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Abstract

Background: Falls are a devastating complication of cirrhosis. The risk of falls in contemporary 

patients without HE is unclear. Further, bedside tools for predicting falls are lacking

Methods: We prospectively enrolled 299 subjects with currently compensated Child A-B (70% 

Child A) cirrhosis and portal hypertension without prior HE from 7/2016–8/2018. We followed 

patients for a median of 1003 days (IQR640-1102) for incident falls accounting for the competing 

risk of death or transplantation. Candidate baseline fall predictors included patient reported 

outcomes (e.g. SF-8), physical function (e.g. chair-stands), blood tests (e.g. MELD-Na and its 

components), and cognitive function (using Inhibitory Control Testing). We internally validated a 

predictive model for falls and evaluated the association between incident falls and mortality.

Results: During follow-up, 141(47%) patients experienced falls, 38(13%) with injuries, 49(16%) 

died, and 13(4%) underwent transplants. Median time to a fall was 279(98–595) days. The overall 

probability of falls was 28.8% and 50.2% at years 1 and 3; the probability of injurious falls 

was 9.1% and 16.5%. We derived a predictive model for falls. The FallSSS score (prior falls, 

chair-stands, sodium, and SF-8) had an AUROC for injurious falls at 6- and 12-months of 0.79 and 

0.81 while MELD-Na’s AUROC was 0.57 for both. Adjusting for baseline Child class, MELD-Na, 

albumin level, disability status, and comorbidities, both incident falls – sHR 2.76 95%CI(1.46–
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5.24) – and HE – sHR 4.25 95%CH(2.15–8.41) – were strongly and independently associated with 

mortality.

Conclusion: Our prospective study of patients with cirrhosis without a baseline history of 

HE demonstrates that falls are common, morbid, and predictable. These data highlight both the 

value of expanding screening to patients with cirrhosis and the potential for benefit in studies of 

interventions to address fall-risk in this vulnerable population.

Graphical Abstract

Lay summary

Falls are a devastating complication of cirrhosis. Bedside tools for predicting falls are lacking. 

We found that falls were very common and often associated with serious injuries. Falls were 

also associated with an increased risk of death. Falls could be predicted with an algorithm called 

FallSSS - based on prior history of falls, blood sodium level, number of chair-stands performed in 

30 seconds, and quality of life.
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Background

Falls are associated with poor health-related quality of life (HRQOL), death, and disability 

in patients with cirrhosis.[1, 2] Understanding fall-risk may allow for closer monitoring, 

lifestyle modification, and therapeutic interventions to improve functional status, preserve 

HRQOL, and reduce morbidity. Although the vast majority of the more than 1 million 

Americans living with cirrhosis are compensated, data on the risk of falls is lacking for this 

important population.

Prior estimates of fall risk include an annual rate of 1 in 8 (or 2 in 5 among those with 

cognitive dysfunction) and 1.7/1000 patient-days among hospitalized patients with cirrhosis.

[3, 4] We previously evaluated the National Emergency Department Sample and found 
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that over a 4-year study period, patients with cirrhosis incurred 116,526 falls, with 6,313 

(5.4%) of patients presenting with severe injuries such as intracranial hemorrhage and 

major fractures.[5] However, these data all highlight hepatic encephalopathy (HE) as a 

primary risk factor. In the only prospective study of fall risk, Soriano followed 122 patients 

(87% decompensated) for a median of 10 months and found that the 40 patients with 

cognitive dysfunction (40% of whom had prior HE) were most likely to fall. Unfortunately, 

evaluations for cognitive dysfunction are rarely performed in clinical practice and, as such, 

simpler risk assessments are needed. Furthermore, it is unclear how such data would 

generalize to patients who have not decompensated or developed HE.

Herein, we prospectively 1) determine the incidence of falls in patients with cirrhosis, portal 

hypertension and no prior overt HE, 2) compare strategies utilizing psychometrics, liver 

function, HRQOL, and frailty to predict the development of falls, and 3) determine the 

impact of falls on the risk of mortality.

