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Abstract: 
Background: The increasing prevalence of malnutrition and growth impairment 
among children with CKD could impact the prognosis and the preferred intervention. 
Therefore, this study aimed to identify the nutritional status of children with CKD 
and its relating factors. 
Method: A cross-sectional study was conducted in a tertiary, national-referral teaching 
hospital in Jakarta. Sociodemographic and laboratory data were obtained from medical 
records. Body weight and height of participants were measured using digital scale and 
stadiometer, respectively. Growth and nutritional status indicators such as BMI-for-
age, weight-for-height, height for age, and weight for age were quantified and plotted 
using WHO Anthro and Anthroplus application. 
Result: A total of 18 participants aged 3-17 years old with CKD stage 3 – 5 were 
included in this study. BMI measurements showed a z-score average of -1.02, while 
the mean z-score for height-for-age was of -2.71. Our study demonstrated a significant 
association between the height-for-age and mineral bone in children with CKD (p = 
0.005). However, we found no association between mineral bone disorder with other 
indicators of nutritional status. Furthermore, our study also found no significant 
relation between nutritional status and other influencing factors including the stage of 
CKD, duration of CKD, age, gender, primary etiological factor, hypertension, anemia, 
age, familial economic status, disease duration, and parental education level 
demonstrates no significant correlation (p > 0.05). 
Conclusion: Children with stage 3 – 5 CKD in the pre-dialysis phase are shown to be 
underweight and short statured but with normal nutritional status. Mineral bone 
disorder was revealed to be significantly associated with height-for-age in children with 
CKD. 
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Introduction 
Chronic kidney disease (CKD) poses a major health concern, affecting an estimated 
13.4% of the global population and influencing 18.5-58.3 per 1 million children 
worldwide.1 Data upon the prevalence of pediatric CKD in Indonesia were still 
limited; however, an increased trend of the disease incidence was identified from 
several referral centers across the country.2  The escalating number of CKD cases had 
raised concerns, as children with CKD face a higher risk of malnutrition, potentially 
leading to growth failure. The prevalence of malnutrition in children with CKD is 
approximately 20-45%. Furthermore, malnutrition not only impacts growth but also 
elevates the risk of morbidity and mortality in CKD patients.3  
 
Nutrition plays a crucial role in preventing infections, hospitalizations, depression, 
weakness, and cardiovascular diseases in children with CKD.4 However, the 
nutritional challenges in pediatric CKD cases extend beyond reduced intake and 
involve other factors such as decreased appetite, increased catabolism, hormonal 
imbalances, inflammation, and nutrient loss in dialysate fluid.3 The accumulation of 
metabolic by-products due to the kidney’s inability to clear it also plays a role in 
metabolic dysfunction among CKD patients.3 In addition, the progression of the 
disease further determines the risk of malnutrition. Study in India had illustrated an 
increase in the incidence of malnutrition corresponding to the progression of CKD 
stages.5 This concludes that nutritional imbalances and metabolic disturbance had 
happened among CKD patients, even from the pre-dialysis stage. 
 
Management and renal replacement therapy also contribute to growth disturbances in 
CKD patients. Research in Nigeria indicated a 46.7% prevalence of malnutrition in 
pre-dialysis CKD patients, higher than those without kidney dysfunction (25.7%).6 In 
Iran, a study reported malnutrition in 19 out of 42 pediatric CKD patients, with 4 
cases occurred in the pre-dialysis phase, 5 cases were reported in dialysis phase 
(peritoneal and hemodialysis).7 Studies have found that one of CKD therapies, 
hemodialysis, could induce increased CRP, protein muscle breakdown, and oxidative 
stress that could further affect growth and nutritional status.3 However, studies have 
also linked chronic inflammation, characterized by increased TNF-alpha cytokines in 
CKD patients since the pre-dialysis phase, to bone mineral disorders affecting patients' 
stature.8 Therefore, further study must be conducted to find the most ideal 
intervention to prevent worsening nutritional status. 
 
Given the high prevalence of malnutrition in children with CKD, identifying factors 
influencing the nutritional status is crucial to prevent malnutrition and growth 
disturbances. Therefore, this study aims to investigate the nutritional status of pre-
dialysis pediatric CKD patients and its relation to multiple factors. In the long run, the 
result of this study could be used to identify whether early diagnosis and intervention 
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from pre-dialysis stage can improve the nutritional outcomes among children with 
CKD. 

