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Impact of hemodialysis versus continuous
ambulatory peritoneal dialysis on cognitive
function in chronic kidney disease

OBJECTIVE To compare cognitive impairment in chronic kidney disease (CKD)
patients undergoing hemodialysis (HD) and continuous ambulatory peritoneal
dialysis (CAPD). METHOD This cross-sectional study was conducted at Saiful
Anwar Hospital, Malang, from August 2024 to January 2025. Data were gath-
ered through a combination of interviews, cognitive evaluations utilizing the
Indonesian adaptation of the Montreal Cognitive Assessment (MoCA-INA),
and the review of medical records. Statistical analyses included Chi-square,
Mann-Whitney tests, and calculation of odds ratios (OR) with 95% confidence
intervals (Cl). RESULTS A total of 139 CKD patients participated in this study,
divided into HD and CAPD groups. The proportion of cognitive impairment
in CAPD (40.0%) was slightly higher than in HD (28.1%), but the difference
was not statistically significant (OR: 1.71; 95% Cl: 0.82-3.55; p=0.150). The
severity of moderate-to-severe cognitive impairment also showed no signifi-
cant differences. Mean total and cognitive domain scores in CAPD patients
were not significantly different compared to HD. CONCLUSIONS There was no
significant difference in the severity of cognitive impairment between CKD
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patients undergoing HD and CAPD.

Cognitive dysfunction represents a formidable chal-
lenge in the long-term management of chronic diseases,
with individuals suffering from chronic kidney disease
(CKD) experiencing disproportionately high rates of impair-
ment.” Compared to the general population, CKD patients,
particularly those undergoing dialysis, demonstrate a
markedly elevated prevalence of cognitive deficits, af-
fecting between 30% and 70% of this group and thereby
exacerbating morbidity and mortality risks.? These impair-
ments often manifest as deficits in attention, executive
function, and memory, undermining patient’s capacity to
adhere to complex treatment regimens and diminishing
their overall quality of life.’

Multiple interrelated factors intrinsic to CKD patho-
physiology contribute to the development and progression
of cognitive dysfunction.? Advancing age and coexisting
cardiovascular disease potentiate risk, while malnutrition
and disturbances in electrolyte and metabolic homeostasis
further compromise neuronal integrity.? At the mechanistic
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level, the cerebral accumulation of uremic toxins, a state of
chronic low-grade inflammation, and widespread vascular
dysfunction converge to impair synaptic signaling and
neurovascular coupling.? A comprehensive understanding
of these determinants is essential for devising targeted
intervention aimed at preserving cognitive function and
improving clinical outcomes in the CKD population.?

The choice of dialysis modality, specifically continuous
ambulatory peritoneal dialysis (CAPD) versus hemodialysis
(HD), represents a significant factor that may influence
cognitive function in individuals with CKD.* The type of
dialysis employed can affect hemodynamic stability, toxin
clearance, and metabolic status in CKD patients, all of which
are associated with cognitive performance.>® Some studies
indicate that CAPD is associated with more stable clearance
rates, while HD is linked to more pronounced fluctuations
in blood pressure and fluid balance.” Notably, although
one investigation suggests that CAPD is associated with
enhanced cognitive performance within the same patient
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population, recent research indicates no significant differ-
ence in cognitive outcomes between HD and CAPD.% To
clarify the impact of different dialysis modalities on cog-
nitive function, further research is warranted to reconcile
these conflicting findings.

The objective of this study was to compare the extent
of cognitive impairment in CKD patients undergoing HD
with those receiving CAPD. It is anticipated that the find-
ings may contribute to the scientific understanding of
the cognitive implications of dialysis and may inform the
development of strategies for the prevention, assessment,
and management of cognitive dysfunction in individuals
with chronic kidney disease.

MATERIAL AND METHOD

Design

This study utilized a cross-sectional design, with the objective
of comparing cognitive impairment among patients with CKD
who are receiving HD and those undergoing CAPD. The research
was conducted in the hemodialysis unit and CAPD clinic of Saiful
Anwar Hospital, Malang, from August 2024 to January 2025.
Data were gathered through direct interviews and cognitive
evaluations utilizing the Indonesian adaptation of the Montreal
Cognitive Assessment (MoCA-INA). The study protocol followed
the STROBE checklist.

