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Abstract

We examined whether a key psychological trait—resilience, defined as one’s ability to recover 

quickly from difficulties—contributes to the frail phenotype in patients with cirrhosis. Included 

were 300 adult patients with cirrhosis who underwent outpatient physical frailty testing using the 

Liver Frailty Index and resilience testing using the Connor-Davidson Resilience Scale (CD-RISC). 

The Liver Frailty Index was categorized as robust, prefrail-robust, prefrail-frail, and frail; CD-

RISC was categorized using population norms as: least, less, more, and most resilient. Linear 

regression was used to assess factors associated with frailty (by the Liver Frailty Index per 0.1 unit 

change). Among the most resilient, only 10% were frail; among the least resilient, 29% were frail. 

In univariable analysis, resilience was strongly associated with the Liver Frailty Index (coef=−0.13 

per point increase; 95% CI, −0.20–−0.60; p<0.001) and remained significantly associated with 

frailty in multivariable adjustment (coef= −0.13, 95% CI −0.19– −0.07; p<0.001). Low resilience 

is strongly associated with the frail phenotype in patients with cirrhosis. Given that resilience is 

modifiable, our data suggest that effective interventions to mitigate frailty should include strategies 

to build resilience in patients with low baseline resilience.

Keywords

psychological resilience; physical frailty; Liver Frailty Index

1 INTRODUCTION

Frailty has commonly been defined as a distinct biologic state of decreased physiologic 

reserve and increased vulnerability to health stressors that predisposes individuals to adverse 
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health outcomes.1 As originally conceptualized in the field of geriatrics, frailty is a multi-

dimensional construct that encompasses physical as well as psychological factors. A number 

of instruments have been developed in the field of geriatrics to operationalize the multi-

dimensionality of this construct; however, in patients with cirrhosis, instruments used to 

measure frailty have largely focused on the physical aspects of frailty.2 Our team developed 

the Liver Frailty Index from a cohort of patients with cirrhosis awaiting liver transplantation 

that includes hand grip strength, chair stands, and balance testing.3 While we have 

demonstrated that the Liver Frailty Index accurately captures the construct of physical 
frailty, little is known of its association with psychological contributors to health outcomes.

One psychological construct that has been recognized to be associated with frailty in non-

cirrhotic populations is resilience.4–8 Resilience is a modifiable quality that describes an 

individual’s capability to thrive in the face of adversity.9 There are three requirements for 

resilience: 1) significant adversity/risk, 2) presence of assets or resources to offset the effects 

of the adversity, and 3) positive adaptation or the avoidance of a negative outcome.10 Given 

the dynamic course of illness that patients with cirrhosis experience, we hypothesized that 

psychological resilience would be associated with frailty. In this study, we aimed to evaluate 

the association between frailty, as measured by the Liver Frailty Index in patients with 

cirrhosis, and psychological resilience.

2 MATERIALS AND METHODS

2.1 Participants

Patients with cirrhosis awaiting liver transplantation who were seen in the outpatient UCSF 

Liver Transplant Clinics from November 19, 2018 to August 13, 2019 were eligible to 

participate in this study. We excluded non-English speakers from the study because of 

unavailability of the Connor-Davidson Resilience Scale (CD-RISC)9 in other languages.

2.2 Study procedures

At enrollment, all patients underwent an objective measurement of physical frailty with 

these 3 tests:

1. Grip strength1: measured in kilograms using a hand dynamometer in the 

subject’s dominant hand. The average of 3 trials was used in calculation.

2. Timed chair stands11: measured as the number of seconds it takes for the subject 

to complete 5 chair stands with the subject’s arms folded across the chest.

3. Balance testing11: measured as the number of seconds that the subject can 

balance in 3 positions (feet placed side-to-side, semi-tandem, and tandem) for a 

maximum of 10 seconds each.

From these 3 physical tests of frailty, the Liver Frailty Index was calculated using the 

calculator available at http://liverfrailtyindex.ucsf.edu.

