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Abstract

Background: Frailty is common in cirrhosis and associated with mortality, hospitalization, and
reduced quality of life. Interventions aimed at forestalling frailty are limited by a lack of
understanding of underlying physiological deficits.

Aims: This study’s aim was to examine contributions of discrete sensorimotor and neurocognitive
capacities to conventional frailty measures of unipedal stance time, chair stands, and grip strength.

Methods: This cross-sectional study enrolled 119 outpatients with cirrhosis (50% female, aged
62.9+7.3 years). Capacities included sensory (lower limb sensation and visual contrast),
neurocognitive (Number Connection Test (NCT) A and B, simple and recognition reaction time),
and muscular (hip/core strength determined by lateral plank time (LPT)). Bivariate analyses and
linear regression models were performed to identify significant contributors to each frailty
measure.

Results: The average performance was 9.8 + 3.9 chair stands, 12.7 s £ 9.9 unipedal stance time,
and 60.3 + 25.6 Ib grip strength. In multivariate models, factors explained 40% of variance in
unipedal stance and 43% of variance in chair stands. The LPT was most strongly associated with
unipedal stance and chair stands. Grip strength was associated with LPT, but did not have
physiologic predictors.
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Conclusions: Clinically useful measures of frailty in adults with cirrhosis can be explained by
disease severity but also deficits in strength and neurocognitive function. Recognition reaction
time, a novel measure in cirrhosis, had a significant contribution to frailty. These findings have
implications for frailty assessment and suggest that the optimal rehabilitation approach to frailty
targets neurocognitive function in addition to strengthening.
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evaluation

Introduction

Methods

The incidence and prevalence of cirrhosis are increasing, as are the disease-related costs
which are driven by cirrhotic complications. (Baki and Tapper, 2019; Tapper and Parikh,
2018) The complications of cirrhosis have multi-system consequences that result in
decreased physiologic reserve and accelerate the patient’s risk of hospitalization and death.
(Bajaj et al., 2011; Lai et al. 2018; Tapper et al., 2015) Frailty is a concept that quantifies
physiologic reserve and is associated with poor outcomes, independent of traditional
measures of disease severity such as Child Class and MELD. (Lai et al., 2016; Tandon et al.,
2012; Tapper et al., 2015) The most widely validated frailty tools among populations with
cirrhosis are measures of physical function. (Dunn et al., 2016) An index which combines
grip strength, chair stands, and balance — the Liver Frailty Index (LFI) — has been
extensively validated in transplant-waitlisted patients. (Lai et al, 2015; Lai et al., 2018; Lai et
al., 2019) The LFI effectively operationalizes the concept of physical frailty; however, it
does not elucidate the mechanism(s) responsible for frailty in a given patient. Data are
currently lacking to support the reversibility of frailty (Gine-Garriga et al., 2014; Lai et al.,
2016; Lai et al., 2017; Sayer et al., 2006) but efforts to reverse frailty have lacked specific
targets. Knowledge of the underlying physiologic capacities that drive frailty will improve
understanding of the frailty phenotype in cirrhosis and guide targeted interventions. In older
adults, studies which measure capacities allowing the tailoring of physical interventions for
frailty have shown promising results for improving strength. (Dipietro et al., 2019) However,
the multi-system deficits responsible for frailty in the context of cirrhosis are more complex.

To address these knowledge gaps, the aim of this study was to identify the specific capacities
that independently contribute to frailty in cirrhosis. We hypothesize, based on our previous
work (Murphy et al., 2019, Richardson et al., 2017), that deficits in sensory, cognitive,
and/or muscle force generating capacities underlie measures of frailty commonly applied to
patients with cirrhosis.

