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Abstract

The association of dialysis initiation with changes in cognitive function among patients with
advanced chronic kidney disease is poorly described. To better define this, we enrolled participants
with advanced chronic kidney disease from the Chronic Renal Insufficiency Cohort in a
prospective study of cognitive function. Eligible participants had a glomerular filtration rate of 20
ml/min/1.73m? or less, or dialysis initiation within the past two years. We evaluated cognitive
function by a validated telephone battery at regular intervals over two years, and analyzed test
scores as z-scores. Of 212 participants, 123 did not transition to dialysis during follow-up, 37
transitioned to dialysis after baseline, and 52 transitioned to dialysis prior to baseline. In adjusted
analyses, the transition to dialysis was associated with a significant loss of executive function, but
no significant changes in global cognition or memory. The estimated net difference in cognitive z-
scores at two years for participants who transitioned to dialysis during follow-up compared to
participants who did not transition to dialysis was —0.01 (95% confidence interval —0.13, 0.11) for
global cognition, —0.24 (-0.51, 0.03) for memory, and —0.33 (=0.60, —0.07) for executive function.
Thus, among adults with advanced chronic kidney disease, dialysis initiation was associated with
loss of executive function with no change in other aspects of cognition. Larger studies are needed
to evaluate cognition during dialysis initiation.

Keywords
CKD; cognitive function; dialysis

Background

Cognitive impairment is common among patients receiving maintenance dialysis, with
prevalence estimates exceeding 30%, and it may contribute to excess mortality.1:2 However,
the natural history of cognitive impairment in persons with advanced chronic kidney disease
(CKD) and the effect of dialysis initiation on cognitive function remain incompletely
defined.
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Early studies, primarily in younger individuals with few comorbid conditions, reported that
cognitive impairment associated with advanced CKD could be improved by dialysis
therapy,3# supporting the hypothesis that metabolites retained in kidney failure and removed
by dialysis contributed to impaired cognitive function. These studies had small samples and
did not always include controls, making it difficult to determine whether changes in
cognitive function were due to dialysis initiation or learning effects from repeated
administration of cognitive function tests.

Over the past few decades, the average age and comorbidity burden of patients starting
dialysis has increased. In addition, dialysis is now initiated earlier in the course of CKD (i.e.
at higher levels of estimated glomerular filtration rate (eGFR)). Coincident with these
changes in demographics and practice, the predominant form of cognitive impairment may
no longer be primarily attributable to retained metabolites, and rather may be related to
cerebrovascular disease and vascular dementia.1®8 If cerebrovascular disease is the
principle factor contributing to cognitive impairment, then dialysis initiation would not be
expected to improve cognitive function and it might even have deleterious effects.”:8

Using data collected from the Chronic Renal Insufficiency Cohort Cognition (CRIC COG)
study, we aimed to evaluate the trajectory of cognitive function in a contemporary cohort of
adults with advanced CKD before and after dialysis initiation. The CRIC study is well-suited
to address these questions, because its prospective design reduces selection and survival
biases. We hypothesized that dialysis initiation would be associated with an accelerated
decline in cognitive function.

Participant characteristics

Of the 212 participants included in the cohort, 123 (58%) did not transition to dialysis
during follow-up, 37 (17%) transitioned to dialysis after baseline, and 52 (25%) transitioned
to dialysis prior to baseline. The mean age of the cohort was 64.0 + 10.5 years, 50.9% were
male, 46.7% were white, and 57.6% had diabetes. Among participants who were not
receiving dialysis at baseline, the mean eGFR was 21.3 + 7.7 ml/min/1.73m2. Among
participants receiving dialysis at baseline, the mean number of months on dialysis was 11.6
+ 7.6. Compared to participants not receiving dialysis at baseline, participants receiving
dialysis had slightly lower baseline cognitive test scores (Table 1 and Supplement Table 1).

