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To evaluate the relationship of diabetes duration and glycemic control with risk of stroke and its 
major subtypes using data from the UK Biobank, a large population-based cohort of UK adults. We 
included 23,401 UK adult residents with diabetes who had no known stroke at baseline (2006–2010). 
Diabetes duration was self-reported and glycemic control was assessed by glycated hemoglobin 
(HbA1c) levels. Their associations with incident stroke were assessed using multivariate Cox models. 
During a median follow-up of 11.6 years, 982 incident cases of stroke were identified. A longer diabetes 
duration was associated with higher risk of total stroke, ischemic stroke (IS), and hemorrhagic stroke 
(HS) (≥ 15 vs. <5 years: HRs [95% CI] were 1.81 [1.50, 2.19], 1.80 [1.47, 2.20], and 2.17 [1.46, 3.23], 
respectively), while higher levels of HbA1c were associated with higher risk of total stroke and IS but 
not HS (≥ 8.0% vs. <7.0%: HRs [95% CI] were 1.78 [1.52, 2.09], 1.93 [1.63, 2.28], and 0.97 [0.67, 1.41], 
respectively). Diabetes duration interacted with glycemic status on total stroke and IS (both P-for-
interaction values < 0.01). Individuals who had the longest diabetes duration (≥ 15 years) and poorer 
glycemic control (≥ 8.0%) had particularly higher risk of total stroke (HR = 3.21; 95% CI: 2.55, 4.04) 
and IS (HR = 3.47; 95% CI: 2.73, 4.40) as compared with those who had a duration of < 5 years with 
HbA1c < 8%. A longer diabetes duration and poorer glycemic control were both associated with higher 
risk of total stroke and IS, and the risk may be further exacerbated with the coexistence of both risk 
factors.
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SD	� Standard deviation
TDI	� Townsend deprivation index

Stroke is the second leading cause of death and the third leading cause of disability worldwide1,2. There were 
12.2 million incident cases, 101 million prevalent cases, 6.55 million deaths, and 143 million DALYs of stroke 
worldwide in 2019. Stroke costs more than 721 billion dollars or 0.66% of the global GDP3. Although age-
standardised mortality rates for stroke decreased sharply, the decrease in age-standardised incidence was much 
less steep4, suggesting that prevention efforts have been less successful than treatment efforts.

Individuals with diabetes are at higher risk of developing stroke5,6. Thus, identification of disease-progression 
markers in diabetes is relevant for diabetes management and stroke prevention. Duration of diagnosis of 
diabetes(both type 1 and type 2), which is a proxy of diabetes progression, has been positively associated with 
adverse cardiovascular outcomes7–12. The relationship between diabetes duration and risk of stroke is less clear, 
and the majority of previous studies on this topic have been focused on total stroke13 or ischemic stroke (IS) 
only14. On the other hand, cumulative evidence has demonstrated that poorer glycemic control in type 1 diabetes 
is associated with higher risk of stroke and other macrovascular complications15,16. Similar to the studies on 
diabetes duration and stroke, there are very few studies that have explored the relationship between glycemic 
control and major subtypes of stroke (i.e., IS and hemorrhagic stroke [HS]), with inconsistent findings5,15,17.

An additional open issue relates to whether there are potential interplays between diabetes duration 
and glycemic control on the incidence of stroke or its subtypes. Indeed, in the guidelines for diabetes, it has 
been pointed out that the control targets of glycemic control need to be tailored according to the duration of 
diabetes18,19. Chronic hyperglycemia in diabetes leads to vascular damage, including endothelial dysfunction, 
atherosclerosis, and increased arterial stiffness, which are key pathophysiological mechanisms linking diabetes 
to both IS and HS11,20. Our previous studies have also revealed that both glycemic control and diabetes duration 
were important predictive indices for cardiovascular disease (CVD) and mortality among individuals with 
diabetes21,22. However, because of the limited epidemiological evidence for stroke, neither the Guidelines for 
the Primary Prevention of Stroke from the American Heart Association, nor the European Stroke Initiative have 
highlighted the importance of diabetes duration and glycemic control among individuals with diabetes23–25. It 
would be clinically relevant to elucidate the influences of diabetes duration, glycemic control, and their potential 
interplays on the development of stroke and its major subtypes.

