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ABSTRACT 
 

Chronic kidney disease (CKD) increases with age in Indonesia. Cognitive impairment is one of the CKD consequences 
that can lead to mortality. Furthermore, end-stage CKD treatments like hemodialysis raise the risk of cognitive 
impairment consequences. About 10%-40% of CKD patients lose cognitive function. This study investigates 
hemodialysis patients' cognitive impairment risk factors. We conducted this study at Mohammad Hoesin Hospital 
Palembang in October-November 2022. Patients were given the Montreal Cognitive Assessment-Indonesian version 
(MoCA-Ina) to assess global and domain-specific cognitive function, including visuospatial/executive, naming, 
attention, language, abstraction, delayed recall, and orientation. The data were tested with Chi-square or Fisher 
exact. In CKD patients, age, education, and hemodialysis initiation age affect global cognitive function. Cognitive 
domains investigation showed that age, sex, and age at hemodialysis initiation affected executive/visuospatial 
function and attentional function, respectively. Several demographic and hemodialysis variables are linked to 
cognitive impairment in patients. These at-risk populations need education and cognitive screening to prevent and 
identify cognitive deterioration. 
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АБСТРАКТ 
 
Хроническая болезнь почек (ХБП) увеличивается с возрастом в Индонезии. Когнитивные нарушения - одно 
из последствии  ХПЗ, которое может привести к смертности. Кроме того, лечение ХПН в конечнои  стадии, 
например гемодиализ, повышает риск развития последствии  когнитивных нарушении . Около 10-40 % 
пациентов с ХПН теряют когнитивные функции. В данном исследовании изучаются факторы риска 
развития когнитивных нарушении  у пациентов, находящихся на гемодиализе. Мы провели это 
исследование в больнице Mohammad Hoesin Hospital Palembang в октябре-ноябре 2022 года. Пациентам был 
предложен Монреальскии  когнитивныи  опросник индонезии скои  версии (MoCA-Ina) для оценки 
глобальных и специфических когнитивных функции , включая визуально-
пространственные/исполнительные, называние, внимание, язык, абстрагирование, отсроченное 
вспоминание и ориентацию. Данные проверялись с помощью критерия Хи-квадрат или точного критерия 
Фишера. У пациентов с ЦП возраст, образование и возраст начала гемодиализа влияют на глобальные 
когнитивные функции. Исследование когнитивных областеи  показало, что возраст, пол и возраст начала 
гемодиализа влияют на исполнительную/визуально-пространственную функцию и функцию внимания, 
соответственно. Несколько демографических и гемодиализных переменных связаны с когнитивными 
нарушениями у пациентов. Эти группы риска нуждаются в просвещении и когнитивном скрининге для 
профилактики и выявления когнитивных нарушении . 
 
Ключевые слова: Хроническая болезнь почек (ХБП); Когнитивная функция; Гемодиализ
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INTRODUCTION 
The definition of chronic kidney disease 

(CKD) according to Kidney Disease: Improving 
Global Outcomes (KDIGO) 2012 is an 
abnormality in the structure of kidney function 
that lasts more than 3 months with various 
implications for health.1 In CKD patients there 
is kidney damage or a continuous decrease in 
the glomerular filtration rate (GFR) or 
glomerular filtration rate (GFR) below 60 
mL/minute/1.73 m2.2 The prevalence of CKD 
ranges from 10% to 14% of the world's general 
population3 and most are in CKD stages 3–5.4 

The incidence of CKD varies greatly between 
countries. In England, the prevalence of End 
Stage Kidney Disease (ESKD) is 962 per million 
population.5 In Indonesia, the results of 
Riskesdas 2013 showed that 0.2% of the 
population aged ≥15 years were diagnosed 
with chronic kidney failure and the prevalence 
increased with age, where the number of 
patients aged 35–44 years increased 
significantly compared to the number of 
patients aged 25–34 years.6 Thus, CKD is still a 
global health problem today. 

