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Abstract

Background Chronic kidney disease (CKD) is associated with cognitive dysfunction. Cognitive function in children with
CKD residing in developing countries has not been previously reported.

Methods This cross-sectional study included children aged 6—18 years with CKD stages 2-5D and kidney transplant. Cog-
nitive function was assessed by WISC-V for children from 6-16 years of age. In adolescents 17-18 years of age, WAIS-III
was used. Factors associated with cognitive dysfunction were identified using multivariable regression analysis.

Results Thirty-seven children with median age 13.9 (11.3-15.7) years were recruited. The median full-scale intelligence
quotient (FSIQ) was 83.0 (71.0-95.0). Below-average cognitive function (FSIQ <90) was identified in 24 children (64.8%),
24.3% of whom had cognitive impairment (FSIQ <70). Most children (94.6%) scored lower than average on at least 1
cognitive domain. Kidney replacement therapy (p = 0.03) and low family income (p = 0.02) were associated with below-
average cognitive function in multivariable logistic regression analysis. Children who left school and low family income
were significantly associated with cognitive function. The FSIQ of children who had left school was 12.94 points lower than
the educated group (p = 0.046). In addition, every 10,000 Thai Baht (approximately 330 United States dollars) increase in
family income correlated with 1.58 increase in FSIQ (p = 0.047).

Conclusion Cognitive dysfunction was commonly found in children with CKD. Socioeconomic factors, particularly school
attendance and family income, were associated with cognitive dysfunction. Cognitive evaluation is suggested for children
with CKD who have socioeconomic risk factors.
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Introduction including children with CKD stage 5 treated by kidney

transplant (KT), had lower cognitive function than siblings

Children with chronic kidney disease (CKD) are at risk for
multidomain cognitive dysfunction [1-3]. Previous stud-
ies revealed that children with moderate to severe CKD,
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and healthy children [4—6]. Central nervous system (CNS)
abnormalities have been reported in children with CKD
stage 5 and can affect cognitive function [7]. Approximately
12-23% of children with CKD stage 5, which includes those
treated with dialysis and KT, have cerebral atrophy [7].
Furthermore, a recent study in Canada [8] demonstrated
that 21% of children with CKD had cerebral white matter
abnormalities on brain magnetic resonance imaging (MRI).
In addition to structural CNS abnormalities, several clinical
and socioeconomic factors could affect cognitive function.

The prevalence of and risk factors for cognitive dysfunc-
tion in children with CKD in previous pediatric studies var-
ied, likely due to differences in cognitive assessment meth-
ods, dysfunction definitions, study populations (including
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different age groups and CKD stages), and sample sizes, as
well as inconsistent inclusion and exclusion criteria. Several
potential clinical risk factors for cognitive dysfunction in
children with CKD have been reported, such as greater CKD
severity, younger age at kidney disease onset, hypertension,
increased blood pressure variability (BPV), proteinuria,
anemia, and depression [6, 9—13]. In addition, genetic fac-
tors might increase the risk for neurocognitive dysfunction
in children with CKD, especially if kidney disease has a
clear relationship with a genetic disorder [14]. Children with
mild or moderate CKD are also at risk of neurodevelop-
mental problems [10]. In addition to clinical risk factors, a
relationship between low socioeconomic status and cogni-
tive impairment was observed in adults with CKD stage 5D
treated with hemodialysis [15, 16], but data from children
are limited.

Previous studies have investigated cognitive function in
children with CKD, but they mainly focused on clinical risk
factors [9, 13, 17, 18]. A few studies in children with CKD
assessed socioeconomic status [10, 11], and one study found
a relationship between cognitive dysfunction and low mater-
nal education [10]. Additionally, almost all cognitive studies
in children with CKD have been conducted in developed
countries, where socioeconomic status is different from that
in developing countries. To date, cognitive function in chil-
dren with CKD in developing countries has not been previ-
ously reported. According to the World Bank [19], develop-
ing countries or low- to upper-middle-income countries are
defined as having a gross national income (GNI) < 12,535
United States dollars (USD). Many children in developing
countries are at higher risk of poor health, malnutrition, lack
of education, and lack of stimulation at home, all of which
affect cognitive development and function [20].

