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ALB-dNLR Score Predicts Mortality in Coronary Artery Disease Patients After Percutaneous Coronary Intervention
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Background: The influence of the albumin/derived neutrophil and lymphocyte ratio (ALB-dNLR) on the outcomes of patients with coronary artery disease (CAD) after percutaneous coronary intervention (PCI) is not known. Here, we aimed to determine the association between the ALB-dNLR score and post-PCI CAD patient outcomes.

Methods: A total of 6,050 patients from the First Affiliated Hospital of Xinjiang Medical University were enrolled between January 2008 and December 2016. These patients were divided into three groups according to their ALB-dNLR scores (0 points, n = 1,121; 1 point, n = 3,119; 2 points, n = 1,810). Mortality after PCI [all-cause (ACM) and cardiac (CM)] was taken as the primary endpoint. The prognostic value of the ALB-dNLR score was determined with the Cox proportional hazard model after adjustment for covariates.

Results: The ACM and CM rates differed among participants in the three groups (P = 0.007 and P = 0.034, respectively). Multivariate Cox analysis showed that the ALB-dNLR score independently predicted both ACM [1 point vs. 0 points, HR = 1.249 (95% CI: 0.79–1.774), P = 0.215; 2 points vs. 0 points, HR = 1.777 (95% CI: 1.239–2.549), P = 0.002] and CM [1 point vs. 0 points, HR = 1.294 (95% CI: 0.871–1.922), P = 0.202; 2 points vs. 0 points, HR = 1.782 (95% CI: 1.185–1.782), P = 0.027]. We also found that among male patients in the three groups, both ACM and CM rates differed (P = 0.006 and P = 0.017, respectively). Multivariate Cox analysis showed that the ALB-dNLR score independently predicted both ACM [1 point vs. 0 points, HR = 1.237 (95% CI: 0.806–0.330), P = 0.330; 2 points vs. 0 points, HR = 1.790 (95% CI: 1.159–2.764), P = 0.009] and CM [1 point vs. 0 points HR = 1.472 (95% CI: 0.892–2.430), P = 0.130; 2 points vs. 0 points, HR = 1.792 (95% CI: 1.182–3.289), P = 0.009].

Conclusion: The ALB-dNLR score is a credible predictor for mortality in patients with CAD who have undergone PCI.

Keywords: albumin and the derived neutrophil to lymphocyte ratio score (ALB-dNLR score), coronary artery disease, percutaneous coronary intervention, mortality, all-cause mortality, cardiac mortality, major adverse cardiovascular events, major adverse cardiovascular and cerebrovascular events


INTRODUCTION

Coronary artery disease (CAD) has high morbidity and mortality rates (1, 2). Factors involved in CAD pathogenesis include inflammation (3, 4), lipids (5, 6), and dysfunctional fibrinolysis and coagulation (7, 8). As a potential inflammatory biomarker, leukocytes have been widely recognized in assessing the risk of cardiovascular disease (9). At present, the neutrophil/lymphocyte ratio (NLR) in leukocyte subtypes has been studied as a sensitive indicator of inflammation and has become an independent predictor of cardiovascular disease (10, 11). The NLR has proven useful in the risk stratification of cardiovascular patients and is the strongest predictor of prognosis in coronary artery bypass and PCI patients (12, 13). Horne et al. (14) first proposed a significant role for NLR in stable CAD patients. Although the total white blood cell count is known to predict myocardial infarction and death in CAD patients, high neutrophil counts or low lymphocyte counts have higher predictive power, and the strongest predictor of risk is the ratio of neutrophils to lymphocytes. They believe that white blood cell differential counts are similar to high-sensitivity C-reactive protein in their capacity to be used to predict risk and is even higher than hypersensitive C-reactive protein in this regard (14).

