PLOS ONE

Check for
updates

G OPEN ACCESS

Citation: Mikuteit M, Gueler F, Pollmann |, Pflugrad
H, Dirks M, de Zwaan M, et al. (2022) Assessment
of cognitive functioning after living kidney
donation: A cross-sectional pilot study. PLoS ONE
17(2): e0264284. https://doi.org/10.1371/journal.
pone.0264284

Editor: Frank JMF Dor, Imperial College Healthcare
NHS Trust, UNITED KINGDOM

Received: October 3, 2021
Accepted: February 7, 2022
Published: February 25, 2022

Peer Review History: PLOS recognizes the
benefits of transparency in the peer review
process; therefore, we enable the publication of
all of the content of peer review and author
responses alongside final, published articles. The
editorial history of this article is available here:
https://doi.org/10.1371/journal.pone.0264284

Copyright: © 2022 Mikuteit et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.

Data Availability Statement: All relevant data are
within the manuscript and its Supporting
Information files.

RESEARCH ARTICLE

Assessment of cognitive functioning after
living kidney donation: A cross-sectional pilot
study

Marie Mikuteit'®, Faikah Gueler?®, Iris Pollmann®, Henning Pflugrad’, Meike Dirks’,
Martina de Zwaan®3¥*, Karin Weissenborn'*

1 Department of Neurology, Hannover Medical School, Hannover, Germany, 2 Department of Nephrology
and Hypertension, Hannover Medical School, Hannover, Germany, 3 Department of Psychosomatic
Medicine and Psychotherapy, Hannover Medical School, Hannover, Germany

® These authors contributed equally to this work.

a Current address: Department of Psychosomatics and Psychotherapy, University Hospital Schleswig-
Holstein, Kiel, Germany

F MZ and KW also contributed equally to this work.

* dezwaan.martina@mh-hannover.de

Abstract

Background

Chronic kidney disease (CKD) has emerged as a risk factor for cognitive impairment. Living
kidney donation results in reduction of the donors’ renal function. This is considered accept-
able in general but possible associations with cognitive function have not yet been studied.

Methods

Sixty living kidney donors (LKD), who had donated between 2003 and 2012 at Hannover
Medical School, underwent neurocognitive testing including attentional and memory testing.
In a cross-sectional design results were compared with data of healthy controls (n = 40) and
with norm data given in the respective test manuals adjusted for age, sex, and education.

Results

The median age of the LKD was 58 (range 39—70) years and the median time since donation
was 7 (range 4—14) years. The LKD did not differ from controls in most of the cognitive test
results and a composite attention test sum score. However, LKD did worse than controls in
tests of working memory, parallel processing of stimuli, and sustained attention. No differ-
ences were found regarding quality of life. In LKD cognitive test results correlated signifi-
cantly only with educational level but not with time since transplantation, eGFR, somatic
comorbidity, quality of life and levels of fatigue, distress, depression, and anxiety.

Conclusions

Our data show a fairly normal performance of LKD in most attentional and memory tests.
However, our pilot study also suggests some cognitive impairment in attention tests in LKD
which would need to be confirmed in longitudinal prospective studies.
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Introduction

Kidney transplantation is the preferential treatment for patients with end stage renal disease
(ESRD) [1]. The outcome for the recipients is in general better with a living donation than
with deceased donation [2]. Living kidney donors (LKD) rarely experience severe side effects
of the nephrectomy such as ESRD or complications like-re-hospitalization [3, 4]. The mortality
of LKD does not differ from the general population [1, 5]. In most cases the donors’ renal func-
tion remains stable for a long time [2, 5-7] though at a decreased level compared to before
donation. In the long term, between 12 and 25 percent of the LKD develop an estimated glo-
merular filtration rate (eGFR) of < 60 ml/min [2, 8].

A systematic review revealed that most, but not all, cross-sectional and longitudinal studies
suggest an association between cognitive impairment and CKD [9]. Even though cognitive
impairment is most likely to occur at eGFRs < 30 ml/min/1.73 m? [10], it has been demon-
strated in community-based studies that cognitive functioning is reduced even in subjects with
only moderate CKD, e.g. with an eGFR between 30 and 60 ml/min/1.73 m? [11, 12]. Cardio-
vascular and other risk factors have shown to mediate the relationship between CKD in some
but not all cognitive tests [12, 13]. Even after controlling for traditional cardiovascular risk fac-
tors, patients with CKD showed worse global cognition, visual-spatial orientation, concentra-
tion and memory compared to controls suggesting that CKD might be an independent risk
factor for cognitive decline [12]. To the best of our knowledge, there are no available data on
cognitive functioning in LKD even though their eGFR frequently declines post-donation.

Thus, the goal of the present cross-sectional pilot study was to assess cognitive functioning
in LKD and to compare the results in LKD with those of heathy controls and with norm data
presented in the respective test manuals. We hypothesized that LKD would show worse cogni-
tive functioning compared to healthy controls. Our secondary hypotheses were that impairment
of cognitive function in LKD would be associated with lower eGFR, higher levels of fatigue,
depression, anxiety, and general psychological distress and lower levels of quality of life.

Material and methods

Study population

We investigated a convenience sample of 60 LKD out of a total sample of 315 LKD who partic-
ipated in a follow-up study assessing physical and mental well-being after living kidney dona-
tion. Participants had undergone donor nephrectomy at Hannover Medical School between
2003 and 2012 [14, 15]. Exclusion criteria for this neurocognitive sub-study were any neuro-
logical disease and any mental disorder, use of central nervous system (CNS) affecting medica-
tion, language barrier, and age > 70 years.

Forty healthy subjects served as controls. They were recruited in the environment of partici-
pating physicians and patients and as a group did not differ with regard to sex distribution,
age, and educational level from the LKD sample.

The study complied with the Declaration of Helsinki and was approved by the ethics com-
mittee of Hannover Medical School (no. 3252-2016). All patients gave their written informed
consent.

