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least two of several domains of cognitive function. Chronic kidney disease (CKD) is an independent

risk factor for cognitive decline, and the prevalence in patients with end-stage renal disease is
estimated at 50% - 80%. However, it appears that CI in patients on renal replacement therapy (RRT)
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may be underdiagnosed. In this cross-sectional study, 33 patients on Peritoneal Dialysis from the AOU
Federico Il were recruited, and matched by sex, age, and dialysis age to 33 patients on Hemodialysis
and 33 controls belonging to healthy volunteers. The total 66 patients and their 33 controls were
assessed for cognitive function using the Cognitive Reserve Index Questionnaire (CRIq) test. Between
PD and HD patients, a statistically significant difference emerged in all subscores and in the total CRI.
Between PD patients and controls, a statistically significant difference emerged in education, CRI- CRI-
leisure time, and the total CRI. Therefore, CI may occur in patients undergoing PD earlier and with a
greater frequency than in the general population, but with a lower incidence than in patients on HD.
These considerations should be communicated to patients when they are educated about different

replacement methods.

Introduction

Cognitive Impairment (CI) can be defined as a clinical
syndrome characterized by a decline in atleast two of several
domains of cognitive function.

The Alzheimer’s Association believes there is sufficient
evidence to support the link between several modifiable risk
factors and a reduced risk for cognitive decline [1]. Among
the risk factors are:

- Cardiovascular risk factors: Diabetes; Mid-life
obesity; Hyperlipidemia (elevated cholesterol)

- Lifestyle risk factors: Current smoking; Alcohol

- Otherriskfactors: Traumaticbraininjury; Depression:
Sleep disturbances

Instead, the factors that decrease the risk of Cl are Physical
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activity, Mediterranean diet, Cognitive training, Social
engagement, Years of formal education [1], Chronic Kidney
Disease (CKD) is an independent risk factor for cognitive
decline, and the prevalence in patients with end-stage renal
disease is estimated at 50% - 80%. Problems with cognitive
functioning have also been observed in patients undergoing
renal replacement therapy (RRT), both Peritoneal Dialysis
(PD) and Hemodialysis (HD), even in non-elderly patients.
However, it appears that CI in patients on RRT may be
underdiagnosed.

Cognitive impairment in peritoneal dialysis

The pathophysiology of cognitive impairment in
peritoneal dialysis patients is undefined, but likely has
a large vascular ischemic component combined with
neurodegenerative pathology, exacerbated by chronic
inflammation in hemodialysis patients, the dialysis process
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results in large acute intravascular volume loss and fluid
shifts leading to cerebral edema, decreased cerebral
perfusion, and cerebral ischemia, all of which may contribute
to cognitive impairment. However, peritoneal dialysis does
not involve the same extent of acute fluid and electrolyte
shifts; thus, the high prevalence of stroke and elevated levels
of inflammation, uremia, and cardiovascular risk factors
among peritoneal dialysis patients may be the strongest
contributors to cognitive impairment [2].

Cognitive impairment and cardiovascular system:
Most patients with End State Renal Disease (ESRD) have
diffuse vasculopathy with secondary elevated rates of
cardiovascular events [2-4]. Although stroke doubled the risk
of severe cognitive impairment in the hemodialysis cohort, it
was not a risk factor in the peritoneal dialysis cohort. This
may be due to the low occurrence and underreporting of
stroke in this cohort and to low statistical power [2,5].

Cognitive impairment and nervous system: In previous
studies, on brain magnetic resonance imaging (MRI), it
has been found that white matter disease (leukoaraiosis)
was present in 68% of 57 peritoneal dialysis patients [6].
White matter disease found on MRI corresponds to vascular
degenerative morphology consistent with chronic hypoxia
and vascular hypoperfusion on autopsy. These pathologic
changes include hyalinosis of blood vessels, demyelination of
neurons, endothelial and microglial activation, and increased
levels of molecular markers of hypoxia such as hypoxia-
inducible factors and matrix metalloproteinase [2,7]. White
matter disease is associated with an increased risk of stroke,
disability, cognitive impairment, and decline [2,8,9].

