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Stroke is the second leading cause of mortality world-
wide and is well suited for prevention because it has a high 
prevalence, high burden of economic cost, well-defined 
modifiable risk factors, and effective prevention measures. 
Atherosclerosis is one of the major mechanisms of ischemic 
stroke, but the apparent differences in risk factors for 
intra- and extracranial atherosclerosis are unclear and the 
mechanisms that underlie strokes in patients with intra-
cranial atherosclerosis are not well known. Consequently, 
patients with intracranial stenosis receive the same treat-
ment as those with carotid atherosclerosis. Several novel 
substances have emerged recently as risk factors for ath-
erosclerosis. Specifically, it has recently been suggested 
that both the metabolic syndrome, which refers to a 
constellation of metabolic risk factors that are linked to 
insulin resistance, and vascular inflammation are associated 
with increased risk of coronary heart disease and stroke. 
The results of the studies reviewed here suggest that 
these factors play a differential role in the development of 
atherosclerotic stroke between the intra- and extracranial 
arterial systems.

Introduction
Despite the fact that most cardiovascular events are 
explained by conventional risk factors such as hyper-
tension, diabetes mellitus, smoking, and dyslipidemia, 
many cardiovascular events occur in patients without 
such modifiable risk factors. Therefore, many risk factor 
candidates for atherosclerosis have been proposed. 

Over the past two decades, a striking increase in the 
number of people with the metabolic syndrome has 

taken place. This increase is associated with the global 
epidemic of obesity and diabetes [1]. Recently, the Adult 
Treatment Panel III (ATP III) identified the components 
of the metabolic syndrome and defined this syndrome as 
the presence of three or more of the following risk factors:  
1) abdominal obesity; 2) elevated triglyceride levels  
(≥ 150 mg/dL); 3) low high-density lipoprotein cholesterol 
levels (< 40 mg/dL for men, < 50 mg/dL for women); 4) 
hypertension (systolic blood pressure ≥ 130 mm Hg or 
diastolic blood pressure ≥ 85 mm Hg); and 5) impaired 
fasting glucose levels (≥ 110 mg/dL) [2]. 

Of the other potential novel risk factors currently being 
investigated, C-reactive protein (CRP) is among the most 
promising. It is generally accepted that inflammation is 
involved in plaque rupture, and there is an association 
between elevated CRP concentrations and increased risk of 
ischemic events or high-risk unstable plaque morphology.

This review highlights these two important 
emerging risk factors, the metabolic syndrome and 
inflammatory markers, in the development of intra-
cranial atherosclerotic stroke.

Intracranial and Extracranial Atherosclerosis
Intracranial atherosclerotic stenosis is responsible for 
ischemic stroke in 5% to 10% of white patients and is the 
cause of stroke in up to 33% of Hispanic, black, and Asian 
stroke patients [3–5]. Therefore, intracranial stenosis is 
probably just as important as carotid bifurcation stenosis. 

In addition to evidence based on anatomic studies 
of the morphology of arterial beds [6,7], several clinical 
studies have suggested that the mechanism of stroke may be 
different between patients with intracranial atherosclerosis 
and those with extracranial atherosclerosis. There are three 
lines of evidence to support this.

First, atherosclerosis is frequently localized to either the 
intra- or extracranial arterial system rather than occurring 
in both systems [8••]. The simultaneous development of 
intra- and extracranial arterial lesions within the same 
patient is infrequent [8••], and it was reported that 
patients without carotid bifurcation disease were more 
likely to progress to intracranial atherosclerosis than those 
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with extracranial disease [9]. In addition, there is higher 
prevalence of a previous history of coronary heart disease 
(CHD) in patients with extracranial carotid atherosclerosis 
than in patients with middle cerebral artery (MCA) 
atherosclerosis [8••]. The prevalence of carotid stenosis in 
patients with CHD was reported to be unexpectedly high 
in a sample of the Japanese population [10].

Second, the pattern of stroke recurrence may differ 
between the two subtypes of atherosclerotic stroke. 
Unlike in patients with intracranial large artery 
atherosclerosis, recurrent strokes in patients with 
extracranial atherosclerosis are often unpredictable 
with respect to the site of recurrence and degree of pre-
existing stenosis [11]. No patients with extracranial 
atherosclerosis had recurrences that were caused by 
intracranial large-artery atherosclerosis and vice versa.

Finally, the infarct patterns may differ between the 
two subtypes of atherosclerotic strokes. The infarct pattern 
in patients with MCA atherosclerosis often includes deep 
perforating and internal border-zone infarcts, whereas 
territorial infarcts and superficial perforator infarcts 
(which are suggestive of fatal and minor ruptures of 
plaques, respectively) are associated with extracranial 
carotid atherosclerosis [12]. This indicates that a different 
pathogenesis may underlie extracranial versus intra-
cranial atherosclerosis. All such findings are in line 
with a previous report based on autopsy data showing 

that, in contrast to extracranial arterial stenosis, intra-
cranial plaques are usually stable and fibrous and do not 
represent embolic foci [13,14].