Neurocognitive testing

The Test of Attentional Performance (TAP) was used [16, 17]. It is comprised of a collection of
methods which allows a differentiated diagnosis of attention deficits. The TAP is a standard-
ized software package that uses simple reaction paradigms in which one has to react to well
discriminable, non-verbal stimuli by a simple key press. The performance criteria are the
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reaction time (RT) in milliseconds (ms) and any mistakes. The present study utilized the fol-
lowing eight subtests: (1) the alertness test (assesses the increase in level of attention when
anticipating a stimulus), (2) the working memory task (probes the ability to control informa-
tion flow and update information in working memory in real time), (3) the crossmodal inte-
gration task (examines the ability to detect the pre-specified combination of an acoustic
stimulus and a subsequent visual stimulus), (4) the flexible reaction test (a set-shifting task that
requires alternating reactions to numbers and letters), (5) the divided attention test (assesses
ability to process visual and auditory stimuli in parallel), (6) the Go/No Go task (assesses the
ability to suppress an inadequate response and therefore executive attention), (7) the incom-
patibility test (assesses the effect of contradictory stimulus information on stimulus process-
ing), and (8) the covert shift of attention task (assesses the ability to focus visual attention) [16,
17]. Additionally, the cancelling d test [18] for the assessment of sustained attention was used.
Finally, the following tests were utilized to assess memory functioning: the Recurring Figures
Test (RFT) [19] and the Word Figure Memory Test (WFMT) [20]. The RFT assesses learning
ability and recognition of nonverbal material and the WEMT assesses recognition of words
and figures separately.

For the cancelling d test, the TAP battery tests and the RFT, results equal to or below the
10th percentile of norm data were considered abnormal, for the WFMT a z-score < -1.3 com-
pared to norm data was considered as abnormal. The results of the subtests of the TAP battery
and the cancelling d test were used for the calculation of a composite attention test sum score,
which gives the rate of abnormal test results out of the total number of attention test results
achieved (range 0 to 1) and depicts a representative score for each patient’s individual attention
ability [21-23]. An attention test sum score > 0.4 was considered to represent a clinically rele-
vant cognitive impairment. If a participant was not able to complete a subtest, this was counted
as abnormal result. The reasons were lack of comprehension, a very long reaction time and a
large number of mistakes. Other putative reasons such as decreased visual acuity were excluded.

To control for unexpected study-inherent confounding factors such as incorrect test
instructions, for example, the patients’ test results were compared to the results of 40 concomi-
tantly examined healthy controls in addition to the comparison with pre-defined norm data.

All cognitive assessments were performed by members of the working group according to a
predetermined procedure. The cognitive tests were conducted in an undisturbed environment
either at the hospital (LKD) or at other places such as private homes or work places (controls).
The tests took around 2 hours per participant and were always completed in the same order.

Questionnaires

To assess quality of life the Short-Form 12 Health Survey (SF-12), a short version of the SF-36
Health Survey, was used and adjusted to American standards [24, 25] in participating LKD
and in controls.

In LKD the presence and extent of fatigue was assessed using the Multidimensional Fatigue
Inventory (MFI-2) [26, 27]. Symptoms of depression were assessed with the 9-item Patient
Health Questionnaire-Depression Scale (PHQ-9) [28] and symptoms of anxiety were assessed
with the 7-item Generalized Anxiety Scale (GAD-7) [29, 30]. The one-dimensional short ver-
sion of the Symptom Checklist 90 (SCL-9) [31] was applied for assessing general psychological
distress (global severity index, GSI).

Sociodemographic and clinical data

The survey also contained investigator-generated questions related to personal data of the
donor and donation-specific variables such as age, sex, educational level, somatic
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comorbidities and date of the donation. Additionally, kidney function (eGFR CKD-EPI) of the
60 donors was assessed at the time of the study. Two LKD refused blood sampling at the time
of study assessment.

Statistical analyses

All statistical analyses were performed using IBM SPSS Statistics, version 24. Depending on
data distribution, either the Student’s t test or the Mann-Whitney U test was used to conduct
between-group comparisons (LKD versus controls). Chi-square tests were conducted for cate-
gorical data. Effect sizes were calculated with Cohen’s d and phi [32]. Regarding Cohen’s d, 0.2
expresses a small effect, 0.5 a medium, and 0.8 a large effect. Regarding phi (df = 1), 0.1
expresses a small effect, 0.3 a medium, and 0.5 a large effect. Medians and the 25™ and 75™ per-
centiles and number of participants and the percentages of participants are given for individual
variables.

In the LKD group we performed regression analyses to examine putative associations
between the attention test sum score and sociodemographic and clinical variables. Univariate
linear regression analyses were performed with the attention test sum score as the dependent
variable and age, sex, educational level, time since donation, current eGFR, change in eGFR
from pre-to post donation, the scores of the MFI, PCS, MCS, PHQ-9, GAD-7, and SCL-9, and
the presence of hyperlipidemia, coronary heart disease, diabetes, hypertension, and hypothy-
roidism as independent variables.

A p-value <0.05 was regarded as significant. Since the study was primarily exploratory, we
did not correct for multiple testing.

Results
Baseline characteristics of donors and controls

The comparison between LKD and controls are summarized in Table 1. Thirty-four (56.7%)
of the 60 donors who participated in our study were female. Median age at the time of assess-
ment was 58 years in the LKD group and 55.5 years in the control group. The median time
since donation was 7 (range 4-14) years. Donors had attended school for 11 (range 8-13)
years in median, controls for 12 (range 9-13) years. Regarding sex, age and years of education
there were no significant differences between LKD and healthy controls. Significantly more
LKD than controls were diagnosed with hypertension and hyperlipidemia. The frequency of
hypothyroidism, coronary heart disease and diabetes mellitus did not differ between groups.
Additionally, LKD and controls showed scores within the normal range for quality of life.

Comparison between participants and non-participants

Of the 315 LKD who participated in the follow-up study, 184 LKD met inclusion criteria for
our neurocognitive pilot study. The 60 LKD who participated in the neurocognitive study did
not differ with regard to age, sex, time since donation, and the scores of the assessment instru-
ments for health-related quality of life, mood, and fatigue from the non-participants (data not
shown). The 60 participating LKD reported a higher educational level compared to the non-
participants: median 11 years (25™; 75™ percentile 10.0; 12.8) versus median 10 years (25"
75" percentile 9.0; 12.0) (p = .034).

