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Abstract
Background—Cognitive impairment is common among patients with end-stage renal disease
receiving hemodialysis 3x-per-week.

Study Design—Randomized Clinical Trial
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Setting & Participants—218 subjects participating in the Frequent Hemodialysis Network
(FHN) Daily Trial and 81 subjects participating in the FHN Nocturnal Trial.

Intervention—The Daily Trial tested in-center hemodialysis 6x-per-week versus 3x-per-week.
The Nocturnal Trial tested home nocturnal hemodialysis 6x-per-week versus home or in-center
hemodialysis 3x-per-week.

Outcomes—Cognitive function was measured at baseline, month four, and month 12. The
primary outcome was performance on the Trail-Making Test, Form B, a measure of executive
function, and a secondary outcome was performance on the Modified Mini-Mental State
Examination, a measure of global cognition. The domains of attention, psychomotor speed,
memory and verbal fluency were assessed in 59 participants in the Daily Trial and 19 participants
in the Nocturnal Trial.

Results—We found no benefit of frequent hemodialysis in either trial for the primary cognitive
outcome (Daily Trial: OR for improvement, 0.99; 95% CI, 0.59–1.66; Nocturnal Trial: OR, 1.19;
95% CI, 0.48–2.96). Similarly, there was no benefit of frequent hemodialysis in either trial on
global cognition, the secondary cognitive outcome. Exploratory analyses in the Daily Trial
suggested possible benefits of frequent hemodialysis on memory and verbal fluency, but not on
attention and psychomotor speed. Exploratory analyses in the Nocturnal Trial suggested no benefit
of frequent hemodialysis on attention, psychomotor speed, memory, or verbal fluency.

Limitations—Unblinded intervention, small sample

Conclusions—Frequent hemodialysis did not improve executive function or global cognition.
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Impairments in cognitive function have long been recognized as a debilitating complication
of end-stage renal disease (ESRD) 1. Early observational studies reported that impairments
in cognitive function and electroencephalographic (EEG) abnormalities improved after the
initiation of maintenance dialysis or kidney transplantation, suggesting that retained uremic
solutes were responsible for the cognitive manifestations of kidney failure 1. The National
Cooperative Dialysis Study provided additional support for this hypothesis by demonstrating
that increased fractional removal of urea during the dialysis session reduced EEG
abnormalities among patients receiving maintenance hemodialysis 2.

Contemporary studies indicate up to 30% of patients with ESRD receiving thrice weekly
maintenance hemodialysis suffer from moderate to severe cognitive impairment despite
meeting urea removal standards advocated by clinical practice guidelines 3,4. It is not clear
whether these findings reflect residual uremia 5, side effects of the conventional thrice
weekly hemodialysis procedure 6,7, or other conditions that may affect cognitive function,
such as depression, cerebrovascular disease or use of certain medications 8–10. Compared to
conventional 3x-per-week hemodialysis schedules, frequent hemodialysis augments removal
of uremic solutes, attenuates wide fluctuations in solute concentrations, and reduces
hemodynamic instability during dialysis treatments. In an uncontrolled study of 12 subjects,
conversion from 3x-per-week hemodialysis to long nocturnal dialysis was associated with
improvements in several domains of cognitive function 11. Conversely, in another study of
13 subjects, conversion from 3x-per-week hemodialysis to short daily hemodialysis did not
improve cognitive function 12. Cognitive test scores may improve with repeat
administration, a phenomenon known as 'practice effects' 13. In the absence of a control
group, it is difficult to interpret the significance of changes in cognitive function over time,
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especially when retesting occurs over a short period, since practice effects cannot be
separated from the intervention's effect.

The Frequent Hemodialysis Network (FHN) Trials consist of two randomized clinical trials
conducted in patients with ESRD receiving maintenance hemodialysis: a trial of incenter 3x-
per-week hemodialysis versus in-center 6x-per-week hemodialysis ('Daily Trial'), and a trial
of home or in-center 3x-per-week hemodialysis versus home 6x-per-week nocturnal
hemodialysis ('Nocturnal Trial'). Executive function, as measured by the completion rate of
the Trail Making B (Trails B) test, was designated as the main cognitive outcome in the
FHN Trials and did not significantly improve with more frequent hemodialysis
schedules 14,15. In this report we describe in more detail the effect of the interventions on
executive function and additional domains of cognitive function, including global cognition,
attention, psychomotor speed, memory and verbal fluency.

