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Background and Aims: The monocyte to high-density lipoprotein cholesterol ratio (MHR), a novel marker for inflammation and lipid metabolism, has been demonstrated to be associated with poor prognosis in many patient populations. However, the prognostic influence of MHR in patients with acute coronary syndrome (ACS) undergoing percutaneous coronary intervention (PCI) is poorly understood. Here, we sought to investigate the relationship between MHR and adverse cardiovascular (CV) outcomes in such patients and determine whether MHR could improve the GRACE risk score based prognostic models.

Methods and Results: MHR was applied to 1,720 patients with ACS undergoing PCI who were admitted to our CV center from June 2016 to November 2017. These patients were stratified into three groups according to MHR tertiles. The relationship between MHR and the primary endpoint (overall death, non-fatal stroke, non-fatal myocardial infarction, or unplanned repeat revascularization) was examined by Cox proportional hazards regression analysis. During a median follow-up of 31 months, 353 patients had at least one primary endpoint event. Compared with those in the lowest MHR tertile, patients in the middle and highest tertiles [adjusted HR: 1.541 (95% CI: 1.152–2.060) and 1.800 (95%CI: 1.333–2.432), respectively], had a higher risk of the primary endpoint. The addition of MHR has an incremental effect on the predictive ability of the GRACE risk score for the primary endpoint (cNRI: 0.136, P < 0.001; IDI: 0.006, P < 0.001).

Conclusion: MHR was independently and significantly associated with adverse CV outcomes in ACS patients who underwent PCI and improved the predictive ability of the GRACE risk score based prognostic models.

Registration Number: http://www.chictr.org.cn/hvshowproject.aspx?id=21397; ChiCTR1800017417.
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INTRODUCTION

Coronary artery disease (CAD), as one of the leading causes of death in humans, is mainly caused by atherosclerosis (1). The formation of atherosclerotic plaque is known to be characterized by the accumulation of low-density lipoprotein cholesterol (LDL-C) and monocyte-derived macrophages in the arterial wall (2). Further plaque rupture can expose subendothelial collagen and cause an inflammatory response, which leads to platelet activation and coagulation cascade, resulting in thrombus formation (3). Thrombus can cause partial or complete occlusion of the coronary artery, leading to acute coronary syndrome (ACS) (4).

The number of circulating blood monocytes is closely associated with the formation and expansion of atherosclerosis in both human and animal models (5, 6). Monocytes can secrete enzymes that degrade extracellular matrix, contributing to the rupture of plaque underlying ACS (7). High-density lipoprotein (HDL), a cardioprotective factor, exhibits anti-atherosclerotic properties by neutralizing the pro-inflammatory and pro-oxidative effects of monocytes via inhibiting macrophage migration and LDL-C oxidation and mediating efflux of cholesterol from cells (8, 9). Of note, a recent Mendelian randomization study showed that low HDL cholesterol (HDL-C) was associated with high monocyte count (10). Therefore, the combination of monocyte and HDL-C may reflect the inflammatory and metabolic process of atherosclerosis better than the individual monocyte or HDL-C (9). The monocyte to HDL-C ratio (MHR) has been demonstrated to be associated with poor prognosis in many patient populations (11–19). The study of Cetin et al. including 2,661 patients with ACS showed that MHR was an independent predictor of CAD severity and future cardiovascular (CV) events (19). Nevertheless, the prognostic influence of MHR in patients with ACS undergoing percutaneous coronary intervention (PCI) has not been adequately studied and, importantly, few studies have evaluated the incremental value of adding MHR to the GRACE (Global Registry of Acute Coronary Events) risk score based prognostic models.

The objective of the present study was to investigate the relationship between MHR and CV outcomes in patients with ACS undergoing PCI, and then determine whether MHR could improve the GRACE risk score based prognostic models.



METHODS


Study Population

This study was a retrospective analysis derived from a prospective observational study that sought to identify novel risk factors for adverse CV events in patients with ACS undergoing PCI who were admitted to our CV center from June 2016 to November 2017 (20). ACS was diagnosed according to current guidelines and was classified into unstable angina (UA), non-ST-segment elevation myocardial infarction (NSTEMI), and ST-segment elevation myocardial infarction (STEMI) (21). The exclusion criteria of this study included past coronary artery bypass grafting, history of rheumatism, infectious disease, niacin intake, and lack of follow-up data. Eventually, a total of 1,720 patients comprised the study population. This study was conducted under the Declaration of Helsinki and was approved by the local Ethics Committee. Since the present study was retrospective, the informed consent was waived.



