

[image: image1]
Triglyceride/HDL-Cholesterol Ratio as an Index of Intracranial Atherosclerosis in Nonstroke Individuals












	
	ORIGINAL RESEARCH
published: 18 January 2021
doi: 10.3389/fneur.2020.504219






[image: image2]

Triglyceride/HDL-Cholesterol Ratio as an Index of Intracranial Atherosclerosis in Nonstroke Individuals

Min-Hee Woo1†, Kee Ook Lee1†, Darda Chung1, Jung-Won Choi1, Sang-Heum Kim2 and Seung-Hun Oh1*


1Department of Neurology, CHA Bundang Medical Center, CHA University, Seongnam, South Korea

2Department of Radiology, CHA Bundang Medical Center, CHA University, Seongnam, South Korea

Edited by:
Tatjana Rundek, University of Miami, United States

Reviewed by:
Ilaria Di Donato, University of Siena, Italy
 Yuishin Izumi, Tokushima University, Japan

*Correspondence: Seung-Hun Oh, ohsh72@chamc.co.kr

†These authors have contributed equally to this work and share first authorship

Specialty section: This article was submitted to Stroke, a section of the journal Frontiers in Neurology

Received: 11 October 2019
 Accepted: 07 December 2020
 Published: 18 January 2021

Citation: Woo M-H, Lee KO, Chung D, Choi J-W, Kim S-H and Oh S-H (2021) Triglyceride/HDL-Cholesterol Ratio as an Index of Intracranial Atherosclerosis in Nonstroke Individuals. Front. Neurol. 11:504219. doi: 10.3389/fneur.2020.504219



Background: Triglyceride (TG)/high-density lipoprotein cholesterol ratio (THR) is a marker of dyslipidemia, and high THR is associated with an increase in cardiovascular events. In the present study, whether THR was associated with various markers of cerebral vascular pathologies, atherosclerosis of major cerebral arteries, including large artery atherosclerosis (LAA) and cerebral small vessel disease (SVD), in neurologically healthy individuals was investigated.

Methods: Vascular risk factors, brain magnetic resonance imaging (MRI) scans, and MR angiograms of 851 study subjects were evaluated. Findings of extracranial atherosclerosis (ECAS) and intracranial atherosclerosis (ICAS) were considered indices of LAA based on brain MR angiograms. The presence of silent lacunar infarct (SLI) and white matter hyperintensities (WMHs) were evaluated as indices of SVD based on brain MRIs.

Results: Subjects with ICAS (odds ratio, 1.83; 95% confidence interval, 1.06–3.16; P = 0.03) were significantly more likely to have high THR tertile (THR > 2.06) than low THR tertile (THR < 1.37) after adjusting for cardiovascular risk factors. THR was higher in subjects with multiple ICAS lesions than in those with single ECAS or without ICAS lesions. Associations among THR tertiles in ECAS, SLI, and WMHs were not significant.

Conclusion: In the present study, a positive association between high THR and the development of ICAS was observed in neurologically healthy participants.
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INTRODUCTION

Modification of vascular risk factors is important for future stroke prevention. Ischemic stroke is caused by heterogeneous vascular pathologies in the brain (1). Atherosclerosis of major cerebral arteries is one of the strongest risk factors for ischemic stroke. The large artery atherosclerosis (LAA) is divided into extracranial atherosclerosis (ECAS) and intracranial atherosclerosis (ICAS) based on the anatomical site of atherosclerosis. In recent studies, ECAS and ICAS were reported to differ based on ethnic background and pathogenesis (2–4).

Cerebral small vessel diseases (SVDs), such as silent lacunar infarct (SLI) and cerebral white matter hyperintensities (WMHs), are other risk factors for ischemic stroke (5). SVD is caused by occlusion of small perforating arteries or arterioles in the brain (6). Although SVDs share common risk factors with LAA, the pathogenesis is distinct from LAA (7). These findings indicate novel factors besides classical vascular risk factors for ischemic stroke may be involved in the distinct break cerebrovascular pathology.