Methods
Participants

The design, recruitment, measurements and primary outcome of the FHN Trials have been
published 14–16. Briefly, from January 2006 to March 2009 we recruited subjects with ESRD
requiring maintenance hemodialysis from clinical sites in the United States and Canada for
both trials. Major exclusion criteria included age <13 (Daily) or <18 (Nocturnal) years,
inability to achieve a mean equilibrated Kt/V (eKt/V)urea ≥1.0 on two occasions, life
expectancy less than six months, medical need for hemodialysis > 3x-per-week, residual
urea clearance >3 ml/min (Daily), history of poor adherence to hemodialysis, inability to
communicate in English or Spanish and anticipated kidney transplantation or relocation
within the next 14 months. The study was reviewed by Institutional Review Boards at each
clinical center and all subjects signed informed consent. For these analyses, we included all
randomized individuals who completed baseline cognitive function testing and at least one
follow-up test after randomization.

Intervention
Subjects enrolled in the Daily Trial were randomized to receive either in-center 3x-per-week
hemodialysis targeting a minimum equilibrated Kt/Vurea of 1.1 per session and a session
length of 2.5 to 4 hours, or to receive in-center hemodialysis 6x-per-week targeting a
minimum equilibrated Kt/Vurea of 0.9 per session and a session length of 1.5 to 2.75 hours.
Subjects enrolled in the Nocturnal Trial were randomized to receive either in-center or home
3x-per-week hemodialysis targeting a minimum equilibrated Kt/Vurea of 1.1 per session and
a session length of 2.5 to 4 hours, or to receive home nocturnal hemodialysis 6x-per-week
targeting a minimum weekly standard Kt/Vurea of 4.0 and a session length of 6 to 8 hours. In
the Daily Trial, the total weekly dialysis time was 2.3 hours longer and the weekly standard
Kt/Vurea was 40% higher in the intervention arm compared to the control arm 14. In the
Nocturnal Trial, the total weekly dialysis time was 18 hours longer and the weekly standard
Kt/Vurea was 73% higher in the intervention arm compared to the control arm 15.

Cognitive Assessment
We assessed cognitive function in all subjects with two tests administered by trained study
coordinators in English or Spanish. Testing was performed at baseline, four months after
randomization and 12 months after randomization. The Trails B test is a timed test of
executive function17, and was designated the primary cognitive outcome in both trials. The
Modified Mini-Mental State Examination (3MS) is a test of global cognitive function which
includes an assessment of orientation, attention, calculation, language and short-term
memory 18. The 3MS was designated as the secondary cognitive outcome.
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English-speaking subjects enrolled after January 2007 from 5 of the 11 clinical sites in the
Daily Trial and subjects enrolled after July 2008 from all clinical sites in the Nocturnal Trial
completed a more extensive cognitive assessment battery which assessed domains of
attention, psychomotor speed, memory and verbal fluency (see Box 1). The pre-specified
main outcomes for the expanded cognitive study were scores on the Digit Symbol
Substitution (for the Daily Trial) and Digit Symbol Coding (a subset of the Wechsler Adult
Intelligence Scale, third revision; for the Nocturnal Trial) tests, which assess attention.
Where available, we used alternate test forms for follow-up visits. For the Trails A and B
and the grooved pegboard tests, lower scores indicate better performance, whereas for all
other tests, higher scores indicate better performance. In the Daily Trial, the protocol
targeted testing prior to a mid-week dialysis session. In the Nocturnal Trial, the protocol
targeted testing 24 hours after the last completed dialysis session. Both protocols
recommended against testing within six hours after completing a dialysis session.