To fill these knowledge gaps, we used data collected for participants in the UK Biobank, a large-scale 
population-based prospective cohort study, to investigate the relationship of diabetes duration, glycemic control, 
and their interplays with risk of stroke and its major subtypes among individuals with diabetes.

Research design and methods
The UK Biobank is a large-scale, population-based cohort study of over 500,000 participants. Between 2006 and 
2010, participants visited 22 assessment centres in England, Scotland and Wales for baseline assessments26,27. 
A wide range of information was collected for the study participants at baseline, including sociodemographic, 
lifestyle, anthropometric, and clinical factors28,29. The study was approved by the National Health Service (NHS) 
National Research Ethics Service (REC reference: 11/NW/03820) and all participants provided written informed 
consent to participate in the study. All procedures were performed in accordance with the relevant guidelines 
and regulations, including the Declaration of Helsinki and the UK Biobank Ethics and Governance Framework.

Of the initial 502,442 participants, 30,912 had diabetes. Among these, we excluded 1194 participants who 
had a history of stroke at baseline, 4628 participants without measurement of HbA1c or age of diabetes onset, 
1689 participants with missing covariates. Finally, 23,401 participants with diabetes were included in the present 
analysis (Fig. S1).

Assessment of diabetes duration and glycemic control
We identified participants with diabetes according to the following predefined criteria30: (1) a history of diabetes 
in the medical record (International Classification of Diseases ICD-9 codes 250 and 6480 or ICD-10 codes 
E10 to E14)30; (2) self-reported history of diabetes; (3) self-reported diabetes medication use; or (4) HbA1c 
level ≥ 48 mmol/mol (6.5%). The age at diabetes onset was determined by the question “What was your age 
when diabetes was first diagnosed?”. Undiagnosed diabetes was defined if a participant was not previously 
diagnosed with diabetes but had HbA1c level that exceeded the diabetes threshold (≥ 6.5%, 48 mmol/mol). The 
duration of undiagnosed diabetes was designated as 0 years. In the UK Biobank, HbA1c levels were measured in 
a central laboratory from November 5rd, 2014 to October 3rd, 2017 and were adjusted for the variables by the 
UK Biobank before analysis31. HbA1c was used as a stable indicator of glycemic control because it reflects the 
average glycemic concentration over the previous 3 months32.

According to the European Society of Cardiology guidelines33, glycemic control can be categorized into 
near-normal targets (HbA1c < 7.0%) and less-rigorous targets (HbA1c < 8.0%). We grouped the participants 
with diabetes based on duration of the diagnosis of diabetes (< 5, 5 to < 15, and ≥ 15 years) and by HbA1c 
levels (< 7.0% [< 53.0 mmol/mol], 7.0 to < 8.0% [53.0 to < 64.0 mmol/mol], and ≥ 8.0% [64.0 mmol/mol]). We 
categorized diabetes duration into three groups (< 5 y, 5 to < 15 y, and ≥ 15 y) based on clinical relevance and 
to ensure sufficient sample sizes for robust statistical analyses. In comparison to our previous studies22,34, where 
diabetes duration was divided into four groups (< 5 y, 5 to < 10 y, 10 to < 15 y, and ≥ 15 y), we combined the 
intermediate categories (5 to < 10 y and 10 to < 15 y) into a single group (5 to < 15 y) to address the issue of 
smaller sample sizes, especially for rare outcomes like hemorrhagic stroke.
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Covariates
Information about baseline socio-demographic characteristics, lifestyle factors (smoking, alcohol consumption, 
and diet), and other clinical risk factors in the UK Biobank was collected through a touchscreen questionnaire. 
A Townsend deprivation index (TDI) was derived using participants’ postal codes and information from the 
national census output area. A food frequency questionnaire was used to evaluate regular dietary habits and 
alcohol consumption. A healthy diet score (from 0 to 6 points) and the amounts of alcohol consumption were 
calculated according to the methods reported previously21,34. Daily sedentary time (hours) was obtained by 
integrating the time participants spent watching TV, using computers, and driving every day35. Other clinical 
risk factors such as height, weight, and systolic blood pressure (SBP) were obtained by trained nurses. Height and 
weight were used to calculate body mass index (BMI, kg/m2). The history of coronary heart disease (CHD) was 
determined by self-report and hospital diagnosis. More details about the measurements can be found in the UK 
Biobank Data Display and Agreement (http://www.ukbiobank.ac.uk).

