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Abstract

Background—Advanced chronic kidney disease (CKD) is associated with an elevated risk of 

cognitive impairment. However, it is not known if and how cognitive impairment is associated 

with planning and preparation for end stage renal disease.

Study Design—Retrospective observational study.

Setting & Participants—630 adults participating in the CRIC (Chronic Renal Insufficiency 

Cohort) Study who had cognitive assessments in late stage CKD, defined as an estimated 

glomerular filtration rate (eGFR) ≤ 20 ml/min/1.73m2, and subsequently initiated maintenance 

dialysis.

Predictor—Pre-dialysis cognitive impairment, defined as a score on the Modified Mini-Mental 

State Examination below previously-derived age-based threshold scores. Covariates included age, 

race/ethnicity, educational attainment, comorbid conditions, and health literacy.

Outcomes—Peritoneal dialysis (PD) as first dialysis modality, pre-emptive permanent access 

placement, venous catheter avoidance at dialysis initiation, and pre-emptive wait-listing for kidney 

transplantation.

Measurements—Multivariable-adjusted logistic regression.

Results—Pre-dialysis cognitive impairment was present in 117 participants (19%). PD was the 

first dialysis modality among 16% of participants (n=100), 75% had pre-emptive access placed 

(n=473), 45% avoided using a venous catheter at dialysis initiation (n=279), and 20% were pre-

emptively wait-listed (n=126). Pre-dialysis cognitive impairment was independently associated 

with an 78% lower odds of PD as the first dialysis modality (adjusted Odds Ratio [aOR], 0.22; 

95% Confidence Interval [CI], 0.06–0.74; p=0.02) and a 42% lower odds of venous catheter 

Harhay et al. Page 2

Am J Kidney Dis. Author manuscript; available in PMC 2019 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



avoidance at dialysis initiation (aOR, 0.58; 95% CI, 0.34–0.98; p=0.04). Pre-dialysis cognitive 

impairment was not independently associated with pre-emptive permanent access placement or 

wait-listing.

Limitations—Potential unmeasured confounders; single measure of cognitive function.

Conclusions—Pre-dialysis cognitive impairment is associated with a lower likelihood of PD as 

a first dialysis modality and of venous catheter avoidance at dialysis initiation. Future studies may 

consider addressing cognitive function when testing strategies to improve patient transitions to 

dialysis.

Index words

chronic kidney diseases (CKD); end-stage renal disease (ESRD); CKD to ESRD transition; 
cognitive impairment; dialysis modality; dialysis access; peritoneal dialysis (PD); central venous 
catheter (CVC); executive function; memory; incident ESRD; dementia; transplant waitlisting

Introduction

Numerous consensus guidelines promote strategies to improve patients’ transitions from 

chronic kidney disease (CKD) to end stage renal disease (ESRD), including individualized 

decision-making on a preferred dialysis modality, pre-emptive placement of appropriate 

dialysis access, and early assessment of eligibility for the kidney transplant waiting list.1–3 

However, underutilization of home dialysis therapies such as peritoneal dialysis (PD),4 

widespread use of venous catheters,1 and the low prevalence of pre-emptive wait-listing5 

indicate that the transition to dialysis remains suboptimal for many patients. While prior 

studies have observed variation across different patient subgroups in achieving these 

important outcomes,5–9 whether cognitive impairment contributes to the likelihood of 

optimal transition to ESRD remains unknown.

Despite recognition that CKD is associated with increased risks of cognitive impairment, 

cognitive deficits are frequently underdiagnosed in clinical settings.10–13 CKD-associated 

cognitive impairment commonly manifests as diminished executive function and delayed 

memory,14 and patients with these deficits may have diminished abilities to focus, plan, 

retain new knowledge, and complete tasks that are crucial to achieving optimal preparation 

for ESRD.15,16

Therefore, the goal of this study was to evaluate whether differences in pre-dialysis cognitive 

function may contribute to variation in ESRD transition outcomes. Among participants 

enrolled in the Chronic Renal Insufficiency Cohort (CRIC) study who reached late-stage 

