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Introduction: As the highest function in the brain that regulates our daily activity, executive dysfunction might affect someone’s health- 
related quality of life (HRQoL), especially in those with chronic diseases, including chronic kidney disease (CKD). Neurocognitive 
functions, including intelligence quotient (IQ) and executive function can be affected through various mechanisms in CKD. However, 
there was still no specific study regarding how IQ and executive function might affect HRQoL in children with CKD.
Purpose: To assess Executive Function’s impact on HRQoL and to find association between treatment modalities and CKD stages 
with HRQoL in children with CKD.
Methods: A cross sectional study was conducted at Pediatric Nephrology Clinic at Hasan Sadikin General Hospital, Bandung, 
Indonesia from September 2022 to April 2023. We included 38 children whose age range were 6–16 years 11 months old with CKD 
stage III – V. Assessment tools used were: BRIEF questionnaire for executive function; WISC III tool for IQ; PedsQLTM questionnaire 
generic module for HRQoL. Data was analyzed using SPSS ver. 26.0.
Results: Total number of samples was 38. Complete examinations were done on 30 patients. Eight other patients did not undergo the 
IQ test. There was a negative correlation between executive function components scores (GEC, BRI, MI) with HRQoL scores on 
parents’ proxy in all domains. We found no correlation between HRQoL and IQ scores, but we found a correlation between IQ and 
CKD stage. There was a significant difference in HRQoL from the children’s perspective among the three modalities; children who 
underwent conservative treatment were having the best HRQoL scores.
Conclusion: Interventions to improve executive function of children with CKD should be done to improve their HRQoL in the future. 
Early diagnosis and treatment of CKD should be done at the earliest to improve neurocognitive function and HRQoL.
Keywords: chronic kidney disease, neurocognitive function, children, executive function, intelligence quotient, health related quality 
of life

Introduction
Chronic Kidney Disease (CKD) is a progressively debilitating disease with a high mortality and morbidity rate.1 Based 
on the data from a study by the ItalKid Project in Italy which consisted of children and young adult younger than 20 
years old, the incidence of CKD was 12.1 cases and the prevalence was 74.7 cases out of 1 million population of people 
younger than 20 years old.2 Studies by El Shafei et al (2018) and Pardede et al (2019) showed that HRQoL was found to 
be low in children with CKD, and in turn, this might affect their condition and productivity in adulthood.3,4 Health 
related quality of life in children with CKD of all stages could be affected by many things such as therapeutic modalities, 
long duration of disease, maternal education, older age, and also disturbance in neurocognitive function.3,5,6 It has been 
known that CKD could cause reduction of cognitive function too such as deficit on academic skill, executive function, 
visual memory, and also verbal memory through various mechanisms. As we know, cognitive performance is one of the 
components of HRQoL.6 Thus, any interference in neurocognitive function might affect someone’s HRQoL and an early 
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intervention to improve neurocognitive deficit in children with CKD might make a difference in their HRQoL later in the 
future. However, up until now, the correlation between neurocognitive function and HRQoL in children with CKD had 
never been described yet in any preceding studies.

This study aimed to determine the correlation between neurocognitive function, especially IQ and executive function 
(which are some of the major components of neurocognitive function) with HRQoL in children with CKD, and to 
estimate the IQ range of children with CKD. We also aimed to find whether treatment modalities and CKD stage were 
associated with HRQoL in children with CKD.