Attention and memory testing

LKD and controls did not differ regarding the attention test sum score (Table 2). There were
also no differences between the two groups in most of the subtests. However, donors showed
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Table 1. Comparison between living kidney donors (LKD) and controls.

LKD N =60 Controls N = 40 p-value
Sex (female); N (%) 34 (56.7) 20 (50.0) 512
Age at time of assessment (yrs); median (range) 58 (39-70) 55.5 (35-70) .089"
Age at time of donation (yrs); median (range) 50.3 (29-65) — —
Time since donation (yrs); median (range) 7 (4-14) — —
eGFR (ml/min/1.73m?); median (range) 60 (44-86) — —
School attendance (yrs); median (range) 11 (8-13) 12 (9-13) 217
Hypertension; N (%) 23(38.3) 4(10.0) .002
Coronary heart disease; N (%) 1(1.7) 1(2.5) 771
Hyperlipidemia; N (%) 9 (15.0) 1(2.5) 041
Diabetes mellitus; N (%) 1(1.7) 1(2.5) 771
Hypothyroidism; N (%) 7 (11.7) 1(2.5) .098
PCS, median (range) (50, SD 10) 53.1 (17-62.3) 54.1(27.4-59.2)* .067
MCS, median (range) (50, SD 10) 56.0 (26.6-64.3) 55.0 (34-74)* 375
MF], general score, median (range) (0-20) 8.0 (4-16) — —
PHQ-9; median (range) (0-27) 2.0 (0-14) — —
GAD-7; median (range) (0-21) 1.5 (0-14) — —
SCL-9 (GSI); median (range) 0.7 (0-2.4) — —

GAD-7 = Generalized Anxiety Disorder Scale; MCS = Mental Component Scale (SF-12), MFI = Multidimensional
Fatigue Inventory; PCS = Physical Component Scale (SF-12); PHQ-9 = Patient Health Questionnaire-Depression
Scale; SCL-9 = Short form of the Symptom Checklist 90; yrs = years

'Student’s t-test

*N = 39; bold print = significant result.

https://doi.org/10.1371/journal.pone.0264284.t001

significantly more misses in the subtest working memory than controls, had slower reaction
times (RT) in the subtests divided attention and incompatibility and were less successful in all
results of the cancelling d test. The effect sizes ranged from small to large with a large effect
size for the difference in misses in the “working memory” test (d = .824). There was no differ-
ence between LKD and controls in most of the memory tests. However, donors exhibited
worse results for nonsense figures than controls in the RFT (Table 2).

Regarding the number of abnormal test results, 8 (13.3%) of the donors and 3 (7.5%) of the
controls had an attention test sum score above 0.4 which was considered as clinically relevant
impaired attention; this difference was not statistically significant (Table 3). With regard to the
individual tests, the comparison of the number of abnormal test results fits well with the com-
parison of the raw values between LKD and controls (Table 2). A higher percentage of LKD
than of controls exhibited errors and misses in the working memory subtest and cancelling d
test. In the subtest divided attention, donors responded more often abnormally slow towards
auditory stimuli, but made less often mistakes. They also had more often a prolonged RT in the
“valid” condition of the subtest covert shift of attention. In terms of memory function, donors
and controls obtained comparable numbers of abnormal results in all subtests (Table 3).

Associations between cognitive test results and other variables in LKD

Overall, donors’ mean eGFR decreased from 96.2 (+ 10.1) ml/min/1.73m? pre-donation to
56.8 (+ 8.8) ml/min/1.73m” immediately post-donation, then increased to 59.9 (+ 10.9) ml/
min/1.73m? at first visit 2-6 weeks after donation and to 61.3 (+ 9.6) ml/min/1.73m? at the
time of assessment. At the time of testing 28 LKD had eGFR values < 60 (48.3%) and 30
(51.7%) of > 60 ml/min/1.73m?; the values of two LKD were missing.
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Table 2. Comparison of cognitive test results between living kidney donors (LKD) and controls.

LKD N =60 Controls N = 40 p-value Effect size
median 25t 75th percentile median 25th; 75th percentile U- or t-test Cohen’s d

Attention test sum score 0.156 (0.063; 0.297) 0.125 (0.063; 0.188) 461 .148
TAP Alertness

RT without warning sound (ms)* 280.0 (246.5; 311.3) 267.5 (232.8; 296.8) 129 .307

RT with warning sound (ms)* 259.0 (241.3; 282.8) 256.5 (231.0; 282.4) 229 242
TAP Working Memory

RT (ms)* N = 56; 587.5 (480.3; 734.0) 553.5 (490.0; 623.0) 471 148

Errors (N)* N=57;2.0 (0.5; 5.0) 1.0 (0;3.8) 232 244

Misses (N)* N=57;3.0 (1.0; 5.0) 1.0 (05 2.0) <.001 824
TAP Crossmodal Integration

RT (ms)* N =59;437.0 (390.0; 520.0) 432.5 (398.9; 460.5) 512 132

Errors (N)* N =59 0.0 (0:2.0) 1.0 (0: 1.0) 948 .013
TAP Flexibility

RT (ms)* N = 59; 787.0 (640.0; 948.0) 742.3 (645.8; 855.0) 322 200

Errors (N)* N =59;1.0 (05 3.0) 1.50 (0;3.8) 835 .042
TAP Divided Attention

RT auditive (ms)* N =58; 652.0 (588.0; 720.0) 623.3 (543.5; 667.3) .026 464

RT visual (ms)* N =58; 814.0 (763.0; 907.0) 848.5 (798.8; 887.3) .196 264

Errors (N)* N =58; 1.0 (05 2.0) 1.0 (05 3.0) 153 292

Misses (N)* N =58;2.0 (05 3.0) 2.0 (1.0; 3.0) 631 .097
TAP Go/No Go

RT (ms)* N =59;454.0 (402.0; 513.0) 442.0 (413.8; 471.8) 564 116

Errors (N)* N =59;0.0 (0; 1.0) 0.0 (0; 1.0) 770 .059
TAP Incompatibility

RT (ms)* N = 58;524.5 (486.5; 584.0) 484.0 (417.6; 545.4) .004 601

Errors (N)* N =58; 1.0 (0; 6.25) 2.0 (1.0;4.0) 682 083
TAP Covert Shift of Attention

