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Purpose: Stroke has sparked global concern as it seriously threatens people’s life,

bringing about dramatic health burdens on patients, especially for type 2 diabetesmellitus

(T2DM) patients. Therefore, a risk scoring model is urgently valuable for T2DM patients

to predict the risk of stroke incidence and for positive health intervention.

Methods: We randomly divided 4,335 T2DM patients into two groups, training set

(n = 3,252) and validation set (n = 1,083), at the ratio of 3:1. Characteristic variables

were then selected based on the data of training set through least absolute shrinkage

and selection operator regression. Three models were established to verify predictive

ability. Foundation model was composed of basic information and physical indicators.

Biochemical model consisted of biochemical indexes. Integrated model combined the

above two models. Data of three models were then put into logistic regression analysis

to form nomogram prediction models. Tools including C index, calibration plot, and

curve analysis were implemented to test discrimination, calibration, and clinical use. To

select the best predicting model, net reclassification improvement (NRI) and integrated

discrimination improvement (IDI) were put into effect.

Results: Eleven risk factors were determined, including age, duration of T2DM,

estimated glomerular filtration rate, systolic blood pressure, diastolic blood pressure,

low-density lipoprotein, high-density lipoprotein, triglyceride, body mass index, uric acid,

and glycosylated hemoglobin A1c, all with significant P-values through logistic regression

analysis. In the training set, areas under the curve of three models were 0.810, 0.819,

and 0.884, whereas in the validation set, they were 0.836, 0.832, and 0.909. Through

calibration plot, the S:P values in the training set were 0.836, 0.754, and 0.621 and

were 0.918, 0.682, and 0.666 separately in the validation set. In terms of the decision

curve analysis, the risk thresholds were, respectively, 8–73%, 8–98%, and 8%∼ in the

training set and 8–70%, 8–90%, and 8–95% in the validation set. With the aid of NRI

and IDI, integrated model is proved to be the best model in training set and validation

set. Besides, internal validation was conducted on all the subjects in this study, and the

C index was 0.890 (0.873–0.907).

Conclusion: This study established a model predicting risk of stroke for T2DM patients

through a community-based survey.
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FIGURE 1 | Demographic and clinical feature selection using the LASSO binary logistic regression model. (A) The selection of the best parameter (lambda) in the

LASSO model uses 5-fold cross-validation with the lowest standard. The relationship curve between partial likelihood deviation (binomial deviation) and log(lambda)

was plotted. Dotted vertical lines were drawn at the optimal values by using the minimum criteria and the 1 SE of the minimum criteria (the 1 – SE criteria). (B) LASSO

coefficient profiles of the 11 features. A coefficient profile plot was produced against the log(lambda) sequence. Vertical line was drawn at the value selected using

5-fold cross-validation, where optimal lambda resulted in five features with non-zero coefficients. LASSO, least absolute shrinkage and selection operator; SE,

standard error.

TABLE 2 | Coefficients and lambda.min value of the LASSO regression.

Factors Coefficients Lambda.min

Age (years) 0.036 0.010

Course (years) 0.022

BMI (kg/m2 ) 0.142

SBP (mmHg) 0.027

DBP (mmHg) 0.013

HbA1c (%) 0.170

TG (mmol/L) 0.079

LDL-C (mmol/L) 1.023

HDL-C (mmol/L) −1.689

UA (µmol/L) 0.003

eGFR (mL/min) 0.003

We selected 11 non-zero characteristic variables in the LASSO
regression results, including AGE, course, BMI, SBP, DBP, HbA1c,
TG, LDL-C, HDL-C, UA, and eGFR (Table 2).