Cognitiveimpairmentand metabolism: Daily prolonged
exposure to the high glucose load in the peritoneal dialysis
dialysate is associated with weight gain (fat deposition),
hyperleptinemia, and dyslipidemia, which may lead to
increased risk of cardiovascular disease including micro-
and macrocerebrovascular disease [2,10]. Mid-abdominal
obesity and metabolic syndrome, prevalent in peritoneal
dialysis patients, have also been identified as risk factors for
dementia in nondialysis patients [2,11-14].

Cognitive impairment and hemodialysis

Significant changes in the circulatory system during
hemodialysis cause impairment of tissue blood supply,
including the central nervous system. The reason for this
is the loss of water, both in the ultrafiltration process and
from migration to tissues from blood vessels. This leads to
a decrease in blood volume, an increase in its density and
viscosity, and a resistance increase [7].

Cognitive impairment and systemic cardiovascular
risk factors: Many studies have found that Pulse Wave
Velocity (PWV) and Ankle-Brachial Index (ABI) are important
factors associated with cognitive impairment in dialysis
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patients. These parameters have been validated as tools for
assessing arterial health as measured by arterial stiffness.
The first scientific study found that having a high PWV or
a low ABI is associated with poor cognitive function in HD
patients [15]. Other studies support the link between PWV
and cognitive impairment in hemodialysis patients [16].
Orthostatic pressure reduction is another cardiovascular
factor linked to cognitive performance. According to the
findings of the study, an excessive reduction in orthostatic
pressure in HD patients causes memory impairment [17].
Another factor to consider is left ventricular function. CKD
increases the risk of developing left ventricular hypertrophy
atayoungage. In the early stages of HD, 70% - 80% of patients
have left ventricular hypertrophy [13,17-19]. Furthermore,
chronic hemodialysis reduces cerebral blood flow, which
may exacerbate the effects of low left ventricular function
(LVEF) [20]. According to research, a mildly reduced LVEF
correlates with cognitive impairment [21].

Cognitive impairment and nervous system: It has been
proposed that hemodialysis causes brain damage associated
with recurrent hemodynamic changes, specifically a decrease
in cerebral intradialytic perfusion. Dialysis factors such as
ultrafiltration volume or intradialytic hypotension could be
one cause of this phenomenon [21-22].

Cognitive impairment and markers related to the
inflammatory process and cell damage: Inflammatory
cytokines play an important role in the pathogenesis of
hemodialysis-related side effects associated with brain
diseases and it has been found that IL-6 and TNF- levels
increased significantly in HD patients [23-26].

The next marker under consideration is fibroblast growth
factor-23 (FGF-23), whose level is elevated in HD patients
and is linked to left ventricular hypertrophy and increased
mortality [27,28]. In another study, elevated levels of FGF23
were linked to memory deterioration as measured by
composite memory scores. This suggests that in HD patients,
this marker may contribute to CI [2,29].

The study aimed to determine the frequency of CI in
patients undergoing PD and compare them with patients
undergoing HD and a control group.

Methods

In this cross-sectional study, 33 patients on Peritoneal
Dialysis from the AOU Federico Il were recruited, and matched
by sex, age, and dialysis age to 33 patients on Hemodialysis
and 33 controls belonging to healthy volunteers.

This study was conducted in accordance with the
standards of the International Conference on Harmonization-
Good Clinical Practice and the Declaration of Helsinki.

The study was approved by the Institutional Ethical
Committee of Federico II Hospital (Protocol n. 85/2023)
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No sponsor was involved in the study design, recruitment,
and data analysis phases.

Patients were included in the study only after signing the
Informed Consent. This consent could be withdrawn at any
time during the study and for any reason and had no effect on
the clinical management of the participants.

Socio-demographicdata (sex, age, smoking, weight, height,
dialysis age) and details of the clinical and pharmacological
history were collected at the beginning of the observation for
each individual patient.

The total 66 patients and their 33 controls were assessed
for cognitive function using the Cognitive Reserve Index
Questionnaire (CRIq) test.