Analytical Methods
Analyses were conducted separately for each trial and for each cognitive test. Because Trails
B scores were not normally distributed after transformation, we first categorized subjects
according to the change in Trails B scores from baseline to 12 months as follows: completed
test in less than 300 seconds at baseline but not follow-up, follow-up score ≥30 seconds
longer than baseline, follow-up score 1–29 seconds longer than baseline, no change in
follow-up score, follow-up score 1–29 seconds shorter than baseline, follow-up score ≥30
seconds shorter than baseline, and completed test in less than 300 seconds at follow-up but
not baseline. We then analyzed the resulting categories using ordinal logistic regression,
expressing results as odds ratios (OR) with 95% confidence intervals (CI). For the 3MS, the
main treatment effects were evaluated using mixed effects models adjusted for baseline
score and, in the Daily Trial, for clinical center. Correlations within subjects over time were
accounted for using an unstructured covariance matrix. In post-hoc analyses we analyzed the
change in Trails B scores using mixed effects models after transforming raw scores into t-
scores based on age, sex and education level 19. The ancillary cognitive test scores were
analyzed in a similar manner with adjustment for baseline score. To facilitate comparisons
across cognitive tests, we derived standardized effect sizes for each test by dividing the
mean treatment group difference by the baseline standard deviation (SD).

Pre-specified subgroup analyses were performed for Trails B and 3MS scores according to
age (stratified by median), education (post high school education versus not), depressive
symptoms (Beck Depression Inventory score <15, ≥15) 20, and baseline 3MS score
(stratified by median). We also conducted post-hoc subgroup analyses according to baseline
use of central nervous system (CNS) medications - anticonvulsants, antidepressants,
antihistamines, benzodiazepines, hypnotics and opioids.

We conducted two separate sensitivity analyses. The first set of sensitivity analyses assessed
whether differences in the interdialytic interval preceding cognitive testing may have biased
cognitive function scores. For these analyses, we modeled cognitive test scores as a
quadratic function of the interdialytic interval after controlling for the number of treatments
during the month. The second set of sensitivity analyses assessed whether loss to follow-up
affected the findings. For these analyses, we imputed missing Trails B and 3MS scores
based on baseline age, sex, race, language, diabetes, vintage and center, and all available
measurements of the Medical Outcomes Study Physical Health Composite, Mental Health
Composite, Feeling Thermometer, Beck Depression Inventory, weight, serum albumin
concentration, and hospitalization rate. The Trails B was converted to an ordinal variable of
10 second intervals and then imputed using the discriminant function method to
accommodate the bimodal distribution. We imputed the 3MS using the regression method.
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We estimated the Daily Trial had 80% power to detect an effect size of 0.40 on the Trails B
using a two-sided significance level of 0.05 and a sample size of 250 subjects with 20% of
randomized subjects missing follow-up measurements. We estimated the Nocturnal Trial
had 80% power to detect an effect size of 0.67 on the Trails B using a two-sided significance
level of 0.05 and a sample size of 90 subjects with 20% of randomized subjects missing
follow-up measurements. Two-tailed P-values <0.05 were considered statistically significant
unless otherwise indicated. Analyses were conducted using SAS, version 9.2 (SAS Institute
Inc).

Results
Daily Trial Cohort Characteristics

Of the 245 subjects randomized in the Daily Trial who completed baseline testing, 215
completed testing at month 4, 175 completed testing at the end of the study, and 218
completed at least one cognitive test during follow-up (Fig S1, provided as online
supplementary material). Reasons for test non-completion at the final assessment were
similar in the intervention and control groups. Subject characteristics according to trial and
treatment arm are shown in Table 1. Mean age in the Daily Trial was 50.4 ± 13.9 years and
median ESRD vintage was 3.6 (range, 0.6–17.3) years. At baseline 70% of subjects in the
3x-per-week group and 74% of subjects in the 6x-per-week group had a Trails B score
within 300 seconds (median scores, 105 and 96, respectively). There were 9 subjects (4%)
who had a 3MS score of 100 (the maximum) at baseline.

