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Abstract

Rationale & Objective: Intact cognition is generally a prerequisite for navigating through and
completing evaluation for kidney transplantation (KT). Despite KT being contraindicated for those
with severe dementia, screening for more mild forms of cognitive impairment prior to referral is
rare. Candidates may have unrecognized cognitive impairment, which may prolong evaluation,
elevate mortality risk, and hinder access to KT. We estimated the burden of cognitive impairment
and its association with access to KT and waitlist mortality.

Study Design: Prospective cohort study.

Setting & Participants: 3,630 participants (1/2009-6/2018) with cognitive function (Modified
Mini-Mental State Examination [3MS]) measured at kidney transplant evaluation at one of two
transplant centers.
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Predictors: Cognitive Impairment (3MS score <80).
Outcomes: Listing, waitlist mortality, and KT.

Analytical Approach: We estimated adjusted chance of listing (Cox regression), risk of waitlist
mortality (competing risks regression), and KT rate (Poisson regression) by cognitive impairment.
Given potential differences in etiology in cognitive impairment among those with and without
diabetes, we tested whether these associations differed by diabetes status using a Wald test.

Results: At evaluation, 6.4% of participants had cognitive impairment, which was independently
associated with 25% lower chance of listing (aHR, 0.75; 95%CI, 0.61-0.91); this association did
not differ by diabetes status (Pinteraction=0.07). There was a nominal difference by diabetes status
for the association between cognitive impairment and KT rate (Pjnteraction=0.05), while the
association between cognitive impairment and waitlist mortality differed by diabetes status KT
rates (Pinteraction=0-02). Among candidates without diabetes, those with cognitive impairment were
at 2.47 (95%CIl,1.31-4.66) times greater risk of waitlist mortality; cognitive impairment was not
associated with this outcome among candidates with diabetes.

Limitations: Single measure of cognitive impairment.

Conclusions: Cognitive impairment is associated with a lower chance of being placed on the
waitlist, and among patients without diabetes, with increased mortality on the waitlist. Future
studies should investigate whether implementation of screening for cognitive impairment improves
these outcomes.

Keywords

cognitive impairment; renal transplantation; end-stage renal disease (ESRD); waitlisting;
dementia; diabetes; functional dependence; dialysis; mental capacity; transplant candidate;
cognitive function testing; health literacy

INTRODUCTION

Cognitive impairment is common in patients with kidney failure undergoing dialysis,
ranging anywhere between 10%-80% depending on the population being studied and the test
used to define it.1=> While patients with diagnosed dementia, a state of chronic and severe
cognitive impairment that affects functional ability, are contraindicated for kidney
transplantation (KT),8 candidates may still have unrecognized mild cognitive impairment.”
Kidney transplant candidates are rarely screened by clinicians before referral to a transplant
center for evaluation and few transplant centers assess cognitive function.8 The proportion of
transplant candidates that have cognitive impairment at time of evaluation for KT, as well as
the extent that it affects their functional dependence, are unclear.

Among kidney transplant candidates, intact cognition is critical for completion of transplant
evaluation. Cognitive impairment leads to diminished health literacy among kidney
transplant candidates,® which may in turn spur difficulties with navigating a complex
medical system and scheduling specialist appointments, leading to incomplete evaluations
and a lack of access to KT.10 Furthermore, cognitive impairment diminishes capacity to
manage their chronic conditions and adhere to complex medication regimens, as well as
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fluid and dietary restrictions, while undergoing dialysis and waiting for KT,*11 which may
impact waitlist mortality.12 There is a crucial gap in knowledge surrounding the association
between cognitive impairment at KT evaluation and access to KT, as well as waitlist
mortality.

To better understand cognitive impairment among patients being evaluated for KT, we
leveraged a two-center prospective cohort study of dialysis patietns undergoing evaluation
for transplantation (n=3,337). The main goals of this study were to assess: 1) the prevalence
of cognitive impairment and the level of functional dependence among those with
cognitively impairment; 2) the chance of listing for KT and rate of KT by cognitive
impairment status at time of evaluation; and 3) the risk of KT waitlist mortality. Given
potential differences in etiology in cognitive impairment among those with and without
diabetes, we also tested whether these associations differed by diabetes status.