RT, valid right (ms) N =58;357.5 (315.8; 410.0) 339.5 (300.5; 380.8) 116 322

RT, valid left (ms) N =58; 354.0 (315.8; 407.3) 340.0 (312.5; 382.5) 246 236

RT, invalid right (ms) N =58; 409.5 (369.0; 471.8) 386.5 (324.3; 458.0) 133 307

RT, invalid left (ms) N =58;395.5 (341.8; 459.0) 377.0 (329.3; 444.0) 219 250
d2 Test of Sustained Attention

Errors (%)* 6.4 (3.0;9.5) 3.7 (2.1;6.4) .016 498

Error-corrected total number (N)* 356.5 (313.5; 402.3) 395.0 (354.0; 448.5) .007" .553

Capacity of concentration (N) 131.0 (113.0;157.8) 151.0 (138.0;173.8) .003! 595
Recurring Figures Memory Test

Nonsense (raw value) 3.0 (0;7.0) 6.0 (2.0; 10.75) .022 472

Geometric (raw value) 17.0 (15.0; 18.0) 17.0 (16.0; 19.0) 103 .058
Word Figure Memory Test

Words (raw value) N =59;11.0 (7.0; 14.9) 12.0 (8.3;15.0) 490" 142

Figures (raw value) N =59;13.0 (8.0;17.0) 14.0 (10.3; 18.0) 3031 212

Number of subjects considered for calculations differ because some donors were not able to complete all subtests. In these cases, reaction times and numbers of misses

and errors were not available for calculation. ms = milliseconds; RT = reaction time; TAP = Test of Attentional Performance

Mann-Whitney-U tests except for
! = Student’s t test

* =results are integrated in the attention test sum score; bold print = significant result.

https://doi.org/10.1371/journal.pone.0264284.t002
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Table 3. Number and percentage of LKD and controls with abnormal test results.

LKD N =60 Controls N = 40 p-value Effect size
N % N % X test phi

Attention test sum score >0.4 8 13.3 3 7.5 .361 -.091
TAP Alertness

RT without warning sound 17 28.3 14 35.0 480 .071

RT with warning sound 19 31.8 12 30.0 .860 -.018
TAP Working Memory

RT 8 13.3 5.0 174 -.136

Errors 16 26.7 10.0 .041 -.204

Misses 17 28.3 10.0 .027 -.221
TAP Crossmodal Integration

RT 20 33.3 7 17.5 .081 -.175

Errors 10 16.7 7.5 182 -.134
TAP Flexibility

RT 5 8.3 10.0 775 .029

Errors 7 11.7 5.0 254 -.114
TAP Divided Attention

RT auditive 29 48.3 9 22.5 .009 -.261

RT visual 5 8.3 1 2.5 229 -.120

Errors 13.3 12 30.0 .041 204

Misses 13.3 5 12.5 903 -.012
TAP Go/No Go

RT 10 16.7 10 25.0 .307 102

Errors 2 33 2 5.0 677 .042
TAP Incompatibility

RT 13.3 12,5 903 .102

Errors (N) 13.3 3 7.5 .361 -.091
TAP Covert Shift of Attention

RT, valid right 16 26.7 4 10.0 .041 -.204

RT, valid left 14 23.3 6 15.0 .307 -.102

RT, invalid right 20 33.3 8 20.0 .146 -.102

RT, invalid left 15 25.0 7 17.5 375 -.089
d2 Test of Sustained Attention

Errors (%) 3 5.0 1 2.5 532 -.063

Error-corrected total number 17 28.3 10.0 .027 -221

Capacity of concentration 11 18.3 5.0 .052 -.194
Recurring Figures Memory Test

Nonsense 7 11.7 1 2.5 .098 -.166

Geometric 1 1.7 1 2.5 771 .029
Word Figure Memory Test

Words 5 8.3 3 7.5 .880 -.015

Figures 9 15.0 12.5 724 -.035

RT = reaction time; TAP = Test of Attentional Performance; bold print = significant result.

https://doi.org/10.1371/journal.pone.0264284.t003

In univariate linear regression analyses there were no associations between the attention
test sum score and sex, age, time since donation, kidney function (eGFR: = 0.07; 95% CI =
-.004 to .007, p = .59 and delta eGFR pre- to post-donation: = -0.08; 95% CI = -0.01 to 0.01, p
=.54), fatigue, quality of life and levels of distress, depression and anxiety, or any concomitant
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disease. Years of school attendance was the only significantly associated factor for the attention
test sum score (B = -0.43; 95% CI = -0.09 to -0.03, p = .001). The longer LKD had attended
school, the lower (more normal) were their attention test sum scores. Years of education alone
explained 17.5% of the variance of the attention test sum score (corrected R?). Since we did
not find significant associations other than educational level we did not perform multivariate
regression models.

Discussion

To our knowledge this is the first study assessing cognitive functioning in German LKD several
years after donation. Our hypothesis was that LKD would show impaired cognitive function-
ing compared to norm data and to healthy controls which would correlate with kidney func-
tion and mental status. Sixty donors who had undergone kidney donation at Hannover
Medical School (MHH) between 2003 and 2012 and were representative for the respective
cohort of donors at MHH participated in the study.

There were no differences between LKD and controls in most of the individual results of
the cognitive tests applied and specifically in the composite attention test sum score. Eight out
of 60 donors as compared to three out of 40 controls achieved an abnormal attention test sum
score of >.0.4 which is considered to indicate a clinically relevant cognitive impairment. How-
ever, the level of performance of LKD was below normal (compared to norms) and signifi-
cantly different from controls in some results of the TAP tests working memory, divided
attention, covert shift of attention, incompatibility, and in the cancelling d test. This might sug-
gest some low-grade cognitive impairment, but considering the large number of tests and the
lack of difference in the attentional composite score our data do not support the presence of
severe cognitive impairment in LKD compared to healthy controls. Regarding the pattern of
abnormal cognitive test results, we found similarities and differences between our sample of
LKD and individuals with CKD in general population samples. General and visual attention
and concentration were impaired in the LKD in our study similarly to individuals with CKD
in population samples. However, in contrast to the LKD in our study, individuals with CKD
frequently also exhibit memory impairment [10-12, 34].

