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Abstract

Background Cognitive impairment in hemodialysis patients has been acknowledged over the last years and has been reported
in up to 80% of patients. Older age, high prevalence of cardiovascular risk factors, such as stroke and transient ischemic
attack, uremia, and multiple metabolic disturbances represent the most common factors for cognitive impairment in hemo-
dialysis patients.

Methods We conducted a prospective cohort study on 408 patients from 10 hemodialysis centers in the regional government
district of Middle Hesse (Germany). Patients underwent a neuropsychological test battery consisting of five tests, in addition
to a phonemic fluency test, to assess cognitive profile. The patients were classified as no cognitive impairment or mildly-,
moderately- or severely-impaired cognitive function, depending on the degree of impairment and number of domains where
the deficit was determined. We analyzed the cognitive profile and the change in performance over time in hemodialysis
patients based on their cognitive status at baseline vs. 1-year follow-up.

Results Of 479 eligible patients, 408 completed all tests at baseline. Only 25% (n=102) of the patients had no cognitive
impairment. Fourteen per cent (n=57), 36.5% (n=149), and 24.5% (n=100) of patients showed mild, moderate, and severe
impairment, respectively. In patients with cognitive impairment, all cognitive domains were affected, and impairment was
significantly associated with depression and education. The most impaired cognitive performance was immediate memory
recall, and the best performance was found in naming ability. No significant change was observed after 1-year follow up in
any domain.

Conclusion Our study shows that the prevalence of cognitive impairment in hemodialysis patients is high and that it is
affected by the presence of depression. Furthermore, education has an effect on cognitive test results. As depression has a
significant influence on cognitive impairment, its early identification is essential in order to initiate treatment at an early
stage, hoping to positively influence cognitive performance.
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Introduction

The association of cognitive impairment with chronic kid-
ney disease (CKD) has been reported over the last decade
[1-4]. Several studies have suggested that the prevalence of
cognitive impairment in patients with CKD, especially in
end stage renal disease (ESRD), is up to 80% [1, 2, 5-8],
but detailed data regarding different domains of cognitive
functions, especially in patients with mild cognitive impair-
ment, is scarce in literature. Early detection of cognitive
impairment is of paramount significance in order to take
preventive action, to assess illness-related grief, and to avoid
misunderstandings during medical care [9]. Different types
of dementia show different cognitive profiles. In addition to
Alzheimer’s disease, where memory disorders (especially
retention) dominate, vascular dementia represents one of the
most common types of dementia associated with impairment
in executive and parts of memory function, such as immedi-
ate recall, but not retention [10].

Hemodialysis patients are at increased risk of cognitive
impairment because of their old age, high prevalence of
cardiovascular risk factors, cerebrovascular involvement,
including stroke and transient ischemic attack (TIA), and
multiple metabolic disturbances [11-13]. Anemia has also
been associated with poor cognitive function and dementia
[14, 15].

Hemodialysis patients seem to suffer mostly from
impairment of executive functions. Recent studies have
reported associated vascular risk factors [1, 2]. Most of
these studies used either the frequently applied Mini-
Mental-Status-Examination (MMSE) or very heterogene-
ous scales. The MMSE, which is designed as a screen-
ing instrument and not as a diagnostic one, focuses on
orientation, memory and language, and is, therefore, not
an appropriate tool for detecting different disease-related
cognitive impairments. Detailed test batteries are often
time-consuming and require different standardization for
each task. Therefore, a within-subject comparison in rela-
tion to performance in different cognitive domains seems
to be highly required. In addition, data concerning the
temporal development of cognitive impairment in hemo-
dialysis patients are scarce, and furthermore, it remains
unclear which factors might influence the development of
cognitive impairment in these patients.

The goal of our study was to examine the extent of cogni-
tive impairment, and to derive a distinct profile of cognitive
function in hemodialysis patients using a standard tool for
neuropsychological assessment, the Consortium to Establish
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a Registry for Alzheimer’s Disease (CERAD), in patients
with mild cognitive impairment (MMSE Score >24). Fur-
thermore, we explored a set of risk factors for deficits in
cognitive performance as well as for its development.

Methods

We conducted a prospective cohort study in the regional gov-
ernment district of Middle Hesse (Germany) at 10 outpatient
dialysis centers. Inclusion criteria were: at least 18 years of
age, native German speaker and receiving hemodialysis three
times per week. Patients under the legal supervision of a care-
taker were excluded from the study.