The aim of this study was to determine the prevalence of
cognitive dysfunction in both global and specific domains
in children with CKD stages 2-5D and KT in a develop-
ing country. In addition, the authors aimed to explore both
clinical and socioeconomic factors associated with cognitive
dysfunction when the full-scale intelligence quotient (FISQ)
was lower than the average range (FISQ <90).

Methods
Study population

The study population included all children aged 6—18 years
who were diagnosed with CKD stages 2-5D and KT and
were clinically stable for at least 3 months at Siriraj Hospi-
tal between July 2019 and September 2020. The exclusion
criteria were (i) acute illness, (ii) major visual or hearing
impairment, (iii) uncontrolled psychosis, and (iv) CNS dis-
eases that significantly affect motor function or higher corti-
cal function. Children who met these criteria were informed
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of the study, and both parental consent and patient assent
were required.

Cognitive assessment The United States (U.S.) version of
the Wechsler Intelligence Scale for Children—Fifth Edition
(WISC-V), which was published in 2014 and is currently
the standard intelligence test for children from 6-16 years
of age, was used in this study. This test consists of five pri-
mary indexes: the verbal comprehension index, visual spa-
tial index, fluid reasoning index, working memory index,
and processing speed index. In adolescents 17-18 years
of age, the U.S. version of the Wechsler Adult Intelligence
Scale-Third Edition (WAIS-III) was used; this assessment
consists of three primary indexes: the verbal comprehension
index, working memory index, and processing speed index.
Global cognition was expressed as the FSIQ. FSIQs of 110—
119, 90-109, 80-89, 70-79, and < 69 were defined as high-
average, average, low-average, very low, and extremely low,
respectively.

Cognitive assessments were administered by qualified
pediatric psychologists. Below-average cognitive function
was defined as an FSIQ lower than 90, and cognitive impair-
ment was defined as an FSIQ lower than 70.

Clinical definition

For children with congenital kidney disease, the onset of
disease was assumed to be the date of birth. The estimated
glomerular filtration rate (¢eGFR) or estimated creatinine
clearance (eCrCl) was calculated using the Schwartz for-
mula with an enzymatic method of creatinine measurement
[21]. For participants on peritoneal dialysis, the eCrCl was
calculated from 24-h urine and drained dialysate samples
[22] and was normalized to 1.73 m?. For children receiving
hemodialysis, urea clearance was calculated from the blood
and 24-h urine [23] and was normalized to 1.73 m>.

Mild to moderate CKD was defined as an eCrCl rate
of 30-89 ml/min/1.73 m? (CKD stages 2-3). Severe CKD
was defined as an eCrCl rate of <30 ml/min/1.73 m? with
conservative treatment (CKD stages 4-5 without kidney
replacement therapy, KRT) [24]. The KRT group included
children with CKD stage 5D and KT. According to the
World Health Organization (WHO), anemia is defined as
serum hemoglobin levels of <11.5, <12, and <13 g/dL in
children aged 6-11.99 years, children aged 12-14.99 years,
and males >15 years old [25]. Hypertension was defined as
the use of any antihypertensive medication, and all children
in this study who were diagnosed with hypertension were
on antihypertensive medication. Proteinuria was defined as
a urine protein-to-creatinine ratio (UPCR) greater than 0.2
mg/mg. Preterm birth was defined as birth at less than 37
weeks of gestation.
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Clinical and socioeconomic characteristics Demographic
data were recorded by conducting a parental questionnaire
and medical chart review. Laboratory results were collected
within 3 months of the cognitive assessment. Socioeco-
nomic data were gathered by parental questionnaires. The
primary caregiver was defined as the person who provided
direct care and took primary responsibility for children. The
primary caregiver may be a parent, or grandparent or other.
Financial status was recorded as family income per month.
Thai Baht (THB) is the currency of Thailand, and 1 THB
was equal to approximately 0.033 USD.