Systemic inflammation influences the synthesis of albumin, and the level of this serum protein is thus useful as an inflammatory marker. Albumin is synthesized in the liver and is involved in the maintenance of plasma colloid osmotic pressure, metabolic material transport, and nutrition. Studies have reported that as the serum albumin concentration decreases, the incidence of cardiovascular diseases increases (15). Albumin also has an antioxidant role in host defense (16, 17). The derived neutrophil to lymphocyte ratio (dNLR) is defined as neutrophils/(leukocytes-neutrophils) (18). The degree of systemic inflammation is indicated by the numbers of circulating immune cells, including neutrophils, lymphocytes, and monocytes (19). Albumin serves as a negative acute-phase reactant, and the circulatory level of albumin decreases as a result of increased transcapillary leakage or reduced hepatic synthesis mediated by interleukin-6 and tumor necrosis factor alpha. Therefore, a low albumin level may reflect an underlying inflammatory state, which increases the risk of mortality in various disease processes, including coronary artery disease. Alternatively, hypoalbuminemia may occur in the presence of coexisting nephrotic syndrome or chronic kidney disease, which are also risk factors for mortality (20).

The albumin level may reflect an underlying inflammatory and nutritional status. The derived neutrophil-to-lymphocyte ratio (dNLR) is defined as neutrophils/(leukocytes-neutrophils) and can reflect the severity of systematic inflammation. Previous research has demonstrated that systemic inflammation and malnutrition might contribute to the progression of CAD. The ALB-dNLR score consists of the serum albumin and derived neutrophil to lymphocyte ratio, indicating nutritional status and inflammatory conditions that are associated with the disease activity of CAD patients, while there is no investigation about the associations between ALB-dNLR score and disease activity in CAD patients.

Here, we retrospectively analyzed 6,050 post-PCI CAD patients to determine the value of the ALB-dNLR score in predicting clinical outcomes over long-term follow-up period.



METHODS


Participants

Participants were from the CORFCHD-PCI cohort (a large single-center retrospective cohort) comprising 6,050 CAD patients who had undergone PCI at the First Affiliated Hospital of Xinjiang Medical University from January 2008 to December 2016 (21). This information is registered at http://www.chictr.org.cn (identifier: ChiCTR-ORC-16010153). The selection of study subjects had strict inclusion/exclusion criteria. The inclusion criteria were acute ST-segment elevation myocardial infarction (STEMI), non-ST-segment elevation acute coronary syndrome (NSTE-ACS), and stable angina patients who had undergone coronary angiography and had at least one implanted stent. The exclusion criteria were malignant tumors, infectious diseases, hematological diseases, liver diseases, severe heart failure, congenital, rheumatic, or valvular heart disease, and severe kidney or liver dysfunction. Finally, we recruited 6,050 post-PCI CAD patients, including 1,121 patients with 0 points, 3,119 with 1 point and 1,810 with 2 points. The flowchart of the inclusion and exclusion criteria used in the selection of participants is shown in Figure 1.
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FIGURE 1. Flow chart of participants inclusion.


The study protocol was approved by the Ethics Committee of the First Affiliated Hospital of Xinjiang Medical University and complies with the Declaration of Helsinki. As the study was a retrospective cohort study, it did not require the informed consent of patients.



Data Collection

The collected data included demographics, blood and biochemical parameters, alcohol consumption, diabetes history, hypertension, smoking status, and family history of CAD. All patients underwent routine blood and blood biochemical index testing 24 h before coronary angiography. The inspection was completed by the Department of Laboratory Medicine, the First Affiliated Hospital of Xinjiang Medical University. According to the recommendations of the American Heart Association, hypertension was defined as a history of hypertension with active treatment or at least three resting blood pressure readings ≥140/90 mm Hg and at least two independent hygiene health care visits (22). The diabetes diagnosis was proposed by the WHO in 1999: ① symptoms of diabetes, intravenous plasma glucose ≥11.1 mmol/L (200 mg/dl) at any time, ② fasting venous plasma glucose ≥7.0 mmol/L (126 mg/dl), and ③ 2-h intravenous plasma glucose ≥11.1 mmol/L in an OGTT (75 g anhydrous glucose). Regarding the above three criteria, as long as one of the three is met, any one of the three items is checked again on the following day, and the check also meets the criteria, diabetes can be diagnosed (23). Hyperlipidemia was diagnosed according to the “Guidelines for the Prevention and Treatment of Dyslipidemia in Adults in China (2016).” Smoking status was classified as current, former, or never smoked with current smokers, including regular smoking over the previous 6 months. Similarly, people who had consumed alcohol in the previous 6 months were regarded as drinkers (24).



