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Objective: Monocyte to high-density lipoprotein ratio is considered as a new inflammatory marker and has been used to predict the severity of coronary heart disease and the incidence of adverse cardiovascular events (ACEs). However, there is a lack of data relative to large artery atherosclerosis (LAA) ischemic stroke. We investigated whether the monocyte to high-density lipoprotein (HDL) ratio (MHR) is related to the 3-month functional prognosis of LAA ischemic stroke.

Materials and Methods: A retrospective analysis was conducted on 316 LAA ischemic stroke patients. The 3-month functional outcome was divided into good and poor according to the modified Rankin Scale (mRS) score. Multivariate logistic regression analysis was performed to evaluate the correlation between MHR and prognosis of ischemic stroke.

Results: The MHR level of poor functional outcome group was higher than that of the good functional outcome group [0.44 (0.3, 0.55) vs. 0.38 (0.27, 0.5), P = 0.025]. Logistic stepwise multiple regression revealed that MHR [odds ratio (OR) 9.464, 95%CI 2.257–39.678, P = 0.002] was an independent risk factor for the 3-month poor outcome of LAA ischemic stroke. Compared to the lower MHR tertile, the upper MHR tertile had a 3.03-fold increase (95% CI 1.475–6.225, P = 0.003) in the odds of poor functional outcome after adjustment for potential confounders. Moreover, a multivariable-adjusted restricted cubic spline (RCS) showed a positive close to a linear pattern of this association.

Conclusion: Elevated MHR was independently associated with an increased risk of poor 3-month functional outcome of patients with LAA ischemic stroke.
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INTRODUCTION

Stroke has emerged as a major burden of the healthcare system and a frequent focus of chronic disease prevention and control in China (1). Ischemic stroke accounts for ~85% of all strokes, and it has emerged as one of the leading medical and health care problems worldwide (2). Atherosclerosis, especially intracranial atherosclerosis, is a highly prevalent cause of ischemic stroke (3). Large artery atherosclerosis (LAA) ischemic stroke is a common type of ischemic stroke, according to the classification of the Trial of ORG 10172 Acute Stroke Treatment (TOAST) (4). Studies reported that inflammatory markers, or the potential inflammatory processes they represent played an important role in the development of atherosclerosis, plaque rupture, and ultimately, arterial thrombotic diseases (5, 6). Some novel biomarkers, including adiponectin and neurofilament light chain, have been found to be able to predict the prognosis of ischemic stroke at an early stage (7, 8). Recently, the monocyte to high-density lipoprotein (HDL) ratio (MHR) has been considered as a new inflammatory marker, that includes the protective mechanism and injury mechanism, and is closely related to atherosclerosis and thrombosis (9, 10). Monocytes/macrophages are types of cells that play a key role in releasing pro-inflammatory cytokines and participate in all stages of the inflammation process (11). They promote inflammatory response and reduce plaque stability by releasing pro-inflammatory cytokines, and thus cause complications such as plaque rupture and hemorrhage, and thrombosis (12, 13). After the ischemic stroke event, monocytes/macrophages were also found to be involved in stroke-induced inflammation and injury (14). On the contrary, HDL can reversely transport cholesterol in the plaque through the ABCA1 pathway and protect the integrity of endothelial cells by inhibiting the oxidation of low-density lipoprotein (LDL) (15). In addition, it reduces the adhesion of monocytes by inhibiting the expression of endothelial cell adhesion molecules and inhibits the differentiation of monocytes to macrophages, which results in a limited inflammatory response (16, 17).

Current studies indicated that MHR was of great value in assessing the severity of coronary heart disease and predicting the incidence of adverse cardiovascular events (ACEs), such as stent thrombosis and mortality (18–20). Recently, a study found that high MHR level was related to the poor functional prognosis of patients with acute ischemic stroke, especially the stroke subtype of LAA (21). Other studies based on patients with ischemic stroke showed that elevated MHR level was associated with high mortality but a low risk of hemorrhagic transformation (22, 23). Indeed, there are few studies on the correlation between MHR and ischemic stroke, especially LAA ischemic stroke.