Statistical analysis

Descriptive statistics were calculated for baseline character-
istics. Continuous data are presented as the means (+ stand-
ard deviations [SDs]) for variables with normal distributions
or as medians and interquartile ranges for variables with
non-normal distributions. Categorical data are expressed as
absolute numbers and percentages. Statistical significance
was determined using Pearson’s chi-square test or Fisher’s
exact test for categorical variables and Student’s ¢ test or the
Mann—Whitney U test for continuous variables, as appropri-
ate. A p value <0.05 was considered statistically significant.
Factors associated with below-average cognitive function
(FSIQ <90) were identified using univariable and multivari-
able logistic regression analyses. Any variables that were
either significant in univariable logistic regression analysis
(p <0.2) or clinically significant were selected as candidates
for multivariable logistic regression analysis. Final model
building for multivariable logistic regression analysis was
performed using forward likelihood selection. The clinical
factors and socioeconomic factors were obviously different,
so multivariable logistic regression analysis was performed
separately.

In addition, univariable and multivariable linear regres-
sion analyses using the enter method were applied to deter-
mine the relationships between risk factors and the FSIQ.
All statistical calculations were performed using PASW
Statistic (SPSS) 18.0 (SPSS Inc., Chicago, IL, USA).

This study was approved by the Siriraj Hospital Institu-
tional Review Board.

Results
Demographic and clinical characteristics

One hundred forty-three children aged 6-18 years who
were diagnosed with CKD stages 2-5D and KT from July
2019 to September 2020 at Siriraj Hospital were screened.
Of these children, 25 had major visual or hearing impair-
ment and CNS diseases, thus meeting the exclusion

criteria. Nineteen children were followed at other hospitals
or died. Therefore, 99 children were eligible to participate
in this study. The families of 62 of these children declined
to participate in this study for several reasons, such as the
inconvenience of travel, the avoidance of unnecessary hos-
pital visits during the coronavirus disease 2019 (COVID-
19) outbreak, and school disruption. Thirty-seven children
were included in the study sample.

Baseline demographic and clinical characteristics
are summarized in Table 1. The median age was 13.9
(11.3-15.7) years. The most common cause of CKD was
congenital anomalies of the kidney and urinary tract
(CAKUT). The median eCrCl or urea clearance rate was
41.1 (14.3-65.9) ml/min/1.73 m?, and most children
(45.9%) had mild to moderate CKD. The median duration
of CKD was 10.0 (2.3-15.8) years. Most children (56.8%)
were using more than 4 medications. Approximately 43%
of the children met the definition for anemia, and 3 chil-
dren were diagnosed with thalassemia. Approximately half
of the children were diagnosed with proteinuria (51.4%)
and hypertension (51.4%). Only 4 children had a history
of preterm birth. None of the children in this study had
seizures.

Table 1 Demographic and clinical characteristics of 37 children with
chronic kidney disease.

Characteristics Number (n = 37)

Male, n (%)
Age, years (IQR)
Cause of CKD, n (%)

19 (51.4%)
13.9 (11.3-15.7)

Glomerular disease 8 (21.6%)
CAKUT 24 (64.9%)
Others 5(13.5%)

eCrCL or urea clearance, ml/min/1.73 m? (IQR)
Severity of CKD, n (%)

41.1 (14.3-65.9)

Mild to moderate CKD 17 (45.9%)

Severe CKD 6 (16.2%)

Dialysis or transplantation 14 (37.8%)
Duration of CKD, years (IQR) 10.0 (2.3-15.8)
Number of medications >4, n (%) 21 (56.8%)
Anemia, n (%) 16 (43.2%)
Proteinuria, n (%) 19 (51.4%)
Hypertension, n (%) 19 (51.4%)
History of preterm birth, n (%) (n = 30) 4 (13.3%)

