-head comparison of
various tools used for physical frailty assessment. Second,
few studies have evaluated the presence of cognitive
dysfunction in these patients and its independent contri-
bution to outcomes (7,10,16). And last, there have been no
studies from the Indian subcontinent in this space. This is
relevant as muscle mass and function are known to vary
considerably by ethnicity,17–20 limiting the generali-
zability of North American studies to the Indian
population.

Accordingly, in an outpatient cohort of patients from
the Indian subcontinent, this study was designed to
address these knowledge gaps.
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PATIENTS AND METHODS

This was a prospective observational cohort study carried
out at a tertiary care hospital. The Ethics Committee of
the institute approved the study protocol (NK/4739/
DM/515). Each subject provided written informed consent
before inclusion in the study. The guidelines laid down by
the Helsinki declarations (modified 1989) were adhered to
in all patients in the study.

Patient Selection
Patients were consecutively enrolled from the outpatient
Liver Clinic of the Department of Hepatology, between
July 2018 and June 2019.

Inclusion Criteria
All patients with cirrhosis aged $18 years who attended
the outpatient liver clinic and were willing to participate
in the study were eligible for inclusion. The diagnosis of
cirrhosis was based on clinical, biochemical, and ultraso-
nography, and/or liver histological data.

Exclusion Criteria
Those excluded were patients with hepatocellular carci-
noma (HCC) or other active malignancy, Acute-on-
Chronic Liver Failure (ACLF), overt HE at the time of
testing, end-stage renal disease, pregnancy, history of
recent (<6 weeks) use of drugs affecting psychometric per-
formances that could influence performance in frailty
Journal of Clinical and Experimental Hepatology | March–April 2022 | Vol. 1
testing, prior enrolment in another conflicting study, and
those who could not provide informed written consent.
ASSESSMENTS

Frailty Assessments
All enrolled patients were evaluated at the beginning of the
study. Frailty assessment was carried out using Fried Frailty
Criteria (FFC),21 Clinical Frailty Scale (CFS),22 Short Phys-
ical Performance Battery (SPPB),23 and Liver frailty index
(LFI)13 by a single research scholar who administered the
four frailty scores during the study.

Fried Frailty Criteria (FFC)
By using the FFC,21 diagnosis of frailty was established
when$ 3 of the following 5 criteria were satisfied(i) weight
loss of $4.5 kg or > 5% of the total weight of the body in
the past year; (ii) low handgrip strength for that particular
gender (iii) presence of exhaustion; (iv) slowness of the gait
speed; and (v) low activity level. Handgrip strength was
measured in the dominant hand using a handheld hydrau-
lic dynamometer (JAMAR�).24 Three consecutive values
were recorded, and the highest value in kg was taken as
the final value of handgrip strength. The western cut-off
values of 27 kg and 16 kg were taken for males and females
respectively to detect low handgrip strength.25 Exhaustion
was assessed using two questions from the CES-D
scale.26 The gait speed was calculated by telling the patient
to walk as fast as possible for a distance of 4 m, and the
time taken was recorded using a stopwatch. The leisure
time activity level was assessed using the physical activity
scale for the elderly (PASE); the western cut-off of 90 was
used to detect low activity levels.27 All the patients were as-
sessed for frailty using FFC at the start of the study. The
patients were diagnosed to have frailty when the FFC score
was $3. It took around 15 min for the calculation of FFC
in each patient.

Clinical Frailty Scale (CFS)
The CFS22 has nine categories starting from “very fit/
robust health”, “well”, “well, with the treated comorbid dis-
ease”, “apparently vulnerable”, “mildly frail”, and “moder-
ately frail” to “severely frail and functionally completely
dependent on others”, and from “very severely frail”,’ and
lastly, to “terminally ill”. Patients with a score of >4 were
considered frail.

