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Abstract

Background—Cognitive impairment is common in hemodialysis patients and associated with 

significant morbidity. Limited information exists on whether cognitive impairment is associated 

with survival, and whether type of cognitive impairment is important.

Study Design—Longitudinal cohort.

Setting & Participants—Cognitive function was assessed at baseline and yearly using a 

comprehensive battery of cognitive tests in 292 prevalent hemodialysis patients.
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Predictor—Using principal component analysis, individual test results were reduced into 2 

domain scores, representing memory and executive function. By definition, each score carried a 

mean of 0 and SD of 1.

Outcomes—Association of each score with all-cause mortality was assessed using Cox 

proportional hazards models adjusted for demographics as well as dialysis and cardiovascular 

(CV) risk factors.

Results—Mean age of participants was 63 years, 53% were male, 23% were African American 

and 90% had at least a high school education. During median follow up of 2.1 (IQR, 1.1–3.7) 

years, 145 deaths occurred. Each 1-SD better executive function score was associated with 35% 

lower hazard of mortality (HR, 0.65; 95% CI, 0.55–0.76). In models adjusting for demographics 

and dialysis-related factors, this relationship was partially attenuated but remained significant 

(HR, 0.81; 95% CI, 0.67–0.98), while adjustment for CV disease and heart failure further 

attenuated it (HR, 0.87; 95% CI, 0.72–1.06). Use of time-dependent models showed a similar 

unadjusted association (HR, 0.62; 95% CI, 0.54–0.72), with the relationship remaining significant 

after adjustment for demographics, dialysis, and CV risk factors (HR, 0.79; 95% CI, 0.66–0.94). 

Better memory was associated with lower mortality in univariate analysis (HR per 1 SD, 0.82 

[95% CI, 0.69–0.96]), but not when adjusting for demographics (HR, 1.00; 95% CI, 0.83–1.19).

Limitations—Patients with dementia were excluded from the full battery, perhaps 

underestimating strength of the association.

Conclusions—Worse executive function and memory are associated with increased risk of 

mortality. For memory, this association is explained by patient demographics, while for executive 

function this relationship may be partly explained by CV disease burden.
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Cognitive impairment is common among patients treated with maintenance hemodialysis.1,2 

Reflecting an aging dialysis population with increased comorbidity, the burden of cognitive 

impairment in the dialysis population may continue to rise, potentially affecting various 

areas of patient care, such as patient adherence to treatment plans and quality of life.3,4 

Hemodialysis patients have impairment in multiple domains of cognitive function, although 

executive function, which is critical to planning and carrying out tasks, appears to be more 

affected than other domains such as memory.5 While the etiology of cognitive impairment in 

dialysis patients appears to be multi-factorial,1 cerebrovascular disease likely is an important 

cause,6 as cerebrovascular disease more often affects brain structures related to executive 

function.7

Mortality among dialysis patients is high, in part due to the high prevalence of comorbid 

conditions, including cardiovascular disease.8 In individuals without kidney disease, 

cognitive impairment is independently associated with increased mortality9,10, with both 

executive and memory dysfunction contributing to the increased risk.11,12 Advanced 

dementia, classified based on administrative codes or medical chart review and therefore 
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likely only identifying individuals with severe disease, is also a risk for increased mortality 

in dialysis patients;13,14 however, few studies have explored whether more moderate deficits 

in cognitive function are associated with mortality in hemodialysis patients and, if so, 

whether memory, executive function, or both are complicit.

Therefore, we assessed cognitive performance using a detailed neuro-cognitive battery of 

tests that maps to multiple cognitive domains and examined the association between 

cognitive performance and mortality in a cohort of prevalent maintenance hemodialysis 

patients.

