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Impacts of Glycemic Control on Intracranial Plaque in
Patients with Type 2 Diabetes Mellitus: A Vessel

Wall MRI Study
S. Jiao, J. Huang, Y. Chen, Y. Song, T. Gong, J. Lu, T. Guo, J. Zhang, C. Zhang, and M. Chen

ABSTRACT

BACKGROUND AND PURPOSE: The relationship between glycemic control in patients with type 2 diabetes mellitus and intracranial
atherosclerotic plaque features has remained understudied. This study aimed to investigate the association of type 2 diabetes mel-
litus and glycemic control with the characteristics of intracranial plaques using vessel wall MR imaging.

MATERIALS AND METHODS: In total, 311 patients (217 [69.8%] men; mean age, 63.24 6 11.44 years) with intracranial atherosclerotic
plaques detected on vessel wall MR imaging were enrolled and divided into 3 groups according to type 2 diabetes mellitus and gly-
cemic control statuses: the non-type 2 diabetes mellitus group, the type 2 diabetes mellitus with good glycemic control group,
and the type 2 diabetes mellitus with poor glycemic control group. The imaging features of intracranial plaque were analyzed and
compared among the groups. The clinical risk factors for atherosclerosis were also analyzed using logistic regression analysis.

RESULTS: The plaque length and thickness were significantly higher in the type 2 diabetes mellitus with poor glycemic control
group than in the non-type 2 diabetes mellitus group. The prevalence of strongly enhanced plaques was significantly higher in the
type 2 diabetes mellitus with poor glycemic control group than in the non-type 2 diabetes mellitus and type 2 diabetes mellitus
with good glycemic control groups (92.9%, 63.4%, and 72.7%, respectively; P, .001). Multivariate logistic regression analysis showed
a significant association of poor glycemic control with the plaque length (OR¼ 1.966; 95% CI, 1.170–3.303; P¼ .011), plaque thickness
(OR¼ 1.981; 95% CI, 1.174–3.340; P¼ .010), and strongly enhanced plaque (OR¼ 5.448; 95% CI, 2.385–12.444; P, .001).

CONCLUSIONS: Poor glycemic control, compared with the history of diabetes, might have a greater impact on the burden and
vulnerability of intracranial atherosclerotic plaques.

ABBREVIATIONS: ICAS ¼ intracranial atherosclerosis; HbA1c ¼ hemoglobin A1c; NDM ¼ non-T2DM; T2DM ¼ type 2 diabetes mellitus; VW ¼ vessel wall

Type 2 diabetes mellitus (T2DM) is a highly prevalent disease
associated with an increased risk of coronary artery disease,

peripheral artery disease, and cerebrovascular disease, which are
major causes of mortality.1 Diabetes alters the function of multi-
ple cell types, including the endothelium, smooth muscle cells,
and platelets, thus contributing to atherosclerosis and its compli-
cations.2-4 Diabetes also increases the breakdown and decreases

the synthesis of collagen, so that the stability of the plaque fibrous

cap may decrease and the plaques may rupture more readily.4

The association between glycemic control and extracranial ather-

osclerosis in patients with T2DM has been extensively investi-

gated.5-7 Patients with T2DM or poor glycemic control have a

predisposition to a higher burden and vulnerability of extracranial

atherosclerotic disease. Compared with the extracranial arteries, in-

tracranial arteries exhibit different histologic features, including

denser internal elastic lamina, thinner media, less abundant adventi-

tia, only a few elastic fibers, without an external elastic lamina.8,9

These unique histologic structures of the intracranial arteries may

lead to different characteristics of intracranial atherosclerosis (ICAS)

compared with extracranial atherosclerosis. However, few studies

have analyzed the association between glycemic control and the

properties of intracranial atherosclerotic plaques in patients with

T2DM.
In recent years, high-resolution vessel wall (VW) MR imaging

has been used to demonstrate the characteristics of intracranial
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plaques, including plaque morphology, plaque components, and

inflammation.10 In this study, the association between glycemic

control and characteristics of intracranial atherosclerotic plaques

in patients with T2DM was investigated by imaging plaques with

VW MR imaging. The risk factors for the heavy burden and vul-

nerability of intracranial atherosclerotic plaques in patients with

T2DMwere also investigated. The findings of this study provided

novel insights into the role of glycemic control status of patients

with T2DM in the progression of ICAS, which, in turn, provided

necessary information to educate patients about the importance

of glycemic control.

