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Background: Intracranial atherosclerotic stenosis (ICAS) is the most common cause of stroke, but the 
relationship of ICAS with fasting blood glucose (FBG) and glycated hemoglobin A1c (HbA1c) is unclear. This 
study aimed to investigate the effects of increased FBG and HbA1c concentration on ICAS.
Methods: A total of 4,012 patients aged over 40 years who underwent cerebral magnetic resonance 
angiography (MRA) were enrolled in this study, including 1,434 non-stroke controls and 2,578 patients with 
ischemic stroke. Participants were classified into four groups according to stroke and ICAS status. ICAS was 
defined as the presence of ≥50% stenosis in any intracranial artery. Multivariate regression analysis was used 
to evaluate the associations of FBG and HbA1c with ICAS.
Results: Levels of fasting glucose and HbA1c in patients with ICAS were significantly higher than those in 
patients without ICAS among both stroke and non-stroke groups. Multivariate regression analysis showed 
that elevated levels of fasting glucose (OR 1.14, 95% CI, 1.11–1.18, P<0.001) and HbA1c (OR 1.22, 95% 
CI, 1.16–1.28, P<0.001) were independent risk factors for ICAS. In addition, patients with the DM (FBG 
≥7.0 mmol/L) were at the high risk of ICAS in both non-stroke (OR 2.90, 95% CI, 2.11–3.99, P<0.001) and 
stroke (OR 1.99, 95% CI, 1.67–2.39, P<0.001) groups. Besides, subjects with the high risk of ICAS were 
found in the fourth HbA1c quartile in both non-stroke (OR 3.50, 95% CI, 2.23–5.61, P<0.001) and stroke (OR 
1.98, 95% CI, 1.50–2.63, P<0.001) groups.
Conclusions: The results suggest that elevated fasting glucose and HbA1c levels are associated with high 
risk for ICAS.
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Introduction 

As the leading cause of mortality and adult disability, 
stroke is a serious health problem in China and worldwide  
(1-3). Intracranial atherosclerotic stenosis (ICAS) is the 
most common cerebrovascular lesion in China (4). It has 
been recognized as a major cause for ischemic stroke in 
China, accounting for 37–50% of ischemic strokes in the 
Chinese population (5-7). Besides, stroke patients with 
ICAS suffer from longer hospital stay and higher rate of 
stroke relapse than those without ICAS (2,8,9). Therefore, 
it is important to identify and modify risk factors of ICAS 
to prevent ICAS and subsequent ischemic strokes. ICAS 
and stroke share certain modifiable risk factors (4,10). 
Diabetes mellitus (DM) has been correlated with presence 
of ICAS and occurrence of ischemic stroke in previous 
studies (11-13). In addition to DM, pre-diabetic status, such 
as impaired fasting glucose (IFG) (14), as well as long-term 
glucose level, usually reflected by the glycated hemoglobin 
A1c (HbA1c) level, are also associated with ICAS and 
stroke. It has been reported that IFG (6.10–6.99 mmol/L)  
and DM have been associated with a higher prevalence 
of asymptomatic ICAS in a cohort of 5,309 subjects 
free of stroke and coronary artery disease (CAD) (15).  
A history of DM and high HbA1clevel have been associated 
with presence of ICAS as well, in the Chinese Intracranial 
Atherosclerosis study (CICAS, a cohort of 2,864 stroke 
patients with or without ICAS), and in the Kangbuk 
Samsung Health Study (a health screening program of 
10,550 participants in South Korea) (4,16,17).

However, few studies have systematically investigated 
the associations of different stages of DM, and instant 
and long-term blood glucose levels, with ICAS in a same 
cohort. Therefore, in this study, we aimed to investigate 
the associations of ICAS, as diagnosed by magnetic 
resonance angiography (MRA), with instant and long-
term blood glucose levels,  and different stages of 
diabetes including pre-diabetes in stroke and non-stroke 
patients.

