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ABSTRACT 

Aim: Triglyceride/high-density lipoprotein cholesterol (TG/HDL-C) ratio is defined as the 

serum atherogenicity index. High TG/HDL-C ratio is related with vascular diseases, insulin 

resistance and metabolic syndrome. The TG/HDL-C ratio in cerebrovascular diseases, 

especially in silent cerebral lesions hasn’t been well studied. The aim of this study was to 

evaluate the frequency of silent cerebral ischemia (SCI) and leukoaraiosis (LA), and its 

relationship with TG/HDL-C ratio in patients admitted with the first ischemic stroke attack. 

Material and Methods: We retrospectively evaluated 200 patients who admitted to Bulent 

Ecevit University Faculty of Medicine, Department of Neurology with the diagnosis of acute 

first ischemic stroke. Silent cerebral lesions were defined as LA and SCI with magnetic 

resonance imaging. TG/HDL-C ratio was calculated by dividing TG levels by HDL-C levels. 

Results: Silent cerebral lesions were detected 124 (83.2%) of 149 patients. LA severity was 

evaluated according to Fazekas score, 22 (14.8%) of patients were grade 0, 49 (32.9%) of them 

were grade 1, and 78 (52.3%) of them were advanced periventricular white matter 

hyperintensity (adv-PWMH) group. TG/HDL-C ratio in SCI group was higher than the group 

without SCI, but it wasn’t statistically significant (p=0.091). A significant increase was 

observed in the TG/HDL-C ratio, as LA severity increased. TG/HDL-C ratio was significantly 

higher in adv-PWMH group (p=0.050). 

Conclusion: High serum atherogenicity index is associated with atherosclerosis and vascular 

endothelial dysfunction. With this simple, inexpensive and effective test method, high-risk 

group of LA and SCI could be identified. 

Keywords: Silent cerebral ischemia; leukoaraiosis; TG/HDL-C ratio; serum atherogenic index. 

 

 

 

 

ÖZ 

Amaç: Trigliserid/yüksek yoğunluklu lipoprotein kolesterol (TG/HDL-K) oranı serum 

aterojenite indeksi olarak tanımlanmıştır. Yüksek TG/HDL-K oranı vasküler hastalıklar, 

insülin direnci ve metabolik sendrom ile ilişkilidir. Serebrovasküler olaylarda özellikle sessiz 

serebral lezyonlarda TG/HDL-K oranı ile ilgili çalışmalar azdır. Bu çalışmanın amacı, ilk 

iskemik inme atağı ile başvuran hastalarda sessiz serebral iskemi (SSİ) ve lökoariozis (LA) 

sıklığını ve TG/HDL-K oranı ile ilişkisini değerlendirmektir. 

Gereç ve Yöntemler: Bülent Ecevit Üniversitesi Tıp Fakültesi Nöroloji bölümüne akut ilk 

iskemik inme tanısı ile başvuran 200 hasta geriye dönük olarak değerlendirildi. Manyetik 

rezonans görüntüleme ile sessiz serebral lezyonlar SSİ ve LA olarak tanımlandı. TG/HDL-K 

oranı TG değerinin HDL-K değerine bölünmesi ile hesaplandı. 

Bulgular: Yüz kırk dokuz hastanın 124 (%83,2)’ünde sessiz serebral lezyon saptandı. LA 

şiddeti Fazekas skorlamasına göre değerlendirildi, hastaların 22 (%14,8)’si grade 0, 49 

(%32,9)’u grade 1 ve 78 (%52,3)’i ileri düzey periventriküler beyaz cevher lezyonu (advanced 

periventricular white matter hyperintensity, adv-PWMH) grubundaydı. SSİ grubunda 

TG/HDL-K oranı SSİ olmayan gruba göre daha yüksek bulundu, ancak istatistiksel olarak 

anlamlı değildi (p=0,091). LA şiddeti arttıkça TG/HDL-K oranında anlamlı bir artış olduğu 

izlendi. TG/HDL-K oranı, adv-PWMH grubunda anlamlı derecede yüksek idi (p=0,050). 

Sonuç: Yüksek serum aterojenite indeksi ateroskleroz ve vasküler endotelyal disfonksiyon ile 

ilişkilidir. Bu basit, ucuz ve etkili test yöntemi ile LA ve SSİ yüksek risk grubu belirlenebilir. 