dNLR and ALB-dNLR

Our study quotes the definition of dNLR and ALB-dNLR score used in Chen et al.'s (25) study. Briefly, the dNLR is defined as neutrophils/(leukocytes-neutrophils). Cutoff values from the ROC curve in Chen et al. (25) for dNLR and serum albumin were set at 1.37 and 37.6 g/L, respectively. However, the cutoff value of either serum albumin or dNLR was different from that in Chen et al.'s study. In our study, the cutoff values of the ROC curves for dNLR and serum albumin were 1.365 and 39.6 g/L, respectively. According to each cutoff value of serum albumin and dNLR, the patients were divided into three groups: patients with ALB-dNLR scores of 2, including participants with hypoalbuminemia ( ≤ 39.6 g/L) and high dNLR (>1.365); ALB-dNLR score of 1, including patients with either hypoproteinemia or high dNLR, and scores of 0 for patients without hypoproteinemia or high dNLR.



Endpoints

Mortality during the 10-year follow-up was taken as the primary endpoint. This included both all-cause mortality (ACM) and cardiac mortality (CM). The secondary endpoints were major adverse cardiac events (MACEs), major adverse cardiac and cerebrovascular events (MACEs), and bleeding events. MACEs included cardiac death, heart failure, reinfarction and rehospitalization. All-cause death included both cardiac death and non-cardiac death. Death was classified as all-cause death if there was a clear non-cardiac cause of death; otherwise, death was considered to be cardiac death. Stroke included a sudden onset of dizziness, dysarthria, numbness, or aphasia as a result of cerebrovascular disease (caused by bleeding, thrombosis, embolism, or aneurysm rupture) of more than 24 h (26). Reinfarction refers to acute MI that occurs within 28 days of an event or recurrent MI. When ST elevation is ≥0.1 mV or new pathological Q waves appear again in at least two consecutive leads, especially when ischemic symptoms persist for 20 min or more (27). HF was referred to as systolic HF in accordance with a previous description (28). These events were decided by a blinded committee composed of 4 cardiovascular physicians and a nurse from the CORFCHD-PCI research group. If there are disagreements in the adjudication of the events, it will be solved according to the principle of the minority obeying the majority.



Follow-Up

All post-PCI patients were followed up by six assessments over 0–120 months. Assessments were either office visits or by telephone.



Statistical Analyses

Data were analyzed using SPSS version 22.0. Continuous variables are expressed as the means ± standard deviations, and categorical variables are expressed as frequencies and percentages. Analysis used the t-test for normally distributed variables; non-normally distributed data were analyzed by the Mann–Whitney U test or Kruskal–Wallis analysis of variance. Categorical variables were investigated by the χ-square test, and the cumulative incidence of major adverse events was analyzed by Kaplan–Meier analysis. Multivariable analysis was performed to assess the prognostic value of the ALB-dNLR and adverse outcomes after adjusting for confounders, such as sex, age, estimated glomerular filtration rate (eGFR), total cholesterol (TC), triglycerides (TGs), chronic total occlusion lesions (CTOs), multivessel lesions (MLs), and stains, and to calculate hazard ratios (HRs) and 95% confidence intervals (CIs). P <0.05 was considered significant.