Neuropsychological assessment

We applied the widely used CERAD test battery, consisting
of five tests (semantic fluency, naming, verbal memory with
the immediate, delayed and recognition recall subtests, con-
structional memory and constructional praxis) and a test of
phonemic fluency, now included in the CERAD-Plus. The raw
scores were transformed into z-scores using the same norm
sample for all tests adjusted for age, sex and years of education.

Impairment was stratified using the algorithm adopted
by Murray and colleagues [1] based on the Mayo criteria for
mild cognitive impairment [16] and the Diagnostic and Sta-
tistical Manual, third Edition, Revised criteria for dementia as
approximate guidelines [17]. Patients were classified depend-
ing on the amount of impairment and the number of domains
the deficit was found in. Unimpaired patients performed bet-
ter than 1.5 standard deviations (SD) below the norm sample
in any test considered for the classification. Mildly impaired
patients showed mild deficits (scores 1.50 to 1.99 SD below
the norm sample) in only one domain, moderately impaired
patients showed deficits in two domains or a severe deficit
(2.0 SD below the norm sample) in one domain. Patients
showing severe deficits in at least two domains were classi-
fied as severely impaired. The domains of executive functions
(semantic and phonemic fluency), verbal memory (immediate
and delayed recall), constructive praxis and language/naming
were considered in the classification. As the performance in
figural memory is related to the constructive skills, we did
not consider the test in the classification of the patients or in
further analyses. To evaluate the relationship between medical
parameters and cognitive performance in general we built the
CERAD-Score suggested by Chandler et al. [18]. The score
combines the raw scores of the semantic fluency (limited to
a maximum of 24 points), naming, immediate and delayed
recall of a word list, recognition of those words and construc-
tive praxis subtests, resulting in a total-score ranging from zero
to one hundred points.
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Dialysis measures, comorbidity, laboratory
parameters

Data concerning hemoglobin, creatinine, calcium, phospho-
rus, albumin, triglycerides, cholesterol and urea, as well as
pH-value, CO,, bicarbonate, blood pressure, and dialysis
dose were obtained. Demographic, comorbidity and cur-
rent medication data were obtained from the medical records
or were self-reported. The examinations, which took place
within the first 90 min of dialysis therapy, were carried out
by thoroughly instructed medical students.

Statistical methods

Demographic and medical parameters were compared
among hemodialysis patients with no impairment, an impair-
ment in any domain, or a severe impairment, using z-tests
for normally distributed variables, Mann—Whitney-U-Tests
for not normally distributed variables and Fisher’s exact-
or Cramer’s-V Tests for categorical variables. We analyzed
the correlation between different demographic, clinical, and
laboratory parameters, including dialysis duration, dialysis
efficiency (estimated by the Kt/V equation), and calcium-
phosphate-product, and performance in different cognitive
tests (Table S1). Parameters which showed statistically sig-
nificant correlations with performance at different cogni-
tive tests (p < 0.05) were entered as possible predictors in
a multivariate regression model with a backward elimina-
tion method to test for an independent association. Predic-
tors with p-value <0.10 were considered significant and
were retained in the model, while others were excluded.
We performed the analysis of variance (ANOVA) test with
repeated-measures to analyze the cognitive profile and the
change in performance over time in hemodialysis patients
based on the cognitive status at baseline. The inner-subject
factors time (baseline vs. 1-year-Follow-up) and fest (seman-
tic fluency, phonemic fluency, naming, memory immediate
recall, memory delayed recall, memory recognition, con-
structive praxis), as well as the between-subject factor cogni-
tive impairment (none, mild, moderate, severe at baseline)
resulted in a 2Xx 7 x4 design with pairwise comparisons
and planed contrasts for a priori analysis, choosing z-scores
in immediate recall as reference. To explore the effect of
depression on the decrease in cognitive performance, we
calculated a 2x2 design (time X depression). The same
analyses were repeated with the last observation carried
forward method. All assumptions regarding multivariate
regression analyses or variance analyses with repeated meas-
ures, including homoscedasticity, linearity, autocorrelation,
normally distributed errors or dependent variable, multicol-
linearity and sphericity were accounted for by means of the
appropriate methods. The Greenhouse-Geifler correction
was used when the assumption of sphericity was violated.