Short Physical Performance Battery (SPPB)
Short Physical Performance Battery (SPPB)23 includes tests
for (i) balance, (ii) gait speed, and (iii) 5 chair stands. Bal-
ance testing has three parts. First, the patient was asked
to stand with feet together side by side for 10 s. If the pa-
tient could successfully perform it, the patient got one
point and proceeded to the next step; if the patient was
2 | No. 2 | 398–408 399
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unable to do it, then 0 points were given. In the second
step, the patient was asked to stand with the heel of one
foot against the side of the big toe of the other for 10 s.
If completed successfully, the patient got one point and
proceeded to the next step. In the third step, the patient
was told to align his feet heel to toe and asked to stand
for 10 s. If the patient stood for 10 s, 2 points were awarded;
if the duration of tandem standing was between 3 and
9.99 s, one point was scored, and if less than 3 s, then
0 points were given.

For gait speed testing, the patient was asked to walk at
normal speed for a distance of 4 m two times, and the time
taken was noted. The lower value of time taken while
walking was taken as final. If the patient took <4.82 s,
then 4 points were given; if between 4.82 and 6.2 s, then
3 points were awarded; for 6.21–8.70 s, 2 points were
scored, and for value >8.7 s, 1 point was scored; 0 point
was awarded in case the patient was unable to complete a
4-m walk.

For the chair stand test, the patients folded their arms
across their chest and stood up once from the chair. If
they were unable to stand up, the test was stopped and
0 points were awarded. Otherwise, the patients were told
to stand up as fast as possible from the chair five times
without using their arms. If the time taken was #11.19 s,
then 4 points were awarded. For the time between 11.2
and 13.69 s, 3 points were scored. For time taken between
13.7 and 16.69 s, 2 points were awarded. If the time taken
was >16.7 s, 1 point was given, and if the time taken is
>60 s, the patient got 0 points. The SPPB was done in all
the patients at baseline, and the score was calculated. It
took around 15–20 min for conducting SPPB in each pa-
tient. If the SPPB score was <10, then the patients were
diagnosed with frailty.

Liver Frailty Index (LFI)
The LFI includes handgrip strength, chair stand test, and
balance testing.13 A patient is said to be frail if LFI >4.5,
prefrail if 3.2–4.5, and robust if LFI<3.2. The LFI was calcu-
lated in all patients at the start of the study using an online
calculator available at http://liverfrailtyindex.ucsf.edu(28).
OTHER MEASUREMENTS

Sociodemographic Assessment
Sociodemographic data were collected for all patients and
included age, gender, education, marital status, socioeco-
nomic status, body mass index (BMI), presence of comor-
bidities, smoking history, alcohol consumption, etiology,
and severity of the liver disease as assessed by CTP and
MELD Na scores. The dry weight was used to calculate
BMI. The dry weight was calculated by subtracting a
correction for the grade of ascites and/or edema from
the weight that was depicted on the weighing machine.29
400 © 2021 Indian National Associa
Cognition and Health-related Quality of Life
(HRQOL) Assessment
For the assessment of cognition, the mini-mental score ex-
amination (MMSE)30 was used with a cut-off of <24 to
reflect cognitive dysfunction.31 For the assessment of
HRQOL, the chronic liver disease questionnaire
(CLDQ),32 and fatigue severity scale (FSS)33 questionnaires
were used.

Outcome Measures
All patients were followed up for 6 months from the day
of enrolment in the study or until death. The primary
outcome of the study was the first of either all-cause un-
planned hospitalization or all-cause mortality occurring
within 6 months of the study period. Hospital admis-
sion was defined as any admission to an acute care hos-
pital that was not planned to carry out an elective
treatment.

Sample Size Estimation and Statistical Analysis
The prevalence of frailty was 21% in liver cirrhosis patients
in the study published by Lai et al in the year
2018.34 Assuming a level of confidence as 95%, with a
margin of error of 8% and power of study kept at 80%, a to-
tal of 100 patients were planned for enrolment, but to
further increase the power of the study, a total of 116 pa-
tients were enrolled.

