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Purpose: The intima-media thickness (IMT) is broadly reported to have relationships with non-cardiogenic ischemic stroke and with
diabetes. But how does IMT affect the short-term prognosis of stroke seems unknown yet. We investigated the influence of the intima-
media thickness at carotid bifurcation (IMTbif) on short-term functional outcomes among non-cardiogenic ischemic stroke patients
with and without type 2 diabetes mellitus (T2DM).

Patients and Methods: A total of 314 patients with non-cardiogenic ischemic stroke (122 with T2DM and 192 without diabetes)
were included in this retrospective study. Poor functional outcome was defined as a modified Rankin Scale (mRS) > 2 at 3 months after
stroke onset. Group comparisons were done in favorable and poor outcome groups. Linear regression analysis was utilized to verify
the associations between IMTbif and mRS in subgroups with and without diabetes, respectively.

Results: The median IMTbif of total patients was 1.40mm. Patients with poor outcomes were significantly older, had higher National
Institutes of Health Stroke Scale (NIHSS) scores, lower haemoglobin, higher fasting glucose and higher systolic blood pressure values.
Their IMTDbif levels were also markedly higher. Among 122 included stroke patients with T2DM, IMTbif levels and NIHSS were
independently associated with functional outcomes at 3 months, whereas there was no significant association between IMTbif levels
and short-term functional outcomes among patients without diabetes.

Conclusion: The IMTbif levels were significantly associated with 3-month functional outcomes in non-cardiogenic ischemic stroke
patients with T2DM. The ultrasound detection of the IMTDbif therefore suggests a prognostic value among patients with stroke and
T2DM.
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Introduction

Acute Ischemic Stroke is a leading cause of death in Chinese population,'? with 75% of survivors being left with various
degrees of disability or limb dysfunction.® For all acute stroke patients, noninvasive imaging of the cervical vessels was
recommended as part of the routine evaluation for stroke pathogenesis and future management, according to the AHA/
ASA guidelines.* The intima-media thickness (IMT) is broadly used as a surrogate marker to evaluate cervical vessel
evolution and can be easily assessed by carotid B-mode ultrasound.® The initial IMT occurs mostly at carotid
bifurcation, where hemodynamic force, shear stress and cyclic strain give rise to accumulative damage to endothelial
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cells.”® Endothelial dysfunction further gathers lipid to localize within foam cells, stimulates thick fatty streaks formation
and then thicken intima-media wall, thus restricting local blood flow over time.” Accordingly, the ultrasound measure-
ment of intima-media thickness at carotid bifurcation (IMTbif) provides a detailed view of baseline vascular condition in
stroke patients.

Diabetes Mellitus (DM) is an established modifiable risk factor for acute non-cardiogenic ischemic stroke (NC-AIS)."°
Vascular endothelial dysfunction also occurs in type 2 diabetes mellitus (T2DM) at early stage and triggers consecutive
systemic inflammation.'" These subtle pathological changes gradually contribute to vascular complications such as IMT,
atherosclerosis and increase the risk of poor prognosis in stroke.'*'?

Hence, IMT and diabetes in stroke share some similar pathophysiology through endothelium dysfunction and
interlinked. To the best of our knowledge, previous studies tried to verify whether IMT could predict occurrence of
stroke with diabetes.'*'> Nevertheless, studies regarding the influence of IMT on stroke outcomes with diabetes are still
scarce. In order to evaluate the prognostic value of IMTbif of patients with non-cardiogenic stroke, particularly among
those patients with or without diabetes, we thus investigated the association of IMTbif with 3-month functional outcomes
after stroke in the present study.

Patients and Methods
Study Population and Ethics

Medical records were extracted from the stroke unit of Suzhou Municipal Hospital, from January 2018 to June 2020.
Data collection for registry was performed by chart abstractors with neurological expertise. Ethical approval was
obtained from the local ecthics review board. This was a retrospective study, only collecting clinical data without
interfering with patients’ medication. The study complied with the Declaration of Helsinki, which meant the authors
protected patients’ information privacy while did not bring physiological risks to them. So the informed consent
requirement was waived.

