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Abstract

Background: Ischemic stroke is a major cause of disability and mortality in patients with type 2 diabetes mellitus (T2DM), and
diabetic stroke has a high recurrence rate.
Objectives: This prospective cohort study aimed at investigating the risk factors and establishing Cox’s regression model and per-
sonal prognosis index for the recurrence of ischemic stroke at a two-year follow-up in T2DM patients.
Methods: T2DM patients with ischemic stroke, who were consecutively admitted to the Neurology Department of North China Uni-
versity of Science and Technology Affiliated Hospital between January 1, 2015, and December 31, 2015, were retrospectively reviewed.
These cases were followed up since the onset of ischemic stroke for 2 years. Univariate and multivariate Cox’s proportional haz-
ard regression model was used to analyze risk factors associated with the recurrence rate. Thus, a recurrence model and personal
prognosis index were set up.
Results: During the follow-up period, 44 cases relapsed. Furthermore, the 1-year recurrence rate was 16.48%, while the 2-year recur-
rence rate was 24.18%. The univariate and multivariate Cox proportional hazard regression model revealed that the independent risk
factors associated with recurrence were TOAST criteria (X1) (RR = 1.663; 95% CI = 1.015 - 2.760, P = 0.032), hypertension grade (X2) (RR =
1.897; 95% CI = 1.097 - 3.280, P = 0.022), duration of diabetes mellitus (X3) (RR = 1.151; 95% CI = 1.009 - 1.991, P = 0.039), total cholesterol
(X4) (RR = 1.13; 95% CI = 1.006 - 1.876, P = 0.035), and Essen stroke risk score (ESRS) (X5) (RR = 2.055; 95% CI = 1.357 - 3.134, P = 0.001). The
personal prognosis index of the recurrence model was as follows: PI = 0.504 X1 + 0.640 X2 + 0.345 X3 + 0.759 X4 + 0.823 X5.
Conclusions: TOAST criteria, hypertension grade, duration of diabetes mellitus, total cholesterol, and ESRS were the independent
risk factors associated with the recurrence of ischemic stroke with diabetes mellitus. The recurrence model and personal prognosis
index equation were successfully established.
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1. Background

Diabetic ischemic stroke is a new concept proposed
based on the etiology of stroke in recent years, which
refers to ischemic cerebrovascular disease complicated
by diabetes, and is mostly induced by microvascular and
small vessel infarction (1). The disease has mild recurrent
and progressive clinical symptoms (2). Diabetic ischemic
stroke is the main cause of disability and mortality in di-
abetic patients (3). The recurrence rate of diabetic stroke
is very high (4). Previous epidemiological studies have re-
vealed that many risk factors are correlated to the recur-
rence of diabetic ischemic stroke (5-8). However, most of
these studies are retrospective studies with small sample

sizes and low efficiency, which are not effective in the pre-
diction of recurrent stroke in diabetic patients. Therefore,
the present cohort study of 201 patients with newly diag-
nosed diabetic ischemic stroke was carried out through
two years. The risk factors for the prognosis of recurrence
were identified, and a short-term recurrence prediction
model was established. Our results may provide a scien-
tific basis for the screening of high-risk populations and
the development of individualized, standardized, and pre-
ventive therapies.
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2. Methods

2.1. Subjects

The sample size was calculated based on the conven-
tional sample size formula for the cohort study and the es-
timated prevalence of this disease. A test power of 90% at
a significance level of 0.05 was chosen for sample size cal-
culation. In this prospective cohort study, data were col-
lected from 210 patients with primary diabetic ischemic
stroke, who were diagnosed in the Department of Neurol-
ogy in the Affiliated Hospital of North China University
of Science and Technology and treated in 5 inpatient cen-
ters of our hospital in Tangshan city, Hebei Province, China
from January 1, 2015, to December 31, 2015. The inclusion
criteria were as follows: (1) patients who met the diagnostic
criteria for ischemic stroke formulated in the “Guidelines
for the Diagnosis and Treatment of Acute Ischemic Stroke,
China 2014” and confirmed by the head computed tomog-
raphy (CT) or magnetic resonance imaging (MRI); (2) pa-
tients who met the diagnostic criteria of diabetes mellitus
developed by the World Health Organization (WHO); (3) pa-
tients who were ≥ 18 years old; (4) patients who visited a
doctor within three days after onset. The exclusion criteria
were as follows: (1) patients with the transient ischemic at-
tack, hemorrhagic stroke, mixed stroke, and brain tumor-
associated hemorrhage (n = 6); (2) patients with malig-
nancy, hematopathy, and collagenopathy (n = 1); (3) pa-
tients with serious heart, liver, lung, and kidney diseases (n
= 2); (4) patients with drug abuse and seizure (n = 0). Thus,
a total of 201 patients who were eligible for this study were
included. All subjects provided informed consent prior to
enrollment into the present study. The present study was
approved by the Ethics Committee of the Affiliated Hospi-
tal of North China University of Science and Technology
(ID: 20141211, December 11, 2014).