Of the 60 Daily Trial subjects who completed the expanded battery of cognitive tests at
baseline, 51 completed testing at the month 4 time point, 36 completed testing at the end of
the study, and 59 completed at least one cognitive test during follow-up (Fig S1). Drop-out
resulting from death or transplantation was similar in the two groups. Characteristics of
subjects who were included in the expanded cognitive study were similar to those who were
not, except that subjects who participated in the expanded study were six years older on
average and had completed more years of education (P<0.01 for both) (Table S1).

Daily Trial Primary and Secondary Cognitive Outcomes
Cognitive tests were administered 43 (IQR, 22–44) hours after the last dialysis treatment at
baseline. At month 12, cognitive tests were administered 43 (IQR, 25–44) hours after the
last dialysis treatment in the 3x-per-week group and 21 (IQR, 20–29) hours after the last
dialysis treatment in the 6x-per-week group. Overall, 55% of subjects had an improvement
in Trails B performance after 12 months. The odds of improvement did not differ between
the intervention and control groups at month four (OR, 1.15; 95% CI, 0.72–1.86) or at
month 12 (OR, 0.99; 95% CI, 0.59–1.66; Figure 1). Post-hoc analyses utilizing Trails B t-
scores resulted in similar findings. There was no evidence for effect-modification by age,
education, baseline 3MS scores, baseline depressive symptoms or baseline CNS medication
use on Trails B scores (all P-values for interaction terms >0.05).

Mean scores on the 3MS increased (improved) over time in both groups and did not differ
according to treatment group (Table 2). There was no consistent evidence for effect-
modification by age, education, baseline 3MS scores, depressive symptoms or CNS
medications (P-values >0.05).

In sensitivity analyses, there was no association between the interdialytic interval and scores
on the Trails B or 3MS. When we used multiple imputation to account for loss to follow-up,
the magnitude of improvement in test scores was smaller in both groups. Consistent with the
primary analyses, there was no significant benefit of frequent hemodialysis on either Trails
B or 3MS scores.
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Daily Trial Expanded Cognitive Battery
Among the subset of Daily Trial subjects who completed the expanded cognitive battery,
there were no significant differences in tests of attention or psychomotor speed between the
intervention and control groups (Figure 2A-B and Table S2). At four months there was a
significantly larger improvement in the Letter-Number Sequencing subtest of the Wechsler
Adult Intelligence Scale for the 6x-per-week group versus the 3x-per-week group, and
similar but not significant trends for other tests of memory and verbal fluency. At 12
months, there were significantly larger improvements on the Rey Auditory Verbal Learning
Test Immediate Recall and the Controlled Oral Word Association Test for the 6x-per-week
group compared to the 3x-per-week group.

Nocturnal Trial Cohort Characteristics
Of the 87 subjects randomized in the Nocturnal Trial who completed baseline testing, 81
completed testing at month 4 and 71 completed testing at the end of the study. Reasons for
test non-completion were similar between the intervention and control groups (Figure S2).
Mean age in the Nocturnal Trial was 52.8 ± 13.6 years and median ESRD vintage was 0.9
(range, 0.1–12.6) years (Table 1). At baseline 81% of subjects in the 3x-per-week group and
75% of subjects in the 6x-per-week group had a Trails B score within 300 seconds (median
scores, 87 and 77, respectively). There were 2 subjects (2%) who had a 3MS score of 100 at
baseline. Of the 21 Nocturnal Trial subjects who completed the expanded cognitive battery
at baseline, 19 completed testing at month four while 17 completed testing at the end of
follow-up. Characteristics of subjects who completed the expanded cognitive battery were
similar to the overall trial cohort (Table S1).

Nocturnal Trial Primary and Secondary Cognitive Outcomes
Cognitive tests were administered 43 (IQR, 27–44) hours after the last dialysis treatment at
baseline. At month 12, cognitive tests were administered 25 (IQR, 14–42) hours after the
last dialysis treatment in the control group and 31 (IQR, 18–33) hours after the last dialysis
treatment in the intervention group; in other words, cognitive testing occurred following a
night “off” more often in the 6x-per-week group than in the 3x-per-week group. Overall,
66% of subjects had an improvement in Trails B performance after 12 months. The odds of
improvement did not differ between the intervention and control groups at month 4 (OR,
1.01; 95% CI, 0.44–2.30) or month 12 (OR, 1.19; 95% CI, 0.48–2.96; Figure 1). Post-hoc
analyses utilizing Trails B t-scores had similar findings. There was no evidence for effect-
modification by age, education, depressive symptoms or individual CNS medication use (all
P-values for interaction terms >0.05).