On average, participants completed 3.1 £ 1.7 cognitive assessments over 1.4 + 0.7 years
(median 2.0, IQR 0.8-2.0). Mean absolute change in eGFR from baseline to end of study or
dialysis initiation was —1.7 + 8.9 ml/min/1.73m? for participants who did not transition to
dialysis, and —7.5 % 6.3 ml/min/1.73m? for participants who transitioned to dialysis. In
analyses adjusted for age, sex, race and education, transition to dialysis was associated with
loss of executive function (p-value=0.01, Table 2), and no significant changes in global
cognition (p-value=0.81) or memory (p-value=0.12). These cognitive trajectories are
depicted in Figure 1. In sensitivity analyses excluding participants who transitioned to
dialysis prior to baseline, the results were similar (Supplement Table 2). Transition to
dialysis was associated with loss of executive function (p-value=0.01) and no significant
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changes in global cognition (p-value=0.69) or memory (p-value=0.30). The sensitivity
analysis results were also unchanged after adjustment for baseline eGFR.

The estimated net difference in cognitive function at two years for participants who
transitioned to dialysis during follow-up compared to participants who did not transition to
dialysis was —0.01 (95% CI -0.13, 0.11) for global cognition, —0.24 (95% CI -0.51, 0.03)
for memory, and —0.33 (95% CI —0.60, —0.07) for executive function (Figure 2). Participants
who transitioned to dialysis prior to baseline had slightly larger net differences in cognitive
function than participants who transitioned after baseline.

Discussion

In this study of adults with advanced CKD, transition to maintenance dialysis was associated
with loss of executive function and was not associated with improvement in other aspects of
cognitive function.

There may be several possible explanations for the cognitive trajectories observed in the
current study. The predominant form of cognitive impairment among adults with advanced
CKD may be related to vascular causes of dementia rather than retention of metabolites with
central nervous system toxicity. Patients with advanced CKD have a large burden of clinical
and subclinical cerebrovascular disease.19 Cerebrovascular disease, in turn, is a strong
correlate of cognitive impairment among patients receiving maintenance dialysis.211 Our
observation of accelerated decline in executive function may be consistent with this
hypothesis, as impairment in this domain is often a prominent feature of vascular
dementia.1?

Our study was not able to distinguish whether accelerated decline in executive function
occurred before or after dialysis initiation, and therefore we could not determine whether
this finding was related to progression of CKD or dialysis initiation per se. The former
trajectory might imply that declining kidney function and declining cognitive function are
mediated by the same pathophysiologic processes. Conversely, if accelerated decline occurs
after dialysis initiation, this might imply that factors associated with dialysis treatment have
deleterious effects on cognitive function. These factors might include hemodynamic
instability from hemodialysis treatments, brain microhemorrhages, microembolic
phenomenon, and systemic inflammation. For example, in a small study, an intervention to
reduce hemodynamic instability during hemodialysis treatment was associated with less
ischemic brain injury in patients who recently started maintenance dialysis.” Clinical events
occurring around the time of dialysis initiation, such as acute strokes, which increase in
incidence around the time of dialysis initiation,13 or episodes of delirium from acute illness
may also contribute.

Another possible explanation for the cognitive trajectories we observed in the current study
is that dialysis initiation may attenuate the acute encephalopathy of severe kidney failure, but
this effect may be outweighed by the processes contributing to cognitive decline. Although it
has been widely accepted that cognitive impairment improves after the initiation of
maintenance dialysis therapy; evidence to support these assumptions is limited. Prior studies
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which reported beneficial effects of dialysis on cognitive function were conducted more than
40 years ago, included fewer than 20 patients, and did not include a control group in pre-post
assessments; thus learning effects could not be differentiated from treatment effects.34 In
these studies, dialysis was initiated much later in the course of CKD - a serum creatinine
concentration >10 mg/d (approximately an eGFR <8 ml/min/1.73m? for a middle aged
adult), than is typical for contemporary practice.