Ethical approval

This study received ethical approval from the Ethics Com-
mittee of Saiful Anwar Hospital, Malang, with approval number
400/055/K.3/102.7/2024 and was conducted in accordance with
the Declaration of Helsinki. All participants received a complete
explanation regarding the study’s purpose, risks, and benefits.
Participants who agreed to take part signed written informed
consent and were allowed to withdraw at any time without con-
sequences. No incentives were provided to participants during
the study period.

Participants and eligibility criteria

Sample size was calculated based on a global CKD prevalence of
10%, a 5% margin of error, and a 95% confidence level, resulting in
a minimum required sample size of 139 CKD patients. Participants
were purposively selected from CKD patients undergoing HD or
CAPD at the hospital during the study period. Inclusion criteria
were CKD patients aged =18 years undergoing HD or CAPD and
willing to participate. Exclusion criteria included patients with a
history of cognitive impairment prior to CKD diagnosis and before
initiating dialysis therapy.

Data collection

Data collection was carried out in the hemodialysis unit and
CAPD clinic of Saiful Anwar Hospital, Malang, from August 2024
to January 2025. Data were obtained through interviews to collect
demographic and clinical information, as well as cognitive assess-
ments using the MoCA-INA tool. Data collection was performed
by trained researchers, and cross-validation was conducted using
patients’medical records to ensure data accuracy. Data collection
was conducted by AA, BB, and CC.

Covariates

The primary independent variable in this study was dialysis
modality (HD or CAPD), and the dependent variable was cognitive
impairment as measured by the MoCA-INA. Cognitive function
was classified based on MoCA-INA scores: =26 indicated normal
cognitive function, 18-25 indicated mild to moderate impairment,
and 10-17 indicated severe impairment. Additional covariates col-
lected included age, sex, body mass index (BMI), education level,
erythropoietin therapy history, and laboratory results.

Statistical analysis

Categorical variables were presented as percentages, and
continuous variables were expressed as meanztstandard devia-
tion for normally distributed data or median (interquartile range,
IQR) for non-normally distributed data. Normality was assessed
using the Kolmogorov-Smirnov test. For baseline comparisons,
the Chi-square test was used for categorical data, while the Mann-
Whitney test was used for non-normally distributed continuous
data, and the t-test for normally distributed continuous data. To
reduce potential bias, relevant covariates were controlled with
randomization during analysis. The primary analysis involved
calculating odds ratios (OR) and 95% confidence intervals (Cl) to
compare the risk of cognitive impairment between HD and CAPD
groups. A p-value of <0.05 was considered statistically significant.
All statistical analyses were performed using GraphPad Prism
software (GraphPad Software, Inc, California, USA).

RESULTS

Baseline characteristics of the study sample

In the population with CKD examined in this study, the
baseline characteristics of the HD and CAPD groups were
largely comparable; however, significant differences were
observed in several variables. The average age of partici-
pants in the HD group was 44.18+11.05 years, while in the
CAPD group it was 48.18+13.31 years. The CAPD group
exhibited a significantly higher percentage of patients
aged 18 to 60 years (94.0%) in comparison to the HD group
(78.7%). Conversely, individuals over the age of 60 were
more commonly represented in the HD group (21.2%) than
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in the CAPD group (6.0%), with a statistically significant
difference observed (p=0.033). In terms of occupation, the
HD group had more individuals who were unemployed
or retired (57.3%), while the CAPD group had more non-
civil servants (52.0%) and civil servants (10.0%). A history
of erythropoietin therapy was found in 88.8% of the HD
group and 54.0% of the CAPD group (p=0.000). In terms
of laboratory parameters, the average calcium concentra-
tion in the HD group was 8.72+0.95 mg/dL, whereas the
CAPD group exhibited a mean calcium level of 8.13+1.09
mg/dL, with a statistically significant difference observed
(p=0.001); sodium levels were 137.77+4.42 mg/dL in the HD
group and 135.1+3.13 mg/dL in the CAPD group (p=0.002);
potassium levels were 4.16+0.79 mg/dL in the HD group
and 3.25+0.45 mg/dL in the CAPD group (p=0.000); and
chloride levels were 100.71+4.71 mg/dL in the HD group
and 92.60+9.60 mg/dL in the CAPD group (p=0.000). Other
variables, such as sex, education level, CKD etiology, body
weight, height, BMI, hemoglobin, phosphorus, albumin, and
iron levels, showed no statistically significant differences
between the two groups. Complete baseline characteristics
are presented in table 1.