For external validation, three models were constructed.
Foundation model, composed of basic information indicators
and physical indicators, included AGE, course, SBP, DBP, and
BMI (Figure 2A). Biochemical model consisted of biochemical
indexes, including HbA1c, TG, LDL-C, HDL-C, UA, and eGFR
(Figure 2B). Integrated model contained all the variables of the
above two models (Figure 2C). To give a plain and clarified
illustration of integrated model, an example of a T2DM patient
demonstrated in Figure 2D. If the subject is at the age of 68 years,
duration of 2 years, SBP of 151 mmHg, DBP of 83 mmHg, BMI of
22.84 kg/m2, HbA1c of 6.5%, TG of 2.42 mmol/L, HDL-C of 1.04

mmol/L, LDL-C of 1.77mmol/L, UA of 362µmol/L, and eGFR of
85.89 mL/min, the probability of stroke is estimated to be 31.7%.

Through logistic regression analysis, p-values of all risk
characteristic factors were proved to be significant in the three
models, respectively (Tables 3–5). The C index of foundation
model, biochemical model, and integrated model were 0.810
(0.783–0.837), 0.819 (0.792–0.845), and 0.884 (0.863–0.905)
(Table 6). Area under the curve (AUC) values of ROC
for foundation model, biochemical model, and integrated
model in training set (Figure 3G) were 0.810 (Figure 3A),
0.819 (Figure 3C), and 0.884 (Figure 3E) (Table 7), whereas
in validation set (Figure 3H) correspondingly were 0.836
(Figure 3B), 0.832 (Figure 3D), and 0.909 (Figure 3F) (Table 7).
Calibration plot indicated that S:P of foundation model,
biochemical model, and integrated model in training set is
0.836 (Figure 4A), 0.754 (Figure 4C), and 0.621 (Figure 4E),
whereas in validation set is, respectively, 0.918 (Figure 4B), 0.682
(Figure 4D), and 0.666 (Figure 4F). The DCA decision curve
demonstrated that the threshold probability of foundationmodel,
biochemical model, and integrated model in training set is 8–
73%, 8–98% and ∼8% (Figure 5A), whereas in validation set is
8–70, 8–90, and 8–95% (Figure 5B).

Through calculating the NRI, the cutoff in the training

set was 0.088 (0.804, 0.785) (Figure 3E). Integrated model

demonstrated to be 0.131 better than foundation model
(Figure 6A) and 0.113 better than biochemical model

(Figure 6C) (Table 8). In the validation set, the cutoff was
0.087 (0.811, 0.853) (Figure 3F). Integrated model was 0.133
better than foundation model (Figure 6B) and 0.118 better than
biochemical model (Figure 6D) (Table 8). Through calculating
the IDI in training set, integrated model was 0.148 (0.124,
0.172) better than foundation model and 0.139 (0.115, 0.164)
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FIGURE 2 | Developed nomograms of three T2DM combined stroke models. (A) Foundation model: the medication stroke nomogram for T2DM patients was

developed in the cohort, with age, course, SBP, DBP, and BMI incorporated. (B) Biochemical model: the medication stroke nomogram for T2DM patients was

developed in the cohort, with HbA1c, TG, LDL-C, HDL-C, UA, and eGFR incorporated. (C) Integrated model: the medication stroke nomogram for T2DM patients was

developed in the cohort, with age, course, BMI, SBP, DBP, HbA1c, TG, LDL-C, HDL-C, UA, and eGFR incorporated. (D) An example of nomogram based on

integrated model.

TABLE 3 | Foundation model established by logistic regression analysis based on

the training set.

β Coefficient Wald test P OR (95% CI)

Age (years) 0.052 4,696 <0.001 1.054 (1.031–1.078)

Course (years) 0.044 5.035 <0.001 1.045 (1.027–1.063)

SBP (mmHg) 0.037 10.798 <0.001 1.038 (1.031–1.045)

DBP (mmHg) 0.033 5.158 <0.001 1.034 (1.021–1.047)

BMI (kg/m2 ) 0.216 11.137 <0.001 1.241 (1.195–1.290)

better than biochemical model (Table 8). In the validation set,
integrated model was 0.157 (0.115, 0.200) better than foundation
model and 0.166 (0.120, 0.213) better than biochemical model
(Table 8). Therefore, based on the above results, we can conclude
that compared with foundation model and biochemical model;
integrated model is improved, indicating that integrated model
meets the clinical predictive modeling standards.

