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Background: Reduced left ventricular ejection function (LVEF) was associated with increased mortality in patients with peritoneal dialysis (PD) in Asia and the United States of America. The neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR) were correlated with LVEF in PD. However, little information is available regarding the relationship between monocyte-to-lymphocyte ratio (MLR), left ventricular ejection fraction (LVEF), and the use of NLR, PLR, and MLR in predicting left ventricular systolic dysfunction (LVSD) in patients with PD.

Methods: All 181 patients with PD were enrolled between 2014 and 2021 from the Nephrology Department of the First Affiliated Hospital of the University of South China. Demographic features, clinical characteristics, laboratory values, and echocardiographic parameters were collected.

Results: The mean age of patients with PD was 47.4 ± 12.6, and 90 (49.7%) of the patients were men. LVEF showed a negative correlation with PLR (r = −0.200, p = 0.007) and MLR (r = −0.146, p = 0.049). The levels of NLR, PLR, and MLR were elevated in patients with PD with LVSD compared with those without (all p < 0.05). PLR (OR 4.331, 95% CI: 1.223, 15.342) and albumin (OR 13.346, 95% CI: 3.928, 45.346) were significantly associated with LVSD patients with PD in the multivariate logistic analysis. For differentiating patients with PD with LVSD, optimal cutoffs of NLR, PLR, MLR, and albumin were 4.5 (sensitivity: 76.7%, specificity: 55.0%, and overall accuracy: 58%), 202.6 (sensitivity: 66.7%, specificity: 69.5%, and overall accuracy: 69%), 0.483 (sensitivity: 53.3%, specificity: 72.8%, and overall accuracy: 30%), and 34.6 (sensitivity: 72.2%), respectively.

Conclusions: Our results revealed that PLR was better than NLR, MLR, and albumin in predicting LVSD in PD.
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Background

Peritoneal dialysis (PD) is considered to be a vital method for renal replacement therapy in end-stage renal disease (ESRD), and cardiovascular disease (CVD) events are the leading causes of death in patients with PD (1–3). Several studies revealed that reduced left ventricular ejection function (LVEF) is significantly associated with increased all-cause and cardiovascular mortality in patients with PD (3–7). Therefore, changes in left ventricular function, such as LVEF, are essential for patients with PD.

Inflammation is a well-recognized risk factor contributing to excessive cardiovascular mortality in patients with PD (8, 9). The neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR) have recently emerged as inflammatory biomarkers in patients with ESRD. NLR and PLR were reported to be associated with inflammation and can estimate survival in hemodialysis or patients with PD (9–13). Recently, some studies explored the association among NLR, PLR, and LVEF in patients with PD (14). However, there is no information about the relationship between monocyte-to-lymphocyte ratio (MLR) and LVEF in patients with PD.

Inflammation and left ventricular hypertrophy are interrelated and can contribute to cardiovascular morbidity and mortality rates among patients with PD. The effects of these factors can be reflected in low LVEF (15). LVEF is associated with inflammation in patients with PD (14). Moreover, high NLR and PLR were shown to be strong and independent predictors of left ventricular systolic dysfunction (LVSD) in patients with non-ST elevated acute coronary syndrome (16, 17). Nevertheless, the utility of NLR, PLR, and MLR in predicting LVSD remains unknown in patients with PD.

Thus, our study conducted a cross-sectional analysis to evaluate the role of NLR, PLR, and MLR in predicting LVSD in patients with PD. This study aimed to collect data on LVSD through early detection, opening the door for clinical intervention that may slow the progression of cardiac dysfunction.