Comparative analysis of cognitive impairment
and its severity in patients undergoing hemodialysis
and continuous ambulatory peritoneal dialysis

The proportion of cognitive impairment among CAPD
patients reached 40.0%, slightly higher than the 28.1%
observed in the HD group. However, this difference did not
reach statistical significance (OR: 1.71; 95% Cl: 0.82-3.55;
p=0.150). The prevalence of moderate-to-severe cogni-
tive impairment was also similar between groups -12.0%
in CAPD and 10.0% in HD- with no significant difference
observed (OR: 1.23; 95% Cl: 0.184-8.13; p=0.608). A sum-
mary of this analysis is presented in table 2.

Comparison of total score and domain of cognitive
impairment in patients undergoing continuous
ambulatory peritoneal dialysis and hemodialysis

The comparison of total cognitive scores and individual
cognitive domains between patients undergoing CAPD
and HD showed a trend toward higher scores in the CAPD
group. However, the differences were not statistically sig-
nificant. Complete results for the total and domain-specific
cognitive scores are presented in figure 1.

DISCUSSION

This study involved a total of 139 CKD patients undergo-
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Table 1. Baseline characteristics of the study sample.
Variable Group p-value
HD CAPD
Gendern (%)
Male 48(53.9%) 33(66.0%) 0.228*
Female 41(46.1%) 17 (34.0%) 0.228*
Age (mean+SD) 44.18+11.05 48.18+13.31
18-60 years 70 (78.7%) 47 (94.0%) 0.033*
>60 years 19 (21.2%) 3(6.0%) 0.033*
Jobn (%)
Not working/retired 51(57.3%) 19(38.0%) 0.028*
Non civil servants 36 (40.4%) 26(52.0%) 0.028*
Civil servants 2(2.2%) 5(10.0%)  0.028*
CKD etiology n (%)
Diabetes 16 (18.0%) 5(10.0%) 0.623*
Hypertension 56 (62.9%) 35(70.0%) 0.623*
Kidney stones 1(1.1%) 1 (2.0%) 0.623*
Others 16 (18.0%)  9(18.0%) 0.623*
Erythropoietin treatment history 79 (88.8%) 27 (54.0%) 0.000*
n (%)
BMI (mean+SD) (kg/m?) 23.38+3.82 22.50+3.69 0.255**
Laboratory
Hemoglobin (mean+SD) (g/dL) 10.05£1.59 10.16+1.60 0.956**
Calcium (mean=SD) (mg/dL) 8.72+0.95 8.13+£1.09 0.001**
Phosphorus (mean+SD) (mg/dL) 4.66+2.00 4.71+£1.62 0.431**
Albumin (mean+SD) (g/dL) 3.87+0.53 3.66+£0.49 0.069**
Natrium (mean+SD) (mg/dL) 137.77+4.42 135.1+£3.13 0.002**
Potassium (mean+SD) (mg/dL)  4.16+0.79 3.25+0.45 0.000**
Chloride (mean%SD) (mg/dL) 100.71+£4.71 92.60+9.60 0.000**

Iron (mean=+SD) (ug/dL) 60.04+22.76 71.60+38.60 0.116**

HD: Hemodialysis, CAPD: Continuous ambulatory peritoneal dialysis, CKD: Chronic
kidney disease, BMI: Body mass index, SD: Standard deviation

* Chi-square test, ** Mann-Whitney test

ing dialysis therapy, comprising both HD and CAPD groups.
The results indicated that the prevalence of cognitive im-
pairment among patients with CAPD was 40.0%, which did
not differ significantly from the 28.1% observed in patients
undergoing HD. Additionally, the severity of moderate-
to-severe cognitive impairment was also comparable
between the two groups. These findings are consistent
with previous studies reporting that cognitive impairment
is commonly observed in dialysis patients ~-whether on
HD or CAPD- yet differences between dialysis modalities
are not always consistent.®’’ Furthermore, the results
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Table 2. Comparative analysis of cognitive impairment and its severity in patients undergoing hemodialysis (HD) and continuous ambulatory

peritoneal dialysis (CAPD).