Methods 
Data collection This is a cross-sectional study conducted in October 2022 at a 
tertiary, national-referral, teaching hospital in Jakarta, Indonesia. The study was 
approved by the local ethics committee with approval number of KET-
915/UN2.F1/ETIK/PPM.00.02/2022. We included all pediatric patients aged 0-18 
years in pre-dialysis phase of CKD (stage 3-5) for a minimum of three months prior 
the study. CKD patients who underwent kidney transplant and whose parents did not 
provide consent were excluded from the study. This study is a part of a larger study 
focusing on nutritional status of children with CKD, with the main difference of the 
participants which are divided into three according to the characteristics; patients who 
undergo predialysis, hemodialysis (Metasyah, et al)9, or continuous ambulatory 
peritoneal dialysis (Amirah, et al).10  
 
Calculation of growth and nutritional status indicators. Anthropometric 
measurements were performed using a combined digital weight scale and stadiometer 
(SECA 730). Indicators of nutritional status, including weight for height, weight for 
age, height for age, and body mass index (BMI) for age were calculated in form of z-
score using WHO Anthro for participants below 5 years of age and WHO Anthroplus 
for participants aged 5-18 years old. The result of z-scores were then categorized based 
on the classification determined based on the Indonesian Minister of Health 
Regulation No. 2 of 2020. Secondary data comprises of disease stage, duration of 
disease, primary etiological factors, as well as past medical history of anemia, 
hypertension, and bone mineral disorder were recorded from medical records. 
Sociodemographic data, such as parental education levels, family economic status, age, 
and gender, were obtained through parent/guardian interviews and the completion of 
the Case Report Form (CRF). 
 
Statistics. Data were analyzed using SPSS Statistic ver. 25. Normality test was 
performed using Saphiro-Wilk test. All numeric data with normal distribution were 
presented with mean and standard deviation, while data with abnormal distribution 
were presented in median and interquartile range. Correlation between the indicators 
of nutritional status with associated factors such as age and duration of disease were 
quantified using Pearson test for the normally distributed data and Spearman test for 
data with abnormal distribution. ANOVA test and Kruskal-Wallis test were used to 
analyze the relationship between the indicators of nutritional status with other factors 
such as stages of CKD, primary etiological factors, and comorbidities.  Meanwhile, 
independent t-test and Mann-Whitney were used to analyze the indicators of 
nutritional status with gender of participants. 
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Results 
A total of 18 patients were enrolled in this study. Majority of the participants were 
male (61.1%) with the median age of 13.5 years. The educational level of both parents 
was mainly high school or equal (38.9%) and most participants came from family with 
income below the minimum wage (55.6%).  Patients were predominantly diagnosed 
with stage 5 CKD (38.9%) with median duration of disease of 8.5 months. Other 
baseline characteristics of participants were illustrated in Table 1.  

 

Table 1. Characteristics of Participants 

Variables Frequency (n (%)) 
Age (years)* 13.5 (3.0-17.0) 
Gender 
   Male 
   Female 

 
11 (61.1) 
7 (38.9) 

Mother’s educational level 
   Primary school or equivalent 
   Middle high school or equivalent 
   Senior high school or equivalent 
   University 

 
2 (11.1) 
5 (27.8) 
7 (38.9) 
4 (22.2) 

Father’s Level of Education 
   Primary school or equivalent 
   Middle high school or equivalent 
   High school or equivalent 
   University 

 
2 (11.1) 
5 (27.8) 
7 (38.9) 
4 (22.2) 

Family Economic Status 
   Below the minimum wage 
   Above the minimum wage 

 
10 (55.6) 
8 (44.4) 

Duration of Disease* 8.5 (3.0-26.0) 
Stage of CKD 
   G3a 
   G3b 
   G4 
   G5 

 
5 (27.8) 
3 (16.7) 
3 (16.7) 
7 (38.9) 

Primary Etiological Factors 
   CAKUT 
   SRNS 
   Chronic glomerulonephritis 
   Renal ciliopathies 
   Thrombotic microangiopathies 
   Others 

 
5 (27.8) 
6 (33.3) 
2 (11.1) 
1 (5.6) 
1 (5.6) 
3 (16.7) 