2.2. Questionnaire Design

A unified questionnaire was compiled using the Epi-
Data 3.1 software. To avoid too many missing values in the
study, the variables in the questionnaire were chosen ac-
cording to domestic and foreign studies on risk factors for
the recurrence of ischemic stroke and revised based on the
actual practice experience of our hospital (9). The main
contents included the following items: (1) basic personal
data: gender, age, height, body mass, marital status, cul-
ture and education, and occupation; (2) previous history
of disease: history of hypertension, diabetes, heart disease,
transient ischemic attack, and peripheral arterial disease;
(3) family history, smoking history, and drinking history;
(4) laboratory data, imaging data, diagnosis, and treat-
ment during hospitalization; (5) clinical characteristics,
National Institutes of Health Stroke Scale (NIHSS) score on

admission, Essen Stroke Risk Scale (ESRS) score and modi-
fied Rankin scale (MRS) score at discharge.

2.3. Follow-Up Data

Recurrence criteria of diabetic ischemic stroke were as
follows: (1) At one week after stroke, symptoms, and signs
were stabilized or improved, the signs of new neurological
damage occurred or original signs were aggravated; (2) the
appearance of new ischemic lesions and space-occupying
lesions without edema or bleeding, which was confirmed
by CT (256CT, Philips, Netherlands) or MRI (Ingenia 3.0T,
Philips, Netherlands) examinations. The CT scanner and
MRI equipment were calibrated before each examination,
and the results were reviewed by an experienced radiolo-
gist. At the onset of symptoms as the starting point and
the time of recurrence or loss to visit the patients as the
endpoint, the follow-up was performed once a month and
terminated on January 1, 2017. A follow-up form was sep-
arately designed, and the forms of telephone follow-up
and face-to-face inquiries were adopted. The follow-up con-
tents included basic physical examination items and post-
discharge treatment (including drug use, blood pressure,
blood glucose, and blood lipid control). The blood glucose
and lipid profile were detected using a biochemistry ana-
lyzer (Beckman Coulter, Shanghai, China). If the patient
relapsed, the specific time and cause were considered. Ac-
cording to the purpose of the study, the outcome event was
defined as the recurrence of diabetic ischemic stroke.

2.4. Statistical Analysis

Data were statistically analyzed using SPSS 16.0 soft-
ware. Categorical variables were presented as numbers
(percentages). Continuous variables at baseline in both
groups were normally distributed and expressed as mean
± standard deviation. Mann-Whitney U test and chi-
squared test were used to identify baseline differences in
clinical variables between patients with or without recur-
rent stroke. The recurrence rate was analyzed using the
Kaplan-Meier method. The regression model included clin-
ical predictors of recurrence with a univariate P value <
0.05 as independent variables. The risk of subsequent
stroke to each variable was determined by multivariable
Cox regression analysis. P < 0.05 was considered statis-
tically significant. Then, the prognostic index equation
was established and the receiver operating characteristic
(ROC) was drawn.

3. Results

3.1. General Information of the Patients

The data of 201 eligible patients were collected. Among
these patients, five patients had incomplete data, and
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three patients died during hospitalization (since these pa-
tients died of initial ischemic stroke or other causes, they
were not included in the analysis). Finally, a total of 193 pa-
tients were studied in the present study, of whom 99 pa-
tients were male (51.3%). The patients’ age range was 30-
81 years, with the average age of 60.2 ± 10.1 years. The
variables at baseline in both groups were normally dis-
tributed.

3.2. Follow-Up Conditions

At the end of the follow-up period, 11 patients (5.7%) lost
the follow-up (Figure 1). The mean duration of the follow-
up was 254.78 ± 17.8 days. The investigators conducted a
balanced test on the basic characteristics of the follow-up
group, and the group lost the follow-up. The results re-
vealed that the differences in gender, age, marital status,
educational level, history of hypertension, history of dia-
betes, history of heart disease, family history of stroking
and trial of org 10 172 in acute stroke treatment (TOAST)
classification between these two groups were not statisti-
cally significant (P > 0.05). Therefore, the investigators
considered that loss to follow-up had not a considerable
impact on the study results. A total of 182 patients com-
pleted the follow-up, and 44 patients recurred during this
period. Furthermore, the 1-year recurrence rate was 16.48%
and the 2-year recurrence rate was 24.18%. These patients
were divided into two groups, according to recurrence: re-
current group (n = 44) and non-recurrence group (n = 138).