Methods

Study Population

We prospectively enrolled 299 patients from the Hepatology clinic at the University of 

Michigan from 7/2016–4/2018 and followed them through 2/2021. We included adult 

patients with cirrhosis from all etiologies and portal hypertension. Diagnosis of cirrhosis 

was based on histology, radiology, and/or elastography. The presence of portal hypertension 

was defined by at least 1 of the following: ascites or hydrothorax (current or controlled, 

within the prior year), varices or history of variceal hemorrhage, platelet count ≤80/nL 

(in the absence of hematological causes of thrombocytopenia). We excluded all patients 

with Child C cirrhosis, a current or prior of overt HE or treatment for HE (history of 

hospitalization for HE, lactulose or rifaximin/neomycin prescription), non-English speaking, 

estimated life expectancy <12 months, pregnancy, severe mobility/cognitive impairment, 

prior liver transplantation, or history of transjugular intrahepatic portosystemic shunt (TIPS). 

Additional details are available in the Supplementary Methods. This study was approved by 

the University of Michigan Health System Institutional Review Board (HUM00132678) and 

all patients provided written informed consent.

Outcomes

The primary outcome was a fall. Patients were surveyed in-person or by telephone quarterly 

to ask “have you fallen in the past 12 months and landed on the floor or hit an object?” and 

“Did (that fall/any of those falls) cause a broken bone, a serious injury like a head injury, 

or cause you to seek medical care?” Medical records of all visits/hospitalizations (including 

to outside facilities) were recorded. Incident overt HE was also recorded as previously 

described.[6] The risk of falls was evaluated in the context of competing risks of death 

(confirmed by family report, review of medical records, and the social security death index) 

or liver transplantation.
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Assessment

Comorbidities were defined by Charlson Comorbidity Index, modified to exclude liver 

disease.[7] All medications were recorded. Alcohol use during the prior 12 months was 

recorded using a validated questionnaire.[8] Alcohol abuse was defined by binge drinking 

(>4 drinks/2 hours for women and >5 for men) or chronic use >7 or >14 drinks/week for 

women and men, respectively. Lab values at the time of enrollment were recorded. Severity 

of liver disease was assessed using the Child classification and MELD-Na.[9]

Assessment of frailty and function

Patients were also asked about falls in the prior 6 months. Frailty was assessed in 3 ways. 

Hand-grip strength in the patient’s dominant hand was evaluated using a dynamometer. We 

counted the number of chair stands (repeatedly rising from a seated position to standing 

and sitting again) performed within 30 seconds. Disability was assessed by Katz Activity 

of Daily Living (ADL) scale of independence in 6 ADLs which was scored as completely

independent or not.(Supplementary Table 1) We assessed psychometric performance using 

the computerized Inhibitory Control Test (ICT),[10] defining covert HE according to 

Amodio criteria (weighted-lures>24).[11] Additional details regarding the ICT and its 

scoring are available in the Supplementary Methods.

Assessment of HRQOL

First, we used the Short-Form 8 (SF-8) which has been validated in patients with liver 

disease, that has a range from 0–100 and can be dichotomized as good (>50) or poor (≤50). 

Second, we determined each patient’s Work-Productivity-Activity Impairment (WPAI). 

Because many (63%) patients were not working at enrollment, we focused on the final 

one-question scale “During the past seven days, how much did your cirrhosis affect your 

ability to do your regular daily activities, other than work at a job,” which ranged from 0 (no 

effect on daily activities) to 10 (completely prevented me from doing my daily activities).

Analysis

All analyses were performed using R and SAS (version 9.4). Cumulative incidence curves 

were drawn to show the risk of falls over time in the presence of the competing risk of 

death or transplantation.[12] Next, we selected a set of predictors that best predict the risk 

of falls. We first used univariate Cox proportional hazards regression to select predictors 

with p-value <0.10 as candidates, accounting for competing risks.[13, 14] We also used 

random survival forest (with default hyperparameters) to further expand the candidate list 

based on variable importance scores.[15, 16] We determined a list of candidate predictors 

based on results from univariate Cox models, random survival forest, and clinical knowledge 

(for example, bilirubin and MELD-Na could not both meet inclusion). Finally, we applied 

the penalized Cox regression with Lasso penalty to select a small set of predictors from the 

candidate predictors, and the penalty parameter was determined by cross-validation method. 

Penalized Cox regression can handle a large number of predictors. The consequence of 

imposing the lasso penalty is to reduce (i.e., shrink) the regression coefficient values towards 

zero. This allows the less contributive predictors to have a coefficient equal to zero. The 

final predictors included falls prior to the baseline assessment, serum sodium, SF-8, and 
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chair-stands (the FallSSS score). A cause-specific competing risk model was used to assess 

the effect of each predictor.

