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Summary
Background: Frailty is a known predictor of outcome and mortality in patients un-
dergoing liver transplantation. However, most patients remain unsuitable transplant 
candidates. It is not yet known if the assessment of frailty in non-transplant candi-
dates can aid prognostication.
Aim: To collate and interrogate the various frailty tools presently used to predict 
mortality in the non-transplant cirrhosis setting.
Methods: A comprehensive review of MEDLINE and EMBASE databases for articles 
published from inception to March 2022 was undertaken, excluding those where 
patients underwent transplantation or had hepatocellular carcinoma.
Results: We identified 12 observational cohort studies, featuring 9 frailty indices. 
These were from various global healthcare settings and of fair or good quality. Most 
were objective tools utilising clinician-based assessments. All frailty scores predicted 
prognosis, with variability in the method of application, and utilisation in long- or 
short-term mortality. Three studies directly compared different indices in the same 
population. There was some evidence that simple tools could perform as well, if not 
better, than more complex, time-consuming scores.
Conclusions: Various frailty tools can reproducibly evaluate mortality in patients 
with cirrhosis who are ineligible for transplant. However, further prospective head-
to-head comparative studies are needed. In addition to determining model utility, 
studies should focus on important relative considerations which may limit wide-
spread implementation including, ease of use and limited resources, given the global 
disparity of liver care provision. These tools may positively identify specific patient 
cohorts at risk of impending deterioration, thereby stratifying those patients likely to 
benefit from early integration with palliative care.
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1  | INTRODUC TION

Liver disease accounts for over 2 million deaths per year worldwide, 
with half of these being attributed to cirrhosis, which is the 11th 
most common cause of death.1 In contrast to most other malignant 
and non-malignant conditions, deaths from liver disease have risen in 
the United Kingdom, particularly in those under 65.2 Morbidity and 
mortality from liver disease disproportionately affect those of work-
ing age, with liver disease accounting for an estimated 62,000 years 
of working life lost in the UK alone.3 Furthermore, cirrhosis impairs 
health-related quality of life including mental health and physical 
factors and reduces the ability to perform activities of daily living 
(ADL).4–6

Presently, there are no approved pharmacological therapies for 
reversing fibrosis which results in cirrhosis, with liver transplantation 
remaining the only curative option for those with end-stage cirrho-
sis or hepatocellular carcinoma (HCC). Unfortunately, many patients 
will be too sick or have advanced co-morbidities that would preclude 
transplant referral, while a significant proportion of those referred 
for transplant assessment are ineligible. Among those patients listed 
for transplantation, around 7% die annually while on the waiting list 
in the UK.7 There is an inherent mismatch in those patients neces-
sitating liver transplantation, compared to the available organs do-
nated, in spite of the use of split grafting and living donor alternatives 
to traditional orthotopic liver transplant using cadaveric organs.

The current most commonly employed prognostication tools 
for stratification of liver disease severity are Child-Pugh and MELD; 
both initially designed to predict mortality in those undergoing sur-
gical or radiological interventions for portal hypertension.8–10 These 
tools were adapted into clinical practice for both identifying eligi-
bility, and waitlist prioritisation for transplantation, as well as being 
used for general prognostication. However, there have been criti-
cisms of these tools. Child-Pugh includes subjective markers (ascites 
and encephalopathy) which can lead to inter-rater variability.11,12 
Both tools utilise INR, which is poorly representative of true coagu-
lopathy, and is subject to inter-laboratory variation within laboratory 
systems.13,14 Whilst they both have been shown to have the predic-
tive capability in prognosis, there is a large variance between them 
in prognosticating complex clinical circumstances, e.g. mortality in 
ICU and in those undergoing surgery.11,15 Newer advances in the as-
sessment of clinical biomarkers and their utility in prognosis remain 
unvalidated, while often necessitating, invasive testing methods and 
are limited to resource-rich settings.16,17 There has been a number 
of studies assessing the prognostic ability of these tools, highlighting 
the uncertainty and limitations of those currently applied.18