MATERIALS AND METHODS
Patients
The records of patients with cerebrovascular symptoms who
underwent VW MR imaging between December 2017 and July
2019 were retrospectively reviewed. The inclusion criteria were as
follows: 1) VW MR imaging performed within 2weeks of symp-
tom onset; and 2) at least 1 intracranial atherosclerotic plaque
identified on VWMR imaging. The exclusion criteria were as fol-
lows: 1) nonatherosclerotic intracranial artery stenosis diseases,
such as Moyamoya disease, artery dissection, or vasculitis; 2)
autoimmune diseases or systemic/local infectious diseases; 3)
extracranial carotid artery stenosis $50%; 4) evidence of cardiac
sources of emboli; 5) incomplete clinical record; and 6) poor
image quality. This study was approved by the ethics committee
of Beijing Hospital and was performed in accordance with the
1964 Declaration of Helsinki and its later amendments or compa-
rable ethical standards. Informed consent of patients for this ret-
rospective study was waived.

We obtained the following data on clinical characteristics from
electronic medical records: age, sex, body mass index, smoking sta-
tus (current smokers or time interval since abstinence being
,5years), hypertension (systolic blood pressure $ 140mm Hg
and/or diastolic blood pressure$ 90mmHg or current use of anti-
hypertensive agents), grade of hypertension (grade 1, systolic blood
pressure ¼ 140–159mm Hg and/or diastolic blood pressure ¼ 90–
99mm Hg; and grade 2, systolic blood pressure$160mm Hg and/
or diastolic blood pressure $100mm Hg), blood pressure uncon-
trolled (systolic blood pressure$ 140mmHg and/or diastolic blood
pressure $ 90mm Hg after treatment), T2DM (fasting glucose
$ 7.0mmol/L, random glucose $ 11.1mmol/L, or hemoglobin
A1c [HbA1c] $ 7%, or use of medication for glycemic control),
HbA1c, hyperlipidemia (total cholesterol $ 5.18mmol/L, trigl-
ycerides $ 1.7mmol/L, low-density lipoprotein cholesterol
$ 3.37mmol/L, high-density lipoprotein cholesterol , 1.04mmol/
L, or use of lipid-lowering medication), total cholesterol, low-density
lipoprotein cholesterol, high-density lipoprotein cholesterol, triglyc-
erides, low-density lipoprotein cholesterol/high-density lipoprotein
cholesterol ratio, history of coronary artery disease, and a family his-
tory of cardiovascular disease.

Good glycemic control was defined as an HbA1c level of
,7.0%, and poor glycemic control was defined as an HbA1c level
of$7.0%.11All enrolled patients were categorized into one of the
following 3 groups according to the T2DM history and HbA1c
level: 1) NDM group: patients without T2DM; 2) the T2DM with

good glycemic control group; and 3) the T2DM with poor glyce-
mic control group.

MR Imaging Protocol
All patients underwent MR imaging using an Achieva TX 3T MR
imaging scanner (Philips Healthcare) with a 16-channel neuro-
vascular coil. VWMR images were acquired using a T1-weighted
sequence (volume isotropic turbo spin-echo acquisition) before
and after contrast agent injection using the following parameters:
TR¼ 800ms, TE¼ 18ms, FOV¼ 200� 180� 40mm3, voxel
size¼ 0.6� 0.6� 0.6mm3, and acquisition time= 6minutes 28
seconds. Postcontrast T1WI was performed 5minutes after the
injection of a single-dose (0.1 ¼ mmol/kg of body weight) gado-
linium-based contrast agent (gadopentetate dimeglumine,
Magnevist; Bayer HealthCare Pharmaceuticals). Imaging parame-
ters for TOF-MRA were as follows: TR ¼ 25ms, TE ¼ 3.45ms,
FOV ¼ 180� 180mm2, voxel size¼ 0.55� 0.55� 1.1mm3, and
acquisition time¼ 3minutes 34 seconds.

