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Objective: To assess hospitalization costs in pediatric chronic kidney disease (CKD) patients, compare the economic burden between those with and without infections, and identify key factors influencing these costs, emphasizing the significant financial impact on families and healthcare systems.



Methods: This retrospective analysis included pediatric patients with CKD hospitalized between May 2011 and April 2020. Clinical characteristics, including demographics, etiology, urinary protein level, estimated glomerular filtration rate, and CKD stage, were analyzed. Hospitalization costs were compared between groups with and without infection using appropriate statistical methods.



Results: Among 721 pediatric CKD patients included in this study, 388 had primary kidney disease and 333 had secondary kidney disease. Patients in the infection group had significantly higher urine protein levels, longer hospital stays, and higher total hospital fees than those without infection (all P < 0.05). In the primary kidney disease cohort, patients aged 14–18 years incurred the highest costs (16,706 CNY, P = 0.009), while those with 1 + urine protein levels had expenses averaging 29,813 CNY (P = 0.035). In the secondary kidney disease cohort, the 3 + urine protein group had the highest costs (62,841 CNY, P < 0.001). Multiple linear regression identified age, urine protein level, and length of hospital stay as significant cost determinants. Patients with infection in the secondary kidney disease cohort had an average additional expenditure of 13,572.55 CNY compared to those without infection (P = 0.001).



Conclusion: This study highlights the economic burden of infection during pediatric CKD hospitalization, emphasizing the need for effective infection management strategies to reduce financial strain and improve outcomes.
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1 Introduction

Chronic kidney disease (CKD) in children has emerged as a significant global health issue, affecting an estimated 15–74.7 cases per million children globally and posing considerable risks to pediatric populations. CKD is defined as an abnormality in kidney structure or function that lasts more than 3 months (1, 2). Additionally, this condition can persist into adulthood, impacting up to 10%–15% of the adult population globally (2, 3). Recent epidemiological studies have reported a rising prevalence of CKD among children, positioning it as one of the most serious threats to pediatric health today (4). The etiology of pediatric CKD is multifaceted, encompassing primary kidney diseases ·like congenital anomalies and secondary conditions arising from systemic illnesses, such as systemic lupus erythematosus and Henoch-Schönlein purpura. This complexity leads to varied rates of disease progression and distinct hospitalization patterns, placing considerable strain on healthcare resources and underscoring the urgent need for effective management strategies (5, 6).

The increasing incidence of pediatric CKD has profound implications for healthcare systems, particularly concerning the economic burdens borne by families and healthcare providers. The costs associated with managing CKD in children can be substantial, often resulting in significant financial distress for families navigating the complexities of long-term treatment and care (7, 8). Unlike adult CKD patients, who commonly experience complications such as hypertension and diabetes, children with CKD are at risk for a greater variety of complications, including hypertension, anemia, electrolyte imbalance, and increased susceptibility to infection, which have become more prevalent, especially during the coronavirus disease 2019 (COVID-19) pandemic (9). Infections not only complicate the clinical management of CKD but also substantially increase hospitalization costs, exacerbating the economic burden on both families and the healthcare system. Despite the recognized significance of these complications, comprehensive studies addressing their impact on hospitalization costs for pediatric CKD patients are lacking.

As the understanding of pediatric CKD evolves, the results of economic analyses must be integrated into clinical care and healthcare policies to effectively address the needs of these patients. While the existing literature has primarily focused on the relationship between specific comorbidities and CKD outcomes, the broader context of hospitalization expenses has been largely overlooked (10, 11). The present study aimed to analyze hospitalization costs and their components in a cohort of 721 pediatric CKD patients with a systematic investigation of the interplay between common infections and hospitalization outcomes. By providing insights into the economic burden associated with pediatric CKD, the findings may inform targeted interventions aimed at reducing hospitalization costs and improving patient outcomes, ultimately guiding healthcare providers to make informed decisions regarding resource allocation and management strategies for this vulnerable population.



2 Materials and methods


2.1 Study design

This study was conducted using the renal disease database of the Third Affiliated Hospital of Sun Yat-sen University. A retrospective analysis was conducted on hospitalization costs for pediatric patients under 18 years of age diagnosed with CKD. Additionally, the study compared the hospitalization costs between CKD patients who did or did not experience infection.