This leads to a need to develop alternative approaches for which 
frailty has been considered a key composite. The concept of frailty 
was originally derived in a geriatric population, where it was ex-
plored as an age-related biologic syndrome of decreased reserve and 
resistance to stressors. Resultantly, frailty is characterised by cumu-
lative declines across multiple physiological systems and increased 
vulnerability to adverse outcomes.19,20 A recent systematic review 
revealed that there were no frailty indices specifically developed or 

validated for younger populations, however, there was evidence that 
some existing markers of frailty had predictive ability in this group.21

The role of frailty in liver disease has been established for de-
cades, with the original Child score using ‘nutritional status’ before 
it was replaced with prothrombin time by Pugh.8,9 The pathophysi-
ology of frailty in liver disease remains complex and is increasingly 
appreciated as a multisystem sequela. Presently, there are a num-
ber of putative theories existing around decreasing synthetic liver 
function causing resultant multisystem dysfunction with relative 
immunocompromise, as well as endocrine, gut microbiome, skel-
etal and neuromuscular maladaptation.22,23 An estimated 17%–
43% of those with cirrhosis and 25% on liver transplant waiting 
lists are identified as frail.22,24 Frailty has also repeatedly been 
demonstrated to be an independent predictor of hepatic decom-
pensation, hospitalisation, transplant delisting and post-transplant 
complications.22,25,26

Indeed, much of the research around frailty assessment in cirrho-
sis has been undertaken in the context of transplantation. However, 
only a minority of patients are eligible for a liver transplant, owing 
primarily to ongoing alcohol or substance misuse, poor performance 
status or co-morbidities—all of which can contribute to frailty. In 
2016–2017, 14,696 deaths related to liver disease were recorded in 
the United Kingdom3; during the same time interval, only 980 liver 
transplants were undertaken.7

Therefore, the vast majority of patients with end-stage liver dis-
ease are managed conservatively. Existing tools for predicting mor-
tality in liver disease, namely, Child-Pugh and MELD, are aimed to 
identify patients for aggressive attempts at curative transplantation 
and fail to holistically assess the patient as a whole. They also do not 
necessarily relate to patient needs or quality of life thus leaving a 
gap and problem in identifying patients who could be treated with 
more palliative intent earlier in the process.27,28 To date, there have 
been no identified reviews assessing the ability of existing measure-
ments of frailty to predict prognosis in patients with end-stage liver 
disease, who are unsuitable for transplantation. This review aims to 
understand the role that existing frailty tools may have in prognosti-
cating in such persons.

2  | METHODS

This systematic review protocol was developed following the 
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement29 and was prospectively registered 
with PROSPERO: CRD42021246932.30

2.1 | Search strategy

SPB performed a comprehensive literature search of peer-reviewed 
articles from MEDLINE and EMBASE from inception to 12 March 
2022. Key search terms were used for ‘cirrhosis’ or ‘chronic liver 
disease’; ‘frailty’ and ‘prognosis’, ‘mortality’ or ‘survival’ through 
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     |  3BOWERS et al.

a joint agreement with all researchers and appropriate Medical 
Subheadings (MeSH) terms were identified for each journal.

2.2 | Study selection

Searches were limited to English language, original research stud-
ies that reported the ability of markers/assessment of frailty pheno-
type, frailty index or discrete marker of frailty to predict prognosis 
in adult patients with cirrhosis of any cause who were not being as-
sessed for transplantation or actively on the transplant list. Studies 
could be prospective or retrospective. Studies that solely included 
patients on the transplant list or with hepatocellular carcinoma were 
excluded. If there were studies using a variety of patients eligible 
and ineligible for transplantation, these were included if it was pos-
sible to distinguish the data for the non-transplant group.

Search results were managed using Endnote. These were com-
bined, deduplicated, screened for study type and title/abstract re-
viewed by SPB with corroboration with PNB, and disagreements 
brought to JFD. Full texts were then reviewed separately by authors; 
SPB and PNB before consensus was agreed. Study selection is out-
lined in Figure 1.