Dialysis type Outcome category n (%) Comparator n (%) OR 95% CI p-value
CAPD 20 (40.0%) Normal 30 (60.0%) 1.71 0.8-3.55 0.150
Cognitive impairment
HD 25 (28.1%) Normal 64 (71.9%) 1.71 0.82-3.55 0.150
CAPD 3(12.0%) Mild impairment 22 (88.0%) 1.23 0.184-8.13 0.608
Moderate-severe impairment
HD 2(10.0%) Mild Impairment 18 (90.0%) 1.23 0.184-8.13 0.608

OR: Odds ratio, Cl: Confidence interval

demonstrated that the mean total cognitive scores and
cognitive domain scores in CAPD patients did not exhibit
any statistically significant differences when compared to
those in HD patients. This trend has also been supported
by other studies indicating that cognitive performance in
CAPD patients is often comparable to that in HD patients.’?
Thus, our results align with earlier studies and reaffirm that
dialysis modality is not the sole determinant of cognitive
function in CKD patients.’?

Theoretically, cognitive impairment in CKD patients can
be explained by multifactorial mechanisms, including the
accumulation of uremic toxins, endothelial dysfunction,
chronicinflammation, and metabolic disturbances affecting
the brain.” Dialysis modality may influence the rate of toxin
clearance and hemodynamic stability, both of which could
impact cognitive function.” The accumulation of uremic
toxins such as urea and creatinine may impair neuronal
function and neurotransmission.’ Endothelial dysfunction
ultimately can lead to compromised cerebral blood flow
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and or ischemia, contributing further to cognitive deficits.””
Chronicinflammation can predispose the patient to accel-
erated neurodegeneration.’® Dialysis methods, especially
HD, can contribute to oscillations in blood pressure and
fluid shifts, which may compromise cerebral perfusion.’”
Comorbidities such as anemia and malnutrition can also
contribute to cognitive deficits through mechanisms such
as hypoxia and general systemic inflammation.?’ These
processes interact in a rather complicated manner to affect
the cognitive function of CKD patients.’# But the evidence
from this study suggests that differences in dialysis method
are not important enough to affect cognitive function at
a clinical level in this patient population and that this has
implications for other factors such as age, nutritional levels,
and comorbidities being more important determinants or
mediators for cognitive functioning in the CKD population.

This study described a number of important implica-
tions for clinical practice. First, it emphasized that cognitive
impairment is common among patients with CKD who are
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Figure 1. Comparison of total score and domain of cognitive impairment in patients undergoing continuous ambulatory peritoneal dialysis (CAPD)

and hemodialysis (HD).
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undergoing dialysis and exhibit a necessity for regular cog-
nitive screening and monitoring as an integral component
of standard care practices. Second, the finding that there
is no notable distinction in the prevalence and severity
of cognitive impairment among patients undergoing he-
modialysis or CAPD supports the decision-making model
for dialysis modalities — that is, selecting one modality
over another does not carry excess worry about cognitive
outcomes. Third, while dialysis modality may be a suspect
intervention for addressing cognitive impairment, the
current study emphasized the need to better understand
non-dialysis variables -like age, employment status, and
other biochemical measures that are modifiable- when
attempting to prevent or delay cognitive decline. Fourth,
the findings from this study might offer a platform from
which interdisciplinary education or clinical pathways can
be developed to improve clinical and cognitive health in
CKD patients. Fifth, in addition to defining the severity of
cognitive impairment in our CKD participants, this study
might create an opportunity for longitudinal and interven-
tional research, which could establish causal relationships
with cognitive impairment, as well as determine how best
to prevent and manage declines in cognitive health in
CKD patients.