IQR, interquartile range; CKD, chronic kidney disease; CAKUT, con-
genital anomalies of the kidney and urinary tract; eCrCl, estimated
creatinine clearance
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Socioeconomic characteristics

Socioeconomic characteristics are summarized in Table 2.
Eight (21.6%) children left school. The main reasons for
children who left school were falling behind academically
after frequent school absences, frequent hospital visits, dif-
ficulty traveling due to physical disabilities and parental
concerns regarding their child’s health. The main caregiv-
ers were mothers and fathers (83.8%). Low maternal educa-
tion (76.5%) and low paternal education (76.7%) were com-
mon in this study. More than half of the children (67.6%) in
this study lived in rural areas. The median monthly family
income per household was 20,000 (10,000-30,000) THB or
approximately 660 (330-990) USD.

Cognitive function of children with CKD

The median FSIQ among all children in this study was 83.0
(71.0-95.0), which was classified as being in the low-average
range. The prevalence of below-average cognitive function
(FSIQ <90) was 64.9% (24 children), and 24.3% (9 children)
were considered to have a cognitive impairment (FSIQ <70).
Regarding the cognitive domains, the median scores in the

Table 2 Socioeconomic characteristics of 37 children with chronic
kidney disease.

Characteristics Number (n= 37)

Children who left school, n (%)
Maternal data (n = 34)

Age, years (IQR)

Education, n (%)

8 (21.6%)

42.0 (35.8-47.3)

High school or less 26 (76.5%)
Bachelor’s degree 8 (23.5%)

Employment, n (%) 26 (76.5%)
Healthy, n (%) 30 (88.2%)

Paternal data (n = 30)
Age, years (IQR)
Education, n (%)

43.5(37.8-49.0)

High school or lower 23 (76.7%)

Bachelor’s degree 7 (23.3%)
Employment, n (%) 30 (100.0%)
Healthy, n (%) 29 (96.7%)
Main caregiver, n (%)

Mother or father 31 (83.8%)
Live in rural area, n (%) 25 (67.6%)
Family income, 10,000 THB? (IQR) 2 (1.0-3.0)

IOR, interquartile range; THB, Thai Baht

210,000 THB is equal to approximately 330 United States dollars
(USD)
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visual comprehension, fluid reasoning, and processing speed
domains were 72.0 (63.5-86.0), 85.0 (76.8-96.3), and 88.0
(74.5-101.5), respectively, which were lower than the aver-
age range (FSIQ <90). Only the scores in the visual spatial
(FSIQ 92.0 (81.8-99.3)) and working memory (FSIQ 97.0
(83.5-107.0)) domains were within the average range (FSIQ
90-109). Interestingly, most children (94.6%) had below-
average FSIQ (FSIQ <90) scores in at least one cognitive
domain. Additionally, approximately half of the children
(45.9%) had scores indicating cognitive impairment (FSIQ
<70) in at least one cognitive domain.

A subgroup analysis was performed to investigate the
association between KRT and cognitive function. Fourteen
children who underwent KRT were analyzed. Of these chil-
dren, 8 underwent KT, and 6 were on chronic dialysis. The
median FSIQs of children in the chronic dialysis group and
the KT group were 84.0 (71.9-87.8) and 70.5 (64.0-89.3),
respectively, and there was no statistically significant differ-
ence between the two groups (p = 0.35).