2.3 | Data extraction

The following data were extracted and tabulated by SPB and PNB 
for each final included study: year of publication, country, setting 
(inpatient, outpatient, mixed), study design, sample size, gender, 
mean/median MELD, a measure of frailty used, length of follow-up 
and impact on prognosis. Due to varying ways of statistically meas-
uring prognostication ability, these were described descriptively. 
Consideration was given to the ability to perform meta-analysis 
however due to the variability in statistical analysis this was not felt 
to be achievable in the scope of this review.

2.4 | Quality assessment

We evaluated the methodological quality using the National 
Heart, Lung and Blood Institute, National Institute for Health 
quality assessment tool for observational cohort and case–control 
studies (NHLBI). Inter-observer agreement between SPB and PNB 
was 90%.

3  | RESULTS

After study selection (Figure 1), a total of 12 papers, featuring 9 
frailty indices, were included in the final analysis—summarised 
in Table  1. All of these were observational cohort studies. Four 
studies were from the United States of America, 2 from China, 2 
from Europe (Spain and Slovakia), 1 from Chile and 1 from Egypt. 

A total of 19,394 patients were included across the 12 final studies 
(range 113–16,561). The mean reported MELD was 12.15 (range 
7.5–17.9). Eight studies explored inpatient populations, with the 
remaining 4 focussing on outpatients. The studies that were as-
sessed were exclusively observational or cohort studies, with no 
defined interventions in any of the studies. Using the suitable 
quality assessment tool,31 only one of these studies32 was high-
lighted as poor quality.

3.1 | Objective assessment of frailty

Five frailty indices comprising objective markers of frailty were ex-
amined in 9 studies.

3.1.1 | Liver Frailty Index

The Liver Frailty Index (LFI) utilises grip strength, chair stands and 
balance assessment to assess frailty and was originally developed 
to assess mortality among patients on the liver transplant waitlist. 
Scores are calculated via an online calculator and a score of ≥4.5 
categorises an individual as frail.33 There were two prospective 
comparative studies comparing LFI, Short Physical Performance 
Battery (SPPB), Clinical Frailty Score (CFS) and Fried Frailty Index 
(FFI)—Skaldany et al.34 in the inpatient setting and Singh et al.35 in 
outpatients. In the inpatient study,34 LFI was consistently reliable in 
predicting mortality across different time points and had the high-
est predictive value for mortality at 180 days (AUROC 0.777, 95% CI 
0.705–0.839) compared to the others (CFS = 0.763, SPPB = 0.747, 
FFS = 0.711). Although in the outpatient setting,35 there was no sta-
tistical significance in the mortality predictive ability of the scores, 
LFI had the maximum AUC of 0.97.

3.1.2 | Short Physical Performance Battery

The SPPB was originally developed in three communities in the 
United States of America with patients over 65 completing a se-
ries of tests consisting of standing balance, walking speed and chair 
stands with a score of <7 representing frailty.36 It has previously 
been shown to be predictive of both frailty and waitlist mortality in 
patients awaiting a liver transplant.37 Four of the included 12 studies 
prospectively utilised SPPB in their assessment and demonstrated 
that it could predict mortality.32,34,35,38 Essam Behiry et al.32 demon-
strated through ROC curve analyses of mortality based on frailty as 
per SPPB, handgrip, MELD and Childs-Pugh that only SPPB had a sig-
nificant AUC (0.743; p = 0.013). In an evaluation of SPPB compared to 
CFS, Tandon et al.38 found CFS to be superior at predicting 6-month 
mortality (odds ratio = 5 for CFS vs OR = 3.4 for SPPB) and com-
mented that CFS was more user-friendly and less time-consuming. 
Similarly, as above, Skladany et al.34 and Singh et al.35 demonstrated 
that there were other frailty indices which outperformed SPPB.
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4  |     BOWERS et al.