In this study, we aimed to evaluate the correlation between MHR and 3-month functional prognosis in LAA ischemic stroke patients.



MATERIALS AND METHODS


Study Population

Medical records of patients, who were admitted to the Second Affiliated Hospital of Wenzhou Medical University, with the diagnosis of LAA ischemic stroke between January 2018 and August 2019 were retrospectively collected. The diagnosis of LAA ischemic stroke was referred to the TOAST system (4).

Exclusion criterion was as follows: (1) time from onset to admission over 14 days; (2) history of acute coronary syndrome (ACS) or stroke within the past 3 months, cancer, hematologic disorders, severe hepatic and renal insufficiency; (3) active infection on admission; (4) long-term use of the lipid-lowering drug (more than 1 month); (5) receiving intravenous thrombolysis or interventional therapy on admission; (6) incomplete medical records. Finally, a total of 316 patients were included in this study (Figure 1). This study protocol was approved by the Ethics Committee of the Second Affiliated Hospital and Yuying Children's Hospital of Wenzhou Medical University (approval no. 2021-k-100-01), and the whole data and procedures complied with the principle of ethical standards.
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FIGURE 1. Flowchart of participant selection.


In this study, information about demographic and clinical characteristics, as well as hematologic and imaging data, were collected from medical records. Hypertension included systolic blood pressure (BP) ≥140 mmHg or diastolic BP ≥90 mmHg, or a previously diagnosed hypertension. Diabetes mellitus included fasting blood glucose (FBG) level ≥126 mg/dl (7 mmol/L), non-fasting glucose level ≥200 mg/dl (11.1 mmol/L), or a previously diagnosed diabetes. National Institutes of Health Stroke Scale (NIHSS) score was assessed by trained neurologists based on symptoms and signs at the time of admission. The 3-month functional prognosis was assessed according to the modified Rankin Scale (mRS). Good and poor functional prognoses were defined as mRS ≤ 2 and mRS >2, respectively. The time deviation of functional prognosis follow-up did not exceed 7 days.



Laboratory Parameters

Venous blood samples were obtained within 24 h of admission. A hematological test was collected with an EDTA tube and biochemical analysis was collected with a dry tube. Cell counting and classification were performed using a Sysmex XE-5000 Automatic Hematology Analyzer (Sysmex Corp., Kobe, Japan). Biochemical parameters, including cholesterol level, were performed using a Beckman AU5800 Automatic Analyzer (Beckman Coulter Inc., CA, USA). MHR was calculated by dividing the monocyte count by the HDL cholesterol level.



Statistical Analysis

Continuous variables were tested for normal distribution using Kolmogorov–Smirnov test. Normal distribution data were presented as mean ± SD, while non-normal distribution data were represented as medians (interquartile range, IQR). Independent-sample t-test and/or Mann-Whitney U-test were used for comparison between the two groups. Categorical variables were presented as numbers (percentages) and analyzed by chi-square or Fisher's exact test. Multivariate binary logistic regression analysis was performed to determine the independent risk factors for a 3-month poor prognosis of LAA ischemic stroke. Potential confounding covariates adjusted in multivariate logistic regression analyses included factors with a P < 0.1 in univariate analyses and other potential related factors. The continuous variable MHR was then divided into tertiles, and logistic analysis was conducted again to evaluate the correlation between MHR and 3-month functional prognosis. Finally, we used a multivariate logistic regression model with a restricted cubic spline (RCS) graph to explore the association between MHR and the risk of poor outcome of LAA ischemic stroke. Statistical analysis was performed using IBM SPSS Statistics version 26 (IBM Corp., Armonk, N.Y., USA) and R software, version 3.4.3 (R Foundation for Statistical Computing, Vienna, Austria). A two-tailed P < 0.05 was considered statistically significant.