CKD and initiated maintenance dialysis, we assessed the independent association of 

predialysis cognitive impairment with the likelihood of four outcomes: peritoneal dialysis 

(PD) as a first dialysis modality, pre-emptive permanent access placement, avoidance of 

venous catheter use at dialysis initiation, and pre-emptive wait-listing for kidney 

transplantation.
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Methods

Study Population

The CRIC Study is an ongoing multicenter prospective study of risk factors for CKD 

progression and cardiovascular disease. The design and methods of the study and inclusion 

criteria for study participants have been described previously.17,18 Briefly, the CRIC Study 

recruited 3,939 participants aged 21–74 years with an estimated glomerular filtration rate 

(eGFR) in the range 20–70 mL/min/1.73m2 from 2003 through 2008. All participants 

provided informed consent. Participants completed questionnaires at enrollment about 

sociodemographic information and medical history, and returned for yearly visits during 

which time this information was updated. All questionnaires remained confidential and for 

research purposes, and were offered in English and Spanish, corresponding to participants’ 

native language and preference. The study protocol was approved by the institutional review 

boards of all participating centers (University of Pennsylvania [coordinating center] IRB 

protocol #807882), and all research practices are in accordance with the Declaration of 

Helsinki.

Given evidence that lower levels of kidney function are associated with increased risks of 

cognitive impairment,19–21 in the current analyses, we focused on the association of 

cognitive impairment and ESRD transition outcomes among those CRIC participants who 

initiated dialysis after progression to late-stage CKD. Therefore, we restricted our study to 

CRIC participants who had a CRIC visit with an eGFR that was equal to or less than 20 

ml/min/1.73m2 by the Modification of Diet in Renal Disease (MDRD) Study equation.22 

This eGFR threshold was chosen because it is also the cut-off for kidney transplant waiting 

list eligibility in the United States (US) (see Figure 1, Participant Flow Diagram).23 We 

defined the visit with the qualifying eGFR as the index visit.

Primary Exposure: Pre-Dialysis Cognitive Impairment

We ascertained pre-dialysis cognitive function by performance on the Modified Mini-Mental 

State (3MS) exam. The 3MS, a test of global cognitive function including components that 

test memory, orientation, concentration, language, and praxis,24 was administered at baseline 

and during annual or bi-annual CRIC visits. 3MS scores range from 0 to 100, with higher 

scores indicative of better cognitive function. We included the 3MS score for each 

participant that was closest in time to the index visit and before dialysis onset. We then 

considered two previously-recognized strategies to define pre-dialysis cognitive impairment 

among individuals with CKD based on 3MS performance.25,26 In our primary analysis, we 

defined cognitive impairment as 3MS scores below previously-derived age-based threshold 

scores:25,27 <85 for participants <65 years of age, <80 for participants aged 65 to 79 years, 

and <75 for those 80 years of age or older. In secondary analyses, we examined the 

association of scores >1 standard deviation below the cohort mean score (3MS<80)26,28 on 

ESRD transition outcomes.

Covariates

As our goal was to assess the independent relationship of cognitive impairment with ESRD 

transition outcomes, we selected covariates a priori for our multivariable models that are 
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commonly utilized in clinical practice for risk assessment. From the CRIC enrollment visit, 

we used participant self-reported sex, race/ethnicity, annual household income, educational 

attainment, and marital status (as a metric of social support). We also included information 

on the following self-reported medical conditions: diabetes, cardiovascular disease, 

peripheral vascular disease, congestive heart failure, stroke, and non-skin cancer. At the 

index visit, we ascertained age (in years), systolic and diastolic blood pressure (in mm Hg), 

body mass index (in kg/m2), tobacco use, and functional status measured by the Kidney 

Disease Quality of Life Survey Short Form Physical Component Scale. 29 We used 

laboratory measures from the enrollment and index visit to calculate slope of eGFR decline 

prior to the cognitive assessment visit (ml/min/1.73m2 per year), and included serum 

albumin and serum hemoglobin (both in g/dL) collected at the index visit.