The classifications of frailty were determined by using previously established Liver Frailty 

Index cutoffs with robust defined as Liver Frailty Index <3.2, prefrail-robust defined as Liver 
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Frailty Index between 3.2 and 3.7, prefrail-frail defined as Liver Frailty Index between 3.8 

and 4.4, and frail defined as Liver Frailty Index ≥ 4.5.3

At enrollment, all patients also underwent measurement of psychological resilience using 

the CD-RISC. The CD-RISC consists of 25 items scored on a 5-point scale. Each item was a 

statement that patients scored from not true at all (0), rarely true (1), sometimes true (2), 

often true (3), or true nearly all the time (4). Some examples of these statements are:

1. I believe I can achieve my goals, even if there are obstacles.

2. Under pressure, I stay focused and think clearly.

3. I can make unpopular or difficult decisions that affect other people, if it is 

necessary.

The sum score was calculated, with a higher score indicating higher resilience. CD-RISC 

was categorized using US general population norms as: least (≤73), less (74–82), more (83–

90), and most (≥91) resilient.9 Permission to use the scale was granted from Drs. Connor 

and Davidson.

2.3 Statistical Analysis

Categorical variables were presented as percentages while continuous variables were 

presented as medians and interquartile ranges (IQR). Variables were compared by resilience 

using Wilcoxon rank-sum and chi-square tests respectively. The association between 

resilience and frailty was assessed using linear regression. Univariable linear regression was 

used to assess the association between all covariates and frailty. All covariates with p<0.2 

were included in the multivariate models. In backward selection, variables not reaching 

significance p<0.05 were removed to develop the final multivariable model.

This study was approved by the University of California, San Francisco Institutional Review 

Board.

3 RESULTS

3.1 Baseline characteristics (Table 1)

A total of 300 patients with cirrhosis were included in this study. In this cohort, 33% were 

female, median age was 62 years, median MELDNa was 16, and 15% were frail.

Of these 300 patients, median CD-RISC score was 81 (IQR 72–92). 29%, 23%, 21%, and 

27% were least, less, more, and most resilient (Figure 1). Baseline characteristics that were 

similar by resilience categories included sex, MELDNa, ascites, and hepatic encephalopathy. 

Notably, age differed by resilience category, with older age being associated with more 

resilience (test of trend p=0.004). In addition, the proportion with a history of anxiety or 

depression decreased as resilience increased (test of trend p=0.006).

3.2 Resilience and frailty (Table 2)

Median Liver Frailty Index scores were significantly lower (i.e., were less frail) as resilience 

increased (test of trend p=0.001). Patients categorized as least resilient had the highest rates 
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of frailty: 29% were frail compared to 12%, 6%, and 10% in less, more, and most resilient 

groups, respectively. In patients categorized as most resilient, 27% were robust and among 

the least resilient, only 16% were robust.

In univariable analysis, factors associated with Liver Frailty Index per 0.1 unit with a p<0.2 

were: resilience (coef.= −0.13 per point; p<0.001), Asian race (coef.= −3.44; p=0.04), 

NASH (coef.= 2.48; p=0.09), HCC (coef.= −2.23; p=0.03), MELDNa (coef.= 0.47; 

p<0.001), albumin (coef.= −3.67; p<0.001), ascites (coef.= 4.57; p<0.001), hepatic 

encephalopathy (coef.= 6.57; p<0.001), diabetes (coef.= 1.56; p=0.14), coronary artery 

disease (coef.= 4.68; p=0.06), stroke (coef.= 8.90; p=0.08), and a history of anxiety or 

depression (coef.= 1.80; p=0.08). In multivariable analysis, resilience (coef.= −0.13; 

p<0.001) remained significantly associated with Liver Frailty Index (Table 3).