RESULTS


Baseline Data

The optimal cutoff value (dNLR = 1.365 and serum albumin = 39.6 g/L) was defined according to the receiver operating curve (ROC). The patients were divided into three groups according to ALB-dNLR scores: 0 points (n = 1,121), 1 point (n = 3,119), and 2 points (n = 1,810). Many variables were significantly different among the three groups. As shown in Table 1, compared with the other two groups, in the ALB-dNLR 2-point group, there were more men (p < 0.001), older age (p = 0.016), higher creatinine (Cr) (p < 0.001), higher WBC (p < 0.001), higher neutrophils (p < 0.001), and higher BUN (p < 0.001). Albumin (p < 0.001), lymphocytes (p < 0.001), estimated glomerular filtration rate (eGFR) (p = 0.038), triglycerides (TGs) (p = 0.009), total cholesterol (TC) (p < 0.001), low-density lipoprotein cholesterol (LDL-C) (p < 0.001) and ejection fraction (p < 0.001) were significantly lower than those in the other two groups. Calcium channel blockade (CCB) (p = 0.035) and statins (p = 0.009) were also significantly different among the three groups. Other baseline data did not differ (all P > 0.05). As shown in Table 2, the characteristics of chronic total occlusion (CTO) (P = 0.046), multivessel lesions (MLs) (P = 0.020) and the number of lesional vessels (P = 0.019) differed significantly among the three groups.


Table 1. Characteristics of participants of the three groups.
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Table 2. Baseline treatments and procedure characteristics.
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As shown in Tables 1, 2, among male patients, alcohol consumption, hypertension, age, DBP, WBC, albumin, Cr, eGFR, TG, TC, LDL-C, HDL-C, EF, statins, CTO, ML, and the number of lesional vessels were significantly different among the three groups (all p <0.05). Among female patients in the three groups, WBC, albumin, Cr, TC, LDL-C, and HDL-C were also significantly different (all p < 0.05).



Clinical Outcomes
 
All-Cause Mortality

After a median follow-up period of 35.9 months, ACM occurred more frequently in the ALB-dNLR score 2 group [116 (6.4%)] than in the other two groups [0 points, 45 (4.0%) and 1 point, 1,481 (4.7%) (p = 0.007)], as shown in Table 3.


Table 3. Outcomes comparison among three groups.
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Univariate analysis showed that the risk of all-cause death increased 72.1% in the ALB-dNLR score 2-point group [adjusted HR = 1.721 (1.220–2.429), P = 0.002] compared to the 0-point group (Table 4).


Table 4. Univariate logistic regression analysis of ACM, cardiac death, MACCEs, and MACEs.
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Kaplan–Meier and log-rank analyses showed a significant gradual increased risk in the high ALB-dNLR group, which indicates that its long-term mortality gradually increased with increasing ALB-dNLR score (P = 0.0025, Figure 2). Multivariate analysis evaluated the prognostic value of ALB-dNLR after adjustment for age, sex, eGFR, TG, TC, statins, CTO, and ML. The multivariable Cox regression model showed that the ALB-dNLR score was independently predictive of ACM in post-PCI CAD patients. The risk of mortality increased 77.7% in the ALB-dNLR score 2-point group [adjusted HR = 1.777 (1.239–2.549), P = 0.002] compared to patients in the ALB-dNLR score 0 group (Table 5). In addition, compared to a score of 0, the risk of patients with a score of 1 increased by 24.9% [adjusted HR = 1.249 (0.79–1.774), P = 0.215].


[image: Figure 2]
FIGURE 2. Cumulative Kaplan–Meier estimates of the time to the first adjudicated occurrence of primary endpoint and secondary endpoints. (A) ACM; (B) CM; (C) MACCEs; (D) MACE.



Table 5. Cox proportional hazards analysis of ACM, cardiac death, MACCEs, and MACEs.
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Among male patients, ACM occurred more frequently in the ALB-dNLR score 2 group [107 (6.5%)] than in the other two groups [0 points, 28 (3.6%) and 1 point, 107 (4.7%) (p = 0.006)], as shown in Table 3.