This cross-sectional study was approved by the University of Michigan Medical School
Institutional Review Board (Ann Arbor, MI). Participants were recruited through the
Hepatology clinic at Michigan Medicine beginning in August 2018 and ending in April
2019. Individuals who were scheduled for an upcoming visit at the clinic were sent a letter
informing them of the opportunity to participate in the study. Participants who did not opt
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out of talking to the study team were called by the research coordinator or were approached
in the clinic on the day of their appointment for a 60-minute examination in a clinic room.
Inclusion criteria were: age = 50, evidence of portal hypertension (platelet count < 100,
ascites, history of hepatic encephalopathy, or varices). Potential participants were excluded
based on the following criteria: living in a nursing home, one or more episodes of binge
drinking in the 3 months prior to study, use of a wheelchair as a primary method of mobility,
hospitalization in the 30 days prior to data collection, or other issues precluding meaningful
participation in study procedures (e.g., blindness, lower limb amputation, or inability to
understand research procedures in English). All assessments were performed by one
experienced team member.

Demographic and Clinical Factors

Demographic variables included age, biological sex, race and ethnicity, level of education
completed, and work status. Health status measures of disease severity (MELD-Na, Child
Class), history of hepatic encephalopathy, and disease complications were ascertained
through medical record review. Depressed mood was assessed by the Patient Reported
Outcomes Measurement System (PROMIS) Depression Short Form 4a. (Pilkonis et al.,
2011) Overall physical function was measured by the PROMIS Physical Function Short
Form 8b. PROMIS measures are scored with reference to population norms on a T scale,
where the mean is 50£10. (Cella et al., 2010)

Frailty Assessments

Frailty measures included the 30 second chair stand test, (Jones et al., 1999) unipedal stance
time, and grip strength. The outcome for the chair stand test was the number of times
participants completed a full stand from a chair 20 inches high without using upper limb
support during a 30 second period. The outcome for unipedal stance time was the number of
seconds participants could stand on one leg without upper extremity support. Participants
were allowed to place their elevated foot in any position except bracing it on the stance leg.
This commonly-used balance test is useful in the identification of peripheral neuropathies, as
well as the identification of increased fall and injury risk in older adults. (Hurvitz et al.,
2000; Richardson et al., 1996; Vellas et al., 1997) Participants performed 3 trials on each leg
and the mean of the 6 trials was used for analysis. Grip strength was measured by using a
Jamar hand dynamometer (Lafayette Instruments) in pounds of pressure. Three trials were
performed for each hand, with the participant sitting upright with their arm flexed 90 degrees
at the elbow. (Mathiowetz et al., 1984) The greatest measure of 6 trials was used for the
analysis. (Roberts et al., 2011)

Sensory Assessments

Sensory processing was assessed via tests of lower limb sensation and visual contrast
severity. To measure lower limb sensation, a vibratory test was performed using a 128-Hz
tuning fork applied to the skin immediately proximal to the nail bed of each great toe. The
score represents the time from placement of the tuning fork to the time participants reported
that the sensation was extinguished.(Oyer et al., 2007) Fewer seconds of vibration
perception correlate strongly with less precise ankle proprioceptive precision and worse
balance.(Donaghy et al., 2016) The mean time of the right and left sides was used in the
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analysis.(Donaghy et al., 2016) Visual contrast sensitivity was assessed using the Melbourne
Edge Test.(Haymes et al., 2004) This validated test involves a specialized eye chart to assess
ability to detect visual contrasts. At a distance of 40 cm, participants are asked to identify
the darker shaded orientation of the edge within each circular test patch, beginning at the top
of the chart. The test is stopped after two consecutive incorrect responses are made. Contrast
sensitivity was recorded as the last correctly identified edge, in decibels (dB). A higher dB
score means better ability to detect visual contrast and the maximum score is 24 decibels. A
score of < 16 indicates deficits in contrast sensitivity for individuals under the age of 65, and
those over age 65 have a deficit when scoring < 15.(Haymes et al., 2004)

Neurocognitive Assessments

Simple reaction time (SRT) and recognition reaction time were measured using the
ReactStick, a validated performance-based assessment (Eckner et al., 2012; Van Schooten et
al., 2019) designed to be used in clinic settings. This test has good — excellent test-retest
reliability at time periods of one and four weeks from initial assessment [intraclass
correlation coefficients (ICC) > 0.6]. (Eckner et al., 2009; van Schooten et al., 2019) It is an
instrument resembling a yard stick with a small rectangular housing at one end which
incorporates accelerometers, circuity, lights, a battery, and digital readout.