3.3. Univariate Analysis of Risk Factors for the Recurrence of Di-
abetic Ischemic Stroke

The distribution of the main risk factors in these two
groups was compared. The result revealed that the differ-
ences in these 11 factors, such as hypertension grade, his-
tory of diabetes, history of coronary heart disease, TOAST
classification, aspirin use on admission, duration of dia-
betes, red blood cell (RBC) count, hemoglobin, low-density
lipoprotein (LDL), total cholesterol (TC), and ESRS score
were statistically significant between these two groups (P
< 0.05, Table 1).

3.4. Multivariate Stepwise Cox’s Regression Analysis of the Risk
Factors for the Recurrence of Diabetic Ischemic Stroke

According to the effects of the factors with statistical
significance difference in the univariate analysis, the for-
ward LR method in Cox’s proportional hazard model was
used for the multivariate analysis. Factors that were fi-
nally included in the main effect equation were as follows:
TOAST classification, hypertension grade, duration of dia-
betes, TC and ESRS score and according to the results, they
were independent risk factors for the recurrence of dia-
betic ischemic stroke (Table 2). The fitted recurrence model

of diabetic ischemic stroke was as follows: h(t) = h0(t) exp
(0.504 X1 + 0.640 X2 + 0.345 X3 + 0.759 X4 + 0.823 X5) (h(t):
risk function; h0(t): benchmark risk function; X1: TOAST
classification; X2: hypertension grade; X3: diabetes dura-
tion; X4: TC; X5: ESRS score). Based on Cox’s proportional
hazard regression model, the prognosis index (PI) of the ex-
ponential equation was established through the standard-
ized transformation of the observed variables: PI = 0.504
X1 + 0.640 X2 + 0.345 X3 + 0.759 X4 + 0.823 X5. The risk of re-
lapse could be predicted by introducing the observed vari-
ables (risk factors). The smaller PI could cause the lower the
risk of recurrence, whereas the greater PI could cause the
higher the risk of recurrence.

3.5. The ROC Curve Analysis

Using the individual PI as the test variable and the ac-
tual follow-up results as state variables, the ROC curve was
drawn (Figure 2). The results revealed that the area un-
der the curve (AUC) was 0.796 (95% CI = 0.661 - 0.873, P =
0.002), the Youden’s index was 0.474, and the correspond-
ing PI was 1.237. Therefore, 1.237 was determined as the cut-
off point. That is when the PI is ≥ 1.237, the probability of
recurrence is high. Also, the negative and positive predic-
tive values were 0.731 and 0.785, respectively. The negative
and positive likelihood ratios were 0.629 and 0.702, respec-
tively.

4. Discussion

The high recurrence rate of diabetic ischemic stroke
has been reported. The risk of recurrence of diabetic is-
chemic stroke was 12 times more than non-diabetic is-
chemic stroke (10, 11). A cohort study conducted by Putaala
et al. revealed that (12) the cumulative recurrence rate of
diabetic ischemic stroke was 29.7%. Consistently, in the
present study, the 1-year recurrence rate was 16.48%, while
the 2-year recurrence rate was 24.18%.

Although the TOAST classification was used in patients
with diabetic ischemic stroke, cohort studies on TOAST
classification and prognosis (including relapse) have been
rarely conducted. The study conducted by Putaala et al.
also revealed that the type of cerebral infarction in diabetic
patients was different from that of non-diabetic stroke pa-
tients, and atherosclerotic thrombotic cerebral infarction
and multiple cerebral infarctions were more common (12).
The reason may be related to the metabolic abnormalities
in proteins, lipids, and glucose in diabetics. The lesions on
large vessels in the brain, multiple branches, and multi-
ple segments of brain micrangium lead to the dystrophy,
degeneration, and necrosis of the wall, as well as the fibri-
nolytic system dysfunction of distal small vessels (13). An-
other study revealed that the sites and types of diabetic

Iran Red Crescent Med J. 2020; 22(7):e101863. 3



An YC et al.