3.1.3 | Five-metre gait speed

Gait speed has been found to be the best validated functional 
performance estimation in pharmacological trials for both frailty 
and sarcopenia.38 5-metre gait speed (5MGS) had previously 
been validated as an independent predictor of cirrhosis compli-
cations requiring hospitalisation26 but its role in mortality pre-
diction had not previously been explored. Both Deng et al.40 and 
Wang et al.39 prospectively demonstrated the ability of 5MGS to 
predict all-cause mortality. This was consistently proven as both 
a continuous variable (hazard ratio  =  0.133) and in binary vari-
ables (slow 5MGS [0.8 ms−1] HR = 4.805).40 Addition of 5MGS to 
MELD scoring in both cohorts improved the discriminatory power 
of MELD: Deng et al.40 demonstrated AUC improved from 0.724 
to 0.802 with the addition of 5MGS and Wang et al.39 showed 
the addition of 5MGS alongside albumin to MELD yielded a C 
index of 0.804.

3.1.4 | Routine nursing assessments

Tapper et al.40 retrospectively utilised nursing assessments (ability 
to perform ADLs; Braden scale for predicting pressure ulcer risk; and 
Morse fall risk score), which are already part of routine American 
clinical practice to encapsulate frailty. Poorer ADL function was 
most associated with increased 90-day mortality (OR = 3.84; 95% 
CI 2.60–5.67); Braden score was associated with increased risk to a 
lesser degree (OR = 3.40, 1.90–6.07), and there was no association 
with Morse score (OR = 1.01, 1.01–1.02).

3.1.5 | Hospital Frailty Risk Score

The Hospital Frailty Risk Score (HFRS) was developed using 
International Classification of Diseases (ICD-10) administrative data 
to calculate a score by giving each diagnostic code a weighting, with 

F I G U R E  1   Study selection flowchart
Initial search

n = 1105

Duplicates removed n = 223

Excluded based on article type n = 511

Excluded on title + abstract n = 340

Excluded on full text review = 19
No cirrhosis-related mortality data n = 8
Transplant only population n = 5
Unable to distinguish waitlist and non-
waitlist populations n = 2
Unable to distinguish transplant vs non-
transplanted outcome n = 4

Not cirrhosis n = 253
Transplant only population n = 52
No cirrhosis-related mortality measure n = 20
No frailty measure n = 15

Conference absracts n = 320
Reviews n = 145
Letters n = 21
Editiorials n = 22
Case reports n = 3

Article type reviewed

Title and abstract reviewed

n = 371

Full text reviewed

n = 31

Final included studies

n = 12

n = 882
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     |  5BOWERS et al.

TA B L E  1   Summary of included studies

Reference Frailty tool used Study design
Measure of 
frailty N Setting Country MELD

Length of 
follow-up

Impact on prognosis/
mortality Quality

Deng et al., Ther Adv 
Chronic Dis 2020; 
11: 1–11

5-metre gait 
speed 
(5MGS)

Prospective 
observational 
cohort study

Objective 113 Inpatient China Mean: 11.4 
(+ − 4.7)

2 years 5MGS able to predict 
mortality as 
both binary 
and continuous 
variable. Improves 
the discriminatory 
ability of 
MELD-Na.

Fair

Deng et al., Ann Transl 
Med 2020; 8(19): 
1217

Modified 
Caroline 
Frailty Index

Prospective 
observational 
cohort study

Subjective 158 Inpatient China Median: 11 
(8–13)

2 years FI did not impact on 
90-day survival 
however was 
able to predict 
1-year and 2-year 
mortality.

Fair

Essam Behiry 
et al., Int J Hepatol. 
2019;2019:8092865

Short Physical 
Performance 
Battery

Prospective 
observational 
cohort study

Objective 145 Inpatient Egypt Mean: 16 
(+ − 6)

3 months SPPB performed better 
than MELD and 
Child-Pugh score 
in predicting 
mortality.

Poor

Román et al., Liver Int 
2021; 41(2): 357–68

Fried Frailty 
Index

Prospective 
observational 
cohort study

Subjective 135 Outpatient Spain Mean 9.6 
(3.6)

2 years FFI did not show 
ability to predict 
mortality.