The study received approval from the Ethics Committee of the Third Affiliated Hospital of Sun Yat-sen University [approval number: (2019)02-427-01] and complied with the principles outlined in the Declaration of Helsinki. Informed written consent was obtained from the patients' parents or guardians.



2.2 Study population

This study included pediatric patients aged 18 years or younger who were hospitalized at the Third Affiliated Hospital of Sun Yat-sen University between May 2011 and April 2020. A total of 721 patients were included based on the definitions and criteria for CKD.

Inclusion criteria: According to the 2012 clinical practice guidelines from Kidney Disease: Improving Global Outcomes (KDIGO), CKD was defined as abnormalities in kidney structure or function lasting for more than 3 months, with health implications, and meeting at least one of the following criteria (12): (1) proteinuria (urinary protein excretion rate ≥30 mg/24 h; urine protein-to-creatinine ratio ≥30 mg/g); (2) urinary sediment abnormalities; (3) electrolyte and other abnormalities due to tubular disorders; (4) histological abnormalities; (5) structural abnormalities detected by imaging; (6) history of kidney transplantation; (7) decreased glomerular filtration rate (GFR) for at least 3 months; and (8) estimated glomerular filtration rate (eGFR) < 60 ml/min·1.73 m².

Exclusion criteria: (1) acute kidney injury at time of hospitalization; (2) significant comorbidities affecting kidney function; (3) recent exposure to nephrotoxic agents; and (4) incomplete medical records or insufficient lab data.



2.3 Clinical data collection

To assess the factors influencing hospitalization costs for pediatric patients with CKD, data for a variety of variables were collected from the renal disease database. Key demographic variables, such as gender and age, were recorded for analysis of their impact on treatment and costs. Additionally, the etiology of CKD was documented for use in investigating the underlying causes of the disease.

Clinical metrics included disease history, urinary protein level, eGFR, CKD stage, and complications such as the site and severity of infections, all aimed at evaluating disease severity and progression. The length of hospitalization also was recorded for analysis of its impact on overall costs. On qualitative urine protein testing (indicator protein error method), the results were categorized as negative, trace, 1+, 2+, and 3+, corresponding to no proteinuria, trace, mild, moderate, and heavy proteinuria, respectively. CKD was staged based on the eGFR as follows: eGFR ≥90 ml/min·1.73 m² as stage 1, corresponding to normal kidney function with kidney damage; eGFR 60–89 ml/min·1.73 m² as stage 2, reflecting a mild decrease in kidney function; eGFR 30–59 ml/min·1.73 m² as stage 3, indicating moderate impairment; eGFR 15–29 ml/min·1.73 m² as stage 4, indicating severe kidney dysfunction; and eGFR <15 ml/min·1.73 m² as stage 5, representing end-stage renal disease.

The economic burden data included all in-hospital fees, with detailed records of medical insurance expenses and out-of-pocket costs incurred by families. Specific fees related to diagnosis, treatment, nursing care, laboratory tests, imaging, and clinical assessments were documented. Additionally, costs associated with surgical treatments, expenses for Western and traditional Chinese medicine, and material costs were recorded. This comprehensive data collection was assembled for use in identifying key cost drivers, with the goal of informing strategies to improve care while alleviating the financial burden on families managing pediatric CKD.



2.4 Statistical analysis

All statistical analyses were conducted using Stata/SE version 17.0 (StataCorp LP, College Station, TX, USA). The normality of all continuous variables was assessed using the Kolmogorov–Smirnov test. As none of the continuous variables met the normality assumption, they were reported using median and interquartile range (IQR, PR25, PR75) values. Comparisons between patients with and without infection were conducted using the Mann–Whitney U test. Categorical variables were presented as counts and percentages, and comparisons were made using the chi-square test or Fisher's exact test (for expected values ≤5). The analysis of total hospitalization costs was also stratified by age group and urine protein level, with intergroup comparisons performed using one-way analysis of variance (ANOVA) followed by Fisher's least significant difference (LSD) post-hoc test. A multiple linear regression model was utilized to investigate the linear relationship between overall infection and total hospitalization cost, with adjustments for clinical characteristics as covariates. Statistical significance was defined as P < 0.05 for all tests, with a two-tailed approach.