Alternatively, these cognitive trajectories may reflect insufficient removal of the retained
metabolites which contribute to impaired cognitive function in patients with advanced CKD.
Among patients receiving maintenance dialysis, more frequent hemodialysis did not improve
cognitive function compared to conventional thrice weekly hemodialysis in a recent small
randomized trial 8 Because frequent hemodialysis augments the removal of small
metabolites such as urea, it seems unlikely that insufficient dialytic removal of this class of
metabolites contributes to cognitive decline. However, it is increasingly recognized that
conventional dialysis and possibly even frequent dialysis do not efficiently remove
metabolites bound to plasma proteins and those normally cleared by tubular secretion.1* We
recently identified several metabolites cleared by tubular secretion that are correlated with
impaired cognitive function in patients receiving dialysis.1> Whether more efficient removal
of these retained metabolites might improve cognitive function remains unknown.

These findings are largely consistent with the trajectory of functional decline observed
among older adults who start dialysis,16-17 and could have several important implications if
confirmed in larger studies. Among ambulatory patients with advanced CKD, the presence
of cognitive impairment may not be an appropriate indication for initiation of dialysis if not
accompanied by other traditional indications for dialysis initiation. Since we were not able
to assess cognitive function immediately prior to dialysis initiation, we cannot rule out the
possibility that dialysis initiation was associated with a beneficial effect on cognitive
function in the short term that was not captured in our study. It is possible that certain
features of cognitive impairment, such as its onset, duration and the absence of brain
vascular disease on neuroimaging might identify a subgroup of patients who are more likely
to improve after dialysis initiation, but this has not been carefully studied. These findings
may also have implications for how patients with cognitive impairment are counseled about
dialysis therapy. Loss of independence, both physical and cognitive, is rarely acknowledged
but an important consideration for many older patients, especially when the burden of
treatment is high.18:1° Finally, these findings should serve to underscore the importance of
advance care planning for patients with cognitive impairment who initiate dialysis. Many, if
not all, will face complex medical decisions, yet few have engaged in advance care planning
and even fewer have appointed a surrogate decision maker.20

Strengths of this study include its prospective design, which reduces survival and selection
biases, the use of a validated telephone battery to assess cognitive function, the assessment
of cognitive function on non-dialysis days, and the use of a control group and a one month
cognitive assessment to account for learning effects from serial assessments. Several
important limitations should also be acknowledged. First, while larger than previous studies,
the study sample was small and the duration of follow-up was relatively short. Although we
used several approaches to account for learning effects, such an effect remained apparent in
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the domain of memory, and may have attenuated between-group differences. Although the
differences in memory function did not reach statistical significance, the wide confidence
intervals include the possibility that memory function may also worsen with dialysis
initiation. Self-report of comorbidity is common in cohort studies but may contribute to
under-ascertainment. In addition, because we lacked a group of patients with extremely low
kidney function (i.e. GFR < 10 ml/min/1.73m?2) who did not start dialysis, we could not infer
whether dialysis was the cause of cognitive decline.

In conclusion, the transition to dialysis was not associated with improvement in cognitive
function among adults with advanced CKD. If confirmed in larger studies, these results
suggest that the predominant causes of cognitive impairment among contemporary patients
with advanced CKD are not related to dialyzable metabolites.