Methods 

Study population

Study subjects were prospectively recruited from January 
2014 to June 2018 among patients in the department of 
neurology for suspected stroke and individuals at the health 
screening center underwent comprehensive health screening 
at Qingdao Municipal Hospital. Most of the participants 

from the health screening center did not have serious 
health problems. And the costs of the health screening 
were paid by their company or by each participant. We 
enrolled continuous individuals aged over 40 years, who 
had undergone brain MRI and MRA, and laboratory tests 
including but not limited to fasting blood glucose (FBG) 
and HbA1c tests. We excluded individuals in all groups who 
(I) had incomplete cerebral vascular imaging or laboratory 
tests; (II) had intracerebral hemorrhage, extracranial 
atherosclerotic stenosis, atrial fibrillation and possible 
cardioembolism; (III) had intracranial and/or extracranial 
artery stenosis due to non-atherosclerotic diseases, such as 
dissection, arteritis, moyamoya disease, and muscular fiber 
dysplasia; (IV) had infection, tumor, chronic liver disease 
and renal insufficiency, which could have influenced the 
blood glucose levels; (V) did not provide a written informed 
consent. Written informed consent form was obtained from 
all participants or their legal representatives. This study 
was approved by the Institutional Ethics Committees of 
Qingdao Municipal Hospital.

Ultimately, 4,012 subjects were recruited in the 
current study, including 1,434 subjects without transient 
cerebral ischemia (TIA) or ischemic stroke and 2,578 
ischemic stroke patients with TIA or magnetic resonance 
imaging (MRI) confirmed acute ischemic stroke (within  
7 days of onset).

Imaging assessment and patient grouping

Brain MRI and MRA were performed on a 3.0 tesla 
MR scanner. MRI was conducted with the following 
parameters: 20–25/2–3 ms repetition time/echo time, 
15° flip angle, 220 mm × 220 mm field of view, 1.2-mm 
layer thickness and 0.6-mm layer spacing. Intracranial 
artery status was evaluated in3dimentional time-of-
flight MRA and extracranial atherosclerotic stenosis was 
excluded via carotid duplex ultrasonography. All images 
were read by two experienced radiologists blinded to 
clinical information of the patients and a third reader 
was consulted in cases of disagreement. The degree of 
intracranial artery stenosis was measured according to 
the Warfarin-Aspirin Symptomatic Intracranial Disease 
(WASID) method (18). In this study, presence of ICAS was 
defined as ≥50% diameter stenosis in one or more cerebral 
arteries, including M1/M2 middle cerebral artery (MCA), 
A1/A2 anterior cerebral artery (ACA), P1/P2 posterior 
cerebral artery (PCA), vertebral artery (VA), and basilar 
artery (BA), intracranial section of internal carotid artery, 
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BA and intracranial section of VA.
Based on imaging and clinical data, the included 

participants were classified into 4 subgroups as follows: (I) 
subjects without stroke or ICAS; (II) patients without stroke 
but having asymptomatic ICAS; (III) patients with stroke 
but no ICAS; (IV) patients with stroke and ICAS. 

Definition of potential risk factors

A variety of demographic data were included: age, sex, 
hypertension, DM, CAD. In this study, hypertension was 
defined as a systolic blood pressure ≥140 mmHg, a diastolic 
blood pressure ≥90 mmHg or using antihypertensive  
drugs (19); history of DM was defined as self-reported 
or known DM (20); CAD was defined as a documented 
previous or newly-diagnosed CAD.

Assessment and classification of FBG and HbA1c levels

Blood samples were collected in the morning after an 
overnight fast. Automated analytical platform (Beckman 
Coulter AU5800: Beckman Coulter Inc., Brea, CA, USA) 
was used to measure fasting glucose. Fasting glucose was 
stratified into four levels: normal fasting glucose (NFG): 
FBG <5.6 mmol/L; impaired fasting glucose-1 (IFG-1):  
5.6 mmol/L ≤ FBG <6.1 mmol/L; IFG-2: 6.1 mmol/L  
≤ FBG <7.0 mmol/L; DM: FBG ≥7.0 mmol/L (15). HbA1c 
was divided into four levels according to quartiles.