With regard to the association between eGFR and cognitive functioning, cross-sectional
population studies have reported conflicting results. Hailpern et al. [33] showed that moderate
CKD (eGFR of 30-59 ml/min/1.73m?) was associated with poorer results in tests on visual
attention and learning and concentration. In another study, subjects with a eGFR <60 ml/
min/1.73m” performed worse in tests of visual and spatial organization and memory as well as
scanning and tracking compared to subjects with a eGFR >60 ml/min/1.73m” [11, 12], while
working memory and verbal episodic memory were not impaired. In contrast, Davey et al.
[34] showed in a long-term investigation, that with a clinically significant decline in eGFR
(>3ml/year) subjects performed worse in the global composite of cognitive performances and
in similarities and verbal episodic memory. In the Brain in Kidney Disease Study [10] partici-
pants with a eGFR between 30 and 59 ml/min/1.73m” performed 0.2 to 0.5 standard deviations
below norms in all tested domains of attention and memory. However, consistent with the
results of the present study, others did not observe associations between performance on cog-
nitive tests and eGFR or measured GFR in general population samples [35-37]. In the general
population, low GFR may be a sign of systemic atherosclerosis. However, LKD develop
reduced kidney function through a different mechanism, and their clinical and prognostic sig-
nificance remains uncertain [2].

LKD with abnormal attention test sum score differed in terms of educational level from
LKD with normal scores although norms adjusted for education were used for scoring if
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applicable. Former studies have shown that a higher educational level might have a protective
effect on cognitive function in patients with CKD [11]. This concept has been pursued in
patients with metabolic disorders such as CKD or liver cirrhosis, but has also been discussed
for example for Alzheimer’s dementia where intelligence and education have been considered
supporting cognitive reserve [38]. Further research will be necessary to confirm the positive
effect of education on attention and memory in LKD.

We hypothesised that an impaired cognitive function was correlated to higher fatigue
scores, lower quality of life, as well as higher levels of distress, depression and anxiety. Depres-
sion is known to affect cognitive functioning [39, 40]. In our study; however, there was no dif-
ference regarding symptoms of fatigue, distress, depression, and anxiety between the patients
with and without cognitive impairment. In our study we excluded participants with a diag-
nosed mental disorder; thus, in both groups the mean scores for the scales were clearly within
population norms, indicating low symptom severity which might explain the lack of associa-
tion with cognitive functioning.

Strengths and limitations of the study

This is the first pilot study investigating cognitive functioning in LKD using a comprehensive
state-of-the-art cognitive test battery for the assessment of attention and memory and using a
methodology that has been shown to be reliable in other patient populations [21-23]. The test
results were compared to norms adjusted for age, sex and education and we also included a
healthy control group.

However, there are several limitations. Firstly, due to the cross-sectional design of our pilot
study without data on cognitive functions before donation, we do not know if cognitive func-
tioning changed after nephrectomy in our LKD. There is evidence that LKD are usually physi-
cally and mentally healthier compared to the general population before donation [7, 41]. This
might also be true for neurocognitive functioning. Ultimately, only prospective studies will
allow to determine whether LKD are confronted with post-operative cognitive decline.

The groups were fairly small and there could have been a selection bias, because we tested a
convenience sample of 60 LKD out of 184 participants who met inclusion criteria for this sub-
study. Also, the healthy control group was not matched. Because LKD are a selected sample of
especially healthy individuals, the comparison with normative samples has been criticized
[41].

Conclusions

In summary, 4 to 14 years after the kidney donation, we found some evidence that cognitive
functioning might show some impairment in LKD compared to healthy controls even though
a composite attention test sum score did not show significant differences. Test results were not
associated with age, sex, kidney function, time since transplantation, quality of life, and mental
status. These findings need further evaluation especially in longitudinal studies that address
the intra-individual change of cognitive function from before to after donation. Also, a com-
parison of LKD and patients with modest early-stage CKD may help understanding the mech-
anism how kidney function affects attention and memory functions.

Supporting information

S1 File.
(DOCX)

PLOS ONE | https://doi.org/10.1371/journal.pone.0264284  February 25, 2022 9/12


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0264284.s001
https://doi.org/10.1371/journal.pone.0264284

PLOS ONE

Cognitive functioning after kidney donation

S2 File.
(DOCX)

S1 Data.
(CSV)

S2 Data.
(CSV)

Acknowledgments

This paper is dedicated to Faikah Giiler, who died on March 20, 2020. Faikah Giiler was dedi-
cated to her clinical and scientific work, but especially to her patients. We will keep her in fond
memory.

We also thank Karl-Heinz Heiringhoff for excellent IT support and Hanna Prominski for
help with management of the study.

Author Contributions

Conceptualization: Faikah Gueler, Martina de Zwaan, Karin Weissenborn.
Data curation: Marie Mikuteit.

Formal analysis: Marie Mikuteit, Karin Weissenborn.

Funding acquisition: Marie Mikuteit, Karin Weissenborn.

Investigation: Marie Mikuteit, Iris Pollmann, Henning Pflugrad, Meike Dirks.
Methodology: Faikah Gueler, Martina de Zwaan.

Project administration: Martina de Zwaan, Karin Weissenborn.

Supervision: Faikah Gueler, Martina de Zwaan, Karin Weissenborn.

Writing - original draft: Marie Mikuteit.

Writing - review & editing: Faikah Gueler, Iris Pollmann, Henning Pflugrad, Meike Dirks,
Martina de Zwaan, Karin Weissenborn.