A.RIFAl et al

There were a number of limitations associated with the
present research which should be taken into account for
the interpretation of the results. First, cross-sectional data
did not allow for causal relationships to be established
between dialysis modality and cognitive impairment.
Second, the fact that groups differed at baseline in age,
occupation, or biochemical status may lead to confound-
ing factors influencing our results. Third, the small sample
size and purposive sampling to some extent limit the
ability to generalize to the wider population. Fourth, the
assessment of cognitive function, while using MoCA-INA
for this research, assumed less than a full duration of neuro-
psychological testing. Fifth, the limited discussion of other
potential confounding characteristics, such as depression
and anxiety.

In conclusion, the findings of this research demonstrated
that no statistically significant difference was noted be-
tween patients with CKD receiving hemodialysis and with
CAPD concerning the prevalence and or outcome of cogni-
tive impairment. This research might have implications for
future research activity and development of comprehensive
interventions to prevent cognitive decline in people with
chronic kidney disease.

MEPINHYH

ZUyKpIlon alpokadapaong Kat GUVEXOUG TTEPITOVAIKN G KABapoNng 6Tn YVWOTIKN
A&ttovpyia acOevwv pE XpoOvia VEPPLIKA VOGO
A. RIFAL,' A GUNAWAN,' I.LM. SAGALA?
'Division of Nephrology and Hypertension, Department of Internal Medicine, Universitas Brawijaya, Malang,

?Department of Internal Medicine, Universitas Brawijaya, Malang, Ivéovnoia
Apxeia EAAnVIKNG latpikric 2026, 43(ZvurnA 1):70-75

ZKOMOX Na cuykplOsei n yvwoTikr e€ao0évnon os acBeveig pe xpovia veppikn voco (XNN) mou vmmoalovtal o€
aipokdaBapon (HD) kat cuvexry mepitovaikr kaBapon (CAPD). YAIKO-ME®OAOX H nmapovoca pelétn Sie€nxobn oto
Noookopeio Saiful Anwar, oto Malang, anmé Tov AlyouoTto Tou 2024 £€wg tov lavoudplo tou 2025. Ta Sedopuéva cUNEXONKav
HEOW EVOG oLUVOUAOUOU CLVEVTEVEEWY, YVWOTIKWV A§loAOYroewyY, EQapuolovtag TNV lvEovnoLlaKr TTPOCApP oY TNG
YVWOTIKAG alohdynong tou Montreal (MoCA-INA) kat TNV avacKoTnon latpIKwy apXeiwv. Ot OTATIOTIKEG AVAAUOELG
nepAduBavav x?, Sokipég Mann-Whitney kat UTTOAOYIOHO OXETIKWV AOywVv (OR) pe Staothpata epmotoolvng 95%
(Cl). AMOTEAEZMATA XuvoAiKd, cuppeTeixav 139 aoBeveic pe XNN o€ autr tn HEAETN, Xwplopévol og opddeg, HD
kat CAPD. To mocoo1o yvwoTIKAG e€acBévnong otn CAPD (40%) ritav eAagpws uhnAdtepo amn’ é,tt otnv HD (28,1%),
aAAd n Stagopd dev ftav otatioTikA onuavtikn (OR: 1,71, 95% Cl: 0,82-3,55, p=0,150). H coapdétnTta TnG pETPLAg
£€w¢ 0oBapriG YVWOTIKAG EKTTTWOoNG Oev €8¢e1€e emiong onMAvTIKEG Sla@opég. Ot pEoeG CUVOALKEG BaBpoAoyieg kal ot
Babpoloyieg yvwoTtikoL Topéa oe aoBeveic pe CAPD Sgv Tav onpavTtika SIaPopeTIKEG O OUYKPLON UE TOUG AoOEeVEiQ
He HD. ZYMMEPAXZMATA Agv unip&e onuavTikn S1agopd oTn cofapdtnta TNG YVWOTIKNAG EKTTTWONG HETAEY acOevVwWV
ne XNN mmou urmof3dAAovtav o HD kat CAPD.
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