Outcomes

We evaluated four ESRD transition outcomes: 1) PD as the first dialysis modality, 2) pre-

emptive permanent access placement, 3) venous catheter avoidance at dialysis initiation, and 

4) pre-emptive placement on the transplant waiting list. We defined permanent access as an 

arteriovenous fistula, graft, or peritoneal dialysis catheter. We verified the date and modality 

of dialysis initiation, presence of a maturing permanent access at dialysis initiation, type of 

first access used for dialysis, and date of wait-listing by linkage of CRIC data to the United 

States Renal Data Service (USRDS) database, including the USRDS Medical Evidence 

Form 2728, unless this information was not available. As the latest data linkage between 

CRIC and the USRDS provided outcome information up to April 2015, we used CRIC self-

reported data on dates of dialysis initiation and permanent access placement for participants 

who initiated dialysis after this date. In cases where CRIC participants endorsed wait-listing 

events after April 2015, we used the date of the first CRIC study visit at which the 

participant reported being wait-listed. CRIC data on dialysis initiation dates, permanent 

access placement, and waiting list outcomes were available on participants through February 

2016.

Statistical Analysis

All analyses were performed using Stata, version 14.1. All hypothesis tests were 2-sided, 

with a significance level of 0.05. Descriptive statistics were summarized as means (standard 

deviations) or medians (interquartile ranges) for continuous variables, and as frequencies 

(proportions) for categorical variables. Continuous and categorical variables were compared 

using Wilcoxon rank sum or chi-square tests, respectively.

First, we examined the association between pre-dialysis cognitive impairment and ESRD 

transition outcomes using unadjusted logistic regression models. Next, we fit the following 

sequentially adjusted models: Model 1 (participant age (continuous), race/Ethnicity (Non-

Hispanic White, Non-Hispanic Black, Hispanic), and sex); Model 2 (educational attainment 

(categorized as < high school, high school graduate, or > high school), highest quartile of 

eGFR decline (>-4.4 ml/min/1.73m2/year), history of diabetes, cardiovascular disease, 

peripheral vascular disease, stroke, congestive heart failure, non-skin cancer, obesity (body 

mass index≥30 kg/m2), systolic blood pressure (categorized as < or ≥ 140 mmHg), diastolic 

blood pressure (categorized as < or ≥ 90 mmHg), hemoglobin level (categorized as < or ≥ 
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10.0 g/dL), serum albumin level (categorized as < or ≥ 4.0 g/dL), current smoker, marital 

status (currently married/formerly married/never married), functional status score 

(continuous), timing of cognitive assessment relative to dialysis onset (< or ≥3 years)); and 

the final, fully adjusted Model 3 (low income status (categorized as <$20,000 vs. other), and 

CRIC Center (Center 5 vs. other)).

Missing Data

With the exception of eGFR slope (missing=65), all covariates were missing among <3% of 

participants. The primary analysis included only participants with non-missing data for all 

key exposures and covariates. In sensitivity analyses, we imputed data for missing 

observations of eGFR slope using multiple imputation with 10 iterations. Odds ratios were 

calculated by taking the exponentiation of the estimates from the averaged estimates.30

Sensitivity Analyses

Given knowledge of the potential importance of health literacy in achieving optimal 

transitions to dialysis,31 we fit multivariable models with health literacy as a covariate 

among participants with non-missing data. As health literacy was only measured, by 

protocol, in a sub-cohort of CRIC participants, these models included 71% (n=449) of the 

participants in the current study cohort. Further, given the distinct steps required in access 

planning based on dialysis modality, we also performed sensitivity analyses for the outcome 

of venous catheter avoidance at dialysis initiation in which we excluded participants who 

initiated PD. Additionally, among participants with preemptive access placement, to 

examine whether adjustment for health literacy or the timing of pre-emptive vascular access 

placement strengthened or attenuated the association of cognitive impairment and venous 