RESULTS


Baseline Characteristics

A total of 316 patients with LAA ischemic stroke were included in the analysis, including 209 males (66.1%) and 107 females (33.9%). The average age of the patients was 64.66 ± 12.24 years. In this study, the proportion of patients from onset to admission within 3 days was 81.3%. During hospitalization, 11 patients (3.5%) developed intracranial hemorrhage transformation (HT), 37 patients (11.7%) developed a nosocomial infection, and 6 patients (1.9%) developed deep venous thrombosis (DVT). During 3-month follow-up, 194 patients (61.4%) had good functional prognosis, and 122 patients (38.6%) had poor functional prognosis.

Baseline characteristics of patients between different outcome groups were summarized in Table 1. The MHR value of the poor outcome group was higher than that of the good outcome group, and the difference was statistically significant (P = 0.025). In addition, compared with patients with a 3-month good outcome, those patients with 3-month poor outcomes were older (P < 0.001), and comprised a higher frequency of diabetes mellitus (P < 0.001), higher baseline NIHSS score (P < 0.001) as well as a higher incidence of nosocomial infection (P = 0.04). Patients with poor outcome also had higher level of white blood cell (WBC) (P = 0.027), neutrophil (P = 0.015), and FBG (P = 0.004), but lower level of triglyceride (P = 0.025). The comparison results of other baseline indicators between the two groups were also shown in Table 1.


Table 1. Baseline characteristics of the study population in relation to 3-month outcome.
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Association Between MHR and Prognosis of LAA Ischemic Stroke

Age, gender, history of smoking, history of drinking, hypertension, diabetes mellitus, NIHSS, WBC, neutrophil, lymphocyte, FBG, triglyceride, HDL, MHR, nosocomial infection, and DVT were included in the multivariate analysis as independent variables. Logistic stepwise multiple regression revealed that age [odds ratio (OR) 1.045, 95%CI 1.02–1.071, P < 0.001], NIHSS (OR 1.357, 95%CI 1.249–1.475, P < 0.001), diabetes mellitus (OR 2.078, 95%CI 1.166–3.703, P = 0.013), MHR (OR 9.464, 95%CI 2.257–39.678, P = 0.002) were independent risk factors for the 3-month poor outcome of LAA ischemic stroke (Table 2).


Table 2. Multivariate logistic regression modela of predictors to 3-month poor outcome.
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The MHR was then divided into tertiles (lower tertile: MHR ≥0.03, but <0.32; middle tertile: MHR ≥0.32, but <0.48; upper tertile: MHR ≥0.48, but ≤ 1.21). Univariate and multivariate logistic regression analyses were performed to analyze the association between MHR and 3-month functional prognosis. The crude OR of MHR in the upper tertile was 1.786 (95% CI 1.016–3.141, P = 0.044) compared with the lower tertile (Table 3). After adjustment for covariates, the upper tertile group remained a significant higher risk of poor outcome than lower tertile group (model 2: OR 1.865, 95%CI 1.016–3.422, P = 0.044; model 3: OR 3.03, 95%CI 1.475–6.225, P = 0.003; Table 3).


Table 3. Univariate and multivariate logistic analyses of the association between MHR and 3-month poor outcome.
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In addition, we used multivariable-adjusted RCS to explore the dose-response relationship between MHR and the risk of 3-month poor outcome of LAA ischemic stroke (Figure 2). It showed that elevated MHR was associated with an increased risk of poor outcomes in LAA ischemic stroke patients.
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FIGURE 2. Multivariable-adjusted RCS analysis with four knots (at the 5th, 35th, 65h, 95th percentiles) was performed to explore the association between MHR and the risk of poor outcome of LAA ischemic stroke. It was adjusted for age, gender, history of smoking, history of drinking, hypertension, diabetes mellitus, NIHSS, WBC, neutrophil, lymphocyte, FBG, triglyceride, HDL, nosocomial infection, and DVT. The solid line indicates adjusted ORs, and the dotted line indicates 95%CIs. RCS, restricted cubic spline; OR, odds ratio; CI, confidence interval; MHR, monocyte to high-density lipoprotein ratio; NIHSS, National Institutes of Health Stroke Scale; WBC, white blood cell; FBG, fasting blood glucose; HDL, high-density lipoprotein; DVT, deep vein thrombosis.





