
1 of 14Journal of Diabetes, 2025; 17:e70059
https://doi.org/10.1111/1753-0407.70059

Journal of Diabetes

ORIGINAL ARTICLE OPEN ACCESS

Prevalence, Awareness, Treatment, and Control of Diabetes 
Among 0.98 Million Patients With Stroke/TIA in China: 
Insights From a Nationwide Cohort Study
Siqi Chen1  |  Gulbahram Yalkun2  |  Hongqiu Gu3  |  Xin Yang3  |  Chunjuan Wang1,3  |  Xingquan Zhao1,3  |  Yilong Wang1,3  |  
Liping Liu1,3  |  Xia Meng3  |  Yong Jiang3  |  Hao Li3  |  Yongjun Wang1,3,4,5  |  Zixiao Li1,3  |  Jue Liu6   |  Donghua Mi1,3

1Department of Neurology, Beijing Tiantan Hospital, Capital Medical University, Beijing, China  |  2Department of Neurology, Second Affiliated Hospital 
of Xinjiang Medical University, Urumqi, China  |  3China National Clinical Research Center for Neurological Diseases, Beijing, China  |  4Advanced 
Innovation Center for Human Brain Protection, Capital Medical University, Beijing, China  |  5Research Unit of Artificial Intelligence in Cerebrovascular 
Disease, Chinese Academy of Medical Sciences, Beijing, China  |  6Department of Epidemiology and Biostatistics, School of Public Health, Peking University, 
Beijing, China

Correspondence: Zixiao Li (lizixiao2008@hotmail.com)  |  Jue Liu (jueliu@bjmu.edu.cn)  |  Donghua Mi (midonghua131@163.com)

Received: 13 November 2024  |  Revised: 15 January 2025  |  Accepted: 26 January 2025

Funding: This study was funded by the National Natural Science Foundation of China (72122001, 81971092, 82171270, 82271343, 92046016).

Keywords: China | diabetes | epidemiology | prevalence | stroke

ABSTRACT
Background: A comprehensive epidemiological investigation of the coexistence between diabetes and stroke/TIA in China is 
urged.
Methods: Data from the Chinese Stroke Center Alliance program, a nationwide multi-center registry study, were used to detect 
the prevalence, awareness, treatment, and control of diabetes among stroke/TIA. The distribution of diagnosed and undiagnosed 
diabetes and prediabetes among stroke/TIA patients was investigated, the medical care around diabetes and their respective risk 
predictors were analyzed, and the association of all above diabetes characteristics with in-hospital death was evaluated using 
multi-variable Cox regression models.
Results: Of 980 625 patients included, 308 426 (31.5%) had prediabetes, while 365 052 (37.2%) had diabetes, with nearly a third of 
them undiagnosed (112 969, 30.9%). Of residual aware diabetic patients, 59.0% were treated, with 27.3% controlled. Compared to 
Han ethnicity, Zhuang ethnicity had a lower prevalence of diabetes (37.3% vs. 35.1%) but were less aware (69.4% vs. 56.5%), treated 
(59.4% vs. 47.8%), and controlled (27.4% vs. 26.0%). Patients with prediabetes, diagnosed, and undiagnosed diabetes had increas-
ingly higher risks of in-hospital death (adjusted HR [95% CI]: 1.47 [1.35–1.60]; 2.15 [1.97–2.34]; 4.20 [3.87–4.56], all p < 0.001). 
Unaware and untreated diabetes were independently associated with in-hospital death (adjusted HR [95% CI]: 1.99 [1.85–2.14]; 
2.84 [2.63–3.07, both p < 0.001]). Compared with controlled diabetes, those with uncontrolled diabetes had a lower risk of in-
hospital death (adjusted HR [95% CI]: 0.77[0.68–0.88], p < 0.001).
Conclusions: The findings indicate that over two-thirds of stroke/TIA patients are exposed to diabetes in China, causing higher 
in-hospital mortality, which should be screened and intervened early.
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1   |   Introduction

Imposing tremendous health and economic burdens, diabe-
tes and stroke are two of the most common chronic conditions 
globally [1, 2]. It was estimated that over half a billion people 
are living with diabetes mellitus in 2021, and the number was 
projected to increase by 46% in 2045 [1]. Nonetheless, this in-
creasing burden is being further compounded by an aging pop-
ulation and the worldwide epidemic of obesity [3]. Diabetes was 
reported to double the risk of acute cerebral vascular disease 
and worsen its outcomes [2, 4–6]. Although the two medical 
conditions share several similarities in pathophysiology and fre-
quently coexist [4], a comprehensive epidemiological investiga-
tion is sorely lacking, especially in China.

Stroke remains one of the leading causes of death and depen-
dency in China: it was reported to account for 1.57 million 
deaths in 2018 [7]. In recent decades, China has gradually devel-
oped several national registries [8–10] to comprehensively over-
view stroke characteristics and clinical practice, and to provide 
timely evidence for scientific research. Globally, diabetes has 
been investigated in a wide range of stroke studies [11, 12], but 
few of them reported diabetes status (diagnosed, undiagnosed, 
and prediabetes), and medical care around diabetes among this 
special population.

Given limited evidence regarding full-scale characteristics of di-
abetes among patients with acute cerebral vascular diseases, this 
study used data from 0.98 million stroke/TIA patients enrolled 
in the Chinese Stroke Center Alliance (CSCA, 2015–2019) to in-
vestigate: (1) prevalence, clinical characteristics, spatiotemporal 
distribution, and social-economic status of stroke/TIA patients 
with diagnosed diabetes, undiagnosed diabetes, and prediabetes 
across mainland China; (2) prevalence, awareness, treatment, 
and control of total diabetes among stroke/TIA patients, and 
their respective risk predictors; (3) association of diabetes with 
in-hospital death by diabetic status (diagnosed/undiagnosed di-
abetes, prediabetes) and by awareness, treatment, and control 
of diabetes.