The CRIq includes demographic data and items grouped
into three main sections, each of which returns a subscore:

- CRI-Education (number of years of school attended);

- CRI-Working Activity (type of profession and duration
of employment);

- CRI-Leisure Time (extra-work activities at various
weekly, monthly, annual, and fixed frequencies).

The administration of the CRIq in a clinical setting
requires that the interviewee has sufficiently intact cognitive
functions to be able to make an objective analysis of their
entire life. In the case of patients with cognitive deficits in
memory or attention or with brain deterioration, itis possible
that the questions are asked of a family member.

The final score of the CRI questionnaire is the average of
the three indices transposed onto a scale with a mean of 100
and standard deviation of 15, as well as the sub-indexes of
the three sections. In this way, the CRI score of each subject

5

e Start of renal replacement therapy at least 6 months
ago

¢ Signature of the Informed Consent

¢ Absence of previous psychiatric or neurodegenerative
disorders and delirium

Statistical analysis

Results are expressed as the mean + SD and as absolute
frequency (percentage).

The normality of the variable distributions was assessed
using the Shapiro-Wilk test.

The difference between means for two different groups
(patients in peritoneal dialysis vs patients in hemodialysis
and patients on peritoneal dialysis versus controls) was
determined using the Wilcoxon-Mann-Whitney test.

The difference in prevalence of risk factors for CI in the
three groups was analyzed using Fisher’s exact test. For all
analyses, p - value < 0.05 was considered significant.

These analyses were performed with SPSS statistical
software version 20.

Results

Table 2 shows the main socio-demographic characteristics
of the patients and the control group. Per protocol, the
characteristics reported are comparable in the 3 groups.

The difference between residual diuresis was statistically
significant between PD patients and HD patients (p < 0.05)
and between HD patients and controls (p < 0.05) but was not
significant between PD patients and controls.

Table 2: Socio-demographic characteristics of the patients and the control group.

Peritoneal

Hemodialysis Controls

DIEIVAH

is estimated net of his age. The CRIq scores are summarized Total 33 33 33
in Table 1. Male/Female 18 (55%) 19 (58%) 17 (52%)
Female 15 (45%) 14 (42%) 16 (48%)
Patients with psychiatric or neurodegenerative disorders Middle age (years) 61452 65,2434 63436
and delirium were excluded. Primary school s ; .
diploma
According to the literature, we also evaluated possible risk ) Middle school
Education - 8 12 7
s . . . diploma
factors for cognitive impairment: the presence of Diabetes, Level Hich
. .. . igher
the presence of Obesity, Presence of hyperlipidemia, and diploma 15 1 14
current smoking [1]. Degree 5 3 6
Dialysis age (months) 18,4 +5,4 21+37 N/A
Inclusion criteria . lusi
Peritoneal dialysis method o
. ' o . (CAPD) 18 (55%) N/A N/A
The inclusion criteria for this study were: Peritoneal dialysis method
15 (45%) N/A N/A
(APD)
* Adultsubjects (> 18 years) Residual diuresis (mI) 1500 + 260 335120 | 1750+ 340
Diabetes 3 (9%) 6 (18%) 2 (6%)
Table 1: CRIq scores Obesity 7 (21%) 7 (21%) 7 (21%)
Low Medium-low Medium Medium-high High Hyperlipidemia 28 (85%) 29 (88%) 21 (64%)
<70 70:84 85114 | 115130 | 2130 Smoke 8 (24%) 11(33%) 7 (21%)
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Table 3 shows the values of CRIq, CRI-Education, CRI-
Working Activity, and CRI-Leisure Time for patients in
peritoneal dialysis and patients in hemodialysis.

When comparing the mean scores between the three
sections of the CRIq between PD and HD patients, a
statistically significant difference emerged (p < 0.05) in all
subscores and in the total CRI (Table 3).

Table 4 shows the values of CRIq, CRI-Education, CRI-
Working Activity, and CRI-Leisure Time for patients in
peritoneal dialysis and controls.

When comparing the mean scores between the three
sections of the CRIq between PD patients and controls, a
statistically significant difference emerged (p < 0.05) in the
CRI-Education, CRI-Leisure Time, and the total CRI, but not
in CRI-Working Activity (Table 4).