Image Analysis
All the VW MR images were transferred to a PACS workstation.
The image quality was evaluated using a 3-point scale: grade 0,
outer boundary of the artery and lumen not identifiable; grade I,
outer boundary and/or lumen is partially obscured; and grade II,
wall architecture depicted in detail and lumen and outer bound-
ary clearly defined. A senior neuroradiologist with 12 years of ex-
perience (S.J.) assessed all the VW MR images. Only patients
with grade II image quality were enrolled in this study. Because
of the small size of the intracranial artery, the analysis of the pla-
que mainly focused on the proximal arteries, including cavernous
(C4) to communicating (C7) segments of the internal carotid ar-
tery, A1 and A2 segments of the anterior cerebral artery, M1 and
M2 segments of the middle cerebral artery, the basilar artery, V4
segment of the vertebral arteries, and P1 and P2 segments of the
posterior cerebral artery.

The plaque length, plaque thickness, strength of plaque
enhancement, and degree of luminal stenosis were analyzed with
the following steps: With the multiplanar reformations tool in the
PACS, the T1-weighted images were reconstructed in both long
and short axes according to the orientation of the vessels at the
site of the maximum stenosis. Intracranial atherosclerotic plaque
was defined as eccentric wall thickening with or without luminal
stenosis identified on both the reconstructed pre- and postcon-
trast T1-weighted images. The plaque length, plaque thickness,
and luminal stenosis were measured 3 times by a senior neurora-
diologist with 12 years of experience (S.J.) who was blinded to the
clinical information at the site of the most stenotic lesion on
reconstructed postcontrast T1-weighted images of each patient,
and the values were then averaged. The degree of luminal stenosis
was evaluated according to the Warfarin-Aspirin Symptomatic
Intracranial Disease Study.12 Severe stenosis was defined as the
degree of luminal stenosis of $70%. The strength of plaque
enhancement was compared with that of the pituitary paren-
chyma and was determined qualitatively on the postcontrast T1-
weighted images as strong or not strong. If the plaque enhance-
ment was equal to the pituitary enhancement, it was deemed
strong; if the enhancement was less than the pituitary
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enhancement or showed no change compared with the precon-
trast images, it was deemed not strong.13 The strength of plaque
enhancement was independently determined by 2 experienced
neuroradiologists (S.J. and J.H.) with .10 years of experience
who were blinded to the clinical data, and all disagreements were
resolved by consensus.

Statistical Analysis
All continuous variables conforming to normal distribution were
expressed as means 6 SD, the continuous variables with non-
normal distribution were described as median (25th–75th per-
centiles), and categoric variables were summarized as count and
percentage. The characteristics of plaques were compared among
the 3 groups using the 1-way ANOVA or Kruskal-Wallis test for
continuous variables as appropriate and the x 2 test for categoric
variables. Univariate and multivariate logistic regression analyses
were performed to determine the independent risk factors for the
heavy burden and vulnerability of intracranial atherosclerotic pla-
ques. The plaque length, thickness at the median value, and lumi-
nal stenosis degree at 70% were dichotomized to investigate the
risk factors for the heavy burden (plaque length, plaque thickness,
and luminal stenosis degree) and vulnerability (strong enhance-
ment) of intracranial atherosclerotic plaques.

The clinical data were also dichotomized for statistical analysis,
including age (65 years or older versus younger than 65 years),
sex (male), hypertension ($140/90mm Hg versus ,140/90mm
Hg), HbA1c ($7% versus ,7%), high total cholesterol level
($5.18mmol/L), high triglyceride level ($1.7mmol/L), high low-
density lipoprotein cholesterol ($3.37mmol/L), and low high-
density lipoprotein cholesterol level (,1.04mmol/L). Intrareader

agreement in the measurement of pla-
que burden was performed by intra-
class correlation coefficient analysis,
and interreader agreement in the iden-
tification of plaque enhancement was
assessed by Cohen k analysis. All statis-
tical analyses were performed using
SPSS 25.0 (IBM). A P value , .05 was
considered statistically significant.

RESULTS
Clinical Characteristics
In total, 311 patients (217 [69.8%] men;
mean age, 63.246 11.44 years) were en-
rolled in this study. A flow diagram
summarizing the exclusion information
is shown in Fig 1. Among all 311
patients, 281 (90.4%) patients were diag-
nosed with ischemic stroke (162
patients positive for infarction on DWI,
119 patients with TIA), and the other
30 (9.6%) patients had dizziness. Of the
311 patients, 139 (44.69%) had T2DM
and 172 (55.31%) did not have T2DM.
Of the 139 patients with T2DM, 55
(39.57%) had good glycemic control
and 84 (60.43%) had poor glycemic con-