METHODS

Study Design

We leveraged a two-center, prospective study of 3,630 adult dialysis patients aged 18 years
and older who were being evaluated for KT at the Johns Hopkins Hospital (1/2009-6/2018;
n=3,337) and the University of Michigan University Hospital (1/2014-6/2018; n=293) with
cognitive function measured at time of evaluation for KT (Figure S1), as described below.
Participant characteristics at time of evaluation were self-reported or abstracted from
medical records (age, sex, race, education, diabetes status, prior solid organ transplant (renal
and non-renal), Charlson comorbidity index [CCI] adapted for dialysis'3-14). Characteristics
of the study population did not greatly differ from all kidney transplant candidates at Johns
Hopkins Hospital based on age (mean age of 50.1 vs 53.5 for those who did not vs did
participate), sex (41.1% vs 40.7% women for those who did not vs did participate), and
black race (40.1% vs 44.4% in those who did vs did not participate) or from the study
sample. Additionally, functional dependence was measured at time of evaluation based on
self-report, including activities of daily living (ADLS) and instrumental activities of daily
living (IADLs). The Johns Hopkins Institutional Review Board and the University of
Michigan Institutional Review Board approved the study, and all participants provided
written informed consent.

Global Cognitive Function

Global cognitive function was measured using the Modified Mini-Mental State Examation
(3MS)15.16 at time of evaluation for KT (not during dialysis treatment). The 3MS was
administered by trained research assistants in a private clinic room and was collected as part
of a larger cohort study of aging and KT; it was solely measured for research purposes. The
3MS is a validated 15-item verbal test assessing multiple components, including
psychomotor skills, memory, identification/association, orientation, and concentration/
calculation. 3MS scores range from 0 to 100, where higher scores represent better cognitive
function. The 3MS presents enhanced sensitivity for mild cognitive impairment in
community studies over the traditional 30-point Mini-Mental State Examination (MMSE),
15-17 and has a higher test-retest reliability (between 0.68 and 0.77) compared to the MMSE
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(between 0.48 and 0.65). Consistent with prior studies, cognitive impairment was defined as
a 3MS score less than 80 (-1 SD).17-20 Providers were not aware of 3MS results at the
committee listing meeting.

Descriptive Statistics by Cognitive Impairment

We generated percentages for categorical characteristics, means and standard deviations
(SD) for normally distributed continuous variables, and medians and interquartile ranges
(IQR) for non-normally distributed continuous variables by global cognitive impairment
status among all participants at time of evaluation for KT. Additionally, we compared
prevalence estimates of functional dependence by global cognitive impairment, overall and
by activity. We further explored the components of the 3MS, including psychomotor skills,
memory, identification/association, orientation, and concentration/calculation, to assess
potential differences by diabetes status at time of evaluation.

Chance of Listing by Cognitive Impairment

Among participants not listed for KT prior to evaluation (n=3,630), unadjusted cumulative
incidence was estimated at 6 months, 1 year, and 3 years using the Kaplan Meier method by
global cognitive impairment status and diabetes status. Adjusted Cox proportional hazards
models were used to estimate the chance of kidney transplant listing by cognitive
impairment. Time to listing was defined as the time from evaluation for KT to the date of
active placement on the kidney transplant waitlist or administrative censoring at the end of
the study period (6/2018). Proportional hazards assumptions were confirmed by visual
inspection of the complementary log-log plots and Schoenfeld residuals. The model was
adjusted for age, sex, race, education, diabetes, and CCI. To test whether the association
between chance of listing and cognitive impairment varied by participant age (age<65 vs.
>65), sex (female vs. male), race (black vs. non-black), diabetes status (present vs. absent),
or functional dependence (ADL/IADL.: present vs. absent), an interaction between those
factors and cognitive impairment was explored using a Wald test.

Risk of Waitlist Mortality by Cognitive Impairment

Among participants who were listed for KT (kidney transplant candidates) (n=2,216), Fine
and Gray competing risks models2! were used to estimate unadjusted cumulative incidence
of waitlist mortality by global cognitive impairment and diabetes status, accounting for KT
as a competing risk. The competing risk framework was also used to estimate the adjusted
risk of waitlist mortality by cognitive impairment in kidney transplant candidates. The time
origin was date of listing, and kidney transplant candidates were followed to date of death;
candidates were censored at the end of the study period (6/2018) if it preceded mortality or
KT. Adjusted models controlled for age, sex, race, education, diabetes, and CCI. To test
whether the association between risk of mortality and cognitive impairment varied by
candidate age, sex, race, diabetes status, or functional dependence (ADL/IADL), an
interaction between those factors and cognitive impairment was explored using a Wald test.
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Rate of Transplantation by Cognitive Impairment