CKD patients are at risk of experiencing 
various complications and even death, 
especially those in the final stages. Several 
complications that can occur in advanced and 
end-stage CKD patients include anemia, renal 
osteodystrophy, hyperkalemia, protein 
malnutrition, metabolic acidosis, and a decline 
in cognitive function.3 Therefore, end-stage 
CKD patients must immediately receive kidney 
replacement therapy including kidney 
transplantation, peritoneal dialysis, and 
hemodialysis. Hemodialysis is a therapy that is 
often given to CKD patients.7 In hemodialysis, 
there is a process of passive diffusion of 
dissolved particles and water through the 
blood into the dialysate fluid compartment 
through a semipermeable membrane in the 
dialysis machine. Next, the dialysis machine 
will pump the blood through the filter and 
return the blood to the body.8  

Decreased cognitive function is a 
complication that often occurs in CKD patients 
with an incidence rate of around 10–40%.3.7 

Cognitive function is the ability of the nervous 

system to process sensory data which is then 
converted, processed, stored, and used in 
connections between neurons to enable a 
person to identify and understand sensory 
input.9 Factors that contribute to impaired 
cognitive function in CKD patients according to 
several studies include high cardiovascular 
risk factors, anemia, neuropathological 
changes in the brain, and side effects of 
hemodialysis.10 Several studies on CKD 
patients show impaired cognitive function in 
patients undergoing hemodialysis. As many as 
70% of the 336 respondents undergoing 
hemodialysis therapy experienced cognitive 
impairment as reported in Murray's 
research.11 Likewise, in the research of 
Aliruddin et al. as many as 90% of patients 
undergoing hemodialysis suffer from impaired 
cognitive function.12 

Several studies have also tried to examine 
various aspects of hemodialysis that influence 
cognitive function disorders in CKD patients. In 
Alirudin's research, as many as 66% of CKD 
patients who experienced impaired cognitive 
function had undergone hemodialysis for more 
than 2 years.12 Herman et al. also reported a 
relationship between the duration of 
hemodialysis in CKD patients and impaired 
cognitive function.10 In contrast, research 
conducted by Wahyuni et al. showed that there 
was no relationship between the duration of 
hemodialysis and cognitive function.13 The 
differences in these results encouraged the 
authors to further examine the factors that 
influence impaired cognitive function in CKD 
patients undergoing hemodialysis considering 
that decreased cognitive function in CKD 
patients has an impact on reducing the 
patient's quality of life and increasing the risk 
of death.14  
 
MATERIAL AND METHOD 

The subjects of this research were all CKD 
patients who routinely underwent 
hemodialysis at the Hemodialysis Unit of RSUP 
Dr. Mohammad Hoesin Palembang from 1 
October 2022 to 30 November 2022. The 
minimum sample size in this study was 60 
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subjects based on the Lemeshow formula. The 
inclusion criteria in this study were : 

1. Patients diagnosed with CKD and 
undergoing hemodialysis therapy; 

2. being able to read and write; and 
3. being willing to be a research subject. 
This study excluded hemodialysis patients 

in an unstable condition. This study used a 
complete sampling strategy. The variables 
investigated in this study are age, gender, 
education level, comorbidities, length of 
hemodialysis, and age at initiation of 
hemodialysis therapy. These data were 
gathered through interviews. Cognitive 
function was measured using the Indonesian 
version of the Montreal Cognitive Assessment 
(MoCA-Ina). All variables were then evaluated 
univariately and bivariately with the Chi-

square or Fisher Exact test, as appropriate for 
each test. Data is processed with Statistical 
Product & Service Solution version 21. 
 
RESULT 

The subjects of this research were 65 
patients with almost the same ratio of men and 
women [33 (50.8%) and 32 (49.2%) patients, 
respectively). The oldest subject was 79 years 
old and the youngest was 25 years old with a 
median age of 48 years. It was found that 24 
(36.9%) subjects had completed high school 
education, followed by 18 (27.7%) college 
graduates, 15 (23.1%) elementary school 
graduates, and 8 (12.3%) junior high school 
graduates.  
 