Factors associated with below-average
cognitive function

Several clinical and socioeconomic factors were assessed
as potential risk factors for below-average cognitive
function (FSIQ <90) in the univariable logistic regres-
sion analysis and the calculation of crude ORs (Table 3).
Among the clinical factors, anemia (OR: 4.88, 95% CI:
1.01-23.57, p = 0.049) was a potential factor associated
with below-average cognitive function in this study. KRT
was more common in the below-average cognitive func-
tion group than in the average/above average group (50.0%
vs. 15.4%). However, this factor was not statistically sig-
nificant (OR: 5.50, 95% CI: 0.99-30.29, p = 0.05). Other
clinical factors, such as the cause of CKD, duration of
CKD, proteinuria, hypertension, and history of preterm
birth, were not significantly different between the two
groups. Among the socioeconomic aspects, low maternal
education (OR: 8.14, 95% CI: 1.32-50.25, p = 0.02), low
paternal education (OR: 11.88, 95% CI: 1.67-84.52, p =
0.01), low main caregiver education (OR: 6.56, 95% CI:
1.05-40.95, p = 0.04), and low family income (p = 0.02)
were potential factors associated with below-average cog-
nitive function in this study. There were 24 children who
were categorized as having below-average cognitive func-
tion, so 2-3 factors could be selected as candidates for the
multivariable logistic regression analysis model (10 events
per 1 factor). The clinical factors and socioeconomic fac-
tors were obviously different, so multivariable logistic
regression analysis was performed separately. According
to multivariable logistic regression analysis of clinical
aspects, anemia (p = 0.049), KRT (p = 0.05, clinically
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Table 3 Univariable logistic
regression analysis and crude

Characteristics

Below-average cognitive function Crude OR (95% CI) P

odds ratios (ORs) for risk (FSIQ <90)
factors for below-average Yes No
cognitive function in children
with chronic kidney disease. Clinical characteristics
Kidney replacement therapy?, n (%)
Yes 12 (50.0%) 2 (15.4%) 5.50 (0.99-30.29) 0.05
No 12 (50.0%) 11 (84.6%) 1.00
Anemia, n (%)
Yes 13 (54.2%) 3(23.1%) 4.88 (1.01-23.57) 0.049
No 11 (45.8%) 10 (76.9%) 1.00
Cause of CKD, n (%)
CAKUT 14 (58.3%) 10 (76.9%) 0.35 (0.03-3.62) 0.38
Glomerular disease 6 (25.0%) 2 (15.4%) 0.75 (0.05-11.31) 0.84
Others 4 (16.7%) 1(7.7%) 1.00

Duration of CKD, years (IQR)
Proteinuria, n (%)
Yes
No
Hypertension, n (%)
Yes
No
History of preterm birth, n (%)
Yes
No
Socioeconomic characteristics
Education, n (%)
Current education
Children who left school
Maternal education, n (%)
High school or less
Bachelor’s degree
Paternal education, n (%)
High school or less
Bachelor’s degree
Main caregiver education, n (%)
High school or less
Bachelor’s degree

Income 10,000 THBY/month (IQR)

10.0 (2.4-14.8)  10.2 (3.4-14.3)  1.02 (0.90-1.15) 0.81

13 (61.9%) 6 (54.5%) 1.11(0.10-12.47) 094
8 (38.1%) 5(45.5%) 1.00

11 (54.2%) 8 (61.5%) 0.53 (0.13-2.10) 0.36
13 (45.8%) 5(38.5%) 1.00

3 (13.6%) 1(12.5%) 1.11(0.10-1247) 094
19 (86.4%) 7 (87.5%) 1.00

13 (100%) 16 (66.7%) 1.00 0.08
0 (0%) 8 (33.3%) 13.91 (0.73-263.5)

7 (53.8%) 19 (90.5%) 8.14 (1.32-50.25)  0.02
6 (46.2%) 2(9.5%) 1.00

4 (44.4%) 19 (90.5%) 11.88 (1.67-84.52)  0.01
5(55.6%) 2(9.3%) 1.00

21 (91.3%) 8 (61.5%) 6.56 (1.05-40.95)  0.04
2 (8.7%) 5 (38.5%) 1.00

4 (1.6-6.0) 1.5(0.8-3.0) 0.51 (0.29-0.88) 0.02

IQR, interquartile range; THB, Thai Baht; CAKUT, congenital anomalies of the kidney and urinary tract;