2   |   Methods

2.1   |   Study Design and Data Resource

As a multi-center, hospital-based nationwide registry study, the 
CSCA enrolled 1 006 798 patients from 1476 hospitals diagnosed 
with acute ischemic stroke, intracerebral hemorrhage, subarach-
noid hemorrhage, or TIA between August 1, 2015 and July 31, 
2019. Inclusion and Exclusion criteria of CSCA were presented 
in Table S1. Detailed rationale and design of the program have 

been reported elsewhere [13]. Briefly, patients with stroke/TIA 
confirmed by head CT/MRI within 7 days of symptom onset 
and aged > 18 years were enrolled in this program. Data were 
collected through an internet-based tool (Medicine Innovation 
Research Center, Beijing, China), including patient demograph-
ics; medical and medication histories; hospital presentation, di-
agnosis, and treatment; hospital complications, outcomes, and 
fasting blood sample assessment. Data quality was optimized by 
setting predefined logic features, range checks, and user alerts 
to identify a potentially invalid format or value entries. Only in-
hospital data were recorded, and patients after discharge were 
not followed. All participating hospitals in the CSCA were al-
lowed to collect data without requiring individual patient in-
formed consent under the common rule and were approved a 
waiver of authorization and exemption from their institutional 
review board.

2.2   |   Study Population

We included all stroke (acute ischemic stroke, intracerebral 
hemorrhage, and subarachnoid hemorrhage) or TIA patients 
enrolled between January 1, 2016 and July 31, 2019. Patients 
recruited during the year of 2015 (between August 1 and 
December 31, N = 26 173 [2.6%]) were not included in our 
analysis because of low enrollment rate in this period, and we 
managed to exclude the possibility that lack of experience in 
program management at the beginning might generate rela-
tively low quality of data. Therefore, totally 980 625 patients 
were included in our analysis (Figure 1). Stroke was diagnosed 
at each hospital by local neurologists according to the 1989 
World Health Organization criteria [14] and with confirma-
tion of head CT/MRI. TIA was defined as a brief episode of 
neurologic dysfunction caused by focal brain or retinal isch-
emia, with clinical symptoms typically lasting less than 1 h, 
and without evidence of acute infarction [15]. Stroke/TIA 
were all diagnosed at each hospital by local neurologists.

2.3   |   Prediabetes and Diabetes

Diabetes was ascertained according to diagnostic criteria from 
the American Diabetes Association [16]. Diagnosed diabe-
tes was physician-confirmed diabetes extracted from medi-
cal charts on previous medical history or discharge diagnosis. 

Summary

•	 Over two-thirds of stroke/TIA patients are exposed to 
diabetes and a lack of timely intervention against hy-
perglycemia in China.

•	 Stroke/TIA patients with diabetes had an increasingly 
higher risk of in-hospital death.

FIGURE 1    |    Flow chart of the study.
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Undiagnosed diabetes was defined as among patients without 
a discharge diagnosis of diabetes, hemoglobin A1C (HbA1C) 
≧ 6.5% on admission. Total diabetes includes diagnosed and un-
diagnosed diabetes. Prediabetes was defined as among patients 
without a diagnosis of diabetes, HbA1C was between 5.7% and 
6.4% on admission.

Prevalence of diabetes was defined as the proportion of total dia-
betes among all study individuals. Awareness was defined as the 
proportion of  individuals with  history of physician-diagnosed 
diabetes among all patients with diabetes. Treatment was de-
fined as the proportion of individuals receiving diabetes med-
ications among all patients with diabetes. Control was defined 
as the proportion of individuals with an HbA1c level of less than 
7.0% among patients with diabetes who were taking medication.

2.4   |   Definition of Variables and In-Hospital Death

Comprehensive investigation was performed to evaluate base-
line characteristics of study subjects: (1) patients demographics: 
age, sex, ethnic group (Notably, the Chinese people are com-
posed of ethnic Han and 55 ethnic minorities, and among the 
latter, ethnic Zhuang is the largest. Therefore, ethnic groups 
were divided into Han, Zhuang, and other); (2) spatiotemporal 
distribution: the location (belonged region of Eastern/Central/
Western China) and the enrolled year of patients (2016–2019); (3) 
social-economic status by self-report: household income (yuan/
month), health insurance status (urban employee basic medical 
insurance, urban resident basic medical insurance, new rural 
cooperative medical scheme, and others), and educational level 
(primary school or lower, middle school, high school, college 
or above, and unknown); (4) medical histories extracted from 
medical charts: hypertension, dyslipidemia, previous TIA, and 
previous ischemic stroke; (5) others: current diagnosis (stroke 
subtype or TIA); smoking status (self-reported: never smoking, 
previous smokers [stopped smoking for a year], current smok-
ers, and unknown); drinking alcohol (self-reported); body mass 
index (calculated as weight in kilogram divided by the square 
of height in meters [kg/m2], including normal [18.5–24.9], un-
derweight [< 18.5], overweight [17–21], obese [> = 30], and un-
known); and grade of hospital where the patient was enrolled 
(Grade II or III, hospitals of grade I were not included in the 
CSCA program due to their less experience of clinical practice 
and scientific research. Hospitals of Grade III represent the 
highest level in China).

Defined as death due to any cause during hospitalization, in-
hospital death was reported by neurologists at local hospitals 
and extracted from medical charts.

2.5   |   Statistical Analysis

Continuous variables were presented as mean (standard devi-
ation, SD), and categorical variables as counts (percentage). 
Prevalence, awareness, treatment, and control of total diabetes 
were evaluated (presented as rates and 95% confidence interval 
[95% CI]), and their possible risk predictors were also analyzed 
via Logistic regression models by adjusting for age, sex, year, re-
gion, ethnic group, educational level, household income, health 

insurance status, smoking, drinking, BMI, medical histories, 
current diagnosis, and level of hospital. In addition, we reported 
the prevalence of diagnosed diabetes, undiagnosed diabetes, 
and prediabetes in the whole 31 provinces of mainland China, 
respectively. We also compared the difference in prevalence of 
diabetes between 2016 and 2019 by province to evaluate rele-
vant changes over time. The impact of diabetes on in-hospital 
death by diabetic status (no diabetes, diagnosed/undiagnosed 
diabetes, prediabetes) and by awareness, treatment, and control 
of diabetes were investigated via multi-variable Cox regression 
models by adjusting for age, sex, year, region, ethnic group, 
educational level, household income, health insurance status, 
smoking, drinking, BMI, medical histories, current diagnosis, 
and level of hospital. All statistical analyses were conducted 
using SAS software version 9.4 (SAS Institute Inc) and used 2-
sided tests with a significance threshold of 0.05.