Methods
This cross-sectional study was conducted at the Pediatric Nephrology Outpatient Clinic of Hasan Sadikin General 
Hospital, Bandung, West Java, Indonesia (Tertiary Hospital), from September 2022 – April 2023. The hospital had been 
equipped well to provide treatment for children with CKD; it had already had pediatric nephrologists, renal hemodialysis 
and peritoneal dialysis unit for children, and also provided inpatient and outpatient care for children with CKD. However, 
we were still unable to do kidney transplant on the children by the time the study was conducted. Children who were 
diagnosed with CKD in stage III–V, with ages ranging from 6 years to 16 years and 11 months who could answer 
questions were included in the study. We excluded patients who had previously been diagnosed with Intellectual 
Disability, Autism Spectrum Disorder, or other mental disorders or syndromes. Patients whose parents were unwilling 
to participate in the study were also excluded. Samples were chosen using the convenience sampling method. The 
minimal sample size needed for this study was 30 samples; sample size was measured with confidence interval of 95% 
and power value of 90%. The parents were given informed consent regarding the study. The patient was included in the 
study only after the parents agreed. Afterwards, IQ test would be scheduled. The IQ test was performed using the 
Weschler III tool by a professional child psychologist at the Medical Rehabilitation Unit of Hasan Sadikin General 
Hospital. This tool is written in numbers on a full-range IQ scale. A higher IQ score indicated that the children were more 
intelligent academically. This test had been proven to have a good fit (p-value = 0.066) when tested on Indonesian 
children.7 Executive function was determined using BRIEF questionnaire. The questionnaire consisted of 86 questions 
for parents or the patient’s care provider. Eight components of executive function were analyzed: inhibitory, shifting, 
emotional control, working memory, plan/organize, organization of materials and monitor. Inhibitory, shifting and 
emotional control were components of Behavior Regulation Index (BRI). Working memory, plan/organize, organization 
of materials and monitor were components of Metacognition Index (MI). The mean score of those two indexes was 
determined as Global Executive Composite (GEC). All components were written as T-score. The higher the T-score, the 
worse the child’s executive function. It has been translated to various languages including Bahasa Indonesia, with good 
validity (r = 0.521–0773 in all test domains) and reliability (internal consistency was α = 0.62–0.84 and test-retest score 
was 0.87). Executive function can be considered as disturbed when the T-score is > 60. Health-related quality of life was 
determined using the PedsQLTM generic module, which had been proven to have a good internal consistency reliability 
for the Total Scale Score (alpha = 0.88 child, 0.90 parent report), Physical Health Summary Score (alpha = 0.80 child, 
0.88 parent), and Psychosocial Health Summary Score (alpha = 0.83 child, 0.86 parent).8 The PedsQLTM module was 
filled by the parents in the parents’ section and by the patient in the patient’s section, and was divided into four domains: 
physical domain (consisted of 8 questions), emotional domain (consisted of 5 questions), social domain (consisted of 5 
questions) and school domain (consisted of 5 questions). The answer of each item was scaled from 0–5; score 0 means 
that the question had never bothered the subject and score 5 means the question had always been a problem to the 
subject. The HRQoL score from each item was counted after the score was converted, and the total HRQoL score was 
finally determined. The higher the score, the better the child’s HRQoL was. Explanation about how to fill the questions 
was given before the parents and the patient started to answer the questionnaire. The license to use PedsQLTM 

questionnaires was obtained from Mapi Research Trust (ID no 276849) and permission to use BRIEF questionnaire 
was obtained from Edduwar I Riyadi, Psychiatrist as the license owner. Staging of CKD was determined using the 
estimated glomerular filtration rate (eGFR) with the Schwartz formula, with creatinine value obtained from the patient’s 
last routine blood examination or from the patient’s last kidney nuclear scan result.
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Data were analyzed using SPSS ver. 26.0. The correlations between both executive function and IQ with HRQoL 
were analyzed using Pearson’s correlation due to evenly distributed data. We also analyzed the correlations between IQ 
and eGFR with executive function using Spearman’s rank due to unevenly distributed data.

This study was approved by the Ethics Committee of Hasan Sadikin General Hospital (number LB.02.01/X.6.5/193/ 
2022) and adhered to the Declaration of Helsinki.

Results
We included 38 patients in the study. However, we were only able to perform IQ tests in 30 patients. Five patients died 
before we were able to schedule the IQ test, and three other patients declined to complete the IQ test but were willing to 
complete the BRIEF and PedsQLTM questionnaires. The basic characteristics of the participants are listed in Table 1 with 
the relationship analysis for each item with the parents’ and children’s HRQoL. After the data was completely collected, 
three more patients died. Thus, the total number of death in our subject during the study period was eight.