Anahtar kelimeler: Sessiz serebral iskemi; lökoariozis; TG/HDL-K oranı; serum aterojenite 

indeksi. 
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INTRODUCTION 

Stroke is a common, serious, and disabling health-care 

problem. Stroke is the second leading cause of death and a 

major cause of disability worldwide. World Health 

Organization has defined stroke as a clinical signs of focal 

or global disturbance of cerebral function, with symptoms 

lasting 24 hours or longer, or leading to death, with no 

apparent cause other than of vascular origin (1). 

Stroke is associated with high mortality, morbidity, 

hospitalization rate and serious economic burden in 

developing countries. Knowing and preventing risk factors 

for stroke is important for a new direction to treatment 

approaches and take early measures (1,2). 

Silent cerebral lesions have been defined as leukoaraiosis 

(LA) and silent cerebral ischemia (SCI). SCI has been 

defined as ischemic lesions in patients without 

neurological symptoms and a history of stroke (3,4). LA is 

cerebral white matter abnormalities which is characterized 

by demyelination and ischemic injury (5,6). 

Studies have shown that SCI and LA increase the risk of 

stroke, mortality and morbidity after stroke (3,4,7). Thus, 

detecting and preventing risk factors of SCI and LA have 

gained prominence. It has been shown that various risk 

factors and pathophysiological mechanisms for SCI and 

LA. Lipohyalinosis, atherosclerosis and endothelial 

dysfunction are among these (8,9). The well-known risk 

factor is serum cholesterol level. According to 

international guidelines, it is recommended to control lipid 

profile, especially low density lipoprotein (LDL) levels 

(10). Recent studies have shown that LDL particle types 

are more important than their total amount for vascular 

complications (9,11). It has been determined that small 

dense low density lipoprotein (LDL) and small high 

density lipoprotein (HDL) particles are more effective for 

the development of atherosclerosis. According to studies, 

there is a strong relationship between high 

triglyceride/high density lipoprotein cholesterol 

(TG/HDL-C) ratio and plasma small dense LDL ratio (12). 

Atherogenic index of plasma (AIP) is calculated as the 

ratio between the TG value and HDL-C value (mg/dL). 

(TG/HDL-C) AIP is a major risk factor for metabolic 

syndrome, cardiovascular diseases and insulin resistance 

(9,13-15). Total cholesterol/triglyceride (TC/TG) ratio is 

another index which reflects LDL particle size (9). There 

are few studies about the role of TG/HDL-C ratio in silent 

cerebral lesions in cerebrovascular diseases (16). 

In this study, we aimed to evaluate the relationship 

between TG/HDL-C ratio and silent cerebral lesions in 

patients with first ischemic stroke. 

 

MATERIAL AND THE METHODS 

Participants 

Two hundred patients, who admitted to Zonguldak Bulent 

Ecevit University Faculty of Medicine, Department of 

Neurology, with first-ever ischemic stroke between 2016 

and 2019 were recorded retrospectively. Patients with 

cerebral or subarachnoid hemorrhage, symptomatic stroke 

history and under 35 years of age were excluded. 

Demographic data of the patients (age, gender, body mass 

index, diabetes mellitus, hypertension, ischemic heart 

disease, hyperlipidemia, smoking, alcohol and drug use) 

was recorded retrospectively. Fifty-one patients with 

diabetes  mellitus,  hypertension,  ischemic  heart  disease,  

 

hyperlipidemia, atrial fibrillation, smoking, alcohol use, 

use of antiplatelet, anticoagulant, antihypertensive or 

antilipidemic medication and subjects with missing 

covariate data were excluded the study. Lipid profiles 

included total cholesterol (TC), LDL cholesterol, HDL-C 

and TG were recorded in 149 patients. The TG/HDL-C 

ratio was calculated after dividing absolute TG levels by 

absolute HDL-C levels in peripheral blood. TG/HDL-C 

ratio (AIP) and TC/TG ratios were calculated. Our study 

was approved by Bulent Ecevit University Clinical 

Research Ethics Committee (29.04.2020, 09/6). 