Differences were considered statistically significant at p val-
ues <0.05. All analyses were performed using the Predic-
tive Analysis SoftWare (PASW®) version 17.0 (SPSS Inc.,
Chicago, IL, USA) (Table 1).

Results
Patient characteristics

Out of 629 screened patients, 153 did not fulfill the inclusion
criteria. Seventy eligible patients either refused (n=67) or
were not able to complete the neuropsychological testing
(n=3). Those patients had significantly fewer years of edu-
cation, lower scores in the MMSE, higher diastolic blood
pressure, higher values of hemoglobin and bicarbonate,
relatively more coronary heart diseases, and lower smoking
index. One hundred sixty-five patients were lost to follow-
up. There were no significant differences in demographic
or medical parameters at baseline between the excluded or
attrited patients and those who completed the study, except
for a higher prevalence of atrial fibrillation in excluded or
attritted patients. No difference was found at baseline regard-
ing test performance between the patients who completed
the study and those who were lost to follow up.

Patients in the study group (n=408) were on average
71.6 years (SD: 10.29) old at baseline and had a mean of
11.1 years (SD: 2.39) of education (school and professional
education in total). Forty point two% of them were women,
and the mean time on dialysis was 48.4 months (SD: 77.04).
Thirty nine point eight% had diabetes; most of the patients
were suffering from arterial hypertension (78.7%), 11.5%
had a history of stroke or TIA and 8.3% had a diagnosis of
depression.

Cognitive impairment

Only 25% (n=102) of the patients were cognitively unim-
paired. Fourteen percent (n=57) had mild, 36.5% (n=149)
moderate and 24.5% (n=100) severe impairment. Table 2
shows the frequency of cognitive impairment in the dif-
ferent tasks. The most prevalent impairment appeared
in immediate memory recall as well as in phonemic and
semantic fluency.

Non-dialysis specific factors and their association
with cognitive test performance

In Table 1 the patients’ characteristics are listed sepa-

rately for the groups of; no cognitive impairment, at least
mild deficits in any considered tests, and severe cognitive
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Table 1 Characteristics and group differences between patients with and without cognitive impairment

1

Variable No cognitive impairment Cognitive impair-  Sig Severe cognitive impairment Sig?
ment in any domain

Age, mean=+sd (N) 71.6+10.2 (102) 71.7+9.8 (306) 920 69.8+9.0 (100) .198
Female, % (N) 32.4% (33) 42.8% (131) .063 44.0% (44) 11
Years of education, mean+ SD (N) 11.5+2.4(102) 10.9+2.3 (305) .029* 11.1+2.3 (100) 197
Time on dialysis, Months, mean + SD (N) 36.97 +38.66 (73) 48.63+56.37 (266) .174 49.41+47.63 (70) .100
Hours on dialysis per session, mean+SD (N) 4.2+0.8 (102) 4.3+0.5 (305) 497 4.3+0.5 (100) 519
Primary Cause of ESRD, % (N) .879 134

Diabetes 26.5% (27) 23.9% (73) 21.0% (21)

Vascular 11.8 (12) 12.7% (39) 11.0(11)

