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INTRODUCTION

 Stroke recurrence in patients with ischemic stroke is 
clinically important because it increases the risk of sub-
sequent disability and mortality.1 However, it is diffi-
cult to differentiate between initial neurological deficit 
and clinical worsening in patients with acute ischemic 
stroke (AIS), even if a well-trained neurologist conducts 
a daily neurological examination.1-3 Therefore, it is re-

ported that the clinical recurrence rate after AIS is only 
less than 5%.2 

However, since the development of diffusion-weight-
ed imaging (DWI) technique sensitive to ischemic 
lesion, it has been reported that early radiological re-
currence occurs quite frequently.1,4 These occurrences 
of new lesions called early recurrent ischemic lesions 
(ERILs) are so frequent that they occur in up to 40% of 
patients with AIS during the first week.2,4,5 Although 
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most of ERILs are asymptomatic, they are considered 
to have similar pathologies as an index stroke or clin-
ical recurrence.5,6 Therefore, several studies have been 
conducted so far to prevent the clinical recurrence of 
ischemic stroke by using ERIL, which is easy to analyze 
due to its high frequency, as a surrogate marker.1,4,7

Atherogenic dyslipidemia is a lipid profile represent-
ed by high triglyceride, low high-density lipoprotein 
(HDL) cholesterol, and small/dense low-density lipo-
protein (LDL) cholesterol.8-10 These lipoproteins are 
known to cause various vascular complications includ-
ing atherosclerosis.8,9 Therefore, as well as simply low-
ering LDL cholesterol, improving this lipid profile will 
also important in preventing the occurrence and wors-
ening of cerebrovascular diseases.11 Atherogenic index 
of plasma (AIP) is an index that reflects such athero-
genic dyslipidemia status as a single number.12 AIP has 
demonstrated a close association with atherosclerosis, 
metabolic diseases, and cardiovascular diseases in pre-
vious studies.13-15 However, there are still not sufficient 
studies on ischemic stroke patients.16

In this study, we evaluated the association between 
AIP and ERIL occurrence in patients with AIS. In addi-
tion, by performing subgroup analysis according to the 
mechanism of AIS, we explored which stroke mecha-
nism AIP affects to cause ERIL.

SUBJECTS AND METHODS

1. Study population

From a consecutive registry at Seoul Metropolitan 
Government-Seoul National University Boramae Med-
ical Center, we included patients with AIS who under-
went follow-up magnetic resonance imaging (MRI) 
within 7 days of admission between January 2010 and 
December 2016 (n=279). Then, we additionally excluded 
participants with the following conditions: 1) time delay 
of >7 days from symptom onset to admission, 2) con-
ducted diagnostic or therapeutic neuro-intervention 
procedures (n=11), or 3) previous use of lipid-lowering 
agents before AIP measurements (n=61).7 Also, as in pre-
vious studies dealing with ERIL, we excluded patients 
with the following stroke mechanisms in consideration 
of the characteristics of ERIL: 1) small vessel occlusion 

(n=14), 2) other determined (n=7), and 3) more than two 
mechanisms (n=4).7 Finally, a total of 182 AIS patients 
were included in the final analyses.

All experiments were performed in accordance with 
the Declaration of Helsinki and relevant guidelines and 
regulations. All data related to this study are included 
in the main text and supplemental materials.

2. Demographic, clinical, and laboratory evaluations

We conducted broad evaluations including age, sex, 
hypertension, diabetes, atrial fibrillation, current smok-
ing, stroke mechanisms, initial stroke severity, and sys-
tolic and diastolic blood pressures.7 The initial stroke 
severity was rated daily using the National Institutes 
of Health Stroke Scale (NIHSS) score by well-trained 
neurologists not involved in this study.7 The stroke 
mechanism was determined according to the Trial of 
ORG 10172 in Acute Stroke Treatment Classification.17 
The study population was classified into four groups 
as follows: intracranial-large artery atherosclerosis (IC-
LAA), extracranial-large artery atherosclerosis (EC-LAA), 
cardioembolism (CE), and cryptogenic stroke.7 IC-LAA 
was defined when there was symptomatic intracranial 
atherosclerosis without evidence of EC-LAA or CE.7 On 
the other hands, EC-LAA was defined as having symp-
tomatic extracranial atherosclerosis without IC-LAA or 
CE.7