The means and relative SDs of the CRIq scores in the three
groups under study are illustrated in Graph 1.

In PD patients, the prevalence of a medium-low CRIq
level (CRI < 84), compatible with a CI, was 27% and was
significantly lower than in the group of patients undergoing
HD (58%) (p < 0.05), but higher than controls (6%) (p < 0.05).

No statistically significant differences were found in the
prevalence of risk factors for IC in the three groups.

Table 3: CRI scores between PD and HD patients.

Peritoneal dialysis Hemodialysis p
CRI- Education 102,9+17,5 87,6 + 20,6 p<0,05
CRI-Working Activity 95,2+ 16,6 89 £ 23,5 p<0,05
CRI- Leisure Time 101 +20,5 77,6 + 20 p<0,05
CRI-Index 99,6 + 20,4 85,3+ 20,1 p<0,05
Table 4: CRI scores between PD patients and controls.
Peritoneal dialysis Controls D
CRI- Education 102,9+175 110,5+ 16,7 p<0,05
CRI- Working Activity 95,2 +16,6 99,9 £ 15,7 ns
CRI- Leisure Time 101 +20,5 112,6 £18,7 p<0,05
CRI-Index 99,6 + 20,4 110,1£17,7 p<0,05
140 1029 1105 1126 110.1
+ 99.9 101 T 9296 T
120 T876 95289 T

85.3

77.6
100 (
80 [
60
40
20
0

CRI-Education  CRI-Working Activity ~ CRI-Leisure Time

CRI-Index

mPD Patients mHD Patients ® Controls

Graph 1: Means and SDs of the CRIq scores in the three groups.
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Discussion

While it is sufficiently well documented that ESRD has
been linked with a change in cognitive function and that
cognitive impairment is associated with the severity of CKD
[30], little is known about the influence of different dialysis
modalities on cognitive function. Previous investigations of
cognitive function among ESRD patients demonstrated that
PD patients had consistently better cognitive function than
HD patients [31-33].

Wolcott, et al. [31] reported that PD patients had
consistently more efficient cognitive function than HD
patients. In a study with HD patients, a higher mini-mental
state exam score was associated with higher serum albumin
level, protein catabolic rate and interdialysis weight gain
[34].

Buoncristiani, et al. [32] concluded that the most likely
reason for the better preservation of the cognitive function in
CAPD patients could be due to the continuity of action, better
anemia correction, more removal of the middle molecules, or
lower levels of parathyroid hormone, which in some studies
on HD patients have been correlated with alteration of
cognitive function [32].

In 2005 Sithinamsuwan, et al. undertook a cross-sectional
study on 90 ESRD subjects (60 on HD and 30 on PD) to
evaluate CD using the DSM-IV criteria [35]. They found no
significant difference regarding the prevalence of dementia
and depression between the HD and PD groups [35].

Likewise, Lai et al. in Italy assessed the neurological,
psychological, and cognitive imbalance in subjects with
CKD/ ESRD on conservative and RRT, respectively [36].
They included 74 subjects, 22 of whom were clinically stable
and conservatively managed CKD subjects, 15 were HD, 16
were PD, and 21 were kidney transplant patients, while 25
healthy controls were also added, matched for age and sex.
The authors relied on clinical, laboratory, and non-invasive
instrumental examinations (Electroencephalogram, EEG)
and cognitive-psychological tests for the early identification
of CI.

Mirroring Sithinamsuwan et al.’s results, these authors
found no significant difference in CI between PD and HD
subjects [35-36].

Taking into consideration the several limitations of the
aforementioned studies might explain our disagreement
with their results. The cross-sectional nature of all three
studies, racial disparities, the short follow-up period, the
discrepancy in tools to assess CD, the difference in dialysis
duration, and the unclear baseline cognitive function in the
examined groups all limit the interpretation of the results.

Moving forward, Lambert et al. undertook another large
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cross-sectional study in Australia including 154 subjects
with renal dysfunction (23 with GFR < 30 not on dialysis, 54
HD, 25 PD, and 52 transplant subjects) [37].