After obtaining integrated model, we verified on all the
subjects included in this study with all the characteristic

TABLE 4 | Biochemical Model established by logistic regression analysis based

on the training set.

β Coefficient Wald test P OR (95% CI)

HbA1c (%) 0.312 6.931 <0.001 1.366 (1.251–1.492)

TG (mmol/L) 0.132 2.817 0.005 1.141 (1.039–1.248)

LDL-C (mmol/L) 1.459 9.431 <0.001 4.301 (3.184–5.842)

HDL-C (mmol/L) −2.711 −10.558 <0.001 0.066 (0.040–0.109)

UA (µmol/L) 0.006 6.556 <0.001 1.006 (1.004–1.008)

eGFR (mL/min) 0.004 2.835 0.005 1.004 (1.001–1.006)

variables of integrated model and the variables proved
to have a fairly good ability of predicting risk of stroke
among T2DM patients. The result has been showed
in Table 9.

Based on the results, the integrated model was confirmed
to have moderate predictive ability. To better aid prevention
and treatment of T2DM patients with stroke clinically and in
the community, we developed an online application that could
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predict quickly and directly. TheURL of the application is https://
doctorhu.shinyapps.io/T2DM_Stroke_DynNomapp/.

DISCUSSION

Prevalence of Stroke, Differences in
Clinical Characteristics, and Medication
Conditions of T2DM Patients
The prevalence of stroke in T2DM patients was 8.74%, and
those in training set and validation set were, respectively, 8.73
and 8.77% in the study, which were consistent with some other
previous studies. In a national observational cohort study in
Sweden, in 26,380 T2DM patients, 6.5% were diagnosed with a
stroke with the stroke incidence rate of 10.12 events 1,000 person-
years (17). A study including multivariate analysis conducted
in Spain found 41.2% T2DM patients with atherothrombotic
stroke and 35.1% with lacunar infarction (18). Shen et al. (19)
performed a retrospective cohort study composed of 27,113
blacks and 40,431 whites with T2DM and found that 8,496
(12.57%) participants developed stroke during a mean follow-
up period of 3 years. A Chinese study was conducted on 9,374
T2DM patients in total to establish a risk score system; among all
the participants, 11.48% developed ischemic stroke with a mean
follow-up of 8 years (12). Xuebing et al. (20) performed a study
in Beijing, China, on 4,639 T2DM patients, and among all the
subjects, the prevalence of stroke was 5.5%.

The biochemical indicator characteristics of the general
population in this study, T2DM patients with stroke, were

TABLE 5 | Integrated Model established by logistic regression analysis based on

the training set.

β Coefficient Wald test P OR (95% CI)

Age (years) 0.063 5.144 <0.001 1.065 (1.040–1.091)

Course (years) 0.044 4.204 <0.001 1.045 (1.024–1.067)

SBP (mmHg) 0.037 9.380 <0.001 1.038 (1.030–1.046)

DBP (mmHg) 0.028 3.835 <0.001 1.028 (1.014–1.043)

BMI (kg/m2 ) 0.168 7.500 <0.001 1.183 (1.133–1.237)

HbA1c (%) 0.270 5.038 <0.001 1.310 (1.179–1.455)

TG (mmol/L) 0.112 2.146 0.032 1.119 (1.007–1.237)

LDL-C (mmol/L) 1.508 8.766 <0.001 4.518 (3.24–6.354)

HDL-C (mmol/L) −2.483 −9.024 <0.001 0.083 (0.048–0,142)

UA (µmol/L) 0.004 4.455 <0.001 1.004 (1.002–1.006)

eGFR (mL/min) 0.004 2.777 0.005 1.004 (1.001–1.007)

generally higher in the levels of clinical indicators, including
LDL-C, TG, HbA1c, FBG, SBP, and DBP than those of patients
without stroke, and HDL-C level was lower among patients with
stroke, which were consistent with other studies. A study on
Chinese T2DM patients indicated that LDL-C and TG were
higher in patients with CVD, and HDL-C was lower than those
without CVD (21). A study exploring risk factors of ischemic
stroke on 2,769 DM patients found that the mean HbA1c and
FBG levels were significantly higher in patients with stroke when
compared with patients without stroke (22). A Taiwanese study
of 16,994 T2DMpatients demonstrated that compared with those
without stroke, patients with stroke were higher in the prevalence
of hypertension with a rate of 74.5% (23).