catheter avoidance for hemodialysis initiation, we first imputed the date of pre-emptive 

permanent vascular access placement as the mid-point date between the date of the first 

yearly CRIC questionnaire when participants indicated that a permanent access had been 

placed and the date of the prior questionnaire, or as the date between the last pre-dialysis 

questionnaire when participants indicated no permanent access was placed and the dialysis 

date. Then, among participants who initiated hemodialysis after pre-emptive access 

placement, we examined multivariable logistic regression models for venous catheter 

avoidance that were sequentially adjusted for all original covariates, health literacy, and 

whether participants had pre-emptive access placement < or ≥180 before hemodialysis 

initiation.

Results

Baseline Characteristics

Of 630 eligible CRIC participants, pre-dialysis cognitive impairment (defined by age-based 

3MS score) was present in 19% (n=117) of the cohort. Table 1 demonstrates participant 

characteristics stratified by the presence of pre-dialysis cognitive impairment. Cognitive 

impairment was not associated with age (mean 60 vs. 61 years, p=0.4). Compared to 

participants without cognitive impairment, those with cognitive impairment were more 

likely to be Hispanic (44% vs 20%, p<0.001), report an annual income <$20,000 (62% vs 

37%, p<0.001), and have less than a high school education (63% vs 21%, p<0.001).
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Association of Pre-Dialysis Cognitive Function with ESRD Transition Outcomes

PD was the first dialysis modality among 16% of the cohort (n=100), 75% of participants 

(n=473) had pre-emptive permanent access placed, 45% of participants (n=279) avoided 

venous catheter use at dialysis initiation, and 20% (n=126) were preemptively waitlisted. 

Figure 2 displays proportions of CRIC participants with each ESRD transition outcome, 

stratified by pre-dialysis cognitive function.

Outcome 1: Pre-Dialysis Cognitive Impairment and PD as Initial Dialysis 
Modality—Table 2 demonstrates the results of our iterative model building strategy. Pre-

dialysis cognitive impairment retained a statistically significant and inverse association with 

the odds of dialysis initiation with PD after adjustment for demographics (Model 1), 

educational attainment, marital status, and clinical covariates (Model 2), and income and 

CRIC Center 5 (Model 3). In the final, fully adjusted model (Model 3), participants with pre-

dialysis cognitive impairment had 78% lower odds of utilizing PD as an initial dialysis 

modality (aOR for cognitive impairment, 0.22; 95% CI, 0.06–0.74; p=0.02).

Outcome 2: Pre-Dialysis Cognitive Impairment and Pre-Emptive Permanent 
Access Placement—Compared to participants without cognitive impairment, there was a 

nominally lower frequency of pre-emptive permanent access placement among CRIC 

participants with pre-dialysis cognitive impairment, but this difference did not meet criteria 

for statistical significance (unadjusted OR for cognitive impairment, 0.66; 95% CI, 0.43–

1.03; p=0.06).

Outcome 3: Pre-Dialysis Cognitive Impairment and Venous Catheter 
Avoidance at Dialysis Initiation—In unadjusted analyses and in Models 1, 2, and the 

fully adjusted model (Model 3), pre-dialysis cognitive impairment was independently 

associated with a lower odds of venous catheter avoidance at dialysis initiation. In the fully 

adjusted model, pre-dialysis cognitive impairment was associated with a 42% lower odds of 

venous catheter avoidance at dialysis initiation (aOR for cognitive impairment, 0.58; 95% 

CI, 0.34–0.98; p=0.04).

Outcome 4: Pre-Dialysis Cognitive Impairment and Pre-emptive Transplant 
Wait-listing—After adjustment for age, race, and sex (Model 1), pre-dialysis cognitive 

impairment was associated with a 51% lower odds of pre-emptive wait-listing (aOR, 0.49; 

95% CI, 0.25–0.94; p=0.03). However, this association was no longer significant after 

further covariate adjustment (Models 2 and 3). Effect estimates for all variables in the 

multivariable models are available in Table S1.

