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Objective: This study aimed to assess the association between Red Cell Distribution Width-to-Albumin Ratio (RAR) and the clinical outcomes in Pediatric Intensive Care Unit (PICU) patients.



Design: This is a retrospective cohort study.



Methods: We conducted a retrospective cohort study based on the Pediatric Intensive Care database. The primary outcome was the 28-day mortality rate. Secondary outcomes included the 90-day mortality rate, in-hospital mortality rate, and length of hospital stay. We explored the relationship between RAR and the prognosis of patients in the PICU using multivariate regression and subgroup analysis.



Results: A total of 7,075 participants were included in this study. The mean age of the participants was 3.4 ± 3.8 years. Kaplan–Meier survival curves demonstrated that patients with a higher RAR had a higher mortality rate. After adjusting for potential confounding factors, we found that for each unit increase in RAR, the 28-day mortality rate increased by 6% (HR = 1.06, 95% CI: 1.01–1.11, P = 0.015). The high-RAR group (RAR ≥ 4.0) had a significantly increased 28-day mortality rate compared to the low-RAR group (RAR ≤ 3.36) (HR = 1.7, 95% CI: 1.23–2.37, P < 0.001). Similar results were observed for the 90-day and in-hospital mortality rate. No significant interactions were observed in the subgroup analysis.



Conclusion: Our study suggests a significant association between RAR and adverse outcomes in PICU patients. A higher RAR is associated with higher 28-day, 90-day, and in-hospital mortality rates.
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Introduction

Early prognostication of critically ill children is of paramount important as it allows for immediate clinical intervention, thereby improving survival rates. However, due to the inability of children to accurately describe their condition, and their poorer compliance with clinical examinations, the early assessment of critically ill children is more challenging compared to that of adults. Despite the adoption of various critical assessment systems for children in recent years, significant progress in pediatric intensive care and critical care management in China, the overall mortality rate of patients in Chinese pediatric intensive care units (PICUs) remains higher than that in developed countries (1). Moreover, owing to marked variations in medical care levels across different regions of China, the quest for simple and easily obtainable prognostic markers is paramount. This quest is vital for enhancing the ability to identify critically ill children, enabling them to receive more suitable interventions upon admission to the Pediatric Intensive Care Unit (PICU). This is crucial for the early detection and timely treatment of critically ill children.

Red blood cell distribution width (RDW) is a commonly used hematological parameter,which reflects the heterogeneity in the size of red blood cells. Studies suggest that systemic infection and inflammation can inhibit erythropoietin production, affecting red blood cell maturation and increasing the proportion of immature red blood cells in circulation (2). Inflammatory factors can also impact red blood cell membrane glycoproteins and ion channels, leading to changes in red blood cell morphology (3). These pathological changes contribute to increased heterogeneity in red blood cell volume, resulting in elevated RDW. Thus, several studies have suggested that RDW can serve as a novel biomarker for inflammation and oxidative stress (4, 5). Due to its ease of acquisition and cost-effectiveness, RDW has been successfully utilized to prognosticate various diseases, including diabetes and cardiovascular, kidney, and liver diseases (6, 7, 8). Additionally, there is a growing body of evidence supporting the combined use of RDW with other biomarkers to enhance its predictive value for certain diseases (9). Serum albumin, a negative acute-phase protein primarily synthesized by the liver, not only reflects the nutritional status of the body but also exerts anti-inflammatory effects by reducing oxidative stress and inhibiting endothelial cell apoptosis (10, 11). Previous research demonstrates that diminished serum albumin as a risk factor for death in patients with prolonged sepsis (12), and that hospitalized patients with reduced albumin levels have higher mortality rates (13). The same correlation can also be observed in critically ill pediatric patients (14). Nevertheless, albumin levels are susceptible to the influence of nutritional status, inflammation, and chronic illnesses, particularly hepatic dysfunction (15, 16). Several studies have investigated the potential of integrating albumin with other inflammatory markers to enhance its predictive reliability (14, 17).