Laboratory examinations were performed after at 
least 12 hours of overnight fasting, including glucose 
profiles, lipid profiles, white blood cell (WBC) counts, 
and high-sensitivity C-reactive protein (hs-CRP).7 AIP 
was calculated by taking the log transformation of the 
ratio of triglyceride and HDL cholesterol as follows: 
AIP=log (triglyceride [mg/dL]/HDL cholesterol [mg/
dL]).12

3. Radiological evaluations

All participants in this study performed brain MRI 
and magnetic resonance angiography (MRA) within 24 
hours of admission using a 3.0-T MR scanner (Achieva 
3.0T; Philips, Eindhoven, the Netherlands). The details 
of MRI scan acquisition were as follows: The thick-
ness of basic slice=5.0 mm; DWI (repetition time [TR]/
echo time [TE]=3,000/44 ms); T1-weighted images (TR/
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TE=500/11 ms); T2-weighted images (TR/TE=3,000/100 
ms); T2 fluid-attenuated inversion recovery images 
(TR/TE=11,000/120 ms); and three-dimensional time of 
flight MRA (TR/TE=24/3.5 ms, slice thickness=1.2 mm). 

ERIL was defined as a new DWI lesion developing 
outside the initial symptomatic lesion area and not vis-
ible in the initial MRI (Fig. 1).7 The enlargement of the 
initial lesion was not considered as ERIL, in the line 
with previous studies.7 ERIL was based on radiologi-
cal findings without consideration of the presence of 
clinical symptoms.7 The radiological assessments were 
performed by two trained neurologists (K.W.N. and 
H.M.K.), and disagreements were resolved through dis-
cussions with a third rater (Y.S.L.).

4. Statistical analysis

Continuous variables with normal distributions were 

showed as the mean±standard deviation, while the oth-
ers were presented as the median+interquartile range. 
Continuous variables with skewed data were trans-
formed into a log scale. To evaluate the possible predic-
tors of ERIL, univariate analyses were performed using 
the Student’s t-test or Mann-Whitney U-test for contin-
uous variables and the chi-squared test or Fisher’s exact 
test for categorical variables. The variables with p<0.10 
were introduced into the multivariable logistic regres-
sion analysis. Considering the formula of AIP, total- or 
HDL cholesterol and triglyceride were not introduced 
to multivariable analysis together with AIP due to over-
lapping and interaction problems.

AIP is an index that is not yet familiar to neurolo-
gists. Therefore, we tried to show the characteristics of 
AIP by showing the association between AIP and var-
ious variables. A simple linear regression analysis was 
used for this analysis. In addition, subgroup analysis 

FIG. 1. Representative cases of early recurrent ischemic lesion. The figures are representative cases of the occurrence of ERIL (red arrow) caused 
by (A) intracranial and (B) extracranial large artery atherosclerosis. ERIL refers to a new DWI lesion that is not visible in the initial magnetic resonance 
imaging, and the enlargement of the initial DWI lesion is not included. ERIL; early recurrent ischemic lesion, DWI; diffusion-weighted imaging.

A

B
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was performed according to the four types of stroke 
mechanisms. By statistically analyzing the difference 
in AIP values between patients with and without ERIL, 
we attempted to examine the meaningful effects of AIP 
on the stroke mechanisms. All statistical analyses were 
performed using SPSS version 23.0 (IBM Corp., Ar-

monk, NY, USA). In this study, all variables with p<0.05 
were consider statistically significant.