2.6   |   Role of the Funding Source

The funder had no role in study design, data collection, data 
analysis, data interpretation, or writing of the report. The corre-
sponding authors had access to all the data in the study and had 
final responsibility for the decision to submit for publication.

3   |   Results

3.1   |   Prevalence and Characteristics of Diagnosed 
Diabetes, Undiagnosed Diabetes, and Prediabetes

Of 980 625 patients included in our analysis: 308 426 had pre-
diabetes (31.5%), and 365 052 had diabetes (37.2%). Among pa-
tients with diabetes, 69.0% were diagnosed, while 31.0% were 
undiagnosed. Baseline characteristics were detailed in Table 1. 
Figure 2 shows the prevalence of diagnosed/undiagnosed dia-
betes and prediabetes among stroke/TIA patients in China by 
province, while Figure 3 evaluates the prevalence of diabetes in 
2016 and 2019 by province. It was found that Beijing (41.00%) 
and Shanghai (36.31%) had the highest rates of diagnosed di-
abetes and had relatively lower rates of undiagnosed diabetes 
(8.87% and 7.59%, respectively). Figure 3 demonstrated that the 
prevalence of diabetes was generally increasing from 2016 to 
2019 across mainland China.

3.2   |   Diabetes Prevalence, Awareness, Treatment, 
and Control Among Stroke/TIA Patients

Among 365 052 patients with diabetes, 69.1% were aware, and 
59.0% were treated. Among those who were treated, only 27.3% 
were get controlled. Compared to Han ethnicity, Zhuang eth-
nicity had a lower prevalence of diabetes (37.3% vs. 35.1%) but 
they were less likely to be aware (69.4% vs. 56.5%), treated 
(59.4% vs. 47.8%), and controlled (27.4% vs. 26.0%) with diabe-
tes. Generally, those who were of middle age (50–69), female, 
located in the eastern area, with higher socio-economic status, 
overweight/obese, with dyslipidemia/hypertension/previous 
ischemic stroke, and in tertiary hospitals were more likely to 
be aware and treated; while diabetes was more likely to be con-
trolled among patients who were female, in the western area, 
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TABLE 1    |    Prevalence of diabetes and prediabetes among 0.98 million patients with stroke/TIA in China by basic characteristics.

Characteristics N (%)

Prevalence (%)

pPrediabetes
Diagnosed 

diabetes
Undiagnosed 

diabetes

Overall 980  625 (100.0) 308  426 
(31.5)

252  083 (25.7) 112  969 (11.5)

Age groups (years) 0.0001

18–29 2948 (0.3) 763 (25.9) 202 (6.9) 316 (10.7)

30–39 14 795 (1.5) 4424 (29.9) 2137 (14.4) 1508 (10.2)

40–49 79 253 (8.1) 24 340 (30.7) 16 397 (20.7) 8370 (10.6)

50–59 194 650 (19.8) 58 814 (30.2) 52 470 (27.0) 20 347 (10.5)

60–69 302 374 (30.8) 92 708 (30.7) 86 437 (28.6) 32 968 (10.9)

70–79 251 315 (25.6) 80 423 (32.0) 66 402 (26.4) 30 478 (12.1)

> = 80 135 290 (13.8) 46 954 (34.7) 28 038 (20.7) 18 982 (14.0)

Gender 0.0001

Male 607 233 (61.9) 192 314 (31.7) 145 702 (24.0) 67 185 (11.1)

Female 373 392 (38.1) 116 112 (31.1) 106 381 (28.5) 45 784 (12.3)

Year 0.0001

2016 220 403 (22.5) 66 872 (30.3) 54 037 (24.5) 25 375 (11.5)

2017 253 971 (25.9) 79 937 (31.5) 64 647 (25.5) 29 171 (11.5)

2018 319 014 (32.5) 101 102 (31.7) 83 899 (26.3) 37 025 (11.6)

2019 187 237 (19.1) 60 515 (32.3) 49 500 (26.4) 21 398 (11.4)

Region 0.0001

Eastern 438 100 (44.7) 141 422 (32.3) 123 002 (28.1) 43 817 (10.0)

Central 336 220 (34.3) 100 703 (30.0) 82 298 (24.5) 37 362 (11.1)

Western 206 305 (21.0) 66 301 (32.1) 46 783 (22.7) 31 790 (15.4)

Ethnic group 0.0001

Han 947 893 (96.7) 298 009 (31.4) 245 486 (25.9) 107 988 (11.4)

Zhuang 30 177 (3.1) 9628 (31.9) 5984 (19.8) 4607 (15.3)

Other 2555 (0.3) 789 (30.9) 613 (24.0) 374 (14.6)

Education level 0.0001

Primary school or lower 294 386 (30.0) 97 072 (33.0) 69 016 (23.4) 37 197 (12.6)

Middle school 193 828 (19.8) 60 069 (31.0) 51 194 (26.4) 21 108 (10.9)

High school 98 018 (10.0) 29 615 (30.2) 28 848 (29.4) 10 153 (10.4)

College or above 29 870 (3.0) 8850 (29.6) 9046 (30.3) 2881 (9.6)

Unknown 364 523 (37.2) 112 820 (31.0) 93 979 (25.8) 41 630 (11.4)

Household income 
(Yuan/month)

0.0001

< 5000 293 334 (29.9) 93 080 (31.7) 69 246 (23.6) 35 561 (12.1)

5000–10 000 171 496 (17.5) 54 385 (31.7) 48 307 (28.2) 19 143 (11.2)

> 10 000 5664 (0.6) 1849 (32.6) 1740 (30.7) 556 (9.8)

(Continues)
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Characteristics N (%)

Prevalence (%)

pPrediabetes
Diagnosed 

diabetes
Undiagnosed 

diabetes

Unknown 510 131 (52.0) 159 112 (31.2) 132 790 (26.0) 57 709 (11.3)