Secondary Analysis: Alternative Definition of Pre-Dialysis Cognitive 
Impairment—In analyses in which we utilized a single threshold 3MS score (<80) to 

indicate pre-dialysis cognitive impairment, 14% of participants (n=89) met criteria for 

cognitive impairment. Cognitive impairment was associated with all four ESRD transition 

outcomes in unadjusted analyses. These associations were attenuated and no longer 

significant for any of the outcomes in fully-adjusted models (Table 3).
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Sensitivity Analyses

We observed similar associations between cognitive impairment and ESRD transition 

outcomes in analyses in which we imputed missing data on eGFR slope (Table S2). Among 

participants with information on health literacy, pre-dialysis cognitive impairment was 

associated with an 88% lower odds of PD utilization (aOR for cognitive impairment, 0.12; 

95% CI, 0.02–0.99; p=0.05), and a 67% lower odds of venous catheter avoidance at dialysis 

initiation (aOR, 0.33; 95% CI, 0.14–0.76; p=0.009) in fully-adjusted models that included 

health literacy. When we restricted analyses of venous catheter avoidance to participants 

who initiated hemodialysis (n=526), pre-dialysis cognitive impairment was associated with 

lower odds of venous catheter avoidance at dialysis initiation in the fully adjusted model 

(Model 3), but this did not reach statistical significance (Table S3). Among participants with 

pre-emptive permanent vascular access placement, the median days from access placement 

to hemodialysis was similar between those with and without cognitive impairment (69 

versus 61 days, p=0.5). Access was placed ≥180 days before hemodialysis onset among 61 

participants (16%). Among participants with information on health literacy who initiated 

hemodialysis with preemptive vascular access placement (n=222), independent of the timing 

of access placement and health literacy, cognitive impairment was associated with a 71% 

lower odds of venous catheter avoidance at hemodialysis initiation (aOR for cognitive 

impairment, 0.29; 95% CI, 0.11–0.79; p=0.02).

Discussion

In this study of CRIC participants with advanced CKD who progressed to dialysis, we found 

that pre-dialysis cognitive impairment was strongly associated with lower utilization of PD 

and higher utilization of venous catheters at dialysis initiation. These findings were robust to 

adjustment for age, race, comorbidities, and functional status. Our findings have 

implications for future efforts to improve ESRD preparation and for quality monitoring of 

dialysis providers, who are evaluated in part based on their utilization of venous catheters. 

Our study suggests that some of the center-to-center variation observed in ESRD transition 

outcomes32 could be associated with commonly unmeasured patient factors, such as 

cognitive function.

Although there is greater awareness of the burden of cognitive impairment among patients 

with advanced CKD in the literature,13,33,34 the clinical implications are still being defined. 

Our findings suggest that cognitive impairment may have important impacts on utilization of 

PD. In-center hemodialysis remains the most common scenario for patients who initiate 

dialysis in the US,35 and PD is especially infrequently utilized in settings of urgent dialysis 

initiation.3,36 Some CKD patients with cognitive impairment may have limited ability to 

perform self-care, which may lead nephrologists to prefer hemodialysis for these patients. 

However, functional limitations may not be a universal barrier to PD, particularly in the 

presence of strong social support.37,38 Further, PD may represent an important dialysis 

modality for patients with limited vascular access options, and may result in lower risks for 

progressive cerebral damage and cognitive decline than hemodialysis.39,40 Therefore, future 

studies are needed to define potentially modifiable factors that result in low PD utilization 

among patients with pre-dialysis cognitive impairment.
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In our study, we observed that despite the fact that 75% of CRIC participants had pre-

emptive placement of a permanent access, over half of the cohort initiated dialysis using a 

venous catheter. Pre-dialysis cognitive impairment was associated with a lower likelihood of 

venous catheter avoidance at dialysis initiation, a finding that could be explained by 

numerous mechanisms. Patients with pre-dialysis cognitive impairment may have 

diminished capacity to understand clinical instructions that facilitate successful vascular 

access placement and maturation.41 Lower utilization of PD among cognitively impaired 

participants may have contributed substantially to our findings on venous catheter avoidance, 

given the distinct steps in access planning and placement required for PD. Finally, cognitive 

impairment may be a marker for vascular disease,42,43 which is a risk factor for vascular 

access maturation failure.44 Future studies are needed to determine whether alternative 

strategies for permanent access placement (e.g., earlier placement, closer clinical 

monitoring) may reduce the need for venous catheters among cognitively impaired CKD 

patients.