Outcome assessment
The primary outcome was total stroke and the secondary outcomes were the two major subtypes of stroke 
including IS and HS. The adjudication of stroke events was performed by the UK Biobank Outcome Adjudication 
Group through linkage with hospital admissions data and the national death register. The ICD codes were used 
to define the incident cases. The codes for IS included ICD-9: 434. X, 434.0, 434.1, 434.9, and 436. X; ICD-10: 
I63-I64; and the codes for HS included ICD-9: 430. X and 431. X; ICD-10: I60-I60.9. Previous validation study 
has demonstrated high diagnostic accuracy for identifying incident stroke cases in UK Biobank and the data are 
sufficient for research36.

Statistical analysis
Baseline participant characteristics were reported according to the categories for diabetes duration and HbA1c 
levels. We used Cox proportional hazards model to estimate hazard ratio (HR) and 95% confidence interval (CI) 
of stroke according to the categories for duration of diabetes or HbA1c levels, using age as the potential time 
scale. At the time of data analyses, the mortality data of Scotland were updated to April 20th, 2020, the mortality 
data of England and Wales were updated to April 26th, 2020, and the hospital inpatient records were updated to 
November 30th, 2020. These dates were used as the end of follow-up where appropriate. Person-time of follow-
up was calculated from the date of baseline assessment to the date of diagnosis of the event, death, loss to follow-
up, or end of follow-up, whichever occurred first. These analyses were conducted using the shortest-duration 
(< 5 years) or the lowest-HbA1c category (< 7.0%) as the reference. Multivariable adjustments were made to 
account for age, sex, ethnicity, socioeconomic status (TDI), diet-quality score, alcohol consumption, smoking 
status, sedentary time, BMI, SBP, antihypertensive medication use, statin use, and history of CHD. Additionally, 
diabetes duration and HbA1c levels were included in the same model and thus were mutually adjusted for each 
other.

We also evaluated the potential interaction between diabetes duration and glycemic control on risk of 
stroke and its subtypes. In this analysis, the relationship between diabetes duration (< 5, 5 to < 15, and ≥ 15 
years) and risk of stroke was examined by participants’ HbA1c levels (< 8.0%, and ≥ 8.0%). The P values for 
interaction between diabetes duration and glycemic control were estimated by including their product term in 
the aforementioned multivariable regression model. Adjustments were made for age, sex, ethnicity, TDI, BMI, 
smoking status, alcohol consumption, sedentary time, healthy diet score, SBP, antihypertensive medication use, 
and history of CHD.

In addition, we explored the joint associations of diabetes duration and glycemic control with risk of stroke 
and stroke subtypes, using those with the shortest duration (< 5 years) and the lower HbA1c levels (< 8.0%) as 
the reference. We further examined these joint associations within different subgroups of population defined by 
sex, age (< 60 or ≥ 60 years), TDI (< or ≥ median), ethnicity (White or other), and BMI (< 30 or ≥ 30 kg/m2). 
Additionally, we acknowledge that diabetes duration was determined by self-reported data, which may introduce 
recall bias. To assess the robustness of our findings, we conducted several sensitivity analyses: (1) excluding 
participants with undiagnosed diabetes; (2) excluding participants with type 1 diabetes; (3) additionally adjusted 
for psychological stress (depression and anxiety), healthy sleep traits (chronotype, sleep duration, insomnia, 
snoring, and daytime sleepiness), regular exercise, and microalbuminuria (albumin-to-creatinine ratio, ACR); 
(4) additionally adjusted for low-density lipoprotein cholesterol as well as the use of statin, aspirin, specific 
antihyperglycemic drugs (metformin and insulin), and specific antihypertensive drugs (angiotensin-converting 
enzyme inhibitor, angiotensin II receptor blocker, beta blocker, and calcium channel blocker); (5) to assess the 
potential impact of missing data, we performed multiple imputation using the mice package in R, generating five 
imputed datasets and combining estimates across datasets using Rubin’s rules.

