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Abstract 

Background: We aimed to compare early and late outcomes after carotid endarterectomy (CEA) between Korean 
type 2 diabetic and non‑diabetic patients and to investigate the impact of diabetes on the overall incidence of cardio‑
vascular events after CEA.

Methods: We retrospectively analyzed 675 CEAs, which were performed on 613 patients with significant carotid ste‑
nosis between January 2007 and December 2014. The CEAs were divided into a type 2 diabetes mellitus (DM) group 
(n = 265, 39.3%) and a non‑DM group (n = 410, 60.7%). The study outcomes included the incidence of major adverse 
events (MAEs), defined as fatal or nonfatal stroke or myocardial infarction or all‑cause mortality, during the periopera‑
tive period and within 4 years after CEA.

Results: Patients in the DM and non‑DM groups did not differ significantly in the incidence of MAEs or any of the 
individual MAE manifestations during the perioperative period. However, within 4 years after CEA, the difference in 
the MAE incidence was significantly greater in the DM group (P = 0.040). Analysis of the individual MAE manifestations 
indicated a significantly higher risk of stroke in the DM group (P = 0.006). Multivariate analysis indicated that diabe‑
tes was not associated with MAEs or individual MAE manifestations during the perioperative period, whereas within 
4 years after CEA, diabetes was an independent risk factor for MAEs overall (hazard ratio [HR], 1.62; 95% confidence 
interval [CI] 1.06–2.48; P = 0.026) and stroke (HR, 2.55; 95% CI 1.20–5.41; P = 0.015) in particular.

Conclusions: Diabetic patients were not at greater risk of perioperative MAEs after CEA; however, the risk of late MAE 
occurrence was significantly greater in these patients. Within 4 years after CEA, DM was an independent risk factor for 
the occurrence of MAEs overall and stroke in particular.
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Background
It is well established that type 2 diabetes mellitus (DM) 
is a progressive disease that contributes significantly to 
the deterioration of atherosclerotic changes of small- to 

medium-sized arteries [1–3]. Although previous stud-
ies have assessed the association between diabetes and 
higher operative risk during open vascular procedures, 
there are conflicting results across multiple studies [4–
6]. Furthermore, despite the decline of the incidence of 
diabetes-related morbidity and mortality between 1990 
and 2010, owing to improvements in medical treatment 
[7], overall cardiovascular morbidity and mortality rates 
are still substantially higher among diabetic patients, 
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particularly among aging patients (who continue to 
increase in numbers) [8, 9]. Carotid endarterectomy 
(CEA) is a well-known durable procedure for prevent-
ing recurrent neurological symptoms and strokes among 
patients with significant carotid artery stenosis [10–12]. 
However, the long-term benefits of stroke prevention 
after CEA for patients with DM have been subject to 
debate, with varying conclusions across different studies 
[6, 8, 9, 13–15].

The prevalence of type 2 DM has been increasing 
throughout Asia due to the recent Westernization of 
dietary habits [16]. There may be ethnic disparities in the 
incidence of diabetes-related cardiovascular morbidity 
and mortality in the subgroup of DM patients receiving 
CEA. We aimed to compare early and late outcomes after 
CEA between Korean type 2 diabetic and non-diabetic 
patients and to investigate the impact of DM on the over-
all incidence of cardiovascular events after CEA.

Methods
Study design and patient population
In this single-center, retrospective, observational study, 
we analyzed data extracted from the medical records of 
patients who underwent CEA. The study protocol was 
approved by our hospital’s institutional review board, 
which waived the requirement for informed patient con-
sent given the retrospective nature of the study.