Table 1 Subject Characteristics

Characteristics n=38 HRQoL Score  
(PedsQLTM, Children’s Perspective)

HRQoL Score  
(PedsQLTM Parents’ Perspective)

R P value R P value

Age (years), median (min-max) 15 (6–16) −0.004 0.490 0.114 0.247

Gender
Female 14 (36.8)

Male 24 (63.2) 0.343 0.017* 0.313 0.028*

Nutritional status, mean ± SD
Weight (kg) 39,4 ± 16.7 0.144 0.195 0.376 0.010*

Height (cm) 143 ± 21 0.102 0.271 0.346 0.017*

Father’s education −0.027 0.435 0.031 0.427
Elementary School 6 (15.8)

Junior High School 6 (15.8)
High School 21 (55.3)

Undergraduate 5 (13.2)

Mother’s education 0.073 0.332 0.149 0.186
Elementary School 8 (21.1)

Junior High School 8 (21.1)

High School 16 (42.1)
Undergraduate 6 (15.8)

Parents’ monthly income 0.056 0.370 −0.088 0.301

High (>Rp. 3.500.000) 8 (21.1)
Medium (Rp. 2.500.000–3.500.000) 7 (18.4)

Low (Rp. <2.500.000) 23 (60.5)

Therapeutic modalities
Hemodialysis 17 (44.7) −0.493 0.001* −0.211 0.102

Conservative 19 (50.0)

Peritoneal Dialysis 2 (5.3)
CKD stage −0.477 0.001* −0.357 0.014*

Stage III 9 (23.7)

Stage IV 10 (26.3)
Stage V 19 (50.0)

Duration of sickness 0.204 0.109 −0.279 0.045*

>60 months 2 (5.3)
≤60 months 36 (94.7)

(Continued)
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The median age of the subjects in this study was 15 years old and was dominated by boys (63,2%) compared to girls 
(36,8%). Most participants were high school students (55.3%). Parents’ education was mostly high school (42.1%). Most 
participants came from a low socioeconomic family, with an income of <2.5 million rupiahs per month (60.5%). Most of 
the children had stage V CKD (50.0%). Almost all (94.7%) subjects were diagnosed with CKD shorter or equal to less 
than 60 months while only two subjects were diagnosed with CKD for longer than 60 months. The mean eGFR was 15.0 
ranging between 4.2 to 51.8. The mean hemoglobin value was 9.3% ± 2.9 g/dl. Most of the subjects in our study had low 
Hb levels, which was most likely caused by CKD as the underlying disease. Of the 38 study subjects, eight patients died 
during the data collection period (21.1%), and 30 patients remained alive (78.9%).

We can conclude that several factors such as gender, hemodialysis as therapeutic modality, severity of CKD, and 
certain laboratory parameters (eGFR, Hb, Ur, Cr) are related with the HRQoL from both children’s and parents’ 
perspective. Other factors such as age, nutritional status, educational level of the parents and family income do not 
have a significant correlation with the HRQoL.

The results of the IQ test score using the WISC III, executive function T-score result using the BRIEF, and HRQoL 
score using the PedsQLTM are described in Table 2.

Table 1 (Continued). 

Characteristics n=38 HRQoL Score  
(PedsQLTM, Children’s Perspective)

HRQoL Score  
(PedsQLTM Parents’ Perspective)

R P value R P value

Died −0.409 0.005* −0.183 0.136
Yes 8 (21.1)

No 30 (78.9)

Laboratorium
GFR 15,0 (4.2–51.8) 0.442 0.003* 0.247 0.07

Hemoglobin 9.3 ± 2.9 0.456 0.002* 0.391 0.008*

Ureum 117.3 (32.1–359.5) −0.367 0.012* −0.210 0.102
Creatinine 5,78 (0.73–26.90) −0.296 0.035* −0.091 0.293

Notes: Analysis was done using rank Spearman. *Significant P value.

Table 2 Results of IQ Scores (WISC III), Executive Function T-Scores (BRIEF), and 
HRQoL Scores (PedsQLTM) in Children with Chronic Kidney Disease

Scoring Tools n Mean ± SD Min – Max

IQ Score (WISC III) 30 86 ± 13 59–114

Executive Function T-Score (BRIEF)
Behavior Regulation Index (BRI) 38 45.5 ± 9.3 28.5–72.7

Metacognition Index (MI) 38 46.8 ± 8.7 30.4–71.8

Global Executive Composite (GEC) 38 46.2 ± 9.1 29.9–74.1

HRQoL Score (PedsQLTM, Children’s Perspective)
QL physical domain 38 63 ± 24 16–100
QL emotional domain 38 64 ± 20 30–100