Data Collection

Data on demographics, medical history, and medication history were collected using a standard questionnaire. MHR on admission was calculated as monocyte count (× 106/μl) divided by HDL-C levels (mg/dl). Body mass index (BMI) was calculated as body weight in kilograms divided by the square of body height in meters (kg/m2). Chronic kidney disease was defined as estimated glomerular filtration rate <60 ml/min/1.73 m2, calculated by the Chronic Kidney Disease Epidemiology Collaboration equation. Patients with blood pressure ≥140/90 mmHg or receiving anti-hypertensive treatments were considered as having hypertension. Dyslipidemia was diagnosed as total cholesterol > 5.17 mmol/l, triglycerides > 1.69 mmol/l, LDL-C > 3.36 mmol/l, HDL-C <1.03 mmol/l, and/or use of lipid-lowering drugs. Patients with the previous diagnosis of diabetes, fasting plasma glucose (FPG) ≥ 7.0 mmol/L, 2-h plasma glucose of oral glucose tolerance test ≥11.1 mmol/l or treated with hypoglycemic drugs were considered to have diabetes. Diagnosis of peripheral artery disease (PAD) was based on the ultrasound results and symptoms. Patients with previous ischemic stroke or transient ischemic attack were defined as cerebrovascular accident (CVA). The SYNTAX (Synergy between PCI with TAXUS and Cardiac Surgery) score and GRACE risk score were calculated for each patient.



Follow Up and Outcomes

The follow-up time points were 1 month and every 6 months after discharge. The primary endpoint was defined as the composite of overall death, non-fatal stroke, non-fatal myocardial infarction (MI), and unplanned repeat revascularization. The hard endpoint was defined as the composite of cardiovascular death, non-fatal stroke, and non-fatal MI. Stroke was defined as an acute episode of focal or global neurological dysfunction caused by cerebral vascular injury because of infarction. MI was defined as cardiac enzymes above the upper limit of reference values accompanied by ischemic symptoms and/or electrocardiogram changes. If patients had multiple events during follow-up, the most severe endpoint event was selected for analysis (death > stroke > MI > revascularization). If more than one stroke, MI, or revascularization occurred, only the first event was analyzed.



Statistical Analyses

The study population was stratified into three groups according to the tertiles of MHR on admission (T1: < 7.7; T2: 7.7–11.3; T3: > 11.3). Continuous variables were presented as mean ± standard deviation (SD) or median and interquartile range (IQR) for normal or non-normal distribution where t-test or Mann-Whitney U-test was used properly. Categorical variables were expressed as numbers and percentages where the Chi-square test (χ2 test) or Fisher's exact test was used accordingly. ANOVA or Kruskal–Wallis H-test was applied to analyze differences in continuous variables among three groups. Pearson correlation analysis was performed to evaluate the correlation between MHR and high-sensitivity C-reactive protein (hs-CRP), neutrophil to lymphocyte ratio (NLR), SYNTAX score, and GRACE risk score. Time-to-event curves stratified by MHR tertiles were drawn by the Kaplan–Meier method and were compared using log-rank tests. Cox proportional hazards regression analyses were used to determine the predictors of the primary endpoint. The MHR was analyzed in two ways: (1) as a categorical variable; and (2) as a continuous variable. Predictors of the incidence of the endpoint events identified through univariate analysis were also tested in a multivariate analysis. In the multivariate model, the following confounding factors were chosen because of their clinical importance and statistical significance in the univariate analysis: hs-CRP (continuous), sex, smoking, hypertension, diabetes, dyslipidemia, previous MI, previous PCI, previous CVA, PAD, type of ACS, GRACE risk score (continuous), SYNTAX score (continuous), complete revascularization, and use of aspirin, angiotensin converting enzyme inhibitors/angiotensin receptor blockers (ACEI/ARBs), and β-blockers at discharge. In order to avoid repeatedly adding the same or highly correlated variables to affect Cox model fitting, components of the GRACE risk score were not included in the multivariate Cox regression model which had included the GRACE risk score. Receiver operating characteristic (ROC) analysis was used to determine cut-off values of MHR to predict the occurrence of the primary endpoint and hard endpoint. Subgroup analyses stratified by sex, age, smoking, hypertension, diabetes, dyslipidemia, types of ACS, and medications at discharge were performed. The incremental predictive value of adding MHR to models with GRACE risk score was analyzed by calculating the increase in C-statistics, category-free continuous net reclassification improvement (cNRI) and integrated discrimination improvement (IDI).