The inclusion criteria were: (a) patients diagnosed with acute ischemic stroke, confirmed by clinical symptoms and
neuroimages, according to the recommendations by the World Health Organization (WHO);'® (b) those admitted within
72 hours of the acute onset of ischemic stroke and (c) individuals who received a carotid ultrasound measure within 72
hours of admission. On the other hand, the exclusion criteria were: (a) individuals in which atrial fibrillation or other
relevant cardiac arrhythmias or heart diseases were found in the past or during hospitalization; (b) those with
thrombolysis or undergoing intravascular interventional therapy; (c) carotid ultrasound examination indicated that the
internal carotid or common carotid artery stenosis was >50% or vulnerable plaques were detected; (d) individuals
incapable of self-care before stroke; (e) those complicated with liver or renal dysfunction and (f) individuals complicated
with severe infection. Additionally, T2DM was defined according to the new American Diabetes Association (ADA)
criteria.'’

Data Sources

The following information was obtained by reviewing medical records for each patient: age, sex, height, weight, risk
factors for vascular disease and venous blood sample values collected between 07:00 and 08:00 after over 8-hour
fasting within one day of admission, including haemoglobin, fasting blood glucose, glycosylated haemoglobin
(HbAlc), total cholesterol, triglyceride, high density lipoprotein (HDL-C), low density lipoprotein (LDL-C), uric
acid and homocysteine. The Body Mass Index (BMI) was calculated as weight in kilograms divided by the square of
height in meters (kg/m2). Blood pressure was recorded based on the maximum systolic blood pressure (SBP) and its
corresponding diastolic blood pressure (DBP) between 0:00 and 6:00 of the next day of admission. Blood samples were
measured in this stroke unit on a Hitachi 7600 analyser using an enzymatic assay (Hitachi Inc., Tokyo, Japan). In
addition, the records of initial functional status as determined by the National Institutes of Health Stroke Scale (NIHSS)
in the first 6 hours on admission, and the modified Rankin Scale (mRS) scores at 3 months through telephone follow-up
by a trained neurologist were extracted. Poor functional outcome was defined as the mRS of 3-6, while 6 stands for
death.'®
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Figure | (A) Sagittal scan of carotid ultrasonogram. (B) Longitudinal scan of carotid ultrasonogram. Measurement of IMT (*¥) at posterior wall of carotid artery bifurcation is
shown.

Of note, those individuals who underwent a carotid ultrasound detection within 72 hours of admission were included in the
study. The ultrasound measurement was carried out and validated by two professional sonographers using the high-resolution
Doppler ultrasound diagnostic instrument (Xario SSA-660A, Toshiba Medical Systems Corporation, Tochigi, Japan) in the
hospital, with the Image Software Package (National Institute of Health, Baltimore, Md). The linear array probe was 8§.0MHz.
The maximum value of the posterior intima-media thickness at carotid bifurcation was measured and recorded as the IMTbif
level for this study. If a stable plaque was present, it was included in the IMT measurement, as shown in Figure 1.

Validation by duplicate chart abstraction showed excellent agreement for key variables in the stroke unit registry and
ultrasound records.

Statistical Analysis

Statistical analyses were performed using SPSS 26.0 package (IBM Inc., Chicago, IL, USA). Data on normally
distributed variables was expressed as the mean = SD, while the non-normally distributed variables were presented
as medians (quartiles 25% and 75%). Unpaired Student’s t-tests were used to compare characteristics between poor
and favorable outcome groups (Table 1) as well as between diabetic and non-diabetic groups (Table 2). In order to
elucidate the independent relationships between prognosis and clinical parameters, the mRS score was selected as
the dependent variable while the other clinical parameters were taken as independent variables to build multiple
linear regression equations, for diabetic (Table 3) and non-diabetic subgroups (Table 4). Only variables that were
significantly (P <0.05) related to mRS from univariate linear regression analysis were included into the multivariate
models. Missing values were not artificially added and a P-value < 0.05 was considered to be significant in all the
statistical tests.