Simple Reaction Time: To assess SRT participants sat with the ulnar aspect of their
dominant forearm resting on a desk of standard height (73 to 75 cm). The research staff
member held the device at the top of the shaft allowing the housing to approach the
participant’s hand. The participant positioned their hand around the ReactStick housing
without touching it. The examiner then released the ReactStick at random intervals between
2 and 6 seconds (see Figure 1 Panel A). The participant was instructed to catch the device as
quickly as possible after its release. Accelerometers within the housing determine the
instants of acceleration and deceleration and the elapsed time between these is presented in
milliseconds (ms). Participants performed 2 practice trials and 8 data acquisition trials. The
mean of the 8 data acquisition trials was used in the analysis.

Recognition Reaction Time: Participants were tested in the same posture as was used
for determination of SRT. However, in this test, light-emitting diodes on the top of the
ReactStick illuminate at the moment of release during 50% of the trials in a fully random
pattern such that neither participant nor examiner is aware (See Figure 1 Panels B and C).
Participants were instructed to catch the falling ReactStick only during those trials when the
diodes illuminated, and to resist catching it when the diodes did not turn on, consistent with
a standard go/no-go testing paradigm (Richardson et al., 2017). Verbal instructions
emphasized response accuracy, not speed. Participants performed 4 practice trials, and then
20 data collection trials. Recognition reaction time was recorded as the percentage of
correctly performed trials/total number of trials. Of note, given that the ReactStick released
from standard desk height strikes the floor within approximately 390 ms, participants were
forced to make the decision to grasp the device, or inhibit that impulse, under significant
time pressure. This differentiates it from most other tests of inhibitory executive function.
We were also interested in examining whether there were differences in accuracy between
trials in which the diodes illuminated (ON trials) and did not (OFF trials). ON accuracy was
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the number of successful ON trials/ number of ON trials. OFF accuracy was the number of
successful OFF trials/ number of OFF trials.

Number Connection Tests: The Number Connection Tests A and B (NCT-A and NCT-
B respectively) were also used to measure neurocognitive factors. They are timed paper-and-
pencil tests that assess dimensions of executive function such as processing speed and
visuospatial orientation. NCT-B also assesses selective attention. NCT-A and NCT-B have
been found to be valid and reliable assessment tools used in the detection of cognitive
dysfunction with approximate age-adjusted upper-limits of normal of 60 and 120 seconds for
NCT-A and NCT-B.(Weissenborn et al., 1998)

Strength Assessments

Analysis

Hip and trunk strength was assessed using LPT.(Donaghy et al., 2016) Participants
performed a lateral plank on each side, with knees either flexed or extended and were timed.
The number of seconds in the knees flexed position was multiplied by 0.5, given that task is
easier to perform. (Donaghy et al., 2016) The maximum score is 60 seconds. The research
team member first demonstrated the LPT with knees bent and straight, and provided verbal
and physical cues for positioning when indicated. Time to failure was determined by the
participant’s inability to maintain alignment of the trunk and thighs. Trials were conducted
on a clinic exam table for those who requested or were unable to get on or off the floor.
Participants then performed one trial on each side. The average of the right and left trials
was used for analysis.

Descriptive statistics were performed to characterize the sample. Bivariate correlations
(Pearson’s 7) were conducted between and among candidate predictor variables and each of
the frailty measures. Three stepwise regression models were performed with chair stand,
unipedal stance time, and grip strength as outcomes respectively. We included factors that
correlated at .25 or greater with any of the frailty outcomes for inclusion in the models;
however, if no variables were associated at that level with the outcome being modeled, we
ensured there was at least one factor from each type of capacity (sensory, neurocognitive,
muscular) and chose the one with the highest correlation for inclusion in the model. Due to
moderate to high inter-correlations between reaction time variables (rranging from .4 - .9)
and between NCT-A and NCT-B tests (r=.55), the one most strongly associated with the
outcome was included to reduce the risk of multicollinearity. We used a stepwise procedure
with inclusion of p = .05 and exclusion of p = .10. Because of the log transformation of
unipedal stance, we calculated the percentage change in the average value of unipedal stance
time per unit increase in each predictor to interpret unstandardized beta coefficients.
(Vittinghoff et al., 2012) SPSS version 24.0 (Armonk, NY: IBM Corp.) was used for
analyses.
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Results