The Metabolic Syndrome and Inflammation 
As Novel Risk Factors for Ischemic Strokes
The risk factors for intra- and extracranial atherosclerotic 
stroke have been compared in numerous studies [3,15–18], 
but it remains unclear whether there are differences between 
the risk factors associated with these two subtypes of 
ischemic stroke. After reporting that there were no significant 
differences in conventional risk factors between intra- and 
extracranial atherosclerotic stroke [8••], novel risk factors for 
these two types of atherosclerosis were investigated recently 
[19••]. The concentrations of inflammatory markers such 
as CRP and fibrinogen were higher in patients with extra-
cranial atherosclerosis than in patients with intracranial 
atherosclerosis, which suggested that plaques associated 
with the latter stroke subtype may be more stable than those 
associated with the former subtype [8••]. In contrast, 
metabolic syndrome was observed more frequently in 
patients with intracranial atherosclerosis than in patients with 
extracranial atherosclerosis or other stroke subtypes [19••]. 
Patients with more severe metabolic abnormalities were more 
likely to have intracranial atherosclerosis after adjustment for 
other risk factors (Table 1). By contrast, such association was 

Table 1. Association of the metabolic syndrome with intracranial atherosclerosis: multiple regression 
analysis results

Intracranial atherosclerosis* Extracranial atherosclerosis*

Variable Odds ratio (95% CI) P value Odds ratio (95% CI) P value

Age, per 1-year increase – 0.705 1.03 (1.01–1.06) 0.009

Male sex – 0.991 0.53 (0.29–0.98) 0.044

Hypertension – 0.229 – 0.886

Diabetes – 0.521 – 0.971

Smoking – 0.88 – 0.413

Low-density lipoprotein – 0.15 – 0.15

Previous stroke history – 0.177 2.35 (1.10–3.73) 0.024

History of coronary 
heart disease 

– 0.974 2.35 (0.88–6.22) 0.087

C-reactive protein,  
per 1-mg/dL increase

– 0.306 1.18 (0.98–1.42) 0.08

Metabolic syndrome 0.004 0.283

1 component 2.39 (0.83–6.90)† 0.108 – 0.081

2 components 3.70 (1.32–10.38)† 0.013 – 0.89

3 components 4.49 (1.61–12.54)† 0.004 – 0.619

4 components 6.58 (2.31–18.76)† <0.001 – 0.541

5 components 5.92 (1.59–22.11)† 0.008 – 0.349

*Patients of nonatherosclerotic subtypes were used as the reference group. 
†Compared with patients with no components of the metabolic syndrome.
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not observed in patients with extracranial atherosclerosis. 
Urine microalbumin concentration, an important criterion in 
the World Health Organization definition of atherosclerosis 
[20], was reported to be associated with metabolic syndrome 
[21]. The concentration of urine microalbumin was related 
closely to the degree of metabolic abnormality, and a high 
concentration of urine microalbumin was associated with 
intracranial but not extracranial atherosclerotic stroke  
(Fig. 1) (Bang, Unpublished data).

Numerous studies have addressed the independent 
association between the metabolic syndrome and CHD-
related mortality; the relative hazard ratio for these factors 
has been reported to range from 1.5 to 5.0 [22••]. CRP 
was an independent predictor of cardiovascular disease 
in middle-aged and older men and women [23–25]. 
However, there have been relatively few studies of these 
factors in patients with ischemic stroke, and the available 
data are variable [26–31]. Compared with CHD, stroke 
is a heterogeneous condition, and different risk factor 
profiles are associated with different subtypes of stroke, 
reflecting the particular etiopathology that underlies 
each subtype. Therefore, the impact of metabolic 
syndrome and inflammation may depend on the stroke 
subtype (eg, atherosclerotic, cardioembolic, lacunar) 
[19••,29] as well as the site of atherosclerosis [8••,19••]. 
In fact, when a cohort is divided into four groups based 
on CRP concentrations and the presence or absence of 
metabolic syndrome, intracranial atherosclerosis was 
most prevalent in patients with metabolic syndrome and 
low concentrations of CRP (Fig. 2).