We screened the records of 717 consecutive patients 
who underwent a total of 789 CEAs at our hospi-
tal between January 1, 2007, and December 31, 2014. 
Among these, 114 CEAs in 104 patients were followed-
up at our tertiary medical center within a specified 
period (less than 1 year); subsequently, once stability had 
been established, they were followed up at other hospi-
tals and were not included in the analysis of this study. 
We finally included 675 CEAs (85.6%) conducted on 613 
patients who were stratified into two groups: a DM group 
and a non-DM group. All CEAs had been performed to 
relieve significant carotid bifurcation stenosis, as defined 
by velocity criteria and the criteria established by the 
North American Symptomatic Carotid Endarterectomy 
Trial (NASCET), as previously published [1, 2, 17–19]: 
50–99% luminal narrowing in patients with symptomatic 
carotid stenosis and ≥ 70% in those with asymptomatic 
carotid stenosis. Patients who had transient ischemic 
attacks, amaurosis fugax, or non-disabling stroke ipsi-
lateral to the significant carotid stenosis within the pre-
vious 6 months were considered to be symptomatic [20, 
21]. When there was a discrepancy between the degree 
of carotid stenosis determined using velocity criteria and 
that determined using NASCET luminal narrowing crite-
ria, the estimation of carotid stenosis was based primar-
ily on the velocity criteria [17]. For patients with bilateral 

significant carotid stenosis, the most symptomatic or 
higher-grade carotid stenosis was treated first, as previ-
ously detailed [20, 22].

Demographics, risk factors, clinical characteristics, and 
other data—including 30-day and 4-year outcomes—
were recorded for all consecutive CEAs in an Excel 
(Microsoft Corp., Redmond, WA, USA) database and ret-
rospectively analyzed.

CEA procedure and definitions
The CEA procedure used has been previously detailed 
[20, 21]. CEAs were performed either under gen-
eral anesthesia with routine carotid shunting or under 
regional anesthesia with selective shunting. During the 
early period of our study, CEA was preferably performed 
under regional anesthesia, and general anesthesia was 
selectively used for patients who did not tolerate regional 
anesthesia, whereas, in the late period, we changed the 
anesthetic technique for general anesthesia with routine 
shunting. The preferred option for CEA is an endarter-
ectomy with patch angioplasty in the standard fash-
ion, as previously described [20, 21]. Postoperatively, all 
patients were given dual antiplatelet therapy with a statin 
in combination with stringent control of blood pressure 
and close observation in an intensive care unit for at least 
24 h. All patients were followed up both clinically and by 
magnetic resonance imaging with angiography before 
discharge.

The diagnosis of type 2 DM was based on plasma glu-
cose criteria, defined by the fulfillment of at least two 
out of the three the plasma glucose criteria, as published 
previously [23]. In the absence of unequivocal hypergly-
cemia, results were confirmed through repeat testing [1]. 
Patients who reported taking antidiabetic medications 
(oral hypoglycemic agents or insulin) on a self-adminis-
tered questionnaire were deemed to have type 2 DM. The 
duration of DM was estimated as the difference between 
the age at CEA and the age at DM onset.

Demographics and risk factors were defined as previ-
ously published [1]. Body mass index was defined as 
weight (kg) divided by height squared  (m2). Hyperten-
sion was defined as the use of antihypertensive medica-
tions, a systolic blood pressure > 140 mmHg, or diastolic 
blood pressure > 90 mmHg (mean of two readings taken 
by the examining physician). Dyslipidemia was defined 
as the use of lipid-lowering medications, a fasting total 
serum cholesterol level > 200 mg/dL, a low-density lipo-
protein cholesterol level > 120  mg/dL, a high-density 
lipoprotein cholesterol level < 40 mg/dL, or a triglyceride 
level > 150  mg/dL. Coronary artery disease (CAD) was 
defined as ischemic heart disease, as previously pub-
lished [1]. The diagnosis of subclinical CAD was based on 
preoperative radionuclide adenosine stress myocardial 
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perfusion imaging and additional coronary computed 
tomography angiography or coronary angiography in 
patients without a history of CAD [18, 24, 25]. Chronic 
kidney disease (CKD) was defined as an estimated glo-
merular filtration rate < 60  mL  min−1 × 1.73  m−2, which 
was assessed by using the Modification of Diet in Renal 
Disease formula [26]. Peripheral arterial occlusive disease 
(PAOD) was defined when a patient had a previous his-
tory of radiological or surgical intervention for PAOD or 
an ankle–brachial index ≤ 0.9, as measured with Doppler 
ultrasound (Vasoguard QVL P84, Viasys Healthcare UK 
Ltd., Old Woking, UK) [27]. Severe contralateral extrac-
ranial carotid stenosis or occlusion (SCSO) was defined 
as ≥ 70% luminal narrowing of the contralateral extracra-
nial carotid stenosis or occlusion [28].