QL social domain 38 78 ±19 20–100

QL school domain 38 55 ± 18 15–90
QL total 38 65 ± 17 27–93

HRQoL Score (PedsQLTM, Parents’ Perspective)
QL physical domain 38 66 ± 20 31–100

QL emotional domain 38 63 ± 22 22–100

QL social domain 38 82 ± 19 40–100
QL school domain 38 56 ± 16 30–90

QL total 38 67 ± 17 26–95
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The mean WISC III IQ score in children with CKD was 86 ± 13, ranging from 59 – 114 and showing a wide variation 
in IQ scores from very low to above-average IQ scores in children with CKD in our study. In general, most of the 
patients’ IQ score in this study could be interpreted as low average.

In most participants, the overall executive function results was normal when measured using the BRIEF question-
naire. However, executive dysfunction was found in various individual aspects. Several aspects of executive dysfunction 
that we found were: inhibitory (four subjects), adaptation (seven subjects), emotional control (three subjects), initiation 
(three subjects), working memory (four subjects), planning (three subjects), and material organization (three subjects). 
Only two patients showed an overall decline in executive function (GEC ≥ 60). One patient had been diagnosed with 
CKD for > 60 months and had fallen to CKD stage V, with a history of the parents discontinuing treatment by 
themselves. This patient continued to receive conservative treatment at the time of examination and was considered 
for renal replacement therapy. Another patient was diagnosed with stage V CKD, had undergone routine HD, and had 
been diagnosed for approximately 3 years.

In our subjects’ PedsQLTM results, we found that the school domain was the most deteriorated aspect from both the 
children’s and parents’ perspectives, and the highest score on both perspectives was found on the social domain. Overall, 
the HRQoL score in children with CKD is lower than in normal, healthy children in this study.

We also tried to see the trend of HRQoL scores based on the children’s CKD stage, and the results are described in Table 3.
In CKD stage III, the mean IQ score was higher compared to those in CKD stages IV and V. Statistical analysis 

showed a p-value of 0.049, indicating a significant difference between stages III, IV, and V CKD. The quotient score 
decreased starting from CKD stage IV, with the mean IQ reaching below average. There was also a significant association 
between IQ and CKD stage. Several mechanisms that had been thought to decrease neurocognitive function in children 
with CKD were anemia, proteinuria, longer duration of CKD and also lower GFR. Thus, it is possible that those with 
lower stage of CKD are having a better neurocognitive function, including IQ, since they might have not yet experienced 
anemia and proteinuria and the duration of CKD is shorter.9

From the above data, we can see that the higher the CKD stage, the lower the HRQoL in all of the domains. This 
shows that in patients with CKD, the stage of the disease influences HRQoL from both the parents’ and children’s 
perspectives. Based on the result, we can conclude that slowing down the progression of CKD by diagnosing and treating 
the disease as early as possible are important for children with CKD.

Table 3 HRQoL Scores in Children with Chronic Kidney Disease Based on the Disease’s Staging

Scoring Tools Chronic Kidney Disease Stage

Stage III 
n=9

Stage IV 
n=10

Stage V 
n=19

Mean ± SD Mean ± SD Mean ± SD

IQ 95 ± 10 85 ± 13 81 ± 12 0.049*

HRQoL Score (PedsQLTM, Children’s Perspective)
QL physical domain 83 ± 13 57 ± 30 56 ± 23 0.017*

QL emotional domain 74 ± 10 68 ± 18 57 ± 23 0.092
QL social domain 91 ± 12 80 ± 16 72 ± 21 0.033*

QL school domain 63 ± 12 62 ± 16 48 ± 20 0.046*

QL total 78 ± 7 67 ± 15 58 ± 17 0.009*
HRQoL Score (PedsQLTM, Parents’ Perspective)

QL physical domain 80 ± 14 60 ± 29 62 ± 19 0.099

QL emotional domain 82 ± 17 57 ± 23 58 ± 20 0.012*
QL social domain 91 ± 10 80 ± 23 78 ± 20 0.248

QL school domain 63 ± 17 52 ± 15 54 ± 16 0.242

QL total 79 ± 10 62 ± 21 63 ± 15 0.037*

Notes: Analysis was done using One Way ANOVA. *Significant P value.
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There was a significant difference in HRQoL from the children’s perspectives in the physical, social, and school domains 
as well as in the total HRQoL score in patients with CKD stage III, IV, and V in this study. From the parents’ perspective, 
significant differences were found in stage III, IV, and V of CKD in the emotional domain and the total HRQoL score.