Health insurance status 0.0001

Uninsured 62 412 (6.4) 20 011 (32.1) 15 014 (24.1) 7528 (12.1)

NRCMS 419 214 (42.7) 135 913 (32.4) 89 307 (21.3) 50 482 (12.0)

UEBMI 275 313 (28.1) 81 576 (29.6) 88 259 (32.1) 27 678 (10.1)

URBMI 182 670 (18.6) 58 540 (32.0) 48 431 (26.5) 21 946 (12.0)

Other 41 016 (4.2) 12 386 (30.2) 11 072 (27.0) 5335 (13.0)

Smoking 0.0001

Never smoking 598 898 (61.1) 186 876 (31.2) 162 243 (27.1) 71 456 (11.9)

Previous smoker 127 794 (13.0) 40 717 (31.9) 32 233 (25.2) 14 872 (11.6)

Current smoker 226 129 (23.1) 72 246 (31.9) 51 169 (22.6) 22 285 (9.9)

Unknown 27 804 (2.8) 8587 (30.9) 6438 (23.2) 4356 (15.7)

Drinking 0.0001

Yes 226 843 (23.1) 72 029 (31.8) 54 275 (23.9) 24 855 (11.0)

No 727 987 (74.2) 228 422 (31.4) 191 776 (26.3) 84 196 (11.6)

Unknown 25 795 (2.6) 7975 (30.9) 6032 (23.4) 3918 (15.2)

BMI group (WHO 
standard, kg/m2)

0.0001

Normal (18.5–24.9) 631 476 (64.4) 202 619 (32.1) 150 101 (23.8) 73 053 (11.6)

Underweight (< 18.5) 35 262 (3.6) 11 802 (33.5) 5962 (16.9) 4822 (13.7)

Overweight (25.0–29.9) 260 330 (26.5) 78 957 (30.3) 79 063 (30.4) 27 861 (10.7)

Obese (> = 30.0) 37 097 (3.8) 10 560 (28.5) 12 944 (34.9) 4901 (13.2)

Unknown 16 460 (1.7) 4488 (27.3) 4013 (24.4) 2332 (14.2)

Hypertension 0.0001

Yes 629 858 (64.2) 191 471 (30.4) 186 009 (29.5) 70 729 (11.2)

No 339 717 (34.6) 113 183 (33.3) 64 132 (18.9) 40 421 (11.9)

Unknown 11 050 (1.1) 3772 (34.1) 1942 (17.6) 1819 (16.5)

Dislipdemia 0.0001

Yes 71 558 (7.3) 18 470 (25.8) 30 831 (43.1) 6691 (9.4)

No 854 314 (87.1) 274 522 (32.1) 202 009 (23.6) 100 763 (11.8)

Unknown 54 753 (5.6) 15 434 (28.2) 19 243 (35.1) 5515 (10.1)

Previous TIA 0.0001

Yes 22 839 (2.3) 7020 (30.7) 6032 (26.4) 2566 (11.2)

No 937 076 (95.6) 295 023 (31.5) 240 280 (25.6) 107 343 (11.5)

Unknown 20 710 (2.1) 6383 (30.8) 5771 (27.9) 3060 (14.8)

Previous ischemic stroke 0.0001

(Continues)

TABLE 1    |    (Continued)
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FIGURE 2    |    Prevalence of diabetes and prediabetes among 0.98 million patients with stroke/TIA in China by province.

Characteristics N (%)

Prevalence (%)

pPrediabetes
Diagnosed 

diabetes
Undiagnosed 

diabetes

Yes 275 964 (28.1) 80 127 (29.0) 85 051 (30.8) 30 107 (10.9)

No 689 595 (70.3) 223 462 (32.4) 163 389 (23.7) 80 485 (11.7)

Unknown 15 066 (1.5) 4837 (32.1) 3643 (24.2) 2377 (15.8)

Current diagnosis 0.0001

Ischemic stroke 817 639 (83.4) 253 123 (31.0) 225 265 (27.6) 85 780 (10.5)

TIA 63 068 (6.4) 20 409 (32.4) 13 431 (21.3) 5191 (8.2)

Intracranial hemorrhage 82 543 (8.4) 29 277 (35.5) 11 036 (13.4) 17 424 (21.1)

SAH 10 818 (1.1) 3808 (35.2) 1064 (9.8) 3399 (31.4)

Other unallocated stroke 6557 (0.7) 1809 (27.6) 1287 (19.6) 1175 (17.9)

Level of hospital 0.0001

Secondary hospital 383 263 (39.1) 120 499 (31.4) 88 466 (23.1) 42 708 (11.1)

Tertiary hospital 597 362 (60.9) 187 927 (31.5) 163 617 (27.4) 70 261 (11.8)

Abbreviations: NRCMS, new rural cooperative medical scheme; UEBMI, urban employee basic medical insurance; URBMI, urban resident basic medical insurance.

TABLE 1    |    (Continued)
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with a higher educational level, lower household income, non-
smokers, with hypertension/previous ischemic stroke, and in 
secondary hospitals (all p < 0.05, Table 2).

3.3   |   Diabetes and In-Hospital Death Among 
Stroke/TIA Patients

In the multivariable Cox regression model, compared with those 
without diabetes, patients with prediabetes (adjusted HR 1.47 [95% 
CI: 1.35–1.60]), diagnosed (adjusted HR 2.15 [95% CI: 1.97–2.34]) 
and undiagnosed diabetes (adjusted HR 4.20 [95% CI: 3.87–4.56]) 
had increasingly higher risks of in-hospital death (all p < 0.001, 
Table  3). Those who were unaware (adjusted HR 1.99 [95% CI: 
1.85–2.14]) and untreated (adjusted HR 2.84 [95% CI: 2.63–3.07]) 
were more likely to experience in-hospital death (p < 0.001). 
However, patients with uncontrolled diabetes had a lower risk of 
in-hospital death (Adjusted HR 0.77 [0.68–0.88], p < 0.001).