All data were analysed using R software (version 4.0.1) or STATA 14.0 (StataCorp LP, College Station, Texas). 
A two-sided P-value < 0.05 was considered to be statistically significant.

Results
Baseline characteristics
Participants with a longer diabetes duration were slightly older, were more likely to be male and antihypertensive 
drug users, had lower BMI, had higher likelihood of having CHD, and were less likely to be current smokers 
(Table  1). Supplementary Table S1 shows the baseline characteristics of the participants according to their 
HbA1c levels.
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Associations of diabetes duration and glycemic control with risk of stroke
During a median follow-up of 11.6 years, 982 incident cases of stroke were identified, including 863 IS and 227 
HS cases. After multivariable adjustment, a longer duration of diabetes was associated with a higher risk of 
stroke and its subtypes (P for trend < 0.001) (Table 2). The adjusted HRs (95% CIs) for total stroke associated 
with diabetes durations of 5 to < 15 years and ≥ 15 years were 1.30 (1.12, 1.50) and 1.81 (1.50, 2.19), respectively 
(vs. diabetes duration < 5 years). The corresponding estimates were 1.26 (1.08, 1.47) and 1.80 (1.47, 2.20) for IS 
and 1.38 (1.02, 1.87) and 2.17 (1.46, 3.23) for HS.

A poorer glycemic control was also associated with higher risk of stroke (P for trend < 0.001) (Table 3). The 
adjusted HRs (95% CI) for total stroke associated with HbA1c levels of 7.0 to < 8.0% and ≥ 8.0% were 1.20 (1.03, 
1.40) and 1.78 (1.52, 2.09), respectively. The corresponding estimates for IS were 1.22 (1.03, 1.44) and 1.93 (1.63, 
2.28), respectively. Poor glycemic control was not significantly associated with risk of HS.

We found significant interactions between diabetes duration and HbA1c levels on the risk of total stroke and 
IS (all P-interaction < 0.05). The duration-stroke associations were more pronounced among those with HbA1c 
levels ≥ 8.0% than among those with HbA1c levels < 8.0%. Compared with those with a shorter diabetes duration 
(< 5 years) and better glycemic control (HbA1c < 8%), individuals who had the longest duration of diabetes (≥ 15 
years) and higher HbA1c level (≥ 8%) had multivariable HRs (95% CIs) of 3.21 (2.55, 4.04) for total stroke and 

Diabetes duration

< 5 y 5 to < 15 y ≥ 15 y P-trend

Total stroke

Events 386 381 215 –

Person-years 132,556 89,586 34,982 –

HR (95% CI) Ref. 1.30 (1.12, 1.50) 1.81 (1.50, 2.19) < 0.001

IS

Events 339 329 195 –

Person-years 132,665 89,733 35,031 –

HR (95% CI) Ref. 1.26 (1.08, 1.47) 1.80 (1.47, 2.20) < 0.001

HS

Events 87 91 49 –

Person-years 133,679 90,662 35,617 –

HR (95% CI) Ref. 1.38 (1.02, 1.87) 2.17 (1.46, 3.23) < 0.001

Table 2.  HR (95% CIs) for the associations of diabetes duration with risk of incident stroke and stroke 
subtypes. Adjustments were made for age, sex, ethnicity, TDI, BMI, smoking status, alcohol consumption, 
sedentary time, healthy diet score, SBP, antihypertensive medication use, history of CHD, and HbA1c levels. 
Abbreviations: CI, confidence interval; HR, hazard ratio; HS, hemorrhagic stroke; IS, ischaemic stroke.