Statistical analysis was carried out using IBM� SPSS�
Statistics version 23 for Mac. Data were expressed as mean
with 95% confidence interval (CI) and proportions with
95% CI where appropriate. Statistical analysis for the cate-
gorical data was performed using the Chi-square test or
Fisher’s exact test, and continuous data were checked for
normalcy. For normally distributed data, ANOVA was
used, and for skewed data, the Kruskal–Wallis test followed
by the Mann–Whitney test was used. All the patients were
divided into two groups- Frail and Not frail based on an
LFI cut-off of >4.5. The clinical characteristics, hematolog-
ical and biochemical parameters, and frailty-related param-
eters were compared between the Frail and Not frail group,
and P-values were calculated. The odds ratios for different
variables were investigated by univariate regression anal-
ysis as a possible predictor of death and/or hospitalization.
The prognostic significance of the variables was analyzed
using a Cox regression model. All the variables attaining
a P-value of <0.05 in this univariate analysis were intro-
duced as covariates in a multivariate analysis (stepwise
Cox’s multiple regression procedure) to identify variables
that were independent predictors of mortality. Survival
curves were constructed to study the effect of frailty on sur-
vival using Kaplan–Meier analysis. The difference between
the two survival curves was analyzed using the log-rank
test. A probability level of P < 0.05 was set for statistical
tion for Study of the Liver. Published by Elsevier B.V. All rights reserved.

http://liverfrailtyindex.ucsf.edu(28
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significance. ROC curves were drawn for CFS, LFI, FFC,
and SPPB as predictors of hospitalization and/or mortal-
ity. The correlation between two variables was studied us-
ing Spearman’s correlation coefficient.
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RESULTS

One hundred and fifty outpatients with cirrhosis were
screened, out of which 34 patients were excluded. A total
of 116 patients were included in the study, as shown in
Figure 1. The mean age was 50.2 years (48.4–51.9, 95%
CI). 16 (13.8%) of 116 patients were females. Alcohol
(47.4%) was the most common etiology of cirrhosis, fol-
lowed by Hepatitis C (12.9%) and NASH (10.3%); 32 pa-
tients with alcoholic cirrhosis were abstaining for more
than 6 months; 13 patients with Hepatitis C received
directly acting antivirals (DAA) therapy, and all of them
achieved sustained virological response (SVR) at 12 weeks.
The mean CTP (9.5 vs 7.1, P = 0.01) and MELD Na scores
(19.4 vs 12.9, P = 0.01)) were significantly higher in the
Frail patients as compared to Not frail ones. The baseline
characteristics of the study population are described in
Table 1.

Prevalence of Frailty
There was no significant difference in the prevalence of
frailty based on LFI, FFC, CFS, and SPPB (P > 0.05).
50 (43.1%) patients were frail using the Liver Frailty In-
dex (LFI), 42 (36.2%) by Fried Frailty Criteria (FFC), 51
(44%) by the Clinical Frailty Scale (CFS), and 55
(47.4%) by the Short Physical Performance Battery
(SPPB). Table 2 provides the frailty results for each of
the frailty tools.
Figure 1 Flowchart of the patients included in the study.
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Impact of Various Factors on the Presence of
Frailty
Among the several variables analyzed on univariate anal-
ysis, female sex, BMI, CTP score, andMELDNa were found
to be predictive of frailty. On subsequent multivariable
analysis, the CTP score was the only independent predictor
of frailty. Table 3 shows the various predictive factors of
frailty in the study population.

Impact of Frailty on the Combined Outcome
Measure of Hospitalization and/or Mortality
Frail patients had worse outcomes compared to the Not-
frail group (at 6 months, the mortality rate was 42% versus
1.5% for the not-frail; hospitalization occurred in 92%
versus 6% in the not-frail) (Table 4).

Impact of Frailty on Hospitalization
During the follow-up period of six months, a total of 50
patients were hospitalized, and the cumulative number
of hospitalizations was 81 times (28 patients once, 13 pa-
tients twice, and 9 patients thrice). Most of the hospitaliza-
tions occurred in the Frail group 46 (92%), and 4 (8%)
patients were hospitalized in the Not frail group (P =
0.001). The common causes of hospitalization were sepsis
in 32 (39%) patients followed by HE in 25 (31%) patients,
AKI in 12 (15%), variceal bleed in 6 (7%) patients, and re-
fractory ascites in 6 (7%) patients (Supplementary Table 1).