4   |   Discussion

To our knowledge, this is the first study investigating diabetes 
status and medical care among nearly 1 million patients with 
stroke/TIA in China. Among stroke/TIA patients, we found 
the prediabetes and undiagnosed diabetes were quite preva-
lent across mainland China; nearly a third of patients were not 
aware and not treated. Patients with prediabetes, diagnosed di-
abetes, and undiagnosed diabetes had increasingly higher risk 
of in-hospital death; unaware and untreated diabetes conferred 
a nearly 2- and 3-fold excess risk for in-hospital death, respec-
tively, but controlled diabetes was an independent risk predictor 
of in-hospital death. Our study demonstrated the unsatisfactory 
medical care around diabetes across mainland China and the 
demand for an optimal target of glucose control among stroke/
TIA patients.

According to nationally representative data from 2015 to 2017 
in China, Li and colleagues [22] reported that the prevalence 
of diabetes among the general population was 12.8%, which is 
around a third of diabetes proportion among stroke/TIA pa-
tients in our study (37.2%). The high rate of missed diagnosed 
diabetes indicates poor clinical management of hyperglycemia 
among stroke/neurological physicians in China, demonstrating 
the demand to strengthen the training of glucose management 
among these non-endocrinology doctors. Additionally, diabe-
tes was a well-known risk factor for acute cerebral vascular 
diseases, and a considerably large proportion of stroke/TIA pa-
tients had diabetes: it was found that 20.3% of ischemic stroke 
patients in Scotland [11], and 29.6% of ischemic stroke patients 
in US [12], and 50.0% of stroke patients in India [23] had diabe-
tes; a meta-analysis (based on Ovid MEDLINE and EMBASE, 
between 2004 and 2017) including 359 783 individuals found 
that the prevalence of diabetes among stroke patients was 28% 
[24]. Rates of diabetes among stroke patients vary greatly, which 
might be partly caused by different diagnostic methods, ethnic 
backgrounds, and geographic locations.

Moreover, awareness of diabetes among the general population 
varies widely (40%–90%) [22, 25, 26], while limited data reported 
that it among stroke/TIA patients was around 88% [27, 28]. Our 
study demonstrated that 69.1% of diabetes patients were aware: 
patients who were < 50 or > =70, male, located in the western 
area, with lower socio-economic status, underweight, with 
fewer medical histories, and in secondary hospitals were less 
likely to be aware, indicating that enhancing glucose screening 
among this population with stroke/TIA is necessary. Enhancing 
public awareness of diabetes and their own status of glucose me-
tabolism is of critical importance because increasing awareness 
might be translated into improvements in treatment and control.

Similar to our findings, rates of hypoglycemic treatment and con-
trol among patients with diabetes were reported to be 49%–88% 

FIGURE 3    |    Prevalence of diabetes in China in 2016 and 2019 by province.
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and 20%–52% [17, 22, 25, 29]. Although many studies [17–19] 
set the glucose control target as HbA1c concentration less than 
7.0%, a growing body of studies has found that intensive glucose 
control may not improve patients' cerebral vascular outcomes, 
but rather increase the risk of hypoglycemic events [20, 21]. Our 
study found that stroke/TIA patients with controlled diabetes on 
admission had a higher risk of in-hospital death, demonstrating 
the target of HbA1c concentration less than 7.0% may somehow 
be harmful to this special population. Actually, American and 
Chinese guidelines have already recommended less stringent 
glucose control target [30, 31] for those who are older, with co-
morbidities or cardiovascular complications. Hence, further 
investigation for the optimal target of diabetes control among 
stroke/TIA patients is warranted, and a more individualized tar-
get of glucose control is preferable.

Our study showed that compared with non-diabetic patients, 
patients with diagnosed diabetes had a 1-fold higher risk, and 
undiagnosed diabetes had a 4-fold higher risk of death during 
hospitalization, indicating one of the key issues to relieve the 
stroke burden is to enhance medical care around diabetes. 
Moreover, comparison of diabetic distribution among stroke/
TIA patients in each province of mainland China by using the 
latest data will provide potent evidence for local health agencies 
in policy making. In addition, stroke/TIA coexists with diabetes 
and is commonly seen globally, representing a large amount of 
population and a non-negligible health burden. Vast amounts of 
clinical trials concentrated on primary prevention of cerebral 
vascular diseases among those with diabetes or other vascular 
risk factors, however, secondary prevention among those stroke 

survivors, for whom more evidence was needed to improve 
clinical outcomes, was poorly studied. Therefore, we appeal for 
more scientific research among stroke/TIA patients who tend to 
have more comorbidities, like diabetes, and more unfavorable 
outcomes.

There are some limitations. Firstly, the CSCA program only 
included Grade II or Grade III hospitals, which are located in 
urban areas and represent a superior medical level in China. 
However, rural areas might be facing more severe challenges 
around medical care of diabetes [32] and cerebral vascular 
diseases [33] owing to disadvantages in health education and 
socio-economic status. Therefore, our findings are more repre-
sentative of diabetes care among stroke/TIA patients in urban 
areas of mainland China. Secondly, undiagnosed diabetes and 
prediabetes were ascertained according to HbA1C level on ad-
mission, without testing of 2-h oral glucose tolerance, which 
might cause an underestimation of diabetes prevalence. Thirdly, 
repeat testing was not carried out given the nature of the ob-
servational and retrospective study design, and we categorized 
diabetes and prediabetes only according to 1 test on admission, 
which might cause disparities between our results and clinical 
practice.

5   |   Conclusions

Among stroke/TIA patients, the prevalence of diabetes is in-
creasing from 2016 to 2019 across mainland China; predia-
betes and undiagnosed diabetes are commonly seen; nearly a 

TABLE 3    |    Association between diabetes and the risk of in-hospital death among patients with stroke/TIA in the Cox regression models.