 

Diabetes duration

< 5 y 5 to < 15 y ≥ 15 y

No. participants 11,880 8215 3306

Diabetes duration, y 1.5 ± 1.4 8.3 ± 2.7 28.0 ± 12.7

HbA1c, mmol/mol 52.1 ± 14.4 54.7 ± 13.8 59.2 ± 14.6

Age, y 59.0 ± 7.2 60.5 ± 6.7 59.7 ± 7.5

Men, % 7349 (61.9) 5452 (66.4) 2158 (65.3)

TDI – 0.6 ± 3.4 – 0.6 ± 3.3 – 0.4 ± 3.4

White, % 10,580 (89.1) 7322 (89.2) 2915 (88.2)

BMI, kg/m2 31.7 ± 5.7 31.6 ± 5.8 30.0 ± 5.9

Current smoker, % 1445 (12.2) 853 (10.4) 346 (10.5)

Alcohol consumption, g/d 13.9 ± 21.2 13.5 ± 20.7 12.8 ± 19.3

Sedentary time, h/d 5.8 ± 2.9 5.8 ± 2.8 5.6 ± 2.9

Healthy diet score 2.8 ± 1.4 2.8 ± 1.3 2.9 ± 1.3

SBP, mmHg 144.8 ± 18.7 143.7 ± 18.3 143.9 ± 19.0

Antihypertensive medication use, % 6235 (52.5) 5636 (68.6) 2175 (65.8)

History of CHD 1785 (15.0) 1613 (19.6) 758 (22.9)

Table 1.  Baseline characteristics of the included participants by diabetes duration. Continuous variables 
are described as the mean ± standard deviation, and categorical variables are described as numbers and 
percentages. Abbreviations: BMI, body mass index; CHD, coronary heart disease; HbA1c, glycated 
hemoglobin; SBP, systolic blood pressure; TDI, Townsend deprivation index.
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3.47 (2.73, 4.40) for IS (Fig. 1). However, regarding HS, the duration-stroke association was significant among 
those with HbA1c < 8.0% only, while no evidence of an interaction was observed (Fig. 1 and Supplemental Table 
S2).

Subgroup analysis and sensitivity analysis
Subgroup analysis showed that the joint associations of diabetes duration and glycemic control with the risk 
of total stroke were consistent across age, sex, ethnicity, socioeconomic status, and overall obesity subgroups 
(both P-interaction > 0.10) (Supplementary Table S3). The results were not substantially changed after 
excluding participants with undiagnosed diabetes or those with type 1 diabetes, after additional adjustment for 
psychological stress, sleep traits, physical activity, and microalbuminuria, after additional adjustment for low-
density lipoprotein cholesterol and the use of statins, aspirin, specific antihyperglycemic agents (e.g., metformin 
and insulin), and antihypertensive medications (angiotensin-converting enzyme inhibitors, angiotensin II 
receptor blockers, beta blockers, and calcium channel blockers), or after applying multiple imputation for 
missing data (Supplementary Table S4).

Discussion
Our analysis used data from the UK Biobank study and systematically investigated the independent and joint 
associations of diabetes duration and glycemic control with incident stroke and its major subtypes among 23,401 
adults with diabetes. We found that a longer diabetes duration was associated with higher risk of total stroke, IS, 
and HS in a dose-response manner, while worse glycemic control, as reflected by elevated HbA1c, was associated 
with higher risk of total stroke and IS but not HS. Moreover, diabetes duration interacted significantly with 
glycemic status on total stroke and IS. Individuals who had the longest diabetes duration and poorer glycemic 
control had particularly higher risk of total stroke and IS.

The relationship between duration of diabetes and risk of stroke has been evaluated in a few previously 
studies using relatively small sample sizes, and the findings have been inconsistent14. A previous prospective 
study involving 3298 participants from Northern Manhattan found that diabetes duration was independently 
associated with an increased risk of IS, with the risk tripling for those with diabetes duration of ≥ 10 years 
compared to nondiabetic participants14. In another prospective study of 11,069 nurses with diabetes, risk of total 
stroke and IS were 3.3- and 4.1-fold higher, respectively, for participants with diabetes duration ≥ 20 years (vs. 
those without diabetes)5. This previous study did not found diabetes duration to be associated with HS5, but there 
were only 31 HS cases among the participants with diabetes. A study conducted in an East Asian population 
reported that the associations of diabetes duration and glycemic control with stroke risk became non-significant 
after multivariable adjustment37. This is in contrast to our study that enrolled ethnicities mainly of white people 
(nearly 90%) from the UK Biobank and supported that diabetes duration and glycemic control are independent 
risk factors of stroke even after extensive adjustment for various sets of covariates. Such discrepancies may 
reflect differences in ethnic composition, genetic susceptibility, or residual confounding between populations. 
Indeed, a previous study demonstrated that the angiotensin-converting enzyme gene DD genotype was linked to 
higher stroke risk, underscoring that population-specific genetic and environmental factors could modulate the 
diabetes–stroke relationship38. Compared to these earlier studies, our study benefits from a significantly larger 
sample size with hospital inpatient-confirmed incident cases, providing more robust evidence for the association 
between diabetes duration and stroke risk.