Predictors of Hospitalization
On univariate analysis, BMI, SBP, CTP, MELD Na, Frailty
(LFI), MMSE, CLDQ, and FSS were significantly associated
with hospitalization. When analyzed bymultivariable anal-
ysis, CTP (OR 1.9 (1.1–3.2, 95% CI), Frailty (LFI) (OR 5.6
(1.4–79.2, 95% CI), and CLDQ (OR 0.2 (0.04–0.6, 95% CI)
emerged as independent predictors of hospitalization
(Table 5).

Concordance Amongst Different Frailty Criteria
The concordance of LFI, FFC, CFS and SPPB with each
other was assessed using Pearson correlation coefficient.
All the four criteria were found to have significant correla-
tion with each other (LFI with FFC, r = 0.9, P < 0.01, LFI
with CFS, r = 0.92, P < 0.01, LFI with SPPB, r = 0.97, P <
0.01, FFC with CFS, r = 0.9, P,0.01, FFC with SPPB, r =
0.91, P < 0.01, CFS with SPPB < r = 0.92, P < 0.01).

Comparison of LFI, FFC, CFS, and SPPB for
Predicting Hospitalization
The ability of LFI, FFC, CFS, and SPPB to predict hospital-
ization in the study population was evaluated using ROC
curves. LFI had the maximum AUC of 0.97 (95% CI-0.94–
0.99) with a sensitivity of 92%, a specificity of 93.9%,
NPV-93.9%, PPV-92%, and diagnostic accuracy of 93.1%
2 | No. 2 | 398–408 401



Table 1 Baseline Characteristics of the Patients in the Study Based on Liver Frailty Index (LFI).

Parameters Overall (n = 116) Frail by LFI (n = 50) Not frail by LFI(n = 66) P-value

Agea(years) 50.2 (48.4–51.9) 51.4 (48.5–54.2) 49.2 (47.1–51.4) 0.35

Sex

Female 16 (13.8%) 13 (26%) 3 (4.5%) 0.01

Male 100 (86.2%) 37 (74%) 63 (95.5%)

Obesityb 34 (29.3%) 5 (10%) 29 (43.9%) 0.01

Diabetes Mellitus 25 (21.6%) 13 (26%) 12 (18.2%) 0.31

Hypertension 15 (12.9%) 8 (16%) 7 (10.6%) 0.39

Etiology of Cirrhosis

Alcohol 55 (47.4%) 25 (50%) 30 (45.5%) 0.63

Hepatitis C 15 (12.9%) 7 (14%) 8 (12.1%) 0.76

Hepatitis B 7 (6%) 2 (4%) 5 (7.6%) 0.69

NASH 12 (10.3%) 5 (10%) 7 (10.6%) 0.92

Alcohol plus NASH 8 (6.9%) 2 (4%) 6 (9.1%) 0.46

Alcohol plus Hepatitis C 4 (3.4%) 3 (6%) 1 (1.5%) 0.31

Alcohol plus Hepatitis B 3 (2.6%) 2 (4%) 1 (1.5%) 0.58

Autoimmune Hepatitis 3 (2.6%) 1 (2%) 2 (3%) 1.000

Cryptogenic 8 (6.9%) 3 (6%) 5 (7.6%) 1.000

Celiac disease 1 (0.9%) 0 1 (1.5%) 1.000

CTP Scorea 8.2 (7.8–8.5) 9.5 (8.9–10.0) 7.1 (6.7–7.6) 0.01

CTP class

A 30 (25.9%) 2 (4%) 28 (42.4%)

B 52 (44.8%) 21 (42%) 31 (47%) 0.01

C 34 (29.3%) 27 (54%) 7 (10.6%)