References

1. Segev DL, Muzaale AD, Caffo BS, Mehta SH, Singer AL, Taranto SE, et al. Perioperative mortality and
long-term survival following live kidney donation. JAMA. 2010; 303(10):959-966. https://doi.org/10.
1001/jama.2010.237 PMID: 20215610

2. Garg AX, Muirhead N, Knoll G, Yang RC, Prasad GV, Thiessen-Philbrook H, et al. Proteinuria and
reduced kidney function in living kidney donors: A systematic review, meta-analysis, and meta-regres-
sion. Kidney Int. 2006; 70(10):1801-1810. https://doi.org/10.1038/sj.ki.5001819 PMID: 17003822

3. Reese PP, Boudville N, Garg AX. Living kidney donation: outcomes, ethics, and uncertainty. Lancet.
2015; 385(9981):2003—-2013. https://doi.org/10.1016/S0140-6736(14)62484-3 PMID: 26090646

4. Mjgen G, Dyen O, Holdaas H, Midtvedt K, Line PD. Morbidity and mortality in 1022 consecutive living
donor nephrectomies: benefits of a living donor registry. Transplantation. 2009; 88(11):1273—-1279.
https://doi.org/10.1097/TP.0b013e3181bb44fd PMID: 19996926

5. Schold JD, Goldfarb DA, Buccini LD, Rodrigue JR, Mandelbrot D, Heaphy EL, et al. Hospitalizations fol-
lowing living donor nephrectomy in the United States. Clin J Am Soc Nephrol. 2014; 9(2):355-365.
https://doi.org/10.2215/CJN.03820413 PMID: 24458071

6. JankiS, Klop KW, Dooper IM, Weimar W, ljzermans JN, Kok NF. More than a decade after live donor
nephrectomy: a prospective cohort study. Transpl Int. 2015; 28(11):1268—-1275. https://doi.org/10.
1111/tri.12589 PMID: 25865340

PLOS ONE | https://doi.org/10.1371/journal.pone.0264284  February 25, 2022 10/12


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0264284.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0264284.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0264284.s004
https://doi.org/10.1001/jama.2010.237
https://doi.org/10.1001/jama.2010.237
http://www.ncbi.nlm.nih.gov/pubmed/20215610
https://doi.org/10.1038/sj.ki.5001819
http://www.ncbi.nlm.nih.gov/pubmed/17003822
https://doi.org/10.1016/S0140-6736%2814%2962484-3
http://www.ncbi.nlm.nih.gov/pubmed/26090646
https://doi.org/10.1097/TP.0b013e3181bb44fd
http://www.ncbi.nlm.nih.gov/pubmed/19996926
https://doi.org/10.2215/CJN.03820413
http://www.ncbi.nlm.nih.gov/pubmed/24458071
https://doi.org/10.1111/tri.12589
https://doi.org/10.1111/tri.12589
http://www.ncbi.nlm.nih.gov/pubmed/25865340
https://doi.org/10.1371/journal.pone.0264284

PLOS ONE

Cognitive functioning after kidney donation

10.

1.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

Gross CR, Messersmith EE, Hong BA, Jowsey SG, Jacobs C, Gillespie BW, et al. Health-related quality
of life in kidney donors from the last five decades: results from the RELIVE study. Am J Transplant.
2013; 13(11):2924—2934. https://doi.org/10.1111/ajt. 12434 PMID: 24011252

Reimer J, Rensing A, Haasen C, Philipp T, Pietruck F, Franke GH. The impact of living-related kidney
transplantation on the donor’s life. Transplantation. 2006; 81(9):1268—1273. https://doi.org/10.1097/01.
tp.0000210009.96816.db PMID: 16699453

Etgen T, Chonchol M, Férstl H, Sander D. Chronic kidney disease and cognitive impairment: a system-
atic review and meta-analysis. Am J Nephrol. 2012; 35(5):474—482. https://doi.org/10.1159/000338135
PMID: 22555151

Murray AM, Bell EJ, Tupper DE, Davey CS, Pederson SL, Amiot EM, et al. The Brain in Kidney Disease
(BRINK) Cohort Study: Design and Baseline Cognitive Function. Am J Kidney Dis. 2016; 67(4):593—
600. https://doi.org/10.1053/j.ajkd.2015.11.008 PMID: 26744128

Elias MF, Elias PK, Seliger SL, Narsipur SS, Dore GA, Robbins MA. Chronic kidney disease, creatinine
and cognitive functioning. Nephrol Dial Transplant. 2009; 24(8):2446—2452. https://doi.org/10.1093/ndt/
gfp107 PMID: 19297357

Torres RV, Elias MF, Seliger S, Davey A, Robbins MA. Risk for cognitive impairment across 22 mea-
sures of cognitive ability in early-stage chronic kidney disease. Nephrol Dial Transplant. 2017; 32
(2):299-306. https://doi.org/10.1093/ndt/gfw005 PMID: 28186575

Kurella Tamura M, Xie D, Yaffe K, Cohen DL, Teal V, Kasner SE, et al. Vascular risk factors and cogni-
tive impairment in chronic kidney disease: the Chronic Renal Insufficiency Cohort (CRIC) study. Clin J
Am Soc Nephrol. 2011; 6(2):248-256. https://doi.org/10.2215/CJN.02660310 PMID: 20930087

Pollmann |, Gueler F, Mikuteit M, Néhre M, Richter N, Weissenborn K, et al. Adaptive personality traits
and psychosocial correlates among living kidney donors. Front Psychiatry. 2017; 8:210. https://doi.org/
10.3389/fpsyt.2017.00210 PMID: 29109691

Nohre M, Pollmann |, Mikuteit M, Weissenborn K, Gueler F, de Zwaan M. Partnership satisfaction in liv-
ing kidney donors. Front Psychiatry. 2018; 9:353. https://doi.org/10.3389/fpsyt.2018.00353 PMID:
30123146

Zimmermann P, Fimm B: Neuropsychologische Testbatterie zur Erfassung von Aufmerksamkeitsdefizi-
ten—Revidierte Fassung. Psytest Psychologische Testsysteme: Vera Fimm, Psychologisches Institut
der Universitat Freiburg, Freiburg, Germany; 1989.