DISCUSSION

This study was one of the few to explore the correlation between MHR and the prognosis of ischemic stroke. The main findings of this study were as follows: (1) LAA ischemic stroke patients with poor 3-month outcomes had a higher level of MHR than those with the good outcome; (2) after adjusting for potential confounders, MHR (OR 9.464, P = 0.002), age (OR 1.045, P < 0.001), NIHSS (OR 1.357, P < 0.001), and diabetes mellitus (OR 2.078, P = 0.013) were independent risk factors for the 3-month poor outcome of LAA ischemic stroke; (3) there was an approximate linear dose-response relationship between MHR level and the risk of poor functional outcome.

The most common etiological subtype of ischemic stroke in Asians is LAA, accounting for about 33%, while the prevalence of cardioembolism is significantly lower in Asians than in Caucasians (15 vs. 28%) (24). Wei and Quan analyzed protein-protein interaction (PPI) networks for all subtypes of ischemic stroke and indicated that focal inflammatory response, lipids storage dysregulation, and atherosclerotic plaque rupture were relevant to LAA ischemic stroke development (25). Further analyses from their study showed that the inflammatory pathway was the key etiology for LAA and lacunar subtypes, while FOS and JAK2/STAT3 signaling pathways might contribute to cardioembolism subtype (25). Interaction between inflammation and immunity involves various stages of atherosclerosis, which modulates lesion initiation, progression, and potentially devastating thrombotic complications (11). The process of ischemic stroke involves complex interactions among many cellular participants, including endothelial cells, the extracellular matrix, the blood-brain barrier (BBB), neurons, and the immune system (26). Inflammation involves various pathophysiological stages, which also amplifiers and propagate neuronal damage after ischemic injury (6, 26). Pro-inflammatory chemokines and cytokines such as nuclear factor kappa B subunit 1 (NFκB1), tumor necrosis factor -α (TNF-α), and interleukin-6 (IL-6) have been found to be important drivers of inflammatory responses in LAA type stroke (25).