In-hospital death 
(%, 95% CI) Crude HR (95% CI) P Adjusted HR (95% CI) p

Total 0.6 (0.6–0.6)

Status of diabetes

No diabetes 0.3 (0.3–0.3)

Prediabetes 0.5 (0.4–0.5) 1.62 (1.49–1.76) < 0.001 1.47 (1.35–1.60) < 0.001

Diagnosed diabetes 0.6 (0.6–0.7) 2.08 (1.92–2.26) < 0.001 2.15 (1.97–2.34) < 0.001

Undiagnosed diabetes 1.8 (1.7–1.8) 5.71 (5.27–6.19) < 0.001 4.20 (3.87–4.56) < 0.001

Awareness of diabetes

Yes 0.6 (0.6–0.7)

No 1.8 (1.7–1.8) 2.78 (2.60–2.97) < 0.001 1.99 (1.85–2.14) < 0.001

Treatment of diabetes

Yes 0.5 (0.4–0.5)

No 1.7 (1.6–1.8) 3.75 (3.48–4.04) < 0.001 2.84 (2.63–3.07) < 0.001

Control of diabetes

Yes 0.6 (0.6–0.7)

No 0.4 (0.4–0.4) 0.66 (0.58–0.75) < 0.001 0.77 (0.68–0.88) < 0.001

Note: Adjusted for age, sex, year, region, ethnic group, educational level, household income, health insurance status, smoking, drinking, BMI, medical history, current 
diagnosis, level of hospital in the multivariable Cox regression models.
Abbreviation: HR, hazard ratio.
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third of patients were not aware and not treated, and all of the 
above demonstrated the unsatisfactory medical care around 
diabetes. Controlled diabetes was an independent risk predic-
tor of in-hospital death, indicating that the optimal glucose 
control target, especially among those with high cerebral 
vascular risk, should be further investigated. The findings 
indicate that diabetes is an important and neglected public 
health problem among stroke/TIA patients in China. Diabetes 
should be screened and intervened timely among patients 
with stroke/TIA.

Author Contributions

Conception: S.C., G.Y., Z.L., J.L., and D.M. Acquisition: S.C., G.Y., C.W., 
X.Z., Y.W., L.L., H.L., Y.W., Z.L., J.L., and D.M. Analysis: H.G., X.Y., 
X.M., Y.J., and J.L. Interpretation: S.C., G.Y., H.G., Z.L., J.L., and D.M. 
Manuscript drafting: S.C., G.Y., H.G., X.Y., C.W., X.Z., Y.W., L.L., X.M., 
Y.J., and H.L. Manuscript reviewing: Y.W., Z.L., J.L., and D.M.

Acknowledgments

This study was funded by the National Natural Science Foundation 
of China (72122001, 81971092, 82171270, 82271343, 92046016). 
We thank all the staff and participants of the CSCA study for their 
contributions.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

All data used for this analysis are available under reasonable request to 
the corresponding authors.

References

1. H. Sun, P. Saeedi, S. Karuranga, et al., “IDF Diabetes Atlas: Global, 
Regional and Country-Level Diabetes Prevalence Estimates for 2021 
and Projections for 2045,” Diabetes Research and Clinical Practice 183 
(2022): 109119, https://​doi.​org/​10.​1016/j.​diabr​es.​2021.​109119.

2. S. S. Virani, A. Alonso, H. J. Aparicio, et  al., “Heart Disease and 
Stroke Statistics-2021 Update: A Report From the American Heart As-
sociation,” Circulation 143, no. 8 (2021): e254–e743, https://​doi.​org/​10.​
1161/​CIR.​00000​00000​000950.

3. M. Wong, J. Huang, J. Wang, et  al., “Global, Regional and Time-
Trend Prevalence of Central Obesity: A Systematic Review and 
Meta-Analysis of 13.2 Million Subjects,” European Journal of Epi-
demiology 35, no. 7 (2020): 673–683, https://​doi.​org/​10.​1007/​s1065​4-​
020-​00650​-​3.

4. M. J. Luitse, G. J. Biessels, G. E. Rutten, and L. J. Kappelle, “Diabetes, 
Hyperglycaemia, and Acute Ischaemic Stroke,” Lancet Neurology 11, 
no. 3 (2012): 261–271, https://​doi.​org/​10.​1016/​S1474​-​4422(12)​70005​-​4.

5. F. Yan, Z. Yi, Y. Hua, et al., “Predictors of Mortality and Recurrent 
Stroke Within Five Years of Intracerebral Hemorrhage,” Neurological 
Research 40, no. 6 (2018): 466–472, https://​doi.​org/​10.​1080/​01616​412.​
2018.​1451266.

6. L. Jacob, C. Tanislav, and K. Kostev, “Long-Term Risk of Stroke and 
Its Predictors in Transient Ischaemic Attack Patients in Germany,” Eu-
ropean Journal of Neurology 27, no. 4 (2020): 723–728, https://​doi.​org/​
10.​1111/​ene.​14136​.

7. Y. J. Wang, Z. X. Li, H. Q. Gu, et al., “China Stroke Statistics 2019: A 
Report From the National Center for Healthcare Quality Management 
in Neurological Diseases, China National Clinical Research Center 

for Neurological Diseases, the Chinese Stroke Association, National 
Center for Chronic and Non-communicable Disease Control and Pre-
vention, Chinese Center for Disease Control and Prevention and Insti-
tute for Global Neuroscience and Stroke Collaborations,” Stroke and 
Vascular Neurology 5, no. 3 (2020): 211–239, https://​doi.​org/​10.​1136/​
svn-​2020-​000457.

8. Y. Wang, L. Cui, X. Ji, et  al., “The China National Stroke Registry 
for Patients With Acute Cerebrovascular Events: Design, Rationale, and 
Baseline Patient Characteristics,” International Journal of Stroke 6, no. 
4 (2011): 355–361, https://​doi.​org/​10.​1111/j.​1747-​4949.​2011.​00584.​x.

9. Y. Wang, Z. Li, Y. Xian, et  al., “Rationale and Design of a Cluster-
Randomized Multifaceted Intervention Trial to Improve Stroke Care 
Quality in China: The GOLDEN BRIDGE-Acute Ischemic Stroke,” 
American Heart Journal 169, no. 6 (2015): 767–774.e2, https://​doi.​org/​
10.​1016/j.​ahj.​2015.​03.​008.