3 Results


3.1 Patient's clinical characteristics and medical costs

The study population included a total of 721 pediatric patients with CKD, categorized into two distinct cohorts: those with primary kidney disease (n = 388) and those with secondary kidney disease (n = 333). In the primary kidney disease cohort, 276 patients (71.13%) were male and 112 (28.87%) were female, with a median age of 12 years (IQR: 5.25–16 years). The secondary kidney disease cohort comprised 66 males (19.82%) and 267 females (80.18%), with a median age of 15 years (IQR: 13–17 years).

Table 1 presents comparisons of the clinical characteristics and medical costs between CKD patients with and without infection from the primary kidney disease cohort. As indicated, compared to patients without infection, those who experienced infection were relatively younger and had a lower prevalence of congenital anomalies of the kidney and urinary tract (CAKUT). However, the patients with infection had higher urine protein levels, and longer hospital stays. In terms of medical costs, patients in the infection group had significantly higher in-hospital total fees, out-of-pocket fees, medical services fees, therapeutic procedure fees, nursing fees, laboratory diagnosis fees, non-surgical treatment fees, Western drug fees, antibacterial drug fees, and treatment materials fees (all P < 0.05). Despite these elevated costs, the infected patients had a relatively lower average daily cost, likely attributable to their extended hospital stays (P = 0.025).


TABLE 1 Comparison of clinical characteristics and medical costs between patients with or without infection within the primary kidney disease cohort.
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Table 2 presents comparisons of the clinical characteristics and medical costs between CKD patients with and without infection from the secondary kidney disease cohort. As indicated, compared to patients without infection, those who experienced infection had a higher rate of anemia, higher urine protein levels, lower eGFR and GFR stages, and longer hospital stays. With respect to medical costs, while the pathology diagnosis fees, patent drug fees, and herbal drug fees did not differ significantly between the groups, all other cost items were significantly higher in the infection group than in the non-infection group (all P < 0.05).


TABLE 2 Comparison of clinical characteristics and medical costs between patients with or without infection within the secondary kidney disease cohort.
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3.2 In-hospital total fees for different age groups and urine protein levels

Figure 1 illustrates the in-hospital total fees for patients stratified by age groups or by urine protein levels within the primary and secondary kidney disease cohorts.


[image: Figure 1]
FIGURE 1
In-hospital total fees of patients stratified by age and urine protein level within the primary and secondary kidney disease cohorts. (A,B) Cost comparisons among patients with primary kidney disease stratified by age and urine protein level. (C,D) Cost comparisons among patients with secondary kidney disease stratified by age and urine protein level.


In the primary kidney disease cohort, both age group and urine protein level were key factors in categories with particularly high costs. As shown in Figure 1, the oldest age group (14–18 years) incurred the highest costs, reaching 16,706 CNY (F = 4.80, P = 0.009). This amount was significantly greater than the costs for the groups aged 3–5 years (P = 0.040) and 6–13 years (P = 0.005) on post-hoc comparisons. Additionally, the 1 + urine protein level group had significantly higher medical costs, averaging 29,813 CNY (F = 2.62, P = 0.035), and in post-hoc comparisons, the costs for this group were significantly higher than those for the other four urine protein level groups (P = 0.003, 0.005, 0.004, and 0.011, respectively).

In the secondary kidney disease cohort, no significance differences in costs were observed among the age groups (F = 0.54, P = 0.586). According to the urine protein level though, the 3 + urine protein level group incurred significantly higher medical costs than the other groups, averaging 62,841 CNY (F = 7.19, P < 0.001), and on post-hoc comparisons, the costs for this group were significantly higher than the costs for each of the other four groups (all P < 0.001).



3.3 Factors affecting medical costs for CKD patients

Table 3 presents the results of the multiple linear regression analysis conducted within the primary kidney disease cohort. With adjustments for age, sex, urine protein level, and length of hospital stay, total medical costs (in-hospital total fees) did not differ significantly between the groups with and without infection (P = 0.250). However, the model still revealed significant associations between patient age, urine protein level, length of hospital stay, and total medical costs (all P < 0.05). Overall, for each additional year of age, the average medical costs increased by 771.40 CNY. Moreover, each additional day of hospitalization added 684.20 CNY to the total cost. Patients with the 1 + urine protein level in this cohort incurred an average additional total medical cost of 13,442.22 CNY compared with those with negative urine protein, while for patients with the 3 + urine protein level, the total medical cost was on average 5,753.90 CNY less than that for patients with negative urine protein.