HbA1c levels

< 7.0% 7.0 to < 8.0% ≥ 8.0% P-trend

Total stroke

Events 484 246 252 –

Person-years 148,631 62,475 46,018 –

HR (95% CI) Ref. 1.20 (1.03, 1.40) 1.78 (1.52, 2.09) < 0.001

IS

Events 415 215 233 –

Person-years 148,810 62,561 46,058 –

HR (95% CI) Ref. 1.22 (1.03, 1.44) 1.93 (1.63, 2.28) < 0.001

HS

Events 134 55 38 –

Person-years 149,932 63,223 46,804 –

HR (95% CI) Ref. 0.96 (0.70, 1.33) 0.97 (0.67, 1.41) 0.864

Table 3.  HR (95% CIs) for the associations of glycemic control with risk of incident stroke and stroke 
subtypes. Adjustments were made for age, sex, ethnicity, TDI, BMI, smoking status, alcohol consumption, 
sedentary time, healthy diet score, SBP, antihypertensive medication use, history of CHD, and diabetes 
duration. Abbreviations: CI, confidence interval; HR, hazard ratio; HbA1c, glycated hemoglobin; HS, 
hemorrhagic stroke; IS, ischaemic stroke. *The conversion of HbA1c levels of < 7.0%, 7.0 to < 8.0%, and ≥ 8.0% 
are < 53.0 mmol/mol, 53.0 to < 64.0 mmol/mol, and ≥ 64.0 mmol/mol, respectively.
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High HbA1c levels have been widely associated with higher risk of stroke, especially IS17,39. For example, 
in a prospective study of 33,453 participants from Sweden, as compared with matched control participants 
without diabetes, risk of stroke increased from 75% in the lowest HbA1c category to nearly 8-fold in the highest 
category40, which is generally consistent with findings of the current study.

The evidence has been more limited and inconsistent regarding the association between HbA1c levels 
and HS risk. In the abovementioned Swedish cohort, participants with type 1 diabetes were found to have 
higher risk of HS when their HbA1c levels were high40. In another study of 406,271 Swedish participants 
with type 2 diabetes, risk of HS increased by nearly 1.5-fold when comparing participants with HbA1c > 87 
mmol/mol with participants who had HbA1c ≤ 53 mmol/mol41. Conversely, in a prospective study of 4083 
Finnish participants, glycemic control was not associated with HS among participants with diabetes16, which 
is consistent with our null results regarding the HbA1c-HS association. Mechanistically, poor glycemic control 
primarily contributes to macrovascular and microvascular damage leading to IS, whereas HS is more strongly 
associated with hypertension, endothelial dysfunction, and vessel fragility-pathways less directly driven by 
chronic hyperglycemia42. Additionally, the absence of significant HbA1c-HS associations in our study may be 

Fig. 1.  Hazard ratios (95% CIs) for the combined effect of diabetes duration and glycemic control on the 
risk of incident stroke and stroke subtypes among participants with diabetes. Adjustments were made for 
age, sex, ethnicity, TDI, BMI, smoking status, alcohol consumption, sedentary time, healthy diet score, SBP, 
antihypertensive medication use, and history of CHD. Abbreviations: CI, confidence interval; HbA1c, glycated 
hemoglobin; HR, hazard ratio; HS, hemorrhagic stroke; IS, ischaemic stroke. *The conversion of an HbA1c 
level of 8.0% is 64.0 mmol/mol.
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due to several factors: our highest HbA1c category (≥ 8.0% [64 mmol/mol]) does not capture more extreme 
hyperglycemia, and the number of HS events was relatively low (yielding limited statistical power).