From this analysis, we can conclude that there is a relationship among IQ, HRQoL, and CKD stage in children with CKD. 
The higher the CKD stage, the lower the IQ and HRQoL scores from both the parents’ and children’s perspectives will be.

The correlations between HRQoL and IQ, HRQoL and executive function, eGFR and IQ, as well as between eGFR 
and executive function are shown in Table 4.

We found no correlation between IQ and HRQoL from either the children’s or parents’ perspective. We also found no 
correlation between executive functions and HRQoL in children. However, there was a negative correlation between the 

Table 4 Correlation Between Neurocognitive Function (IQ and Executive Function) with HRQoL in Children with 
Chronic Kidney Disease

Variable 1 Variable 2 Correlation Coefficient 
(r)

P value

IQ HRQoL Score (PedsQLTM, Children’s Perspective
QL physical domain 0.046 0.404

QL emotional domain −0.103 0.294
QL social domain 0.178 0.173

QL school domain 0.015 0.468

QL total 0.043 0.411
HRQoL Score (PedsQLTM, Parents’ Perspective)

QL physical domain 0.021 0.455

QL emotional domain 0.288 0.061
QL social domain 0.229 0.112

QL school domain 0.265 0.078

QL total 0.222 0.119

BRIEF T-Score (GEC) HRQoL Score (PedsQLTM, Children’s Perspective
QL physical domain −0.038 0.411

QL emotional domain −0.034 0.420

QL social domain −0.055 0.372
QL school domain −0.197 0.118

QL total −0.095 0.285

HRQoL Score (PedsQLTM, Parents’ Perspective)
QL physical domain −0.309 0.029*

QL emotional domain −0.389 0.008*

QL social domain −0.274 0.048*
QL school domain −0.490 0.001*

QL total −0.424 0.004*

BRIEF T-Score (BRI) HRQoL Score (PedsQLTM, Children’s Perspective
QL physical domain −0.062 0.356
QL emotional domain −0.125 0.227

QL social domain −0.057 0.368

QL school domain −0.112 0.251
QL total −0.109 0.257

HRQoL Score (PedsQLTM, Parents’ Perspective)
QL physical domain −0.329 0.022*
QL emotional domain −0.432 0.003*

QL social domain −0.279 0.045*

QL school domain −0.430 0.004*
QL total −0.432 0.003*

(Continued)
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T-score BRIEF executive function on all aspects (GEC, MI, and BRI) and all domains of HRQoL on parents’ 
perspectives. The worse the executive function score (shown by the higher T-score result), the worse the children’s 
HRQoL based on the parents’ perspectives. There was also a significant positive correlation between IQ and eGFR 
(r=0387; p=0019). The higher the IQ score was, the better the glomerular filtration rate was, showing a better kidney 
function. All correlations in this study were categorized as moderate to strong, with the Cohen correlation range: 0 0.09 = 
no correlation; 0.10 – 0.30 = weak correlation; 0.30 – 0.50 = moderate correlation; 0.50 – 1 = strong correlation.

The relationship between treatment modalities with IQ and HRQoL in children with CKD is shown in Table 5 as follows:

Table 5 Relationship Between IQ and HRQoL with Treatment Modalities in Children with CKD

Scoring Tools Treatment Modalities P value

Conservative 
n=19

Hemodialysis 
n=17

Peritoneal Dialysis 
n=2

Mean ± SD Mean ± SD Mean ± SD

IQ 87 ± 13 85 ± 14 86 ± 11 0.975

HRQoL Score (PedsQLTM, Children’s Perspective)
QL physical domain 73 ± 22 55 ± 26 33 ± 16 0.023*

QL emotional domain 71 ± 15 58 ± 23 45 ± 7 0.055

QL social domain 84 ± 14 77 ± 17 35 ± 21 0.001*
QL school domain 61 ± 15 51 ± 19 33 ± 25 0.041*