 

Table 1. Demographic and Clinical Characteristics of Research Subjects 
 

Subject’s characteristics 
Cognitive Impairment Normal Cognition Total (%) p-value 

n (%) n (%)   
Age        
<40 years old 3 (4,6%) 14 (21,5%) 17 (26,2%)  
40–50 years old 17 (26,2%) 4 (6,2%) 21 (32,3%) 0.000* 
>50 years old 25 (38,5%) 2 (3,1%) 27 (41,5%)  
Gender        
Male  19 (29,2%) 14 (21,5%) 33 (50,8%) 0,059** 
Female  26 (40,0%) 6 (9,2%) 32 (49,2%)  

Level of education       
Elementary school graduates 13 (20,0%) 2 (3,1%) 15 (23,1%)  
Junior high school graduates 8 (12,3%) 0 (0,0%) 8 (12,3%) 0,032* 
Senior high school graduates 13 (20,0%) 11 (16,9%) 24 (36,9%)  
University graduates  11 (16,9%) 7 (10,8%) 18 (27,7%)  

Comorbidities***  
Hypertension  
• Yes 
• No  
Diabetes mellitus 
• Yes 
• No  
Cardiovascular disease 
• Yes 
• No  
Systemic Lupus Erythematosus 
• Yes 
• No  

 
 

34 (52,3%) 
11 (16,9%) 

 
13 (20,0%) 
32 (49,2%) 

 
1 (1,5%) 

44 (67,7%) 
 

1 (1,5%) 
44 (67,7%) 

 
 

18 (27,7%) 
2 (3,1%) 

 
4 (6,2%) 

16 (24,6%) 
 

1 (1,5%) 
19 (29,2%) 

 
1 (1,5%) 

19 (29,2%) 

 
 

52 (80,0%) 
13 (20%) 

 
17 (26,1%) 
48 (73,8%) 

 
2 (3,0%) 

63 (96,9%) 
 

2 (3,0%) 
63 (96,9%) 

 
 

0,314** 
 
 

0,551** 
 
 

0,673* 
 
 

0,524** 

Duration of hemodialysis  
<12 months 
12-24 months 
>24 months  

 
20 (30,8%) 
5 (7,7%) 

20 (30,8%) 

 
11 (16,9%) 
3 (4,6%) 
6 (9,2%) 

 
31 (47,7%) 
8 (12,3%) 
26 (40,0%) 

 
 

0,544* 

Frequency of hemodialysis 
Once a week 
Twice a week 

 
1 (1,5%) 

44 (67,7%) 

 
0 (0,0%) 

20 (30,8%) 

 
1 (1,5%) 

64 (98,5%) 

 
1,000** 

Age at hemodialysis initation 
<40 years old 
40–50 years old  
>50 years old 

 
9 (13,8%) 
13 (20,0%) 
23 (35,4%) 

 
14 (21,5%) 
5 (7,7%) 
1 (1,5%) 

 
23 (35,4%) 
18 (27,7%) 
24 (36,9%) 

 
 

0,000* 

*chi-square test, **fisher-exact test 
***some patients had >1 comorbidities 
  

The majority (45 subjects or 69.2%) of 
hemodialysis patients in this study 
experienced a decline in cognitive function. 

Subjects who experienced disorders were 
more likely to be found in the group of patients 
aged >50 years (25 out of 45 subjects or 56%) 
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and females (26 out of 45 subjects or 58%). 
Based on education level, the number of 
subjects who completed elementary school 
and completed high school were the ones who 
most often experienced cognitive impairment 
(13 out of 45 subjects or 29% each). The most 
common comorbidity suffered by research 
subjects is hypertension (80,0%). 

47.7% of the study's participants had only 
received hemodialysis for less than a year. Most 
individuals (98.5%) had hemodialysis twice a 
week. 36.9% of research participants began 
therapy when they were older than 50 years 
old. Table 1 displays the subjects' cognitive 
functions and the distribution of their features. 
The incidence of reduced cognitive function 
was observed to be correlated (p<0.05) with 

age, education level, and age at initiating 
hemodialysis in this study. 

Cognitive function distribution of research 
individuals is shown in graph 1. Most 
individuals (98.5%) had delayed memory 
issues. 75.4% of respondents had 
executive/visuospatial impairment, the second 
most. Attendance and abstraction were also 
hampered in 60% and 55.4% of participants. 
Many subjects retained normal naming, 
language, and orienting functions. The age and 
length of hemodialysis had a significant effect 
on attention function with p-values of 0.005 
and 0.020, respectively. Age, gender, and age at 
hemodialysis initiation also affected 
executive/visuospatial function (p-values of 
0.000, 0.026, and 0.000).  