RESULTS

A total of 182 patients with AIS were assessed. The 
median age of the study population was 72 (64-82) years, 
and the proportion of males was 58.2%. The median 
value of the initial NIHSS score was 4 (2-13). The medi-
an visit time for patients after symptom onset was 0 (0-
1) days, and the time from initial MRI to follow-up MRI 

Table 1. Baseline characteristics of the study population 

Value (n=182)

Demographic & clinical factors

Age, years 72 (64-82)

Sex, male 106 (58.2)

Visit time, day 0 (0-1)

Follow-up MRI time, days 3 (1-5)

Hypertension 127 (69.8)

Diabetes 50 (27.5)

Atrial fibrillation 53 (29.1)

Smoking 54 (29.7)

Stroke mechanisms

Intracranial-LAA 41 (22.5)

Extracranial-LAA 44 (24.2)

Cardioembolic 56 (30.8)

Cryptogenic 41 (22.5)

Initial NIHSS score 4 (2-13)

Systolic blood pressure, mmHg 150 (135-171)

Diastolic blood pressure, mmHg 83 (75-92)

Laboratory factors

Hemoglobin A1c, % 5.8 (5.5-6.5)

Fasting glucose, mg/dL 100 (90-117)

Total cholesterol, mg/dL 184±42

LDL cholesterol, mg/dL 110±38

HDL cholesterol, mg/dL 43±11

Triglyceride, mg/dL 87 (65-120)

White blood cell, ×103/uL 7.56 (6.00-9.68)

High-sensitivity CRP, mg/dL 0.23 (0.06-0.68)

Atherogenic index of plasma 0.32 (0.12-0.54)

Radiological factors

ERIL 76 (41.8)

Values are presented as number (%), median (interquartile 
range), or mean±standard deviation.
MRI; magnetic resonance imaging, LAA; large artery atheroscle-
rosis, NIHSS; National Institutes of Health Stroke Scale, LDL; 
low-density lipoprotein, HDL; high-density lipoprotein, CRP; 
C-reactive protein, ERIL; early recurrent ischemic lesion.

Table 2. Univariate linear regression analysis between the 
atherogenic index of plasma and clinical, laboratory, and ra-
diological parameters

β (95% CI) p-value

Age -0.002 (-0.005 to 0.001) 0.147

Sex 0.076 (0.001 to 0.152) 0.046

Hypertension 0.024 (-0.058 to 0.105) 0.569

Diabetes 0.037 (-0.047 to 0.121) 0.385

Atrial fibrillation -0.103 (-0.184 to -0.022) 0.013

Smoking 0.065 (-0.017 to 0.146) 0.119

Stroke mechanisms

Intracranial-LAA 0.171 (0.085 to 0.257) <0.001

Extracranial-LAA 0.108 (0.022 to 0.194) 0.014

Cardioembolic -0.131 (-0.210 to -0.052) 0.001

Cryptogenic -0.125 (-0.212 to -0.037) 0.006

Initial NIHSS score -0.002 (-0.008 to 0.003) 0.386

Systolic blood pressure 0.000 (-0.001 to 0.002) 0.575

Diastolic blood pressure 0.001 (-0.001 to 0.003) 0.493

Hemoglobin A1c* 0.281 (-0.259 to 0.821) 0.305

Fasting glucose* 0.057 (-0.237 to 0.351) 0.703

Total cholesterol 0.001 (0.000 to 0.002) 0.066

LDL cholesterol 0.002 (0.001 to 0.003) 0.002

HDL cholesterol -0.014 (-0.016 to -0.011) <0.001

Triglyceride* 1.106 (1.003 to 1.209) <0.001

White blood cell 0.014 (0.002 to 0.026) 0.028

High-sensitivity CRP* 0.088 (0.038 to 0.138) 0.001

ERIL 0.081 (0.006 to 0.156) 0.035

LAA; large artery atherosclerosis, NIHSS; National Institutes 
of Health Stroke Scale, LDL; low-density lipoprotein, HDL; 
high-density lipoprotein, CRP; C-reactive protein, ERIL; early 
recurrent ischemic lesion.
*These variables were introduced as log scale.
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was 3 (1-5) days. ERIL occurred in 76 patients (41.8%), 
and the median AIP value was 0.32 (0.12-0.54). Details of 
other baseline characteristics are given in Table 1.