Univariate analysis showed that the risk of all-cause death increased 87.9% in participants in the ALB-dNLR score 2-point group [adjusted HR = 1.879 (1.229–2.871), P = 0.004] compared to those in the 0-point group (Table 4).

The Kaplan–Meier curves and log-rank test demonstrated a significant difference in ACM in the three groups (P = 0.0036, Figure 3). After risk factor adjustment, the Cox proportional hazards model showed that the ALB-dNLR score was an independent prognostic factor for CAD patients after PCI. The risk of mortality increased 79% in the ALB-dNLR score 2-point group [adjusted HR = 1.790 (1.159–2.764), P = 0.009] compared to patients in the ALB-dNLR score 0 group (Table 5).
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FIGURE 3. Cumulative Kaplan–Meier estimates of the time to the first adjudicated occurrence of primary endpoint and secondary endpoints. Male (A–D): (A) ACM; (B) CM; (C) MACCEs; (D) MACE. Female (E–H): (E) ACM; (F) CM; (G) MACCEs; (H) MACE.


Among female patients, we did not find significant differences in ACM among the three groups. Univariate analysis and multivariable Cox regression showed that the ALB-dNLR score was not independently predictive of ACM in post-PCI CAD patients.



Cardiac Mortality

CM incidence also differed significantly [36 (3.2%) vs. 123 (3.9%) vs. 92 (5.1%), P = 0.034] among participants in the three groups. CM was more frequent in the ALB-dNLR score of 2 than in the other two groups (Table 3).

Univariate analysis showed that the risk of cardiac death increased 70.6% in participants in the ALB-dNLR score 2-point group [adjusted HR = 1.706 (1.161–2.509), P = 0.007] compared to participants in the score of 0 group (Table 4).

The Kaplan–Meier curves and log-rank test demonstrated a significant difference in CM among participants in the three groups (P = 0.014, Figure 2). After risk factor adjustment, the Cox proportional hazards model showed that the ALB-dNLR score was an independent prognostic factor for CAD patients after PCI. The risk of cardiac death increased 78.2% in participants in the ALB-dNLR score 2-point group [adjusted HR = 1.782 (1.185–2.680), P = 0.006] compared to participants in the 0-point group. TC, CTO, and multivessel lesions were found to be associated with ACM, CM, MACCEs, and MACEs after potential confounding factors were adjusted (all P < 0.05, Table 5). We did not find a significant difference between the score of 0 and the score of 1 in terms of CM (HR = 1.294, 95% CI: 0.871–1.922, P = 0.202).

Among male patients in the three groups, CM incidence also differed significantly [20 (2.6%) vs. 92 (3.9%) vs. 71 (5.1%), P = 0.017]. CM was more frequent in the ALB-dNLR score of 2 than in the other two groups (Table 3).

Univariate analysis showed that the risk of cardiac death increased 1-fold in the ALB-dNLR score 2-point group [adjusted HR = 2.708 (1.265–3.414), P = 0.004] compared to the 0-point group (Table 4).

The Kaplan–Meier curves and log-rank test demonstrated a significant difference in CM among the three groups (P = 0.010, Figure 3). After risk factor adjustment, the Cox proportional hazards model showed that the ALB-dNLR score was an independent prognostic factor for CAD patients after PCI. The risk of cardiac death increased 97.2% in the ALB-dNLR score 2-point group [adjusted HR = 1.972 (1.185–3.289), P = 0.009] compared to the 0-point group (Table 5).

Among female patients, we did not find significant differences in CM among the three groups. Univariate analysis and multivariable Cox regression showed that the ALB-dNLR score was not independently predictive of CM in post-PCI CAD patients.