Statistical analysis

Kolmogorov-Smirnov tests  were used to test  the 
distributions of continuous variables. One-way ANOVA 
(analysis of variance) or Kruskal-Wallis test was used to 
compare intergroup difference for continuous variables, and 
Chi-square test was used to compare categorical variables. 
Results were shown as mean ± standard deviation (SD) or 
median with interquartile range (IQR) and proportions 
appropriately. Univariate and binary logistic regression 
analysis were used to calculate odd ratios (ORs) and 95% 
confidence intervals (CIs) for the effects of risk factors 
on presence of ICAS. Variables with a P value <0.05 
by univariate logistic regression for presence of ICAS 
were included in binary logistic regression analysis for 
independent predictors for presence of ICAS. All statistical 
analyses were performed with R version 1.1.383. A two-
tailed P value <0.05 represented statistically significant 
difference.

Results

Baseline characteristics of the study subjects

Of all the 4,012 participants, 1,434 (35.7%) were non-stroke 
individuals and 2,578 (64.3%) were stroke patients. The 
non-stroke group included 1,118 patients without ICAS 
and 316 patients with ICAS and the stroke group included 
1,552 without ICAS and 1,026 with ICAS. The baseline 
characteristics of the included subjects based on stroke and 
ICAS status were summarized in Table 1. In non-stroke and 
stroke groups, higher prevalence of high levels of SBP, FBG 
and HbA1c, hypertension, diabetes were observed in patients 
with ICAS. Table S1 showed the baseline characteristics of 
the included subjects based on stroke status.

Associations of HbA1c and fasting glucose with ICAS in all 
subjects recruited

Table 2 showed that fasting glucose was an independent risk 
factor for ICAS (OR 1.14, 95% CI, 1.11–1.18, P<0.001) 
(Table 2, model 1). Besides, HbA1c was also independently 
associated with ICAS (OR 1.22, 95% CI, 1.16–1.28, 
P<0.001) (Table 2, model 2).

Associations of HbA1c and fasting glucose with ICAS in 
stroke and non-stroke subjects

In both non-stroke and stroke groups, HbA1c and fasting 
glucose were associated with higher risk of ICAS (Table 3, 
model 1 and 2). Taking the normal FBG as a reference, 
there was a significant relationship between DM and ICAS 
in both non-stroke (OR 2.90, 95% CI, 2.11–3.99) and 
stroke groups (OR 1.99, 95% CI, 1.67–2.39). However, 
the positive correlation between IFG-2 and ICAS was only 
observed in stroke group (Figure 1A,B). In addition, the 
fourth HbA1c quartile was correlated with ICAS in both 
groups (Figure 1C,D).

Discussion 

ICAS is more prevalent in China than in populations with 
white descent. Potential explanations may include different 
race, diagnostic methods and lifestyle patterns (4). In this 
study the association of ICAS and glycemia levels in the 
Chinese population was explored. The results of this study 
indicate that elevated levels of fasting glucose and HbA1c 
are associated with increased risk of stroke and ICAS, after 
adjusting for confounding factors with P<0.05 by univariate 
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analysis. 
Compared with fasting glucose, HbA1c testing has 

several advantages, including less biologic variability, less 

instability and more convenience without requirement for 
8-h-fast preparation (21,22). Besides, HbA1c could reflect 
the continuous exposure to blood glucose level over the 

Table 1 Baseline characteristics of participants with ICAS or without ICAS 

Characteristics

Non-stroke (n=1434) Stroke (n=2578)

P value* P value**Without ICAS 
(n=1,118)

With ICAS 
(n=316)

Without ICAS 
(n=1,552)

With ICAS 
(n=1,026)

Age, mean ± SD, years 68.21±10.86 71.50±11.11 68.46±11.10 70.05±11.18 <0.001 <0.001

Male, n (%) 616 (55.10) 174 (55.06) 931 (59.99) 595 (57.99) 0.991 0.313

SBP, median [IQR], mmHg 140 [128–150] 146 [130–160] 147 [130–160] 150 [138–167] <0.001 <0.001