Others 60.8 (62) 61.1% (187) 63.0% (63)
Systolic Blood pressure, mean+ SD (N) 129.4+23.2 (89) 133.1+£20.0 (259) .156 134.6 +21.1 (83) 137
Diastolic Blood pressure, mean +SD (N) 65.7+12.0 (89) 67.0+11.9 (258) .387 68.0+12.3 (82) 254
Pulse pressure, mean + SD 63.7+18.3 (89) 66.1+17.7 (258) 279 66.7+17.1 (82) 281
Equilibrated Kt/v, mean +SD (N) 1.5+0.4 (87) 1.6+0.5 (255) 279 1.6+.5(89) 291
Hemoglobin, mean. +SD (N) 11.6+1.3 (102) 11.6+1.2 (294) 951 11.8+1.2 (94) 316
Albumin, mean +SD (N) 36.6+5.5 (88) 36.1+5.1(263) 395 36.3+4.7 (84) .500
Calcium phosphate product, mean+SD (N) 3.5+1.1 (101) 3.8+1.3 (296) 183 3.9+1.2 (94) .049*
Bicarbonate, mean + SD (N) 22.3+3.6(84) 22.6+3.2 (251) .630 222429 (71) .892
Arterial hypertension, % (N) 75.5% (77) 79.7% (244) .188 81.0% (81) .100
Cholesterol, mean+SD (N) 173.5+43.1 (80) 180.0+98.6 (220) .802 180.3+45.8 (70) 343
Coronary heart disease, % (N) 47.1% (48) 34.3% (105) .044* 32.0% (32) .060
Diabetes mellitus, % (N) 37.3% (38) 39.2% (120) .639 39.0% (39) .660
Stroke or TIA, % (N) 10.8% (11) 11.8% (36) .859 13.0% (13) .664
Atrial fibrilation, % (N) 19.6% (20) 18.6% (57) 1.0 13.0% (13) .340
Nicotine use, % (N) 38.2% (39) 31.7% (97) 275 27.0% (27) .102
Alcohol use, % (N) 5.9% (6) 4.9% (15) 575 6.0% (6) .501
MMSE. mean+SD (N) 28.2+1.6 (102) 27.4+1.8 (306) 001#*%*%  26.9+1.9 (100) L0071%%*

None CI (28-30) % (N) 72.5% (74) 50.3% (154) 44.0% (44)

Mild CI (25-27) % (N) 25.5% (26) 42.2% (129) 41.0% (41)

Moderate CI (20-24) % (N) 2.0% (2) 7.5% (23) 15.0% (15)
CERAD Score, % (N) 77.7+7.9 (102) 64.4+10.0 (306) 001#%*  59.6+9.5 (79) L0071%%*
Dementia, % (N) 0% (0) 0.7% (2) .550 0.0% (0)
Depression, % (N) 3.9% (4) 9.8% (30) .064 10.0% (10) .096

Bold print significance level *p < .05; **p < .01; ***p < .001

SD =standard deviation; 'Comparison between patients with non cognitive impairment and those with mild cognitive impairment, > Comparison

between patients with no cognitive impairment and those with severe cognitive impairment

impairment. Patients with no cognitive impairment had
significantly more years of education and higher preva-
lence of coronary heart disease compared to those with
mild cognitive impairment. Furthermore, female gender
and depression tended to be more frequent in the group
with mild cognitive impairment compared to the cogni-
tively sound group (p=0.063, 0.064, respectively). Com-
pared to patients with severe cognitive impairment, cog-
nitively unimpaired patients showed a significantly lower
calcium phosphate product (0.049). Interestingly, dialysis
duration (months) did not differ among the three groups
(p=NS).

@ Springer

Multivariate regression analysis was conducted to inves-
tigate an independent association between age, gender, years
of education, hemoglobin level, smoking (pack-year), stroke/
TIA, depression, or hypertension and performance in differ-
ent aspects of cognitive tests (Table 3).

Age showed, as expected, an independent negative
association with semantic fluency, early and late memory
recall, naming ability, constructive praxis, and CERAD
score. Unlike age, years of education showed an independ-
ent positive association with all aforementioned cogni-
tive aspects in addition to phonemic fluency (Table 3).
Males showed better delayed memory recall but worse
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Table 2 The rate of cognitive impairment at baseline and at one year follow-up

Domains Subtests Raw scores Impairment
None Mild* Severe**
Baseline Executive functions Semantic fluency 15.27+5.19 69.3% 15.7% 15.0%
Phonemic fluency 7.27+4.14 67.2% 12.5% 20.3%
Language Naming 13.42 +1.67 85.0% 6.4% 8.6%
Verbal memory Immediate memory recall 16.27 +4.34 59.1% 15.9% 25.0%
Delayed memory recall 5.16 +2.37 76.4% 10.0% 13.5%
Memory recognition 8.46+1.77 70.0% 11.8% 18.1%
Constructive praxis Constructive praxis 9.35+1.53 71.1% 10.3% 18.6%
1 year-Follow-up Executive functions Semantic fluency 15.26 +5.43 69.5% 17.7% 12.8%
Phonemic fluency 7.37+4.06 65.8% 13.2% 21.0%
Language Naming 13.42+1.72 85.2% 8.2% 6.6%
Verbal memory Immediate memory recall 16.30 +4.74 64.2% 11.5% 24.3%
Delayed memory recall 5.34+2.35 76.5% 12.3% 11.1%
Memory recognition 8.45+1.97 74.1% 10.7% 15.2%
Constructive praxis Constructive praxis 9.34+1.45 72.0% 11.5% 16.5%