trol. The duration of T2DM was from 2months to 30years, with an
average duration of 8.5 years, 95 (68.35%) patients took oral medica-
tion, 32 (23.02%) patients were on insulin therapy, and 12 (8.63%)
patients did not have any regular treatment. The clinical characteris-
tics of the NDM, T2DM with good glycemic control, and T2DM
with poor glycemic control groups are presented in Table 1.
Compared with the NDM group, the T2DM with poor glycemic
control group had a significantly lower high-density lipoprotein cho-
lesterol level (0.92 mmol/L [interquartile range, 0.76–1.09 mmol/L]
versus 1.00 mmol/L [interquartile range, 0.89–1.15 mmol/L],
P, .05). No significant difference was found in the proportion of
patients with hypertension, the grade of hypertension, or patients
with uncontrolled blood pressure after treatment among the 3
groups. No significant differences were observed among the groups
for other clinical parameters.

Plaque Characteristics among NDM, T2DMwith Good
Glycemic Control, and T2DMwith Poor Glycemic Control
Groups
The mean plaque length and thickness in all 311 patients were 6.72
and 1.80mm, respectively. The plaques were significantly longer
(6.45 mm [interquartile range, 4.63–10.95 mm] versus 4.90 mm
[interquartile range, 3.43–7.58 mm], P,.001) and thicker (1.80 mm
[interquartile range, 1.40–2.38 mm] versus 1.40 mm [interquartile
range, 1.10–2.18 mm], P ¼ .005), and the luminal stenosis was sig-
nificantly greater (66.67% [interquartile range, 34.47%–80.15%] ver-
sus 38.52% [interquartile range, 16.67%–72.67%], P, .001) in the
T2DMwith poor glycemic control group than in the NDM group.

Of the 311 patients, plaques in 227 patients (72.99%) were
strongly enhanced. The prevalence of strongly enhanced plaques

FIG 1. Flow diagram of study identification.
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was significantly higher in the T2DM with poor glycemic control
group (92.9%) than in the NDM (63.4%) and T2DM with good
glycemic control (72.7%) groups (P, .001). Although the preva-
lence of strongly enhanced plaques was higher in the T2DM with
good glycemic control group than in the NDM group, no signifi-
cant difference was observed.

The characteristics of intracranial plaques (plaque length, pla-
que thickness, luminal stenosis, and plaque enhancement) among
the NDM, T2DM with good glycemic control, and T2DM with
poor glycemic control groups are presented in Table 2. The repre-
sentative cases with strongly enhanced plaque are presented in Fig 2.

Risk Factors for the Heavy Burden and Vulnerability of
Intracranial Atherosclerotic Plaques
In univariate logistic regression analysis, male sex and poor glycemic
control were significantly associated with plaque length (OR ¼
1.789; 95% CI, 1.095–2.924; P ¼ .020; and OR¼ 1.888, 95% CI,
1.132–3.150; P ¼ .015, respectively), low high-density lipoprotein
cholesterol and poor glycemic control were significantly associated
with plaque thickness (OR ¼ 1.833; 95% CI, 1.168–2.876; P ¼ .008;
and OR ¼ 2.091; 95% CI, 1.247–3.50; P ¼ .005, respectively), poor
glycemic control was significantly associated with severe luminal
stenosis (OR ¼ 1.962; 95% CI, 1.169–3.294; P ¼ .011), and low
high-density lipoprotein cholesterol and poor glycemic control were
significantly associated with strong enhancement of intracranial

plaques (OR ¼ 2.213; 95% CI, 1.329–3.685; P ¼ .002; and OR ¼
5.758; 95% CI, 2.534–13.085; P,.001, respectively).

The multivariate logistic regression analysis showed that poor
glycemic control was an independent risk factor for plaque length,
plaque thickness, severe luminal stenosis, and strong enhancement
of intracranial plaque (OR¼ 1.966; 95% CI, 1.170–3.303; P¼ .011;
OR ¼ 1.981, 95% CI, 1.174–3.340; P ¼ .010; OR ¼ 1.962; 95% CI,
1.169–3.294; P ¼ .011; and OR ¼ 5.448; 95% CI, 2.385–12.444;
P ,.001 for plaque length, plaque thickness, severe luminal steno-
sis, and strong enhancement, respectively) after adjustment for
age, hypertension, smoking, history of coronary heart disease, and
family history of cardiovascular disease. In addition, male sex was
significantly associated with plaque length (OR ¼ 1.864; 95% CI,
1.132–3.068; P ¼ .014), and low high-density lipoprotein choles-
terol was significantly associated with plaque thickness (OR ¼
1.739, 95% CI, 1.102–2.745; P ¼ .017) and strong enhancement of
intracranial plaques (OR ¼ 2.046; 95% CI, 1.208–3.465; P ¼ .008).
The results of univariate and multivariate logistic regression analy-
ses are presented in Table 3.