Methods

Patient Characteristics

Outpatients aged 18 years or older receiving maintenance in-center hemodialysis at five 

Dialysis Clinic Inc (DCI) units and one hospital-based unit (St. Elizabeth’s Medical Center) 

in the greater Boston area were screened for the Cognition and Dialysis Study1 with study 

enrollment occurring from January 28 2004 through May 31 2012. Reflecting the nature of 

the cognitive test battery, eligibility criteria included English fluency as well as sufficient 

visual and hearing acuity to complete neurocognitive testing. To minimize floor effects and 

reflecting inability to provide consent, individuals with MMSE score ≤10 and/or advanced 

dementia based on medical record review were excluded. Temporary exclusion criteria 

included non–access-related hospitalization within 1 month, receipt of hemodialysis for less 

than 1 month, and single-pool Kt/V <1.0. The Tufts Medical Center/Tufts University 

Institutional Review Board approved the study, and all participants who completed the 

detailed cognitive testing signed informed consent.

Baseline Demographics and Clinical Characteristics

Demographic, clinical and laboratory factors were ascertained at the time of cognitive 

testing. Demographic data (age, sex, and race) were obtained via participant report, medical 

charts, and the DCI and St. Elizabeth’s Medical Center databases. Education (<12th grade, 

high school graduate to less than 2 years of college, and ≥2 years of college) was obtained 

via patient questionnaire. Medical history, including history of cardiovascular disease (a 

composite of either coronary artery disease and/or peripheral vascular disease), stroke, heart 

failure, diabetes, hypertension, and smoking, were defined by patient history or 

documentation in the patient’s electronic or paper chart. Patients were queried about 

personal history of myocardial infarction and coronary revascularization (which were used 

to define coronary disease) and intermittent claudication and peripheral vascular disease 

(which were used to define peripheral vascular disease). Additionally, DCI electronic 

medical and paper records were reviewed for a history of these conditions, with specific 

focus on problem lists, hospital discharge summaries, cardiac test results, and procedure 

results. Similarly, stroke was defined using patient history or documentation in the patient’s 

electronic or paper chart. Cause of end-stage renal disease and dialysis vintage were 

obtained from the DCI or St. Elizabeth’s electronic record, as were mean monthly systolic 

and diastolic blood pressures and body mass index (BMI). Medication lists from the time of 

cognitive testing were obtained from DCI electronic records. Pre-dialysis blood tests 
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included serum albumin, hematocrit, phosphorus, intact parathyroid hormone, and white 

blood cell count. High-sensitivity C-reactive protein was measured at a later date from 

frozen stored samples obtained at study enrollment. Single-pool Kt/V was calculated using 

blood urea nitrogen before and after cognitive testing. All DCI laboratory tests were 

measured in a central laboratory in Nashville, TN.

Neurocognitive Assessment

At study enrollment, participants were administered a battery of cognitive tests by research 

assistants following training and direct observation by the study neuropsychologist (T.S.). 

The same battery of tests was administered yearly to study participants whenever possible. 

To maintain quality and inter-rater reliability, testing was observed by the study 

neuropsychologist at 3- to 6-month intervals. To limit subject fatigue, all testing was 

completed during the first hour of hemodialysis. Additionally, in a prior study using the 

same battery of tests, we demonstrated similar performance regardless of whether testing 

was performed during the first hour of dialysis or before the start of a dialysis session.15 

When possible, neurocognitive testing was performed in a private room or in as quiet an 

environment as possible. The neurocognitive battery included well-validated commonly 

used cognitive tests that possess high inter- and intra-rater reliability and often have 

established age-, sex-, and/or education-matched normative scores. The MMSE16 was used 

as a screening test and the North American Adult Reading Test (NAART) served as a 

measure of premorbid verbal IQ.17 The neurocognitive battery consisted of the Wechsler 

Memory Scale III (WMS-III) Word List Learning Subtest,18 the Wechsler Adult Intelligence 

Scale III (WAIS-III) Block Design18 and Digit Symbol-Coding Subtests,18 and Trail 

Making Tests A and B19 (Trails A and B). For the Trails B test, a 300 second time limit was 

imposed, with those unable to complete the test during this time period considered “non-

completers”. During the last two years of the study, the cognitive panel was expanded to 

include additional verbal tests assessing both memory and executive functions, including 

Digit Span (forwards and backwards),18 the Mental Alternation Test,20 and the Controlled 

Oral Word Association Test (COWAT).21 The overall battery assesses a broad range of 

functioning including global ability, supraspan learning, auditory retention, visual retention, 

attention/mental processing speed, visual construction/fluid reasoning, and motor speed.