Patients with diabetic ischemic stroke (n = 210) 

Patients eligible for data collection (n = 201) 

Patients with incomplete data (n = 5) 
patients died during hospitalization (n = 3) 

Patients eligible for follow-up (n = 193) 

Patients with complete two-year follow-up data 
(n = 182) 

Patients who were lost to follow up (n = 11) 

Exclusion criteria: 

1) Patients with transient ischemic attack, hemorrhagic stroke, mixed 

     stroke, or brain tumor-associated hemorrhage (n = 6) 

2) Patients with malignancy, hematopathy or collagenopathy (n = 1) 

3) Patients with serious heart, liver, lung or kidney diseases (n = 2) 

4) Patients with drug abuse or seizure (n = 0)  

Figure 1. Flow chart of the patient recruitment

cerebral infarction were different from non-diabetic cere-
bral infarction. The former mostly is manifested as pos-
terior circulation and lacunar cerebral infarction, while
the latter is mostly manifested as complete or partial an-
terior circulation infarction (14, 15). Our results revealed
that the type of diabetic ischemic stroke mainly caused
large-artery atherosclerosis and arteriole occlusion. In the
non-recurrence group, large-artery atherosclerosis was ob-
served in 65.2% and arteriole occlusion in 29.7% of the
cases. In the recurrence group, large-artery atherosclero-
sis was observed in 40.9% and arteriole occlusion in 47.7%
of the cases. The univariate and multivariate Cox’s regres-
sion analysis revealed that the TOAST classification was cor-
related with the recurrence of diabetic ischemic stroke and
was an independent risk factor for recurrence.

Hypertension and diabetes have been considered to
have a synergistic effect on the recurrence of ischemic
stroke (16-18). In patients with diabetic ischemic stroke, in-
sulin resistance may play a decisive role in the pathogen-
esis of hypertension (19). First, the sensitivity to insulin

in the peripheral organs of diabetic patients is reduced,
but the islet cells still preserve insulin secretion resulting
in compensatory hyperinsulinemia and promoting hyper-
tension (20). Second, hyperglycemia also promotes the re-
absorption of sugar in the proximal renal tubules, leading
to an increase in the effective osmotic pressure of blood cir-
culation (21). Also, hyperglycemia can promote the prolif-
eration of vascular smooth muscle cells, resulting in the co-
existence of hypertension and hyperglycemia (22). The syn-
ergistic relationship between hypertension and diabetes
with the recurrence of ischemic stroke has been rarely re-
ported. The results of the present cohort study revealed
that both hypertension grade (RR = 1.897, 95% CI = 1.097
- 3.280) and diabetes duration (RR = 1.151, 95% CI = 1.009
- 1.991) were independent risk factors for the recurrence
of diabetic ischemic stroke. This suggests that their com-
bined action leads to the recurrence of stroke.

This observation is similar to that in diabetes patients,
who are easily complicated with hypertension. Further-
more, the incidence of hyperlipidemia in diabetic patients
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Table 1. Univariate Analysis of the Risk Factors for Recurrent Ischemic Stroke with Diabetes Mellitus (N = 182)

Variables Recurrence (N = 44) Non-Recurrence (N = 138) χ2 /t P

Gender 3.607 0.058

Male 17 (59.1) 76 (41.3)

Female 27 (40.9) 62 (58.7)

Marriage 0.101 0.751

Married 42 (95.5) 130 (94.2)

Unmarried, divorced, widowed 2 (4.5) 8 (5.8)

BMI, kg/m2 0.486 0.784

< 24.0 12 (27.3) 37 (26.8)

24.0 ~ 27.9 22 (50.0) 76 (55.1)

≥ 28.0 10 (22.7) 25 (18.1)

History of hypertension 0.202 0.653

No 12 (27.3) 33 (23.9)

Yes 32 (72.7) 105 (76.1)

Hypertension grade 4.458 0.035

Levels 1 and 2 4 (12.5) 28 (26.7)

Level 3 28 (87.5) 77 (73.3)

Duration of hypertension (year) 6.86 ± 8.005 4.76 ± 6.082 1.842 0.067

Mean arterial pressure (mmHg) 111.41 ± 11.685 111.53 ± 14.245 0.046 0.964

History of TIA 0.736 0.391

No 43 (97.7) 137 (99.3)

Yes 1 (2.3) 1 (0.7)

Family stroke history 2.887 0.089

No 6 (13.6) 8 (5.8)

Yes 38 (86.4) 130 (94.2)

Progress 0.885 0.347

No 35 (79.5) 118 (85.5)

Yes 9 (20.5) 20 (14.5)

Diagnostic history of diabetes 6.795 0.009

Newly diagnosed diabetes 4 (9.1) 39 (28.3)

Diabetes on admission 40 (90.9) 99 (71.7)