Fair

Shah et al., Liver 
Transplantation 
2021; 27: 16–26

Hospital Frailty 
Risk Score 
(HFRS)

Retrospective 
observational 
cohort study

Objective 16,561 Inpatient USA Median: 7.5 
(6–14)

90 days HFRS not associated 
with 30- or 90-day 
mortality

Fair

Singh et al., J Clin Exp 
Hepatol 2022; 12(2): 
398–408

Liver Frailty 
Index

Short Physical 
Performance 
Battery

Fried Frailty 
Index

Clinical Frailty 
Scale

Prospective 
observational 
cohort study

Objective 
(LFI 
and 
SPPB)

Subjective 
(FFI 
and 
CFS)

116 Outpatient India Median16 
(14.9–17)

6 months All tools were able to 
predict mortality 
with no significant 
difference in 
discriminatory 
value between 
them (though LFI 
was noted to have 
the maximum AUC)

Good

Skladany et al., Croat Med 
J. 2021;62(1):8–16.

Liver Frailty 
Index

Clinical Frailty 
Scale

Fried Frailty 
Index

Short Physical 
Performance 
Battery

Prospective 
observational 
cohort study

Objective 
(LFI 
and 
SPPB)

Subjective 
(CFS 
and 
FFI)

168 Inpatient Slovakia Median: 16 
(IQR = 9)

300 days All frailty assessment 
tools were 
significant 
predictors of 
mortality.

LFI alone and LFI 
combined with 
MELD had the 
highest numerical 
predictive value 
for death

Fair

Soto et al., Ann Hepatol. 
2021;25:100327.

Fried Frailty 
Index

Prospective 
observational 
cohort study

Combined 126 Outpatient Chile Median: 13 
(11–16)

4 years Cumulative incidence 
of mortality higher 
in frail patients 
compared to non-
frail patients as 
per FFI.

Fair

Tandon et al., Am J 
Gastroenterol 2016; 
111: 1759–1767

Clinical Frailty 
Scale

Friend Frailty 
Index

Short Physical 
Performance 
Battery

Prospective 
observational 
cohort study

Objective 
(SPPB)

Subjective 
(CFS 
and 
FFI)

300 Outpatient USA Mean: 12 
(4.8)

6 months All frailty assessment 
tools were 
significant 
predictors of 
mortality

Good

(Continues)
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6  |     BOWERS et al.

a score of >15 indicating high-risk frailty. It was designed in an at-
tempt to minimise the potential for inter-operator variability that 
could arise from other frailty tools.41 Shah et al.42 undertook the 
first retrospective evaluation of the HFRS in 16,561 incident admis-
sions with acute-on-chronic liver failure. There was no association 
between HFRS and ACLF-specific short-term mortality (p = 0.33 at 
90 days) in this group though it did confer an ability to predict poorer 
long-term survival from time of hospitalisation (HR 1.02 per 5-point 
increase in score, 95%CI 1.01–1.03). It has been previously acknowl-
edged that HFRS can misclassify younger patients as frail compared 
to other frailty tools43 which may impact its discriminatory ability in 
chronic liver disease.

3.2 | Subjective assessment of frailty

Three of the included studies explored two models of subjectively 
defined criteria to indicate frailty. These were a variety of healthcare 
professionals classified and self-reported.

3.2.1 | Clinical frailty scale

The Clinical Frailty Scale (CFS) is a 7-point scale originally created 
in a cohort of elderly patients via the Canadian Study of Health 
and Aging and is designed to be an easy, quick-to-use assessment 
of global frailty categorising patients into 1–9 identified catego-
ries ranging from 1: very fit to 9: terminally ill.44 It had not been 

validated in patients with cirrhosis prior to Tandon et al.45 who 
utilised this tool to prospectively assess 330 outpatients with cir-
rhosis for risk of death and unplanned hospitalisation, alongside 
FFI and SPPB and demonstrated a dose-dependent ability of CFS 
to better discriminate than the other indices. Skaldany et al.34 
commented that CFS in their prospective study of mortality risk 
in hospitalised patients with cirrhosis had the highest prognos-
tic value (compared with LFI, SPPB and FFI) for mortality during 
the hospital admission and at 30 days (AUC = 0.864) and 90 days 
(AUC  =  0.778), though as discussed prior LFI performed better 
overall. As before, Singh et al.35 prospectively found CFS could 
predict mortality in an outpatient cohort with no statistical differ-
ence to LFI or other parameters.