Psytest Webpage. https://www.psytest.de/index.php?page=TAP-2-2&hl=de_DE. last accessed 03-12-
2021.

Brickenkamp R: Aufmerksamkeits-Belastungs-Test (Test d2). Hogrefe, Géttingen Toronto Bern Seat-
tle; 2002. https://doi.org/10.1055/s-2002-19861 PMID: 11823950

Rixecker H, Hartje W: Kimura’s Recurring-Figures-Test: a normative study. J Clin Psychol. 1980; 36
(2):465—-467. https://doi.org/10.1002/jclp.6120360213 PMID: 7372815

Weissenborn K, Riickert N, Brassel F, Becker H, Dietz H. A proposed modification of the Wada test for
presurgical assessment in temporal lobe epilepsy. Neuroradiology. 1996; 38(5):422—429. https://doi.
org/10.1007/BF00607265 PMID: 8837083

Prell T, Dirks M, Arvanitis D, Braun D, Peschel T, Worthmann H, et al. Cerebral patterns of neuropsy-
chological disturbances in hepatitis C patients. J Neurovirol. 2019; 25(2):229-238. https://doi.org/10.
1007/s13365-018-0709-2 PMID: 30610739

Dirks M, Haag K, Pflugrad H, Tryc AB, Schuppner R, Wedemeyer H, et al. Neuropsychiatric symptoms
in hepatitis C patients resemble those of patients with autoimmune liver disease but are different from
those in hepatitis B patients. J Viral Hepat. 2019; 26(4):422—431. https://doi.org/10.1111/jvh.12979
PMID: 30120896

Dirks M, Pflugrad H, Haag K, Tillmann HL, Wedemeyer H, Arvanitis D, et al. Persistent neuropsychiatric
impairment in HCV patients despite clearance of the virus?! J Viral Hepat. 2017; 24(7):541-550. https://
doi.org/10.1111/jvh.12674 PMID: 28117537

Gandek B, Ware JE, Aaronson NK, Apolone G, Bjorner JB, Brazier JE, et al. Cross-validation of item
selection and scoring for the SF-12 Health Survey in nine countries: results from the IQOLA Project.
International Quality of Life Assessment. J Clin Epidemiol. 1998; 51(11):1171-1178. https://doi.org/10.
1016/s0895-4356(98)00109-7 PMID: 9817135

Ware JE, Kosinski M, Keller SD. SF-12: How to Score the SF-12 Physical and Mental Health Summary
Scales. In. Second Edition, The Health Institute, New England Medical Center, Boston, MA; 1995.

Smets EM, Garssen B, Bonke B, De Haes JC. The Multidimensional Fatigue Inventory (MFI) psycho-
metric qualities of an instrument to assess fatigue. J Psychosom Res. 1995; 39(3):315-325. https://doi.
org/10.1016/0022-3999(94)00125-0 PMID: 7636775

PLOS ONE | https://doi.org/10.1371/journal.pone.0264284  February 25, 2022 11/12


https://doi.org/10.1111/ajt.12434
http://www.ncbi.nlm.nih.gov/pubmed/24011252
https://doi.org/10.1097/01.tp.0000210009.96816.db
https://doi.org/10.1097/01.tp.0000210009.96816.db
http://www.ncbi.nlm.nih.gov/pubmed/16699453
https://doi.org/10.1159/000338135
http://www.ncbi.nlm.nih.gov/pubmed/22555151
https://doi.org/10.1053/j.ajkd.2015.11.008
http://www.ncbi.nlm.nih.gov/pubmed/26744128
https://doi.org/10.1093/ndt/gfp107
https://doi.org/10.1093/ndt/gfp107
http://www.ncbi.nlm.nih.gov/pubmed/19297357
https://doi.org/10.1093/ndt/gfw005
http://www.ncbi.nlm.nih.gov/pubmed/28186575
https://doi.org/10.2215/CJN.02660310
http://www.ncbi.nlm.nih.gov/pubmed/20930087
https://doi.org/10.3389/fpsyt.2017.00210
https://doi.org/10.3389/fpsyt.2017.00210
http://www.ncbi.nlm.nih.gov/pubmed/29109691
https://doi.org/10.3389/fpsyt.2018.00353
http://www.ncbi.nlm.nih.gov/pubmed/30123146
https://www.psytest.de/index.php?page=TAP-2-2&hl=de_DE
https://doi.org/10.1055/s-2002-19861
http://www.ncbi.nlm.nih.gov/pubmed/11823950
https://doi.org/10.1002/jclp.6120360213
http://www.ncbi.nlm.nih.gov/pubmed/7372815
https://doi.org/10.1007/BF00607265
https://doi.org/10.1007/BF00607265
http://www.ncbi.nlm.nih.gov/pubmed/8837083
https://doi.org/10.1007/s13365-018-0709-2
https://doi.org/10.1007/s13365-018-0709-2
http://www.ncbi.nlm.nih.gov/pubmed/30610739
https://doi.org/10.1111/jvh.12979
http://www.ncbi.nlm.nih.gov/pubmed/30120896
https://doi.org/10.1111/jvh.12674
https://doi.org/10.1111/jvh.12674
http://www.ncbi.nlm.nih.gov/pubmed/28117537
https://doi.org/10.1016/s0895-4356%2898%2900109-7
https://doi.org/10.1016/s0895-4356%2898%2900109-7
http://www.ncbi.nlm.nih.gov/pubmed/9817135
https://doi.org/10.1016/0022-3999%2894%2900125-o
https://doi.org/10.1016/0022-3999%2894%2900125-o
http://www.ncbi.nlm.nih.gov/pubmed/7636775
https://doi.org/10.1371/journal.pone.0264284

PLOS ONE

Cognitive functioning after kidney donation

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Schwarz R, Krauss O, Hinz A: Fatigue in the general population. Onkologie 2003, 26(2):140-144.
https://doi.org/10.1159/000069834 PMID: 12771522

Loéwe B, Kroenke K, Herzog W, Gréafe K. Measuring depression outcome with a brief self-report instru-
ment: sensitivity to change of the Patient Health Questionnaire (PHQ-9). J Affect Disord. 2004; 81
(1):61-66. https://doi.org/10.1016/S0165-0327(03)00198-8 PMID: 15183601