QL total 72 ± 11 60 ± 17 36 ± 14 0.002*

HRQoL Score (PedsQLTM, Parents’ Perspective)
QL physical domain 71 ± 21 62 ± 24 50 ± 22 0.319
QL emotional domain 67 ± 22 61 ± 24 53 ± 11 0.552

QL social domain 84 ± 17 80 ± 22 71 ± 22 0.558

QL school domain 56 ± 16 57 ± 17 40 ± 0 0.369
QL total 69 ± 16 65 ± 18 53 ± 14 0.398

Notes: Analysis using One Way ANOVA. *Significant P value.

Table 4 (Continued). 

Variable 1 Variable 2 Correlation Coefficient 
(r)

P value

BRIEF T-Score (MI) HRQoL Score (PedsQLTM, Children’s 
Perspective

QL physical domain −0.059 0.363

QL emotional domain −0.023 0.445
QL social domain −0.089 0.298

QL school domain −0.262 0.056

QL total −0.128 0.223
HRQoL Score (PedsQLTM, Parents’ Perspective)

QL physical domain −0.326 0.023*

QL emotional domain −0.373 0.011*
QL social domain −0.284 0.042*

QL school domain −0.542 <0.001*

QL total −0.439 0.003*
IQ eGFR 0.387 0.019*

BRIEF T-Score (GEC) eGFR −0.011 0.475

BRIEF T-Score (BRI) eGFR 0.004 0.490
BRIEF T-Score (MI) eGFR −0.104 0.270

Notes: Analysis was done using Pearson’s correlation due to the normal distribution of the data. *Significant P value.
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Based on the above data, there was a relationship between IQ and HRQoL and treatment modalities in children with 
CKD. There was no significant difference in IQ scores among the three modalities, with the mean score of 85–87. There 
was no significant relationship between IQ and the treatment modalities used.

There was a significant difference in HRQoL from the children’s perspective among the three modalities available in 
our study. The best score was found in children who received conservative treatment compared with those who 
underwent hemodialysis and peritoneal dialysis.

There was no significant difference in HRQoL from the parents’ perspectives between the treatment modalities in 
children with CKD.

It could be concluded that HRQoL in children with CKD could be affected by several factors such as gender, hemodialysis as 
therapeutic modality, severity of CKD, and certain laboratory parameters (eGFR, Hb, Ur, Cr). Executive function but not IQ was 
also correlated with HRQoL from parents’ perspective in children with CKD. Children with higher stage of CKD had lower IQ 
scores and treatment modalities might affect HRQoL in children with CKD from the children’s perspective. It becomes important 
to make strategies to prevent further decline of kidney function in children with CKD and to consider doing executive function 
intervention, to hopefully improve the HRQoL in children with CKD. Further explanations would be discussed in discussion 
section.

Discussion
Factors That Might Cause Difference in HRQoL from Children’s and Parents’ 
Perspectives
The HRQoL can be used to determine a person’s perspective of their own well-being. In a condition where the patient has 
a chronic disease, HRQoL can be used as a parameter to measure the effectivity of the treatment. It could also be done to 
evaluate the patients’ current satisfaction with their condition and if there is any problem detected, additional programs 
could be suggested and added for the patient’s treatment accordingly. Several examples of the treatment that could be 
added were treating the anemia, adding exercise program, treating the depression, etc.10 In a long term, those with better 
HRQoL might have better outcome and satisfaction of their life. Improved HRQoL could also improve the patient’s work 
productivity. Thus, measurement of HRQoL becomes important, especially in people with chronic diseases.11 In this 
study, we found that generally, the parents’ perspectives regarding their children’s HRQoL were better than the children’s 
perspectives on their own disease, except for the emotional domain. However, the mean difference between children’s 
and parents’ perspectives was not significant. The overall HRQoL score in our study was relatively low from both 
children’s and parents’ perspectives. In the previous study by Killís-Pstrusinska et al and Sani et al, HRQoL from 
parents’ perspectives were mostly lower than from the children’s perspectives.12,13 Low HRQoL from both perspectives 
show that psychological support is needed not only for the children but also for the parents as the children’s main care 
provider.