We also explored the relationship of pre-dialysis cognitive impairment and preemptive 

placement on the kidney transplant waiting list. Although there was no statistically 

significant association between pre-dialysis cognitive impairment and the likelihood of pre-

emptive listing at the conventional p-value cut off of 5%, the 95% confidence interval was 

wide, and should not be interpreted as concluding that cognitive impairment has no impact 

on the outcome, or that cognitive function is not a relevant factor in determining waiting list 

eligibility. Carefully selected patients with mild cognitive impairment may derive benefits 

from transplantation, and numerous studies have suggested that some patients may 

experience improvements in cognition post-transplantation.45–47 On the other hand, among 

older recipients, high rates of incident dementia have been observed post-transplantation, 

associated with poorer survival.48 Therefore, future studies are needed to identify CKD 

patients with cognitive impairment who are most likely to benefit from kidney 

transplantation, and determine barriers to transplant access among these patients.

Our finding that nearly 20% of CRIC participants with late-stage CKD displayed evidence 

of cognitive impairment also points to a larger challenge than improving any single ESRD 

transition outcome - ensuring that patients with cognitive impairment are supported to make 

timely and informed decisions about their care through the course of their illness. Prior 

educational interventions to improve ESRD preparation have highlighted the importance of 

patient knowledge and decision-making ability as key factors impacting these outcomes.
49–52 However, no strategies to date have considered differential effects of such interventions 

based on patients’ levels of cognitive function. The 3MS is a validated measure of global 

cognitive function but includes limited assessments of other cognitive domains, such as 

executive function and memory.11,14,53 Therefore, studies with more granular assessments of 

cognitive deficits are needed to determine whether some CKD patients may benefit from 

interventions validated in non-CKD populations, such as repetitive instruction to boost 

memory54 or use of cognitive training exercises,55 when receiving modality education and 

access planning prior to ESRD.

Our study has several strengths. To our knowledge, this is the first study to assess cognitive 

impairment as a potential barrier to ESRD transition outcomes. The CRIC cohort is large, 
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racially and geographically diverse, and collected information on several known health 

barriers and other important confounders, including physical function, health literacy, and 

health behaviors. Given the CRIC linkage to the USRDS, we were also able to confirm 

important patient outcomes including dialysis access and wait-listing.

However, our study was subject to certain limitations. Our study design did not provide 

insight on differences in ESRD transition outcomes among CRIC participants with different 

severity of cognitive impairment, or on the reasons why many participants with pre-

emptively placed vascular access did not use it to initiate dialysis. We did not focus on the 

potentially important role of cognitive decline prior to dialysis as a risk factor for poor 

ESRD transition outcomes, given a recent prospective, longitudinal study of CRIC 

participant cognitive function that found that global cognitive function remained relatively 

stable for the majority of participants prior to initiating dialysis.12 Further, despite the fact 

that many of our patient characteristics mirror similar studies of national dialysis cohorts,56 

our observed rates of pre-emptive permanent access placement were considerably higher.1,57 

CRIC participants may have had greater awareness of their CKD and experienced different 

patterns in access referral and placement compared to patients in the community.58 However, 

our cohort’s low rate of pre-emptive wait-listing (20%) is comparable to national rates,5 

illustrating that knowledge of CKD is only one of the determinants of ESRD preparedness. 

Further, by conditioning inclusion in our cohort on reaching late-stage CKD and on 

initiating dialysis, our retrospective study design may be subject to selection bias, and 

should be reproduced in other settings with prospective study designs.