Outcomes of interest and follow‑up
The study outcomes of interest were the occurrence of 
major adverse events (MAEs), defined as fatal or non-
fatal stroke or myocardial infarction (MI) and all-cause 
mortality during the perioperative period (within 30 days 
after CEA) and within 4 years after CEA [29]. Only the 
first event of each outcome was included in the analysis 
of the MAEs incidence.

Strokes were defined as the occurrence of an acute 
neurological event with focal symptoms and signs last-
ing for at least 24 h, which were consistent with focal cer-
ebral ischemia, and were categorized as major or minor 
[1]. We included only ischemic strokes in the analysis. 
MI was defined as any increase in creatine kinase–myo-
cardial band or cardiac troponin I above the upper limit 
of the reference range, with either chest pain, symptoms 
consistent with ischemia, or electrocardiographic evi-
dence of ischemia (i.e., new ST segment depression or 
elevation, or > 1 mm elevation in two or more contiguous 
leads) during follow-up [1]. Following CEA, restenosis 
was defined as the development of ≥ 70% stenosis, diag-
nosed based on Doppler ultrasound criteria of the lumi-
nal narrowing with a peak systolic velocity threshold of 
≥ 274 cm/s [30].

Follow-up visits, with laboratory evaluations and 
carotid duplex ultrasonography (iU22, Philips Ultra-
sound, Bothell, WA, USA) as well as independent neu-
rological examinations, were scheduled at 6 and 12 
postoperative months, and annually thereafter. Follow-up 
cardiac enzyme levels and 12-lead electrocardiograms 
were performed depending on individual atherosclero-
sis risk factors. Once stability had been established over 
3  years, surveillance was performed at longer intervals 
of about 2 years. For antidiabetic medications and glyce-
mic control, a substantial proportion of patients received 
medication adjustments and assessments to evaluate 

glycemic or metabolic control with follow-up at other 
hospitals once stability had been established at our dia-
betes center.

Statistical analysis
Categorical variables are reported as frequencies or per-
centages, and continuous variables as means and stand-
ard deviations. Categorical variables were compared by 
using the Chi square test or Fisher’s exact test, as appro-
priate, whereas continuous variables were compared 
using Student’s t-test. Univariate and multivariate logistic 
regression analyses were used to identify the association 
between clinical variables and perioperative outcomes 
(within 30  days after CEA), and odds ratios (ORs) with 
95% confidence intervals (CIs) are reported. The cumu-
lative probabilities of long-term event-free rates in terms 
of MAE-free, stroke-free, and overall survival rates in the 
two groups were estimated using Kaplan–Meier analy-
sis and compared with estimations calculated using the 
log-rank test. Univariate and multivariate analyses of the 
association between clinical variables and long-term out-
comes (within 4  years after CEA) were conducted with 
Cox proportional hazard regression modeling, using the 
event of interest and the period from CEA to the date of 
the event or last follow-up as the outcome. Univariate 
Cox proportional hazard regression models were fitted 
to calculate hazard ratios (HRs) with 95% CIs to estimate 
the associations between clinical variables and outcomes. 
Variables with a P-value of < 0.1 on univariate analy-
sis were included in the multivariate analysis using the 
backward elimination method. A P-value < 0.05 was con-
sidered statistically significant. Statistical analyses were 
performed using SPSS version 21.0 (IBM Corp., Armonk, 
NY, USA).

Results
The study cohort consisted of 675 CEAs in 613 patients 
who underwent CEA at our hospital. The DM group 
consisted of 265 CEAs (39.3%), and the non-DM group 
consisted of 410 CEAs (60.7%). The baseline and clinical 
characteristics of the patients according to DM status are 
presented in Table 1. In the DM group, the mean diabetes 
duration was 11 years, and the proportion of insulin use 
was 17.7% (47/265). Regarding atherosclerotic risk fac-
tors and comorbidities, the DM group had a higher prev-
alence of hypertension (P = 0.007), CAD (P < 0.001), CKD 
(P = 0.001), and PAOD (P = 0.003) than the non-DM 
group. There were no significant differences in the degree 
of carotid stenosis, SCSO and the proportion of symp-
tomatic stenosis, or the anesthetic and reconstruction 
techniques of CEA between the two groups. Regarding 
antidiabetic medications and glycemic control, 63.8% of 
patients (169/265) in the DM group received medication 
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adjustments and assessments to evaluate glycemic or 
metabolic control with follow-up at other hospitals.