Comparison between the frequency of cognitive impairment in patients at baseline (top row) and after one year of follow-up (bottom row). In
analysis of variance (ANOVA) with repeated-measures, no significant difference in z-scores between baseline cognitive profile and those at
1-year follow up in any domain was found, suggesting no significant main effect of time (F(1, 239)=2.264; p=0.134)

*1.99 < z-score < -1.5; ** z-score <-2.0. Bold print: considered in the classification

constructive praxis than females (f=0.821, p <0.001;
B=-0.62, p<0.001, respectively). Hemoglobin level was
independently positively associated with semantic fluency
(B=0.627, p<0.01), but showed no significant correlation
with other cognitive domains (p =NS). Depression showed
an independent negative association with delayed memory
recall and CERAD score (f=-1.062, p<0.01; p=—4.3.
p <0.05, respectively). Although hypertension showed a
significant correlation with delayed memory recall and
naming ability, the association did not remain significant
after adjusting for confounding factors (»p = NS) (Tables
S1 and 3). Interestingly, smoking showed an independ-
ent positive association with phonemic fluency (f=1.146,
p<0.01). History of stroke or TIA did not show a sig-
nificant association with performance in cognitive tests
(p=NS).

Dialysis-specific factors and their association
with performance in cognitive tests

Neither dialysis duration (months) nor duration of dialysis
session (hours) showed a significant association with per-
formance in the aforementioned cognitive tests (p=NS)
(Table S1). Likewise, dialysis efficiency, estimated with
equilibrated Kt/v, and calcium-phosphate-product showed
no association with performance in cognitive tests. As
shown in Table 1, duration of dialysis (months), duration of
dialysis session (hours), and equilibrated Kt/v did not differ

significantly among the 3 study groups. Calcium-phosphate-
product was marginally significantly higher in the group
with severe cognitive impairment compared with that with
no cognitive impairment (p =0.049) (Figs. 1, 2).

Cognitive profile of hemodialysis patients and its
development over one year

ANOVA with repeated-measures showed no significant
difference in z-scores between baseline cognitive profile
and those at 1-year follow up, suggesting no significant
short-term effect of time (F(1, 239)=2.264; p=0.134)
However, we found a significant group-by-time interac-
tion effect (F(3, 239)=3.196, p <0.05), as shown by a
different development of z-scores at one-year follow-up in
relation to the grade of cognitive impairment at baseline
(differences in z-values between baseline and 1-year fol-
low-up: no cognitive impairment group: — 0.192; mild cog-
nitive impairment =— 0.027; moderate cognitive impair-
ment=— 0.062; severe cognitive impairment=0.077).
The main effect test presents significant differences in
performance among subtests (F(4.60, 1099.63) =24.439;
p <0.001). Bonferroni-corrected pairwise comparisons
indicated that patients had the lowest scores in immediate
recall (dr), phonemic (pf) and semantic fluency (sf). While
no significant effects were found between these three items
(dr vs. pf: p=1.0; dr vs. sf: p=0.289; pf vs. sf: p=1.0),
all z-scores in the three tests were significantly lower com-
pared to z-scores in the following subtests; delayed recall

@ Springer
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Fig. 1 Flow chart of the study
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Fig.2 Cognitive profile of hemodialysis patients. The cognitive pro-
file at baseline and at 1-year-follow up for all patients is shown. In
analysis of variance (ANOVA) with repeated-measures, we found no
significant difference in z-scores between baseline cognitive profile
and those at 1-year follow up in any domain, suggesting no significant
main effect of time (F(1, 239)=2.264; p=0.134)