4 DISCUSSION

In this study of 300 patients with cirrhosis, we investigated the relationship between physical 

frailty and resilience, the psychological ability to bounce back from stressors.9 As 

hypothesized, we found a strong association between low resilience and frailty. Additionally, 

we observed that two characteristics were strongly associated with resilience: older age, 

which was associated with higher resilience and a history of anxiety or depression, which 

was associated with lower resilience. This interesting association between older age and 

higher resilience may be due to selection bias, as clinicians may have been more likely to 

consider an older patient for liver transplantation only if s/he displayed resilience (to balance 

the increased risk of transplantation in older adults). Notably, neither liver disease severity 

(e.g., MELDNa, ascites, or hepatic encephalopathy) nor presence of comorbidities (e.g., 

hypertension, diabetes) were associated with resilience.

When interpreting these results, it is essential to first understand how resilience in patients 

with cirrhosis compares with the general population. The median CD-RISC score of the 

general population in the U.S. is 82 with an interquartile range of 73–90.9 The distribution 

of resilience scores in our cohort is similar to that of the US general population. While this 

cross-sectional study was not designed to determine causality, the distribution of resilience 

in our cohort is similar to that of the US population, suggesting low resilience may lead to 

frailty and not the reverse. If frailty led to a decrease in resilience, we would expect the 

resilience of our cohort to be lower than that of the US general population given the 

disproportionate prevalence of frailty in patients with cirrhosis as compared to the general 

population. Because of the strong association between resilience and a history of anxiety or 

depression, we also compared the prevalence of these mental health disorders in our cohort 

versus the US general population. In the US general population, lifetime prevalence of any 

anxiety disorder, mood disorder, or any mental health disorder is 31.0%, 21.4%, and 47.4%, 

respectively.12 Again, the rate of anxiety or depression is similar to that of the US general 

population, underscoring the likelihood of resilience influencing frailty.

How might low resilience lead to frailty? We offer a possible mechanism for this pathway. 

Complications of liver disease such as ascites or hepatic encephalopathy may prevent 

patients with cirrhosis from sustaining the same level of physical activities as they had 
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previously engaged in. A patient with low resilience may be less likely to engage in the 

physical and nutritional activities that are essential to maintaining muscle mass and 

cardiovascular fitness. On the other hand, a patient who is more resilient may be more likely 

to overcome the physical and mental barriers to achieving adequate exercise and nutrition. 

How the presence of mental health conditions, including anxiety and depression, mediate the 

relationship between resilience and frailty is unknown, particularly in light of the known 

association between frailty and depression,13 but presents an important area for future study. 

Additionally, the impact of low resilience on patient reported outcomes, such as health-

related quality of life, and mortality is another important area for future study.

Resilience is emerging as a predictor for health outcomes, with low resilience being 

associated with poor outcomes, quality of life, and physical functioning in older adult, 

orthopedic surgery, chronic pain, and rheumatic disease patients.4,14–17 While the impact of 

resilience on liver transplant outcomes must be further elucidated in additional studies, we 

offer potential applications for this construct in clinical practice. First, low resilience should 

be considered a risk factor for liver transplantation, identifying patients who may need 

additional support to succeed on the waitlist or after surgery. Of particular relevance to 

transplant patients, resilience has been associated with better treatment adherence,18 

suggesting a role for increased medication support in those with low resilience. Second, 

resilience as a risk factor may be modifiable. Prior studies in populations with other 

conditions including cancer, diabetes, fibromyalgia, and older adults in general have 

demonstrated that resilience can improve with targeted interventions such as mindfulness 

and/or cognitive behavioral therapy.19–24 Though research on whether resilience training 

impacts physiologic health outcomes is limited, improvements in HDL cholesterol, fasting 

blood glucose, and bodily pain in patients with diabetes and chronic pain have been reported 

with such interventions.21,25 Lastly, given the association between resilience and mental 

health disorders, treatment of mental health disorders may be incorporated into strategies to 

simultaneously improve resilience.9,26

If low resilience does indeed lead to physical frailty, as we have postulated, then our data 

raise the possibility that improving resilience can improve physical frailty. Prehabilitation, 

the process of enhancing physiologic reserve and functional capacity prior to surgery,2 has 

long been proposed for patients awaiting solid organ transplantation27 and recently 

incorporated into society guidelines for improving frailty in solid organ transplant patients.28 

However, the efficacy of such programs—which have focused largely on exercise and 

nutritional interventions—have been modest to date. The data that we have presented in this 

paper suggest that such programs should also incorporate strategies to increase resilience. 