The activation of monocytes is an important step in the initiation of atherosclerosis (27). Due to endothelial dysfunction and increased expression of cell adhesion molecules, monocytes aggregate, and enter the subendothelial space, where these cells differentiate into mononuclear phagocytes, ingest large amounts of normal and modified lipoproteins, which transforms them into cholesterol-laden foam cells (28). As a type of macrophages, foam cells are the main contributors to the inflammatory response in the processes of atherosclerosis. They secrete pro-inflammatory cytokines including TNF, IL-1, and IL-6, and chemokines such as CXC-chemokine ligand 1 (CXCL1), CC-chemokine ligand 2 (CCL2), and CCL5, as well as macrophage retention factors including semaphorin 3E and netrin 1, and they further release tissue factors and their lipid contents through their final death by necrosis or apoptosis, which causes the formation of a prothrombotic necrotic core (28). And this necrotic core is the crucial component of unstable plaques and contributes to their rupture and the following thrombosis that underlies acute coronary events and ischemic stroke (28, 29). The monocyte count in the circulating pool was also considered to be a predictor of new plaque formation (30). In addition, it was found that acute and prolonged inflammatory processes existed in the event of cerebral ischemia injury, including the rapid activation of resident immune cells (mainly microglia), production of pro-inflammatory factors, and infiltration of various inflammatory cells (including neutrophils, monocytes/macrophages, T cells, and other cells) into the ischemic tissue (31). Monocytes/macrophages were found to be involved in stroke-induced inflammation and injury (14). Kaito et al. found that the blood monocytes increased within 0–16 days after the occurrence of an acute ischemic stroke event, among which CD14(high)CD16(–) classical and CD14(high)CD16(+) intermediate monocytes increased significantly from 0 to 7 and 3 to 16 days after stroke, respectively, while CD14(+)CD16(high) non-classical monocytes decreased during 0–7 days after stroke (32). The typical monocyte corresponds to Ly6Chigh in rodents and has a significant pro-inflammatory effect, while the non-typical monocyte corresponds to Ly6Clow in rodents and has an anti-inflammatory effect (14, 32). The detection of monocyte subsets is complex and expensive, while blood monocyte count is easy to obtain. Therefore, clinical studies on the correlation between blood monocyte count and disease are more common. A high monocyte count level was found to be associated with a high risk of coronary heart disease and worse outcomes in ischemic stroke (33, 34). Moreover, it was revealed that elevated blood monocyte level was an independent risk factor for worse post-stroke functional outcomes after adjusting for associated risk factors (35). Contrary to the pro-inflammatory, promoting atherosclerosis, and promoting thrombotic properties of monocytes, HDL plays a reverse role, which has anti-inflammatory, anti-oxidant, and anti-thrombotic properties (36, 37). Taborda et al. indicated that HDL exerted an immunomodulatory effect by affecting the activity of innate immunosensors including dectin-1, Toll-like receptors (TLRs), and inflammasomes, and exerted an anti-inflammatory effect by reducing the production of IL-6 and IL-1β (38). Murphy et al. revealed that HDL and its major protein component apolipoprotein A-1 exhibit an anti-inflammatory effect on human monocytes by inhibiting the activation of CD11b (39). In the functional model, it was observed that cells adhered to an endothelial cell monolayer, and monocytes spread under shear flow and transmigrated (39). Additionally, evidence was found that HDL inhibited the uptake of LDL and modified LDL by mononuclear macrophages (40). Moreover, it was suggested that HDL could stimulate the reverse cholesterol transport process from foam cells in plaques to the liver, protect the endothelium by activating the endothelial nitric oxide synthase (eNOS) pathway, and inhibit oxidation of LDL (15). Recently, a retrospective study based on a large sample of 67,544 patients with type 2 diabetes found consistent inverse correlations between HDL level and the risk of ischemic and hemorrhagic stroke (41). The protective effect of HDL on cardiovascular disease also has been reliably quantified in the large prospective cohort (42). In addition, a combination of low HDL and high galectin-3 was found to be associated with poor prognosis after ischemic stroke, which includes the composite outcomes of death and vascular events, recurrent stroke, and vascular events (43). In recent years, MHR, as a new inflammatory marker, has been proved to have important value in coronary atherosclerotic heart disease. It was revealed that elevated MHR level, indicating an enhanced inflammation and oxidative stress, was significantly associated with the occurrence of slow coronary flow (18). Cetin et al. found that high MHR level was related to the occurrence of stent thrombosis in ST-elevation myocardial infarction (10). Moreover, a prospective large sample study of 3,798 patients undergoing coronary angiography showed that MHR, similar to monocyte were effective predictors of ACEs, including acute myocardial infarction, unstable angina, unexpected coronary revascularization, stroke, heart failure, and death (44). Similarly, studies have