Patients in the DM and non-DM groups did not dif-
fer significantly in terms of overall incidence of MAE 
occurrence (2.6% versus 2.0%, respectively; P = 0.552) 
or incidence of any of the individual MAE manifesta-
tions during the perioperative period. However, within 
4  years after CEA, the MAE incidence was found to be 
15.8% in the DM group and 10.5% in the non-DM group 
(P = 0.040) (Table  2). Analysis of the individual MAE 

manifestations indicated a significantly higher risk of 
stroke in the DM group (P = 0.006), whereas there were 
no significant differences between the two groups in the 
risks of MI and all-cause mortality. The risk of minor 
stroke was significantly higher in the DM group (6.4% 
versus 1.7%; P = 0.001); however, no significant differ-
ence was noted in the incidence of major stroke (0.8% 
versus 1.0%; P = 0.999) between the two groups. On 
Kaplan–Meier survival analysis, although there was a 
similar overall survival rate (P = 0.635) between the two 
groups, the DM group had lower MAE-free (P = 0.040) 
and stroke-free (P = 0.004) survival rates compared with 
the non-DM group (Fig.  1). The MAE-free, stroke-free, 
and overall survival rates at 4 years in the DM and non-
DM groups were 85.7% and 90.5%, 93.6% and 98.1%, and 
90.6% and 91.7%, respectively. During the study period, 
restenosis occurred after 12 CEAs (1.8%): 5 CEAs (1.9%) 
in the DM group and 7 CEAs (1.7%) in the non-DM 
group (P = 0.999). There was no restenosis-related stroke.

After adjusting for confounding variables, dyslipidemia 
had a protective effect on perioperative MAE occurrence 
(OR, 0.30; 95% CI 0.10–0.87; P = 0.027), whereas CAD 
increased the risk of perioperative MAE 3.74-fold (95% 
CI 1.25–11.2; P = 0.018) (Table  3). Multivariate analysis 
indicated that dyslipidemia (OR, 0.16; 95% CI 0.04–0.67; 
P = 0.012) was an independent determinant of decreased 
perioperative stroke risk and that CAD (OR, 5.22; 95% CI 
1.30–20.90; P = 0.020) was an independent determinant 
of increased perioperative stroke risk (Additional file  1: 
Table S1). For the incidence of perioperative MI and all-
cause mortality, univariate analysis identified no statisti-
cally significant associated factor, which precluded the 
execution of multivariate analysis (data not shown).

After adjustment for potential confounding variables, 
multivariate analysis of the association between clinical 
variables and long-term incidence of MAEs indicated 
that older age (HR, 1.05; 95% CI 1.02–1.08; P = 0.001) 
and DM (HR, 1.62; 95% CI 1.06–2.48; P = 0.026) were 
independent risk factors for MAE occurrence (Table 4). 
According to the analyses of the association between clin-
ical variables and individual MAE manifestations, DM 
(HR, 2.55; 95% CI 1.20–5.41; P = 0.015) was significantly 
associated with an increased risk of stroke within 4 years 
after CEA (Additional file  1: Table  S2). Older age (HR, 
1.06; 95% CI 1.01–1.12; P = 0.023) and insulin use (HR, 
2.34; 95% CI 1.02–5.37; P = 0.045) were independently 
associated with an increased 4-year any-cause mortality 
rate (Additional file 1: Table 3). There was no statistically 
significant factor associated with an increased 4-year MI 
incidence (data not shown).