10. Y. Wang, J. Jing, X. Meng, et al., “The Third China National Stroke 
Registry (CNSR-III) for Patients With Acute Ischaemic Stroke or Tran-
sient Ischaemic Attack: Design, Rationale and Baseline Patient Char-
acteristics,” Stroke and Vascular Neurology 4, no. 3 (2019): 158–164, 
https://​doi.​org/​10.​1136/​svn-​2019-​000242.

11. S. H. Read, D. A. Mcallister, H. M. Colhoun, et al., “Incident Isch-
aemic Stroke and Type 2 Diabetes: Trends in Incidence and Case Fatal-
ity in Scotland 2004-2013,” Diabetic Medicine 35, no. 1 (2018): 99–106, 
https://​doi.​org/​10.​1111/​dme.​13528​.

12. J. B. Echouffo-Tcheugui, H. Xu, R. A. Matsouaka, et al., “Diabetes 
and Long-Term Outcomes of Ischaemic Stroke: Findings From Get With 
the Guidelines-Stroke,” European Heart Journal 39, no. 25 (2018): 2376–
2386, https://​doi.​org/​10.​1093/​eurhe​artj/​ehy036.

13. Y. Wang, Z. Li, Y. Wang, et al., “Chinese Stroke Center Alliance: A 
National Effort to Improve Healthcare Quality for Acute Stroke and 
Transient Ischaemic Attack: Rationale, Design and Preliminary Find-
ings,” Stroke and Vascular Neurology 3, no. 4 (2018): 256–262, https://​
doi.​org/​10.​1136/​svn-​2018-​000154.

14. W. T. Force, “Stroke-1989. Recommendations on Stroke Prevention, 
Diagnosis, and Therapy. Report of the WHO Task Force on Stroke and 
Other Cerebrovascular Disorders,” Stroke 20, no. 10 (1989): 1407–1431, 
https://​doi.​org/​10.​1161/​01.​str.​20.​10.​1407.

15. G. W. Albers, L. R. Caplan, J. D. Easton, et al., “Transient Ischemic At-
tack—Proposal for a New Definition,” New England Journal of Medicine 
347, no. 21 (2002): 1713–1716, https://​doi.​org/​10.​1056/​NEJMs​b020987.

16. American Diabetes Association, “Diagnosis and Classification of 
Diabetes Mellitus,” Diabetes Care 37, no. 1 (2014): S81–S90, https://​doi.​
org/​10.​2337/​dc14-​S081.

17. A. C. Pinho-Gomes, S. Peters, B. Thomson, and M. Woodward, “Sex 
Differences in Prevalence, Treatment and Control of Cardiovascular 
Risk Factors in England,” Heart 107, no. 6 (2020): 462–467, https://​doi.​
org/​10.​1136/​heart​jnl-​2020-​317446.

18. M. Morkos, B. Tahsin, and L. Fogelfeld, “Factors Associated With 
Diabetes Control in Predominately African American and Hispanic 
Population With Newly Diagnosed Type 2 Diabetes,” Journal of Racial 
and Ethnic Health Disparities 8, no. 2 (2021): 332–338, https://​doi.​org/​
10.​1007/​s4061​5-​020-​00785​-​9.

19. K. J. Tomaszewski, A. Allen, M. Mocarski, et al., “Divergence in Per-
ceptions of Diabetes Control Among Patients With Type 2 Diabetes Mel-
litus Treated With Basal Insulin and Health Care Professionals: Results 
From the US Perceptions of Control (POC-US) Study,” Patient Preference 
and Adherence 13 (2019): 761–773, https://​doi.​org/​10.​2147/​PPA.​S194598.

20. R. J. Macisaac and G. Jerums, “Intensive Glucose Control and 
Cardiovascular Outcomes in Type 2 Diabetes,” Heart, Lung & Circu-
lation 20, no. 10 (2011): 647–654, https://​doi.​org/​10.​1016/j.​hlc.​2010.​
07.​013.

21. K. C. Johnston, A. Bruno, Q. Pauls, et  al., “Intensive vs Standard 
Treatment of Hyperglycemia and Functional Outcome in Patients With 

https://doi.org/10.1016/j.diabres.2021.109119
https://doi.org/10.1161/CIR.0000000000000950
https://doi.org/10.1161/CIR.0000000000000950
https://doi.org/10.1007/s10654-020-00650-3
https://doi.org/10.1007/s10654-020-00650-3
https://doi.org/10.1016/S1474-4422(12)70005-4
https://doi.org/10.1080/01616412.2018.1451266
https://doi.org/10.1080/01616412.2018.1451266
https://doi.org/10.1111/ene.14136
https://doi.org/10.1111/ene.14136
https://doi.org/10.1136/svn-2020-000457
https://doi.org/10.1136/svn-2020-000457
https://doi.org/10.1111/j.1747-4949.2011.00584.x
https://doi.org/10.1016/j.ahj.2015.03.008
https://doi.org/10.1016/j.ahj.2015.03.008
https://doi.org/10.1136/svn-2019-000242
https://doi.org/10.1111/dme.13528
https://doi.org/10.1093/eurheartj/ehy036
https://doi.org/10.1136/svn-2018-000154
https://doi.org/10.1136/svn-2018-000154
https://doi.org/10.1161/01.str.20.10.1407
https://doi.org/10.1056/NEJMsb020987
https://doi.org/10.2337/dc14-S081
https://doi.org/10.2337/dc14-S081
https://doi.org/10.1136/heartjnl-2020-317446
https://doi.org/10.1136/heartjnl-2020-317446
https://doi.org/10.1007/s40615-020-00785-9
https://doi.org/10.1007/s40615-020-00785-9
https://doi.org/10.2147/PPA.S194598
https://doi.org/10.1016/j.hlc.2010.07.013
https://doi.org/10.1016/j.hlc.2010.07.013


14 of 14 Journal of Diabetes, 2025

Acute Ischemic Stroke: The SHINE Randomized Clinical Trial,” Jour-
nal of the American Medical Association 322, no. 4 (2019): 326–335, 
https://​doi.​org/​10.​1001/​jama.​2019.​9346.