During this study, more than two-thirds of patients took
antihypertensive drugs, and nearly a third of patients use aspirin.
A case-control study conducted in 32 countries/regions indicated
that the occurrence of stroke is related to hypertension (24).
A systematic review also showed that lowering blood pressure
can significantly reduce various baseline blood pressure levels
and vascular risk of complications (25). In our study, there were
2,702 T2DM patients without stroke taking antihypertensive
drugs, accounting for 68.30% of all patients without stroke,
which showed that taking antihypertensive drugs has significance
on controlling blood pressure and then reducing the stroke
incidence. According to a review comprehensively including
randomized controlled trials of aspirin therapy, it is estimated
that aspirin would reduce the risk of myocardial infarction and
stroke by∼10% in DM patients, indicating that low-dose aspirin
therapy (75–162mg) would be reasonable for DM patients in the
primary prevention for stroke (26).

Risk Factors for T2DM Patients With
Stroke
We utilized the nomogram in the study. A nomogram is
a superior visual tool with the user-friendly display, precise
calculation, and easy to understand and effective prognoses (27),
which is expert in developing a graphic continuous scoring
system based on incorporated related factors and calculating
precisely the risk probability of adverse results according
to individual characteristics (28). In terms of all the bright
points, the nomogram was applied for predicting the risk of
stroke incidence among T2DM patients and clinical evaluation
and displayed decent predictive power through internal and
external validation.

Eleven risk characteristic variables considered as factors
affecting stroke incidence among T2DM patients in this study,
including age, course, SBP, DBP, HDL-C, LDL-C, BMI, TG,

TABLE 6 | C index in the array on the training set.

C index

(95% CI)

Dxy aDxy Variance Z P n

Foundation model 0.810 (0.783–0.837) 0.619 0.619 0.028 22.43 0 3,252

Biochemical model 0.819 (0.792–0.845) 0.639 0.639 0.027 23.88 0 3,252

Integrated model 0.884 (0.863–0.905) 0.768 0.768 0.021 36.38 0 3,252
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FIGURE 3 | The pooled AUC of the ROC curve in training set and validation set. Foundation model (A,B), biochemical model (C,D), integrated model (E,F): The y axis

measures the net benefit. The dotted line represents the stroke incidence risk nomogram for T2DM patients. The thin solid line represents the assumption that all

patients are diagnosed as stroke. The thick solid line represents the assumption that no patients are diagnosed as stroke. (G,H): Integration of above decision curve

analysis for the stroke incidence risk nomogram based on three models in training set and validation set.

TABLE 7 | Comparison of ROC between different models using training set and validation set.

Training set (n = 3,252) Validation set (n = 1,083)

ROC A ROC B ROC C A–C B–C ROC A ROC B ROC C A–C B–C

AUC 80.950 81.927 88.380 83.642 83.196 90.942

Z −7.394 −6.684 −4.646 −5.048

P <0.001 <0.001 <0.001 <0.001

eGFR, UA, HbA1c, were selected through LASSO and logistic
regression analysis based on training set. Among three different
models we established, integrated model incorporating all the 11

variables showed the best predictive ability through NRI and IDI
validation, which displayed the necessity of each of the 11 risk
factors in predicting the risk of stroke among T2DM patients.
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FIGURE 4 | Calibration curves of the stroke incidence risk nomogram prediction in the array in training set and validation set. Foundation model (A,B), biochemical

model (C,D), integrated model (E,F): The x axis represents the predicted T2DM patients with stroke incidence risk. The y axis represents the actual diagnosed T2DM

patients with stroke. The diagonal dotted line represents a perfect prediction by an ideal model. The solid line represents the performance of the nomogram, of which

a closer fit to the diagonal dotted line represents a better prediction.