In our study population, AIP showed a positive 
correlation with male sex (p=0.046), LDL cholesterol 
(p=0.002), triglyceride (p<0.001), WBC counts (p=0.028), 
hs-CRP (p=0.001), and ERIL (p=0.035). On the other 
hand, it showed a negative correlation with AF (p=0.013) 
and HDL cholesterol (p<0.001). In terms of stroke 
mechanisms, AIP showed a positive correlation with 
IC- and EC-LAA (p<0.001 and p=0.014, respectively), and 
a negative correlation with CE (p=0.001) and cryptogen-
ic stroke (p=0.006) (Table 2).

In univariate analysis, ERIL was associated with age, 
initial NIHSS score, fasting glucose, LDL cholesterol, 
and triglyceride. AIP remained at a level showing a sta-
tistically marginal trend with ERIL (p=0.055) (Table 3). In 
multivariable logistic regression analysis, AIP (aOR, 3.73; 
95% CI, 1.01-13.82) was positively associated with ERIL 
after adjusting for confounders. Age (aOR, 1.03; 95% CI, 
1.01-1.06) and initial NIHSS score (aOR, 1.06; 95% CI, 
1.01-1.11) were also correlated with ERIL, being inde-
pendent from AIP (Table 4).

When comparing according to stroke mechanisms, 
statistically significant differences in AIP values were 
observed between patients with and without ERIL only 

Table 3. Comparisons of baseline characteristics of patients with and without early recurrent ischemic lesion

No ERIL (n=106) ERIL (n=76) p-value

Age, years 70 (61-79) 74 (66-84) 0.029

Sex, male 63 (59.4) 43 (56.6) 0.700

Visit time, days 0 (0-1) 0 (0-1) 0.914

Follow-up MRI time, days 2 (1-5) 3 (2-5) 0.180

Hypertension 75 (70.8) 52 (68.4) 0.735

Diabetes 31 (29.2) 19 (25.0) 0.527

Atrial fibrillation 32 (30.2) 21 (27.6) 0.708

Smoking 35 (33.0) 19 (25.0) 0.243

Stroke mechanisms 0.108

Intracranial-LAA 19 (17.9) 22 (28.9)

Extracranial-LAA 23 (21.7) 21 (27.6)

Cardioembolic 35 (33.0) 21 (27.6)

Cryptogenic 29 (27.4) 12 (15.8)

Initial NIHSS score 4 (1-11) 6 (3-15) 0.003

Systolic blood pressure, mmHg 154 (133-174) 148 (138-171) 0.714

Diastolic blood pressure, mmHg 82 (72-89) 85 (78-96) 0.079

Hemoglobin A1c, % 5.9 (5.6-6.5) 5.8 (5.5-6.4) 0.304

Fasting glucose, mg/dL 97 (89-111) 102 (95-122) 0.048

Total cholesterol, mg/dL 175 (147-205) 185 (166-214) 0.076

LDL cholesterol, mg/dL 100 (77-128) 114 (93-141) 0.032

HDL cholesterol, mg/dL 43 (36-50) 41 (35-50) 0.653

Triglyceride, mg/dL 81 (58-115) 88 (75-127) 0.022

White blood cell, ×103/µL 7.55 (5.91-9.58) 7.94 (6.20-10.07) 0.515

High-sensitivity CRP, mg/dL 0.28 (0.06-0.56) 0.19 (0.07-0.81) 0.775

Atherogenic index of plasma 0.29 (0.09-0.54) 0.37 (0.21-0.55) 0.055

Values are presented as number (%) or median (interquartile range).
ERIL; early recurrent ischemic lesion, MRI; magnetic resonance imaging, LAA; large artery atherosclerosis, NIHSS; National Institutes 
of Health Stroke Scale, LDL; low-density lipoprotein, HDL; high-density lipoprotein, CRP; C-reactive protein.
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in the EC-LAA group (p=0.028). Even in the IC-LAA 
group, patients with ERIL had higher AIP values than 
those without ERIL, but this was not statistically signif-
icant (Fig. 2).