 
Graph 1. Subject's distribution based on impaired cognitive domain 

DISCUSSION 
Chronic kidney disease and cognitive 

impairment are linked through several 
mechanisms. A number of conditions in CKD 
include anemia, increased levels of pro-
inflammatory cytokines, oxidative stress, and 
changes in lipid and homocysteine 
metabolism. CKD patients also generally have 
vascular risk factors which are also risk factors 
for developing dementia, including 
Alzheimer's dementia.15  

Half of the hemodialysis patients who had 
cognitive impairment in this study were >50 
years old. This data is in line with Yaffe's study 
in Zammit which found that as many as 40.8% 
of advanced CKD patients aged over 55 years 
experienced cognitive impairment.16 Another 
study by Murray also stated that cognitive 
impairment was experienced by around 70% 
of patients undergoing hemodialysis aged 55 
years and over.11 In line with these two studies, 

Alirudin also found that 72.2% of hemodialysis 
patients who were over 50 years old 
experienced cognitive impairment.12  

This study's statistical tests demonstrate 
that age is strongly associated with a reduction 
in global cognitive performance and in 
attention and executive/visuospatial function. 
Age has been shown to affect cognition. 
Research on brain aging suggests that brain 
damage begins at 50 and worsens after 70.11 

Elderly people with CKD and declining kidney 
function are associated with decreased 
cognitive function when compared with the 
general elderly population.16  

A slightly higher percentage of female 
research subjects had cognitive impairment. 
Further research of this study indicated that 
gender impaired executive/visuospatial 
function. Laksmidewi found that 69.6% of 
female CKD patients had a MoCA-Ina score 
below 26 (cognitive impairment).17 Studies in 
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the general population also report that mild 
cognitive impairment /MCI and dementia are 
more common in women, with proportions of 
50.4% and 57% respectively.18 A thorough 
review found no difference in cognitive 
function loss between men and women with 
normal aging. Endocrine shifts like menopause 
may cause cognitive impairment in women. 
Iwata says women with CKD are more prone to 
pro-inflammatory cytokines, oxidative stress, 
and cardiovascular disease, which can cause 
cognitive impairment.18  

In this study, the subjects most likely to 
experience cognitive impairment came from 
elementary school and high school graduates, 
followed by college graduates and finally junior 
high school graduates. In line with these 
results, Alirudin reported that almost half 
(47.2%) of hemodialysis patients and 
experiencing decreased cognitive function had 
a high school education. Statistically, this study 
found that the level of education was related to 
the cognitive function of hemodialysis patients. 
This result is also in line with previous studies 
which found that education level was related to 
general cognitive function. Education is a 
protective factor for cognitive function through 
a reserve mechanism. Education can trigger the 
development of brain and cognitive reserves 
through the addition of dendritic branching.19 

Studies show that highly educated people have 
a much larger brain capacity with more 
synapses compared to less educated people.20  

Most of the research subjects who 
experienced cognitive impairment had 
comorbidities such as hypertension and 
diabetes mellitus. This data follows the results 
of Laksmidewi's research where 65.2% of CKD 
patients with cognitive impairment also had 
hypertension.17 These two diseases have 
indeed been proven to be risk factors for 
decreased cognitive function not only in the 
CKD patient population but also in the general 
population. In people with hypertension, 
changes in the walls of blood vessels will then 
cause hypoperfusion, ischemia, and cerebral 
hypoxia. This condition will ultimately cause 
the accumulation of amyloid precursor protein 
/APP and amyloid-beta and also trigger the 

expression of presenilin which is the 
pathophysiological basis for dementia.19 In 
people with diabetes mellitus, insulin levels 
affect the metabolism of amyloid-beta and tau 
proteins which form neuritic plaques and 
neurofibrillary tangles, which is also the basic 
mechanism of dementia.19 Cognitive decline is 
also likely to happen in patients with 
cardiovascular disease because both have 
similar risk factors as well as direct 
consequences of heart disease on the brain, 
defined as the heart-brain axis.20 In addition, 
cognitive impairment also falls within the 
clinical spectrum of neuropsychiatric-systemic 
lupus erythematosus (NP-SLE). Many factors 
have been associated with cognitive 
dysfunction in NP-SLE including depression 
status, longer disease duration, regular 
glucocorticoid use, the presence of anti-
neuronal and anti-phospholipid antibodies, 
structural brain alterations, traditional 
cardiovascular risk factors, physical inactivity, 
and vitamin D deficiency.21 