The baseline cognitive functions were similar amongst
the groups. The authors showed relative CD in all four
groups, with the HD group having the highest prevalence.
However, CD was similar in the adequately dialyzed subjects,
with a relatively higher incidence in PD patients compared to
results demonstrated in other studies.

Furthermore, Neumann, et al. assessed cognitive changes
in a German cohort of 271 ESRD subjects (96 on HD and 101
on PD) using two validated neurocognitive tests, the Trail
Making Test-B and the d2-Revision-Test to examine executive
function and attention, respectively. Additionally, they
applied the self-reported Kidney Disease Quality of Life Short
Form Cognitive Function-subscale as well [38]. Although
both modalities have shown improvements in cognitive
function over a 1-year period, PD, as compared to HD, was
associated with superior cognitive function outcomes at both
baseline and follow-up. The largest limitation of this study
was the better baseline cognitive function in PD subjects.

Taking the two prospective studies at hand, lyasere, et al.
assessed the influence of different dialysis modalities on
cognitive function decline in CKD and ESRD subjects [39].

The authors used the MoCA tool to evaluate CD in 102
subjects (41 HD, 25 PD, and 36 CKD). The study showed
that cognition declines faster in dialysis subjects compared
to CKD subjects and in HD subjects compared to PD
subjects. Comparably, Neumann et al. also conducted a
larger prospective study to assess cognitive function in 767
subjects (527 HD and 240 PD) using the Trail Making Test-B,
the German d2-Revision Test, as well as the Kidney Disease
Quality of Life Short Form cognition subscale [40]. Again, the
authors concluded that HD subjects carry an additive risk of
CI compared to PD subjects. Nevertheless, the prospective
nature of both studies, the longer follow-up period (2
years) in lyasere, et al’s study, and the larger sample size
in Neumann et al.’s study provided further validity to the
authors’ results [39,40].

A recent meta-analysis included 15 cohort and cross-
sectional studies and compared qualitative and quantitative
cognitive functions in peritoneal and hemodialysis subjects
[41]. These authors concluded that PD subjects had better
cognitive functions and a lower risk of cognitive decline
compared to HD subjects.

Overall, our data confirm the findings of all prospective
studies and most available cross-sectional studies. Indeed,
after excluding the possible influence of other risk factors,
we found a faster cognitive impairment in dialysis patients
compared to the control population and a faster cognitive
impairment in hemodialysis patients compared to peritoneal
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dialysis patients. The reasons behind this observation are
different: subjects on PD are subjected to daily treatment
compared to the majority of subjects on HD treated only
three times a week. The rapid movement of molecules in
subjects on HD certainly has an impact on cognitive decline,
as evident in acute cases of dialysis imbalance syndrome.
Another key factor may be residual renal function, which
many PD patients typically retain compared to HD patients,
resulting in better hemodynamic stability and better clinical
outcomes [42,43]. PD patients in our study also have better
residual renal function than HD patients, which could partly
justify better CRIq results.

Another factor can be better removal of intermediate
molecules with PD compared to HD [44,45].

Furthermore, having free mornings for work and exercise
in individuals with PD improves overall mental status,
including cognition and prevention of depression [46].

Limitations of this study

A possible selection bias of the population analyzed and
its retrospective nature. Indeed, the different CRIq scores
between PD patients, HD patients, and controls may be due
to different cognitive scores at baseline. A possible future
study could be set up prospectively, enrolling patients in PD
and HD and controls with an equivalent cognitive score at
baseline and repeating the questionnaire after at least one
year of dialysis treatment.

Conclusion

CI represents an important problem during chronic
kidney disease and dialysis therapy, whatever the method
used, also involving non-elderly patients. It seems, in fact,
that cognitive problems may occur in patients undergoing
PD earlier and with a greater frequency than in the general
population, but with a lower incidence than in patients on
HD.

These considerations should be communicated to
patients when they are educated about different replacement
methods: many patients choose, in fact, to undergo HD which
can be harmful to long-term cognition without a thorough
discussion with healthcare professionals regarding the
decline in function cognitive.

In summary, while further randomized controlled trials
are needed to confirm these findings, our findings have the
potential to impact the counseling of future renal patients
and their families when considering the choice of dialysis
method.
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