Such strategies exist, but have yet to be applied to patients with cirrhosis.

We acknowledge the following limitations to our study. First, because we did not have 

access to the CD-RISC scale in other languages, we limited our study to patients who spoke 

English. Resilience – and psychological contributors to frailty in general – is undoubtedly 

influenced by cultural factors29,30 and the assessment of resilience likely differs in different 

languages. Second, we only ascertained whether a patient had any history of anxiety or 

depression, not whether their anxiety or depression has been resolved or controlled. This 

decision was made to dichotomize the variable given the complexity of mental health 
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disorders. Third, the resilience measure was determined by self-reported data and there 

could be social desirability bias. However, the CD-RISC has been validated as a reliable 

measure of resilience.9

Despite these limitations, this study is the first to highlight the close relationship between 

resilience and frailty in patients with cirrhosis and to expand upon the construct of frailty 

beyond physical frailty alone. As the hepatology community embarks upon efforts to 

develop prehabilitation programs to mitigate frailty in patients with cirrhosis, our data raise 

the possibility that resilience building techniques could be a vital component of such 

programs. Future studies are needed to evaluate methods to improve resilience in order to 

reduce liver transplant waitlist mortality.
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Figure 1. 
Proportion of resilience scores distributed in patients with cirrhosis compared to the US 

general population. These differences are not significant.
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Table 3.

Univariable and multivariable models to assess associations between the following co-variables and frailty, as 

measured by the Liver Frailty Index (per 0.1 unit).

Coefficients for the association with frailty (95% CI)
p-value

Univariable Model Multivariable Model

CD-RISC score, per point −0.13 (−0.20–−0.06)
p<0.001

−0.13 (−0.19–−0.07)
p<0.001

MELDNa, per point 0.47 (0.30–0.64)
p<0.001

0.43 (0.27–0.60)
p<0.001

Hepatic Encephalopathy 6.57 (3.59–9.54)
p<0.001

6.55 (3.79–9.32)
p<0.001

Etiology

Alcohol (ref) — —

HCV 1.19 (−1.32–3.69)
p=0.35

3.53 (1.23–5.83)
p=0.003

NASH 2.48 (−0.40–5.37)
p=0.09

3.39 (0.78–6.00)
p=0.01

Cholestatic −2.67 (−7.08–1.75)
p=0.24

−0.20 (−4.20–3.79)
p=0.92

Other 0.34 (−3.09–3.76)
p=0.85

2.37 (−0.87–5.62)
p=0.15

Race

White (ref) — —

Black 0.89 (−3.66–5.44)
p=0.70

0.16 (−3.94–4.26)
p=0.94

Hispanic 1.77 (−0.55–4.09)
p=0.14

0.97 (−1.10–3.04)
p=0.36

Asian −3.44 (−6.74–−0.13)
p=0.04

−4.82 (−7.97–−1.67)
p=0.003

Other 2.66 (−3.46–8.77)
p=0.39

2.16 (−3.33–7.66)
p=0.44

Coronary artery disease 4.68 (−0.13–9.49)
p=0.06

5.92 (1.57–10.26)
p=0.01

Stroke 8.90 (−0.95–18.76)
p=0.08

10.93 (2.13–19.74)
p=0.02

*
Variables evaluated for inclusion in the multivariable models were (because of p-value<0.2 in univariable analysis): race, etiology, HCC, 

MELDNa, albumin, ascites, hepatic encephalopathy, diabetes, coronary artery disease, stroke, and a history of anxiety or depression. Only variables 
associated with a p-value<0.05 were retained in the final model.
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