Intraobserver and Interobserver Reliability for
Measurement
The intraobserver reliability was good for the measurement of
plaque length (intraclass correlation coefficient ¼ 0.821; 95% CI,
0.645–0.931; P ,.001; plaque thickness (intraclass correlation

Table 1: Clinical characteristics among NDM, DMGGC, and DMPGC groupsa

NDM Group (n = 172) DMGGC Group (n = 55) DMPGC Group (n = 84) v2/F P Value
Male (No.) (%) 117 (68.02) 44 (80) 56 (66.67) 3.362 .186
Age (yr) 62.44 6 11.87 63.71 6 9.90 64.60 6 11.47 1.061 .347
BMI (Kg/m2) 25.66 6 3.37 25.60 6 3.00 25.50 6 3.37 0.066 .936
Smoking (No.) (%) 73 (42.44) 19 (34.55) 36 (42.86) 1.210 .546
Hypertension (No.) (%) 129 (75) 48 (87.28) 69 (82.14) 4.441 .109
Grade 1 hypertension (No.) (%) 90 (69.77) 37 (77.08) 52 (75.36) 1.271 .530
Grade 2 hypertension (No.) (%) 39 (30.23) 11 (22.92) 17 (24.64)
BP uncontrolled (No.) (%) 84 (65.12) 36 (75) 50 (72.5) 2.107 .349

History of CAD (No.) (%) 25 (14.53) 15 (27.27) 17 (20.24) 4.798 .091
Family history of CVD (No.) (%) 22 (12.79) 5 (9.09) 9 (10.71) 0.641 .726
Hyperlipemia (No.) (%) 111 (64.53) 37 (67.27) 47 (55.95) 2.375 .305
Total cholesterol (mmol/L) 3.81 (3.10–4.70) 3.24 (2.94–4.48) 3.35 (2.96–4.22) 5.946 .051
LDL (mmol/L) 2.22 (1.67–2.93) 1.81 (1.48–2.81) 2.07 (1.58–2.63) 4.918 .086
HDL (mmol/L) 1.00 (0.89–1.15)b 0.99 (0.87–1.19) 0.92 (0.76–1.09)b 9.796 .008
Triglycerides (mmol/L) 1.37 (0.97–1.93) 1.16 (0.90–1.82) 1.32 (0.96–1.82) 1.749 .417
LDL/HDL ratio 2.12 (1.64–2.93) 1.81 (1.53–2.40) 2.21 (1.77–2.87) 4.565 .102

Note:—DMGGC indicates T2DM with good glycemic control; DMPGC, T2DM with poor glycemic control; BMI, body mass index; LDL, low-density lipoprotein cholesterol;
HDL, high-density lipoprotein cholesterol; CAD, coronary artery disease; CVD, cardiovascular disease; BP, blood pressure.
a Continuous variables with normal distribution are presented as means 6 SD; continuous variables with non-normal distribution are presented as median (25th–75th
percentiles); and categoric variables are presented as (No.) (%).
b P value, .05.

Table 2: The characteristics of intracranial plaque among NDM, DMGGC, and DMPGC groupsa

NDM Group (n = 172) DMGGC Group (n = 55) DMPGC Group (n = 84) v2 P Value
Plaque length (mm) 4.90 (3.43–7.58)b 6.10 (3.70–8.00) 6.45 (4.63–10.95)b 19.086 ,.001
Plaque thickness (mm) 1.40 (1.10–2.18)b 1.60 (1.20–2.20) 1.80 (1.40–2.38)b 10.043 .005
Lumen stenosis (%) 38.52 (16.67–72.67)b 54.83 (39.29–72.41) 66.67 (34.47–80.15)b 17.757 ,.001
Strong enhancement (No.) (%) 109 (63.37) 40 (72.73) 1.617 .203

109 (63.37)b 78 (92.86)b 24.921 ,.001
40 (72.73)b 78 (92.86)b 10.501 .001

Note:—DMGGC indicates T2DM with good glycemic control; DMPGC, T2DM with poor glycemic control.
a Continuous variables with non-normal distribution are presented as median (25th–75th percentiles); categoric variables are presented as (No.) (%).
b P value, .05.
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coefficient ¼ 0.846, 95% CI, 0.632–0.953; P, .001), and luminal
stenosis (intraclass correlation coefficient ¼ 0.973; 95% CI,
0.968–0.978; P , .001). The interobserver reliability was also
high for the evaluation of the strength of plaque enhancement (k
value¼ 0.856; 95% CI, 0.791–0.921; P, .001).