Magnetic Resonance Imaging Protocol 

Magnetic resonance imaging (MRI) findings of the 

patients were recorded. 1.5 Tesla MRI (PHILIPS, 

INTERA) was used to identify silent cerebral lesions. It is 

scanned in 22 sections and 5 millimeters thickness. T1 

(TR/TE: 582/15), T2 (TR/TE: 5835/110), T2 FLAIR 

(TR/TE: 6000/120), Diffusion (TR/TEd: 4832/81) and 

ADC (TR/TEd: 4832/81) sections were analyzed. 

SCI was defined as focal hyperintensity on FLAIR and T2-

weighted images, hypointensity on T1-weighted image, 

lesions of 3-20 mmin size. Under 3mm lesions seen 

hyperintensity on T2-weighted image, hypointesity on T1-

weighted and FLAIR, were described as Virchow-Robin 

Space (3,4). 

LA severity was evaluated by Fazekas scale (17,18): 

Grade 0: No white matter lesions. 

Grade 1: Small-sized white matter lesion adjacent to 

the ventricle (punctate) 

Grade 2: White matter lesion that holds 1/3 of 

ventricular cerebral cortex distance 

Grade 3: White matter lesion that holds 2/3 of 

ventricular cerebral cortex distance 

Grade 2-3 lesions were considered as advanced 

periventricular white matter hyperintensity (adv-PWMH). 

MRI results of the patients were examined by two different 

neurologists and a common decision was reached. 

Statistical Analysis 

Statistical analysis was performed using the SPSS v.18.0 

program. The suitability of the normal distribution was 

assessed by Kolmogorov-Smirnov test. When the 

parametric test assumptions were provided Independent 

Samples t test was used to compare two groups in terms of 

numerical variables, and the Mann-Whitney U test was 

used when parametric test assumptions were not provided. 

One-way analysis of variance (ANOVA) was used to 

compare three groups when the parametric test 

assumptions were provided, and the Kruskal-Wallis test 

was used when not provided. Categorical variables were 

analyzed by Pearson Chi-square test. Descriptive statistics 

were given as mean±standard deviation or median with 

interquartile range and minimum maximum depending on 

the distribution of the continuous variables, while 

categorical variables were summarized as numbers and 

percentages. A p value of 0.05 was considered significant. 

 

RESULTS 

One hundred forty nine patients included in our study. 

Seventy nine (53.0%) patients were female, seventy 

(47.0%) patients were male, and the mean age was 

66.5±12.6 years. SCI was detected in 83.2% (n=124) of the 

patients. 12.9% of the lesions were single and 87.1% of the 
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lesions were multiple. According to the Fazekas scoring, 

22 (14.8%) of the patients were in the grade 0, 49 (32.9%) 

of the patients were in the grade 1, and 78 (52.3%) of the 

patients in adv-PWMH group. The prevalence of LA and 

SCI was high in patients with the first ischemic stroke 

attack. The demographic features of the groups with and 

without SCI were summarized in Table 1. When the 

groups with SCI (n=124) and without SCI (n=25) were 

compared, no statistically significant difference was 

observed with TC, TG, LDL-C, HDL-C. Although 

TG/HDL-C ratio was high in patients with SCI, it wasn’t 

statistically significant (p=0.091). TC/TG ratio was low in 

patients with SCI but it wasn’t statistically significant 

(p=0.084, Table 2). 

The comparison of the patients’ demographic features 

according to Fazekas scores were summarized in Table 3. 

There was an increase in LA severity with age (p<0,001), 

but no relation was found between gender and LA severity 

(p=0.458). 

No statistically significant difference was observed in LA 

severity with HDL-C, LDL-C, TC, TG values. However, 

LA severity was significantly associated with high 

TG/HDL-C ratio (p=0.050). TG/HDL-C ratio was 

significantly higher in the adv-PWMH group (Table 4). In 

the adv-PWMH group, TC/TG ratio was lower, but it was 

not statistically significant (p=0.089). 

 

DISCUSSION 

Leukoaraiosis is associated with dementia, cognitive 

impairment, stroke risk, and small vessel diseases that 

increase infarct progression (19). Studies have shown that; 

a history of stroke, hypertension, diabetes mellitus, age, 

cerebral vessel atherosclerosis are known as risk factors 

for LA (7,19,20). The cause of LA is not known exactly, 

but the precise mechanisms and prognostic significance in 

LA are still actively investigated. 