Table 1 Baseline and  clinical characteristics of  the  study 
population stratified according to diabetes status

Continuous data are presented as mean ± standard deviation; categorical data 
are given as number (%)

BMI body mass index, CAD coronary artery disease, CEA carotid endarterectomy, 
CKD chronic kidney disease, DM diabetes mellitus, NA not applicable, PAOD 
peripheral arterial occlusive disease, SCSO severe contralateral extracranial 
carotid stenosis or occlusion
a Hypoglycemic medications at the time of CEA
b All patients received statins prior to CEA

Total DM Non‑DM P‑value

No. of CEAs 675 265 (39.3) 410 (60.7)

Mean age (years) 68.5 ± 7.7 68.1 ± 7.3 68.8 ± 7.9 0.222

Male sex 590 (87.4) 228 (86.0) 362 (88.3) 0.389

BMI (kg/m2) 24.1 ± 2.9 24.2 ± 3.0 24.0 ± 2.8 0.669

Diabetes duration (years) NA 11.3 ± 9.8 NA NA

Hypoglycemic medications

 Insulina NA 47 (17.7) NA NA

 Metformina NA 185 (69.8) NA NA

Risk factor

 Smoking 450 (66.7) 182 (68.7) 268 (65.4) 0.373

 Hypertension 513 (76.0) 216 (81.5) 297 (72.4) 0.007

 Dyslipidemiab 466 (69.0) 192 (72.5) 274 (66.8) 0.123

Comorbidities

 CAD 131 (19.4) 72 (27.2) 59 (14.4) < 0.001

 Subclinical CAD 23 (3.3) 10 (3.8) 13 (3.2) 0.673

 CKD 112 (16.6) 59 (22.3) 53 (12.9) 0.001

 PAOD 45 (6.7) 27 (10.2) 18 (4.4) 0.003

Carotid stenosis

 Degree of stenosis (%) 76.2 ± 9.5 76.0 ± 8.6 76.3 ± 10.0 0.705

 SCSO 72 (10.7) 29 (10.9) 43 (10.5) 0.851

 Symptomatic stenosis 324 (48.0) 116 (43.8) 208 (50.7) 0.077

CEA

 General anesthesia 405 (60.0) 155 (58.5) 250 (61.0) 0.520

 Use of shunt 421 (62.4) 168 (63.4) 253 (61.7) 0.658

 Reconstruction 0.897

  Patch angioplasty 653 (96.7) 257 (97.0) 396 (96.6)

  Primary closure 10 (1.5) 3 (1.1) 7 (1.7)

  Others 12 (1.8) 5 (1.9) 7 (1.7)
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Discussion
Ethnic differences and optimal management strategy 
for DM patients with carotid stenosis
Although our study cohort consisted of only Koreans and 
may not be representative of other ethnic groups, the 
prevalence of type 2 DM has been increasing through-
out Asia, and the speed of this increase is much faster 
than in Western countries [16]. In Korea, the prevalence 
of DM increased slightly between 2007 and 2014: 7.7% 
to 8.0% in the general population and 30.7% to 32.4% in 
the stroke population [31]. The prevalence of DM among 
Korean adults is expected to rise to 11.4% by 2030, accel-
erated by the aging of the population [32]. A large-scale 
meta-analysis project, the Asia Pacific Cohort Studies 
Collaboration, showed that the HRs of DM for ischemic 
stroke and MI are similar between Asian and Western 
countries [33]; moreover, glucose intolerance and DM 
are risk factors for stroke and MI in most Asian coun-
tries, as they are in Western countries [34–37]. Similar 
results were reported by the recently published “Stroke 
Statistics in Korea” project [31]; DM is an important risk 
factor for stroke. Although stroke mortality is gradually 
declining, it remains as high as 30 deaths per 100,000 
individuals in Korea [31]. The trends of increased DM 
prevalence, higher risks of DM-related significant carotid 
stenosis and stroke occurrence highlight the importance 
of carotid revascularization as a primary or secondary 
preventive management strategy for this fast-growing, 
vulnerable population in Korea.