Cohort Characteristics

As shown in Table 1, participants were 50% female, had a mean age of 62.9 years, 35% had
a 4-year college or graduate degree, and 51% were retired from working. Nineteen percent
were classified as Child Pugh B or C, with a mean MELD-Na score of 11. All participants
had portal hypertension and 62% had varices. The sample had a mean physical function T
score of 42; 64% had a score a half SD or greater below the PROMIS normative sample
indicating worse physical function.

Frailty Measures

Table 2 shows the sample’s frailty and capacity characteristics and Figure 2 shows sample
means compared to published norms of healthy adults. The unipedal stance time of the
sample was 12.7 seconds, which is below the normative values for healthy adults aged 60 —
69 of 26.9 seconds (Springer et al., 2001). A difference in unipedal stance time was found
for women and men with women having significantly lower mean time (10.8 £9.0 vs. 14.5 +
10.5 sec; t (117) = 2.04; p = .044). The number of chair stands completed in 30 seconds was
10.1 for the sample which did not significantly differ between women and men. Chair stands
in this sample are below the criterion-referenced standard of the number of chair stands
needed to maintain physical independence in later life among adults aged 60 — 69 years -- 15
for women and 17 for men (Rikli et al, 2012). Grip strength of 45 and 76 lbs for women and
men respectively for this sample is well below the norms for women and men age 60 — 64
years (55 and 89 Ibs/ pressure) (Mathiowetz et al., 1984).

Capacity Measures

For sensory measures, visual contrast severity on the Melbourne Edge Test did not indicate
impairment for the sample (mean = 22 dB); 8 people in the sample had values of 16 or less
that indicated impairment. Vibratory sense (mean = 9s) was diminished relative to reports of
healthy adults, akin to a cohort with diabetic neuropathy (33). The numbers connection tests
showed 11% of the sample (12/113) had a score of greater than 60 seconds on the NCT A
and 33% (37/113) had a score greater than 120 seconds on NCT B. The mean SRT of 227 +
50 ms in the cirrhosis participants is slower than that of healthy older adults (mean age 72.4
years) who demonstrated mean SRT of 170 + 25 ms. (unpublished data) Recognition
reaction time was 62 + 18%. Participants were more accurate during the ON trials (74 +
19%) where they needed to catch the ReactStick when the diode was illuminated than during
the OFF trials (49 £ 28%). The latter test has been more challenging in all cohorts evaluated
thus far, which highlights the challenge associated with rapid inhibitory function under
intense time pressure. The mean LPT (representing muscular capacity) was 16.3 + 13.7
seconds. Almost 20% (17/102) were not able to perform the plank or maintain it for 2
seconds.

Contributors to Frailty Measures

Unipedal Stance: From stepwise regression, 40% of the variance in unipedal stance was
explained by the factors in the model. In Table 4, the standardized beta coefficients show
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that lateral plank had the greatest contribution to unipedal stance (8 = .43), followed by
MELD score (8= -.27) and recognition reaction time (8= .22). Associations between each
factor and unipedal stance are depicted by the unstandardized beta coefficients (B). For
every one second increase in lateral plank time, there is a 3% increase in unipedal stance
time, for every point increase in MELD score, there is a 5% decrease in unipedal stance
time. For every 1% increase in recognition reaction time, there is a 1% increase in unipedal
stance time.