(der; vs. dr: p<0.001; vs. pf: p<0.01; vs. sf: p<0.05),
memory recognition (mr; vs dr: p <0.001; vs. pf: p<0.01;
vs. sf: p<0.05), naming (na; vs dr: p <0.001; vs. pf:
p <0.001; vs. sf: p<0.001), constructive praxis (cp; vs.
dr: p<0.001; vs. pf: p<0.05). Only the difference between
the semantic fluency and constructive praxis subtests
failed significance. The results are illustrated in Fig. 3.
The highest scores were reached in the naming test (vs.
der: p<0.001; vs. mr: p<0.01; vs. cp: p<0.001). There was
significant interaction between the factor fest and cognitive
impairment at baseline, F (13.80, 1099.63)=1.726, p <0.05,
indicating that the profile was mostly shaped through more
severely impaired patients. We also found a significant main
effect for the amount of cognitive impairment at baseline,
F(3, 239)=71.181, p<0.001. Contrasts were performed
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Fig.3 Group-by-time interaction effect (F(3, 239)=3.196, p<0.05),
as shown by a different development of z-scores at one-year follow-
up in relation to the grade of cognitive impairment at baseline (dif-
ferences in z-values between baseline and 1-year follow-up). All
domains reveal an impairment in cognitive performance. Bonferroni-
corrected pairwise comparisons indicate that patients had the lowest
scores in immediate recall (dr), phonemic (pf) and semantic fluency
(sf),while no significant effects were found between those three (dr
vs. pf: p=1.0; dr vs. sf: p=.289; pf vs. sf: p=1.0). All z-scores in
the three tests were significantly lower compared to z-scores in the
subtests of delayed recall (der; vs. dr: p<.001; vs. pf: p<.01; vs.
sf: p<.05), memory recognition (mr; vs dr: p<.001; vs. pf: p<.01;
vs. sf: p<.05), naming (na; vs dr: p<.001; vs. pf: p<.001; vs. sf:
p<.001) and constructive praxis (cp; vs. dr: p<.001; vs. pf: p<.05).
Only the difference between the semantic fluency and construc-
tive praxis subtests failed significance. der: delayed recall; dr: direct
recall, pf: phonemic fluency, sf: semantic fluency, mr: memory recog-
nition, cp: constructive praxis, naming: na

comparing each test to z-scores in the immediate memory
recall subtest across the different impairment groups. These
revealed a significant interaction when comparing the dif-
ferent cognitively impaired groups at baseline. The fol-
lowing interactions were found: Immediate memory recall

@ Springer



938

Journal of Nephrology (2022) 35:931-942

compared with tests of (1) delayed memory recall (F[3, 239]
= 3.551; p < 0.05), (2) memory recognition (F[3, 239] = 4.
788; p < 0.01), and (3) on naming (F[3, 239] = 3.55; p <
0.05), but no interactions were found on (4) semantic flu-
ency (F[3, 239] = 1.523; p = 0.209), (5) phonemic fluency
(F[3, 239] = 0.299; p = 0.876), or (6) constructive practice
(F[3, 239] = 0.942; p = 0.421). Therefore, the results in
the pairwise comparison show that the patients who were
already severely cognitively impaired at baseline contin-
ued to decline in cognitive performance in the follow-up
examination.

To recapitulate the previous results, the amount of
decrease in cognitive performance differs depending on the
starting level. The cognitive profile showing the worst results
in immediate memory recall, phonemic and semantic flu-
ency and the best in naming, is more distinctive in patients
that were more severely impaired.

Therefore, we performed further ANOVAs with repeated-
measures separately for the different degree of impairment at
baseline. As presented in table S2, there was only a signifi-
cant main effect of time in patients who were not impaired at
1-year follow-up (F[1,68]=13.311, p<0.01), but not in the
other groups (mild impairment: F[1, 31]=0.096, p=0.758;
moderate impairment: F[1,83]=1.341, p=0.250; severe
impairment: F[1,57]=1.100, p=0.299). The known main
effect of the factor fests was found in all groups (no impair-
ment: F[4.825,328.076] =6.182, p <0.01; mild impairment:
F[4.685, 145.245]1=4.056, p <0.01; moderate impairment:
F[3.879, 321.923]=11.381, p<0.001; severe impair-
ment: F[4.585, 261.368]=11.538, p<0.001). The interac-
tion between the factors time and test failed significance
in all groups (no impairment: F[5.074, 345.045]=1.276,
p=0.273; mild impairment: F[4.469, 138.544]=1.788,
p=0.127; moderate impairment: F[5.329, 442.267]=0.479,
p=0.803; severe impairment: F[5.159, 294.05]=0.815,
p=0.543).