Although carotid artery stenosis patients undergoing 
CEA or carotid artery stenting (CAS) had similar 30-day 
readmission rates [38], Columbo et  al. [39] recently 
reported that patients who undergo CEA have a long-
term survival advantage over those who undergo CAS in 
real-world practice, despite no difference in long-term 

survival in randomized trials. Furthermore, accord-
ing to a recent multicenter study in Korea, although the 
risk of major adverse cardiovascular events did not dif-
fer significantly within 4  years among Korean CAS and 
CEA patients, there was a higher risk of stroke with CAS 
during the periprocedural period [40]. However, the 
optimal management strategy for DM patients with sig-
nificant carotid stenosis remains to be defined, because 
randomized clinical trials have focused on comparing the 
effectiveness of CEA and CAS for high-risk [41] or stand-
ard-risk [29, 42, 43] patients, with minimal specific focus 
on patients with DM [4, 9]. Moreover, controversy exists 
about the long-term benefit of stroke prevention after 
CEA in the diabetic population, with varying conclusions 
across different Western studies [6, 8, 13–15]. There have 
been few reports to document the impact of DM on early 
and late outcomes after CEA in Asian populations.

In our study, we compared the outcomes after CEA 
between diabetic and non-diabetic patients and found 
that DM patients are not at greater risk of 30-day 
MAEs after CEA compared with non-DM patients; 
however, the 4-year risk MAE occurrence is signifi-
cantly greater among DM patients. Following the 
perioperative period, the rate of major stroke was less 
than 1.0% at 4 years in both DM and non-DM patients. 
However, the rate of stroke (of any severity) was 7.2% 
at 4 years in the DM group compared with 2.7% in the 
non-DM group, confirming that the efficacy of CEA 
for stroke prevention might be poorer in the long term 
in the presence of DM. Nevertheless, the inclusion of 
minor neurologic complications influenced significance 
for the combined outcome. Furthermore, patients in 
the DM group had a higher prevalence of atheroscle-
rotic risk factors and DM-related comorbidities than 
those in the non-DM group. In addition to DM itself, 

Table 2 Major adverse events (MAEs) and the individual MAE components among patients who have undergone carotid 
endarterectomy, according to diabetes status

Values in parentheses are percentages

CEA carotid endarterectomy, DM diabetes mellitus, MI myocardial infarction

Any stroke, MI, or death
a Including the occurrence of MAEs during the perioperative period

Within 30‑day outcomes after CEA Within 4‑year outcomes after  CEAa

Total (n = 675) DM (n = 265) Non‑DM 
(n = 410)

P‑value Total (n = 675) DM (n = 265) Non‑DM (n = 410) P‑value

MAE 15 (2.2) 7 (2.6) 8 (2.0) 0.552 85 (12.6) 42 (15.8) 43 (10.5) 0.040

Any stroke 9 (1.3) 4 (1.5) 5 (1.2) 0.743 30 (4.4) 19 (7.2) 11 (2.7) 0.006

 Major 1 (0.1) 0 1 (0.2) 0.999 6 (0.9) 2 (0.8) 4 (1.0) 0.999

 Minor 8 (1.2) 4 (1.5) 4 (1.0) 0.718 24 (3.6) 17 (6.4) 7 (1.7) 0.001

MI 2 (0.3) 2 (0.8) 0 0.154 2 (0.3) 2 (0.8) 0 0.154

Death 4 (0.6) 1 (0.4) 3 (0.7) 0.999 59 (8.7) 25 (9.4) 34 (8.3) 0.608
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these baseline differences also affected the 4-year MAE 
incidence differences between the two groups, and the 
present observations corroborate a report by Adegbala 
et  al. [9], which found that the presence of DM with 
chronic complications is an important risk factor for 
poorer outcomes after CEA.

Considering that there are conflicting reports on the 
impact of DM on the outcomes of patients who have 
undergone CEA, our findings are also inconsistent with 
some previously reported results, almost all of which 
were from studies on Western populations [4, 8, 13, 44]. 
Although our study sample was small, the discrepancies 

Fig. 1 Four‑year Kaplan–Meier analyses of the cumulative event‑free rates. a MAE‑free, b stroke‑free, and c overall survival rates among patients in 
the DM and non‑DM groups who underwent carotid endarterectomy. DM diabetes mellitus, MAE major adverse event; S.E. standard error
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between our findings and those of previous studies are 
likely attributable in part to ethnic disparities between 
Asian and Western populations. There are limited data 
available derived from studies on Asian populations, 
and therefore our findings could help inform clinicians 
about the best treatment options for Asian DM patients 
with significant carotid stenosis. Further studies of larger 
cohorts are needed to better understand the impact 
of DM on clinical outcomes following CEA in Asian 
populations.