Spitzer RL, Kroenke K, Williams JB, Lowe B. A brief measure for assessing generalized anxiety disor-
der: the GAD-7. Arch Intern Med. 2006; 166(10):1092—1097. https://doi.org/10.1001/archinte.166.10.
1092 PMID: 16717171

Léwe B, Decker O, Milller S, Brahler E, Schellberg D, Herzog W, et al. Validation and standardization of
the Generalized Anxiety Disorder Screener (GAD-7) in the general population. Med Care. 2008; 46
(3):266—274. https://doi.org/10.1097/MLR.0b013e318160d093 PMID: 18388841

Prinz U, Nutzinger DO, Schulz H, Petermann F, Braukhaus C, Andreas S. Comparative psychometric
analysis of the SCL-90-R and its short versions in patients with affective disorders. BMC Psychatry.
2013;13: https://doi.org/10.1186/1471-244X-13-104 PMID: 23537095

Cohen J. Statistical Power Analysis for the Behavioral Sciences. 2. New York: Lawrence Erlbaum
Associates; 1988.

Hailpern SM, Melamed ML, Cohen HW, Hostetter TH. Moderate chronic kidney disease and cognitive
function in adults 20 to 59 years of age: Third National Health and Nutrition Examination Survey
(NHANES I11). J Am Soc Nephrol. 2007; 18(7):2205-2213. https://doi.org/10.1681/ASN.2006101165
PMID: 17554148

Davey A, Elias MF, Robbins MA, Seliger SL, Dore GA. Decline in renal functioning is associated with
longitudinal decline in global cognitive functioning, abstract reasoning and verbal memory. Nephrol Dial
Transplant. 2013; 28(7):1810-1819. https://doi.org/10.1093/ndt/gfs470 PMID: 23166308

Smabrekke S, Schirmer H, Melsom T, Solbu MD, Eriksen BO. Low-grade impairments in cognitive and
kidney function in a healthy middle-aged general population: a cross-sectional study. BMC Nephrol.
2019; 20:166. https://doi.org/10.1186/s12882-019-1356-4 PMID: 31088493

Martens RJ, Kooman JP, Stehouwer CD, Dagnelie PC, van der Kallen CJ, Koster A, et al. Estimated
GFR, albuminuria, and cognitive performance: The Maastricht Study. Am J Kidney Dis. 2017; 69
(2):179-191. https://doi.org/10.1053/j.ajkd.2016.04.017 PMID: 27291486

Joosten H, Izaks GJ, Slaets JP, de Jong PE, Visser ST, Bilo HJ, et al. Association of cognitive function
with albuminuria and eGFR in the general population. Clin J Am Soc Nephrol. 2011; 6(6):1400—1409.
https://doi.org/10.2215/CJN.05530610 PMID: 21566108

Le Carret N, Lafont S, Mayo W, Fabrigoule C. The effect of education on cognitive performances and its
implication for the constitution of the cognitive reserve. Dev Neuropsychol. 2003; 23(3):317-337.
https://doi.org/10.1207/S15326942DN2303_1 PMID: 12740188

Ahern E, Semkovska M. Cognitive functioning in the first-episode of major depressive disorder: a sys-
tematic review and meta-analysis. Neuropsychology. 2017; 31:52—-72. https://doi.org/10.1037/
neu0000319 PMID: 27732039

LiuJ, LiuB, Wang M, Ju Y, Dong Q, Lu X, et al. Evidence for progressive cognitive deficits in patients
with major depressive disorder. Front Psychiatry. 2021; 12:627695. https://doi.org/10.3389/fpsyt.2021.
627695 PMID: 33664684

Kroencke S, Fischer L, Nashan B, Herich L, Schulz KH. A prospective study on living related kidney
donors’ quality of life in the first year: choosing appropriate reference data. Clin Transplant. 2012; 26(4):
E418-427. https://doi.org/10.1111/j.1399-0012.2012.01691.x PMID: 22882697

PLOS ONE | https://doi.org/10.1371/journal.pone.0264284  February 25, 2022 12/12


https://doi.org/10.1159/000069834
http://www.ncbi.nlm.nih.gov/pubmed/12771522
https://doi.org/10.1016/S0165-0327%2803%2900198-8
http://www.ncbi.nlm.nih.gov/pubmed/15183601
https://doi.org/10.1001/archinte.166.10.1092
https://doi.org/10.1001/archinte.166.10.1092
http://www.ncbi.nlm.nih.gov/pubmed/16717171
https://doi.org/10.1097/MLR.0b013e318160d093
http://www.ncbi.nlm.nih.gov/pubmed/18388841
https://doi.org/10.1186/1471-244X-13-104
http://www.ncbi.nlm.nih.gov/pubmed/23537095
https://doi.org/10.1681/ASN.2006101165
http://www.ncbi.nlm.nih.gov/pubmed/17554148
https://doi.org/10.1093/ndt/gfs470
http://www.ncbi.nlm.nih.gov/pubmed/23166308
https://doi.org/10.1186/s12882-019-1356-4
http://www.ncbi.nlm.nih.gov/pubmed/31088493
https://doi.org/10.1053/j.ajkd.2016.04.017
http://www.ncbi.nlm.nih.gov/pubmed/27291486
https://doi.org/10.2215/CJN.05530610
http://www.ncbi.nlm.nih.gov/pubmed/21566108
https://doi.org/10.1207/S15326942DN2303%5F1
http://www.ncbi.nlm.nih.gov/pubmed/12740188
https://doi.org/10.1037/neu0000319
https://doi.org/10.1037/neu0000319
http://www.ncbi.nlm.nih.gov/pubmed/27732039
https://doi.org/10.3389/fpsyt.2021.627695
https://doi.org/10.3389/fpsyt.2021.627695
http://www.ncbi.nlm.nih.gov/pubmed/33664684
https://doi.org/10.1111/j.1399-0012.2012.01691.x
http://www.ncbi.nlm.nih.gov/pubmed/22882697
https://doi.org/10.1371/journal.pone.0264284