MELD Naa 16 (14.9–17) 19.4 (17.9–20.9) 12.9 (11.7–14.1) 0.01

Ascites 86 (74.1%) 46 (92%) 40 (60.6%) 0.01

Hepatic Encephalopathy 40 (34.5%) 26 (52%) 14 (21.2%) 0.01

Variceal bleed 35 (30.2%) 19 (38%) 16 (24.2%) 0.11

MMSE 25.2 (24.8–25.6) 23.6 (23.2–23.9) 26.6 (26.3–26.9) 0.01

CLDQ 4.3 (3.9–4.6) 2.6 (2.4–2.8) 5.8 (5.5–6.3) 0.01

FSS 4.5 (4.1–4.9) 6.4 (6.2–6.7) 2.8 (2.4–3.2) 0.01

Abbreviations: NASH, Nonalcoholic steatohepatitis; CTP, Child-Turcotte-Pugh; MELD Na, Model of end-stage liver disease-Sodium; MMSE, Mini-
mental state examination; CLDQ, Chronic liver disease questionnaire; FSS, Fatigue severity scale.
aValues expressed as Mean (95% Confidence Interval, CI).
bObesity -BMI$25 kg/m2.50
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at a cut off of 4.5 for predicting hospitalization. There was
no significant difference between the AUC of the LFI and
the AUC of the other three frailty scores (P >
0.05) (Supplementary Table 2, Supplementary Figures 1
and 2). Using Youden’s index, the optimal LFI cut-off for
predicting hospitalization was 4.3 (Youden’s index of 0.84).

Impact of Frailty on Survival
There was a significant difference in the survival between
the Frail and Not frail group (P = 0.01). The mean overall
survival was 165.2 (159.3–171.2, 95% CI) days. The mean
survival was 147.3 (135.5–159.1) days in the Frail group
402 © 2021 Indian National Associa
and 178.9 (176.6–181.1) days in the Not frail group
(Supplementary Figure 3). On multivariable analysis four
factors were independent predictors of mortality:
alcohol-related cirrhosis (OR 4.2 (1.1–16.3)), CTP score
(OR 2.1 (1.4–2.9)), Frailty (OR 14 (1.4–54.2)) and CLDQ
(OR 0.1 (0.1–0.4)) (Table 6).

Comparison of LFI, FFC, CFS, and SPPB in
Predicting Mortality
Mortality prediction by LFI, FFC, CFS, and SPPB, taking
LFI as the standard, were compared using ROC curves.
LFI had the maximum AUC of 0.89 (95% CI - 0.84–0.96)
tion for Study of the Liver. Published by Elsevier B.V. All rights reserved.



Table 2 Frailty Assessment Results for Each of the Frailty Tools.

Parameters Frail by LFI(n = 50)
Mean (95% CI)

Not frail by LFI (n = 66)
Mean (95% CI)

P-value

Handgrip (kg)

Females 11.7 (10.2–13.2) 17.3 (6.9–27.7) 0.02

Males 15.4 (14.4–16.6) 30.8 (29.2–32.3) 0.01

Time to walk 4-m (sec) 8.8 (8.2–9.4) 5.2 (4.9–5.4) 0.01

Time for 5 chair stands (sec) 20.8 (18.4–23.3) 10.4 (10.0–10.7) 0.01

Gait speed (m/sec) 0.45 (0.41–0.53) 0.82 (0.7–0.89) 0.01

Balance score 1.8 (1.6–2) 3.9 (3.8–4.0) 0.01

CFS 6.2 (5.9–6.5) 2.3 (2.0–2.5) 0.01

FFC 3.7 (3.4–4.0) 0.7 (0.4–0.9) 0.01

LFI 5.2 (5.0–5.3) 3.7 (3.6–3.8) 0.01

SPPB 4.8 (0.4–9.2) 11.2 (8.9–13.2) 0.01

Abbreviations: CI, Confidence interval; CFS, Clinical frailty scale; FFC, Fried frailty criteria; LFI, Liver frailty index; SPPB, Short physical performance
battery.
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with a sensitivity of 95.4%, a specificity of 69.1%, PPV of
42%, NPV 98.4% with a diagnostic accuracy of 74% at a
cut-off value of 4.5. There was no significant difference in
the AUC of LFI and the other three frailty scores (P >
0.05) (Supplementary Table 3, Supplementary Figures 4
and 5).
C
o
m
p
lic

a
tio

n
s
o

DISCUSSION

This study highlights the high prevalence of frailty in out-
patients with cirrhosis from the Indian subcontinent.
Importantly, it supports the comparability of the
Table 3 Odds Ratios for the Different Variables Investigated by U
Factors of Frailty.