In previous studies of the cardiovascular risks for 
inflammation and metabolic syndrome in healthy 
subjects, it was suggested that inflammation within 

the vasculature might be an important pathogenic link 
between cardiovascular diseases and metabolic syndrome 
[32•]. Elevated CRP concentrations in patients with meta-
bolic syndrome [33,34] were reported to have prognostic 
value concerning cardiovascular risk [32•,35]. However, 
our study of stroke patients revealed a weak correlation 
between the degree of inflammation and the degree of 
metabolic abnormality (Bang, Unpublished data). This 
does not preclude an association between metabolic 
abnormalities and inflammation, but it does differentiate 

Figure 1. Association between urine microalbumin concentration, metabolic syndrome (MS), and stroke. A, Association between urine 
microalbumin concentration and metabolic abnormalities. The urine microalbumin concentration was higher in patients with four to five 
metabolic abnormalities than in patients with zero to three metabolic abnormalities (P < 0.001). B, Urine microalbumin concentration in 
patients with intracranial atherosclerotic stroke versus in patients with extracranial atherosclerotic stroke. (Data from Bang et al. [19••.)

Figure 2. The impact of the metabolic syndrome (MS) and C-reactive 
protein (CRP) concentration on atherosclerotic stroke. Black bars 
and gray bars correspond to patients with intra- and extracranial 
atherosclerosis, respectively. Low and high refer to CRP concentrations 
of 0.3 mg/dL or less and greater than 0.3 mg/dL, respectively.
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the pathogenic mechanisms that underlie intracranial 
and extracranial atherosclerotic stroke. Moreover, factor 
analysis has indicated that inflammation may represent a 
pathophysiologic pathway that is distinct and independent 
from metabolic syndrome [36]. This suggests that inflam-
mation may contribute to the risk of cardiovascular disease 
independent of the insulin-resistance syndrome via a 
separate underlying process [36].

Interaction Between the Metabolic Syndrome 
and Intracranial Atherosclerotic Stroke
There are three possible explanations for the high frequency 
of the metabolic syndrome in patients with intracranial ath-
erosclerosis. The first, oxidative stress, which is associated 
with the metabolic syndrome, has been suggested to play a 
role in endothelial dysfunction and subsequent atheroscle-
rosis [36–38]. It was reported that adults with the metabolic 
syndrome have suboptimal concentrations of several anti-
oxidants [39]. An autopsy study revealed that intracranial 
arteries responded with accelerated atherogenesis when the 
antioxidant protection of these arteries was decreased to a 
relatively greater extent than in extracranial arteries [40]. 
The authors of the aforementioned study suggested that the 
progression of atherosclerosis within intracranial arteries 
might be partly attributable to reduced intracellular defenses 
against oxygen free radical–mediated processes. Therefore, it 
is conceivable that intracranial arteries become susceptible 
to oxidative stress, resulting in atherosclerotic stroke, 
particularly under conditions of increased oxidative stress, 
such as those in patients with the metabolic syndrome.

Second, although the metabolic syndrome may play 
an important role in the early course (presymptomatic) 
of atherosclerosis in the extracranial system as shown in 

ultrasound-based studies of intimal medial thickness (IMT) 
[41–44], thrombotic arterial occlusion usually follows 
rupture of an unstable atherosclerotic plaque [45], and 
inflammation may be necessary for the development of 
symptomatic plaque rupture, either minor or fatal [46,47]. 
Recently, Iglseder et al. [48] reported an independent 
negative association of adiponectin (an adipose-derived 
factor) concentrations with early atherosclerosis (carotid 
IMT), whereas there was no relationship with atheromatous 
stroke (atherosclerotic plaques). Although the metabolic 
syndrome is associated with atherosclerosis, the association 
between the metabolic syndrome and atherosclerotic 
progression is less clear [49,50]. In contrast, although there 
is only a modest association between CRP concentration and 
imaging-based measures of subclinical atherosclerosis, there 
is a strong relationship between serum CRP concentrations 
and the coronary plaque burden and acute rupture defined 
at autopsy [51]. Therefore, it is conceivable that intracranial 
atherosclerotic stroke may be predominant in patients 
with metabolic syndrome in the absence of a profound 
inflammatory reaction within the extracranial arterial 
system (Fig. 3). Intracranial atherosclerosis may represent 
either arteriosclerosis (loss of cushioning function due 
to stiffening) [52] or the stable subtype of atherosclerosis 
[53] in which silent plaque ruptures and healing result in 
the progression of stenosis. Recently, it was reported that 
metabolic abnormalities (in the absence of inflammation) 
[54•] and insulin resistance [55,56] may cause a loss of the 
cushioning function by affecting arterial distensibility. This 
concurs with a previous transcranial Doppler-based study of 
the association between diabetes and increased intracranial 
arterial resistance [57]. Additional studies in patients with 
metabolic syndrome using transcranial Doppler may help 
document such changes in intracranial arterial systems.