found that MHR can effectively predict the severity of the disease and the occurrence of ACEs in patients with ACS (20, 45). However, few studies previously focused on the role of MHR in ischemic stroke. In recent years, related studies have been gradually reported. A cross-sectional study estimated the association of MHR and prevalent ischemic stroke among a large cohort of the general Chinese population, which showed that individuals in the highest quartile of MHR level had a 1.6-fold higher risk of prevalent ischemic stroke compared with those in the lowest quartile, and MHR level was linearly associated with the incidence of ischemic stroke (46). Two studies based on patients who had undergone mechanical thrombectomy (MT) for large artery occlusion showed that elevated MHR was independently associated with a worse 3-month functional outcome, but not significantly associated with 3-month mortality (47, 48). Yuo et al. suggested that the presence of MHR did not impact long-term survival or stroke rate after carotid artery stenting (CAS) (49). Elevated MHR has also been found to be associated with a higher risk of HT in those patients undergoing MT (47). But another study showed that elevated MHR was associated with a lower risk of HT in ischemic stroke patients (22). In addition, a study on MHR and prognosis of acute ischemic stroke showed that non-surviving patients had higher MHR levels, and a high MHR value was an independent risk factor for 30-day mortality in patients with acute ischemic stroke (23). The study included all types of ischemic stroke, but unfortunately, the association between MHR and different subtypes of ischemic stroke was not analyzed. It is worth noting that the LAA subtype represented the highest proportion of patients enrolled in the study, accounting for about half of all patients (23). A recent study revealed that increased MHR level was associated with a higher rate of early neurological deterioration (END) in patients with isolated pontine infarction, which is considered a typical type of atherosclerosis-related infarction (50). Findings from Omar et al. showed that MHR was the independent predictor for the presence of carotid artery disease (occlusion, stenosis, or plaque) in ischemic stroke patients (51). These studies further reveal that there may be a close correlation between MHR and intracranial and extracranial atherosclerotic diseases. Moreover, another recent study similar to our study indicated that MHR was a risk factor for the 3-month functional prognosis of ischemic stroke (21). The subjects of their study included patients with all types of acute ischemic stroke within 24 h. A logistic model was used to analyze the relationship between MHR and prognosis in five different subtypes of ischemic stroke subgroups, and it was found that this conclusion only existed in LAA ischemic stroke subtype, and the OR value was 2.52 (21). This is similar to our results, the OR value of MHR in our model is 2.247. In addition, our study strengthened the control of confounding factors, such as the inclusion of infarct sites and common complications. In this study, although there were no differences in monocyte and HDL levels between the good outcome group and the poor outcome group, the MHR levels between the two groups were statistically different. We suggest that MHR may magnify the existed relationship between these two parameters and the prognosis of LAA ischemic stroke. Our study showed that MHR at admission was still an independent risk factor for the 3-month poor outcome of LAA ischemic stroke after adjusting for potential confounding factors. However, the exact mechanism between high MHR level and poor prognosis after ischemic stroke is still unclear, but as mentioned above, this index includes both protective and injury mechanisms, reflecting the degree of inflammation activation and vascular disease. In addition, our research showed that age, NIHSS, and diabetes mellitus were also independent risk factors for the 3-month prognosis of LAA patients. Similar to our study, age, NIHSS, and diabetes, especially NIHSS, have also been found in other studies to be related to the prognosis of patients with acute ischemic stroke (52, 53). New and useful markers that can early predict the prognosis of ischemic stroke are of great significance, which may become the new therapeutic target and even further improve the prognosis of patients. MHR may be expected to be a good and stable predictor of ischemic stroke. Indeed, this requires a lot of research to confirm in the future.

This study has several limitations. First, the present study was a single-center retrospective study, and the sample size is not large enough. Second, the inflammatory process has dynamics and continuity, but the MHR was not dynamically multiple times measured in our study. Therefore, the dynamic trend of the indicator and its value were not reflected in this study. Third, although other studies found that MHR was particularly closely related to LAA ischemic stroke, we did not conduct research in other ischemic stroke subtypes. For these reasons, more research is needed to further verify our findings and explore their underlying mechanisms.



CONCLUSION

In conclusion, we suggest that elevated MHR value was dependently associated with an increased risk of the poor 3-month functional outcome in LAA ischemic stroke.
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