Model Performance, Validation and Accuracy

Model performance was evaluated using the C-statistic (a measure of discrimination) and 

time-dependent receiver operating characteristic (ROC) curve.[17] In predictive models, a 

c-statistic describes how well the model can rank order cases and non-cases. We contrasted 

the performance of our best model, FallSSS, with ICT weighted-lures, chair-stands and 

hand-grip, SF-8 and serum sodium, and MELD-Na. An internal validation was performed 

using a 5-fold cross-validation. This method divides the dataset into 5 sets of 80/20 splits 

(folds) where each 80%-fold is used as the training set for the remaining 20%. Summary 

statistics for this procedure include the c-statistic, AUROC at 6-month intervals, and the 

integrated Brier score (a measure of model accuracy).[18] We conducted two sensitivity 

analyses – 1) evaluating the SSS model in the sample of patients without prior falls and 2) 

re-deriving the individual predictors in the sample without prior falls.

Mortality

We sought to determine the association of incident falls with the risk of mortality, 

independent of the impact of incident HE, using a cause-specific competing risk framework. 

To do so, we treated falls and HE as time-varying covariates. We selected 5 baseline factors 

for risk-adjustment on the basis of biological plausibility: Child class (A versus B), MELD

Na, Albumin, ADL independence, covert HE (based on Amodio’s ICT criteria, weighted 

lures >24), and Charlson comorbidity index. Albumin and MELD-Na were log-transformed.

Results

Cohort characteristics are delineated in Table 1. At enrollment, median age was 60 years, 

56% were male, 70% were Child Class A and median MELD-Na was 9. Overall, 22% 

reported a prior history of falls, none of which were injurious.

Outcomes

During a median follow-up of 1003 days (IQR 640–1102), 141 (47%) patients experienced 

falls, 38 (13%) with injuries. In Figure 1, we detail the cumulative incidence of falls 

stratified by Child class. There were 68 (23%) cases of incident HE, 49 (16%) deaths, and 

13 (4%) transplants. Median time to a fall was 279 (98–595) days. The injuries included 

17 hospitalizations for pain/soft-tissue injury, 8 arm/wrist fractures, 5 hip/femur fractures, 4 

rib fractures, 4 lower-leg fractures, 2 skull fractures/intracranial hemorrhage, and 1 cervical 

spine fracture.

In Table 2, we detail the probability of falls and injurious falls at 1 and 3 years accounting 

for the competing risk of death or liver transplantation across multiple subgroups. The 

overall probability of falls was 28.8% and 50.2% at years 1 and 3; the probability of 

injurious falls was 9.1% and 16.5%. The subgroups with the highest risk of falls and 

injurious falls were those with prior falls and any disability. The groups with the lowest risk 
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of falls were those aged <60 years and those without prior falls, however in both cases the 

3-year probability of falls rose to >40%.

Risk factors for Falls

Using competing-risks regression, we determined univariable associations with falls, 

accounting for the competing risk of death or transplantation.(Supplementary Table 2) 

The strongest predictors (sHR) were baseline reports of prior falls (4.08), sodium (0.92 

per meq/L), chair-stands (0.92 per stand), SF-8 score (0.97 per point), albumin (0.66 

per mg/dL), ADL-independence (0.44), anti-depressant use (2.07), gabapentin use (2.05), 

benzodiazepine use (1.90) and opioid use (1.82). Several factors that were associated 

with falls in univariable analysis were not included in the final model after multivariable 

adjustment and statistical variable selection. These include MELD-Na, benzodiazepines, 

opioids, antidepressants, and cognitive dysfunction (>24 weighted-lures). The final 

multivariable model for fall risk included prior falls, sodium, SF-8, and chair-stands – the 

FallSSS score.

Validation Performance (Discrimination and Calibration) and Accuracy

The results of the 5-fold cross-validation are summarized in Table 3. We compare the 

FallSSS score to MELD-Na, cognitive function (ICT weighted-lures), physical function 

(chair-stands and hand-grip), and FallSSS components. For the prediction of injurious falls, 

whereas MELD-Na was poorly discriminative (AUROC ≤0.57 at multiple time-points), 

inaccurate (c-index 0.54), FallSSS was much stronger. The AUROC for FallSSS at 6-months 

was 0.79, 0.81 at 12-months, with the highest c-index of the models (0.74) and the best 

(lowest) Brier score (0.11) indicating better calibration. In Supplementary Table 3, these 

relationships hold for predictions of any fall. The AUROC for any fall at 6- and 12-months is 

0.75 and 0.73 while MELD-Na performs no better than for injurious falls.