In another study by Eiser et al, it was found that parents’ perspectives of their own lives might affect their 
perspectives regarding the children’s condition.14 In this study, parents’ socioeconomic status was generally low, with 
60.5% of parents having low income and 55.3% were high school graduates. Based on the study by Elshahat et al, 
treatment expense would get higher with the increasing stage and duration of CKD.15 The expenses for CKD from stage 
1–2 to stage 3 was related to a 1.1–1.7-times increase per year, and progression from stage 3 to stage 4–5 was related 
with 1.3–4.2 times increase, with end-stage renal disease carrying the highest treatment expenses. High expenses and 
increased CKD stage could possibly contribute to the low HRQoL scores based on the parents’ perspectives, as we found 
in this study. This condition might also affect the parents’ emotional condition since they might feel burdened and 
responsible to fulfill their children’s increasing expenses.15

Generally, in this study, the mean HRQoL based on children’s perspectives was lower. A study by Imani et al found 
that HRQoL based on parents’ perspectives was higher in patients with a higher stage of CKD, especially CKD stage V, 
similar to the findings of our study.16 This showed that CKD stage was related to both children’s and parents’ 
perspectives regarding children’s HRQoL. A higher stage might affect the children’s perspective, making it worse 
compared to the result from the parents’ perspective.
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Executive Function and Health Related Quality of Life in Children with Chronic Kidney 
Disease
Executive function was correlated with all aspects of HRQoL based on the parents’ perspectives in this study. This was in 
line with the study done by Murphy et al in children with brain tumors which found that there was a correlation between 
executive function and HRQoL.17 Another study by Schraegle et al in children with epilepsy showed the same result.18 

Executive function is often considered as the higher function of the overall neurocognitive function to organize things, 
such as decision-making, planning, organizing, emotional control, action control, problem solving. It also plays an 
important role in our daily activity, such as studying, prioritizing things and playing a role in social-behavioral function. 
A child’s academic achievement can also be affected by executive function, perhaps even more than the child’s natural 
intelligence.19 Executive function is very sensitive, and even small disturbances such as sleep deprivation or psycholo-
gical stress can disturb this function. Generally, executive function is compromised in CKD patients. Previous study 
found executive function declined in patients with CKD compared to normal population.20 As previously mentioned, 
HRQoL in patients with CKD might also be affected by many factors, including executive function. Mendley et al 
showed that CKD duration highly affects neurocognitive function, including executive function. In the earlier stages, 
neurocognitive function disturbances may not be obvious. However, since the beginning, it was found that at least one 
aspect of neurocognitive function might have already been disturbed.21 That finding was in accordance with the results of 
our study; we found that at least one aspect of executive function was affected in all samples, but when it was scored in 
total, the GEC, MI, and BRI were found to be normal except in one patient who had been diagnosed with CKD for > 60 
months. In the future, executive dysfunction in these patients might worsen and might become permanent since CKD is 
an irreversible disease. Early intervention might be needed to prevent this from happening. Treatment compliance is 
important and other possible executive function interventions might also be considered to prevent further decline in 
executive function.

From this study, we conclude that executive function interventions might play a role in improving HRQoL in children 
with CKD. In the long term, executive function disturbance could affect many aspects, such as academic achievement, 
and even the patient’s daily functioning since their ability to focus and to determine their priorities might shift.22 

However, further studies regarding these are still needed in the future. Generally, several interventions that were found to 
improve executive function based on previous studies were computer games to improve metacognition, behavioral 
therapy, adaptation in the school teaching method, and, if possible, private tutors can be assigned so that the study 
method can be tailored individually to meet children’s needs.23–25 Physical activities with both acute exercise (only 
performed once every session) and chronic exercise (repetitive movements for a certain duration) might also improve 
several aspects of executive function, such as working memory and inhibitory control.