MACCEs and MACEs

We did not found that the incidences of MACCEs [159 (14.2%) vs. 418 (13.4%) vs. 285 (13.4%), P = 0.076], MACEs [148 (13.2%) vs. 377 (12.1%) vs. 260 (14.4%), P = 0.070], HF [32 (2.9%) vs. 85 (2.7%) vs. 64 (3.5%), P = 0.261], bleeding events [35 (3.1%) vs. 99 (3.2%) vs. 41 (2.3%), P = 0.163], stroke [11 (1.1%) vs. 46 (1.5%) vs. 25 (1.4%), P = 0.469], and rehospitalization [163 (14.5%) vs. 415 (13.3%) vs. 241 (13.3%), P = 0.083] differed significantly among participants in the three groups (Table 3).

The Kaplan–Meier curves and log-rank test demonstrated no significant difference in MACCEs and MACEs (Figure 2) among the three groups. The multivariate Cox regression model showed that the MACCEs and MACEs were not significantly different among participants in the three groups (P > 0.05, Table 5).

Among male patients and female patients, we did not find that the incidences of MACCEs and MACEs differed significantly in the three groups (Table 3). The Kaplan–Meier curves and log-rank test demonstrated no significant difference in MACCEs and MACEs (Figure 2) among the three groups. Univariate analysis and multivariate Cox regression showed that the MACCEs and MACEs were not significantly different among participants in the three groups (P > 0.05, Tables 4, 5).

To assess the diagnostic ability of the ALB-dNLR in CAD patients and compare it with classical risk predictors, we generated ROC curves and compared the area under the curve (AUC) values (Figure 4). The results showed that the AUC of the ALB-dNLR +classic risk model was 0.794 (95% CI: 0.771–0.817), the AUC of the dNLR+ classic risk model was 0.720 (95% CI: 0.690–0.750) and the AUC of the ALB+ classic risk model was 0.620 (95% CI: 0.588–0.652). Therefore, we believe that the predictive performance of ALB-dNLR is stronger than that of albumin or dNLR alone.
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FIGURE 4. The areas under the curves (AUC) of AUC of ALB-dNLR +classic risk model (A), the AUC of dNLR+ classic risk model (B), and he AUC of ALB+ classic risk model (C) in CAD patients. ALB, albumin; dNLR, derived neutrophil to lymphocyte ratio.






DISCUSSION

This retrospective study of 1,121 patients with an ALB-dNLR of 0 points, 3,119 with an ALB-dNLR of 1 point, and 1,810 with an ALB-dNLR of 2 points from the First Affiliated Hospital of Xinjiang Medical University from January 2008 to December 2016 provides compelling evidence that the incidence of mortality and cardiac death would be increased in patients with both hypoalbuminemia and high dNLR. To our knowledge, this is the first investigation of the association of ALB-dNLR with outcomes of patients who have undergone PCI.

The ALB-dNLR score measures both immune function and nutritional status. In this study, investigation of the possible association between the score and the clinical prognosis of post-PCI CAD patients demonstrated that (1) ALB-dNLR score was independently linked to adverse outcome in these patients, and (2) higher ALB-dNLR was significantly associated with an increased risk of all-cause death and cardiac death.

Serum albumin is reported to have both anti-inflammatory and immunomodulatory attributes (29), and reduced albumin synthesis caused by inflammation may have consequences for immune defense (30). Albumin levels are also influenced by nutritional status. Inflammation and malnutrition both reduce the albumin concentration by reducing its synthesis rate, while inflammation alone is associated with a higher catabolism rate, which expands nutrition by eliminating the defense mechanism that reduces the availability of protein and calories to protect the albumin pool. The adverse effects on body composition, and in extreme cases, the transfer of albumin from outside the vessel lumen, increases. What followed was a series of malignant events. Inflammation caused anorexia, reduced the effective use of protein and energy intake in the diet, and enhanced the catabolism of key albumin. The impact of inflammation on albumin levels was mainly related to low levels of albumin. Morbidity and mortality associated with albuminemia are related (31). The “TRIAGE” study found that increased inflammation indicators and increased malnutrition were independently associated with hypoalbuminemia. Low serum albumin levels, increased CRP values, and increased nutritional risk independently predicted 30-day mortality, and the area under the curve was 0.77, 0.70, and 0.75 (32). Inflammation and nutrition can promote the development of atherosclerosis (33). A meta-analysis found a 50% CAD risk with hypoalbuminemia (34). Low serum albumin levels also appear to be associated with increased CAD risk (35). A follow-up study of 8,750 AMI patients observed that low albumin levels on admission were associated with increased ACM (36).