Scores on the 3MS increased over time in both groups (Table 2). Improvements were less
pronounced in the 6x-per-week group; this difference was of borderline significance at four
months, and not statistically significant at 12 months. There was no evidence for effect-
modification by age, education, baseline 3MS score, depressive symptoms or individual
CNS medication use (all P-values for interaction terms >0.05).

In sensitivity analyses, there was no association between the interdialytic interval and scores
on the Trails B or 3MS. Multiple imputation models were consistent with the main analyses.

Nocturnal Trial Expanded Cognitive Battery
On the expanded cognitive battery, there were no significant effects of frequent
hemodialysis at 4 months (Figure 3A) but there was a statistically significant poorer
performance on the Digit Symbol Coding for the 6x-per-week group compared to the 3x-
per-week group at 12 months (Figure 3B). There were no other significant differences in test
scores, though in all cases the trends favored the control group.
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Discussion
We found that frequent hemodialysis did not improve the primary outcome of executive
function or the secondary outcome of global cognition. These results were not modified by
age, education, depressive symptoms, baseline cognition or individual CNS medication use.
In exploratory analyses in the Daily Trial, frequent hemodialysis improved performance on
tests of memory and verbal fluency but not attention or psychomotor speed. In exploratory
analyses in the Nocturnal Trial, frequent hemodialysis was associated with significantly
poorer performance on one test of attention, but there were no significant differences in
other cognitive domains.

To our knowledge, the FHN Trials are the only randomized trials of frequent hemodialysis
that have evaluated cognitive function. Jassal and colleagues studied cognitive function in
12 patients converted from home hemodialysis 3x-per-week to nocturnal hemodialysis 5 to
7x-per-week 11. They observed significant improvements in the domains of psychomotor
efficiency, processing speed, attention and working memory after six months of follow-up;
however their study did not include a control group. Vos and colleagues studied cognitive
function in 13 patients who converted from home hemodialysis 3x-per-week to 6x-per-
week 12. After six months of follow-up, they found no significant differences in several
cognitive domains compared to matched controls who had remained on 3x-per-week
hemodialysis.

Unique features of the study design and patient cohort may affect how our results are
interpreted. First, the FHN Trials were randomized and had longer follow-up. This
eliminated confounding by indication or patient selection and allowed us to control for
practice effects attributable to repeated assessments of cognitive function. Second, we tested
in-center short daily hemodialysis and home long nocturnal hemodialysis in two separate
trials. By using the same cognitive battery in both trials, we could qualitatively compare the
effects of short daily hemodialysis and long nocturnal hemodialysis. The FHN Trials had an
older study population with more comorbidity compared to previous studies of frequent
dialysis. This enhances the generalizability of our results, but may have contributed to
higher long-term drop-out rates. It might also have obscured a benefit to frequent dialysis
evident only in a younger population.

The FHN findings are important for several reasons. First, cognitive impairment is common
among patients receiving conventional hemodialysis but until now there have been no
randomized trials to measure the effect of more frequent dialysis. Second, although there
were no statistically significant differences in the primary or secondary cognitive outcomes
in either trial, the magnitude of improvement in memory and verbal fluency in the Daily
Trial may be clinically important. For example, frequent hemodialysis was associated with
an average improvement in immediate recall by almost six words and an average increased
verbal fluency of almost five words. These effects are larger than the reported benefits of
physical activity among older adults with mild cognitive impairment 21,22. Third, they
suggest that memory and verbal fluency domains may be more sensitive to uremia than
other cognitive functions. Impairments in attention and executive function, although
common among patients receiving maintenance hemodialysis, may not be primarily related
to residual uremia. For example, aging, depressive symptoms, cerebrovascular disease and
certain medications have been linked with executive dysfunction 8,9,23. It is also possible
these results are attributable to differential drop-out or to chance, since similar findings were
not seen in the Nocturnal Trial.