The RDW-to-Albumin Ratio (RAR) is a new index combining RDW and albumin. It is a novel and simple inflammatory marker that comprehensively reflects hematopoietic dysfunction and hypoalbuminemia. It has garnered widespread attention due to its stability and ease of acquisition. Existing research has demonstrated the effectiveness of RAR in predicting the long-term prognosis of various diseases. Gao C et al. (18) found a significant correlation between RAR and overall mortality and the potential use of renal replacement therapy in severe acute kidney injury (AKI) patients. Lu C et al. (19) observed a significant correlation between RAR and overall mortality in cancer patients. Similar conclusions have been drawn in other diseases such as stroke, acute respiratory distress syndrome (20), and sepsis (9). However, due to RAR being an emerging inflammatory marker, there is currently no consensus on its clinical applications, such as diagnostic scope. Moreover, most existing studies were conducted in adult populations, and there is limited research related to children. Thus, it remains unclear whether RAR is associated with the long-term prognosis of critically ill children.

To identify simple and easily obtainable prognostic markers and enhance the capability to identify critically ill children, we conducted this study to investigate the relationship between RAR and outcomes in PICU patients.



Materials and methods


Data source

This study extracted data from the Pediatric Intensive Care (PIC) database, a large, open, specialized, and single-center pediatric database (21). The database comprises clinical data from 12,881 pediatric patients with 13,941 hospitalizations in various ICUs at the Children's Hospital, Zhejiang University School of Medicine, China, from 2010 to 2018. The collected information included basic demographic data, diagnoses, laboratory test results, microbiological results, medication records, clinical outcomes, and vital signs during surgical procedures. The project obtained approval from the Institutional Review Board of the Children's Hospital, Zhejiang University School of Medicine, Hangzhou, China. As the study did not involve any interventions in clinical treatment, explicit consent from patients was not required.



Study population

This study was a retrospective cohort study. We included all non-NICU patients aged ≥28 days and <18 years. For children with multiple hospitalizations, only data from the first admission were extracted. Patients lacking data on RDW or albumin were excluded. Additionally, individuals who were missing substantial clinical data were also excluded. Baseline data for the excluded non-neonatal cases are described in Supplementary Table S4. In total, data from 7,075 patients were included in the final analysis. We did not impose any restrictions on the time of in-hospital mortality in this study. Details of the study population are illustrated in Figure 1.


[image: Figure 1]
FIGURE 1
Flowchart of study patient enrollment.




Data extraction

The extracted data encompassed patient demographics including age, gender, ICU admission type, vital signs (temperature, respiratory rate, heart rate), length of hospital stay, and laboratory test results. The laboratory tests included white blood cell count, neutrophil count, hemoglobin, platelet count, hematocrit, RDW, C-reactive protein, alanine transaminase, aspartate transaminase, total protein, albumin, total bilirubin, direct bilirubin, triglycerides, creatine kinase-MB, lactate dehydrogenase, creatinine, blood urea nitrogen, amylase, anion gap, sodium, glucose, lactate, partial pressure of carbon dioxide, activated partial thromboplastin time, international normalized ratio, D-dimer, fibrinogen, plasma prothrombin time, and thrombin time. Comorbidities, including anemia, hypertension, bacteremia, acute kidney injury, and malignant tumors, were also recorded. The diagnostic criteria for comorbidities are provided in Supplementary Table S1.

The RDW-to-Albumin Ratio (RAR, %/g/dl) was calculated by dividing the RDW by the albumin level. The Los hospital (day) is equal to the time when the child finally leaves the hospital minus the time when the child entered the hospital, measured in days.

All laboratory tests data used were the initial values when patients first entered the ICU, and the comorbidities (anemia, hypertension, acute kidney injury, bacteremia) was calculated from all relevant examination results after admission to the ICU. The primary outcome measure was the mortality rate within 28 days of hospitalization, while the secondary outcomes included the 90-day mortality rate, in-hospital mortality rate, and length of hospital stay.

In cases with more than 40% missing values, covariates were excluded. For continuous variables, virtual variables were used to indicate any missing covariate values. For categorical variables, statistical estimates of missing covariate data were substituted for the missing values.