Figure 3. Mechanisms related to the 
metabolic syndrome and inflammation that 
are proposed to underlie the development of 
atherosclerotic stroke in various sites.
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Finally, atherogenesis, including the effects of plasma 
lipids [58], within the intracranial vascular bed might be 
different from atherogenesis that occurs in coronary or 
extracranial carotid arteries. Hemodynamic conditions 
affect atherogenesis and might also modify the effects of 
circulating agents in different vascular beds.

Perspectives: Definition of the Metabolic 
Syndrome and Treatment of These Risk Factors
Clinical criteria for the diagnosis of the metabolic syndrome 
have been recommended by at least four organizations 
[2,20,59–61]. The various definitions of metabolic syndrome 
differ not only in the criteria used to define each component 
(such as abdominal obesity or hyperglycemia) but also in 
the basic factors required for diagnosis. For example, the 
World Health Organization’s definition requires insulin 
resistance; the definition proposed by the International Dia-
betes Federation requires abdominal obesity; and no single  
factor is required in the definition put forward by the  
ATP III. The differences among the definitions of metabolic 
syndrome result mainly from clinical simplification and 
ethnic differences.

The most remarkable differences among the 
definitions and those with potential clinical impli-
cations are whether the definition allows for the 
diagnosis of the metabolic syndrome in the presence of 
type 2 diabetes and ongoing treatment for dyslipidemia 
or hypertension [61]. Because of the high prevalence 
of hypertension and diabetes in patients with stroke 
or CHD, most previous studies of the prevalence of 
metabolic syndrome in such patients often used the 
ATP III criteria with some modifications to diagnose 
metabolic syndrome (eg, participants who reported 
current use of antihypertensive or antidiabetic medi-
cation were designated as having high blood pressure 
or diabetes, respectively). The International Diabetes 
Federation’s definition explicitly allows for the treat-
ment of hypertriglyceridemia (a low concentration of 
high-density lipoprotein cholesterol, hypertension, 
and diabetes) to be counted [61]. Further compara-
tive studies are needed to elucidate the associations 
between the different definitions of the metabolic 
syndrome and major vascular events, especially intra-
cranial atherosclerotic stroke. 

The primary goal of management in an individual 
with the metabolic syndrome is to reduce risk for clinical 
atherosclerotic disease. The ATP III recommended 
increased emphasis on the management of the metabolic 
syndrome through lifestyle changes (weight control 
and increased regular physical activity) [2]. Many stroke 
patients with the metabolic syndrome may also benefit 
from aggressive management of metabolic risk factors 
(such as hypertension and atherogenic dyslipidemia), 
given the clinical trials that have documented the efficacy 
of lipid and blood pressure treatment to reduce CHD 

[2,62]. It is not known the extent to which stroke events 
would be reduced from optimal control of these risk 
factors in patients with the metabolic syndrome; however, 
in patients with CHD, optimal control of blood pressure 
and lipids resulted in preventing about 80% of CHD events 
[62]. In addition, there is growing evidence that several 
drugs (eg, fibrates, thiazolidinediones, and angiotensin-
converting enzyme inhibitors) used to treat metabolic risk 
factors have been reported to act as insulin sensitizers and 
reduce CRP. Antiplatelet agents are generally not indicated 
in nondiabetic individuals for primary prevention. How-
ever, the use of antiplatelet agents may be considered for 
primary prevention of vascular disease in patients with the 
metabolic syndrome because of the substantially increased 
risk of acute vascular events in this group [63,64]. 

Statins, inhibitors of 3-hydroxy-3-methylglutaryl 
coenzyme A reductase, are well known plaque 
stabilizers. The use of a statin after ischemic stroke 
is associated with a reduction in CRP levels and an 
improved prognosis that is independent of lowering 
lipid levels; the greatest reduction of risk is observed 
in patients with relatively high CRP levels [65]. For 
this reason, the National Cholesterol Education 
Program recently extended the indication of statin use 
to those with carotid occlusive disease, even in those 
with normocholesterolemia [2]. Patients with intra-
cranial atherosclerosis had stable plaques with lower 
levels of CRP and a higher frequency of hemodynamic 
strokes than patients with extracranial atherosclerosis  
[8••,12–14]. Further studies are required to elucidate 
the effects of plaque stabilizers, such as a statin, in 
patients with intracranial atherosclerosis.

Conclusions
The pathogenesis of intracranial atherosclerosis may differ 
from that of extracranial atherosclerosis, particularly with 
regard to metabolic abnormalities and inflammation. 
Further studies in different populations, such as different 
ethnic groups, and larger cohorts are warranted. Prospective 
studies are also needed to assess the impact of treating 
metabolic abnormalities and vascular inflammation as a 
strategy for preventing intracranial atherosclerosis.
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