Systolic Blood Pressure (mmHg)** 108.44 ± 20.11 
Diastolic Blood Pressure (mmHg)** 65.44 ± 16.30 
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Variables Frequency (n (%)) 
Hemoglobin (g/dL)** 10.48 ± 2.57 
Mineral Bone Disorder 
   Yes 
   No 

 
2 (11.1) 
16 (88.9) 

Saphiro-Wilk test was used to analyze the normality of data distribution. *Data presented in 
median (minimum-maximum). **Data presented in mean ± standard deviation. CKD: chronic 
kidney disease, CAKUT: congenital anomalies of the kidney and urinary tract, SRNS: Steroid-
Resistant Nephrotic Syndrome 

 
The relation between the nutritional status indicator with the influencing factors were 
illustrated in Table 2, 3 and 4. Our study evaluated the relation between the indicators 
of pediatric nutritional status with CKD and various influencing factors. These factors 
include age, gender, parents’ level of education, family economic status, stage of CKD, 
duration of disease, primary etiological factors, and comorbidities such as 
hypertension indicated by systolic and diastolic blood pressure, anemia represented by 
hemoglobin level, as well as bone mineral disorder. The findings indicated no 
significant correlation between nutritional status and the influencing factors, except 
for height for age, which demonstrated a significant correlation with bone mineral 
disorders (p = 0.005).  
 

Table 2. Correlation between nutritional status indicators with age, duration of CKD, 
systolic blood pressure (SBP), diastolic blood pressure (DBP), and hemoglobin 
 Weight-for-

Height  
(n: 3)a 

Weight-for-
Age  
(n: 8)b 

Height-for-
Age  
(n: 18) a 

BMI-for-
Age 
(n: 18) a 

Age r: 0.866 
p: 0.333 

r: -0.217 
p: 0.606 

r: -0.900 
p: 0.722 

r: -0.126 
p: 0.618 

Duration of 
CKD 

r: 0.500 
p: 0.667 

r: 0.292 
p: 0.483 

r: -0.196 
p: 0.437 

r: -0.044 
p: 0.863 

Systolic Blood 
Pressure 

r: -0.130 
p: 0.917 

r: -0.335 
p: 0.417 

r: -0.275 
p: 0.270 

r: 0.035 
p: 0.892 

Diastolic Blood 
Pressure 

r: -0.541 
p: 0.636 

r: -0.395 
p: 0.333 

r: -0.369 
p: 0.132 

r: -0.241 
p: 0.334 

Hemoglobin r: 0.581 
p: 0.605 

r: 0.168 
p: 0.691 

r: -0.155 
p: 0.538 

r: -0.035 
p: 0.890 

a analyzed using Pearson correlation test. b analyzed using Spearman correlation test. CKD: chronic 
kidney disease, BMI: body mass index. 
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Table 3. Relation between nutritional status indicators with stage of CKD, primary 
etiological factors, and parents’ educational level. 
 Weight-for-Agea Height-for-Ageb BMI-for-Ageb 

Mean 
rank 

p 
Mean 
square 

p 
Mean 
square 

p 

Stage of CKD 
G3a 
G3b 
G4 
G5 

 
6.00 
3.00 
8.00 
3.80 

0.362 1.516 0.646 0.538 0.789 

Primary Etiological 
Factors 

SRNS 
CAKUT 
Others 

 
 

3.67 
5.75 
2.00 

0.297 1.386 0.789 2.704 0.249 

Mother’s Level of 
Education 

Primary school or 
equivalent 
Middle high school or 
equivalent 
High school or 
equivalent 
University 

 
 
- 
 

4.50 
 

3.75 
 
6.00 

0.570 0.399 0.937 3.152 0.201 

Father’s Level of 
Education 

Primary school or 
equivalent 
Middle high school or 
equivalent 
High school or 
equivalent 
University 

 
 

8.00 
 

1.00 
 

4.75 
 

4.00 

0.240 0.735 0.854 3.254 0.186 

a analyzed using ANOVA. b analyzed using Kruskal Wallis. CKD: chronic kidney disease, BMI: 
body mass index, SRNS: Steroid-Resistant Nephrotic Syndrome, CAKUT: congenital anomalies 
of the kidney and urinary tract 
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Table 4. Relation between nutritional status indicators with gender, bone mineral 
disorder, and family economic status 
 Weight-for-