3.2.2 | Modified Carolina Frailty Index

In an attempt to lessen the time burden associated with longer 
clinician-assessed frailty indices with physical measurements, Deng 
et al.46 developed a self-reported frailty tool from the Carolina 
Frailty Index—a 36-item self-assessment tool initially developed to 
identify frailty (score of >0.38) in elderly patients with cancer.47 
The final questionnaire consisted of a series of questions to identify 
limitations in ADL, physical function, unintentional weight loss, ex-
haustion, depression and social activities. In cirrhosis, the modified 
Caroline Frailty Index (mCFI) was prospectively unable to predict 
30-day mortality (p = 0.104) but long-term mortality could be pre-
dicted at both 1 year (p = 0.011) and 2 year (p = 0.0044).

Reference Frailty tool used Study design
Measure of 
frailty N Setting Country MELD

Length of 
follow-up

Impact on prognosis/
mortality Quality

Tapper et al., Hepatology 
2015;62(2):584–90.

Routine nursing 
assessments: 
activities of 
daily living 
(ADLs), 
Braden 
scale, Morse 
fall risk 
score

Retrospective 
observational 
cohort study

Objective 734 Inpatient USA Mean: 17.9 
(7.5)

90 days Ability to perform 
ADLs was 
related to 90-day 
mortality and 
was poorer in the 
encephalopathic 
group

Good

Tandon et al, Hepatology 
2017; 65(1): 
217–224

Karnofsky 
Performance 
Scale, age, 
MELD model

(KAM)

Prospective 
observational 
cohort study

Combined 954 Inpatient USA Median: 17 
(13–21)

3 months KPS tertile predicted 
mortality with 
statistical 
significance. KPS 
improved the 
discriminatory 
ability of age and 
MELD

Fair

Wang et al., Postgrad 
Med 2021; 133(60): 
680–687

5 m gait speed 
(5MGS)

Prospective 
observational 
cohort study

Objective 113 Inpatient China Median: 8 
(11–13.5)

2 years 5MGS could 
independently 
predict 2-year 
mortality. The 
predictive ability 
of 5MGS was 
improved with 
addition of albumin 
and MELD-Na 
score

Fair

TA B L E  1   (Continued)
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     |  7BOWERS et al.

3.3 | Combined subjective and objective 
assessments

Six of the included studies utilised combined objective and subjective 
markers for frailty assessment as demonstrated through 2 indices.

3.3.1 | KAM model

Originally derived from patients with malignancy, the Karnofsky 
Performance Status (KPS) has been validated across many chronic 
disease populations, and more recently, Orman et al.48 demon-
strated it to be a predictor of liver transplant waitlist mortality. 
Tandon et al.49 prospectively evaluated self-reported KPS in non-
electively admitted cirrhosis patients; 17% had low KPS scores, 
consistent with an inability to care for oneself—considerably 
worse than noted on the transplant waiting list—and this was as-
sociated with 3-month mortality.48 Multivariate analysis identified 
KPS, age and MELD to be independent predictors of mortality in 
the cohort and the team proposed the KAM model (KPS, age and 
MELD) which was found to be superior to the individual mark-
ers in predicting 3-month mortality with an AUC of 0.74 (95% CI 
0.68–0.79).