DBP, median [IQR], mmHg 80 [75–90] 84 [80–90] 81 [80–90] 84 [80–90] 0.001 0.111

Glycemia levels

FBG, median (IQR), mmol/L 5.11 (4.64–5.93) 5.42 (4.68–7.32) 5.25 (4.65–6.83) 5.85 (4.80–8.21) <0.001 <0.001

HbA1c, median (IQR), %† 6.20 (5.80–7.00) 6.9 (6.07–8.8) 6.40 (5.90–7.90) 7.00 (6.05–8.90) <0.001 <0.001

Vascular risk factors 

Hypertension, n (%) 778 (69.59) 257 (81.33) 1,214 (78.22) 866 (84.41) <0.001 <0.001

Diabetes mellitus, n (%) 337 (30.14) 140 (44.30) 546 (35.18) 476 (46.39) <0.001 <0.001

CAD, n (%) 441 (39.45) 133 (42.09) 627 (40.40) 428 (41.72) 0.397 0.506
†, totally 1,503 patients missed HbA1c data: non-stroke without ICAS subgroup missed 447; non-stroke with ICAS subgroup missed 120; 
stroke without ICAS subgroup missed 561; stroke with ICAS subgroup missed 375. P value* was for patients with or without ICAS in non-
stroke group; P value** was for patients with or without ICAS in stroke group. SBP, systolic blood pressure; DBP, diastolic blood pressure; 
FBG, fasting blood glucose; HbA1c, hemoglobin A1c; CAD, coronary artery disease; IQR, interquartile range; SD, standard deviation.

Table 2 Multivariable analysis of risk factors associated with ICAS in all subjects

Factors
Univariate, OR 

(95% CI)
P value

Model 1 Model 2 Model 3

Multivariate, OR (95% 
CI)

P value
Multivariate, OR 

(95% CI)
P value

Multivariate, OR  
(95% CI)

P value

All subjects

Age 1.01 (1.01–1.02) <0.001 1.02 (1.01–1.02) <0.001 1.02 (1.01–1.03) <0.001 1.01 (1.01–1.02) <0.001

Male 1.03 (0.90–1.17) 0.700 – – – – – --

SBP 1.01 (1.01–1.02) <0.001 1.01 (1.00–1.01) <0.001 1.01 (1.00–1.01) <0.001 1.01 (1.00–1.01) <0.001

FBG 1.17 (1.14–1.20) <0.001 1.14 (1.11–1.18) <0.001 – – – --

HbA1c 1.25 (1.19–1.31) <0.001 – – 1.22 (1.16–1.28) <0.001 – --

DM 1.72 (1.50–1.96) <0.001 – – – – 1.58 (1.37–1.81) <0.001

Stroke 2.34 (2.02–2.71) <0.001 1.96 (1.68–2.28) <0.001 1.92 (1.58–2.34) <0.001 2.11 (1.81–2.45) <0.001

Hypertension 1.74 (1.48–2.07) <0.001 1.43 (1.19–1.71) <0.001 1.41 (1.11–1.81) 0.005 1.35 (1.13–1.62) 0.001

CAD 1.08 (0.94-1.23) 0.273 – – – – – –

SBP, systolic blood pressure; FBG, fasting blood glucose; HbA1c, hemoglobin A1c; CAD, coronary artery disease; IQR, interquartile range; 
SD, standard deviation.
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previous 8 to 12 weeks (23).
Several possible mechanisms can explain the association 

of hyperglycemia with atherosclerosis. Inflammation 
and immunity connect atherosclerosis with DM (24). 
Hyperglycemia may induce formation of reactive oxygen 
species, oxidative stress increased microvessels in plaques 
and increased tissue factors (25). Reactive oxygen species, 
induced by hyperglycemia, can cause endothelial damage, 
increase vascular permeability, and promote synthesis of 
vasoconstrictor prostanoids and endothelin, further leading 
to the formation of high-risk atherosclerotic plaques (26).  
Generally, oxidative stress causes inflammation, and 
adventitial inflammation in turn results in intraplaque 
hemorrhage, macrophage activation and lipid core 
expansion, promoting the formation of atherosclerotic 
lesions (27). Microvessels at the base of the plaque increase 
in patients with diabetes, causing plaque instability and 