Agea 
Height-for-Ageb BMI-for-Ageb 

Mean 
Rank 

p Mean 
Levene’s 

Test 
p Mean 

Levene’s 
Test 

p 

Gender 
Male 
Female 

 
4.00 
8.00 

0.127  
-2.96 
-2.32 

0.568 0.420  
-1.17 
-0.78 

0.444 0.568 

Bone Mineral 
Disorder 

Yes 
No 

 
 

5.00 
4.43 

0.827  
 

-5.43 
-2.37 

0.738 0.005  
 

-0.62 
-1.07 

0.957 0.767 

Family 
Economic 
Status 

Above the 
minimum 
wage 
Below the 
minimum 
wage 

 
 
 

5.25 
 
 

3.75 
 

 
0.386 

 
 
 

-2.52 
 
 

-2.86 

 
0.729 

 
0.657 

 

 
 
 

-0.99 
 
 

-1.04 

 
0.158 

 
0.935 

a analyzed using Mann-Whitney test. b analyzed using independent t-test. BMI: body mass index 
 

Discussion 
Based on the BMI-for-age indicator, the average of nutritional status between 
participants in this study was -1.02, indicating a good nutritional status. This finding 
is aligned with a study in Brazil which reported that 79.8% of pediatric patient in the 
pre-dialysis phase of CKD had good nutritional status. Furthermore, the study also 
indicated that the nutritional status during the initial diagnosis and during follow-up 
did not exhibit significant changes, with majority maintaining good nutritional status.11 
Another study in Canada also documented a good nutritional status between children 
in the pre-dialysis phase of CKD, irrespective of gender, with the average z-score 
between male and female were 0.34±1.20 and 0.40±1.06, respectively.12 Meanwhile, 
the nutritional status results among participants, based on height-for-age indicator, 
indicate short stature, with an average z-score of -2.71. The outcome is also consistent 
with a study in Brazil, which stated that 54% of children in pre-dialysis phase of CKD 
were classified as having very short stature.11  
 
This study found no direct correlation between CKD stages and body weight, stature, 
and overall nutritional status. This contrasts with prior studies in the United States 
and Canada, which demonstrates that a decrease in GFR of 10 ml/min per 1.73m2 
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was associated with a reduction in height and weight in children, regardless of gender.12 
A study in Brazil also reported a decline in overall nutritional status along with the 
progression of CKD stages.11 This was hypothesized to be caused by anorexia 
resulting from reduced food intake among advanced CKD patients and exacerbated 
by insulin resistance, leading to protein catabolism and muscle wasting.3 This 
discrepancy could be caused by the small number of samples and the concentration 
of sample in certain CKD stages. Nutritional status was also not correlated with 
duration of CKD, which is inconsistent with previous study by Sozeri et al. However, 
the previous study also included patients undergoing dialysis as their participants, 
which differentiates their population from our study.7 Another study by Greenbaum 
et al. reported similar results to our findings.14 The nutritional status of children with 
CKD is primarily affected by the hormonal imbalance caused by the decrease of GFR 
due to kidney dysfunction. However, it is also influenced by the type of therapy 
received and patients’ current condition. Hence, assessing the relation between 
nutritional status and the duration of disease is better to be conducted on patients with 
the same stages of diseases.3  
 
Our study also found no correlation between nutritional status and several indicators, 
including age, genders, primary etiological factors, and family economic status, which 
is consistent with previous studies.6, 7, 15, 16 The absence of correlation between 
nutritional status and age could be attributed to other factors influencing the disease. 
Hogan et al. revealed that nutritional status is not related to the age of patient if the 
patient has already developed CKD before others, supporting the finding.17 
Additionally, there is no specific phase of growth that could lead to a different 
nutritional status between male and female children, confirming our result. The 
difference in growth between boys and girls is relatively minor during the critical 
growth phase in the first 1000 days of life.18 Furthermore, there is no significant 
difference in the nutritional needs of both genders during the prepubertal phase. 
Despite experiencing growth spurt at different times and having different nutritional 
needs, both genders eventually undergo growth spurts and changes in body 
composition, leading to similar nutritional status.19 Nutritional status is also not 
associated with the primary etiological factors of CKD. This could be due to the 
mechanism of malnutrition in CKD being directly related to the consequence of 
kidney dysfunction, regardless of its primary etiology.3, 15 The lack of correlation 
between nutritional status and family economic status is expected, as economic status 
should not be a barrier for families to seek appropriate healthcare for patients with 
CKD, with the existence of national health insurance in Indonesia.20 However, there 
is currently no government funding that covers the expenses of daily food for children, 
which is essential for their growth. Particularly for children with CKD, supplementary 
food is often needed despite its high cost, which is also not covered by the 
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government.21 Thus, we do acknowledge that family economic status may indirectly 
affect the conditions of patients with CKD if the expenses are not prioritized wisely.  
 