FIGURE 5 | Decision curve analysis for the T2DM patients with stroke incidence risk nomogram based on three models in training set and validation set. (A) Training

set and (B) validation set: The y axis means the true positive rate of the risk prediction of T2DM patients with stroke. The x axis means the false positive rate of the risk

prediction of T2DM patients with stroke. The black line represents the performance of the nomogram of foundation model. The red line represents the performance of

the nomogram of biochemical model. The green line represents the performance of the nomogram of integrated model.

A risk study on T2DM patients with stroke obtained 14 risk
factors, among which four risk factors, including age, disease
course, blood pressure, andHbA1c level, were consistent with this
study (12).

According to the results, this study suggested that age and
the course of diabetes in T2DM patients are important and
immutable predictive risk factors for T2DM patients with stroke.

Old age means the decline of the function of various tissues
and organs of the body, pointing out that the risk of T2DM
patients with stroke is affected by age (1). A study of 3,776 T2DM
subjects identified age as an important risk factor (29). As the
age of T2DM patients with stroke continues to increase, with the
decline of physical function and the prolongation of the duration
of diabetes, blood glucose fluctuations are obvious, exacerbating
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FIGURE 6 | Model comparison based on NRI in training set [cutoff is 0.088 (0.804, 0.785)] and validation set [cutoff is 0.087 (0.811, 0.853)]. Foundation model vs.

integrated model (A,B): Integrated model is 0.131 better than foundation model in training set. Integrated model is 0.133 better than foundation model in validation

set. Biochemical model vs. integrated model (C,D): Integrated model is 0.113 better than biochemical model in training set. Integrated model is 0.118 better than

biochemical model in validation set.

vascular endothelial damage and inflammatory stimuli, thereby
accelerating the formation of stroke (30). Khalid Al-Rubeaan
et al. (22) performed a study on ischemic stroke and its risk
factors in a diabetic cohort in countries facing diabetes prevalence
and showed the prevalence of ischemic stroke was 4.42% and was
higher in the older age group with longer diabetes duration.

The result of this study illustrated that there was a positive
correlation between BMI, TG, and stroke prevalence in T2DM
patients. High BMI and TG indicate that patients are obese,
having a higher possibility of blood lipid status. According to
the American Heart Association, American Stroke Association,
andmany other global guidelines, maintaining a healthy weight is
recommended as an important intervention for stroke outbreaks.
The BMI, as an important measure of physical health, plays an
important role in preventing the onset of disease in the brain of
diabetic patients. For a cohort including patients with first-ever
stroke, higher BMI was confirmed as an independent indicator
for long-term survival according to a randomized controlled
trial–based study on the effect of interventions targeting risk
factors prevention (31). The study has shown that BMI has an

impact on stroke risk in diabetic patients (11). A study of Chinese
patients with T2DM showed that TG is a risk factor for stroke
in T2DM patients and that female’s elevated TG levels are more
likely to be the risk factor to cause strokes than those of males
(32). During the literature search, it was found that the results
of some studies on BMI risk factors pointed out that the BMI of
patients with type 2 diabetes was negatively related to the risk
of stroke (33), which was consistent with the same results we
obtained according to the available data.

The result of our study showed that there is a significantly
positive association between the prevalence of stroke and blood
pressure in patients with DM. The study has indicated that high
blood pressure is the factor leading to increased stroke risk
(34). A meta-analysis of randomized controlled trials comparing
the effects including BP lowering on cardiovascular outcomes
of DM patients concluded that BP-lowering treatment would
significantly reduce cardiovascular risk in DM patients (35).
According to the Journal of the American Heart Association,
different from the cutoff point (BP ≥140/90 mmHg) for
the diagnosis of hypertension in non-diabetic population, the
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TABLE 8 | Comparison of the prediction ability between different models through NRI and IDI.