The α level of significance was P < 0.05 two-sided. Statistical analyses were performed using SPSS software (version 26, SPSS Inc., Chicago, Illinois) and R software (version 4.1.0, R Foundation for Statistical Computing, Beijing, China).




RESULTS

Of the 1,720 patients (mean age 60 ± 10 years), 401 (23.3%) were female and 1,319 (76.7%) were male. The baseline characteristics according to the MHR tertiles are shown in Table 1. Patients with higher MHR tertiles were younger, and had lower levels of blood pressure, total cholesterol, HDL-C, and left ventricular ejection fraction (LVEF), but had higher levels of BMI, monocyte count, neutrophil count, lymphocyte count, NLR, hs-CRP, triglycerides, FPG, glycosylated hemoglobin, cardiac troponin I (cTnI), SYNTAX score, and GRACE risk score. Patients with higher MHR tertiles were more likely to be male, and had higher rates of smoking, diabetes, dyslipidemia, previous MI, PAD, heart failure, MI, left main and/or multivessel lesions, and chronic total occlusion, but had lower rates of complete revascularization. In correlation analysis, MHR was significantly and positively correlated with hs-CRP (r = 0.412, P < 0.001), neutrophil to lymphocyte ratio (r = 0.203, P < 0.001), SYNTAX score (r = 0.115, P < 0.001), and GRACE risk score (r = 0.226, P < 0.001).


Table 1. Baseline characteristics of the study population according to the MHR tertiles.
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During the median follow-up of 31 months (IQR: 31–36 months), 353 patients developed at least one primary endpoint event, which was found in 80 (14.1%) patients from the T1 group, 121 (20.9%) from the T2 group, and 152 (26.5%) from the T3 group. The number and percentage of each component of the primary endpoint were as follows: 44 (2.5%) deaths, 49 (2.8%) MIs, 25 (1.4%) strokes, and 287 (16.3%) unplanned repeated revascularizations. Detailed clinical outcomes among patients with MHR tertiles are shown in Table 2. As shown in Supplementary Table 1, patients with the primary endpoint had higher levels of MHR, blood pressure, monocyte count, neutrophil count, NLR, hs-CRP, total cholesterol, triglycerides, LDL-C, FPG, glycosylated hemoglobin, and cTnI, but had lower LVEF and HDL-C. Those patients also had higher rate of diabetes, previous MI, prior PCI, CKD, PAD, and heart failure. In terms of the angiographic findings, patients with the primary endpoint were associated with higher rate of left-main and/or multivessel lesions, chronic total occlusion, lesions longer than 20 mm, bifurcation or trifurcation lesions and had higher SYNTAX score but lower rate of complete revascularization.


Table 2. Adverse cardiovascular events according to MHR tertiles during follow-up.
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In ROC analysis, a MHR cut-off value of 9.9 had 57.5% sensitivity and 59.2% specificity for prediction of the primary endpoint (AUC = 0.594, 95% CI: 0.562–0.627, P < 0.001; Figure 1A). Moreover, a MHR cut-off value of 8.9 had 75.0% sensitivity and 46.9% specificity for prediction of the hard endpoint (AUC = 0.625, 95% CI: 0.571–0.680, P < 0.001; Figure 1B). Kaplan-Meier survival analysis showed that the cumulative incidence of the primary endpoint increased with higher MHR tertiles (log-rank test, P < 0.001; Figure 2). The difference in the cumulative incidence of the primary endpoint was mainly driven by an increase in overall death (log-rank test, P = 0.021), non-fatal MI (log-rank test, P = 0.018), and unplanned repeat revascularization (log-rank test, P < 0.001). However, the incidence of non-fatal stroke among the MHR tertiles were similar (log-rank test, P = 0.471; Figure 3).