Statistical analysis

Study participants were categorized into three groups based on tertiles of RAR for descriptive analysis. Continuous variable data were presented as mean ± standard deviation or median with interquartile range, and differences between groups were compared using t-tests or one-way analysis of variance. For categorical variables, data were expressed as frequencies or percentages and analyzed using chi-square tests or Fisher's exact tests.

Multivariate Cox proportional hazards models were constructed to assess the associations between RAR and 28-day and 90-day mortality rates as well as to calculate hazard ratios (HRs). Logistic and linear regression were employed to evaluate the relationships between RAR and in-hospital mortality rate and length of hospital stay, respectively.

In the multivariate regression analysis models, covariates were selected for adjustment based on their correlation with clinical outcomes or when the change in effective estimate exceeded 10%. Model I had no adjusted covariates. Model II was adjusted for gender, age, and ICU type. Model III was additionally adjusted for hypertension, sepsis, acute kidney injury, and malignant tumors. In Model IV, further adjustments were made for white blood cell count, neutrophil count, hemoglobin, platelet count, hematocrit, C-reactive protein, alanine transaminase, gamma-glutamyl transferase, total protein, total bilirubin, direct bilirubin, triglycerides, creatine kinase-MB, lactate dehydrogenase, creatinine, blood urea nitrogen, amylase, anion gap, sodium, glucose, lactate, partial pressure of carbon dioxide, activated partial thromboplastin time, international normalized ratio, D-dimer, fibrinogen, plasma prothrombin time, thrombin time, mechanical ventilator use, and vasopressor use. Smooth curve fitting was employed to assess the relationship between RAR and 28-day mortality in PICU patients. Kaplan–Meier curves were used to compare the survival probabilities of patients with different RAR levels. All analyses were conducted using the R 3.3.2 software package (http://www.R-project.org, R Foundation) and Free Statistics software version 1.8. Two-tailed tests were performed, and a P-value < 0.05 was considered statistically significant.



Subgroup analysis and sensitivity analysis

To exclude the potential confounding effects of comorbidity type on the relationship between RAR and 28-day mortality rate, we conducted analyses within the various subgroups. These subgroups included factors such as gender, age, ICU type, comorbidities such as hypertension, bacteremia, acute kidney injury, malignant tumors, and anemia, as well as vasopressor use. The results revealed no significant differences in the correlation between RAR and 28-day mortality rate among these subgroups (Figure 2).
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FIGURE 2
Kaplan–Meier curve of 28-day mortality for patients in PICU (A) Kaplan–Meier curve of 90-day mortality for patients in PICU (B).


Furthermore, we performed a sensitivity analysis employing both simple and multiple imputation methods to validate missing data. Comparative analysis demonstrated no significant differences in the results between different imputation methods, indicating the robustness of our findings in handling missing data. This sensitivity analysis reinforces our confidence in the study results and ensures the internal consistency of the study.




Results


Population and baseline characteristics

From the 13,941 records in the PIC database, 1,060 duplicate cases were excluded. Among the remaining 12,881 hospitalized patients, 5,806 cases were further excluded due to age constraints (<28 days or >18 years) and insufficient data on albumin or RDW. Consequently, a total of 7,075 pediatric cases were included in the analysis (Figure 1).

The demographic details of all study participants are summarized in Table 1. The average age of the patients was 3.4 years, and there were 3,163 females (44.7%) and 3,912 males (55.3%). The mean baseline RAR was 4.0 ± 1.3% /g/dl. Stratification based on RAR values resulted in three groups (<3.36, 3.36–4.02, >4.02). Patients with a higher RAR exhibited increased respiratory and heart rates, RDW, prothrombin time, activated partial thromboplastin time, thrombin time, alanine aminotransferase, gamma-glutamyl transferase, D-dimer, direct bilirubin, triglycerides, and lactate dehydrogenase. Conversely, they demonstrated lower mean arterial pressure, neutrophil count, hemoglobin, hematocrit, platelet count, indirect bilirubin, serum creatinine, amylase, sodium, fibrinogen, anion gap, total protein, albumin, and amylase (Table 2). Notably, the Cardiac ICU had proportionally fewer patients with a high RAR, while the PICU and Surgical ICU exhibited a higher incidence of high-RAR cases. The high-RAR group showed a significantly higher prevalence of malignant tumors and anemia, along with a higher prevalence of bacteremia and vasopressor usage. Furthermore, the high-RAR group had a lower proportion of males and a higher proportion of females.