Hyperlipidemia, usually defined as high level of serum low-density lipoprotein cholesterol (LDL-C), is a risk factor for coronary arterial atherosclerotic disease. Statins can significantly decrease (up to 37%) the incidence of cardiovascular disease (8). Serum LDL-C levels are also a risk factor for ischemic stroke. The Stroke Prevention by Aggressive Reduction in Cholesterol Levels trial in patients with recent stroke or transient ischemic attack clearly showed that intensive lowering of LDL-C using statin treatment reduced the overall incidence of strokes and cardiovascular events (9). However, residual cardiovascular risk remains high despite significant effects of LDL-C lowering therapy for prevention of ischemic stroke. Because many patients with ischemic stroke still have a high residual risk of recurrent stroke or cardiovascular events despite extensive LDL-C lowering treatment, additional lipid modifications beyond controlling traditional vascular risk factors are needed to reduce the residual risk.

Triglyceride (TG) and high-density lipoprotein (HDL-C) are lipid elements that are commonly tested in clinical setting. Several studies have shown that high level of TG contributes to the development and progression of atherosclerosis and risk for ischemic stroke (10–12). Low level of HDL-C increases the rate of ischemic stroke (13) and carotid stenosis (14).

Recently, the LDL particle phenotype has attracted more attention than the total amount of LDL-C because small, dense LDL particles are highly atherogenic. Atherogenic dyslipidemia, defined as high level of serum TG, high level of small/dense LDL particles, and low level of HDL-C, evidently increases cardiovascular disease (15). Furthermore, the simultaneous use of TG and HDL-C has been found to be more useful than isolated lipid levels because this level closely reflects the complex interactions of lipoprotein metabolism (16). The TG and HDL-C level ratio (THR) was shown directly correlated with small, dense LDL particles in several studies, indicating THR could be feasibly used as an index of atherogenic dyslipidemia in the clinical setting (17–19). In addition, high THR is associated with insulin resistance, metabolic diseases, and cardiocerebrovascular diseases (20–22).

However, whether THR is associated with different cerebrovascular pathologies remains unknown. In several studies, a positive association was observed between THR and LAA (23, 24); however, other research has shown an association between THR and SVDs (25). Moreover, the association of THR with four distinct cerebrovascular pathologies (ECAS, ICAS, SLI, and WMH) in a single cohort has not been investigated. In the present study, the association of THR with different cerebrovascular pathologies in nonstroke individuals was investigated.



PATIENTS AND METHODS


Study Population and Protocol

The study was a retrospective analysis of neurologically healthy individuals who visited the outpatient clinic of the Department of Neurology or Healthcare Center in the CHA Bundang Medical Center between March 2008 and December 2014. All subjects presented for routine health examinations or medical attention due to underlying cardiovascular risk factors. Briefly, only individuals ranging from 50 to 79 years of age who underwent brain magnetic resonance imaging (MRI) and magnetic resonance angiography (MRA) were enrolled. The medical records, laboratory tests results, and radiological findings were reviewed. The study included only subjects whose records contained adequate demographic, radiological, and laboratory data. Among 959 study subjects, 108 were excluded for the following reasons: inadequate medical information (n = 22), no laboratory tests performed (n = 74), and previous history of neurological disease (n = 12). A total of 851 subjects were included in this study. Each subject's data were deidentified prior to analysis. The institutional review board (IRB) of CHA Bundang Medical Center approved the study (IRB no. BD-2010-083).



Diagnostic Criteria for Clinical Characteristics

Hypertension was diagnosed if the subject had a systolic blood pressure ≥ 140 mm Hg or a diastolic blood pressure ≥ 90 mm Hg on repeated measurements, or the subject was taking antihypertensive medication. Diabetes mellitus was diagnosed if the subject had a fasting plasma glucose ≥ 7.0 mmol/L or was taking antidiabetic medications or insulin. Hypercholesterolemia was diagnosed if the subject had a total cholesterol ≥ 5.69 mmol/L or was taking lipid-lowering agents. Current smoking was defined if the subject had smoked within 1 year prior to examination. Coronary arterial occlusive disease (CAOD) was diagnosed if subjects had a history of acute myocardial infarction, unstable angina, CAOD confirmed by angiography, or coronary surgery or intervention. Chronic kidney disease (CKD) was defined as an estimated glomerular filtration rate <60 mL/min/1.73 m2.