intraplaque hemorrhage (25). In addition, tissue factors, the 
most potent trigger of coagulation-mediated thrombosis, 
are increased in patients with diabetes (25). Thrombus 
forms after rupture of an atherosclerotic plaque, leading 
to stroke (28). What’s more, insulin resistance, a major 
feature of type 2 diabetes, is strongly linked to vascular 
dysfunctions, including cardiovascular disease, intracranial 
atherosclerosis and ischemic stroke (29,30). Insulin 
resistance can enhance both atherogenesis and advanced 
plaque progression of atherosclerosis and it can promote 
platelet adhesion, activation and aggregation which are 
related to ischemic stroke (29,31).

In order to reduce the risk of intracranial atherosclerosis 
and stroke by managing the blood sugar, our study further 
explored the associations of stratified glycemic levels with 
ICAS and stroke. Our results show that distinctly the 
elevated fasting glucose between 6.1 and 6.9 mmol/L,  

Table 3 Multivariable analysis of risk factors associated with ICAS in stroke and non-stroke subjects

Factors
Univariate, OR 

(95% CI)
P value

Model 1 Model 2 Model 3

Multivariate, OR 
(95% CI)

P value
Multivariate, OR 

(95% CI)
P value

Multivariate, OR 
(95% CI)

P value

Non-stroke patients

Age 1.02 (1.01–1.03) <0.001 1.02 (1.01–1.03) <0.001 1.03 (1.01–1.05) <0.001 1.02 (1.01–1.03) 0.001

Male 1.00 (0.78–1.29) 0.991 – – – – – –

SBP 1.02 (1.01–1.03) <0.001 1.01 (1.01–1.02) <0.001 1.01 (1.00–1.02) 0.002 1.02 (1.01–1.02) <0.001

FBG 1.26 (1.18–1.35) <0.001 1.24 (1.16–1.33) <0.001 – – – –

HbA1c 1.47 (1.32–1.63) <0.001 – – 1.45 (1.30–1.61) <0.001 – –

DM 1.84 (1.43–2.38) <0.001 – – – – 1.58 (1.21–2.05) <0.001

Hypertension 1.90 (1.40–2.61) <0.001 1.51 (1.09–2.13) 0.015 1.39 (0.89–2.21) 0.153 1.39 (1.00–1.94) 0.053

CAD 1.11 (0.86–1.44) 0.397 – – – – – –

Stroke patients

Age 1.01 (1.00–1.02) <0.001 1.01 (1.00–1.02) <0.001 1.02 (1.01–1.03) <0.001 1.01 (1.00–1.02) <0.001

Male 1.08 (0.92–1.27) 0.313 – – – – – –

SBP 1.01 (1.00–1.01) <0.001 1.00 (1.00–1.01) 0.003 1.00 (1.00–1.01) 0.035 1.01 (1.00–1.01) 0.001

FBG 1.12 (1.09–1.16) <0.001 1.12 (1.09–1.16) <0.001 – – – –

HbA1c 1.16 (1.10–1.23) <0.001 – – 1.16 (1.10–1.23) <0.001 – –

DM 1.59 (1.36–1.87) <0.001 – – – – 1.56 (1.32–1.83) <0.001

Hypertension 1.51 (1.23–1.86) <0.001 1.37 (1.10–1.70) 0.005 1.42 (1.07–1.90) 0.017 1.31 (1.06–1.63) 0.014