Methods


Population

In this study, our cohort was recruited from inpatients administered between 2014 and 2021 at the Nephrology Department of the First Affiliated Hospital of the University of South China. Our patients with PD used only glucose-based PD solutions, which generally contained 1.5 or 2.5% dextrose. A 4.25% glucose-based PD solution may be used in the short term if the patient has severe hypervolemia. Our enrolled patients were at least 18 years of age, and they were under treatment for at least the past 3 months. The exclusion criteria were as follows: patients who had PD treatment ≤ 2 weeks or had a history of infection 3 months prior, heart failure or pulmonary embolism, acute coronary syndrome, congenital heart disease, valvular heart disease, chronic lung and liver diseases, systemic lupus erythematosus, and scleroderma (12, 14). Of the 243 patients who met the inclusion criteria, 62 met the exclusion criteria or lacked clinical data, resulting in 181 patients being enrolled in the study. These data were validated by the physicians participating in our protocol. The study protocol was designed in accordance with the Declaration of Helsinki and was approved by the Institutional Ethics Committee of the First Affiliated Hospital of the University of South China. All patients provided their written, informed consent.



Data collection

We collected baseline demographic and clinical data, including gender, age, body mass index, underlying diseases (hypertension, coronary artery disease [CAD], diabetes mellitus [DM]), duration of PD therapy (in months), history of smoking, and current medications. CAD and BMI were defined in our previous study (12, 14).

The transthoracic echocardiographic examination was performed in accordance with the recommendations of the American Society of Echocardiography, and LVEF was measured as described before (14, 18, 19). Other parameters were also collected, including left ventricular diameter (LVD), left atrium diameter (LAD), right ventricular diameter (RVD), right atrium diameter (Ras), pulmonary artery diameter (PA), ascending aortic diameter (AAD), inter-ventricular septum dimension (IVSD), and left posterior ventricular wall (LVPWD).

The laboratory parameters were collected within 30 days of the study; these were serum albumin, blood routine examination (neutrophils, lymphocytes, monocytes, platelet counts, hemoglobin levels), calcium, phosphate, intact parathormone [iPTH], C-reactive protein (CRP), and Kt/V. The eGFR was described before (12, 20). NLR was calculated as an absolute neutrophil count and an absolute lymphocyte count, PLR as an absolute platelet count and lymphocyte count, and MLR as an absolute monocyte count and lymphocyte count (12).



Statistical analysis

All statistical analysis was performed by SPSS software (version 21.0) (SPSS Inc., Chicago, IL, USA). Normally distributed variables were expressed as mean ± standard deviation and compared by Student's t-test. Non-normally distributed variables were expressed as medians with interquartile ranges (IQRs) and analyzed by the Mann–Whitney test (12). Fisher's exact test was used for the comparison of qualitative data. Pearson's and Spearman's rank correlation investigated the trend and strength of associations between LVEF and various risk factors.

Significant factors associated with LVSD were identified by the univariate and multivariate logistic regression analyses. Data analysis was initiated with univariate logistic regression analysis to screen for potential candidate variables. Then, these candidates (including NLR, PLR, MLR, and albumin) and potential confounders were input to the same model for multivariate analysis. The final regression model comprised the following variables: age, duration of peritoneal dialysis, diabetes, NLR, PLR, MLR, albumin, serum phosphate, and CRP. The beta coefficient, along with the odds ratio (OR) and 95% confidence interval (CI), was calculated, and the p-value < 0.05 was considered significant (12).

Using receiver operating characteristic (ROC) curves, the potential predictive value of NLR, PLR, MLR, and albumin for LVSD in patients with PD was assessed. Based on the optimal cutoffs of NLR, PLR, and MLR from ROC analysis, we used 4.5, 202.6, and 0.483 of NLR, PLR, and MLR for categorizing into two groups: NLR ≤ 4.5 vs. NLR>4.5, PLR ≤ 202.6 vs. PLR >202.6, and NLR ≤ 0.483 vs. PLR >0.483, respectively. A P-value of < 0.05 was considered significant.




Results


Characteristics of the study subjects

Among 181 patients with PD, the mean age was 47.4 ± 12.6 years, and 90 of them (49.7%) were men. The etiological factors of ESRD were chronic glomerulonephritis in 92 (50.8%), diabetic nephropathy in 20 (11.0%), hypertensive nephropathy in 7 (3.9%), others in 13 (7.2%), and undetermined in 49 (27.1%). The average value of LVEF was 59.4%, and the prevalence of LVSD was 16.0%. Demographic characteristics, clinical features, laboratory values, and echocardiographic parameters were summarized in Table 1.