Principal component analysis with varimax rotation was used as a data reduction technique 

to derive composite scores for separate cognitive domains in the entire study population.22 

For 14 individuals with missing scores on one cognitive test (up to 2 scores if derived from 

the same test), imputation was performed, incorporating linear regression models based on 

results of the available cognitive tests. These results were incorporated into the data for 

principal components analysis. Two principal components with eigenvalues greater than 2 

were obtained, and the resulting component scores subsequently were used for primary 

statistical analyses. Using this method, all component scores have a mean of 0 and standard 

deviation (SD) of 1. The first component was interpreted to reflect executive functioning, 

attention, and processing speed (referred to as executive function in the Results section), 

with the Trails A and B, Block Design, and Digit Symbol-Coding tests contributing 

significantly (Table S1, available as online supplementary material). The second component 

primarily was composed of Word List Learning Recall and Recognition and was interpreted 
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to reflect memory. Formulas for deriving the principal component score at the baseline 

examination were used to calculate the principal component scores for follow-up testing. 

Digit Span, mental alternations and the COWAT were not used to calculate the principal 

component analysis because of the smaller number of individuals who completed these tests.

Study Outcome

The primary outcome was all-cause mortality. We obtained survival status on all patients 

through periodic electronic medical record monitoring as well as contact with each patient’s 

dialysis unit. Survival time was defined as the period of time elapsed from initial study 

enrollment until death, kidney transplantation, or March 31, 2013.

Statistical Analysis

Descriptive characteristics of the study population were reported as proportions for 

categorical and binary variables, means with standard deviations for continuous normally 

distributed variables, and medians with inter-quartile ranges for skewed variables. To better 

assess differences by level of cognitive function, the study population was sorted into 

equally sized quartiles by factor score for both memory and executive function. Linear 

trends across quartiles were assessed using linear regression for continuous variables and the 

Cochrane-Armitage test for binary variables. Differences between categorical variables were 

assessed using Chi-squared tests. Mortality rates were calculated by taking the number of 

deaths in each group divided by the total accrued person-time in each group.

Mortality rates were then adjusted for age using Poisson regression. Kaplan-Meier plots for 

time to death were constructed by quartiles of executive or memory function. Log-rank test 

was used to test differences in survival between the quartiles. Cox proportional hazards 

regression models were used to assess the association between memory and executive 

function and all-cause mortality, with nested models adjusting for demographics (age, sex, 

race, and education)—model 1; additional adjustment for dialysis-related factors (cause of 

end-stage renal disease [diabetes vs other], dialysis vintage, dialysis access type, serum 

albumin, diastolic blood pressure and Kt/V)—model 2; additional adjustment for 

cardiovascular disease (CVD; either coronary artery disease or peripheral vascular disease) 

and heart failure—model 3; and finally adjustment for stroke—model 4. To assess for 

differences by CVD status, an interaction term for executive/memory score and CVD was 

included in the final multivariable model. Additionally, as cognitive function was assessed 

longitudinally at one year increments, Cox regression models with the same covariates 

described above were created using principal component score (memory or executive 

function) as a time-dependent variable. All models evaluated memory and executive 

function as a continuous variable per standard deviation change. In secondary analyses, the 

association between performance on individual neurocognitive tests and mortality was 

assessed. For Trails B, scores were sorted into four ordered categories: non-completers and 

completers stratified into three equal sized tertiles. Using the same models described above, 

the relationship between the Trails B categories and mortality was then determined. All 

analyses were performed using SAS, version 9.2 (SAS Institute Inc, Cary, NC).
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Sensitivity Analyses