Although many studies have shown that hyperlipidemia is 

associated with the severity of LA (7,19,21), this 

relationship has not been shown in others (22). The 

relationship between TG and LA severity is conflicting in 

recent studies. While some studies have shown that low 

TG level was associated with LA (19,21), some studies 

have shown that high TG level was associated with LA 

(23). The mechanisms of the relationship between LA and 

TG level are not clearly known. 

 

 

Table 1. Comparison of demographic characteristics of the 

patients with and without SCI 

 
With SCI 

(n=124) 

Without SCI 

(n=25) 
p 

Age (year), mean±SD 67.4±13.8 64.8±11.2 0.282 

Gender, n (%) 

       Female 

       Male 

 

65 (52.5) 

59 (47.5) 

 

14 (56.0) 

11 (44.0) 

 

0.553 

SCI: silent cerebral ischemia, SD: standard deviation 

 

 

Table 3. Comparison of demographic characteristics of the 

patients according to Fazekas scoring 

 
Grade 0 

(n=22) 

Grade 1 

(n=49) 

adv-PWMH 

(n=78) 
p 

Age (year), mean±SD 56.1±11.2 63.3±11.7 71.5±8.9 0.001 

Gender, n (%) 

       Female 

       Male 

 

11 (50.0) 

11 (50.0) 

 

28 (57.1) 

21 (42.9) 

 

31 (39.7) 

47 (60.3) 

 

0.458 

adv-PWMH: advanced periventricular white matter hyperintensity, SD: standard deviation 

 

 

 

Table 2. Comparison of serum lipid values of the patients with and without SCI 

 
With SCI (n=124) Without SCI (n=25) 

p 
Median Q1-Q3 Min-Max Median Q1-Q3 Min-Max 

TC (mg/dl) 181 151-204 84-309 174 149-205 70-304 0.755 

LDL-C (mg/dl) 111.5 89-130 28-229 104 93-137 23-232 0.729 

HDL-C (mg/dl) 37.9 30.6-42.1 15.2-76.2 37 32.7-47.5 25-91 0.593 

TG (mg/dl) 139.5 96-190 55-617 120 87-163 37-407 0.152 

TG/HDL-C 3.7 2.4-6.2 0.8-22.9 3.1 2.1-4.7 0.9-16.3 0.091 

TC/TG 1.3 0.9-1.7 0.3-3.3 1.4 1.2-1.9 0.5-3.4 0.084 

SCI: silent cerebral ischemia, TC: total cholesterol, LDL-C: low-density lipoprotein cholesterol, HDL-C: high-density lipoprotein cholesterol, TG: triglyceride, Q1-Q3: 1st 

quartile - 3rd quartile, Min-Max: minimum - maximum 

 

 

Table 4. Comparison of serum lipid values of the patients according to Fazekas scoring 

 
Grade 0 (n=22) Grade 1 (n=49) adv-PWMH (n=78) 

p 
Median Q1-Q3 Min-Max Median Q1-Q3 Min-Max Median Q1-Q3 Min-Max 

TC (mg/dl) 160 150-201 89-271 178 134-196 84-249 188 149-211 70-309 0.670 

LDL-C (mg/dl) 100 88-120 43-168 114 88-136 23-232 117 102-137 52-186 0.490 

HDL-C (mg/dl) 39.8 28.4-39.8 19.2-59 36.1 29.3-41 17-76.2 34.3 29.2-40 15.2-50.1 0.280 

TG (mg/dl) 119 87-141 68-421 145 87-203 37-479 143.5 106-186 50-617 0.317 

TG/HDL-C 3.3 2.0-4.8 1.3-15.1 4.2 1.9-6.5 0.8-22.9 4.5 3.2-6.6 1.2-16.3 0.050 

TC/TG 1.4 1.0-1.9 0.6-2.6 1.2 0.9-1.9 0.3-3.3 1.1 0.8-1.5 0.3-2.4 0.089 

adv-PWMH: advanced periventricular white matter hyperintensity, TC: total cholesterol, LDL-C: low-density lipoprotein cholesterol, HDL-C: high-density lipoprotein 

cholesterol, TG: triglyceride, Q1-Q3: 1st quartile - 3rd quartile, Min-Max: minimum - maximum 
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More than half of the white matter is made up of myelin, 

and the myelin contains about 70% lipids. The decrease in 

TG level and the increase in severity of LA can be 

explained in this way. Genetic reasons should also be kept 

in mind (19). Studies are needed to reveal new clues in this 

area. 