TABLE 1 Basic information of demographic, laboratory and echocardiographic characteristics in peritoneal dialysis patients.
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There were 91 patients in the NLR ≤ 4.5 group and 90 in the NLR >4.5 group. Their average LVEF was 60.5 ± 9.3% and 58.1 ± 11.1%, respectively (P = 0.14). In the comparison of relevant data between groups, no statistical difference was found in demographic characteristics. Compared with the low NLR group, the high NLR group contained more patients with LVSD (p < 0.01), higher LVD (p < 0.01), and a higher level of CRP (p < 0.01) (Table 1).

There were 115 patients in the PLR ≤ 202.6 group and 66 in the PLR > 202.6 group. Their average LVEF was 60.7 ± 8.4% and 56.6 ± 12.5%, respectively (P = 0.02). In comparison with patients with PD in the PLR ≤ 202.6 group, those with PLR >202.6 were older (p < 0.01) and had more patients with diabetes (p < 0.01) or LVSD (p < 0.01). Moreover, patients with PLR >202.6 had a lower level of serum albumin (p = 0.03) and serum phosphate (p = 0.01) than those with PLR ≤ 202.6 (Table 1).

There were 124 patients with PD in MLR ≤ 0.483 group and 57 in MLR >0.483 group. Their average LVEF was 60.3 ± 9.3 and 57.4 ± 12.0, respectively (P = 0.08). The number of smokers in patients in the low MLR group was more than that in the high MLR group (p < 0.01). The high MLR group had a larger number of LVSD patients and a higher level of CRP (p < 0.01) than the low MLR group (< 0.01). As to other clinical values, no statistical difference was found (Table 1).



NLR, PLR, and MLR levels and correlations of LVEF with characteristics of patients with PD

Figure 1 shows the levels of NLR, PLR, and MLR in patients with PD with LVEF < 50% (LVSD) and with LVEF≥50% (non-LVSD). The levels of NLR, PLR, and MLR were increased in patients with PD with LVSD compared with those without [5.5 (4.5, 9.4) vs. 4.2 (3.2, 6.1), p = 0.01; 239.1 (168.5, 343.9) vs. 158.9 (112.3, 218.2), p = 0.001; 0.5 (0.3, 0.7) vs. 0.4 (0.3–0.5), p = 0.014], while albumin was decreased in patients with PD and LVSD compared with that in those without (34.1 ± 5.3 g/L vs. 37.8 ± 6.6g/L, p = 0.006).


[image: Figure 1]
FIGURE 1
 Levels of (A) NLR, (B) PLR, (C) MLR, and (D) serum albumin in patients with PD with LVEF < 50% (LVSD) and with LVEF≥50% (non-LVSD) in peritoneal patients. NLR, Neutrophil-to-lymphocyte ratio; PLR, Platelet-to-lymphocyte; MLR, Monocyte-to-lymphocyte ratio; LVSD, Left ventricular systolic dysfunction.


LVEF showed a negative correlation with PLR (r = −0.200, p = 0.007), MLR (r = −0.146, p = 0.049), LVD (r = −0.519, p < 0.001), LAs (r = −0.299, p < 0.001), and PA (r = −0.161, p = 0.038). Meanwhile, LVEF was positively correlated with lymphocytes (r = 0.182, p = 0.014) and serum albumin (r = 0.311, p < 0.001) (Table 2). However, we did not find a statistical difference between LVEF and NLR (r = −0.095, p = 0.204) (Figure 2).


TABLE 2 Correlationship between LVEF and study parameters in peritoneal dialysis patients.
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FIGURE 2
 Correlation between LVEF and (A) NLR, (B) PLR, (C) MLR, or (D) serum albumin in peritoneal patients. NLR, Neutrophil-to-lymphocyte ratio; PLR, Platelet-to-lymphocyte; MLR, Monocyte-to-lymphocyte ratio.