3.3.2 | Fried Frailty Index

Four of the included studies prospectively analysed the FFI which 
was adopted from geriatric medicine and is a five-domain score: 
unintentional weight loss, reduced handgrip strength, slow walk-
ing speed, self-reported exhaustion and low physical activity.  50 A 
score of 3–5 indicates frailty. It was previously validated in a trans-
plant waitlist population.37 In a cohort of outpatients with reason-
ably well-preserved synthetic liver function and mean MELD of 9.6 
FFI did not demonstrate mortality predictive ability (11.4% of frail 
participants died at 2 years vs 8% on non-frail, p  =  0.50).51 Three 
further inpatient studies35,38,53 showed the discriminatory ability of 
FFI to predict mortality although it produced the lowest numerical 
prognostic value compared when evaluated alongside other scores 
(LFI, CFS, SPPB).

4  | DISCUSSION

This review identifies a variety of different methods for assessing 
frailty in the non-transplant setting through objective and subjective 
assessments, in both inpatients and outpatients. There were nine 
identified frailty indices explored in the 12 included observational 
studies. Most of the included studies examined individual frailty 
scores with only 3 comparing assessments—Skladany et al.34 com-
pared LFI, SPPB, FFI and CFS in inpatients; Singh et al.35 compared 
LFI, SPPB, FFI and CFS in outpatients and Tandon et al.41 compared 
LFI, SPPB and CFS in outpatients. Most of the included frailty indices 

were already established scores from other settings, either originat-
ing from transplanted populations (LFI) or geriatric populations (CFS, 
FFI, SPPB, 5MGS, HFRS, mCFI, routine nursing assessments); only 
one of the included studies developed a new model for frailty to pre-
dict mortality (KAM). All scores demonstrated the ability to predict 
prognosis, with variability in the method of application regarding co-
hort setting, and the ability to predict long- or short-term mortality.

It is challenging to compare individual frailty indices from stud-
ies in different countries and clinical settings. However, in two of 
the comparative studies; the LFI had the highest numerical value 
compared to objective (SPPB), subjective (CFS) and combined frailty 
assessment tools (FFI).34,35 The LFI is a purely objective assess-
ment based on formally assessed physical indicators of frailty: grip 
strength, chair stands and balance. Its high performance in predict-
ing mortality highlights the role that formal assessment of frailty 
by trained professionals can have in identifying those who are frail. 
However, this formal objective assessment does require training 
and with time and resource constraints in the clinical setting, may 
not be easily reproducible. The included subjective markers were 
a mixture of clinician-assessed (CFS) and patient-reported (mCFI). 
Skladany et al. analysed CFS alongside the more objective markers 
LFI, FFI and SPPB34 and showed it to have the highest prognostic 
value for mortality during hospital stay, 30- and 90-days though LFI 
performed more consistently and to a higher numerical value overall. 
Furthermore, CFS has been shown to be predictive of the end point 
of mortality or transplant, irrespective of muscle mass52 suggesting 
it may encapsulate the multifactorial composites of frailty in cirrho-
sis. This limited evidence does perhaps demonstrate the power of 
an easy-to-apply scoring system, thereby minimising clinician time 
and training.

Within the liver transplant setting, frailty is an established part 
of patient assessment and selection. This is due to the consistently 
proven relationship between increasing frailty and mortality after 
transplant.53,54 The role of ‘prehabilitation’ is increasing wherein 
patients identified as frail receive physical or nutritional interven-
tion to improve outcomes after transplantation.55–57 This important 
intervention will hopefully improve the suitability of some patients 
for transplantation thus allowing them the opportunity for the con-
tinued only option for cure from cirrhosis. Despite attempts to im-
prove the availability of donated livers by research into donation 
after circulatory death, the outcomes remain poor58 meaning that 
unfortunately cure through liver transplantation continues to only 
be an option for a minority of patients.