To explore the differences in the decrease of cognitive
impairment in a more detailed manner, we performed paired-
sampled #-tests separately for the cognitive status at the
beginning of this study. We used the CERAD-Score as an
independent variable because we had already explored the
cognitive profile and there was no sign of different change
over time depending on the test. The differences between
the CERAD-scores at baseline compared to the scores one
year later were only significant in patients with no impair-
ment at baseline (¢[64]=3.170, p <0.01, mean difference
[md]=2.74 [SD: 6.94; CI: 1.01, 4.46]), but not in the
other groups (mild impairment: #[30]=- 0.984, p=0.333,
md=-1.06 [SD: 6.02; CI: — 3.27, 1.14]; moderate impair-
ment: #[82]=0.806, p=0.423, md=0.73 [SD: 8.31; CI:
— 1.08, 2.55]; severe impairment: [57]=0.000, p=1.0,
md=0 [SD: 7.40; CI: - 1.95, 1.95].

@ Springer

Analyses using the last observation carried forward
method confirmed the results, except for significant differ-
ences in the performance in semantic fluency and construc-
tive praxis, and slight differences in planed contrasts.

Depression was the most influential variable next to age
and education in the regression analyses. Therefore, we
analyzed whether depression also had an influence on the
development in cognitive performance over 1 year, again
using the CERAD-Score as an independent variable. We cal-
culated the 2 X2 ANOVA (time X depression) with repeated-
measures for the whole sample because of the small number
of depression diagnoses.

There was a significant main effect for time (F[1,
235]=16.539, p<0.001), but even more interestingly,
there was also a significant interaction between time and
depression, F(1, 235)=13.363, p<0.001). This indicates a
decrease in cognitive performance for people with depres-
sion (Mean=62.89, SD=10.27; Mean=55.94, SD=11.63),
but not for patients without (Mean=69.20, SD=10.77;
Mean =68.83, SD=12.14).

We also found the expected main effect of depression,
F(1, 235)=13.061, p <0.001, showing lower CERAD-
Scores at baseline and at 1-year follow-up in patients with
diagnosed depression compared to those without. Analysis
with last observation carried forward did not reveal differ-
ent results.

Discussion

We used a comprehensive neuropsychological test battery
(CERAD) to examine the cognitive profile of cognitive func-
tion in hemodialysis patients.

In our study, we described a high frequency of cognitive
impairment in hemodialysis patients. At baseline, 75% of the
patients suffered from some degree of cognitive impairment,
24% of whom were severe. This is in accordance with previ-
ous studies reporting a range from 30 to 80% for cognitive
impairment [1, 3, 5, 6, 19].

The most impaired cognitive performance was imme-
diate memory recall, phonemic and semantic fluency, and
the best performance was observed in naming. Impaired
verbal memory tests involving dialysis patients have been
previously reported [8, 20-22]. Other studies found signifi-
cant differences in cognitive impairment in executive func-
tions, processing speed, word fluency and short-term verbal
and non-verbal memory capacity [23, 24]. One study also
showed that all patients performed worse in all cognitive
domains, especially in memory recall and executive func-
tions [25]. Most of these studies evaluated the decrease in
cognitive performance using the MMSE [26], a short neu-
ropsychological screening test that is able to detect pro-
gression of cognitive impairment in hemodialysis patients.
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As the MMSE may underestimate the extent of cognitive
impairment, we used the more comprehensive CERAD
battery.

Patients with ESRD displayed a higher prevalence of vas-
cular risk factors, such as hypertension and previous stroke,
than the general population without CKD [27]. Vascular
disease is a more likely cause of cognitive impairment than
Alzheimer’s disease in hemodialysis patients [28]. Surpris-
ingly, the study population (with and without cognitive defi-
cit) did not differ significantly with regard to the common
vascular risk factors. In the literature it is reported that there
is a significant difference in the prevalence of hypertension
in patients with cognitive impairment [29], however this
was found in a pre-dialysis CKD population. Furthermore,
the history of stroke or TIA did not differ significantly in
the various groups of our patients with different degrees
of cognitive impairment. One reason for this could be that
dialysis patients tend to have silent cerebral infarctions [30].
However, as not all patients had MRI imaging available, we
could not prove this hypothesis.

Overall, our results suggest that an underlying vascular
disease is not the main determinant of cognitive deficits, and
also suggest to consider further elements for explaining the
cognitive decline in hemodialysis patients.