22. Y. Li, D. Teng, X. Shi, et  al., “Prevalence of Diabetes Recorded in 
Mainland China Using 2018 Diagnostic Criteria From the American 
Diabetes Association: National Cross Sectional Study,” British Medical 
Journal 369 (2020): m997, https://​doi.​org/​10.​1136/​bmj.​m997.

23. J. D. Pandian and P. Sudhan, “Stroke Epidemiology and Stroke Care 
Services in India,” Journal of Stroke 15, no. 3 (2013): 128–134, https://​
doi.​org/​10.​5853/​jos.​2013.​15.3.​128.

24. L. H. Lau, J. Lew, K. Borschmann, V. Thijs, and E. I. Ekinci, “Preva-
lence of Diabetes and Its Effects on Stroke Outcomes: A Meta-Analysis 
and Literature Review,” Journal of Diabetes Investigation 10, no. 3 
(2019): 780–792, https://​doi.​org/​10.​1111/​jdi.​12932​.

25. V. Irazola, A. Rubinstein, L. Bazzano, et al., “Prevalence, Awareness, 
Treatment and Control of Diabetes and Impaired Fasting Glucose in the 
Southern Cone of Latin America,” PLoS One 12, no. 9 (2017): e0183953, 
https://​doi.​org/​10.​1371/​journ​al.​pone.​0183953.

26. M. L. Aviles-Santa, A. Monroig-Rivera, A. Soto-Soto, and N. M. Lind-
berg, “Current State of Diabetes Mellitus Prevalence, Awareness, Treat-
ment, and Control in Latin America: Challenges and Innovative Solutions 
to Improve Health Outcomes Across the Continent,” Current Diabetes 
Reports 20, no. 11 (2020): 62, https://​doi.​org/​10.​1007/​s1189​2-​020-​01341​-​9.

27. C. H. Nolte, G. J. Jungehulsing, K. Rossnagel, et al., “Vascular Risk 
Factor Awareness Before and Pharmacological Treatment Before and 
After Stroke and TIA,” European Journal of Neurology 16, no. 6 (2009): 
678–683, https://​doi.​org/​10.​1111/j.​1468-​1331.​2009.​02562.​x.

28. M. Soomann, R. Vibo, and J. Korv, “Do Stroke Patients Know Their 
Risk Factors?,” Journal of Stroke and Cerebrovascular Diseases 25, no. 
3 (2016): 523–526, https://​doi.​org/​10.​1016/j.​jstro​kecer​ebrov​asdis.​2015.​
10.​029.

29. B. K. Ho, K. Jasvindar, K. Gurpreet, et al., “Prevalence, Awareness, 
Treatment and Control of Diabetes Mellitus Among the Elderly: The 
2011 National Health and Morbidity Survey, Malaysia,” Malaysian 
Family Physician: The Official Journal of the Academy of Family Physi-
cians of Malaysia 9, no. 3 (2014): 12–19.

30. A. Qaseem, T. J. Wilt, D. Kansagara, et al., “Hemoglobin A1c Targets 
for Glycemic Control With Pharmacologic Therapy for Nonpregnant 
Adults With Type 2 Diabetes Mellitus: A Guidance Statement Update 
From the American College of Physicians,” Annals of Internal Medicine 
168, no. 8 (2018): 569–576, https://​doi.​org/​10.​7326/​M17-​0939.

31. W. Jia, J. Weng, D. Zhu, et al., “Standards of Medical Care for Type 2 
Diabetes in China 2019,” Diabetes/Metabolism Research and Reviews 35, 
no. 6 (2019): e3158, https://​doi.​org/​10.​1002/​dmrr.​3158.

32. F. Bragg, M. V. Holmes, A. Iona, et al., “Association Between Diabe-
tes and Cause-Specific Mortality in Rural and Urban Areas of China,” 
Journal of the American Medical Association 317, no. 3 (2017): 280–289, 
https://​doi.​org/​10.​1001/​jama.​2016.​19720​.

33. W. Wang, B. Jiang, H. Sun, et al., “Prevalence, Incidence, and Mor-
tality of Stroke in China: Results From a Nationwide Population-Based 
Survey of 480 687 Adults,” Circulation 135, no. 8 (2017): 759–771, 
https://​doi.​org/​10.​1161/​CIRCU​LATIO​NAHA.​116.​025250.

Supporting Information

Additional supporting information can be found online in the 
Supporting Information section.

https://doi.org/10.1001/jama.2019.9346
https://doi.org/10.1136/bmj.m997
https://doi.org/10.5853/jos.2013.15.3.128
https://doi.org/10.5853/jos.2013.15.3.128
https://doi.org/10.1111/jdi.12932
https://doi.org/10.1371/journal.pone.0183953
https://doi.org/10.1007/s11892-020-01341-9
https://doi.org/10.1111/j.1468-1331.2009.02562.x
https://doi.org/10.1016/j.jstrokecerebrovasdis.2015.10.029
https://doi.org/10.1016/j.jstrokecerebrovasdis.2015.10.029
https://doi.org/10.7326/M17-0939
https://doi.org/10.1002/dmrr.3158
https://doi.org/10.1001/jama.2016.19720
https://doi.org/10.1161/CIRCULATIONAHA.116.025250

	Prevalence, Awareness, Treatment, and Control of Diabetes Among 0.98 Million Patients With Stroke/TIA in China: Insights From a Nationwide Cohort Study
	ABSTRACT
	1   |   Introduction
	2   |   Methods
	2.1   |   Study Design and Data Resource
	2.2   |   Study Population
	2.3   |   Prediabetes and Diabetes
	2.4   |   Definition of Variables and In-Hospital Death
	2.5   |   Statistical Analysis
	2.6   |   Role of the Funding Source

	3   |   Results
	3.1   |   Prevalence and Characteristics of Diagnosed Diabetes, Undiagnosed Diabetes, and Prediabetes
	3.2   |   Diabetes Prevalence, Awareness, Treatment, and Control Among Stroke/TIA Patients
	3.3   |   Diabetes and In-Hospital Death Among Stroke/TIA Patients

	4   |   Discussion
	5   |   Conclusions
	Author Contributions
	Acknowledgments
	Conflicts of Interest
	Data Availability Statement
	References