Measurement of Blood Parameters and THR

Laboratory data collected for analysis included serum fasting glucose, total cholesterol, HDL-C, and TG. The THR was calculated as TG divided by HDL-C. To evaluate the factors associated with THR, subjects were divided into three groups based on serum THR tertile: (1) low THR tertile group (T1), THR < 1.37; (2) middle THR tertile group (T2), THR ranging from 1.37 to 2.06; and (3) high THR tertile group (T3), THR > 2.06.



Diagnostic Criteria for Cerebral Atherosclerosis and Cerebral SVDs

Brain MRI and MRA were performed using one of three 1.5-T MR systems (Sonata, Siemens Healthcare, n = 568; Signa Excite, GE Healthcare, n = 88; Signa HDx, GE Healthcare, n = 95). A radiologist who was blinded to clinical and laboratory data assessed the images. ECAS and ICAS were evaluated as MR indices of LAA based on the location of atherosclerotic lesions visualized using MRA. The ECAS was defined as stenosis ≥50% in the external cranial portion of the internal carotid artery or vertebral artery on gadolinium contrast-enhanced MRA, using methods described in the North American Symptomatic Carotid Endarterectomy Trial study (26). The ICAS was defined as stenosis ≥50% in the proximal portions of the middle cerebral artery, anterior cerebral artery, posterior cerebral artery, intracranial portion of the vertebral artery, and basilar artery based on time-of-flight image, using the method described in the Warfarin vs. Aspirin for Symptomatic Intracranial Disease study (27). Normal arterial variations, such as a unilateral origination of the bilateral anterior cerebral arteries or fetal-type posterior cerebral artery, were not regarded as true atherosclerosis.

Next, SLI and WMHs were evaluated as MR indices of SVD visualized on brain MRI. The SLI was defined as a small (3–15 mm in diameter) cavity-like lesion in an area of low signal intensity on T1-weighted images [repetition time (TR)/echo time (TE) = 560/14 ms]. The WMH was defined as a hyperintense lesion in an area of bilateral cerebral white matter visualized on a fluid-attenuated inversion recovery image (TR/TE = 9,000/105 ms, inversion time, 2,500 ms). The degree of the WMH was scored using the visual grading method proposed by Fazekas et al. (28). Periventricular and deep subcortical white matter scores were added (ranging from 0 to 6 points), and lesions with a score ≥3 points were regarded as WMHs in the brain.



Statistical Analyses

To evaluate the factors associated with THR tertile group, a between-group comparison was conducted using analysis of variance (ANOVA) for continuous variables and χ2 test for categorical variables. To evaluate the independent association of ECAS, ICAS, SLI, or WMH across THR tertile groups, binary logistic regression analyses were performed between each group with the low THR tertile group as a reference group. Potential confounding factors were adjusted including age, gender, hypertension, diabetes, statin medication, current smoking, CAOD, CKD, and other significant variables obtained from univariate analysis. Odds ratio (OR) and 95% confidence interval (CI) were calculated. All statistical analyses were performed using the R package for Windows (version 3.1.3; R Foundation for Statistical Computing, Vienna, Austria). A two-sided P < 0.05 was considered statistically significant.