As patients reported to have a history of dementia or MMSE score of 10 or lower were 

excluded from entry into the study, we obtained survival status on this subgroup to allow for 

comparison with our study population. Mortality rates were calculated using the methods 

described above, both unadjusted and adjusted for age. As depression may be associated 

with both decreased cognitive function and mortality, we included adjustment23 for a Center 

for Epidemiologic Studies Depression (CES-D) Scale score > 16, which was obtained at 

study enrollment. Finally, we also included adjustment for use of psychotropic medications 

(yes or no), including use of benzodiapenes, antidepressants, and antihistamines.

Results

Study Participants

Three hundred fourteen patients met inclusion criteria and had cognitive testing performed, 

with 292 having sufficient data to create memory and executive factors.1 The mean age of 

the study population was 63.1 ± 16.7 (SD) years, 53% were male, 23% percent African 

American and 90% had a high school education or higher. Sixty-four percent had an 

arteriovenous fistula at baseline as their form of vascular access, while diabetes was the 

most common cause of end-stage renal disease (35%).

Patients with better executive functioning (higher score) were more likely to be younger and 

have a higher education level and diastolic blood pressure, but less likely to have diabetes, 

heart failure, stroke, and cardiovascular disease (Table 1). Similar trends were seen across 

memory quartiles. In addition, women performed better on tests of memory (Table S2).

Ouctomes

During median follow up of 2.1 (interquartile range, 1.1–3.7) years, 196 participants were 

re-administered the cognitive battery of tests at least one additional time (median number of 

visits, 3). During this time period, 145 deaths were observed, yielding an event rate of 19.1 

deaths per 100 person-years. When stratified by quartiles of executive performance, 

mortality rates increased with worse executive function, such that the lowest executive 

function quartile had a mortality rate three times that of the highest quartile (29.4 vs 10.4 

deaths per 100 person-years, respectively) (Figure 1A). This difference was partially 

attenuated when adjusting for age (16.5 vs 11.8 deaths per 100 person-years in highest 

versus lowest quartile). In contrast, the relationship between quartiles of memory and all-

cause mortality was fully attenuated following adjustment for age (Figure 1B).

Kaplan-Meier plots stratified by quartiles of baseline cognitive function demonstrated an 

association between better executive function and memory and all-cause mortality (global 

log-rank p <0.001 and p = 0.04 respectively) (Figures 2A and 2B). Using Cox proportional 

hazards models, each 1-SD higher baseline executive score was associated with a 35% lower 

hazard for mortality (hazard ratio [HR], 0.65; 95% confidence interval [CI], 0.55–0.76) 

(Table 2). Following adjustment for age, sex, race and education (model 1), the association 

was somewhat reduced but remained significant (HR, 0.78; 95% CI, 0.65–0.94). An 

expanded model with further adjustment for cause of end-stage renal disease, dialysis 
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vintage, access type, serum albumin, diastolic blood pressure, and Kt/V (model 2) yielded 

similar findings (HR, 0.81; 95% CI, 0.67–0.98). Further adjustment for a baseline history of 

cardiovascular disease and heart failure attenuated the relationship (HR, 0.87; 95% CI, 0.72–

1.06), while additional adjustment for previous stroke resulted in no further change (HR, 

0.87; 95% CI, 0.72–1.06). Better baseline memory function was associated with decreased 

mortality in univariate analysis (HR per 1-SD higher score, 0.82; 95% CI, 0.69–0.96). This 

relationship was eliminated following adjustment for demographics (model 1: HR, 1.00; 

95% CI, 0.83–1.19). In final multivariable models, there was no interaction between either 

executive function or memory with CVD status and mortality (p values each > 0.9).