Training set (n = 3,252) Validation set (n = 1,083)

Foundation model ∼

Integrated model

Biochemical model

∼ Integrated model

Foundation model ∼

Integrated model

Biochemical model

∼ Integrated model

NRI 0.131 0.113 0.133 0.118

P 0 0 0.004 <0.001

2.5% CI 0.078 0.065 0.080 0.068

97.5% CI 0.185 0.162 0.185 0.163

IDI 0.148 0.139 0.157 0.166

P 0 0 0 0

2.5% CI 0.124 0.115 0.115 0.120

97.5% CI 0.172 0.164 0.200 0.213

TABLE 9 | C index in the array in 4,335 T2DM patients.

C index

(95% CI)

Dxy aDxy Variance Z P n

0.890 (0.873–0.907) 0.781 0.781 0.017 45.48 0 4,335

diagnostic criteria of hypertension in diabetic patients are
SBP ≥130 mmHg and/or DBP ≥80 mmHg (BP ≥130/80
mmHg) (36). Patients with T2DM often have comorbidities such
as hypertension, obesity, and depression (37). Systolic blood
pressure is one of the main diagnostic indicators of hypertension.
Hypertension is the basis of arteriosclerosis, which can cause
endothelial hyperplasia, sclerosis, vascular stenosis, and even
occlusion. It is for this reason that strokes eventually occur. A
study on high blood pressure showed that SBP and DBP are
related to the occurrence of stroke (38). A review summarizing
evidence mainly based on randomized controlled trials for
the effect of BP management on the primary and secondary
prevention of stroke determined that adequate BP lowering is
of great significance and is expected to bring benefits for stroke
prevention (39). Therefore, it is necessary to control SBP and
DBP among T2DM patients.

HbA1c is a parameter of sugar, indicating the 2- or 3-month
mean level of blood glucose control and has a close link with
the risk of diabetic complications (40). According to the result,
glycemic control is essential as a preventable measure of stroke
incidence for its influence on T2DM patients. A prospective
cohort study conducted on 563 qualified T2DM patients showed
that HbA1c could affect the development of microvascular
complications (41). A study in Pakistan that worked on the
difference of HbA1c values among diabetics and non-diabetics
with stroke demonstrated that HbA1c level was higher in the
diabetic group (42). Through a Swedish study of 406,271 T2DM
patients in total, T2DM patients were proved to have a higher
risk of stroke and death with a lack of proper glycemic control,
measured by theHbA1c index (17). A systematic review including
meta-analysis indicated that a rising HbA1c level would be
associated with the elevated risk of first-ever stroke, with average
hazard ratios (95% CI) among DM cohorts of 1.17 (1.09, 1.25) as

HbA1c increased 1% (43). According to a study in Thailand based
on T2DM patients with and without ischemic stroke, the risk of
ischemic stroke would be raised 7.9–10.9 times with HbA1c of
8–8.9% and higher (44).

Both LDL-C and HDL-C were considered as risk factors
affecting stroke incidence of T2DM patients based on the
result. A population-based retrospective cohort study on
144,271 Chinese T2DM patients found control of LDL-C was
considerably related with 42% reduction of CVDs and should
be given priority for treatment in primary care (45). Based
on extensive clinical trials, a meta-analysis showed that the
incidence rate of stroke among T2DM patients decreased by
21% with LDL-C level decreasing by 1 mmol/L (38.7 mg/dL)
(46). High-density lipoprotein cholesterol is known for its
antithrombotic influencing platelets, endothelial cells, and the
blood coagulation–fibrinolysis system (47) and as a prevention
factor of atherosclerosis. A meta-analysis on data of 61 studies
indicated a strong association between HDL-C cholesterol and
high risk of CVD and death (48). Through a retrospective cohort
study and a mean follow-up of 3 years, including 67,544 T2DM
patients, a significant adverse connection was found between
HDL-C cholesterol among T2DM patients and the risk of total,
ischemic, and hemorrhagic stroke (19). High-density lipoprotein
cholesterol was an influencing factor involved in a Chinese
retrospective cohort study aiming at establishing a predictive
model of ischemic stroke among T2DM patients (12).