Results

Baseline Characteristics of the Study Population

A total of 314 adult patients (214 males and 100 females) with available data were included in the analysis. The
mean age of the patients was 67.98+11.71 years, and the median IMTbif level was 1.40mm (1.10-1.80mm, 25-75%
quartile). In addition, the median NIHSS was 3 and the median mRS at 3 months was 2. And 7 patients died during
the follow-up. Their deaths were also included and presented as mRS= 6. All the patients were divided into two
groups based on functional outcomes and the prevalence of poor outcomes in patients was 35.7%. The findings in
Table 1 showed that patients with poor outcomes were significantly older, had higher NIHSS, fasting glucose, SBP
and lower haemoglobin values. Moreover, the IMTDbif levels of patients with poor outcomes were markedly higher
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Table | Characteristics of All Study Groups Presented Separately in Groups with Poor and Favorable Outcomes

Variables AlIN =314 Favorable Outcomes (mRS< 2, n=202) | Poor Outcomes (mRS>3, n=112) | P-value
Age (y) 67.98x11.71 66.36x11.65 7091x11.30 0.001
Sex, male 214(68.23%) 139(68.81%) 75(67.01%) 0.736
BMI (Kg/m?) 24.72+3.67 24.73+3.61 24.69 +3.89 0.945
Alcohol history 88(28.00%) 59(29.22%) 29(25.91%) 0.531
Smoking history 144(45.93%) 97(48.03%) 47(42.04%) 0.302
Hypertension history 257(81.82%) 162(80.21%) 95(84.82%) 0.309
T2DM history 122(38.92%) 76(37.64%) 46(41.11%) 0.548
Stroke or TIA history 65(20.74%) 36(17.83%) 29(25.93%) 0.091
SBP (mmHg) 148.42+20.42 142.91£19.75 152.99+20.90 0.003
DBP (mmHg) 81.12+12.33 81.08+11.78 81.18+13.31 0.945
Total cholesterol (mmol/l) | 4.70%1.29 4.73%1.33 4.63%1.22 0.521
Triglyceride (mmol/l) 1.61£1.50 1.71£1.68 1.42+1.08 o0.101
LDL-C (mmol/l) 2.94+0.94 2.92+0.95 2.97+0.92 0.648
HDL-C (mmol/l) 1.09+0.28 1.09£0.30 1.09+0.28 0.899
Haemoglobin (g/l) 134.49+18.61 138.02+16.54 128.14+20.44 <0.001
Uric acid (pmol/l) 322.44+95.45 325.80+£91.93 316.35+101.69 0.409
Fasting glucose (mmol/l) 6.68+2.66 6.37+2.45 7.22+2.93 0.007
HbAlc 6.71x1.69 6.61+1.56 6.87+1.89 0.239
Homocysteine (umol/L) 16.53+12.02 16.05£11.60 17.39+12.74 0.358
NIHSS score 3.00(2.00-6.00) | 2.00(1.00—4.00) 6.00(4.00-9.75) <0.001
IMTbif (mm) 1.42(1.10-1.80) | 1.31(1.00-1.60) 1.52(1.00-2.00) 0.001

Abbreviations: BMI, body mass index; T2DM, type 2 diabetes mellitus; TIA, transient ischemic attack; SBP, systolic blood pressure; DBP, diastolic blood pressure; HbAlc,
glycosylated haemoglobin; NIHSS, National Institute of Health stroke scale; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; IMTbif,
the intima-media thickness at carotid bifurcation.

than those with favorable outcomes. As shown in Table 2, no significant differences were found in NIHSS or mRS
values between type 2 diabetic and non-diabetic subgroups.

Associations Between the Stratified IMTbif Levels and the mRS Scores

The study divided the included patients into 3 groups according to 3 segmentation points of IMTbif levels, namely: (a)
the high IMTbif level (IMTbif >1.6mm); (b) the moderate IMTbif level (IMTbif 1.2—1.6mm) and (c) the low IMTbif
level (IMTbif <1.2mm). Moderate IMTbif level was observed in 138 (43.9%) patients and 91 (29.0%) patients had high
IMTbif levels. The distribution of functional outcomes at 3 months, according to this stratification method, is shown in
Figure 2. The results revealed that a significant difference exists between the three groups, with regard to short-term
functional outcomes in post hoc analysis (P =0.001).
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Table 2 Characteristics of Study Groups Presented Separately in Patients with DM (-) and T2DM (+)