When longitudinal executive function scores were examined in time-dependent Cox models, 

a similar relationship between executive function and all-cause mortality was observed (HR, 

0.62; 95% CI, 0.54–0.72). Partial attenuation was seen when adjusting for demographics 

(HR, 0.74; 95% CI, 0.62–0.88), whereas little change was seen when adjusting for dialysis-

related factors, CVD and heart failure, and finally stroke (HR for final multivariable model, 

0.79; 95% CI, 0.66–0.94). Time-dependent models utilizing longitudinal memory scores 

demonstrated a pattern very similar to the baseline memory models, with an association seen 

in univariate analysis (HR, 0.84; 95% CI, 0.71–0.99), and complete attenuation when 

adjusting for demographics (HR, 1.05; 95% CI, 0.87–1.26).

Analysis of individual cognitive tests demonstrated that the MMSE was not associated with 

mortality (Table 3). Poor performance on the Word List Learning Subtest, Block Design, 

Digit Symbol-Coding Subtests, and Trail Making Tests were associated with decreased 

survival in unadjusted analyses. In adjusted analyses, worse performance on the Blocks 

Design and Trails A tests remained significantly associated with mortality. For the Trails B 

test, non-completers showed the highest hazard for mortality (HR of 2.39 [95% CI, 1.40–

4.09] compared to the first tertile of completers); this association was attenuated in adjusted 

analyses.

Sensitivity Analyses

Out of 929 patients screened1, 40 had dementia as at least one of their exclusion criteria 

(4.3%). Survival status was available for 39 of 40 patients; this subgroup had a mortality rate 

of 31.8 deaths per 100 person-years and an age-adjusted mortality rate of 16.0 (95% CI, 

10.3–24.8) deaths per 100 person-years. Both rates were similar to the mortality rate of the 

worst performing executive function quartile. Additional adjustment for depression (CESD 

score >16) or psychotropic medications (yes or no) yielded results similar to the final 

multivariable models for both memory and executive function (data not shown).

Discussion

In this longitudinal study of maintenance hemodialysis patients examining the association of 

baseline cognitive function with mortality, impairment in both executive function and 

memory were associated with increased risk of mortality. The relationship between memory 

and all-cause mortality was attenuated after adjusting for demographics, while for executive 

function, the relationship remained significant until adjustment for baseline history of CVD 

and heart failure. When longitudinal cognitive scores were considered, executive function 
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remained significantly associated with all-cause mortality even after adjustment for CVD, 

heart failure, and stroke. The Trails A and Blocks Design tests were the individual tests most 

strongly associated with mortality, while the commonly used MMSE had no association 

with mortality.

There are few data relating cognitive function to mortality in dialysis patients. Two studies 

explored the association between dementia, defined by either review of the medical chart or 

by billing codes, and mortality, with both noting that dementia was an independent risk 

factor for mortality.13,14 It is important to note that dementia defined by chart review or 

billing codes is a relatively crude metric for identifying individuals with cognitive 

impairment, leading to a prevalence of dementia in only 1%–4% of dialysis patients. 

Therefore, these administrative codes only represent a small proportion of dialysis patients 

with cognitive impairment. In support of this, we noted a similar prevalence of clinically 

recognized dementia (4.3%) in our screened sample. This subgroup experienced a similar 

mortality rate to the lowest performing executive quartile, indicating that risks of cognitive 

impairment are underestimated by only considering overt dementia. Another report of 145 

patients from a combined peritoneal dialysis, incenter hemodialysis, and home hemodialysis 

cohort noted that cognitive impairment, defined by performing below 1 SD on two or more 

cognitive tests, was associated with mortality.24 In that study, survival rates were fairly high, 

likely reflecting the young age (mean, 50 years) of the cohort as well as a high proportion of 

patients treated with peritoneal dialysis and home hemodialysis. Our study builds on these 

previous results by performing detailed cognitive testing, evaluating a range of cognitive 

function (rather than considering cognitive function as a binary exposure variable) and 

testing different domains of cognitive function (memory and executive function).