In the Nocturnal Trial, we found no benefit from more frequent hemodialysis across
multiple cognitive domains. Furthermore, exploratory analyses found performance on tests
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of global cognition and attention was poorer in the intervention group. Whether the differing
findings on secondary cognitive measures in the Nocturnal Trial versus the Daily Trial are
due to differences in baseline patient characteristics, differences in the measurement of
cognitive function, chance (due to the large number of cognitive tests performed and the
small number of subjects), or due to a true adverse effect of nocturnal hemodialysis is not
clear. Poorer cognitive function in the frequent arm of the Nocturnal Trial was not explained
by differences in CNS medication use at baseline or over the course of the trial (data not
shown). Alternatively, sleep disturbance from nocturnal dialysis may have had a detrimental
effect on cognitive function.

Our study has several limitations. Though larger than previous studies, our sample size was
small, particularly for the expanded cognitive battery. The subjects and study personnel
were not blinded, so it is possible knowledge of the treatment arm influenced cognitive
performance. There were differences in the interdialytic interval preceding cognitive testing
between treatment arms in addition to higher than expected drop-out at 12 months, reflecting
the complexity and intensity of the interventions. In sensitivity analyses, these differences
had no significant effect on the primary or secondary outcomes. Finally, practice effects
were evident on many cognitive tests. Sensitivity analyses indicated the magnitude of
practice effects would be smaller if subjects who were lost to follow-up remained in the
study, since these subjects tended to be sicker and have poorer cognitive function.

In conclusion, we found that frequent hemodialysis did not improve executive function or
global cognition, suggesting that residual uremia is not primarily responsible for these
impairments. Exploratory analyses indicated possible improvements in memory and verbal
fluency in the Daily Trial, and a possible detrimental effect on attention and global cognition
in the Nocturnal Trial that merit further investigation.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Change in Trail B score from baseline to month 12 in Daily Trial (odds ratio [OR], 0.99;
95% confidence interval [CI], 0.59–1.66) and Nocturnal Trial (OR, 1.19; 95% CI, 0.48–
2.96).
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Figure 2.
(A) Estimated standardized effects on cognitive outcomes comparing 6-times-per-week
versus 3-times-per-week hemodialysis in the Daily Trial at month four. n=218 for the
Modified Mini-Mental State Examination; n=209, Trail-Making Test, Form B; and n=59,
other tests. (B). Estimated standardized effects on cognitive outcomes comparing 6-times-
per-week versus 3-times-per-week hemodialysis in the Daily Trial at month 12. n=176 for
the Modified Mini-Mental State Examination; n=176, Trail-Making Test, Form B; and
n=36, other tests. CI, confidence interval; OR, odds ratio.
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Figure 3.
(A) Estimated standardized effects on cognitive outcomes comparing 6-times-per-week
versus 3-times-per-week hemodialysis in the Nocturnal Trial at month four. n=80 for the
Modified Mini-Mental State Examination; Trail-Making Test, Form B, and n=21 for other
tests.
(B) Estimated standardized effects on cognitive outcomes comparing 6-times-per-week
versus 3-times-per-week hemodialysis in the Nocturnal Trial at month four. n=70 for the
Modified Mini-Mental State Examination and Trail-Making Test, Form B, and n=19 for
other tests. CI, confidence interval; OR, odds ratio.
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Table 1

Baseline Characteristics of Participants.