Going forward, it is therefore imperative that comprehensive 
methods of accurately predicting prognosis beyond the transplant 
setting are explored since those ineligible for transplant with de-
compensated cirrhosis have a median survival of 2 years.19 The abil-
ity of the various frailty indices in this review to predict mortality 
furthermore emphasises that those ineligible for transplant have 
worse health outcomes. There is an emerging understanding of the 
needs of frail patients who are approaching the end of life, and al-
though they are acknowledged to have complex physical, psychoso-
cial and supportive needs, they have inequitable access to palliative 
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care services.59,60 Additionally, patients with advanced cirrhosis 
are rarely referred for specialist palliative care, and when this does 
occur, it is often too late.27,61 Poonja et al. demonstrated that less 
than 10% of those denied liver transplantation received a referral 
for palliative care services, despite their poor clinical prognosis.62 
Therefore, early identification of those with advanced cirrhosis with 
a frail phenotype who are ineligible for liver transplantation is vital. 
This would clearly allow for a comprehensive assessment of palli-
ative care needs in this group and may prompt specialist palliative 
care referral. Such proactive approaches are likely to be necessary 
and will allow the development of dedicated pathways of care to 
better serve these patient groups. Further development of this 
would include the integration of holistic assessment tools which 
could highlight the needs of the patient, in addition to determining 
prognosis. The Integrated Palliative Outcome Score (IPOS) has been 
shown in other chronic disease groups63 to both be able to assess 
patients' needs and predict mortality. However, this aspect is be-
yond the scope of this systematic review.

As the global increase in recognition of the importance of 
frailty in end-stage liver disease rises, so too does the explora-
tion of the utility of this. As we have demonstrated, identifying 
frailty in this group of patients who are not eligible for transplant 
is important for anticipatory care planning, identifying symptoms 
and considering referral to specialist palliative care; however, it 
also may be a trigger for considering intervention. This could be 
communicated with primary or secondary care physicians when it 
is found that a patient is frail and ineligible for transplant or could 
indeed be incorporated into routine hepatology clinic practice and 
used as a way of identifying trajectory associated with frailty in 
this group. Across the spectrum of management options for end-
stage liver disease, there is expert consensus that further research 
into therapeutic and multimodal strategies for targeting frailty is 
urgently needed.64

5  | STRENGTHS AND LIMITATIONS

Much of the previously published work on the use of frailty assess-
ment in patients with cirrhosis has focussed on a pure transplant set-
ting.24,25,54 These studies feature only a self-selecting patient cohort 
with advanced liver disease given they may be considered fit enough 
to consider an orthotopic liver transplant. Our review presents the 
first summary of frailty assessment in patients without a focus on 
transplant. Due to the small numbers of transplants performed each 
year, we hypothesise that within our included populations, the vast 
majority will not receive transplants, however, it is impossible to ex-
trapolate this fully given the inherent limitations within the studies 
themselves. We identified some comparative studies of reasonable 
quality which contrasted different frailty assessments in the same 
patient populations, thus allowing for a critique of the different 
indices.

Some studies (n = 4) were excluded due to being unable to distin-
guish between transplanted vs non-transplanted patients or due to 

studies only reporting transplant-free survival. Being unable to dis-
tinguish those who were transplanted or died pre-transplant or were 
not suitable for transplant would have been beneficial to examine 
differences in frailty in these groups; however, the design of those 
excluded studies meant this key variance could not be explored. 
Indeed, a further 60 studies were excluded as these focussed only 
on a transplant setting—highlighting that current research is heavily 
directed to end-stage cirrhosis which has a relative bias toward only 
exploring transplant-related areas.

6  | CONCLUSION

This review has presented a breadth of different frailty assessors 
which all can predict mortality, to varying degrees, though they 
have only been studied in a limited format. Further work is needed 
before a consensus can be reached on the best method of frailty as-
sessment. Indeed, there is likely an argument for utilising different 
methods of frailty assessment dependent on the patient, setting 
and available resources. Shifting the focus from transplant to the 
more realistic view of supportive liver care is paramount to ensur-
ing appropriate anticipatory care planning and symptom control 
can be implemented early. The inclusion of a frailty assessment 
into routine clinical practice has benefits reaching beyond suitabil-
ity for transplant and can help facilitate such conversations around 
prognosis and development of holistic patient-focussed future care 
planning.
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