[image: Figure 1]
FIGURE 1. ROC analysis showing the cut-off values of MHR to predict the primary endpoint (A) and the hard endpoint (B). The primary endpoint was defined as the composite of overall death, non-fatal stroke, non-fatal MI, and unplanned repeat revascularization. The hard endpoint was defined as the composite of cardiovascular death, non-fatal stroke, and non-fatal MI. ROC, receiver operating curve; MHR, monocyte to HDL ratio; AUC, area under the curve; MI, myocardial infarction.
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FIGURE 2. Kaplan-Meier curve of the primary endpoint stratified by the MHR tertiles. The primary endpoint was defined as the composite of overall death, non-fatal stroke, non-fatal MI, and unplanned repeat revascularization. MI, myocardial infarction.
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FIGURE 3. Kaplan-Meier curves of each component of the primary endpoint stratified by the MHR tertiles. (A) Overall death; (B) non-fatal stroke; (C) non-fatal MI; (D) repeat revascularization. MI, myocardial infarction.


Univariate and multivariate Cox proportional hazards regressions for the primary endpoint are shown in Table 3 and Supplementary Table 2, where the MHR were considered as categorical variable and continuous variable, respectively. In the univariate analyses, patients in the higher MHR tertiles were at higher risk of the primary endpoint [HR: 1.54 (95% CI: 1.16–2.04) for T2 and 2.03 (95% CI: 1.55–2.67) for T3]. After adjusting for other confounding factors, MHR across the tertiles could independently predict the occurrence of primary endpoint [adjusted HR: 1.45 [95% CI: 1.08–1.95) for T2 and 1.76 (95% CI: 1.30–2.40) for T3]. The incidence of the primary endpoint was monotonically increased across the MHR tertiles (P for trend < 0.001). When considering as a continuous variable, MHR was associated with an HR of 1.04 (95% CI: 1.02–1.06, P < 0.001) in the univariate analysis and with an HR of 1.03 (95% CI: 1.01–1.05, P = 0.004) in the multivariate analysis. In terms of the hard endpoint, the multivariate Cox proportional hazards regression analysis adjusted for multiple confounding factors revealed a hazard ratio for the hard endpoint of 2.34 (95% CI 1.27–4.33; P for trend = 0.023) when the highest and lowest MHR tertiles were compared. Subgroup analyses of MHR as a continuous variable for the primary endpoint were performed according to sex, age, hypertension, diabetes, dyslipidemia, type of ACS, and medications at discharge (Figure 4). One unit increase of MHR had a significant predictive role for different subgroups regardless of male or female, age ≥ or <60 years, hypertension or not, diabetes or not, dyslipidemia or not, STEMI or NSTE-ACS (unstable angina + NSTEMI), ACEI/ARBs use or not at discharge, β-blockers use or not at discharge (all P for interaction > 0.05).


Table 3. Univariate and multivarite cox proportional hazards analyses for the primary endpoint according to the MHR tertiles.
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FIGURE 4. Hazard ratios for the primary endpoint according to the subgroups. ACS, acute coronary syndrome; NSTE-ACS, non ST-segment elevation acute coronary syndrome; STEMI, ST-segment elevation myocardial infarction; ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin II receptor blocker.


The addition of MHR had an incremental effect on the predictive ability of the GRACE risk score for the primary endpoint (C-statistic: GRACE risk score + MHR vs GRACE risk score: 0.590 vs. 0.525, P < 0.001; cNRI: 0.136, P < 0.001; IDI: 0.006, P < 0.001; Table 4). Moreover, the addition of MHR could significantly increase the C-statistics of the GRACE risk score for the composite of death or MI and the composite of death, stroke, or MI (GRACE risk score + MHR vs. GRACE score: 0.648 vs. 0.605, P = 0.003, and 0.667 vs. 0.622, P = 0.023, respectively).


Table 4. Model performance after the addition of MHR to the GRACE risk score for predicting clinical outcomes.
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DISCUSSION

The present study investigated the relationship between MHR and adverse CV outcomes in patients with ACS undergoing PCI. The results showed that even after adjusting for as many confounding factors as possible, MHR remained significantly associated with the primary endpoint. Furthermore, the addition of MHR significantly improved the predictive ability of the GRACE risk score for adverse CV outcomes.