The CRIC Study is a prospective observational cohort study designed to evaluate risk factors
for progression of CKD.210 From June 2003 through May 2008, CRIC recruited 3939
persons aged 21-74 years from seven clinical centers across the United States. Participants
met age-based eGFR criteria: 2070 ml/min/1.73m? for ages 21-44 years, 20-60 ml/min/
1.73m?2 for ages 45-64 years, and 20-50 ml/min/1.73m? for ages 65-74 years. Exclusion
criteria included coexisting disease likely to affect survival, prior receipt of dialysis or organ
transplant, residence in nursing homes or inability to provide consent. Between January 1,
2012 and February 1, 2015, CRIC participants were invited to participate in an ancillary
study of cognitive function if they were fluent in English and had advanced CKD, defined as
either 1) an eGFR <20 ml/min/1.73m? at the most recent CRIC visit, 2) an eGFR projected
to fall below 20 mI/min/1.73m? over the subsequent year based on a CRIC prediction model
using prior eGFR, proteinuria and blood pressure, or 3) initiation of dialysis within the past
two years (see Supplement Figure 1 for flow diagram). We included the latter group of
participants to ensure we had a sufficient sample to model the post-dialysis cognitive
trajectory. Participants with hearing impairment as judged by the study coordinator were
excluded. A total of 219 participants were enrolled. For these analyses, we excluded seven
participants who received a pre-emptive transplant, leaving 212 participants in the analytic
cohort. Compared to CRIC participants with advanced CKD prior to 2012, participants
enrolled in the ancillary study were older and more likely to be female.

Institutional Review Boards at all clinical sites approved the study protocol and all
participants provided written informed consent.

We assessed cognitive function over two years using a validated telephone battery
administered by two trained research assistants.11-13 The Telephone Interview for Cognitive
Status modified (TICSm) evaluates global cognitive function with components for
concentration, orientation, immediate and delayed memory, calculation, reasoning and
judgement. The TICSm has a maximum (best) score of 41 and the delayed recall component
has a maximum score of 10. The East Boston Memory test assesses verbal memory with
components for immediate and delayed recall. The maximum score for each component is
12. The Digit Span backward test assesses working memory, attention, and executive
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function with a maximum score of 12. The Verbal and Category fluency tests evaluate
language function and aspects of executive function.1 Higher scores indicate better
cognitive function. We administered the cognitive tests at baseline (enrollment in the
ancillary study), one month after baseline to capture learning effects, and then every six
months for up to two years or the end of the study, August 31, 2015. For participants who
were receiving hemodialysis, testing was performed on a non-dialysis day. We created z-
scores for each test by subtracting the cohort baseline median score from the test score at
each time point and dividing by the interquartile range. To reduce the number of outcomes,
we created three summary z-scores. We used the TICSm z-score for global cognition. The
memory z-score consisted of the sum of z-scores for the TICSm delayed recall, and the East
Boston Memory immediate and delayed recall scores. The executive function z-score
consisted of the sum of z-scores for the Digit Span, Verbal Fluency and Category Fluency
tests. Higher z-scores represent better cognitive function.

We ascertained dialysis initiation through semi-annual surveillance by CRIC study
personnel, supplemented by cross-linkage with the US Renal Data System. Socio-
demographic and clinical characteristics were assessed at the CRIC visit immediately prior
to the baseline cognitive assessment. We defined diabetes by participant self-report, use of
medications for diabetes, or fasting blood glucose of 2126 mg/dL. We defined hypertension
by participant self-report, use of medications for high blood pressure, or a seated blood
pressure of =2140/80 mm Hg. We defined cardiovascular disease as participant self-report of
a myocardial infarction, angina, stroke, claudication, amputation, or revascularization
procedure of the coronaries or the extremities. We defined tobacco use as current versus
former or never use. For participants who were not receiving dialysis at the baseline
cognitive assessment, we calculated the eGFR with an equation derived from the CRIC
Study, using the annual serum creatinine and cystatin C measurements corresponding to the
first cognitive function assessment.1®

We compared participant characteristics and baseline cognitive scores according to dialysis
transition status: (1) did not transition to dialysis, (2) transitioned to dialysis after baseline,
and (3) transitioned to dialysis prior to baseline.