We conducted two sensitivity analyses of the cross-validated models. First, we assessed the 

performance of the SSS score in patients without a prior history of falls. In this case, the 

c-index was 0.60 and the AUROC peaked at 18 months with 0.64. MELD-Na had a c-index 

of 0.53 and an AUROC at 18-months of 0.54 while ICT weighted-lures had a c-index of 0.51 

and an AUROC of 0.51 at 18-months. Second, we repeated the variable selection procedures 

excluding patients with prior falls. In this case, the most predictive variables were INR, 

NAFLD, sodium, age, and chair-stand performance. However, the cross-validated AUROC 

also peaked at 18-months with 0.68.

Association of Falls with Mortality

Overall, patients incurring falls in follow-up were at higher cumulative risk of mortality.

(Figure 2) We evaluated the association of incident falls and HE on the risk of mortality 

using a time-varying multivariable cox model accounting for the competing risk of 

transplantation.(Table 4) We selected a model for mortality based on conventional, baseline 

risk factors – Child class, MELD-Na, Albumin, Charlson comorbidity index, and ADL

based disability – and evaluated falls and HE as two time-varying factors to determine their 

independent association with morality. In this model, both falls – sHR 2.91 95%CI(1.55–

5.44) – and HE – sHR 4.36 95%CI(2.33–8.53) – were strongly and independently associated 
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with mortality. Falls and incident HE were not associated, with most cases of HE happening 

long after the index fall.(Supplementary Figure 1A–B)

Discussion

The epidemiology of cirrhosis is shifting. Patients are presenting with cirrhosis at older ages 

with metabolic or alcohol-related etiologies.[19] The comorbidities associated with these 

conditions – sarcopenia, frailty, neuropathy, retinopathy, polypharmacy – are each associated 

with increased fall-risk in contemporary patients with cirrhosis.[20, 21] Our prospective 

study highlights the value of expanding fall-risk screening to patients with cirrhosis, even 

those who are compensated without prior HE. We also demonstrate the substantial harms 

associated with falls and therefore the potential for benefit in interventions to address 

fall-risk.

Falls are common and serious in people with cirrhosis

Our study shows that the risk of falls is high in persons with cirrhosis, irrespective of 

baseline Child classification. These data confirm and extend a prior short-term (<1 year) 

study in decompensated patients with highly prevalent HE.[22] Falls impact patients with 

compensated cirrhosis at a high-rate that is not simply commensurate with MELD-Na score 

or prior history of cirrhosis complications. Even among patients without prior falls who 

have a lower 1-year probability of falls, that probability still rises to 41% by 3-years. 

We also show that fall-related injuries are common. For patients with alcohol-related liver 

disease, any degree of disability, or prior falls at baseline the probability of an injurious 

fall at 3-years ranges from 1-to-2 in 5. Whereas we previously showed that patients with 

cirrhosis seeking emergent care for falls were more likely to incur serious injuries compared 

to others including those with congestive heart failure,[23] these data are derived from a 

well-phenotyped prospective cohort providing incidence rates and granular risk-adjustments. 

Our study shows that, adjusting for baseline indices of disease severity as well as impact 

of incident HE, incident falls are associated with an increased risk of mortality, sHR 2.76 

95%CI(1.46–5.24).

Falls are predictable

We have identified a predictive model for falls – FallSSS (Fall history, sodium, SF-8, and 

chair-stands). The most potent predictor of falls is a past history of falls. As above, the 

USPSTF already recommends screening for fall history among community-dwelling adults. 