Intelligence Quotient and Health Related Quality of Life in Children with Chronic 
Kidney Disease
We found that IQ was not correlated with children’s HRQoL from either the children’s or parents’ perspectives. This 
finding differs from the results of previous studies. In patients with chronic disease, HRQoL might fluctuate and change 
over time and with disease progression.26,27 In patients with CKD, Kang et al showed that IQ might be affected after the 
patients had been diagnosed for >60 months. In this study, only two patients had been diagnosed for > 60 months.28 Thus, 
it is possible that the IQ results of the subjects in our study had not yet been affected by the underlying disease and, as 
the consequence, the HRQoL was found to not be correlated with IQ in this study. Another factor that might have caused 
the lack of a correlation between HRQoL and IQ in this study is that we had no baseline IQ in our samples. Thus, we 
could not conclude whether the patients’ IQ really decreased or whether the IQ results by the time we tested the subjects 
were the same as their baseline IQ. In clinical practice, we suggest for IQ to be examined on each stage of CKD and for 
baseline IQ to be gained from children in healthy condition, so that the causal relationship could be determined and 
prevention could be done in the future.
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Staging, Treatment Modalities and Health Related Quality of Life in Children with 
Chronic Kidney Disease
We found that the higher the CKD stage, the lower the children’s HRQoL were. Children with more advanced CKD stage 
would have more physical and emotional burden. They could also have sleep disorder, depression, and also anxiety as the 
disease progresses. These might contribute to the lower HRQoL we found in children with more advanced CKD stage.29

This study also found that HRQoL from the children’s perspective was related to the treatment modality used, and 
children with CKD who underwent peritoneal dialysis and hemodialysis had lower HRQoL compared to those who 
underwent conservative therapy. This finding was in line with a previous study by Francis et al, who found that HRQoL 
was lower in children who underwent dialysis than in those who did not.30 Children who underwent dialysis might 
experience more pain, have more school abstains, and might also feel bored due to a longer time of therapeutic session, 
with a higher risk of complications and a higher frequency of hospitalization. These factors might cause children who 
underwent dialysis to have a lower HRQoL than those who are still on conservative treatment. Children with con-
servative treatment would not experience the same routine, pain, absence, and frequent hospitalization as those with 
dialysis. Thus, the might have better HRQoL. Previous studies also showed that children who received kidney 
transplantation had better HRQoL than those who received other treatment modalities.31 However, we could not analyze 
the impact of kidney transplantation in children in our samples because we had not yet been able to perform kidney 
transplantation in children in our hospital.

Study Limitations
In previous studies, CKD duration has been related to executive function, IQ, and HRQoL. In this study, since there were 
only two patients with a CKD duration > 60 months, the relationship between CKD duration and the study variables 
could not be determined. This might have affected the overall executive function scores in our study subjects, making it 
look normal by the time the subjects were tested. This might have also played a role in the absence of a relationship 
between IQ and HRQoL in this study.

None of the patient in this study had kidney transplantation. Previous studies showed that therapeutic modalities 
affect both HRQoL and neurocognitive functions. Thus, we could not analyze the impact of kidney transplantation on 
HRQoL and neurocognitive function in our population. We also only had two patients who underwent PD. To make 
a better conclusion regarding how treatment modality might affect someone’s HRQoL, bigger sample size on patients 
who underwent PD is needed.

We also had no baseline IQ or HRQoL results for participants in our study. Thus, we could not determine whether the 
IQ and HRQoL results of our participants were due to CKD. This might be one factor that caused the lack of a correlation 
between IQ and HRQoL in our study.

We suggest that in the future, a similar study that includes the subjects’ IQ and HRQoL baseline should be conducted 
to clearly see how CKD affects IQ and HRQoL. Ideally, neurocognitive function and HRQoL measurements should be 
performed more than once during the study period to determine the impact of disease progression on these variables and 
their relationships. Further studies on the best intervention method to retain executive function in children with CKD 
should be conducted. We also suggest that neurocognitive function and HRQoL assessment should be performed 
routinely in patients with CKD to monitor decline so that early recognition and intervention can be performed.

Conclusion
In conclusion, our study suggests that Health Related Quality of Life in children with CKD (parent proxy) was affected 
by the children’s executive function but not affected by the children’s IQ. To enhance the HRQoL of these children, it is 
essential to consider interventions and care strategies aimed at improving neurocognitive function, particularly executive 
function. Some interventions that can be considered are behavioral therapy, games or activities to improve metacognitive 
function, tailored study method for each children in school or using private tutor if possible, and also routine physical 
activities. However, future research is recommended to explore specific interventions and their clinical implications in 
the context of CKD management for children.
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