There are several possible explanations for our findings. First, cognitive impairment may be 

a marker of illness and therefore identify individuals at greater risk for mortality. Indeed, 

patients with worse cognitive function were older, less educated, and more likely to have 

CVD, diabetes, and hypertension. Adjusted analyses showed complete attenuation for 

memory function after adjusting for demographic factors, while for executive function, 

partial attenuation occurred when adjusting for CVD and heart failure. The attenuation after 

adjustment for CVD and heart failure may be consistent with the hypothesis that impairment 

in executive function reflects generalized subclinical vascular disease5, including poor 

cerebrovascular health. A high burden of subclinical cerebrovascular disease in 

hemodialysis patients is consistent with this hypothesis.25 The results of the time dependent 

analyses, however, suggest that executive function may be an independent risk factor for 

mortality. Reflecting this possibility, impaired cognitive function can impact a patient’s 

ability to adhere to treatment plans including the ability to take medications as prescribed. 

As many dialysis patients are required to follow complex treatment regimens with frequent 

medication and dietary recommendation changes, impairment in executive function, which 

is critical for planning and carrying out tasks, may be particularly associated with adverse 

outcomes. In either case, our results indicate that measurement of executive function could 

be useful for identifying those at high risk for mortality (i.e. screening for executive 

dysfunction). Screening for cognitive impairment may also help providers tailor complex 

instructions and medical regimens that are prescribed for patients, possibly motivating 
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alternative care practices. For example, if cognitive impairment is recognized, additional 

efforts to involve family members and enhance home supports could be engaged.

We acknowledge several limitations to our study. First, several tests were added to our 

cognitive battery midway through our study and we were unable to incorporate these tests 

into the principal component analyses, possibly leading to less precision within the principal 

component analysis. Second, by design the study excluded those with most advanced 

cognitive impairment (dementia), which likely underestimates the risk associated with poor 

cognitive function. However, even in this select group of patients, worse cognitive function 

was associated with increased mortality. We also performed cognitive testing during 

hemodialysis, which in theory may influence cognitive performance through fluid shifts and 

changes in electrolytes. Addressing this, we previously conducted a randomized, cross-over 

study in hemodialysis patients utilizing the same battery of tests and found no difference in 

performance based on the timing of testing.15 Furthermore, even if there was an effect of the 

procedure on level of cognitive function, we have no a priori reason to believe that it should 

influence the association between cognitive function and mortality. Finally, this remains an 

observational study, and, as such, we cannot eliminate residual and unmeasured 

confounding. In particular, although we have attempted to comprehensively adjust for 

prevalent vascular disease, we are not able to fully adjust for its severity. The strengths 

include the detailed ascertainment of cognitive function, and assessment of two different 

domains of cognitive function. We also have detailed measurement of comorbid conditions, 

a moderate period of patient follow-up, and have used principal component analysis to limit 

multiple testing in our primary analyses.

In conclusion, we have shown that worse cognitive function, in particular worse executive 

function, is associated with a higher risk of mortality. The relationship of executive function 

with mortality may partially reflect the association of executive function with vascular 

disease. Novel strategies that may improve or stabilize cognitive impairment in dialysis 

patients, including different dialysis techniques, cognitive training and treatment of 

depression, should be investigated.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Figures 1A and 1B Unadjusted and age adjusted mortality rates by quartiles of executive and 

memory function. * = significant trend p value

Drew et al. Page 12

Am J Kidney Dis. Author manuscript; available in PMC 2016 February 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Figure 2. 
Figures 2A and 2B Kaplan-Meier plots by quartiles of executive and memory function. A 

global p-value is provided (log rank test) for each plot.
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