CKD, chronic kidney disease

“Including dialysis and kidney transplantation
®10,000 THB is equal to approximately 330 United States dollars (USD) and is expressed as the median

dQR)

significant) and hypertension (p = 0.36, clinically signifi-
cant) were selected for final model building by forward
likelihood selection. KRT is a clinical factor that was asso-
ciated with below-average cognitive function (OR: 6.67,
95% CI: 1.16-38.25, p = 0.03) when adjusted for anemia
and hypertension. According to the multivariable logistic
regression analysis of socioeconomic factors, low maternal

education (p = 0.02), low main caregiver education (p =
0.04), and low family income (p = 0.02) were selected for
final model building using forward likelihood selection.
For every 10,000 BTH increase in income (approximately
330 USD), the OR of below-average cognitive function
was 0.53 (95% CI: 0.31-0.90), p = 0.02). In other words,
low family income was a socioeconomic factor associated

@ Springer
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with below-average cognitive function when adjusted by
low maternal and low main caregiver education.

Relationship between risk factors
and the FSIQ

A multivariable linear regression analysis using the enter
method (Table 4) was performed to investigate the rela-
tionships between risk factors and the FSIQ. Any variables
that were either significant in univariable linear regression
analysis (p <0.05) or clinically significant were selected for
multivariable linear regression analysis. Therefore, KRT (p
= (.25, clinically significant), anemia (p = 0.04), children
who left school (p = 0.01), low main caregiver education (p
= 0.047), and family income (p = 0.002) were selected for
final model building and the multivariable linear regression
analysis using the enter method. The FSIQ of the group of
children who had left school was 12.94 points lower than
that of the currently educated group (p = 0.046). In addi-
tion, every 10,000 THB (approximately 330 USD) increase
in family income was correlated with a 1.58 point increase
in the FSIQ (p = 0.047). Notably, the KRT, anemia, and low
main caregiver education groups had FSIQs that were 6.21,
11.06, and 13.13 points lower than those of the non-KRT,
non-anemic and high main caregiver education groups,
respectively, in the univariable linear regression analysis.

However, statistical significance was not found in multivari-
able linear regression analysis.

Discussion

This study was conducted to assess cognitive function in
children with CKD in a developing country and to identify
factors associated with cognitive dysfunction. The preva-
lence of below-average cognitive function (FSIQ <90) in
children with CKD in this study was high, at 64.9%. Most
children (94.6%) received scores indicating below-average
cognitive function in at least one cognitive domain. Children
who left school and a low family income were associated
with low FSIQ scores.

The children included in this study exhibited similar char-
acteristics, and no major differences were observed when our
results were compared with those of other pediatric studies
including age, sex, and the etiology of CKD [6, 10, 11, 13,
15, 18]. Socioeconomic status in this study was lower than
that in developed countries. In a series of cognitive studies in
children with CKD in developed countries [6, 10, 11], most
maternal education levels were higher than high school and
more than 13 years in duration, while only 38-41% of the
children had mothers with education levels of high school
or less than high school. In contrast, this study identified a
higher number of children whose mothers had low education

Table 4 Univariable and
multivariable linear regression
analyses of the relationships
between risk factors and the

Characteristics

Univariable linear regression
analysis

Multivariable linear regression
analysis

B (unstandardized P p (unstandardized P

FSIQ. coefficients) coefficients)
Kidney replacement therapy* -6.21 0.25 2.11 0.70
Anemia -11.06 0.04 -1.96 0.75
CAKUT 2.47 0.65
Glomerular disease -0.44 0.95
Duration of CKD, years -0.19 0.67
Proteinuria —4.77 0.40
Hypertension 7.78 0.13
History of preterm birth -1.79 0.82
Children who left school -16.07 0.01 -12.94 0.046
Maternal education:
High school or less -12.64 0.04
Main caregiver education:
High school or less -13.13 0.047 -4.95 0.48
Income 10,000 THB?/month 2.27 0.002 1.58 0.047

CAKUT, congenital anomalies of the kidney and urinary tract; CKD, chronic kidney disease

“Including dialysis and transplantation
®10,000 THB is equal to approximately 330 United States dollars (USD)

The B coefficient indicates a difference in the domain z score per 1-point higher FSIQ
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levels; 76.5% had high school or less than high school edu-
cation levels.