CAD 1.06 (0.90–1.24) 0.506 – – – – – –

SBP, systolic blood pressure; FBG, fasting blood glucose; HbA1c, hemoglobin A1c; CAD, coronary artery disease; IQR, interquartile range; 
SD, standard deviation.
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a pre-diabetes status, is associated with a higher ICAS risk 
of stroke patients, and hyperglycemia could promote the 
atherosclerotic process (18). A prospective cohort study 
demonstrated that fasting glucose had a J-shaped association 
with the risk of stroke in patients with pre-existing 
atherothrombotic disease, and the risk increased among 
both patients with fasting glucose levels >5.6 mmol/L  
and those with fasting glucose levels <4.4 mmol/L (32). 
Severe hypoglycemia may induce white cell activation, 
platelet aggregation, release of cytokines and mediators, 
subsequently leading to vasoconstriction and ischemia 
(17,32). Wang et al. reported that the elevated fasting 
glucose ≥5.6 mmol/L was a predictor of ICAS (15). 
However, our study shows that the elevated fasting 
glucose ≥7.0 mmol/L is a predictor of ICAS in non-stroke 
group, while in stroke group the elevated fasting glucose 
≥6.1 mmol/L is a predictor of ICAS. The differences 
may be partly explained that some ICAS patients may be 
categorized into non-ICAS group in the previous study 
due to poor temporal window for transcranial Doppler 
ultrasound (TCD) (33). Consistent with previous studies, 
our study demonstrates that there is a positive association of 
HbA1c with multiple intracranial stenoses and stroke (34,35).

The strength of our study is that stenosis degree is 
assessed by MRA which is more accurate than TCD (36). In 
addition, blood glucose test is relatively inexpensive, widely 
measured and more convenient than oral glucose tolerance 

test (OGTT), which needs sampling at 30 minutes,  
1 hour and 2 hours (37). Furthermore, the results in this 
study demonstrate that the patients with the IFG2 (FBG  
≥6.1 mmol/L) level are at higher risk of ICAS in stroke 
group, while DM (FBG ≥7.0 mmol/L) level are at higher 
risk of ICAS in non-stroke group. However, our study has 
several limitations. First, this is a cross-sectional study. 
Therefore, we cannot get any information about the 
development or prognosis of ICAS and stroke. Second, our 
findings may not be generalizable to different populations, 
as the current study included only Chinese adults living 
in Qingdao. Despite these limitations, our study has 
significance for the management of blood glucose in 
patients with ICAS. Further studies, which include more 
populations and more detailed categories, are essential for 
confirming our findings. 

Conclusions 

In this large Chinese cohort, our study demonstrates that the 
elevated fasting glucose and HbA1c levels are independent risk 
factors for ICAS and ischemic stroke. Hyperglycemia may be 
controlled to decrease the risk of ICAS.
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Table S1 Baseline characteristics of the study population

Characteristics Non-stroke (n=1,434) Stroke (n=2,578) P value

Age, mean ± SD, years 68.79±10.97 69.09±11.16 0.411

Male, n (%) 790 (55.09) 1,526 (59.19) 0.0117

SBP, median [IQR], mmHg 140 [130–150] 150 [134–161] <0.001

DBP, median [IQR], mmHg 80 [76–90] 82 [80–90] <0.001

Glycemia levels

FBG, median (IQR), mmol/L 5.17 (4.65–6.13) 5.44 (4.71–7.42) <0.001

HbA1c, median (IQR), %† 6.30 (5.90–7.30) 6.60 (6.00–8.37) <0.001

Intracranial artery states

With ICAS, n (%) 316 (22.04) 1,026 (39.80) <0.001

Without ICAS, n (%) 1,118 (77.96) 1,552 (60.20) <0.001

Vascular risk factors

Hypertension, n (%) 1,035 (72.18) 2,080 (80.68) <0.001

Diabetes mellitus, n (%) 477 (33.26) 1,022 (39.64) <0.001

CAD, n (%) 574 (40.03) 1,055 (40.92) 0.58
†, totally 1,503 patients missed HbA1c data: non-stroke group missed 567; stroke group missed 936. SBP, Systolic blood pressure; FBG, 
fasting blood glucose; HbA1c, hemoglobinA1c; CHD, coronary artery disease; IQR, interquartile range; SD, standard deviation.
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