TABLE 3 Multiple linear regression analysis of factors influencing in-hospital total fees within the primary kidney disease cohort.
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The multiple linear regression analysis results for the secondary kidney disease cohort are presented in Table 4. As indicated, patients in the infection group, on average, incurred an additional expenditure of 13,572.55 CNY compared with those in the non-infection group (P = 0.001). Of the covariates, each additional day of hospitalization resulted in an extra cost of 1953.23 CNY (P < 0.001). Patients with the 3 + urine protein level in this cohort incurred an average additional total medical cost of 20,360.05 CNY relative to patients with negative urine protein (P = 0.008).


TABLE 4 Multiple linear regression analysis of factors influencing in-hospital total fees within the secondary kidney disease cohort.
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4 Discussion

Research to date regarding the hospitalization costs and specific components for pediatric patients with CKD has been limited. Unlike adult patients, children with CKD rarely present with comorbidities such as hypertension, diabetes, or coronary heart disease; instead, infection has become a prevalent complication, particularly since the onset of the COVID-19 pandemic (9, 13). The present study included 721 pediatric CKD patients and revealed that hospitalization costs vary significantly based on infection status, age, and CKD classification (primary vs. secondary kidney disease). Patients with infections incurred substantially higher hospitalization costs than those without, primarily due to longer lengths of stay and increased medical service expenses. Additionally, age and urinary protein level emerged as critical determinants of hospitalization costs, with older patients and those with higher urinary protein levels facing greater financial burdens. These findings underscore the urgent need for effective infection management to alleviate economic pressures on families and the healthcare system, while also supporting targeted interventions based on identified risk factors.

The economic burden associated with infection in pediatric CKD patients is significant, and our findings align with the existing literature, which has consistently identified infection as a major complication in this population (14). Infections can worsen the progression of CKD, leading to further kidney damage and increasing the risk of severe complications such as sepsis. The associated decline in health often results in longer hospital stays, which directly increases hospitalization costs. Multiple studies (15, 16) have shown that the occurrence of infection substantially contributes to elevated medical expenses, placing additional financial strain on families and healthcare systems. Moreover, recurrent infections can negatively impact a child's overall health and development, resulting in missed educational opportunities and increased psychological stress. The results of our present study underscore the stark cost differences between cases with and without infection, emphasizing the urgent need for the development and implementation of effective infection prevention strategies. Targeted interventions aimed at reducing infection rates are crucial for alleviating these economic burdens and improving patient outcomes (17).

In the present study, age was identified as a critical factor influencing hospitalization costs for pediatric CKD. Age is known to significantly impact the progression of CKD due to physiological changes in kidney function and the accumulation of comorbidities over time. Younger patients may experience different disease manifestations and treatment responses than older patients, whose kidneys may already be compromised by age-related factors and other health issues. Our findings indicate that adolescents aged 14–18 years incur significantly higher expenses than younger children, likely due to the complexities of managing CKD in this age group, which often faces unique psychosocial challenges and issues related to treatment adherence (18, 19). Effective management of pediatric CKD must address these age-specific challenges through tailored strategies, such as counseling on treatment adherence and providing psychosocial support to enhance overall care.

The present study also identified urinary protein level as a significant influencing factor for hospitalization costs in pediatric CKD patients. Urinary protein is well established as a critical biomarker for assessing kidney damage and disease progression in CKD. Elevated proteinuria is associated with deteriorating kidney function and an increased risk of cardiovascular complications, negatively affecting overall prognosis (20–22). Effective monitoring and management of urinary protein can provide valuable insights into disease severity and inform treatment strategies. The identification of urinary protein level as a significant determinant of hospitalization costs aligns with the understanding that higher proteinuria often indicates more severe disease, leading to greater healthcare utilization. However, it is important to note that severe proteinuria may be caused by systemic infections, complicating the relationship between proteinuria and hospitalization costs. While controlling proteinuria is crucial for long-term disease outcomes, it is debatable whether it alone can significantly reduce hospitalization costs. Factors such as infection management and complications also play critical roles in influencing hospitalization expenses. Therefore, comprehensive strategies addressing multiple aspects of CKD management may be more effective for reducing costs (20).