This study also reported that parents' level of education is not associated with the 
nutritional status of children with CKD in the pre-dialysis stage. This is because 
parents' level of education only partially influences parental upbringing. Parenting 
styles could be affected by several factors, such as the number of children, antenatal 
and postnatal care, as well as the family's economic status. Additionally, the quality of 
education should also be considered. Alderman et al. suggest that parents with a 
history of education in areas with better educational quality had children with better 
nutritional status.22 This concludes that parental education is only one of the various 
factors influencing the decision-making in child-rearing and is not directly related to 
nutritional status. 
 
There is no association between nutritional status with anemia and hypertension in 
this study. This funding is aligned with study by Rodig et al. and Flyyn et al. which 
demonstrated that there is no significant correlation between nutritional status with 
anemia and hypertension.13, 23 Both anemia and hypertension in CKD occurs as a result 
of a multifactorial process which does not directly cause the chronic malnutrition in 
children necessary to impair their growth and overall nutritional status.23, 24  
 
Conversely, this study revealed a significant correlation between bone mineral 
disorders and the average of height-for-age during the pre-dialysis phase of children 
with CKD (p = 0.005). Bone mineral disorders is often found in pediatric patient with 
CKD as CKD induces growth hormone abnormality which may impact the height of 
children through the increase of TNF alpha cytokine levels induced by chronic 
inflammation in patients. This elevation is known to inhibit RUNX2, a transcription 
factor associated with osteoblast differentiation, and stimulate osteoclastogenesis, 
ultimately leading to disturbances in bone mineralization.8 Changes in bone 
mineralization are monitored through numerous laboratory testing, such as serum 
calcium levels, PTH, phosphate, and alkaline phosphatase activities, since the stage 
G2 of CKD. This is also done along with routine anthropometric measurement at 
least every 1 to 3 months. Additionally, certain organizations such as the European ad 
hoc Committee on Assessment of Growth and Nutritional Status in Peritoneal 
Dialysis recommending a more intense anthropological monitoring of once monthly 
measurement for children under the age of 5 and every two months for older children 
and every 6 – 12 months for bone mineralization marker examinations.25 The target 
therapy for bone mineral disorder is a normal level of phosphate and calcium 
according to age. For patient experiencing growth disturbance, recombinant human 
growth hormone is recommended as treatment.26  
 



 

 Vol 3 | February 2024 | Page 21 APGHN | www.agphn.com 

APGHN
As this study is a pilot study in Indonesia, this study possesses several advantages and 
drawbacks. This study aimed to determine the correlation between CKD stages and 
malnutrition in children which could provide novel information about the impact of 
CKD progression in a child’s overall nutrition and growth status especially among 
children with pre-dialysis and dialysis stages of CKD. Despite these advantages, this 
study also possesses several limitations such as small sample size and small sample 
variability as the majority of the samples are male children with stage 5 CKD. Lack of 
samples variability also made it impossible to identify whether certain groups of CKD 
stages and certain genders possess better nutritional status than others. Therefore, 
further study with more variations in CKD stages and nutritional status is still needed 
in the future to help validate the findings of this study.  

Conclusion 
In conclusion, children with CKD stage 3 – 5 pre-dialysis have normal nutritional 
status according to BMI for age and weight for height. However, according to weight 
for age and height for age, these children are underweight with short stature.  
Therefore, BMI alone should not be used to evaluate nutritional status. Bone mineral 
disorders is also found to be correlated with short stature. For this reason, early 
detection and intervention in addressing growth faltering among children with CKD 
is paramount to improve their quality of life.  
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