Uric acid is considered as a risk factor affecting the stroke
incidence according to the result. Previous studies have shown
that T2DM patients with stroke are usually considered to have
a high level of serum UA. Through meta-analysis, a Chinese
work proved that T2DM patients were vulnerable to cerebral
infarction with a high level of serum UA, along with a finding
that the UA level among T2DM patients with cerebral infarction
was 29% higher than those without the symptom (49). A study
on 1,017 non–insulin-independent DM patients with a 7-year
follow-up for each patient demonstrated that a high UA level
was considerably related to fatal and non-fatal stroke, thus
proving the significant association betweenUA and stroke among
T2DM patients (50). A study exploring links between serum UA
level and cardiovascular complications in T2DM patients found
that the hazard ratio (95% CI) of stroke was 1.19 (1.08, 1.31)
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with correspondence to every 59 µmol/L increase in UA level,
indicating the serum UA level was related to the risk of stroke
incidence among T2DM patients (51).

Estimated glomerular filtration rate is the indicator of renal
function. In this study, eGFR was proved to be a risk factor
of stroke in T2DM patients. Based on the discussions above,
in a Roman study, eGFR was found to have a strong negative
correlation to UA, thus indicating the association between eGFR
and risk of stroke amongDMpatients in terms of the act of UA on
stroke incidence (52). A study implemented in Poland found in a
multivariate analysis that eGFR was considered as a risk factor of
both diabetic and non-diabetic patients with ischemic stroke (53).
A cross-sectional study conducted in Thailand based on 30,423
T2DM patients showed the association between decreased eGFR
and increased risk of ischemic stroke, especially for those of eGFR
<60 mL/min per 1.73 m2 (54).

Limitations
However, our study still has a few limitations objectively. First,
the number of subjects in our study is insufficient. In this study,
all of the subjects were T2DM patients in seven communities in
Shanghai, whereas still many patients were unable to participate
in this study because of their serious condition. The prediction
of risk factors for type 2 diabetes with stroke in other regions of
China still requires more data to improve the prediction model.
Second, there are relatively few indicators included in our study.
Some indicators of lifestyle and socioeconomic factors should
also be included in the study, such as smoking, drinking habits,
education, income, and medication status (hypertensive drugs
and lipid-lowering drugs). Also, we worked on the cross-sectional
data without conducting subsequent related investigations. If
the patient’s indicators are followed up, the accuracy of this
prediction model will be improved to a certain extent.

At the same time, current studies on the risk of stroke in
T2DM patients in China mainly obtained data of hospitalized
patients. There are insufficient epidemiological surveys
conducted on T2DM patients in the community. At the
beginning of this study, foundation model, biochemical model,
and integrated model incorporating different risk factors were
established at the step of external verification, which can be used
to assess the risk of stroke in T2DM patients. Based on NRI and
IDI, model C was finally identified as the best prediction model.
That is to say, age, course, BMI, SBP, DBP, HbA1c, TG, HDL-C,
LDL-C, UA, and eGFR are valuable predictors of risk. When
applying the nomogram to T2DM patient evaluation, doctors
must carry out health education from the perspective of medicine
and skills guidance to help patients develop a healthier lifestyle.

CONCLUSION

Based on a survey collecting basic information, physical data, and
biochemical indicators of T2DM patients in seven communities
in Shanghai, and processing-related data, this study established
three predictive models of stroke risk for T2DM patients through
risk factor analysis. To effectively apply the prediction model to
T2DM patients and meet the needs of community management
and clinical practice, tools including ROC, NRI, IDI, and internal

verification were implemented in this study to determine the
integrated model as the optimal and most accurate model among
the three models.
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