Chair stands: Similar to factors in the stepwise regression model with unipedal stance as
the outcome, lateral plank had the strongest association with number of chair stands
performed (8 = .36), followed by Meld score (£ =-.33)and recognition reaction time (8
=.26). These factors explained 43% of the variance in chair stands. For every second
increase in lateral plank time, number of chair stands increases by .1. Given that the mean
number of chair stands is 10, this equates to a 10% increase in chair stands. For every point
increase in MELD score, number of chair stands decreases by .3. For every percent increase
in recognition reaction time, there is a .06 increase in number of chair stands.

Grip strength: In the stepwise model, the factors explained 43% of variance in grip
strength. Of the sensory, muscular, and neurocognitive measures assessed, only lateral plank
(B =.21). was significantly independently associated with grip strength. Demographic
variables of sex and age were most associated with grip strength (8= -.54 and —.23
respectively). For females, there is a 28 Ibs/ pressure decrease in grip strength. For each year
older, grip strength decreases by .9 Ibs /pressure. For every second increase in lateral plank
time, there is a .21 increase in lbs/ pressure in grip strength.

Discussion

Frailty has emerged as an important construct in cirrhosis because it enhances prediction of
poor outcomes which can be useful in medical decision making.(Lai et al., 2018; Lai et al.,
2019; Tapper et al., 2015, Tapper et al., 2019) However, frailty remains poorly characterized.
Although frailty results from deficits in multiple body systems, it is typically understood
through quantification of physical attributes. In order to craft effective interventions to
address frailty and prevent its complications, we must expand our understanding of frailty to
include the specific impairments responsible for it. In this prospective study of 119 persons
with cirrhosis, our data determines the physiologic capacities responsible for poor
performance of three components of the LFI, a standard frailty assessment. We found that,
while grip strength was related most strongly to sex and age effects, unipedal stance and
chair-stands elucidated deficits in capacities that are amenable to intervention. Specifically,
in addition to disease severity, these measures were most associated with muscular and
neurocognitive capacities.

Postural control for balance and standing depends on neurocognitive capacities

Our study provides support for the assessment of neurocognitive capacities as part of the
frailty phenotype. Previous work from our group has shown that hepatic encephalopathy is
strongly associated with frailty and confounds the association between frailty and transplant-
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free survival.(Tapper et al., 2018) Reduced neurocognitive capacities have been associated
with postural control deficits in other studies such as reduced reaction time in people with
minimal hepatic encephalopathy versus those without minimal hepatic encephalopathy
(Urios et al., 2017) and reduced attentional processing during a dual task paradigm.(Rankin
et al., 2000) Our findings extend these data by showing that two of three frailty measures,
unipedal stance time and chair rise, are associated with neurocognitive capacities
independent of lower limb sensorimotor function, age, and disease severity. In this study in
which a number of neurocognitive factors were assessed, recognition reaction time was more
strongly associated with frailty measures than commonly used paper and pencil (NCT) tests.
Recognition reaction time added 6% to the overall variance in chair stands and 3% to overall
variance in unipedal stance time above and beyond other factors in the models. These
findings are consistent with prior work finding that total and/or OFF recognition reaction
time have predicted unipedal stance time, response to perturbation during gait, severe fall-
related injuries, and retrospective falls in cohorts of older adults with and without diabetic
neuropathy. (Eckner et al., 2012; Richardson et al., 2017) The ReactStick is a unique test
which taps several aspects of executive function such as selective attention, inhibitory
control, and processing speed so as to respond with approximately 380 ms. Further,
dropping a 3 dimensional device likely activates visuomotor pathways, rather than
visuoperceptual, and so better approximates responses that occur in real-life, such as
reacting to an unexpected event while driving or walking. In contrast, paper and pencil and
computer-based tests are not likely associated with visuomotor pathway activation or intense
time pressure. (Murphy et al., 2019; Van Schooten et al., 2019) Simple reaction time was not
correlated with any of the frailty measures in this study and was not a strong predictor of
age-related cognitive decline in a prior study. (Eckner et al., 2012) The ReactStick measure
was designed to be feasible to use in clinic settings, requires minimal training of the
assessor, and can be done in 5 — 10 minutes. Future studies should compare performance of
the ReactStick to conventional measures like the LFI. Furthermore, there is clearly a role for
studies that address the initiation or intensification of therapy directed at neurocognition
(e.g. lactulose) in the multimodal treatment of frailty.