TABLE 1 Clinical characteristics of the study population.
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TABLE 2 Laboratory information of the study population.
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At study endpoints, the 28-day, 90-day, and overall in-hospital mortality rates were 5.2%, 5.8%, and 5.9%, respectively. The average length of hospital stay was 14.3 days, with a mean ICU stay of 5.4 days. Patients with elevated RAR exhibited significantly increased mortality rates at both 28 and 90 days, along with a notable extension in hospital stay. The data description based on in-hospital outcomes is submitted in Supplementary Table S2.



Association between RAR and clinical outcomes

We employed a multivariate Cox regression analysis model to explore the relationship between RAR and the prognosis of patients in the PICU. In the unadjusted model, the correlation between RAR and 28-day in-hospital mortality rate was statistically significant (HR 1.14, 95% CI 1.11–1.17, P < 0.001). After adjusting for gender, age, ICU type, hypertension, bacteremia, concomitant acute kidney injury and malignancy, as well as the laboratory parameters and treatment interventions in Model IV, a strong correlation between RAR and 28-day in-hospital mortality rate was observed (HR 1.06, 95% CI 1.01–1.11, P = 0.015). This suggests that with an increase in RAR values, the 28-day in-hospital mortality rate also increases. The results indicated that RAR remains an independent prognostic factor for in-hospital mortality in critically ill pediatric patients. Similar results were obtained when analyzing 90-day and overall in-hospital mortality rates (Table 3).


TABLE 3 Hazard ratio (HR) [95% confidence intervals (CIs)] for mortality across groups of ratio of red blood cell distribution width (RDW) to albumin (RAR) level.
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In order to assess the linear correlation between RAR and mortality in PICU patients, we utilized a smooth curve fitting approach. After adjusting for confounding variable, we detected a linear association between RAR and 28-day mortality (Figure 3).


[image: Figure 3]
FIGURE 3
Curve fitting of RAR and 28-day mortality in PICU patients. RAR, Red blood cell distribution width to albumin ratio.


To evaluate the cumulative survival period at different RAR levels, we stratified patients based on RAR tertiles, generating 28-day survival curves (Figure 4). Kaplan-Meier analysis revealed that the low-RAR group had significantly higher 28-day survival rates compared to the control group (P < 0.001). Additionally, similar results were observed in the 90-day survival curves.
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FIGURE 4
Subgroup analysis of the association between RAR and 28-day mortality in PICU patients.


Meanwhile, we found that in the KM curve and Cox multivariate analysis, the differences between Group 1 and Group 2 were not significant. Therefore, we conducted a combined analysis of Group 1 and Group 2 and obtained results similar to those described earlier. The results of the combined analysis of Cox multivariate analysis are presented in Supplementary Table S3, and the combined analysis of KM curves is submitted in Supplementary Figure S1.



Subgroup analysis

We conducted a subgroup analysis using gender, age, ICU type, hypertension, sepsis, acute kidney injury, malignancy, anemia, and vasopressor use as stratification variables to explore the relationship between RAR and 28-day, 90-day, and overall in-hospital mortality rates (Table 4). The analysis revealed no significant interactions between RAR and the various subgroups (P-interaction > 0.05), indicating that the conclusions are stable and reliable across different subgroups (Figure 2).