Parameters Univariate OR
Mean (95% CI)

Etiology of Liver disease

Alcohol 1.2 (0.6–2.5)

Hepatitis C 1.2 (0.4–3.5)

NASH 0.9 (0.3–3.1)

Alcohol + Hepatitis C 4.1 (0.4–41.1)

Age 1.1 (0.9–1.1)

Female sex 7.3 (1.9–27.6)

BMI 0.7 (0.6–0.8)

Diabetes mellitus 1.6 (0.6–3.8)

Hypertension 1.6 (0.5–4.7)

CTP 1.9 (1.5–2.5)

MELD Na 1.2 (1.1–1.3)

Abbreviations: CI-Confidence interval; NASH-Nonalcoholic steatohepatitis;
sodium; INR, International normalization ratio.
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commonly used scores for frailty assessment, including
LFI, SPPB, CFS, and FFC, to predict hospitalization and
mortality. Consistent with the North American literature,
frailty was a robust predictor of hospitalization and death
in Indian patients. Unique from North American studies,
our patient group had very high rates of hospitalization
(92% at 6 months) and death (42% at 6 months), virtually
all of these outcomes occurring in frail patients. Although
cognitive dysfunction did not add to the prediction of
mortality, CLDQ emerged as an independent predictor of
both hospitalization and mortality. These novel learnings
are explored in more detail below.
nivariate and Multivariable Analysis as Possible Predictive

P-value Multivariate OR
Mean (95% CI)

P-value

0.63

0.77

0.92

0.22

0.22

0.01 5 (0.2–130) 0.33

0.01 1.1 (0.7–1.6) 0.62

0.31

0.39

0.01 1.8 (1.2–2.7) 0.01

0.01

CTP, Child-Turcotte-Pugh; MELD Na, Model of end-stage liver disease-
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Table 4 Outcome Measures in Frail and Not Frail Patients in the Study.

Parameters Frail by LFI
(n = 50)

Not frail by LFI
(n = 66)

Total
(n = 116)

P-value

No. of patients hospitalized within 6 months 46 (92%) 4 (6%) 50 0.01

No. of deaths within 6 months 21 (42%) 1 (1.5%) 22 0.01

Abbreviations: LFI, Liver frailty index.
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This is the first study from the Indian subcontinent,
which has evaluated the prevalence of frailty in outpatients
with cirrhosis using four different tools. The prevalence of
frailty in our study ranged from 36.2% to 47.4%, higher
than the previous reports of (31%–38%) from North Amer-
ican studies (3,4). This higher prevalence may be due to the
low socioeconomic status, poor nutrition, and late referral
of patients to the hospital in developing countries
compared to the West. Although the prevalence of frailty
was highest with SPPB (47.4%) followed by CFS (44%),
LFI (43.1%), and FFC (36.2%), this difference was not statis-
tically significant.

Health-related quality of life (HRQOL) is an indepen-
dent predictor of hospitalization and death. In this
study, frail patients had lower CDLQ scores and higher
FSS scores, indicating poor HRQOL and a higher degree
of fatigue in patients with cirrhosis. CLDQ has been
used as a predictor of HRQOL in patients with
Table 5 Odds Ratios for the Different Variables Investigated by U
Factors of Hospitalization.

Parameters Univariate OR
Mean (95% CI)

BMI 0.8 (0.7–0.8)

Etiology of Liver disease

� Alcohol 1.2 (0.6–2.5)

� Hepatitis C 0.86 (0.3–2.6)

� Hepatitis B 0.5 (0.1–2.7)

� NASH 0.9 (0.3–3.1)

� Alcohol plus NASH 0.42 (0.1–2.1)

� Alcohol plus Hepatitis C 4.1 (0.4–41.1)

� Alcohol plus Hepatitis B 2.7 (0.2–30.7)

Spontaneous bacterial peritonitis 40.8 (11.1–149.2)

CTP 2.4 (1.8–3.3)

MELD Na 1.3 (1.2–1.4)

Frailty (LFI) 17.8 (4.2–75)

MMSE 0.1 (0.1–0.3)

CLDQ 0.1 (0.03–02)

FSS 4.6 (2.6–8.3)

Abbreviations: CI, Confidence interval; NASH, Nonalcoholic steatohepatitis;
sodium; INR, International normalization ratio; LFI, Liver frailty index; MMSE
naire; FSS, Fatigue severity scale.
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cirrhosis.35 Consistent with published work from Kok
et al,36 in the current series, CLDQ was also found to
be an independent predictor of all-cause unplanned hos-
pitalization and deaths. Although uncommonly evalu-
ated, this finding highlights the importance of
measuring patient-reported outcomes.