DISCUSSION
The burden and vulnerability of intracranial atherosclerotic pla-
ques are very important parameters when analyzing atherosclero-
sis due to their strong association with ischemic stroke.14-16 In
the present study, these intracranial plaque features were com-
pared among patients with different diabetes and glycemic con-
trol statuses. The patients with T2DM having poor glycemic
control tended to have a much heavier plaque burden and more
vulnerable plaque. Poor glycemic control was an independent
risk factor for intracranial plaque severity based on the multivari-
able logistic regression analysis. This finding suggested that the
glycemic control status might have a greater impact than the his-
tory of diabetes on ICAS.

Previous studies showed that the plaque burden of the
extracranial vessels was significantly heavier in patients with
T2DM or poor glycemic control than in those without T2DM or
with good glycemic control. According to a meta-analysis of 23
studies, including 4019 patients with T2DM and 1110 patients
with impaired glucose tolerance among 24,111 patients, the
patients with T2DM and impaired glucose tolerance had greater
carotid intima-media thickness than the control patients. The
mean difference was 0.13mm (95% CI, 0.12–0.14mm) and
0.04mm (95% CI, 0.014–0.071mm), respectively.17 The parame-
ters of carotid plaque burden, such as percentage of luminal ste-
nosis, maximum wall thickness, and percentage wall volume,
were significantly greater in patients with hypertension with a
high HbA1c than in those with a low HbA1c.18

The results of the present study were consistent with those of
previous studies on extracranial atherosclerosis. The intracranial
plaque burden was significantly heavier in patients with T2DM
and poor glycemic control than in those without T2DM. Long-
term hyperglycemia has been recognized as a major factor in the
pathogenesis of atherosclerosis.19 The results of the present study
suggested that although the histologic structure of intracranial
arteries was different from that of extracranial arteries, the progres-
sion of ICAS was affected by long-term hyperglycemia, consistent
with the results on extracranial atherosclerosis. This finding might
be because continuous exposure to hyperglycemia induced a series
of alterations at the cellular level of vascular tissues, for example,
overproduction of reactive oxygen species, increased formation of
advanced glycation end-products, and activation of the advanced
glycation end-product receptors for advanced glycation end-prod-
uct axis, polyol and hexosamine flux, protein kinase C activation,
and chronic vascular inflammation,20 which potentially promote
accelerated atherosclerosis. However, no significant difference in
the intracranial plaque burden was found between patients with
T2DM and good glycemic control and those without T2DM.
These findings indicated that the long-term glycemic control status
might have a greater impact than the history of diabetes on the in-
tracranial plaque burden, and the risk of heavy plaque burden in
patients with T2DM and good glycemic control might not be
higher than that in those without T2DM.

The plaque enhancement is related to the neovascularity
within plaques and the increased endothelial permeability, which

Table 3: Association between risk factors of cardiovascular disease and heavy burden and vulnerability of intracranial plaques

Univariate Regression Multivariate Regressiona

OR 95% CI P Value OR 95% CI P Value
Plaque length
Male 1.789 1.095–2.924 .020 1.864 1.132–3.068 .014
Poor glycemic control 1.888 1.132–3.150 .015 1.966 1.170–3.303 .011

Plaque thickness
Low HDL 1.833 1.168–2.876 .008 1.739 1.102–2.745 .017
Poor glycemic control 2.091 1.247–3.507 .005 1.981 1.174–3.340 .010

Severe lumen stenosis
Poor glycemic control 1.962 1.169–3.294 .011 1.962 1.169–3.294 .011

Strong enhancement
Low HDL 2.213 1.329–3.685 .002 2.046 1.208–3.465 .008
Poor glycemic control 5.758 2.534–13.085 ,.001 5.448 2.385–12.444 ,.001

Note:—LDL indicates low-density lipoprotein cholesterol; HDL, high-density lipoprotein cholesterol.
aMultivariate logistic regression adjusted for age, smoking, hypertension, history of coronary artery disease, and family history of cardiovascular disease.