RESULTS

The mean age of the 851 study subjects was 65.2 ± 8.8 years, and 60.4% were females. The mean THR was 1.5 ± 1.5. The prevalence of ECAS, ICAS, SLI, and WMHs was 14.2, 13.6, 16.6, and 30.6%, respectively. The distributions of several baseline characteristics of the entire study population across THR tertiles are shown in Table 1. The prevalence of ICAS was significantly different among THR tertile groups, with a higher THR associated with a more frequent prevalence of ICAS (P = 0.048, Table 1). The prevalence of ECAS, SLI, and WMHs did not differ among THR tertile groups. Logistic regression analyses were performed to compare ECAS, ICAS, SLI, and WMHs across THR tertile groups after adjusting for confounding factors (age, gender, hypertension, diabetes mellitus, smoking status, statin medication, CAOD, and CKD; Table 2). The prevalence of ICAS was significantly higher in the high THR group (T3) than in the low THR tertile group (T1) (OR, 1.83; 95% CI, 1.06–3.16; P = 0.03). The prevalence of ICAS was not significantly different between the middle and low THR tertile groups. The prevalence of ECAS, SLI, and WMHs did not differ among THR tertile groups based on multivariate logistic regression analysis.


Table 1. Clinical characteristics of subjects based on THR tertiles.
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Table 2. Logistic regression analysis of ECAS, ICAS, SLI, and WMH based on THR tertiles.
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In the logistic regression analysis to evaluate the individual risk factors associated with LAA and SVD indices, a significant association was observed between THR and ICAS (OR, 1.24; 95% CI, 1.10–1.39; P = 0.001). Other significant variables for ICAS were older age and high prevalence of hypertension. THR showed no significant association in subjects with ECAS, SLI, and WMHs. Significant variable for ECAS was high prevalence of diabetes mellitus. Significant variables for SLI were older age, a high prevalence of hypertension, and current smoker. Significant variables for WMH were older age, a high prevalence of hypertension, and CKD (Table 3).


Table 3. Logistic regression analysis of vascular risk factors for ECAS, ICAS, SLI, and WMH.
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The effects of THR on the number of ICAS lesions were investigated in patients without ICAS lesion (n = 734), patients with single ICAS lesion (n = 59), and patients with multiple ICAS lesions (n = 57). Statistical significant difference was observed in the THR among the three groups based on ANOVA (F = 14.03, P < 0.001). The post hoc analysis showed that subjects with multiple ICAS lesions had higher THR (2.55 ± 3.09) than subjects without ICAS lesions (1.47 ± 1.29) and subjects with a single ICAS lesion (1.61 ± 1.37; Figure 1).


[image: Figure 1]
FIGURE 1. Mean THR among patients without ICAS lesion (n = 734), patients with single ICAS lesion (n = 59), and patients with multiple ICAS lesions (n = 57). The X axis represents the number of ICAS lesions. * <0.05 based on Tukey b test. The error bar represents the standard deviation.




DISCUSSION

In the present study, THR was closely associated with ICAS. After adjusting for confounding factors, subjects with high THR tertile displayed 83% higher prevalence of ICAS compared with subjects with low THR tertile. Conversely, THR was not associated with other cerebrovascular pathologies including ECAS and SVD. In agreement with our findings, Sirimarco et al. reported that symptomatic ICAS was strongly associated with low HDL-C and high TG levels (24). In addition, Kang et al. demonstrated that THR was associated with the presence of a steno-occlusive lesion in the basilar artery (23). These results indicate THR as an index of atherogenic dyslipidemia is a useful marker for ICAS, and different pathogenesis exists between ICAS and other cerebrovascular pathologies.