Cognitive dysfunction does not add to the prediction
of hospitalization or death. MMSE is the most commonly
used brief global cognitive screen in India.37 Frail patients
had significantly lower MMSE scores. Despite this, a
lower MMSE score was not a predictor of patient out-
comes in our study population. This is in contrast to
the studies fromNorth America, where cognitive dysfunc-
tion has been associated with poor patient outcomes
(7,10). The reason for this lack of association remains un-
clear. A larger sample size may be needed to better eval-
uate the impact of cognitive dysfunction on patient
outcomes in this population.
nivariate and Multivariable Analysis as Possible Predictive

P-value Multivariate OR
Mean (95% CI)

P-value

0.01 0.9 (0.8–1.0) 0.12

0.63

0.79

0.35

1

0.46

0.31

0.58

0.01 7.6 (0.5–114) 0.14

0.01 1.9 (1.1–3.2) 0.02

0.01

0.01 5.6 (1.4–79.2) 0.01

0.01 0.4 (0.2–1) 0.06

0.01 0.2 (0.04–0.6) 0.01

0.01 1.1 (0.4–2.9) 0.83

CTP, Child-Turcotte-Pugh; MELD Na, Model of end-stage liver disease-
, Mini-mental state examination; CLDQ, Chronic liver disease question-

tion for Study of the Liver. Published by Elsevier B.V. All rights reserved.



Table 6 Odds Ratios for the Different Variables Investigated by Univariate and Multivariable Analysis as Possible Predictive
Factors of Mortality.

Parameters Univariate OR
(Mean, 95% CI)

P-value Multivariate OR
(Mean, 95% CI)

P-value

Etiology of Liver disease

Alcohol 2.9 (1.1–7.8) 0.03 4.2 (1.1–16.3) 0.04

Hepatitis C 0.3 (0.03–2.2) 0.29

NASH 0.36 (0.04–2.9) 0.46

Alcohol plus Hepatitis B 2.2 (0.2–25.3) 0.47

Spontaneous bacterial peritonitis 13.4 (4.4–41.0) 0.01 2.7 (0.5–14.6) 0.26

CTP 2.3 (1.1–4.8) 0.03 2.1 (1.4–2.9) 0.01

MELD Na 1.3 (1.1–1.4) 0.01

Body Mass Index 0.73 (0.5–1.0) 0.06

Frailty (LFI) 27.7 (3.8–69.2) 0.01 14 (1.4–54.2) 0.03

MMSE 0.3 (0.2–0.5) 0.01 0.6 (0.3–1.2) 0.19

CLDQ 0.04 (0.01–0.2) 0.01 0.1 (0.1–0.4) 0.01

FSS 4.6 (1.7–12.1) 0.01 0.7 (0.1–4) 0.7

Abbreviations: CI-Confidence interval; NASH-Nonalcoholic steatohepatitis; CTP, Child-Turcotte-Pugh; MELD Na, Model of end-stage liver disease-
sodium; AST, Aspartate transaminase; ALT, Alanine transaminase; INR, International normalization ratio; LFI, Liver frailty index; MMSE, Mini-
mental state examination; CLDQ, Chronic liver disease questionnaire; FSS, Fatigue severity scale.
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In our study, frailty emerged as an independent predic-
tor of hospitalization and mortality, all outcomes virtually
happening in the frail group. These higher rates of hospi-
talizations and deaths are not surprising given the poor
physiological reserve and nutritional status of the frail pa-
tients. These findings are also in concordance with previ-
ous studies from the West (4–6,8,9,28). Infection and
hepatic encephalopathy were the two most common indi-
cations for hospitalization (70% of patients). Both of these
complications have been pathophysiologically linked to
low muscle mass and frailty, including the potential for
reduced ammonia detoxification and reduced immune
function (7,16,38–40).