Variables DM (-) (n=192) DM (+) (n=122) P-value
Age(y) 68.09£12.26 67.81£10.84 0.836
Sex, male 129(67.20%) 85(69.70%) 0.645
BMI (Kg/m?) 24.54+3.49 24.99 +3.94 0.361
Alcohol history 56(29.21%) 32(26.20%) 0.572
Smoking history 84(43.82%) 60(49.23%) 0.347
Hypertension history 147(76.62%) 110(90.24%) 0.002
Stroke or TIA history 35(18.21%) 30(24.62%) 0.175
SBP (mmHg) 146.31+19.92 151.72+20.84 0.022
DBP (mmHg) 81.57x13.25 80.40+10.74 0414
Total cholesterol (mmol/l) 4.65x1.21 4.76x1.42 0.493
Triglyceride (mmol/l) 1.30+0.66 2.08+2.16 <0.001
LDL-C (mmol/l) 2.91£0.92 2.99+0.97 0517
HDL-C (mmol/l) 1.12+£0.27 1.05+0.27 0.029
Haemoglobin (g/l) 134.44+17.63 134.59+20.17 0.946
Uric acid (umol/l) 326.71£95.22 315.71£95.84 0.328
Fasting glucose (mmol/l) 5.7¢1.71 8.21£3.13 <0.001
HbAlc 5.8+1.01 7.84+1.68 <0.001
Homocysteine (umol/L) 17.52+12.69 15.01+10.78 0.079
NIHSS score 3.00(1.00-6.00) 3.50(2.00-5.00) 0.557
mRS score 2.00(1.00-4.00) 2.00(1.00-3.00) 0.300
IMTbif (mm) 1.40(1.10-1.80) 1.40(1.10-1.72) 0.998

Abbreviations: T2DM, type 2 diabetes mellitus; BMI, body mass index; TIA, transient ischemic attack; SBP, systolic blood pressure; DBP, diastolic blood
pressure; HbAlc, glycosylated haemoglobin; NIHSS, National Institute of Health stroke scale; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-
density lipoprotein cholesterol; IMTbif, the intima-media thickness at carotid bifurcation; mRS, modified Rankin Scale.

Linear Regression Analysis of Relationships Between the mRS Scores and Variables in

Patients with and without Type 2 Diabetes

The study population included 122 type 2 diabetic patients and 192 non-diabetic patients. In those patients with T2DM,
mRS and NIHSS scores were significantly associated with IMTbif levels after adjusting for homocysteine, haemoglobin
and SBP values in the multivariate regression equation (Table 3). Meanwhile, the fasting glucose, haemoglobin values
and NIHSS scores were independently associated with mRS scores in non-diabetic group (Table 4).

Discussion

The present study showed that the IMTbif level was independently associated with short-term functional outcome in non-
cardiogenic stroke patients with T2DM. After adjusting for confounding factors including NIHSS scores, homocysteine,
haemoglobin and SBP values, the linkage of elevated IMTbif with poor outcomes still persisted in those patients with
T2DM.
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Table 3 Linear Regression Analysis of Relationships Between Short-Term Functional Outcomes and Variables in Non-Cardiogenic
Stroke Patients with T2DM (+)

Variables Univariate Multivariate

Standardized f§ (95% ClI for ) | t-value | P-value | Standardized B (95% CI for ) | t-value | P-value
Age 0.16(—0.00-0.04) 1.85 0.067 - - -
Sex 0.04(—0.45-0.72) 0.44 0.658 - - -
BMI 0.10(-0.03-0.11) 0.97 0.336 - - -
Alcohol history —0.00(—0.64-0.59) —0.08 0.940 - - -
Smoking history —0.06(—0.74-0.33) —-0.75 0.453 - - -
Hypertension history —0.01(—0.96-0.86) —0.11 0914 - - -
Stroke or TIA history | 0.17(-0.01-1.23) 1.95 0.053 - - -
SBP 0.21(0.00-0.03) 2.30 0.023 0.083(—0.01-0.02) 1.06 0.291
DBP —0.03(—0.03-0.02) —0.33 0.742 - - -
Total cholesterol —0.09(—0.29-0.09) —-1.01 0.315 - - -
Triglyceride —0.15(—0.23-0.02) —-1.63 0.105 - - -
LDL-C —0.01(-0.31-0.27) —0.13 0.896 - - -
HDL-C 0.07(-0.65-1.37) 0.70 0.483 - - -
Haemoglobin —0.29(—0.04- —0.01) -3.22 0.002 —0.16(—0.02—-0.00) -1.94 0.055
Uric acid 0.06(—0.00-0.01) 0.64 0.524 - - -
Fasting glucose 0.05(—0.07-0.11) 0.50 0.615 - - -
HbAlc —0.07(—0.23-0.11) —0.71 0.479 - - -
Homocysteine 0.23(0.01-0.06) 251 0.014 0.08(—0.01-0.03) 0.96 0.342
NIHSS 0.54(0.16-0.28) 7.02 <0.001 0.45(0.11-0.24) 5.46 <0.001
IMTbif 0.33(0.47-1.48) 3.82 0.001 0.24(0.26~1.15) 3.13 0.002