Moreover, anemia, secondary hyperparathyroidism,
dialysis disequilibrium and uremic toxins have also been
reported as causes of cognitive impairment in CKD [31], as
well as dialysis duration [32]. Dialysis vintage (months) and
duration of the dialysis session (hours) showed no associa-
tion with cognitive performance in our patients. Taking into
account that all patients showed good dialysis efficiency, as
measured by a Kt/v> 1.2, a negative impact of lower dialysis
efficiency on cognitive function cannot be excluded.

We also collected and analyzed some relevant laboratory
data. One study showed that dialysis patients with higher
hematocrit levels performed better in working memory and
attention than patients with lower hematocrit levels [33].
This is in accordance with our results, that showed a posi-
tive effect of hemoglobin on the performance in semantic
fluency. We also found a positive effect of nicotine on pho-
nemic fluency. There is evidence in literature for an enhanc-
ing effect of nicotine on some cognitive functions, like ver-
bal memory and executive functions, nonetheless, nicotine
abuse remains harmful in other ways [34].

Lower levels of education are associated with cognitive
impairment in our study, as reported by others [32, 35, 36].
This may be explained by the association of lower education
levels with poor functional and cognitive reserves.

Interestingly, we have additionally found that the amount
of reduction in cognitive performance differed between
groups and depended on the initial cognitive level. Decline
between CERAD-scores at baseline compared to the scores
at one-year follow up was only significant in patients with no

impairment at baseline, but not in patients who were already
cognitively impaired at baseline. A possible explanation
for this could be a floor effect (i.e. not enough variance in
already impaired patients).

Depression in hemodialysis patients is very common
[37]. To evaluate the frequency of depression and its effect
on cognitive performance, the Geriatric depression scale
(GDS) was adopted, and in our study depression was found
to be significantly associated with cognitive impairment.
Other studies have also found similar decline in cognition
with the presence of depression [32, 38, 39]. This can be
explained by the effects of symptoms of depression on
domains of executive functioning and processing speed,
in keeping with previous studies [39].

Of note, depression is often under-diagnosed in patients
with CKD [40]. Only 3.9% of the unimpaired patients
suffered from depression, whereas 9.8% (mild cognitive
impairment) and 10% (severe cognitive impairment) of
our patients fulfilled the criteria for depression. Estimates
for the prevalence of depression in patients with CKD and
ESRD range widely from 20 to 40% [37, 40]. In contrast,
only a low percentage of our patients were considered as
suffering from depression. A possible explanation could
be the different methods for the diagnosis of depression
in the studies. In our study, we used the GDS, which is a
short and inexpensive instrument for measuring depressive
symptoms in older adults. However, the GDS can only be
used as a screening instrument. The application of more
comprehensive depression scales like the Beck Depression
Inventory or the Montgomery Asberg Depression rating
scale may lead to different conclusions.

Some studies reported a time testing effect with optimal
function 24 h after dialysis and worsening with time since
the last dialysis session [21, 41-44]. The first studies were
conducted when acetate dialysate was still in use. A recent
study was able to rule out a significant time-dependent
effect, without differences when the patients were tested
during or after dialysis [45].

Cognitive performance in hemodialysis patients
depends also on the testing environment, and the perfor-
mance was better when tests were carried out in a separate
room [46]. In our study we used the real dialysis setting (a
room with two or three other patients).

Our study carries some limitations. The test environ-
ment may not have been optimal, but having a quiet place
for each patient during the testing was not possible. On
the other hand, test conditions reflected the usual dialysis
setting. Discussions with patients, changes in medication
and important decisions are made during dialysis.

Monitoring the change in cognitive performance after
1 year of dialysis is frequently employed (Ref. [47]), how-
ever, it would be interesting to test the changes over a
longer period of time. Finally, it has to be mentioned that
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the CERAD test battery is widely used to detect cogni-
tive impairment, but has not been specifically validated in
dialysis patients.

In conclusion, creating a neurocognitive profile in hemo-
dialysis patients is important as the prevalence of cognitive
impairment, which is related to educational level, is high
and is affected by depression. As depression has a signifi-
cant influence on cognitive impairment, its early identifica-
tion may allow to timely initiate treatment and positively
influence cognitive performance. The neurocognitive pro-
file and the definition of the deficits may allow to establish
individual training programs to control and reduce cognitive
deficits.
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