Additionally, among kidney transplant candidates, a competing risk framework was used to
estimate unadjusted cumulative incidence of KT by global cognitive impairment status. Rate
of transplantation by cognitive impairment in kidney transplant candidates was assessed
using Poisson regression to generate incidence rate ratios (IRR). Person-time was calculated
from the date of active kidney transplant listing to the date of KT, mortality, or censoring at
the end of the study period (6/2018); the person-time did not include inactive time. All
models were adjusting for age, sex, race, education, diabetes, and CCI. To test whether the
association between rate of transplantation and cognitive impairment varied by candidate
age, sex, race, diabetes status, or functional dependence (ADL/IADL), an interaction
between those factors and cognitive impairment was explored using a Wald test.

Statistical Analyses

We estimated adjusted chance of listing (adjusted Cox regression), risk of waitlist mortality
(adjusted competing risks regression), and KT rate (adjusted Poisson regression) by
cognitive impairment using Stata version 15 (StataCorp, College Station, TX). Two-sided p-
values < 0.05 were considered statistically significant.

Sensitivity Analyses

First, to check whether the inferences for the associations between cognitive impairment and
listing, waitlist mortality, and KT rate remain robust to those with potentially “recognizable”
cognitive impairment, we excluded those with a history of reported dementia or a diagnosis
of dementia. Second, we further adjusted for variables that were found to be significantly
different by cognitive impairment status at time of evaluation in addition to the selected a
priorifactors in the conceptual framework that depicts the current understanding of cognitive
function and adverse outcomes in community-dwelling older adults?2 and patients with
kidney failure.23 Third, for chance of listing, we conducted analyses from time of dialysis
initiation to listing date to compare results conducted from time of evaluation to listing to
consider hypothesis that cognitively impaired patients have difficulty navigating the system.
Fourth, for waitlist mortality, we conducted a sensitivity analysis censoring for KT to
compare results treating it as a competing risk.

RESULTS

Study Population

Of the cohort of 3,630 dialysis patients being evaluated for KT, the median age was 56 years
(interquartile range [IQR], 45-65), 41.2% were female, 45.5% were black. At time of
evaluation for KT, 6.4% of participants were identified as having cognitive impairment
(Table 1). Participants with cognitive impairment were more likely to be older (median age
of 62 vs. 56 years, p<0.001), black (69.1% vs. 43.8%, p<0.001), have diabetes as a
comorbidity (49.5% vs. 41.7%, p=0.04), and have lower educational attainment (75.5% vs.
42.3%, p<0.001), but were less likely to be female (30.0% vs. 41.9%, p<0.001) (Table 1).
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Cognitive Impairment and Functional Dependence Burden

Notably, cognitive impairment at time of evaluation for KT was associated with functional
dependence for both ADLs (15.4% vs. 7.7%, p<0.001) and IADLS (36.2% vs. 19.4%,
p<0.001) (Table 2). Among the six ADL components, difficulty with physical ambulation
(10.0% vs. 5.2%, p=0.004), dressing (4.7% vs. 1.4%, p<0.001), bathing (6.7% vs. 2.2%,
p<0.001), and toileting (1.9% vs. 0.6%, p=0.03) were associated with cognitive impairment.
All eight IADL components were associated with cognitive impairment, including difficulty
shopping (24.3% vs. 9.5%, p<0.001), washing (19.5% vs. 7.7%, p<0.001), taking
transportation (13.8% vs. 5.9%, p<0.001), managing medications (13.8% vs. 3.3%,
p<0.001), managing money (13.4% vs. 2.6%, p<0.001), cooking (13.3% vs. 5.3%, p<0.001),
house cleaning (11.0% vs. 5.1%, p<0.001), and using the phone (1.0% vs. 0.1%, p=0.007)
(Table 2).

Cognitive Function and Diabetes Status

Cognitive impairment was present in 7.3% of those with diabetes compared to 5.4% of those
without diabetes (p=0.04). Median scores of the different 3MS components also differed by
diabetes status, including psychomotor skills (20 vs 21 points in those with vs without
diabetes; p<0.001), memory (19 vs 20 points in those with vs without diabetes with diabetes;
p=0.01), and identification/association (23 vs 24 points in those with vs without diabetes;
p=0.001) (Table 3). No differences in median scores were found for orientation (25 points
for both groups; p=0.4) and concentration/calculation (7 points for both groups; p=0.05) by
diabetes status at time of evaluation for KT (Table 3).