Serum albumin was a significant parameter affecting GFR in addition to serum creatinine (37). GFR is not only a marker of the presence of conventional cardiovascular risk factors but may also have an important role in the pathogenesis of CVD, particularly CAD. GFR has numerous effects on the cardiovascular system, including inhibition of erythropoiesis and platelet function (38) and induction of volume overload (39), dyslipidemia, hypertension (40) and vascular calcification (41). In our study, we found that there were significant differences in eGFR among the three groups in baseline data (P = 0.038). However, the multivariable Cox regression model did not show that eGFR is an independent predictor of ACM, CM, MACCEs, and MACEs in post-PCI CAD patients. The dNLR is defined as the neutrophil count divided by the neutrophil count subtracted from the leukocyte count (18). The denominator includes a broad mix of monocytes and lymphocytes, which have different physiological roles. The dNLR is regarded as an indicator of inflammation and is used in a wide range of applications, including early cancer prediction, chemotherapy drug sensitivity, risk stratification of patients undergoing vascular surgery, distinction between non-alcoholic patients with severe fatty liver, and Alzheimer's disease. Earlier reports even suggested that it can be used as a diagnostic marker for appendicitis (42–45).

Inflammation is closely associated with atherosclerosis and cardiovascular disease (46, 47). Previous studies have shown that WBC counts are associated with CHD and an increased risk of ischemic disease (48). Leukocytes are key players in the vascular injury process, and total WBC counts are an indicator of the strength of this process. The Benjamin study (14) showed that total WBC counts proved to be an independent predictor of CAD, but neutrophil (N) or low lymphocyte (L) counts provided higher predictive value, with the best risk prediction given by the N/L ratio. Correlative studies have also shown (49, 50) that a higher NLR was associated with an increased risk of all-cause or cardiac death. In our study, the AUC of the ALB-dNLR+classic risk model was 0.794 (95% CI: 0.771–0.817), and the AUC of the dNLR+classic risk model was 0.720 (95% CI: 0.690–0.750). Therefore, we believe that the predictive performance of ALB-dNLR is stronger than that of dNLR alone. Compared to general WBC counts, ALB-dNLR has higher predictive power. The neutrophil to lymphocyte ratio represents the number of neutrophils in the body as a result of inflammation and is proposed as a new biomarker of systemic inflammation. The relative value of the number of lymphocytes produced by the “protection mechanism” was determined. Therefore, higher neutrophil and lymphocyte ratios represent inflammation, and inflammation can stimulate the production of neutrophils and accelerate the apoptosis of lymphocytes. Specifically, subacute inflammation in the body is important in cardiovascular disease and atherosclerosis (51).

In experimental atherosclerosis, the number of neutrophils in the blood increases and accumulates at an early stage of the injury. It helps special monocytes adhere or transport by releasing alarm proteins and other preformed granular proteins (52). Neutrophils also contain a large amount of myeloperoxidase, nicotinamide adenine dinucleotide phosphate (NADPH) oxidase and lipoxygenase, which contribute to oxidative stress, endothelial cell dysfunction, and disease growth and are the main determinants of instability.