In summary, we found that in a large, diverse cohort of patients with late-stage CKD who 

initiated dialysis, pre-dialysis cognitive impairment was associated with lower utilization of 

PD and higher utilization of venous catheters at dialysis initiation. Typical approaches to 

ESRD preparation, which rely heavily on patients to drive the process forward, may not be 

equally effective for patients with cognitive impairment. Additional studies are needed to 

determine whether interventions directed at mitigating the effects of poor cognitive function 

can improve preparation for ESRD.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Participant Inclusion Flow Diagram. Abbreviations: GFR, glomerular filtration rate; CRIC, 

Chronic Renal Insufficiency Cohort
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Figure 2. 
Proportion of CRIC Participants with ESRD outcomes, Stratified by Pre-dialysis Cognitive 

Function. Figure displays p-values for the unadjusted associations between pre-dialysis 

cognitive impairment, defined by age-based cut-off scores on the Modified Mini Mental 

State Examination, and ESRD transition outcomes.
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Table 1

Demographic and Clinical Characteristics of CRIC Participants Who Initiated Dialysis, by Pre-Dialysis 

Cognitive Function

Participant Characteristics No Cognitive Impairment 
n=513

Cognitive Impairment n=117 P Value

Age at Cognitive Assessment, y 60 (51–67) 61 (54–67) 0.4

Female sex 229 (45%) 55 (47%) 0.6

Race/Ethnicity <0.001

 Non-Hispanic White 150 (29%) 5 ( 4%)

 Non-Hispanic Black 259 (50%) 60 (51%)

 Hispanic 104 (20%) 52 (44%)

Annual income <=$20,000 191 (37%) 73 (62%) <0.001

Educational Attainment <0.001

 Less than High School 109 (21%) 74 (63%)

 High School Graduate 104 (20%) 25 (21%)

 Some College/College Graduate 300 (58%) 18 (15%)

Marital Status 0.1

 Currently Married 267 (52%) 63 (54%)

 Never Married 92 (18%) 12 (10%)

 Formerly Married 154 (30%) 42 (36%)

Diabetes mellitus 341 (66%) 88 (75%) 0.07

Cardiovascular Disease 251 (49%) 53 (45%) 0.5

Congestive Heart Failure 88 (17%) 18 (15%) 0.6

Stroke 66 (13%) 14 (12%) 0.8

Peripheral Vascular Disease 55 (11%) 14 (12%) 0.7

Cancer (Non-Skin) 43 ( 8%) 7 ( 6%) 0.4

Change in eGFR prior to cognitive assessment, ml/min/1.73 m2 
per year

−3.75 (−4.40—3.34) −3.78 (−4.48—3.34) 0.6

Body Mass Index ≥30 kg/m2 321 (63%) 60 (51%) 0.02

Systolic Blood Pressure ≥140mmHg 250 (49%) 71 (61%) 0.02

Diastolic Blood Pressure ≥ 90mmHg) 47 (9%) 10 (9%) 0.8

Current Smoker 69 (13%) 15 (13%) 0.9

KDQOL SF12 PCS Score 37 (28–48) 36 (29–44) 0.2

Serum Albumin <4.0 g/dL 355 (69%) 87 (74%) 0.3

Serum Hemoglobin <10.0 g/dL 116 (23%) 27 (23%) 0.9

eGFR at Index Visit 17.0 (15.0–19.0) 17.0 (14.0–18.0) 0.4

Days from Index visit to 3MS Assessment 0 (−365− 0) 0 (−370− 0) 0.9

Days from 3MS Assessment to Dialysis Initiation 628 (376–1046) 547(229–859) 0.08

Values for continuous variables expressed as mediann (interquartile range); for categorical variables as count (percentage).

Abbreviations: eGFR—estimated glomerular filtration rate; KDQOL SF12 PCS—Kidney Disease Quality of Life Short Form 12 Physical 
Component Score; k—kilograms; m—meters; mmHg – millimeters mercury; 3MS—Modified Mini Mental State Examination; g—grams, dL--
deciliter
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