Impact of risk factors on outcomes after CEA
The deleterious effects of obesity on patient survival 
in the general population are well known [45]. Among 
patients with metabolic syndrome, obesity is a confirmed 
independent risk factor for carotid plaque destabiliza-
tion, particularly among males aged < 70  years [46]. In 
our analysis, increased body mass index (BMI) within the 
normal range was not associated with increased risk of 
30-day or 4-year MAE occurrence after CEA. Although 
the recent Westernization of dietary habits has resulted 
in increasing mean BMI in most Asian countries, Asian 
populations remain less obese than Western populations.

As for other atherosclerosis risk factors, dyslipidemia, 
diagnosed before CEA, has a protective effect on 30-day 
MAE and stroke occurrence, whereas there is no signifi-
cant impact of dyslipidemia on the 4-year risks of MAEs 
or the individual MAE manifestations. Two randomized 
trials and several cohort studies have demonstrated the 
effectiveness of a short preoperative statin course to 
improve the 30-day outcomes of postoperative cardiovas-
cular morbidity and mortality after major vascular sur-
gery [44, 47–51]. Considering that all patients diagnosed 
with dyslipidemia received statins before CEA in our 
study population, this potentially explained our observa-
tion of a protective effect of dyslipidemia on 30-day MAE 
and stroke occurrence. This current finding adds support 
to the previous report by Visser et al. [44], which found 
that statin use is significantly associated with a decreased 
risk of MAEs after CEA.

Other data reveal the association between medi-
cal management of DM and an increased risk of MAE 
occurrence among DM patients taking insulin [52–54]. 
The need for insulin might be associated with more than 
a sevenfold increased risk of perioperative stroke and 
death after CEA. This may suggest that a more advanced 
stage of DM with chronic complications, or a different 
metabolic status requiring more aggressive glycemic con-
trol among DM patients requiring insulin, could lead to 
higher risk of ischemic events and death [8]. Concerning 
4-year any-cause mortality, our data, consistent with pre-
vious studies, showed that insulin use was significantly 
associated with a worse 4-year survival rate. The presence 

Table 3 Factors associated with  the  occurrence of  30-day 
major adverse events

BMI body mass index, CAD coronary artery disease, CI confidence interval, 
CKD chronic kidney disease, OR odds ratio, NA not applicable, PAOD peripheral 
arterial occlusive disease, SCSO severe contralateral extracranial carotid stenosis 
or occlusion

Univariate analysis Multivariate analysis

OR (95% CI) P‑value OR (95% CI) P‑value

Age 0.99 (0.93–1.06) 0.823 NA NA

Female sex 0.49 (0.06–3.77) 0.493 0.62 (0.08–4.93) 0.653

BMI 1.13 (0.95–1.35) 0.155 NA NA

Smoking 1.38 (0.44–4.40) 0.581 NA NA

Diabetes 1.36 (0.49–3.81) 0.554 NA NA

Insulin use 0.77 (0.90–6.53) 0.809 NA NA

Hypertension 4.52 (0.59–34.6) 0.147 NA NA

Dyslipidemia 0.38 (0.14–1.07) 0.067 0.30 (0.10–0.87) 0.027

CAD 2.85 (1.00–8.16) 0.051 3.74 (1.25–11.20) 0.018

Subclinical CAD NA NA NA NA

CKD 2.58 (0.87–7.71) 0.089 2.44 (0.80–7.44) 0.118

PAOD 1.00 (0.13–7.78) 0.999 0.80 (0.10–6.51) 0.836

Degree of 
stenosis

0.99 (0.94–1.04) 0.685 NA NA

SCSO 2.14 (0.59–7.78) 0.247 NA NA

Symptomatic 
stenosis

0.95 (0.34–2.64) 0.917 NA NA

Table 4 Factors associated with  the  occurrence of  4-year 
major adverse events

BMI body mass index, CAD coronary artery disease, CI confidence interval, CKD 
chronic kidney disease, HR hazard ratio, NA not applicable, PAOD peripheral 
arterial occlusive disease, SCSO severe contralateral extracranial carotid stenosis 
or occlusion