We compared the prognosis during hospitalization 
between the patients with and without ERIL to confirm 
the clinical significance of ERIL. Patients with ERIL had 
more frequent END (34.2% vs. 18.9%, p=0.019) and high-
er discharge NIHSS scores (6 [2-16] vs. 2 [0-8], p<0.001) 
than those without ERIL. Patients with ERIL also had 
higher discharge mRS scores, but the difference was 

not statistically significant (Table 5).

DISCUSSION

In this study, we found that AIP was closely associated 
with ERIL in patients with AIS. This close association 
was particularly conspicuous in patients with AIS due 
to EC-LAA. AIP may be involved in the development of 
new stroke lesion by affecting atherosclerotic plaques.

The exact pathological mechanisms that explain the 
close association between AIP and ERIL are unclear. 
However, the authors can offer plausible hypotheses. 
In our data, AIP showed a positive correlation with 
IC- and EC-LAA stroke, whereas it showed a negative 
correlation with CE or cryptogenic stroke (Table 2). In 
addition, although not statistically significant, patients 
with ERIL mainly suffered stroke due to the LAA mech-

FIG. 2. Comparisons of the atherogenic index of plasma according 
to the presence of ERIL by stroke mechanisms. AIP showed a signifi-
cant difference according to the presence or absence of ERIL only in 
the EC-LAA patients (p=0.028). Even in the IC-LAA group, patients 
with ERIL had higher AIP than those without ERIL, but this was not 
statistically significant (p=0.272). AIP; atherogenic index of plasma, 
ERIL; early recurrent ischemic lesion, IC-LAA; intracranial-large artery 
atherosclerosis, EC-LAA; extracranial-large artery atherosclerosis, CE; 
cardioembolic.

Table 4. Multivariable logistic regression analysis of possible predictors for early recurrent ischemic lesion

Crude OR (95% CI) p-value Adjusted OR (95% CI) p-value

Age 1.03 (1.00-1.05) 0.020 1.03 (1.00-1.06) 0.036

Initial NIHSS score 1.06 (1.02-1.11) 0.007 1.06 (1.01-1.11) 0.022

Diastolic BP 1.01 (0.99-1.03) 0.365 1.01 (0.99-1.03) 0.361

Fasting glucose* 5.46 (0.53-55.92) 0.153 3.54 (0.29-42.94) 0.321

LDL cholesterol 1.01 (1.00-1.02) 0.032 1.01 (1.00-1.02) 0.075

AIP 3.56 (1.09-11.68) 0.036 3.73 (1.01-13.82) 0.049

CI; confidence interval, NIHSS; National Institutes of Health Stroke Scale, BP; blood pressure, LDL; low-density lipoprotein, AIP; ath-
erogenic index of plasma.
*These variables were introduced as log scale.

Table 5. Differences in subsequent prognosis between pa-
tients with and without early recurrent ischemic lesions

No ERIL 
(n=106)

ERIL  
(n=76)

p-value

END 20 (18.9) 26 (34.2) 0.019

Discharge NIHSS score 2 (0-8) 6 (2-16) <0.001

Discharge mRS 0.068

Good (0-2) 70 (66.0) 40 (52.6)

Poor (3-6) 36 (34.0) 36 (47.4)

Values are presented as number (%) or median (interquartile 
range).
ERIL; early recurrent ischemic lesion, END; early neurological 
deterioration, NIHSS; National Institutes of Health Stroke Scale, 
mRS; modified Rankin Scale.
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anism (Table 3). In other words, it seems appropriate to 
think about the association of AIP with ERIL in relation 
to the mechanism of LAA stroke.