TABLE 4 Subgroup analysis of the associations between 28-day mortality and the RAR level.
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Receiver operating characteristic analysis

To further evaluate the predictive value of RAR, RDW, albumin, C-reactive protein, and RAR combined with Pediatric Clinical Illness Score (PCIS) for 28-day mortality in critically ill pediatric patients, receiver operating characteristic (ROC) curves were constructed (Supplementary Figure S2). The results showed that the area under the ROC curve (AUC) (95%CI) for RAR, RDW, albumin, C-reactive protein were 0.635 (0.0603, 0.666), 0.609 (0.578, 0.639), 0.596 (0.562, 0.631), and 0.519 (0.490, 0.549), respectively. The AUC (95% CI) of RAR combined with PCIS and PCIS were 0.766 (0.743, 0.788) and 0.747 (0.724, 0.771).




Discussion

The early identification of critically ill children with poor prognoses is essential for implementing timely clinical interventions and improving survival rates. However, the challenges posed by the diverse and atypical clinical manifestations of pediatric diseases—coupled with children's limited ability to communicate their condition accurately and their lower compliance with clinical examinations—make early assessment more challenging than in adults. Therefore, identifying predictive mortality biomarkers becomes crucial for the early detection and timely treatment of critically ill pediatric patients.

In this study, we found that the RAR serves as a valuable indicator for adverse outcomes in critically ill pediatric patients aged 28 days to 18 years. An increased RAR was significantly associated with an elevated risk of 28-day mortality in patients admitted to the PICU, and similar associations were observed with the 90-day and overall in-hospital mortality rates.

Our findings underscore the importance of RAR as a prognostic biomarker in pediatric critical care. The ability of RAR to predict adverse outcomes provides clinicians with a valuable tool for early risk stratification and intervention, contributing to enhanced management strategies and improved patient outcomes. Its implications as a prognostic indicator warrant further exploration, particularly in the context of its potential integration into routine clinical practice for critically ill pediatric patients.

RDW is a commonly employed hematological parameter, which reflects the heterogeneity in the size of red blood cells. This classic indicator is frequently used in the assessment of circulatory red cell size and size variability, proving valuable in the evaluation of hematologic disorders, infectious diseases, and cardiovascular conditions. The advantages of RDW lie in its ease of acquisition and cost-effectiveness. Studies have demonstrated that systemic infections and inflammation can suppress erythropoietin production, inhibiting red blood cell maturation and increasing the proportion of immature red blood cells circulating in the bloodstream. This phenomenon underscores the sensitivity of RDW as a marker as it reflects alterations in erythropoiesis induced by various pathological conditions. The clinical utility of RDW extends beyond its traditional role, with growing evidence supporting its use as a biomarker for inflammation and oxidative stress in various medical conditions. Its accessibility and affordability make RDW a valuable tool for clinicians in assessing and monitoring patients, particularly in the context of critical care and disease management (2). In addition, inflammatory factors can influence the glycoproteins and ion channels of the red blood cell membrane, altering red blood cell morphology (3, 22). These pathological changes increase the heterogeneity of red blood cell volume, elevating RDW. Consequently, RDW serves as a non-specific marker reflecting inflammation and oxidative stress. RDW has been successfully utilized to prognosticate various diseases, including cardiovascular diseases, kidney diseases, diabetes, tumors, and liver diseases (23–26).

Serum albumin is a crucial protein known for its role in scavenging reactive oxygen species, inhibiting platelet activation and aggregation, and improving blood viscosity (27–29). It plays a significant role in acute inflammatory responses (30). Previous studies have indicated that low serum albumin levels during the acute phase of sepsis serve as a robust predictor of septic shock (31). Further research has demonstrated an increased mortality rate in hospitalized patients with decreased albumin levels (13).

RAR or RDW/ALB is a novel index formed by combining RDW with albumin. It has garnered widespread attention as a comprehensive inflammatory marker appreciated for its stability and ease of acquisition. Studies by Xu et al. (9) identified RAR as a prognostic risk factor for adverse outcomes in critically ill adults with sepsis. Lu Chengdong et al. (19) discovered that elevated RAR is an independent risk factor for increased all-cause mortality in adult cancer patients. Furthermore, RAR has demonstrated good predictive capabilities for the prognosis of patients post-cardiac surgery and adults with acute kidney injury (18, 32). Therefore, RAR may more effectively assess inflammatory responses compared to individual markers like RDW and albumin. However, there is currently a lack of research on the relationship between RAR and the prognosis of critically ill pediatric patients.