Recent studies have shown that LDL particle types are 

more important than their total amount for vascular 

complications (11). Small-dense LDL and small HDL 

particles have been found to be particularly effective for 

the development of atherosclerosis. Small and dense LDL 

particles are more sensitive to oxidation. It is more 

atherogenic than large and cholesterol-rich LDL particles 

by increasing vascular permeability and reducing interest 

in LDL receptors. A relationship was observed between 

increased TG/HDL-C ratio, that is, hypertriglyceridemia 

and low HDL levels, and increased small and dense LDL 

rates (12). The TG/HDL-C ratio was shown for the first 

time by Gaziano et al. (24) as the AIP. It is considered to 

be important risk factor especially for coroner artery 

disease. TG/HDL-C ratio is accepted as an indicator of 

harmful LDL particles. A significant relationship was 

observed between high TG/HDL-C ratio and recurrent 

stroke in a study conducted by Park et al (25). 

The size of the LDL particles and circulating very low 

density lipoprotein (VLDL) levels and TG levels are 

inversely proportional (9,11). Therefore, it defined that 

LDL phenotypes based on TG/HDL-C ratios. Dense and 

small LDL particles, high TG/HDL-C ratio have been 

associated with coroner artery disease, cerebrovascular 

disease, metabolic syndrome and insulin resistance (9,13-

15). Vascular endothelial dysfunction is associated with an 

increase in TG/HDL-C ratio and vascular endothelial 

dysfunction has been demonstrated in LA formation (22). 

The changes in brain microvascular endothelial activity 

causing cerebral small vessel disease, which is primarily 

responsible for the pathogenesis of LA. Dysfunction of 

vascular endothelial cells causes increased permeability of 

the blood brain barrier (26). Blood brain barrier disorder, 

disruption of cerebrovascular autoregulation, and chronic 

hypoperfusion are important mechanisms for the 

development of LA. Vascular endothelial dysfunction is a 

potential risk factor for the development of white matter 

lesions (27). In this study, we observed that the 

relationship between high TG/HDL-C ratio with severity 

of LA, especially in the advanced LA group. This 

strengthens the relationship between LA and vascular 

endothelial dysfunction. This is the first study to show the 

relationship between serum atherogenicity index and LA. 

SCI is a common subclinical pathophysiology before 

ischemic stroke (3,4,7,9). Many risk factors and 

pathophysiological mechanisms have been identified for 

SCI development. Lipohyalinosis, atherosclerosis and 

endothelial dysfunction are among these (8,9). It has been 

shown in many studies that hyperlipidemia is a risk factor 

for SCI (3,4,7). Patients with multiple SCI had higher LDL 

and TC levels than the patients with single SCI (7). In the 

study investigating the relationship between the high 

TG/HDL-C ratio and the presence of SCI in healthy 

individuals with silent cerebral ischemia, a significant 

relationship was found between the high TG/HDL-C ratio 

and the presence of SCI. It was concluded that the high 

TG/HDL-C ratio is responsible for atherogenicity, small 

and dense LDL is more sensitive to oxidation and 

accelerates atherosclerosis (9). Atherosclerosis also causes 

extravasation of toxic substances into neuronal tissues, 

blockage of small arterioles and hypoperfusion (28). 

The relationship between high TG/HDL-C ratio and SCI 

prevalence can be thought to be related to atherosclerosis. 

In our study, when the groups with and without SCI were 

compared, the TG/HDL-C ratio was high in the groups 

with SCI, but it was not statistically significant. TC/TG 

ratio was found to be low in the patients with SCI but it 

was not statistically significant. 

 

CONCLUSION 

Leukoaraiosis and SCI increase the risk of stroke and 

affect mortality and morbidity after stroke. Therefore, 

determination and prevention of risk factors of SCI and LA 

has gained prominence. High serum atherogenicity index 

is associated with atherosclerosis and vascular endothelial 

dysfunction. With this simple, inexpensive and effective 

test method could identify high-risk group of LA and SCI. 

Development of LA and SCI can be prevented by this 

method. There is a need for new prospective studies on this 

subject. 
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