A systematic review and meta-analysis [1] of data from
9 countries in North America, Europe, and Africa demon-
strated that children with CKD at any stage, including those
who had undergone KT, had poorer neurocognitive function
than the general population, with a mean difference in the
FSIQ of -10.5 (95% CI —13.2 to —7.72); the mean FSIQ of
children at all CKD stages was 92.7+16.2. In this study, the
median FSIQ was lower, at 83.0 (71.0-95.0). One possible
explanation is that most of the children (76.8%) in the previ-
ous report had mild to moderate CKD, and only 23.2% of
the children were receiving KRT. In contrast, higher num-
bers of children in this study (37.8%) were receiving KRT.
In addition, the difference may be related to environmental
effects or possibly the low socioeconomic status of children
in this study. Consistent with a previous report [1], chil-
dren in this study had lower scores in the verbal, visual, and
executive function domains. However, the U.S. versions of
the WISC-V and WAIS-III were used in this study. The tests
used an IQ measure normalized in the U.S., therefore, the
tests cannot rule out the possibility that cognitive function-
ing skewed low because of the cultural bias of the WISC and
WALIS. Previous studies of FSIQ measurement in Thai chil-
dren have been reported, but they used the Thai version of
the WISC-III [26-30]. The mean FSIQ using the Thai ver-
sion of the WISC-III was 93-96, 97, 90, and 79 in healthy
children, liver transplant recipients, children with a history
of preterm birth, and children with prenatally-acquired
human immunodeficiency virus (HIV), respectively [26-30].

A comparison of cognitive dysfunction in children with
CKD included in previous pediatric series is difficult to
compare because the definitions of cognitive dysfunction,
CKD stages, sample sizes, inclusion and exclusion criteria,
and cognitive evaluation tools varied. This study used the
U.S. version of the WISC-V for children from 6-16 years
of age and the WIAS-III for adolescents aged 17-18 years
and showed that the prevalence of below-average cognitive
function (FSIQ <90) and cognitive impairment (FSIQ <70)
was 64.9% and 24.3%, respectively. A total of 27.0% of the
children in this study had below-average cognitive function,
including children in the mild to moderate CKD group.

Anemia is a common condition in children with CKD.
The mechanisms of cognitive dysfunction in patients with
anemia are thought to be related to impairment of cerebral
blood flow and oxygen metabolism leading to chronic brain
damage [31]. Anemia in both adults with CKD and gen-
eral pediatric patients has been associated with long-term
neurological consequences [25, 32]. However, data on the
relationship between cognitive dysfunction and anemia in
children with CKD are limited, and some studies have shown
a lack of an association [13, 33]. In the univariable logistic
regression analysis, anemia (OR: 4.88, 95% CI: 1.01-23.57)

was a potential factor associated with below-average cogni-
tive function in the present study; however, it did not main-
tain significance in the multivariable logistic regression
analysis, probably due to the small sample size.

A study in adults [34] showed that patients who under-
went KT had better cognitive function than those on chronic
dialysis. In addition, children with CKD had a mean 1Q
increase of approximately 12 points after undergoing KT
[35]. This may be due to improved kidney function and the
subsequent reduction in neurotoxins in the brain [14, 35].
Similarly, this study demonstrated that children who under-
went KT had higher median FSIQ scores than children who
were on chronic dialysis (84.0 (71.9-87.8)) in the KT group
vs. 70.5 (64.0-89.3) in the dialysis group). In addition, KRT
was a clinical factor associated with below-average cognitive
function (OR: 6.67, 95% CI: 1.16-38.25) in this study when
adjusted for anemia and hypertension. Other potential risk
factors reported in previous pediatric studies [6, 9-13] were
greater CKD severity, younger age at kidney disease onset,
hypertension, and low birth weight, which were not statisti-
cally significant in this study.