Our modeling shows that in addition to fall history, there is incremental risk discrimination 

in the patient’s sodium level, frailty (measured best in this instance with timed chair-stands), 

and HRQOL. One prior study by Soriano et al evaluated the ability of psychometric 

testing to predict falls and demonstrated utility. Unfortunately, psychometric testing is rarely 

performed in clinical practice,[24] particularly among persons with prior HE where the 

clinical utility of testing is unclear.[25] In our study of people without prior HE, 70% 

of whom were Child A, the ICT, a point-of-care psychometric test, performed poorly in 

predicting falls. Additional data are needed, however, to evaluate promising, universally 

applicable tests of cognitive function such as the Animal Naming Test.[26]
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Our study adds 3 novel independent predictors. First, chair-stands predicted falls. They are 

a validated measure of frailty in cirrhosis that correlates with sarcopenia reflects lower body 

strength and co-ordination.[21, 27, 28] Second, serum sodium predicts falls. It has been 

associated with disordered neurotransmission, cognitive function, and poor HRQOL.[29] 

Third, just as we found that HRQOL was strongly associated with incident HE, so too is it 

linked with incident falls.[6] Poor HRQOL is a pragmatic biomarker that efficiently reflects 

causal factors that vary from patient-to-patient, many of which are associated with fall-risk 

including cognitive dysfunction, psychoactive medications, poor sleep, and frailty.[6, 30, 

31] In patients without prior falls, the SSS model, performs best at 18-months. When we 

repeated the modeling procedures, we find that age, INR, and NAFLD are also predictors of 

falls in models including sodium and chair-stands, however the incremental predictive value 

is limited.

It is also notable that sedative medications, which are associated with falls in older adults 

with mild-moderate Alzheimer’s,[32]were not associated in our multivariable modeling. 

Our model includes HRQOL and frailty which are better functional expressions of the 

indications for (or effects of) sedative load. We previously found that a model including 

MELD-Na, HRQOL and frailty (timed chair-stands) predicted the development of incident 

HE.[6] We found, similarly, that psychoactive medications were not associated with HE 

when accounting for these other factors.

Building interventions

The United States Preventive Services Task Force (USPSTF) recommends assessing 

community-dwelling persons over the age of 65 for fall-risk as simply as inquiring about 

a history of falls in the prior year in order to suggest exercise interventions.[33] Most falls 

occur due to slipping, stumbling, or tripping during walking and the subsequent failure to 

swiftly correct the perturbation.[21] As we have found, each individual patient with cirrhosis 

may have various deficits in the neuromuscular capacities underlying fall risk relating to 

cognitive function, muscle strength, tactile sensation, visual contrast, and/or proprioception.

[20] Interventions should be tailored to the specific deficits. Patients can be referred to 

physical or occupational therapists, undergo balance perturbation training, and consideration 

of HE-directed therapy for those with cognitive dysfunction could be considered.

Contextual Factors

Our data must be interpreted in the context of the study design. First, we included patients 

with portal hypertension who are at higher baseline risk of adverse events than those 

without.[34] Second, although Child A-B patients represent the vast majority of outpatients 

with cirrhosis, we excluded patients with prior HE and Child C cirrhosis, limiting 

generalizability to sicker patients. Nor did we compare outcomes to controls. However, 

national data from the US, England, and Denmark show that injurious falls and fractures 

are more common in patients with cirrhosis and that, based on English and Danish data, 

injury risk is not associated with disease severity.[22, 23, 35] Third, falls were ascertained 

by self-report, although injuries were confirmed with chart review. Fourth, although we 

assessed the robustness of our data using cross-validation, our model has not been validated 

in an external cohort. Fifth, we did not present data on the circumstances preceding falls and 
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cannot exclude the possibility that our model predicts the risk of triggers (e.g. infection). 

However, as falls were associated with mortality independent of HE suggests that our model 

provides novel information. Finally, we evaluated chair-stands and hand-grip but not the 

liver frailty index (LFI) as our study was initiated prior to its validation.[36] Although we 

suspect the LFI and balance testing could discriminate risk further, fortunately hand-grip and 

chair-stands provide equal risk discrimination for mortality.[37]

Conclusion

Our study draws attention to falls, an overlooked cause of morbidity and mortality in 

patients with cirrhosis. Studies to define the specific neurophysiological perturbations 

underlying fall-risk will inform the design of interventions to reduce the harms of falls. 