Cognitive Impairment and Chance of Listing

Prior to adjustment, participants who were cognitively impaired were less likely to be listed
(log rank p<0.001), with a median follow-up time of 5.5 (IQR, 2.0-29.9) months since time
of evaluation for KT. The median time between dialysis initiation and listing was greater
among those who had cognitive impairment (11.7 [IQR, 0-38.8] months) than in those who
did not have cognitive impairment (4.0 [IQR, 0-23.0] months) (p=0.008). Unadjusted
cumulative incidence of listing in participants with versus without cognitive impairment was
32.0% vs. 50.5% at 6 months, 43.7% vs. 51.5% at 1 year, and 51.5% vs. 63.8% at 3 years
(Table 4).

After adjustment, cognitively impaired participants had a 25% (adjusted hazard ratio [aHR],
0.75; 95%CIl, 0.61-0.91) lower chance of listing compared to those who were not
cognitively impaired (Table 4). At a borderline level of statistical significance, this
association nominally differed by sex (Pinteraction=0-05): among male and female particpants,
the aHRs for listing in those with verus without cognitive impairment were 0.55 (95% ClI,
0.38-0.80) and 0.86 (95% ClI, 0.68-1.08), respectively. This association did not differ by age
(Pinteraction=0.4), race/ethnicity (Pinteraction=0.4), diabetes status (Pinteraction=0.05), or
functional dependence (ADL: pPinteraction=0-9, IADL: Pinteraction = 0.9).

Cognitive Impairment and Risk of Waitlist Mortality

Among kidney transplant candidates (n=2,216), the median follow-up time since time of
listing for transplantation was 1.6 (IQR, 0.6-2.9) years. The cumulative incidence of
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mortality did not differ by cognitive impairment (log rank=0.07), though cognitive
impairment was associated with a 1.62-times (95% ClI, 1.07-2.46) greater risk of mortality
prior to adjustment. Unadjusted cumulative incidence of mortality in KT candidates with as
compared to those without cognitive impairment was 0.7% vs. 0.4% at 6 months, 2.2% vs.
1.4% at 1 year, and 14.2% vs. 9.0% at 3 years (Table 4).

After adjustment, cognitive impairment was not associated with risk of waitlist mortality
among kidney transplant candidates (adjusted subdistribution hazard ratio [aSHR], 1.35;
95% Cl, 0.83-2.18) (Table 4). However, this association varied by diabetes status
(Pinteraction=0.02) (Figure 1). Specifically, among those without diabetes, cognitive
impairment was associated with a 2.47-times (95%Cl, 1.31-4.66) greater risk of waitlist
mortality compared to those without cognitive impairment; however, among those with
diabetes, there was no association between cognitive impairment and risk of waitlist
mortality (aSHR, 0.90; 95%ClI, 0.48-1.70) (Table 4). The association with waitlist mortality
did not differ by age (Pinteraction=0-3), S€X (Pinteraction=0-9), race (Pinteraction=0.9), or
functional dependence (ADL.: Pinteraction=0.2, |ADL: Pinteraction=0-9).

Cognitive Impairment and Rate of Kidney Transplantation

Among kidney transplant candidates, the median follow-up time since listing for
transplantation was 1.6 (IQR, 0.6-2.9) years. The cumulative incidence of KT did not differ
by cognitive impairment (log rank P = 0.1), and cognitive impairment was not associated
with KT rate prior to adjustment (unadjusted incidence rate ratio [IRR], 0.74; 95% CI, 0.55-
1.01). Unadjusted cumulative incidence of KT in candidates with versus without cognitive
impairment was 4.7% vs. 6.3% at 6 months, 13.5% vs. 17.8% at 1 year, and 33.8% vs.
42.7% at 3 years (Table 4).

After adjustment, cognitive impairment was not associated with the rate of KT among
candidates (adjusted incidence rate ratio [alRR], 0.78; 95%CIl, 0.56-1.09). However, at a
borderline level of statsical significance, the association nominally varied by diabetes status
(Pinteraction=0-05): among those without and with diabetes, the alRRs for KT in those with
versus without cognitive impairments were 0.58 (95%Cl, 0.36-0.93) and 1.12 (95% Cl,
0.71-1.77), respetively (Table 4). The association did not differ by age (Pinteraction=0-1), S€X
(Pinteraction=0-8), race/ethnicity (Pinteraction=0-4), and functional dependence (ADL:

Pinteraction=0.5, IADL.: Pinteraction=0.9)-

Sensitivity Analyses

Despite some tests losing statistical significance, inferences based on the direction and
magnitude of associations generally remained robust across sensitivity analyses, including
when 1) excluding those with a history of reported dementia or a diagnosis of dementia; 2)
further adjusting for statistically significant variables at time of evaluation in addition to a
priorifactors; 3) calculating chance of listing using time of dialysis initiation to listing date;
and 4) censoring for KT when calculating waitlist mortality risk (Tables S1-4). Inferences
related to rates of KT for nondiabetics were the exception to this, whereby the sensitivity
analyses were less consistent with the primary analyses. For example, after adjusting for
other statistically significant variables at time of evaluation, the sensitivity analysis (alRR,
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1.06; 95%Cl, 0.66-1.69; p=0.8) did not reflect the same magnitude, direction, and statistical
significance as the primary analysis (alRR, 0.58, 95%ClI, 0.36-0.93) (Table S2).

DISCUSSION

In this prospective cohort study of 3,360 dialysis patients being evaluated for KT, 6.4% had
cognitive impairment, and prevalence of cognitive impairment was higher (7.3%) among
those with diabetes. Participants with cognitive impairment were more likely to have
functional dependence, particularly among all eight IADL components, including difficulty
using the phone, shopping, cooking, house cleaning, washing, taking transportation,
managing medications, and managing money. Additionally, cognitive impairment was
associated with a 25% (HR, 0.75; 95%Cl, 0.61-0.91) lower likelihood of being listed, and,
at the borderline level of statistical significance the association was nominally stronger
among females than among males (Pinteraction=0-05). Though cognitive impairment was not
associated with risk of waitlist mortality or the rate of transplantation in its own right, among
those without diabetes, cognitive impairment was associated with reduced access to
transplantation and a 2.47-fold (95% CI, 1.31-4.66) greater risk of mortality while on the
waitlist. The same was not true among those with diabetes, such that there was neither an
association between cognitive impairment and waitlist mortality (aSHR, 0.90; 95%Cl, 0.48—
1.70), nor between cognitive impairment and rate of KT (alRR, 1.12; 95%Cl, 0.71-1.77).

The proportion of participants with cognitive impairment at time of evaluation for KT was
lower (6.4%) than has been previously reported in dialysis patients evaluated for KT
(~55%)> and among patients undergoing maintenance hemodialysis generally (71.1%).24
These difference may be attributable to different case mixes that are evaluated at different
centers, different types of kidney replacement therapies, as well as the different cognitive
assessment tools with varying sensitivity and specificity for identifying cognitive
impairment. For example, the prior study of 349 dialysis patients who were being evaluated
for KT that found about 55% of the population with cognitive impairment,® used the
Montreal Cognitive Assessment (MoCA),2° another tool to assess global cognitive
functioning with a maximum score of 30 (higher scores indicating better cognitive
functioning) which is recognized to have greater sensitivity as compared to the 3MS for
detecting mild cognitive impairment.2%26 However, studies have recently suggested that the
original recommended cutoff score of 26 in the MoCA, as was used in the previous study of
patients being evaluated for KT, could lead to inflated rates of cognitive impairment due to
false positives,2” which may present one reason for the differences in prevalence comparing
both studies. Additionally, though this prior study population had a similar mean age as this
study (mean=54 years), it had a greater proportion of females (58% vs. 41%) and fewer
black (21% vs. 46%); prior studies have shown that prevalence of cognitive impairment
differ by both sex28:29 and race.30-32 Using the 3MS, we observed a similar proportion of
cognitive impairment among patients being evaluated for KT (6.4%) as those being admitted
for KT (10%); though the 3MS may have identified a smaller proportion of patients
compared to the MoCA, it may capture a higher-risk group of patients being evaluated for
KT. These studies highlight the complexity of identifying cognitive impairment in patients
treated by dialysis. Future studies should establish a valid measure of cognitive impairment
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among patients being evaluated for KT and should identify clinically relevant thresholds for
cognitive impairment for this measure.