Studies in adults with CKD stage 5D on hemodialysis
[15, 16] showed a relationship between low socioeconomic
status and cognitive impairment. Additionally, there was an
association between lower education attainment and adverse
health outcomes in adults with CKD [36]. Consistent with
previous studies of adults [15, 16, 36], children who left
school and a low family income were associated with low
cognitive function in this study. A review by Groothoff et al.
[37] revealed that children with CKD stage 5D and KRT
had significantly lower cognitive function in adulthood and
a lower level of education attainment than children in the
control group. Consistent with this hypothesis, the FSIQ of
the group of children who had left school was 12.94 points
lower than that of the currently educated group. This could
be because the currently uneducated children lacked partici-
pation in proper cognition-promoting activities that tend to
occur at school. Although education at public schools is free
for Thai children until grade 9, the main reasons for school
dropout in this study were falling behind academically after
frequent school absences, frequent hospital visits, traveling
difficulty due to physical disabilities and parental concerns
regarding their child’s health. This study is the first report in
a developing country to demonstrate that low family income
was associated with low cognitive function. Every 10,000
THB (approximately 330 USD) increase in family income
was correlated with a 1.58-point increase in the FSIQ in
the present study. Previous studies in children with CKD
[6, 10] demonstrated relationships between maternal educa-
tion and cognitive dysfunction. Low main caregiver educa-
tion was not related to cognitive dysfunction in the present
study, although low main caregiver education was signifi-
cantly associated with a 13.13-point lower FSIQ score in
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the univariable linear regression analysis. However, it did
not maintain statistical significance in multivariable linear
regression analysis.

This study has several strengths. First, this is the first
report in a developing country to assess cognitive func-
tion in children with CKD, revealing a high prevalence of
below-average cognitive function in children with CKD.
Children in developing countries have different socioeco-
nomic statuses from those in developed countries. Many of
them have several risks that affect cognitive function, such
as poor health, malnutrition, lack of education, and lack
of stimulation at home. Therefore, these results expand on
those in the literature. Second, this study is homogenous in
terms of cognitive assessment because the same tool was
used for all children. Third, this study identified socioeco-
nomic risk factors associated with low cognitive function,
especially low family income, which had not been reported
in prior pediatric studies in developing countries. Our study
also has several limitations. First, relatively few patients
were included in this study, which limited the statistical
analysis of risk factors of interest. However, this is only one
of a few studies that assessed full cognitive function and
socioeconomic risk factors in children with CKD, especially
in a developing country. Second, there was a potential for
significant selection bias due to the number of eligible par-
ticipants who chose not to participate. Sixty-two children
who met the inclusion criteria declined to participate due to
awareness of the risks of COVID-19, which was a potential
selection bias; perhaps more educated parents or those with
a higher income were more aware of the risks of COVID-19
and had a higher rate of declining, or perhaps children with
more transportation or resource barriers were less likely to
participate. Third, the cross-sectional design did not allow
the evaluation of changes in cognitive function over time.
Fourth, this study included diverse CKD stages, from mild
to moderate CKD to KRT, so the results were not specific
to a certain group. Additionally, we were unable to perform
subgroup analysis due to the small patient numbers. Fifth,
the U.S. versions of the WISC-V and WAIS-III were used
in this study. The tests used an IQ measure normalized for
the U.S. population, and this study did not include a healthy,
unaffected control group with which to assess the effect of
using the tests; therefore, the tests cannot exclude the pos-
sibility that cognitive functioning skewed low because of
the cultural bias of the WISC-V and WAIS-III. Therefore,
further prospective longitudinal studies to compare cognitive
function over time and increased sample sizes are required
to validate the findings of this study.

In conclusion, this study demonstrated a high prevalence
of cognitive dysfunction in children with CKD in a devel-
oping country. Children who left school and a low family
income were strongly associated with low FSIQs. We sug-
gest that cognitive dysfunction should be identified early

@ Springer

in high-risk children with CKD, and specialized services
should be provided when needed.
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