Abbreviations: T2DM, type 2 diabetes mellitus; BMI, body mass index; TIA, transient ischemic attack; SBP, systolic blood pressure; DBP, diastolic blood pressure; HbAlc,
glycosylated haemoglobin; NIHSS, National Institute of Health stroke scale; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; IMTbif,
the intima-media thickness at carotid bifurcation; mRS, modified Rankin Scale; Cl, confidence interval.

Numerous studies have shown that IMT evolution is linked with the occurrence of cerebrovascular diseases.'® We
thus hypothesized that IMTbif was significantly associated with functional outcomes in non-cardiogenic stroke patients,
regardless of the complication of T2DM or not. The hypothesis resembles what Lehmann et al have found, although their
data were processed using machine learning method.” In their study, IMT and NIHSS are both strongly associated
3-month outcomes in patients with ischemic stroke. Nevertheless, in our study, the association is only valid in patients
with T2DM, but no longer valid in those without diabetes.

We tried to explain this phenomenon. On one hand, large artery and small artery diseases constitute the majority part
in non-cardiogenic ischemic stroke subtypes.”' Reflecting initial endothelial dysfunction and subsequent systemic
vascular change, IMTDbif affects the microcirculation and recanalization, which have an imperative impact on cerebral
ischemia, hypoxic injury and neuronal repair.** Meantime, T2DM is highly established to induce both microvascular and
macrovascular abnormalities.”> The complication of T2DM might strengthen the underlying vascular change, which
could be represent in IMTbif development in the first place. Thus, the influence of vascular condition has overwhelmed
many other conventional risk factors to affect recovery duration and functional outcomes in those coupled with DM. The
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Table 4 Linear Regression Analysis of Relationships Between Short-Term Functional Outcomes and Variables

Stroke Patients with DM (-)

in Non-Cardiogenic

Variables Univariate Multivariate

Standardized p (95% ClI for ) | t-value | P-value | Standardized B (95% CI for ) | t-value | P-value
Age 0.21(0.01-0.05) 3.02 0.003 —0.04(—0.02-0.01) —0.68 0.496
Sex 0.06(—0.30-0.70) 0.78 0.437 - - -
BMI —0.10(—0.11-0.02) —1.21 0.228 - - -
Alcohol history —0.05(—0.70-0.35) —0.66 0.508 - - -
Smoking history —0.10(—0.82-0.13) —1.44 0.151 - - -
Hypertension history 0.10(—0.18-0.93) 1.33 0.184 - - -
Stroke or TIA history | 0.06(—0.37-0.86) 0.78 0.439 - - -
SBP 0.19(0.00-0.03) 2.6l 0.010 0.10(—0.00-0.02) 1.85 0.065
DBP 0.02(—0.02-0.02) 0.33 0.739 - - -
Total cholesterol —0.04(—0.26-0.14) —0.58 0.560 - - -
Triglyceride —0.14(—0.72-0.00) —-1.97 0.051 - - -
LDL-C 0.04(-0.19-0.33) 0.52 0.601 - - -
HDL-C —0.00(—0.89-0.88) —0.01 0.993 - - -
Haemoglobin —0.26(—0.04- —0.01) —3.54 0.001 —0.23(—0.03- —0.01) -3.70 <0.001
Uric acid —0.04(—0.01-0.00) —0.49 0.628 - - -
Fasting glucose 0.25(0.11-0.38) 3.53 0.001 0.22(0.10-0.32) 3.88 <0.001
HbAlc 0.01(—0.26-0.29) 0.11 0.910 - - -
Homocysteine 0.07(-0.01-0.03) 0.88 0.379 - - -
NIHSS 0.65(0.17-0.24) 11.71 <0.001 0.58(0.15-0.22) 9.59 <0.001
IMTbif 0.21(0.21-1.03) 2.99 0.003 —0.04(—0.45-0.24) —0.62 0.536

Abbreviations: T2DM, type 2 diabetes mellitus; BMI, body mass index; TIA, transient ischemic attack; SBP, systolic blood pressure; DBP, diastolic blood pressure; HbAc,
glycosylated haemoglobin; NIHSS, National Institute of Health stroke scale; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; IMTbif,
the intima-media thickness at carotid bifurcation; mRS, modified Rankin Scale; Cl, confidence interval.