Lateral plank time is more associated with physiologic capacities than grip strength

Grip strength is often used as a proxy for whole body strength, and is useful for diagnostic
and clinical reasons in cirrhosis such as in measurement of nutritional status (Alvares-da-
Silva and Reverbel da Silveira, 2005; Amodio et al., 2013; Peng et al., 2007;) and body cell
mass.(Figueiredo et al., 2000) In our study, grip strength was only moderately associated
with hip strength as measured by LPT, suggesting that grip strength may not diminish as do
other indicators of strength. LPT had strong associations with the performance-based
mobility tests of frailty. Although the LPT is not a commonly performed assessment, given
its relative importance to frailty measures and the relative ease of performing it in the clinic,
this measure may be useful to quickly assess underlying muscular deficits associated with
frailty.

Designing interventions for frail persons with cirrhosis

Our findings have potential implications for treatment. Few interventions are available to
reduce frailty for people with cirrhosis. While exercise, adequate nutrition, and physical
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activity are recommended, (Tandon et al., 2018; Trivedi and Tapper, 2018) these
interventions do not specifically address hip/trunk strength or underlying neurocognitive
deficits that we find to be associated with frailty. However, there is evidence that physical
interventions have laudatory cognitive benefits. For instance, resistance training has been
shown to improve executive function in some studies (Landrigan et al., 2019, Li et al., 2018)
and other work has shown that cognitive training translates to improvement in postural
control and gait. (Ng et al., 2015; Smith-Ray et al., 2013; Verghese et al., 2010) Given the
little research in this area, interventions that target neurocognitive function will be needed to
understand if and how frailty in cirrhosis can be improved. Multiple options are available.
These could include prospective trials of lactulose or other hepatic encephalopathy-directed
therapy. Finally, to the extent possible, strengthening should focus on hip/trunk musculature
as strength in this distribution more strongly influenced frailty measures than did grip
strength, which is an accepted measure of generalized strength.

Contextual factors

Conclusion

These data must be interpreted in the context of the study design. First, these data are
derived from the general Hepatology clinic of a tertiary referral center in the Midwestern US
and may not generalize to other settings. Second, the cross sectional design limits the ability
to understand the influence of capacities on frailty status over time. Third, though a sample
of 119 subjects is not small, it is unclear whether some covariates would prove significant in
larger studies. Further, beyond the cirrhosis diagnosis, other comorbidities such as diabetes
or osteoarthritis may attenuate the relationship of physiological attributes and frailty
measures and could be measured in future studies. In future assessment of grip strength,
larger samples will be needed to tease out how grip strength and other capacities, such as
LPT, differ by sex and age. As LPT was a key capacity associated with frailty, future studies
to establish norms by age ranges and sex would aid interpretation of deficits by these
subgroups within the cirrhosis population. In addition, although validated in other cohorts,
many of these assessments have not been validated within the cirrhosis population which
would be helpful to characterize the specific psychometric properties of these measures.
Lastly, longitudinal studies will also be needed to better understand effects of neurocognitive
contributors to frailty as it will be helpful to discriminate acute hepatic encephalopathy
versus neurocognitive deficits that are stable over time.

We sought to identify the specific physiologic contributors to frailty in a cohort of patients
with cirrhosis. Although frailty spans multiple body systems, muscular and neurocognitive
factors were most associated to frailty. Further research is needed to determine if these select
muscular and neurocognitive assessments may help improve the frailty phenotype. In
addition, interventions should be developed and tested to determine if hip strengthening and
neurocognitive benefits can be attained to improve frailty status.
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Figure 1.
ReactStick Device for Assessment of Reaction Time

Panel A: ReactStick Simple Reaction Time (SRT) Test. The device is dropped and the
participant needs to catch it as quickly as possible

Panel B: ReactStick Recognition Reaction Time Test showing the condition where lights
illuminate as the device is dropped which is the indicator for the participant to catch the
device.