The findings of the present study can significantly inform clinical practice for the management of pediatric CKD. A multidisciplinary approach including nephrologists, pediatricians, and infectious disease specialists is essential for enhancing patient outcomes while mitigating the economic burdens of treatment. This collaborative care model can address the multifaceted health needs of the children by focusing not only on disease management but also on psychosocial support. Consistently, previous studies have found that integrating different specialties improves treatment adherence and overall health outcomes in pediatric populations facing complex health challenges (3, 23). Additionally, the identification of high-risk groups, particularly infants who may transition from acute kidney injury to chronic disease, allows for timely intervention (24). Early identification through routine screening for urinary tract anomalies in newborns can significantly prevent CKD progression and reduce long-term healthcare costs (25). Furthermore, the implementation of family education programs that emphasize infection prevention and management can empower families to not only avoid some infections but also to recognize symptoms and seek timely medical attention when infections do occur, thereby reducing hospitalization risks and associated expenses. This proactive approach will not only enhance clinical outcomes but also foster a supportive environment for families navigating the complexities of pediatric CKD.

From a healthcare policy perspective, the findings of the present study underscore the necessity for targeted resource allocation to enhance infection prevention programs specifically for pediatric CKD patients. Policymakers should prioritize funding initiatives focused on vaccinations, early screening, and educational efforts for families and caregivers, as effective programs will raise awareness about infection prevention and potentially reduce infection rates and related hospitalization costs (26, 27). Additionally, the development of cost-effective care pathways that incorporate preventive measures would help to optimize healthcare expenditures while improving patient outcomes. In recent years, Diagnosis-Related Groups (DRGs) have emerged as a significant payment method in China's healthcare system, referring to a model in which providers are reimbursed based on specific procedures or diagnoses rather than the length of hospital stay (28, 29). A data-driven approach to refining DRG classifications, based on the cost structures identified in this study, can improve reimbursement models for healthcare providers. By pinpointing high-cost factors, healthcare systems can implement preventive strategies, enabling more accurate assessment of pediatric CKD hospitalization costs. This approach will reduce the financial strain on families while strengthening healthcare infrastructure, and ensuring better long-term care for pediatric CKD patients.

This study provides valuable insights but has several limitations. First, the retrospective design may introduce selection bias, as only hospitalized patients were included, potentially omitting cases managed successfully on an outpatient basis. Future studies should incorporate outpatient data for a more comprehensive analysis of the economic burden of pediatric CKD. Additionally, most CKD cases in the study cohort were stages 1–3, which is typical in pediatric populations, and this early-stage predominance may have skewed the economic burden analysis. The use of a single-center database also limits the generalizability of the findings, as regional differences in medical practices, resources, and patient populations could influence the results. Future research should include multi-center data and longitudinal studies to better understand the long-term economic impact and the effectiveness of intervention strategies in diverse healthcare settings.



5 Conclusion

In conclusion, the results of the present study underscore the significant economic burden of hospitalization among pediatric CKD patients, with infection, age, and urinary protein level serving as critical determinants of costs. Our findings indicate that patients who experience infection incur markedly greater hospitalization expenses, primarily due to longer stays and increased medical service fees. Our analysis revealed that among different age groups, adolescents face the highest costs, highlighting the need for age-specific management strategies that address unique challenges commonly faced by different age groups. Moreover, the association between a higher urinary protein level and increased healthcare utilization emphasizes the importance of effective interventions to manage this condition. A multidisciplinary approach involving nephrologists, pediatricians, and infectious disease specialists is essential for improving patient outcomes while reducing the financial strain on families. Policymakers should prioritize funding for infection prevention and educational initiatives for families to enhance care and reduce hospitalization rates. Overall, addressing these economic challenges is crucial for both supporting families and improving the quality of care for children with CKD. Future research should expand to include outpatient data to achieve a more comprehensive understanding of the economic impact of pediatric CKD and inform the development of effective intervention strategies.
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