In this study, we included 7,075 patients admitted to the PICU. The results indicate an association between RAR and 28-day mortality rate in PICU patients. For each incremental increase in RAR upon ICU admission, there was a 6% rise in the rate of 28-day mortality in pediatric patients (HR 1.06, 95% CI 1.01–1.11, P = 0.015). Similar results were observed for the 90-day and in-hospital mortality rates. Additionally, we found that with each one-point increase in RAR upon ICU admission, the length of hospital stay extended by 0.4 days (β 0.4, 95% CI 0.11–0.69, P = 0.007). This suggests that higher RAR values are associated with poorer clinical prognoses in critically ill pediatric patients.

It is noteworthy that in the high-RAR group, there was a significantly higher proportion of patients with malignancies and anemia. The likelihood of developing sepsis was also higher, and there was a relatively higher trend in vasopressor use. This indicates that RAR not only represents the mathematical combination of RDW and albumin levels but also reflects both hematopoietic dysfunction and hypoalbuminemia. This study further demonstrates that RAR reflects illness severity in PICU patients.

To enhance the reliability of our results, we conducted subgroup analyses based on gender, age, ICU type, hypertension, bacteremia, acute kidney injury, malignancy, anemia, and vasopressor use. The results revealed that a higher RAR was consistently associated with poorer clinical outcomes across all subgroups.

In this study, we observed that the area under the receiver operating characteristic curve for RAR was higher to that for individual measures of RDW or albumin, suggesting that RAR has a higher predictive value for the incidence and mortality of sepsis in pediatric patients over 28 days compared to RDW or albumin alone. We posit that this superiority arises because, in contrast to RDW or albumin alone, RAR not only reflects the patient's hematopoietic and nutritional status but also concurrently mirrors the severity of the patient's illness. Similar conclusions were drawn by Xu et al. (9) in their study of septic adult patients. This suggests that, in the PICU, RAR may better predict illness severity and prognosis relative to RDW or albumin alone. Furthermore, when we combined RAR with the Pediatric Clinical Illness Score (PCIS), the results showed that the combined use of PCIS and RAR improved the predictive ability for critically ill patients and was statistically significant. This suggests that although the independent predictive ability of this indicator is limited compared to various current critical care scores, its predictive ability for critically ill children can be enhanced when used in conjunction with other indicators.

Our study has certain limitations. First, due to the retrospective study design, the population was heterogeneous and comprised children with different diseases. Despite our efforts to adjust for potential confounding factors and perform subgroup analyses, selection and confounding bias are inevitable limitations of all retrospective studies. Second, being a single-center retrospective study, selection bias might influence the accuracy of our results. Therefore, multicenter studies are needed to validate these findings. Third, this study extracted data from the PIC database, which lacked some clinical data points—including baseline features such as weight and systolic blood pressure—for some patients. Considering the potential impact of excessive missing values on the study results, these covariates were not included in the regression analysis. Fourth, this study only extracted the first measured RAR value after ICU admission and did not track its dynamic changes. Fifth, the present study excluded patient cases with missing key RDW and ALB data, and after comparing their baseline data with the included cases, we found that there were certain differences between the two groups of children in terms of gender, length of hospital stay, ICU stay, type of ICU, and in-hospital mortality. Although these differences were not significant, they still had statistical significance and could potentially lead to some statistical bias. Finally, this study primarily provided descriptive results, and causal relationships between RAR values and prognosis were not established. We believe a carefully designed, multicenter prospective study is necessary to validate our findings.



Conclusion

RAR emerges as a potential prognostic indicator in PICU patients, exhibiting a correlation with adverse clinical outcomes. Elevated RAR levels are associated with increased 28-day, 90-day, and overall in-hospital mortality rates, along with prolonged hospital stays in PICU patients.
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