Panel C: ReactStick Recognition Reaction Time Test showing the condition where lights do
not illuminate when the device is dropped and the participant must resist the urge to catch
the device.
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Panel A. Frailty measures for Men and Age- and Sex-Matched Normative Values
Panel B. Frailty Measures for Women and Age- and Sex-Matched Normative Values
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Characteristics of Sample (N =

Table 1.
119)

N Mean (SD) or % (N) Range

Demogr aphics
Age, years
Sex, female
Ethnicity - Hispanic
Race — White
Black/Asian
Education
Bachelors or graduate degree
Work status - Retired
Body Mass Index, kg/m?
Clinical Status
Etiology
NAFLD
Alcohol
HCV
Autoimmune
PBC
HCV and ETOH
HCV and NAFLD
Other Child Pugh Score
A
B
C
Presence of Varices
MELD-Na
Depression (PROMIS t-score)
Physical Function (PROMIS t-score)

119 62.9(7.3) 50 -89
119 49.6% (59)
119 4.2% (5)

113 95.0%
5 5.0%
118

41 34.7%

119 51.3% (61)
119 31.71(7.9)

119
41 345%

28 235%

18 15.1%

6  50%

5 42%

4 3.4%

3 25%

14 11.8%

95 79.8%

21 17.6%

2 1%

119 62.2% (74)

118 11.0(5.0) 6-38
97 50.1(9.4) 41-75.7

119 426 (8.6)
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Table 2.

Assessments of Frailty and Physiological Capacities

Assessment N Mean (SD) Range
Frailty Assessments
Unipedal stance (sec) 119 12.7(9.9) .92 -30
Number of Chair Stands in 30 seconds 101 10.1(4.6) 0-28
Hand grip (max of 6 in Ibs) 117 60.3 (25.6) 15-117
Male 59 75.5 (23.5) 24 -117
Female 58 44.9 (17.1) 15-106
Physiologic Capacities
Sensory
Melbourne visual contrast (db) 108 21.7(3.4) 5-24
Vibratory sense (sec) 115 9.4 (5.8) 0-276
Neurocognitive
NCT-A (sec) 113 404 (16.4)  14.6-119.0
NCT-B (sec) 113  103.6(46.3) 30.2-234.3
Simple Reaction Time (SRT) (ms) 117 227 (50) 120 -390
Recognition Reaction Time (%) 117 62% (18%) 17 -100
Total Accuracy during ON trials (%) 117  74% (19%) 22-100
Total Accuracy during OFF trials (%) 117 49% (28%) 0-100
Muscular
Lateral plank test (sec) 102 16.3(13.7) 0-60

*
db = decibel; vibratory sense is the number of seconds until vibration is no longer detected.

Neurocognitive variables expressed as percent reflect the mean (SD) percent of the sample.

Dig Dis Sci. Author manuscript; available in PMC 2021 January 19.

Page 17



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Murphy et al.

Page 18

Table 3.
Bivariate Correlations of Frailty Assessments with Demographics, Clinical Status, and Physiologic Capacity
Variables
Unipedal Stancer Chair Standsr Hand Gripr
Demographics and Clinical Status
Age -2 -.10 —29%
Meld-Na _35* _39% -.06
Total meds —31* Y .04
Depression -.12 -3” -.09
Sensory
Melbourne visual contrast 26* -.01 A1
Vibratory sense 19 -207" 11
Neurocognitive
NCT-A —30% —29* -.08
NCT-B _8* —39% -12
SRT (avg) -.04 .06 02
Recognition reaction time 0% a3* 5%
On accuracy 27% 33" .19
Off accuracy 29% 3% .18
On trial SRT .05 A1 .09
Muscular
LPT 57% 55" 36"

Note. N=101; Unipedal stance was log transformed; Chair stands were corrected for outliers

*

p<.05
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