To the best of our knowledge, the joint influence of diabetes duration and glycemic control on stroke risk 
has not been explored previously. In this study, we found that a longer diabetes duration and higher HbA1c 
levels were both associated with higher of total stroke and IS. We further found that a coexistence of long-
standing diabetes and poor glycemic control conferred substantially higher risk of total stroke and IS. Several 
potential mechanisms can explain this association of long diabetes duration and poor glycemic control. First, 
there is evidence of an association between long-term poor glycemic control, which leads to cumulative vascular 
damage and chronic inflammation, and atherosclerotic lesions11,20, and carotid plaque thickness has been shown 
to predict stroke43. In addition, the risk of microalbuminuria has been shown to increase with the diabetes 
duration44,45, and it has been reported that microalbuminuria is an important and independent risk factor for 
stroke in diabetic patients46.

Our these findings may have public health significance. At present, stroke is still a serious complication in 
diabetes population14. The age of diabetes onset tends to be younger47, leading to an increasing number of people 
suffering from long-standing diabetes48. The guidelines for diabetes has pointed out that the control targets of 
glycemic control need to be tailored according to the duration of diabetes18,19. However, neither the Guidelines 
for the Primary Prevention of Stroke from the American Heart Association, nor the European Stroke Initiative 
have emphasized the role of diabetes duration and glycemic control for stroke prevention among individuals with 
diabetes23–25. Findings from the present study highlighted the paramount role of jointly considering diabetes 
duration and glycemic control in the management of diabetes and prevention of stroke. Thus, our findings 
may contribute to the early detection and management of modifiable risk factors that reduce the number of 
individuals developing stroke.

The strengths of the present study include the large sample size with a long-term follow-up. The link to hospital 
registration and death registers ensures complete information about incident cases. Additionally, a wealth of 
information about classic risk factors, such as comorbidities and lifestyle factors, enabled us to comprehensively 
adjust for confounding factors. This study still has some limitations. First, the observational nature of the UK 
Biobank makes it impossible to exclude the possibility of residual confounding. However, after adjusting for 
a variety of traditional risk factors, the results of the present study were robust. Second, although HbA1c can 
reflect glycemic control levels over a few weeks, a single baseline measurement may not be sufficiently reflective 
of long-term glycemic status. This may underestimate the association between poor glycemic control and stroke 
risk. Future prospective studies with repeated measurements of HbA1c are needed to more accurately evaluate 
the long-term effects of glycemic control on stroke risk. Third, the use of self-reported age at diabetes diagnosis 
to estimate diabetes duration may be subject to recall bias, especially given the typical lag between diabetes onset 
and clinical diagnosis49. However, our sensitivity analyses indicated that excluding individuals with uncertain 
diagnosis did not alter the primary results, suggesting that our conclusions are robust to potential recall bias. 
Fourth, the included participants were mostly of White European descent which may limit the generalization of 
our findings to other ethnic populations. Fifth, although we did not apply formal multiple-testing corrections, our 
analyses were based on prespecified outcomes and hypotheses, and the consistency of findings across sensitivity 
and subgroup analyses suggests that the risk of false positives is low. Sixth, the potential for misclassification of 
stroke subtypes and undiagnosed early cerebrovascular damage could have affected the accuracy of our outcome 
assessment. Seventh, there is a possibility of selection bias due to loss to follow-up, which may have influenced 
our findings. Eighth, although stroke and ischemic stroke outcomes in UK Biobank have demonstrated high 
diagnostic accuracy in prior validation studies, some misclassification (particularly of hemorrhagic stroke) is 
still possible. Finally, because of the limited sample size, we were not able to conduct an independent analysis for 
type 1 diabetes, and further large cohorts of type 1 diabetes are still needed.

Conclusion
Among adults with diabetes, a longer diabetes duration and poorer glycemic control were both associated with 
higher risk of total stroke and IS, and the risk may be further exacerbated by the coexistence of both risk factors. 
Clinicians should prioritize regular monitoring of glycemic control and be particularly vigilant in patients with 
long-standing diabetes to mitigate the risk of stroke. Future studies with diverse populations and repeated 
glycemic measurements are needed to confirm these findings and guide the development of tailored stroke 
prevention strategies for individuals with diabetes.

Data availability
Data from the UK Biobank are publicly available and can be accessed at https://www.ukbiobank.ac.uk/.
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