Liu et al. (53) found that NLR is an independent risk factor for hospital mortality in COVID-19 patients (especially males). For every additional unit of NLR, the OR of male mortality after full adjustment was 1.10 (OR = 1.10; 95% CI: 1.02–1.19; P = 0.016). The study of NLR in predicting the long-term mortality of patients with non-ST-segment elevation myocardial infarction (NSTEMI) showed that after controlling for Global Registry of Acute Coronary Events risk profile scores, the average NLR level remained a significant predictor of inpatient and 4-year mortality. The hazard ratios per unit increase in the average NLR (log) increased by 1.06 (p = 0.0133) and 1.09 (p = 0.0006), respectively (54). Butt et al. (55) showed that a high NLR is an independent predictor of contrast-induced acute nephropathy in patients with acute myocardial infarction (AMI) (OR 2.03, 95% CI: 1.403–3.176, P <0.001).

These findings are consistent with our results. Our study found that ALB-dNLR was associated with the long-term mortality of CAD patients. Elevated ALB-dNLR may be an independent risk factor for long-term death in CAD patients who have undergone PCI. Compared with normal patients, patients with hypoalbuminemia and high dNLR have higher ACM and CM. However, the ALB-dNLR score does not seem to affect the incidence of MACCEs or MACEs. The ALB-dNLR reflects albumin and dNLR. Previous research has shown that low serum albumin predicted MACE only in patients with a low cardiovascular risk profile and was not associated with cardiac outcome in patients with 3 or more traditional cardiovascular risk factors (15). Our research included traditional cardiovascular risks such as smoking, hypertension, hyperlipidemia, and diabetes. Therefore, it can be explained that ALB-dNLR is associated with mortality but not MACE. In our study, we found that an ALB-dNLR score of 2 was significantly correlated for male but not female patients. Previous studies (56) have shown that premenopausal women are less likely to develop coronary heart disease than men, but post-menopausal women are more likely to develop coronary heart disease than men. The increased risk in women is largely attributable to the loss of sex steroids, especially estrogen. Estrogen can help regulate the metabolism of lipids in the body, maintain the function of endothelial cells and, to a certain extent, inhibit the proliferation of smooth muscle cells, help dilate blood vessels, and help prevent or delay the formation of atherosclerosis in the later stage. Our study also found that the results of this study have some clinical significance and advantages. The dNLR can be quickly calculated based on routine blood examination at the time of admission and the serum albumin obtained in the biochemical examination. Coronary angiography during hospitalization and medical history can be used to evaluate whether it is a chronic occlusive disease. Based on the results of angiography and ALB-NLR, the patient's health can be evaluated. The long-term prognosis and the need for readmission to the hospital later.

Study limitations include (1) due to the retrospective design of the study, the identified association should be considered hypothesis-generating; (2) mechanistic studies and prospective clinical studies supporting the prognostic value of ALB-dNLR score are lacking; and (3) the lack of hsCRP data makes it impossible to analyze the correlation between ALB-dNLR and hsCPR.



CONCLUSIONS

ALB-dNLR is an independent risk factor of predict adverse outcomes in post-PCI CAD patients. Assessment of ALB-dNLR may help identify high risk individuals with CAD.



WHAT IS KNOWN ABOUT THIS TOPIC?

• Both albumin (ALB) and derived neutrophil to lymphocyte ratio (dNLR) have been shown to be involved in the pathogenesis of coronary artery disease (CAD), chronic inflammatory disease and tumor.

• It has been reported that the ALB-dNLR score is an independent predictor for adverse outcomes of tumor.



WHAT DOES THIS PAPER ADD?

• The present study indicates that ALB-dNLR score is an independent and novel predictor of adverse long-term outcomes in CAD patients who underwent PCI.
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drug-eluting stent. The bold values indicates p-value < 0.05.
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ALB-dNLR score, albumin and the derived neutrophilto lymphocyte ratio score; 6GFR, estimated glomerular fitation rate; CTO, chronic total occlusion lesions; ML, multi-vessel lesions;
TC, total cholesterol; TG, triglyceride. The bold values indicates p-value < 0.05.
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