The study found that cognitive impairment 
was most prevalent in groups that had 
received hemodialysis for <12 months and >24 
months. Similarly, Lestari found that 
individuals undergoing hemodialysis for >24 
months and <12 months had 39.2% and 37.1% 
impaired cognitive performance, 
respectively.22 Alirudin also reported that 
cognitive impairment mostly came from the 
group of CKD patients who had undergone 
hemodialysis for >24 months, as much as 
66.7%.12  On the other hand, most patients with 
normal cognitive function came from the 
group who had only undergone hemodialysis 
for <12 months. Similar results were also 
reported by Zahroh where hemodialysis 
patients with normal cognitive function mainly 
came from the group with hemodialysis 
duration <12 months (80%).23 

Hemodialysis length did not affect global 
cognitive function, although it did lower 
attentional function statistically. The effects of 
chronic hemodialysis on cognitive 
deterioration are unknown. Murray and 
Joseph observed that hemodialysis decreased 
brain function.11,24 There is a fluid shift and 
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acute intravascular volume loss during the 
hemodialysis process which then causes 
edema and decreased perfusion due to 
decreased pressure and cerebral blood flow 
velocity. Cerebral edema and hypoperfusion 
cause damage to subcortical structures which 
ultimately causes impaired cognitive 
function.11 However, changes in brain 
structure may have occurred early in the 
course of CKD because imaging-based studies 
show that there is degeneration and lesions in 
brain white matter in as many as 70% of CKD 
patients who have not required hemodialysis. 

This study links executive/visuospatial 
cognitive impairment to hemodialysis 
initiation age. Patients who started 
hemodialysis after 50 had a higher rate of 
cognitive loss (35.4% versus 1.5% with normal 
cognition). In contrast, individuals who began 
hemodialysis at age <40 had a lower 
proportion of normal cognition (13.8%) 
compared to cognitive decline (21.5%). This 
result may be due to the initial condition of 
cognitive function in patients who started 
hemodialysis at a younger age being better 
than patients who started it at an older age. 
Apart from that, generally, the decline in 
cognitive function begins at 50 years, where 
the process of brain degeneration begins and 
continues with increasing age.22  

This study found that hemodialysis patients 
had the greatest delayed memory, followed by 
executive/visuospatial and attention. In 
hemodialysis patients, delayed memory 
(27.5%), executive/visuospatial (22%), and 
attention (19.3%) reduced, according to 
Alirudin.12 Grams stated that cognitive 
dysfunction in CKD patients ranges in severity 
from mild cognitive impairment (MCI) to severe 
(dementia) and involves a decline in several 
cognitive domains, such as memory, attention, 
language, visuospatial skills, and executive 
function.25 In another Bugnicourt study, CKD 
patients had higher cognitive impairment in all 
domains.26 This study did not explore other 
factors that may affect cognitive performance, 
such as inheritance, head trauma, physical 
exercise, and others. Patient unwillingness to 
participate due to weariness from long 

hemodialysis treatments, unstable 
hemodynamic conditions, and lengthy MoCA-
Ina tests (10–15 minutes) caused uneven 
sample features. This study is limited by 
several restrictions. 
 
CONCLUSION 

A large majority of hemodialysis patients 
exhibited cognitive impairment in this study. 
Age, gender, length of therapy, and age at 
hemodialysis initiation affect cognitive 
performance in CKD patients. Regular 
cognitive function tests for hemodialysis 
patients help identify impairment early and 
start treatment faster. Patients should also 
learn how to maintain cognitive function 
through physical activity appropriate to their 
needs, social involvement, and mental-
strengthening activities like chess and 
crossword puzzles. 
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