Atherosclerosis, as the main cause of CAD, is considered as an inflammatory disease. Inflammatory responses have been shown to be significantly enhanced in both obstructive and non-obstructive acute myocardial infarction patients accompanied with hyperglycemia (22). The inflammatory process is dominated by monocyte-derived macrophages in the early stage of plaque formation. Tissue-infiltrating macrophages eventually become the primary immune cells of plaque, where they take up cholesterol and store lipids in the form of small droplets, resulting in a unique morphology called foam cells (23). Monocyte recruitment governs the expansion of plaque formation, and the inhibition of monocyte infiltration and differentiation can attenuate early atherogenesis (24). Monocyte transmigration is induced by LDL but inhibited by HDL (25). Statins that used to lower LDL-C can reduce the number of monocyte-derived macrophages and the levels of C-reactive protein, eventually leading to plaque regression (26). Additionally, monocytes are associated with plaque rupture by secreting a variety of enzymes such as matrix metalloproteinases which are involved in the breakdown of the arterial extracellular matrix (27). HDL has been demonstrated to protect against plaque formation via promoting the efflux of cholesterol from cells and decreasing cholesterol levels (28). Moreover, HDL has anti-inflammation and anti-oxidation properties by reducing lipid peroxidation and deposition, and minimizing the accumulation of foam cells in the artery wall (29). The intrinsic relationship between monocytes and HDL in the development of atherosclerosis suggests that the combination of monocytes and HDL-C (presented as MHR) may better reflect the inflammatory process of atherosclerosis than either alone.

Indeed, MHR reflects both immune and metabolic status and is associated with pathological processes in many diseases (30–34). In patients with atherosclerotic CV disease mainly characterized by inflammation and lipid deposition, MHR has a significant prognostic role. It was reported that a higher MHR was associated with a worse prognosis in CAD patients who underwent PCI (14). MHR was shown to be an independent predictor of in-stent restenosis and adverse CV outcomes in patients with STEMI (35–37). Also, a higher MHR was demonstrated to be independently associated with a higher risk of intracoronary thrombus burden and no-reflow phenomenon (38, 39). Similar to these studies, we also found MHR was an independent predictor of adverse CV outcomes in patients with ACS undergoing PCI. Of note, there was a borderline differential effect of MHR across sex in our study. MHR seemed to have better predictive value of cardiovascular outcomes in female patients than in male patients. As we known, clinical outcomes from ACS are worse for women than for men (40). In our study, the correlation of MHR with hs-CRP was more significant in female patients (r = 0.424, P < 0.001) than in male patients (r = 0.418, P < 0.001). The hs-CRP is considered an ideal indicator of systemic inflammation and has been shown to be strongly associated with poor prognosis (41). This may be one reason why there was a borderline differential effect of MHR across sex. However, prospective studies with large sample sizes and sufficient statistical power are needed to confirm sex differences in MHR prediction of adverse cardiovascular events.

The GRACE risk score derived from an international registry involving more than 100,000 patients in 30 countries has been widely used to predict in-hospital and long-term outcomes in ACS patients. Many studies have confirmed the short- and long-term predictive value of the GRACE risk score (42, 43). However, inflammatory and lipid biomarkers were not taken into consideration in the GRACE risk score. In terms of inflammatory biomarkers, previous studies have shown that C-reactive protein has a weak correlation with the GRACE risk score and the addition of C-reactive protein can improve the predictive ability of the GRACE risk score (44). Also, the introduction of neutrophil counts or neutrophil to lymphocyte ratio can increase the predictive value of the GRACE risk score (45). Remarkably, monocyte counts were shown to be correlated with the GRACE risk score (46). Considering lipid biomarkers, the addition of LDL-C or lipoprotein(a) has been demonstrated to improve the predictive ability of the GRACE risk score (47, 48). Therefore, inflammatory and lipid biomarkers can add the predictive value on top of the GRACE risk score. In the present study, we found that adjustment of the GRACE risk score by MHR (as a marker for inflammation and lipid metabolism) improved prediction of adverse CV outcomes in patients with ACS undergoing PCI.



LIMITATION

Several limitations must be taken into account when interpreting the results of our study. First, the present study was only a single-center observational study, so the effects of unmeasured and undetected confounding variables cannot be excluded. Second, the data of this study were limited to the Chinese population, so the ethnic difference cannot be eradicated. Third, both monocytes and HDL-C were measured at admission; however, values measured at discharge or changes during follow-up may be even more predictive.



CONCLUSION

MHR was independently and significantly associated with adverse CV outcomes and improved the predictive ability of the GRACE risk score in ACS patients who underwent PCI. Clinical trials are needed to determine whether medical management optimization based on the MHR reduces the risk of subsequent CV events.
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