Baseline characteristic Daily Trial Nocturnal Trial

3x/wk 6x/wk 3x/wk 6x/wk

No. of patients 101 117 40 41

Age (y) 51.9 ± 13.8 48.9 ± 13.4 54.9 ± 12.2 51.1 ± 14.5

Male sex 61 (60.4) 72 (61.5%) 26 (65.0%) 27 (65.9%)

Race /Ethnicity

 Black 53 (44.2%) 49 (39.2%) 11 (26.2%) 12 (26.7%)

 White 46 (38.3%) 43 (34.4%) 21 (50.0%) 27 (60.0%)

 Native American, Aboriginal Canadian, Alaskan Native, First
Nation

4 (3.3%) 4 (3.2%) 2 (4.8%) 1 (2.2%)

 Asian 5 (4.2%) 11 (8.8%) 7 (16.7%) 5 (11.1%)

 Native Hawaiian or other 3 (2.5%) 1 (0.8%) 0 (0%) 0 (0%)

 Pacific Islander

 Other/Mixed/Unknown 9 (7.5%) 17 (13.6%) 1 (2.4%) 0 (0%)

 Hispanic/Latino Ethnicity* 31 (26%) 38 (30%) 0 (0%) 0 (0%)

Primary language English 85 (84.2%) 88 (75.2%) 34 (85.0%) 37 (90.0%)

ESRD vintage (y) 3.02 (0.6–12.5) 3.85 (0.6–17.3) 0.5 (0.08–6.1) 1.3 (0.09–12.6)

Education

 < High school graduate 20 (20.0%) 27 (23.5%) 5 (12.5%) 8 (20.0%)

 High school graduate 29 (29.0%) 25 (21.7%) 9 (22.5%) 11 (27.5%)

 Post high school 51 (51.0%) 63 (54.8%) 26 (65.0%) 21 (52.5%)

Diabetes 42 (41.6%) 48 (41.0%) 18 (45.0%) 16 (39.0%)

Stroke 6 (5.9%) 8 (6.8%) 1 (2.5%) 1 (2.4%)

Charlson comorbidity index 1.5 ± 1.8 1.4 ± 1.6 1.6 ± 1.7 1.2 ± 1.3

Beck depression index 12.7 ± 9.9 12.5 ± 8.6 11.5 ± 8.7 11.7 ± 8.2

Predialysis SBP (mm Hg) 146 ± 18 147 ± 19 154 ± 22 144 ± 13

Predialysis DBP (mm Hg) 78 ± 12 81 ± 11 83 ± 14 80 ±11

Hemoglobin (g/dL) 12.0 ± 1.3 11.8 ± 1.2 11.9 ± 1.1 11.6 ± 1.1

Albumin (g/dL) 4.0 ± 0.5 3.9 ± 0.4 3.9 ± 0.5 3.9 ± 0.5

Anticonvulsant 22 (21.8%) 22 (18.8%) 8 (20.0%) 7 (18.4%)
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Baseline characteristic Daily Trial Nocturnal Trial

3x/wk 6x/wk 3x/wk 6x/wk

Antidepressant 13 (12.9%) 14 (15.8%) 9 (22.5%) 9 (23.7%)

Antihistamine 24 (23.8%) 21 (18.0%) 14 (35.0%) 18 (43.9%)

Benzodiazepine 10 (9.9%) 15 (12.8%) 7 (17.5%) 7 (17.1%)

Opioid 15 (14.9%) 21 (18.0%) 7 (17.5%) 10 (24.4%)

Note: Values are for participants in the Frequent Hemodialysis Network Trials who completed baseline and at least 1 follow-up cognitive test.
Values for categorical variables are given as number (percentage); values for continuous variables are given as mean +/− SD or median (range).

Abbreviations: ESRD, end-stage renal disease; SBP - systolic blood pressure, DBP - diastolic blood pressure

*
Persons in this category may also be counted in other categories.
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Box 1

Neurocognitive Assessment Battery Administered in FHN Trials.

Global cognitive function

 Modified Mini-Mental State Examination

Executive function

 Trail-Making Test, Form B

Attention

 Digit Symbol Substitution Test (Daily Trial) *

 Digit Symbol Coding (Nocturnal Trial) *

 Trail-Making Test, Form A*

Psychomotor speed

 Grooved pegboard (Daily Trial) *

Memory

 Rey Auditory Verbal Learning Test, immediate and delayed recall *

 Letter-Number Sequencing *

Verbal fluency

 Controlled Oral Word Association Test*

*
indicates tests administered to a subset of FHN participants

FHN, Frequent Hemodialysis Network
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