We used a random-effects model to determine the change in cognitive function over time.
Our base model fit separate slopes before and after the initiation of dialysis, allowed a sharp
change shortly after the initiation of dialysis, and adjusted for age, sex, race, education, visit
number (0, 1, =2) to model learning effects, and interactions between age, sex, race and
education with time. For these models, visit number, time since baseline, dialysis status, and
time since dialysis initiation were time-varying covariates. Observations occurring after
kidney transplantation (N=5 participants) were censored; however, observations for 21
participants who died during follow-up were retained in the analysis. To test the joint effect
of the immediate change in cognition after dialysis initiation and the change in cognitive
slope after dialysis initiation, we used a statistical test with two degrees of freedom. We used
this model to plot the predicted cognitive trajectory for a typical participant with advanced
CKD who (1) does not transition to dialysis, (2) transitions to dialysis after 0.7 years of
follow-up (the average transition time in our cohort for participants who transitioned after
baseline), and (3) transitions to dialysis 11.6 months before baseline (the average transition
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time in our cohort for participants who transitioned before baseline). We used a similar
approach to estimate the difference in cognitive function at two years for a typical
participant who transitioned to dialysis 0.7 years after baseline, and a typical participant who
initiated dialysis 11.6 months before baseline, net of the expected cognitive function if the
transition had not occurred. We used data for patients who did not transition to estimate the
counterfactual difference for both groups who transitioned to dialysis. We used SAS v8.0 for
all analyses (Cary, NC).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Panel C. Executive function
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Figure 1.
Predicted trajectory of global cognitive function (Panel A), memory (Panel B) and executive

function (Panel C) for participant with advanced CKD who does not transition to dialysis
(dotted line), who transitions to dialysis after baseline (solid line), and who transitions to
dialysis prior to baseline (dashed line).
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Net Effect at 2 Years
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Estimated net difference in cognitive function z-scores at two years for participants with
advanced CKD who transition to dialysis after baseline and those who transitioned to
dialysis before baseline, compared to participants who do not transition to dialysis, adjusted
for age, sex, race and education. Dashed lines represent 95% confidence intervals.
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Table 1
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Characteristics of participants with advanced CKD at baseline, stratified by dialysis transition status. Results
are presented as N (%) unless otherwise noted.

Did not Transitioned | Transitioned | p-value
transition to to dialysis to dialysis
dialysis after prior to
(N=123) baseline baseline
Participant characteristics (N=37) (N=52)
Age (years) * 64.7£10.4 64.5+10.5 62.0+11.0 0.29
Male 63 (51.2) 16 (43.2) 29 (55.8) 0.51
Black race 54 (43.9) 19 (51.4) 40 (76.9) <0.001
College education 82 (66.7) 27 (73.0) 26 (50.0) 0.05
Diabetes mellitus 65 (52.9) 25 (67.6) 32 (61.5) 0.23
Hypertension 120 (97.6) 37 (100.0) 52 (100.0) 0.33
Prior cardiovascular disease 47 (38.2) 15 (40.5) 19 (36.5) 0.93
Current smoker 12 (9.8) 6 (16.2) 6 (11.5) 0.55
eGFR (ml/min/1.73m?) * 228+7.3 16.1£6.6 - <0.001
Systolic blood pressure (mm 0.02
Hg) 131+ 22 140+ 21 127 £ 22
Diastolic blood pressure 0.06
(mm Hg) 70+12 72+13 66 + 11
Months receiving dialysis at --
baseline -- - 116+7.6
Dialysis modality during --
follow-up -
Hemodialysis -- 29 (78.4) 43 (82.7)
Peritoneal Dialysis -- 8 (21.6) 10 (19.2)
Cognitive domain z-score
Global 01+0.7 0.1+0.7 -0.2+0.7 0.01
Memory -01+17 01+13 -0.7+20 0.08
Executive Function 02+16 -0.002+15 -01+16 0.60

*
Mean =+ standard deviation

Aok

Participant may have had more than one dialysis modality.

Higher z-scores indicate better cognitive function.

Abbreviations: CKD — chronic kidney disease, eGFR — estimated glomerular filtration rate
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