In our study, alcohol-related cirrhosis, CTP score, and
CLDQ scores were independent predictors of mortality
apart from frailty. CTP is well-recognized as an indepen-
dent predictor of mortality in cirrhosis (41–43). Our study
included 47.4% of patients with alcohol-related liver dis-
ease. The low social support and a tendency to seek late
medical advice may be the reason for poor outcomes in
this population. As noted above for the combined outcome
of hospitalization or death, the relevance of CLDQ for the
prediction of mortality in this population again brings up
the relevance of measuring patient-reported outcomes.

LFI, FFC, CFS, and SPPB are similar in their perfor-
mance in predicting hospitalization and mortality. LFI
has been recognized as a preferred tool as it is objective,
Journal of Clinical and Experimental Hepatology | March–April 2022 | Vol. 1
relatively easy to perform, and has good interobserver
reproducibility. However, in a resource-limited setting,
alternate tools, such as the CFS, can be used, which takes
<1 min and perform similarly in the prediction of hospital-
ization and mortality.

Cirrhosis is a state of continuous catabolism in
which there is dysfunctional protein synthesis, alter-
ation of signaling pathways in the skeletal muscles,
and impaired usage of various substrates.44 Recent
data suggests that by increasing the protein intake
and giving late evening snacks and branch chain amino
acid supplements, improvement in muscle mass and
function can occur.45 However, there is scarce literature
on improvement in frailty by giving adequate nutri-
tional support.

The role of pharmacotherapy in frailty is doubtful as
none of the available pharmacological agents have shown
a significant improvement in frailty.46 Sinclair et al pub-
lished the results of the RCT on the effect of testosterone
therapy in male patients with cirrhosis.47 They concluded
that testosterone therapy causes an increase in muscle
mass and reduces body fat, as well as HbA1c levels; howev-
er, there is a risk of adverse effects with testosterone, and
more studies are needed before recommending its use in
clinical practice.45,47,48 Initial studies on myostatin antag-
onists and IGF-1 have shown promising results; however
these drugs are still in the experimental stage (45,47,48).
2 | No. 2 | 398–408 405
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Moderate to high-intensity exercise, in the form of com-
bined resistance and/or aerobic training, can improve the
physical frailty in patients with cirrhosis. However, a small
number of heterogeneous studies available lack applica-
bility of these exercise regimens in clinical practice, espe-
cially in decompensated cirrhosis.49

There are a few limitations that must be acknowledged
for this study. The results can only be generalized to outpa-
tients. The high prevalence of frailty may not necessarily
translate to the entire population as the study was done
at a tertiary care center and was susceptible to referral
bias. The follow-up period of six months was relatively
short, but many adverse clinical outcomes happened over
that time. The long-term consequences of frailty on out-
comes will need to be evaluated in studies with a longer
follow-up period. We did not perform dynamic frailty as-
sessments in this study, so the impact of changes in various
parameters over time could not be assessed. In the FFC,
one of the components is unintentional weight loss. How-
ever, as a large number of patients in the study population
had ascites and were on diuretics, the cause of weight loss
could be multifactorial. The cut-offs used for handgrip
strength, gait speed, and chair stands were taken from
the studies from the West. Interestingly, our internal
optimal cut-off for the LFI in males for the outcome of
hospitalization or death was lower than the Western cut-
off, suggesting that there may be distinct cut-points for
frailty in non-Western patients. Further studies with estab-
lished normative data from the eastern hemisphere and
comparative studies for the available frailty assessment
scores can help to establish a universal gold standard for
diagnosis.
CONCLUSIONS

This study highlights the high prevalence and the prog-
nostic relevance of frailty in patients with cirrhosis. Frailty
assessment should no longer be limited to the research
setting, and incorporation into routine clinical practice is
the way forward. Importantly, comparability of the
commonly used scores for frailty assessment and predic-
tion of hospitalization and mortality allows flexibility for
clinical application.
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