Trials of tailored interventions are warranted. The population studied here, largely Child A, 

is at high risk but also likely more amenable to risk-reduction interventions owing to their 

lower medical complexity. These data provide both an estimate of fall incidence to power 

intervention studies and a method to stratify risk for trial inclusion.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

1. The 1- and 3-year risk of falls is 29% and 50%; 9% and 16% for injurious 

falls

2. The top predictors of falls were prior falls, chair-stand performance, serum 

sodium, and quality of life (measured with SF-8), forming the FallSSS score

3. Incident falls were associated with an increased risk of mortality.
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Figure 1: Incidence and Risk of Falls
The cumulative incidence of falls (accounting for the competing risk of death or 

transplantation) is displayed stratified by baseline Child class (Gray’s test, p=0.22).
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Figure 2: Falls and Mortality
The cumulative incidence of mortality (accounting for the competing risk of transplantation) 

is displayed stratified according to whether the patients incurred a fall or not (Gray’s test, 

p=0.002).
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Table 1:

Characteristics of the 299-person Cohort at Enrollment

Age, years 60 (52–66)

Education, years 14 (12 – 16)

Sex, male 169 (56.3%)

Body Mass Index, kg/m2 29 (26 – 34)

Etiology*

Hepatitis C 30%

Alcohol 22%

NAFLD 21%

Other 25%

Hepatocellular Carcinoma 22 (7.3%)

Child class A 209 (70%)

Varices 229 (76%)

Ascites 122 (41%)

Ascites requiring paracentesis (at any point) 30 (10%)

Platelet count < 80,000 111 (37%)

Any current alcohol use 92 (31%)

Current alcohol abuse 22 (7.3%)

Charlson Comorbidity Index 4 (1 – 4)

Laboratory Values

MELD-Na 9 (7 – 13)

Bilirubin (mg/dL) 1 (0.7 – 1.6)

Creatinine (mg/dL) 0.9 (0.7 – 1.04)

INR 1.1 (1 – 1.2)

Sodium (meq/L) 140 (138 – 141)

Albumin (mg/dL) 4 (3.6–4.3)

Markers of Frailty

Incompletely independent in ADLs 27 (9%)

Chair stands 10 (7– 13)

Hand grip, kilograms 31 (22 – 39)

Self-reported falls in past 6 months 65 (22%)

Medication Reconciliation (chronic current use)

Diuretics 120 (40%)

Nonselective Beta-blockers 180 (60%)

Benzodiazepine 55 (18%)

Opioid 66 (22%)

Antidepressant 54 (18%)

Inhibitory Control Test (ICT) Performance

Lures 12 (7 –22)

Targets 94.3 (84 – 98)
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Weighted lures 14.5 (8.2 – 37.8)

Cannot complete ICT 38 (13%)

ADL = activities of daily living, INR = international normalized ratio, MELD-Na = model for endstage liver disease – sodium, NAFLD = 
nonalcoholic fatty liver disease
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Table 3:

Discrimination, Accuracy and Validation of Models in Predicting Injurious Falls

Results of 5-Fold Cross-Validation

AUROC C-Index Brier Score

Model
6

months
12

months
18

months
24

months

Overall Overall

MELD-Na 0.51 0.56 0.57 0.56 0.54 0.12

ICT weighted lures 0.53 0.54 0.53 0.53 0.53 0.12

Chair-stands and hand-grip 0.72 0.75 0.74 0.71 0.69 0.11

SF-8 and Sodium 0.71 0.76 0.75 0.70 0.69 0.11

FallSSS Score 0.79 0.81 0.80 0.76 0.74 0.11

AUROC (area under the receiver operating characteristic curve), ICT (inhibitory control test), MELD-Na (Model for Endstage Liver Disease
Sodium), SF-8 (Short-form 8), and FallSSS score (Prior Falls, serum Sodium, SF-8, and number of chair-Stands performed within 30 seconds). 
AUROC and c-indices lack confidence intervals as they the product of cross-validations.
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Table 4:

A multivariable model for mortality accounting for the competing risk of liver transplantation

Multivariable sHR
(95% Confidence Interval)

p-value

Baseline factors

Child A
(versus Child B)

0.36 (0.16 – 0.83) 0.02

MELD-Na
(log-transformed)

0.94 (0.37 – 2.36) 0.89

Albumin
(log-transformed)

0.004 (0.0004–0.03) <0.0001

Independence in activities of daily living 0.58 (0.25 –1.32) 0.19

Weighted Lures > 24 2.08 (1.00–4.35) 0.05

Charlson score 1.05 (0.97–1.14) 0.19

Time-varying factors

Incident Falls 2.76 (1.46–5.24) 0.002

Incident Hepatic Encephalopathy 4.25 (2.15–8.41) <0.0001

MELD-Na (Model for Endstage Liver Disease-Sodium), Weighted-lures >24 is a measure obtained from Inhibitor Control Testing that is associated 
with covert hepatic encephalopathy.
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