FIG 2. Strong enhancement of plaque in the MCA. A, TOF-MRA
shows severe stenosis in the M1 segment of the left MCA (arrow). B,
Postcontrast T1-weighted image (axial acquisition) shows wall thicken-
ing at the corresponding location (arrow). C, Reconstructed T1-
weighted image shows the length of plaque (arrow) in the long axis
of the MCA at the site of the most stenotic lesion. D, Reconstructed
T1-weighted image shows the thickness of plaque (arrow) in the short
axis of the MCA at the site of the most stenotic lesion.
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facilitate the entry of contrast agents from the blood plasma.21-24

The strong enhancement of intracranial plaques was reported as
an imaging marker of plaque vulnerability, which correlated with
recent ischemic stroke.25-27 Moreno et al28 demonstrated that coro-
nary artery plaques from patients with diabetes exhibited a larger
content of lipid-rich atheroma and macrophage infiltration, sug-
gesting an increased vulnerability compared with those from
patients without diabetes. Gao et al29 reported that patients with
diabetes had a significantly higher prevalence of high-risk carotid
plaque (29.7% versus 19.9%, P= .011) than those without diabetes.
In this study, the intracranial plaque vulnerability was compared
between different diabetes and glycemic control statuses; a higher
prevalence of strongly enhanced plaques was found more often in
patients with T2DM and poor glycemic control than in patients
with T2DM and good glycemic control and patients without
T2DM. This result might be due to the diabetic arterial endothelial
dysfunction expressed by increased vascular permeability and vasa
vasorum neovascularization related to hyperglycemia.2 Moreover,
no significant difference in the prevalence of strongly enhanced
plaques was found between patients without T2DM and those
with T2DM and good glycemic control. These findings suggested
that the poor glycemic control might have a greater impact than
the history of T2DM on the plaque vulnerability, and the risk of
plaque vulnerability in patients with T2DM and good glycemic
control might not be higher than that in those without T2DM.

This study found an HbA1c value of .7% to be an independ-
ent risk factor for the heavy burden and vulnerability of intracra-
nial atherosclerotic plaques based on the multivariate logistic
regression analysis. HbA1c was used as a serum biochemical index
to estimate the long-term glycemic control, which represented an
average blood glucose during the preceding 2–3months and
tracked well in individuals across time.30 Only a limited number of
studies have reported the relationship between glycemic control
status andMR imaging morphologic and enhancement parameters
of plaques in atherosclerosis. Mukai et al31 indicated that the multi-
variable-adjusted odds ratios of the presence of carotid wall thick-
ening significantly increased with elevated HbA1c levels. Sun et
al18 reported a positive association between HbA1c and the pres-
ence of a lipid-rich necrotic core in carotid arterial plaques on MR
imaging. However, few previous studies showed the impact of
poor glycemic control in patients with T2DM on the heavy burden
and vulnerability of intracranial atherosclerotic plaques. A recent
study by Choi et al32 showed that poor glycemic control was asso-
ciated with multiple intracranial stenoses, reflecting the extent and
severity of ICAS. The results of the present study were consistent
with the findings of Choi et al from a totally new point of view.

The present study has several limitations. First, only the length
and thickness of plaques and the prevalence of strongly enhanced
plaques were measured. In a future study, the volume of plaque
and the degree of plaque enhancement should be measured to
quantitatively evaluate the burden and vulnerability of intracranial
atherosclerotic plaques more precisely. Second, only the large-to-
middle-sized intracranial arteries were assessed in this study due to
the small size of the intracranial artery and the limit of the spatial
resolution of VW MR imaging. Further investigation on small in-
tracranial arteries should be performed with the improvement in
MR imaging. Finally, this was a retrospective cross-sectional study.

In the future, prospective longitudinal studies should be conducted
to further estimate the changes of intracranial plaques after treating
poor glucose control.

CONCLUSIONS
This study showed that the burden and vulnerability of intracranial
atherosclerotic plaques were significantly greater in patients with
T2DM and poor glycemic control than in those without T2DM,
while no significant difference was found between patients without
T2DM and those with T2DM and good glycemic control. Poor
glycemic control might have a greater impact than the history of
diabetes on the burden and vulnerability of intracranial plaques.
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