Risk factors for LVSD in patients with PD

We applied univariate and multivariate logistic regression analysis to identify the relationship between LVSD and associated factors. The LVSD was found to be associated with NLR>4.5, PLR >202.6, PLR >0.483, and albumin ≤ 34.6 (Table 3, all p < 0.05). However, the multivariate logistic analysis only showed that PLR (OR 4.331, 95% CI: 1.223, 15.342) and albumin (OR 13.346, 95% CI: 3.928, 45.346) were significantly associated with LVSD (Table 3).


TABLE 3 Factors associated with LVSD (LVEF<50%): Univariate and multivariate analysis among peritoneal dialysis patients.
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ROC curves of NLR, PLR, MLR, and albumin for predicting LVSD

The ROC analyses were used to establish the NLR, PLR, MLR, and albumin cutoff points. For differentiating patients with PD with LVSD, optimal cutoffs of NLR, PLR, MLR, and albumin based on the largest Youden index were 4.5 (sensitivity: 76.7%, specificity: 55.0%, and overall accuracy: 58%), 202.6 (sensitivity: 66.7%, specificity: 69.5%, and overall accuracy: 69%), 0.483 (sensitivity: 53.3%, specificity: 72.8%, and overall accuracy: 30%), and 34.6 (sensitivity: 72.2%, specificity: 66.7%, and overall accuracy). The results suggested that NLR (area under the curve (AUC): 0.664), PLR (AUC: 0.705), MLR (AUC: 0.651), and albumin (AUC: 0.692) might be useful for distinguishing between patients with PD with LVSD and non-LVSD (Figure 3 and Table 4).


[image: Figure 3]
FIGURE 3
 Receiver operating characteristic curves for (A) NLR, PLR, MLR, and (B) albumin in peritoneal dialysis patients with LVSD or without LVSD. NLR, Neutrophil-to-lymphocyte ratio; PLR, Platelet-to-lymphocyte; MLR, Monocyte-to-lymphocyte ratio; LVSD, Left ventricular systolic dysfunction.



TABLE 4 The statistical values of NLR, PLR, MLR, and albumin in prediction of LVSD in peritoneal dialysis patients.
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Discussion

In this study, we enrolled 181 patients with PD, with or without LVSD. As it turned out, NLR, PLR, and MLR levels were all shown to be higher in patients with PD and LVSD than in those without LVSD. Our analysis showed that PLR and MLR were significantly negatively associated with LVEF, while lymphocytes and serum albumin were significantly positively associated with LVEF in patients with PD. Further multivariate logistic analysis indicated that PLR >202.6 or serum albumin ≤ 34.6 g/L were risk factors for LVSD in patients with PD. Additionally, our results revealed that PLR was better than NLR, MLR, and albumin in predicting LVSD in patients with PD.

The prevalence of LVSD in the dialysis population is much greater than in the general population (3, 21, 22). The prevalence of LVSD in our CA patients with PD was 16%, similar to the Thai CAPD population (17.48%) (14). They are much larger than in incident CA patients with PD (6.6%) (3). A study of stable patients with PD and LVSD indicated that the odds ratios for death were 1.93 (3). LVSD in patients with PD can partially be attributed to factors such as a chronic inflammatory state, uremia toxin, anemia, fluid retention, hyperparathyroidism, renin-angiotensin-aldosterone activation, an increased serum calcium-phosphate product, and glucose load (23). Although LVEF was significantly negatively related to LVD, LAs, and PA in the current study, those data needed to be obtained from transthoracic echocardiographic parameters. Since the subjectivity of transthoracic echocardiographic examination is especially high in rural districts with poor medical resources, we wondered whether there were other parameters readily available from routine laboratory tests that could be used to predict the risk of developing left ventricular malformations in patients with PD.

Peritoneal patients are in a chronic and persistent inflammation status where leukocytes such as neutrophils, lymphocytes, and monocytes play an important role (8). Previous literature has shown that inflammatory cytokines released by leukocytes promote myocardial cell apoptosis and fibrosis, leading to the progression of heart failure and left ventricular remodeling (24). Thus, we decided to explore the relationship among NLR, PLR, MLR, and LVEF. Neutrophil activation occurs during uremia or heart failure, potentially contributing to inflammation in those patients (25, 26). Indeed, accelerated programmed cell death and apoptosis have been observed in lymphocytes among ESRD patients, leading to a decreased level of lymphocytes in our current study (27). Therefore, it is reasonable to understand our result that the levels of NLR, PLR, and MLR were elevated in patients with PD and LVSD compared with the non-LVSD group.