As mentioned earlier, AIP is a marker of atherogenic 
dyslipidemia.12 These triglyceride-rich lipoproteins 
and small/dense LDL cholesterol easily penetrate into 
the intima of the artery.18 The infiltrating lipoproteins 
are degraded by lipase to product free fatty acids and 
monoacylglycerol, which leads to low-grade inflam-
mation.19,20 In addition, these types of lipoproteins are 
uptaken by macrophages to form foam cells, thereby 
increasing the instability of atherosclerotic plaques.21 
Triglyceride-rich lipoprotein increases plasma viscos-
ity, promotes factor VII clotting activity, and interferes 
with fibrinolysis, which can also cause thrombosis.18 
Due to these mechanisms, artery-to-artery embolism 
or in situ thrombosis may occur from atherosclerotic 
plaques of the large artery, causing ERIL.

However, as shown in our Fig. 2, AIP showed a differ-
ence in association with ERIL in the IC-LAA group and 
the EC-LAA group. Although the IC-LAA group had a 
higher median AIP value than the EC-LAA group (0.49 
[0.29-0.61] vs. 0.45 [0.20-0.64]), there was no significant 
difference with or without ERIL. According to previous 
studies, EC-LAA is mainly caused by the mechanism of 
artery-to-artery embolism, whereas IC-LAA is known to 
be caused by various different pathological mechanisms 
(e.g., in situ thrombosis, branch atheromatous dis-
ease, artery-to-artery embolism).22 Some of the various 
mechanisms of IC-LAA may not be affected by AIP val-
ues, thereby weakening their statistical significance. On 
the other hand, it can be interpreted that artery-to-ar-
tery embolism causing EC-LAA may relatively closely 
be related to AIP. Of course, our results may also be the 
result from the statistical influence caused by the small 
sample size. 

ERIL means the development of a novel lesion, re-
gardless of whether symptoms recur or worsen. There-
fore, some of ERILs may have occurred naturally as a 
result of decomposition of a thrombus blocking blood 
vessels during the formation of the initial lesions, re-
gardless of the actual recurrence.7 However, as shown 
in Table 5, patients who underwent ERIL had a mark-
edly worse prognosis during hospitalization and at dis-
charge. Therefore, it would be of clinical significance to 
classify high-risk groups using ERIL and provide inten-

sive treatment for them.
Although we presented novel findings, several limita-

tions should be considered in interpreting the results 
of this study. First, since this study is a retrospective 
cross-sectional study, we can only show association, 
but it does not imply causality. Second, because of the 
nature of the outcome variable in this study, we includ-
ed only patients who underwent follow-up MRI in the 
analysis. Follow-up MRI is not routinely performed in 
all AIS patients, and is mainly performed when clinical 
worsening occurs. Therefore, selection bias is bound 
to occur to some extent, and our high ERIL frequency 
should be interpreted in consideration of this point. 
Third, we also excluded patients who were taking lip-
id-lowering agents from the analysis. Although this 
also can cause selection bias, the authors thought that 
it was right to exclude these patients from the analysis, 
because various effects could directly affect to AIP value 
according to the type, dose, and timing of the drugs. 
Fourth, the sample size for analysis was not large due 
to the application of relatively strict exclusion criteria. 
Our findings, which were relatively clear even with a 
small number of samples, should be confirmed in sub-
sequent studies involving a larger number of patients. 
Lastly, among the components of constituting the AIP 
formula, HDL cholesterol did not have statistical sig-
nificance in the univariate analysis process. Therefore, 
our results may also be interpreted that the effect of 
hypertriglyceridemia is greater than that of other lipo-
proteins constituting atherogenic dyslipidemia.

In conclusion, we found that AIP was closely related 
to ERIL in patients with AIS, especially EC-LAA stroke. 
Currently, in most stroke patients caused by LAA are 
taking statin from the beginning of hospitalization. 
However, despite taking statin, ERIL occurred in many 
patients, and AIP was more closely related to ERIL than 
LDL cholesterol, a well-known risk factor. In other 
words, it may be necessary to develop a new therapeutic 
target or therapeutic agent for atherogenic dyslipid-
emia. Of course, these results and interpretations of 
our study should be verified by further studies.
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