Univariate analysis Multivariate analysis

HR (95% CI) P‑value HR (95% CI) P‑value

Age 1.05 (1.02–1.08) 0.002 1.05 (1.02–1.08) 0.001

Female sex 1.15 (0.63–2.13) 0.646 1.06 (0.57–1.95) 0.865

BMI 0.95 (0.88–1.03) 0.192 NA NA

Smoking 1.36 (0.85–2.20) 0.204 NA NA

Diabetes 1.55 (1.02–2.38) 0.042 1.62 (1.06–2.48) 0.026

Insulin use 1.71 (0.86–3.39) 0.129 NA NA

Hypertension 0.70 (0.44–1.10) 0.123 NA NA

Dyslipidemia 0.81 (0.52–1.27) 0.356 NA NA

CAD 1.36 (0.83–2.22) 0.225 NA NA

Subclinical CAD 0.33 (0.05–2.34) 0.265 NA NA

CKD 1.60 (0.97–2.65) 0.065 1.27 (0.76–2.15) 0.362

PAOD 0.88 (0.36–2.17) 0.783 0.77 (0.31–1.90) 0.565

Degree of ste‑
nosis

1.01 (0.99–1.03) 0.379 NA NA

SCSO 1.26 (0.67–2.38) 0.472 NA NA

Symptomatic 
stenosis

0.83 (0.54–1.28) 0.397 NA NA
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of DM might both increase neointimal hyperplasia and 
accelerate the growth of new carotid plaques at the site 
of arterial injury [8], thereby implying an increased risk 
of restenosis after CEA [14, 55]. However, this hypothesis 
has remained controversial; our study, as well as others 
in the literature [5, 56], indicated that DM patients have 
similar restenosis rates after CEA compared with non-
DM patients.

Study limitations
It is clear that our study has substantial limitations, 
including its retrospective design and small sample size in 
a single-center cohort. There was potential for selection 
and information biases on the part of the physicians or 
patients, owing to the retrospective study design; hence, 
the incidence of MAEs may have been underestimated, 
and the number of excluded patients was considerable. 
Furthermore, we calculated the DM duration at baseline 
using patient self-reported age at DM onset, which may 
have been inaccurate owing to the lag times between dis-
ease onset, diagnosis, and self-reporting for study pur-
poses. Additionally, several important factors were not 
available from our data sources, such as biochemical 
assessments to evaluate glycemic or metabolic control 
among DM and non-DM patients. Patient adherence to 
prescribed DM medications was not supervised, because 
a substantial proportion of patients were followed up 
at other hospitals once stability had been established at 
our DM center. Owing to the lack of data on serial meas-
urements of glycated hemoglobin levels and other DM-
related factors, we could not account for differences in 
glycemic control in this analysis. Furthermore, the study 
cohort consisted entirely of Korean Asians; therefore, our 
results may not be generalizable to other ethnic groups. 
Finally, as with all observational studies, we cannot draw 
conclusions about causality.

Conclusions
DM is one of the most common and disabling diseases 
with a strong cardiovascular burden. Epidemiologic stud-
ies have confirmed that DM independently increases the 
risk of ischemic stroke and stroke-related functional out-
comes and mortality. Therefore, it is expected that the 
benefit of stroke prevention measures, such as CEA, for 
those with significant carotid stenosis, might be more 
substantial for DM patients. In our study, we found 
that DM patients are not at greater risk of perioperative 
MAE occurrence after CEA compared with non-DM 
patients; however, the risk of late MAE occurrence was 
significantly greater among DM patients. DM was an 
independent risk factor for MAE and stroke occurrence 
within 4 years after CEA. Prior history of dyslipidemia—
meaning preoperative statin use—had a protective effect 

against perioperative MAE and stroke occurrence, 
whereas insulin use negatively affected 4-year survival.

Additional file

Additional file 1: Table S1. Factors associated with the occurrence of 
stroke within 30 days after carotid endarterectomy. Table S2. Factors 
associated with the occurrence of stroke within 4 years after carotid 
endarterectomy. Table S3. Factors associated with mortality within 4 years 
after carotid endarterectomy.
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