Our results regarding lower chance of listing in cognitively impaired dialysis patients were
consistent with those found in the previous study using the MoCA.? Though adjusted
estimates were not presented for cognitive impairment identified by the MoCA, the previous
findings from a single center study of 349 dialysis patients suggested that every 1-point
lower MoCA score was independently associated with a 7% (aHR, 0.93; 95%Cl, 0.88-0.99)
reduced likelihood of listing for KT. In contrast, using the 3MS in a two center study of
3,360 dialysis patients, our findings suggested a stronger association between cognitive
impairment and listing (aHR, 0.75; 95%Cl, 0.61-0.91). We hypothesize that delaying listing
may contribute to cognitive impairment given that patients would spend more time on
hemodialysis, which has been shown to worsen cognitive function,33 and as we saw in this
cohort, those with cognitive impairment had longer median time between dialysis initiation
and listing (11.7 months) compared to those who were not cognitively impaired (4.0
months).

Furthermore, our results build upon previous findings, demonstrating that while cognitively
impaired participants were more likely to be older, the association between cognitive
impairment and listing were independent of participant age, and did not vary by age. These
observations are particularly interesting to consider in parallel with previous studies
demonstrating that as age increases in patients with kidney failure, the odds and relative rate
of placement on the waitlist decreases.34:3% Importantly, unlike age, cognitive impairment is
a potentially modifiable risk factor that can be prevented or improved with interventions,
including cognitive training, physical exercise, blood pressure management, and
prehabilitation, as has been identified in patients undergoing hemodialysis,36-39 with
benefits potentially extending to cognitive tasks of activities of daily life.40:4

Among women in our study, cognitive impairment was associated with lower chance of
listing. However, the same did not hold true among men. These findings support prior
studies that have similarly observed sex differences in access to KT,*2 and provide one
potential mechanism for these sex disparities. A prior study among patients undergoing
hemodialysis found that females were 1.45-fold less likely to have discussions with their
providers about KT as a treatment option.#2 Our results extend prior findings on sex
disparities by demonstrating that cognitive impairment may have a greater impact on waitlist
outcomes among females compared to males.

Our findings that cognitive impairment is associated with a 2.47-fold greater risk of
mortality among those without diabetes support prior findings that suggest that cognitive
impairment can exacerbate the management of existing chronic conditions, like kidney
failure.1® It has been shown that cognitive impairment may hinder adherence with
prescribed, and often complex, medication regimens; increase risk of adverse drug events;
impair decision-making regarding treatment options; and increase cost of care.43-47

Additionally, our findings relating cognitive impairment to access to KT and risk of waitlist
mortality especially among those without diabetes, is consistent with prior studies among
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patients undergoing hemodialysis that have shown stronger associations between dementia
and risk of mortality among those without diabetes (Pinteraction<0.001);48 similar findings
were observed for the association with Alzheimer’s disease specifically.*8 Collectively, these
observations support the hypotheses that cognitive impairment may have different etiologies
in dialysis patients with and without diabetes. It may also suggest that those with diabetes
may already suffer from extensive cardiovascular disease burden4:0 such that any
subsequent burden introduced with the addition of cognitive impairment does not augment
risk stratification.

There were several limitations to this study to consider. The main limitation of this study is
the use of a single instrument to define cognitive impairment. Like the MoCA, the 3MS is a
validated screening tool assessing global cognitive functioning in older adults generally;15-16
however, clear thresholds for cognitive impairment using the MoCA have not yet been
established for an dialysis population of all ages and education levels. Another limitation is
the number of centers included, which may be vulnerable to lack of generalizability to the
U.S. dialysis population being evaluated for KT. However, though the prevalence in these
centers may be different than other centers, the inferences regarding the association between
cognitive impairment, access to KT, and waitlist mortality are likely to remain the same.
However, to our knowledge, this is the largest study to date of cognitive function, listing
practices, and outcomes on the KT waitlist. This study has several notable strengths,
including its large sample size, its prospective study design, as well as measurement of a
validated measure of global cognitive function.1>17

In conclusion, cognitive impairment is associated with lower chance of listing, and among
those without diabetes, it is associated with higher risk mortality while on the waitlist.
Importantly, cognitive impairment (unlike age, sex, or race) is a potentially preventable and
modifiable risk factor, as patients with kidney failure who undergo KT experience
improvements in cognitive function.?1-58 Therefore, optimization of cognitive function
while on dialysis would likely improve outcomes in those most vulnerable. While only 6%
of patients in this study had cognitive impairment, screening using the 3MS takes only 15
minutes and could help identify vulnerable groups of candidates that may benefit from
further in-depth neurocognitive assessments. Thus, at time of KT referral and evaluation,
transplant and nephrology providers are encouraged to consider screening and identifying
patients who may benefit from cognitive treatment strategies while waiting for KT to
improve associated health outcomes. Future studies are needed to investigate whether
interventions designed to improve cognitive performance result in improved access to KT
and decreased waitlist mortality.
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Figure 1. Cumulative incidence of waitlist mortality in kidney transplant (KT) candidates
(n=2,216) by cognitive impairment and diabetes status.