IMTbif still showed independent association with neurological outcomes in diabetic patients, even taking the widely
acknowledged strong stroke severity predictor NIHSS into account as a confounding variable statistically.**

On the other hand, compared with non-diabetic patients, the statistical significance of IMTbif was attenuated upon
adjusted for poststroke fasting glucose. Poststroke hyperglycemia is defined as a blood glucose level of 6.1-8.0 mmol/L,
even 72 hours after the stroke episode.?® It releases pro-inflammatory mediators (tumor necrosis factor-a, interleukin-6)
by stress reaction and alters blood-barrier permeability, leads to blood-barrier disruption, further aggravates brain edema
formation and thus affects neural function repair ability.*® Accumulating evidence found that a relatively minor elevation
in glucose level might produce an immediate and obvious effect on acute stroke patients’ prognosis without diabetes.”’ >°
Similar to their findings, our data indicated that metabolic risk factors may overwhelm the influence of underlying
vascular changes IMTDbif to predict functional disability in non-diabetic patients.

One strength of our study was that the specific posterior wall at carotid bifurcation was selected as the routine
ultrasound detection spot to assess IMT. Previous conclusions on the relationships between IMT and vascular diseases are
conflicting.**'* We consider that it was likely resulted from the different positioning selection of IMT measurement
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mRS=0 mRS=1 mRS=2 W mRS=3 =W mRS=4 mm mMRS=5 =M mRS=6

moderate IMTbif level(n=138) - 17 50 26 _
low IMTbif level(n=85) 18 29 17 -

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Figure 2 Functional outcomes at 3 months stratified for IMT levels at carotid bifurcation.

using ultrasound: the bifurcation of carotid artery,>® the mean value of near and/or far wall of common/internal carotid
artery,'* the maximum value of common carotid artery,®> or the combination of these locations. The alterations of
detection spots contribute to inconsistent results. As for our research, IMT at carotid bifurcation was chosen as the IMT
variable to predict outcomes, same as atherosclerotic burden in Shore’s research.'® This was mainly because: for one
thing, autopsy studies have shown that initiation site of IMT in the carotid arteries is carotid bifurcation.** For another,
since low wall shear stress could trigger the development of atherosclerosis, as Strecker C uncovered in his research,’
wall shear stress is significantly lower at posterior wall compared to anterior wall of carotid bifurcation. Thus, we chose
the posterior wall at bifurcation as ultrasound target place to represent the underlying vascular change. To note, in order
to inhibit the effect of lumen stenosis on hemodynamic changes in arteries, we confine cases to those with carotid
stenosis less than 50%.

Another strength of our study was the intention to provide prognostic information. A number of previous studies have
tried to investigate relationships among IMT, DM and stroke. But their study mostly utilized IMT to predict the
occurrence of vascular events complicated with DM, whereas they did not supply short-term functional outcomes of
stroke. For instance, Shore’ team found that measures of IMT are associated with clinically manifest ischemic stroke in
subjects with T2DM."> Kota et al concluded that high IMT is a surrogate and reliable marker of higher risk of non-
cardiogenic ischemic stroke amongst T2DM patients.'* However, our study evaluated the value of IMT with functional
outcomes in stroke and DM.

Certain limitations exist for the present study. The sample size was small because this was a single-center study. We
did not evaluate the influence of DM duration and blood glucose fluctuations during the follow-up. Medications were not
included. Therefore, we address that a multi-center study with a large sample size need to be conducted and further
verification, including more patients’ information and therapy, is also needed.

Conclusion

In the light of above, the study revealed that IMTDbif contributed to the early estimation of short-term functional outcomes
in non-cardiogenic ischemic stroke patients with T2DM. Therefore, the ultrasound detection of the IMTbif may be useful
as a screening tool for evaluating prognosis of patients with stroke and diabetes.
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