Duration of diabetes (year) 6.70 ± 5.857 3.88 ± 4.588 3.310 0.001

History of coronary heart disease 5.440 0.020

No 33 (75.0) 123 (89.1)

Yes 11 (25.0) 15 (10.9)

TOAST classification

Aortic atherosclerosis 18 (40.9) 90 (65.2) 8.656 0.034

Cardioembolism 4 (9.1) 5 (3.6)

Small artery occlusion 21 (47.7) 41 (29.7)

Other etiological types 1 (2.3) 2 (1.4)

LDL (mmol/L) 3.58 ± 1.101 3.11 ± 0.909 8.892 0.001

TC (mmol/L) 5.69 ± 1.301 5.10 ± 1.008 5.087 0.003

NIHSS score on admission 4.55 ± 3.487 3.93 ± 4.055 0.907 0.366

MRS score at discharge 2.02 ± 1.263 1.68 ± 1.254 1.569 0.119

ESRS score 2.67 ± 1.229 1.68 ± 1.254 2.272 0.024

Abbreviations: BMI, body mass index; ESRS, essen stroke risk score; LDL, low-density lipoprotein; MRS, modified rankin scale; NIHSS, national institutes of health stroke
scale; TC, total cholesterol; TIA, transient ischemic attack; TOAST, trial of org 10 172 in acute stroke treatment.
aData are shown as No. (%) or mean ± SD.

is also high, and lipid metabolism disorders accelerate
vascular injury (23-26). The collaborative atorvastatin di-

abetes study (CARDS) also revealed that high TC level was
correlated with ischemic stroke recurrence, and taking
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Table 2. Multivariable Cox Regression Analysis of the Risk Factors for Recurrent Ischemic Stroke with Diabetes Mellitus

Variables HR (95% CI) Regression Coefficient SE P

TOAST classification 1.663 (1.015 ~ 2.760) 0.504 0.244 0.032

Hypertension grade 1.897 (1.097 ~ 3.280) 0.640 0.279 0.022

Duration of diabetes 1.151 (1.009 ~ 1.991) 0.345 0.142 0.039

Total cholesterol 1.130 (1.006 ~ 1.876) 0.265 0.125 0.035

ESRS Score 2.055 (1.357 ~ 3.134) 0.823 0.211 0.001

Abbreviations: ESRS, essen stroke risk score; TOAST, trial of org 10 172 in acute stroke treatment.
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Figure 2. Receiver operating characteristic (ROC) curve analysis of the recurrent is-
chemic stroke with diabetes mellitus prediction model

statins to regulate blood lipids can reduce the recurrence
of stroke. Another study revealed that taking statins re-
duced the risk of stroke by approximately 21% in diabetic
patients, and by only 16% in non-diabetic patients. It is evi-
dent that patients with diabetes benefit more from statins
therapy, which makes lipid-lowering therapy more impor-
tant in diabetes patients (27-30). In the present study, ac-
cording to the univariate analysis, the differences in TC
and LDL were statistically significant, but the multivariate
analysis revealed that LDL was eliminated, while TC was in-
cluded. Furthermore, the risk of recurrence of diabetic is-
chemic stroke in the group with high TC was 13% higher
than that in the group with normal TC (RR = 1.130, 95% CI
= 1.006 - 1.876).

The strong point of this study was using the standard-
ized method to evaluate patients’ characteristics, includ-
ing TOAST criteria, hypertension grade, duration of dia-
betes mellitus, TC level, and ESRS, and the establishment

of a Cox’s regression model for the prognosis of stroke re-
currence in diabetic patients. There were some limitations
to this study. First, the patients were recruited from five in-
patient centers of the Tangshan city, and the sample size
was relatively small. Also, the unequal sample size between
the recurrent and non-recurrent groups may lead to bias in
the estimation of sensitivity and specificity. Further stud-
ies with a larger sample size covering a wider geographic
area in China are needed to confirm the results of the cur-
rent study.

In conclusion, ESRS is a commonly used tool for pre-
dicting the recurrence risk of stroke. ESRS is mainly used
to predict the recurrence risk of cardiovascular and cere-
brovascular events in patients with ischemic stroke and
transient ischemic attack. Studies on the prediction of the
recurrence risk of diabetic ischemic stroke using ESRS have
rarely been conducted. In the present study, ESRS was se-
lected in both the univariate and multivariate Cox’s pro-
portional hazard models, which was found as an indepen-
dent risk factor for the recurrence of ischemic stroke (RR
= 2.055, 95% CI = 1.357 - 3.134). The higher the score is, the
greater the risk of recurrence becomes.
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