Unadjusted cumulative incidence curves are presented, with KT considered as a competing
risk for waitlist mortality. To explore the association between waitlist mortality and cognitive
impairment by diabetes status, an interaction term was added between cognitive impairment
and diabetes status. Among those without diabetes, cognitive impairment was associated
with a greater risk of waitlist mortality compared to those without cognitive impairment.
Despite still having high risk of waitlist mortality, among those with diabetes, there was no
association between cognitive impairment and waitlist mortality.
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Characteristics by global cognitive impairment among dialysis patients being evaluated for kidney

transplantation (KT)

Table 1.

Overall Global Cognitive Impairment
(N=3,630)
Not Impaired Impaired p-value
(n=3,397) (n=233)
Age, median years [IQR1 56.0 [45.1-65.1] | 55.6 [44.5-64.7] | 62.1[54.1-69.8] | <0.001
Female (%) 41.2 41.9 30.0 <0.001
Race (%) <0.001
White 47.7 49.4 219
Black 455 43.8 69.1
Other 6.9 6.7 9.0
High School or less (%) 445 42.3 75.5 <0.001
BMI 29.2[6.0] 29.3[6.0] 28.0[5.9] 0.03
ADL Dependence (%) 8.2 7.7 15.4 <0.001
IADL Dependence (%) 20.5 19.4 36.2 <0.001
CCl, median [IQR] 1[0-3] 1[0-3] 2[0-3] 0.2
Comorbidity (%)
Myocardial infarction 9.3 8.9 15.8 0.002
Peripheral vascular disease 6.4 6.2 8.7 0.2
Cerebral vascular disease 5.7 5.3 12.1 <0.001
Dementia 0.4 0.4 11 0.2
Chronic lung disease 6.0 6.0 6.0 0.9
Rheumatological disease 6.7 6.9 44 0.2
Peptic ulcer disease 3.6 34 6.0 0.07
Diabetes 421 41.7 495 0.04
Diabetes complication 225 224 23.2 0.8
Moderate/severe liver disease 3.4 3.4 3.8 0.8
Metastatic cancer 1.0 1.0 11 0.9
Leukemia 0.3 0.3 0.0 0.4
Lymphoma 1.0 1.0 0.0 0.2
HIV 3.1 2.8 7.6 <0.001
Congestive heart failure 14.1 13.7 21.7 0.02
Cause of kidney failure (%) 0.001
Hypertension 30.1 29.4 43.9
Diabetes 21.0 21.0 211
Glomerular disease 21.0 21.6 105
Other 27.8 28.0 245
Years on dialysis, median [IQR] 0.3[0.0-18] 0.2 [0.0-18] 0.8 [0.0-3.2] <0.001
Prior kidney transplant (%) 19.6 20.0 14.0 0.1
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Overall Global Cognitive Impairment
(N=3,630)
Not Impaired Impaired p-value
(n=3,397) (n=233)
Prior non-renal organ transplant (%) | 2.9 3.0 2.4 0.7

Page 17

Values for continuous variables given as mean +/- standard deviation or median [interquartile range]. Participants were classified as cognitively

impaired if they had a Modified Mini-Mental State Exam (3MS) score <80. Numbers and percentages at time of evaluation for kidney

transplantation are presented unless otherwise indicated. Abbreviations: ADL, activities of daily living (including dependence in feeding, dressing,
physical ambulation, bathing, toileting, or grooming); IADL, instrumental activities of daily living (including dependence in using the phone,
shopping, cooking, house cleaning, washing, using transportation, managing money, or medications); CCI, Charlson comorbidity index adapted for

dialysis.
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Table 2.