Additionally, MLR was negatively related to LVEF. This is supported by the report that higher MLR levels may be the independent factor associated with increased CVD mortality in patients with PD (28). We first addressed the association between MLR and LVSD in patients with PD. Previous studies demonstrated that MLR or NLR was mainly used to predict inflammation (12, 29), and their value in evaluating LVSD remains to be explored by further study.

In the current study, our univariate analysis demonstrated that NLR, PLR, MLR, and albumin might be risk factors for LVSD in patients with PD. Recently, a published report showed that NLR, PLR, hemoglobin, serum calcium, and phosphate levels might be conducive to modifying the risk of LVSD in patients with PD (14). With 181 PD patients recruited in the current study compared to 103 in the study by Angkananard et al., we had a larger sample size, which is a strength of our research (14). Another difference is that our Chinese patients had a longer median duration of CAPD (15 months) than that of Thai patients (13 months) (14). A different number of patients with PD, duration of CAPD time, and race may all have contributed to different results in different studies. PLR could be regarded as a significant independent predictor of long-term mortality after a non-ST segment elevation myocardial infarction (30). A high PLR is a strong and independent predictor for LVSD in patients with non-ST elevated acute coronary syndrome (16). Consistent with this, our results revealed that PLR >202.6 was still a risk factor (OR: 4.331) for LVSD in patients with PD, even in multivariate analysis. Nevertheless, the usefulness of PLR in predicting LVSD in patients with PD has not been determined. In this study, our ROC analysis suggested that PLR (AUC: 0.705) was better than NLR (AUC: 0.664), MLR (AUC: 0.651), and albumin (AUC: 0.692) and might be an additional diagnostic tool in disguised LVSD from non-LVSD patients with PD. Previous research demonstrated that reduced LVEF is significantly associated with increased all-cause and cardiovascular mortality in patients with PD. PLR was independently associated with all-cause mortality in patients with PD (3, 31). This implies that PLR may have its own special usefulness in identifying LVSD in patients with PD, and its potential value still needs to be explored in the future.

Serum albumin is also an important inflammatory marker. Low baseline serum albumin levels can reliably predict mortality in patients with PD (32). Consistent with this, our results showed that serum albumin was significantly positively associated with LVEF, and serum albumin ≤ 34.6 g/L was a risk factor for LVSD in our patients with PD. We then explored the ability of albumin to distinguish LVSD from non-LVSD patients with PD. Surprisingly, we discovered that serum albumin has the same overall accuracy (0.69) with a sensitivity of 72.2% and specificity of 66.7% as PLR, although its AUC (0.692) was slightly smaller than that of PLR (0.705). However, in our univariate and multivariate analyses, CRP was not statistically related to LVEF and was not a risk factor for LVSD in peritoneal patients. This implied that the ability of NLR/PLR/MLR and albumin to predict LVSD in peritoneal patients might have its own special or potential value beyond the traditional inflammation.

This study has some limitations: First, it was a cross-sectional and single-center study, and the causal relationship of LVSD among various variables could not be determined in patients with PD. Secondly, the data are based on a single measurement in the laboratory. In the future, a dynamic relationship between LVSD and the related blood parameters will be needed. Inflammatory markers such as hypersensitive CRP and procalcitonin (PCT), considered expensive, were not included in our analysis. Therefore, further longitudinal studies, including more participants and centers, are needed to explore the observational relationship between different dialysis modes and long-term survival in LVSD patients with PD.



Conclusion

PLR, as an inexpensive and easily calculable marker, is an independent predictor of LVSD in patients with PD. The predictive capacity of PLR is superior to that of NLR, MLR, and albumin, which are other well-known inflammatory markers. The potential value of PLR still needs to be explored in patients with PD in the future.
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