Although the mechanism of the differential impact of THR on ICAS and ECAS is unclear, several explanations are possible. In recent studies, EC and IC arteries were shown to have different metabolic and biological properties. The IC arteries have higher antioxidant capacity and become more prone to oxidative stress than EC arteries (29). HDL-C has antioxidant activity, which inhibits the oxidation of phospholipids and the activity of LDL-C (30). Low HDL-C possibly increases the oxidative stress in the more vulnerable IC arteries than EC arteries, which leads to development of ICAS. Another explanation is the closed link between metabolic syndrome (MetS) and ICAS. In several studies, MetS was more specifically associated with ICAS than ECAS (31–33). Because both TG and HDL-C are indicative of MetS, high THR may contribute to development of ICAS. In addition, MetS is associated with insulin resistance and increases the patient's vulnerability to oxidative stress (34). Insulin resistance was also associated with ICAS in nondiabetic patients (35). TG and HDL-C are independently associated with insulin resistance (36) but are more likely to be caused by abnormalities unrelated to insulin resistance (37). Therefore, THR may be a physiologically more relevant choice than HDL-C or TG alone. In addition, elevated TG and reduced HDL-C levels facilitate the formation of atherogenic LDL particles (19). Because of pathophysiological characteristics of both adventitia and media of the intracranial arteries, small, dense LDL particles penetrate the arterial wall more easily and bind to proteoglycans, rendering the arteries more susceptible to oxidative modifications (24, 38). Overall, the combination of these two conditions (elevated TG and reduced HDL-C levels) may be specifically associated with ICAS and higher risk of early recurrent stroke (24).

In addition, THR was not associated with SLI and WMHs as indices of SVD in the present study. To date, few studies have been performed within the context of observing an association between THR and SVD. In a cross-sectional study in a healthy Korean population, a positive association was observed between THR and males with silent brain infarct (25). In our population, no associations were found among THR tertiles in SLI and WMHs. Our main finding is that THR and ICAS are closely related to positive correlation. Although low HDL-C level was shown associated with WMH severity (39), the authors did not evaluate the relationship between THR and WMH. Reasons for discrepancies between previous studies and our data may be due to differences in study design and subject characteristics. In contrast to the well-known association between hyperlipidemia and LAA, the relationship between hyperlipidemia and SVD is unclear (7). SVDs were shown to have mechanistically different pathogenesis than LAA, such as lipohyalinosis, segmental demyelination, and endothelial dysfunction, indicating the nonatherogenic nature of SVDs (40). Because of the current lack of data, further studies are needed to clarify the exact association between THR and SVD.

The present study had several limitations. First, because this study was retrospective in design, a selection bias existed. Furthermore, the demographic characteristics were not the same as the general population because the study subjects visited the outpatient department for seeking underlying cardiovascular risk factors. For this reason, the possibility of selection bias was not completely excluded. Second, all study subjects were Koreans, so the results cannot be generalized to the general population. Because the prevalence of ICAS and SVD is higher in Asians than in the Western population, the results may differ across ethnicities. Third, the definition in the present study of atherosclerosis based on brain MRA did not include mild cases because of low MRA resolution. Fourth, this is a single-center study, and the sample size was too small to be generalized, requiring large-scale external validation of the current study. Fifth, statin was included in this study, but antiplatelet or anticoagulant agents were not included in the analysis. Antiplatelet or anticoagulant agents may affect atherosclerosis, so further research is needed for investigation. Finally, serum LDL-C levels and body mass index, which have a significant effect on THR and atherosclerosis, were not identified. Although serum LDL-C level is an established risk factor for coronary heart disease, the association between LDL-C and cerebral atherosclerosis is controversial (41). In a retrospective analysis of patients with ischemic stroke or transient ischemic attack, an elevated level of serum THR, but not LDL-C, was associated with large artery atherosclerotic stroke in close agreement with the results of our study (41). In addition, THR was shown a better predictor of LDL particle size than LDL-C in nondiabetic patients (18, 37, 42, 43). Therefore, LDL-C levels are less likely to affect the association between THR and ICAS. A firm conclusion could not be drawn based on results from the present study; thus, further prospective observations conducted on the general population are necessary to validate the results.



CONCLUSION

THR was independently correlated with ICAS. Conversely, THR did not show any significant value for diagnosis of other cerebrovascular pathologies. Based on the study results, THR can be used as a feasible, efficient, routine, immediately obtainable, and inexpensive biomarker for ICAS. Because various treatment strategies necessary to reduce the risk of ischemic stroke depend on different cerebrovascular pathologies, further studies are needed, and nonstatin lipid-lowering agents for increasing HDL-C and reducing TG could be a promising treatment strategy for prevention of ICAS-related stroke.
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