Functional dependence (ADLs and IADLSs) and global cognitive impairment in dialysis patients being
evaluated for kidney transplantation (KT)

Overall Global Cognitive Impairment
(N=3,630)
Not impaired | Impaired | p-value
(n=3,397) (n=233)

ADL Dependence (Overall) 8.2 7.7 15.4 <0.001
Feeding 0.5 0.4 0.9 0.3
Dressing 1.6 1.4 4.7 <0.001
Physical Ambulation 55 5.2 10.0 0.004
Grooming 14 1.2 3.3 0.1
Toileting 0.7 0.6 19 0.03
Bathing 2.5 2.2 6.7 <0.001

IADL Dependence (Overall) | 20.5 19.4 36.2 <0.001
Using Phone 0.2 0.1 1.0 0.007
Shopping 10.4 9.5 24.3 <0.001
Cooking 5.9 5.3 13.3 <0.001
House Cleaning 55 5.1 11.0 <0.001
Washing 85 7.7 19.5 <0.001
Transportation 6.4 5.9 13.8 <0.001
Managing Medications 3.9 3.3 13.8 <0.001
Managing Money 33 2.6 13.4 <0.001

ADL and IADL dependence are presented overall and by component, whereby KT candidates self-reported needing assistance with daily tasks
listed. Abbreviations: ADL, activities of daily living; IADL, instrumental activities of daily living.
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Cogpnitive performance scores by diabetes status at time of evaluation for KT.

Table 3.

Cognitive Function Overall With Diabetes | Without Diabetes
(N=2,780) | (n=1,166) (n=1,614)
Cognitive Impairment (3MS<80) | 172 (6.2%) | 85 (7.3%) 87 (5.4%)
3MS Total Score
Psychomotor skills 21(2) 20 (2) 21(1)
Memory 20 (4) 19 (4) 20 (4)
Identification/Association 24 (4) 23 (4) 24 (3)
Orientation 25 (0) 25 (0) 25 (0)
Concentration/Calculation 7 (0) 7 (0) 7(0)

Page 19

Median unadjusted scores are presented for the Modified Mini-Mental State Exam (3MS) total score (range 0-100) and the 3MS score components,

include psychomotor skills (range 0-21), memory (range 0-21), identification/association (range 0-26), orientation (range 0-25), and

concentration/calculation (range 0-7). Higher scores indicate better cognitive function. Bolded scores represent statistically significant differences

by diabetes status.
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Page 20

Cumulative incidence and associations of listing, waitlist mortality, and kidney transplantation (KT) by global

cognitive impairment.

Outcome by Global Cognitive n Unadjusted Cumulative incidence (%) | aHR, aSHR, alRR" (95% CI) | P-value
Impairment
6 mo ly 3y

Chance of Listing
Overall

Not impaired 233 50.5 59.1 63.8 1.00 (reference)

Impaired 3,397 | 32.0 43.7 51.5 0.75 (0.61-0.91) 0.004
Diabetes

Not impaired 1,201 | 524 63.8 69.5 1.00 (reference)

Impaired 91 42.2 57.3 65.0 0.92 (0.70-1.22) 0.6
No Diabetes

Not impaired 1,682 | 63.8 73.3 79.8 1.00 (reference)

Impaired 93 37.9 52.9 67.7 0.63 (0.48-0.83) 0.001
Risk of Waitlist Mortality
Overall

Not impaired 2,101 | 0.04 1.4 9.0 1.00 (reference)

Impaired 115 0.07 2.2 14.2 1.35(0.83-2.18) 0.2
Diabetes

Not impaired 793 0.7 1.9 135 1.00 (reference)

Impaired 56 0.6 1.8 12.7 0.90 (0.48-1.70) 0.8
No Diabetes

Not impaired 1,281 | 0.3 0.9 6.3 1.00 (reference)

Impaired 57 0.8 2.3 16.0 2.47 (1.31-4.66) 0.01
Rate of KT
Overall

Not impaired 2,101 | 6.3 17.8 42.7 1.00 (reference)

Impaired 115 4.7 135 33.8 0.78 (0.56-1.09) 0.1
Diabetes

Not impaired 793 4.3 13.0 315 1.00 (reference)

Impaired 56 45 13.7 33.0 1.12 (0.71-1.77) 0.6
No Diabetes

Not impaired 1,281 | 7.8 20.9 49.8 1.00 (reference)

Impaired 57 4.9 13.6 35.1 0.58 (0.36-0.93) 0.03

Participants were classified as cognitively impaired if they had a Modified Mini-Mental State Exam (3MS) score <80. Adjusted associations were
controlled for age, sex, race, diabetes, educational attainment, and the Charlson Comorbidity Index adapted for dialysis. To explore the association
between each outcome and cognitive impairment by diabetes status, an interaction term was added between cognitive impairment and diabetes

status. Abbreviations: HR, hazard ratio; SHR, subdistribution hazard ratio; IRR, incidence rate ratio.

*
aHR for chance of listing; aSHR for risk of waitlist mortality; IRR for rate of kidney transplantation.
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