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Abstract
Introduction: Stroke and its recurrence and diabetes will increase in incidence as the population ages globally. This
study explores the relationship between diabetes and stroke
recurrence to understand if diabetes is an independent predictor for stroke recurrence in ischemic stroke (IS) patients.
Methods: We conducted a systematic review and meta-analysis of studies on the effect of diabetes on stroke recurrence
among patients with IS. We searched population-based
studies published before 15th February 2021 in PubMed and
EMBASE following PRISMA guidelines. Random-effects estimates of the pooled hazard ratio (HR) and 95% confidence
intervals (CIs) of each study were generated. A funnel plot
and an Egger test were performed to evaluate publication
bias. All statistical analyses were conducted in the R software
4.0.1 and Stata 16.0. Results: The search identified 3,121 citations, of which 27 studies met inclusion criteria. Diabetes was
associated with a significant risk of stroke recurrence in all IS
patients (pooled HR, 1.50; 95% CI: 1.36–1.65; I2 = 61.0%). Sim-
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ilar results were found in lacunar stroke patients with diabetes (pooled HR, 1.65; 95% CI: 1.41–1.92; I2 = 22.0%). Moreover, we found that the risk of recurrent IS among patients
of IS with diabetes was higher than that in those without
diabetes (pooled HR, 1.53; 95% CI: 1.30–1.81; I2 = 74.0%).
Conclusion: Diabetes is an independent risk factor for stroke
recurrence among patients with IS.
© 2021 The Author(s).
Published by S. Karger AG, Basel

Introduction

Stroke is the second leading cause of death and a significant cause of disability worldwide [1], and it is projected to remain so until at least 2030 [2]. Ischemic stroke
(IS) is one of the most common subtypes of stroke. According to the Global Burden of Disease Study 2016, in
2016, there were 80.1 million stroke cases globally, among
which 84.4% were ISs. Stroke survivors are at high risk of
having another stroke in the first 30 days following the
first-ever stroke [3], and recurrent strokes are more likely to be disabling or fatal than the first-ever stroke [4].
Matthew D.L. O’Connell and Yanzhong Wang are joint senior authors.
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Diabetes is a highly prevalent and growing chronic disease that affected about 415 million people worldwide in
2015 and is expected to affect 642 million people by 2040
[5]. Moreover, diabetes mellitus is a well-recognized risk
factor for neurovascular disease [6–8], including IS [9],
and a significant proportion of stroke patients have comorbid diabetes [10].
Given the severe health and economic burden of stroke
and its recurrence and diabetes on individuals and society
levels as the population ages, it is imperative to focus on
the effect of diabetes on stroke recurrence and improve
outcomes of patients with stroke and diabetes. A 2015
meta-analysis of 18 studies explored the association between diabetes and stroke recurrence in stroke patients.
They found a hazard ratio (HR) of 1.44 (95% confidence
interval [CI]: 1.28–1.61) for the effect of diabetes on
stroke recurrence after IS by a subgroup analysis of 14
studies [11]. However, there have since been a number of
relevant studies published. This earlier meta-analysis was
limited by the inclusion of heterogeneous samples of patients with all stroke subtypes and those with specific
stroke-related syndromes. For example, the patients of
one of their included studies were presented with IS with
depression, executive dysfunction, and depression-executive dysfunction syndrome [12], which considered a
population of IS with comorbid conditions identified
from 1993 to 1995. Moreover, this meta-analysis included
patients with transient ischemic attack (TIA), also called
a mini-stroke. However, TIA has markedly different
pathological features compared to stroke. To ensure the
comparability between studies, we only consider patients
with IS. Therefore, recent data from population-based
studies on the relationship between diabetes and stroke
recurrence among patients with IS are needed. The results will enable a better understanding of the etiology of
stroke recurrence.
Methods
Search Strategy and Selection Criteria
A comprehensive search of PubMed and EMBASE was conducted to identify relevant studies published before 15th February
2021 with the search terms: diabetes AND stroke AND recurrence.
A detailed search strategy is provided in the online supplementary
Appendix 1; for all online supplementary material, see www.karger.com/doi/10.1159/000519327. This study followed the PRISMA
reporting guideline for study selection, data collection and synthesis, assessment of bias, and quality assessment. To minimize reporting bias, this systematic review and meta-analysis were registered on PROSPERO (CRD42021248845).
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Studies were included if (1) participants as patients with IS and
its subtypes and subtype classification of IS was carried out using
the Trial of ORG 10172 in Acute Stroke Treatment criteria–into
large-artery atherosclerosis, small-vessel occlusion (or small-artery occlusion), cardioembolism, other determining etiologies,
and undetermined etiologies [13]. Besides, patients with lacunar
stroke or lacunar infarcts were also identified according to the criteria established by the Oxfordshire Community Stroke Project
[14]; (2) they could be defined as a cohort study or a randomized
clinical trial (RCT), either prospective or retrospective; (3) the outcome of interest was the first stroke recurrence, regardless of stroke
subtypes during the follow-up period; and (4) multivariable-adjusted HR was reported with the 95% CIs. Studies were excluded if
one of the following criteria existed: (1) other publication types
(i.e., conference abstracts, case reports, letters, or reviews); (2)
studies that included fewer than 10 participants; and (3) HR without 95% CIs or they could not be calculated through the reported
data.
Data Extraction
After the databases searches, studies were identified with duplicates removed. One researcher (Li Zhang) conducted an initial
screening of all titles and abstracts; Subsequently, 2 independent
researchers (Li Zhang and Xianqi Li) evaluated all potentially relevant articles based on the inclusion criteria described above and
jointly selected studies eligible for our systematic review. Disagreements between the 2 reviewers were resolved by consensus with
the other 2 researchers in our team (Yanzhong Wang and Matthew
O’Connell).
Data were independently extracted by 2 investigators (Li Zhang
and Xianqi Li) and checked by the other authors. The following
data were extracted into standardized forms: (1) study characteristics (authors, year of publication, study design, country, and sample size); (2) demographic and clinical characteristics (stroke types,
age, and follow-up duration); and (3) outcome (stroke types and
HR with 95% CIs).
Assessment of Study Quality
Two researchers (Li Zhang and Xianqi Li) independently rated
the quality of each article by using the Newcastle Ottawa Scale
(NOS). The NOS was a 9-point scoring system developed for assessing the quality of cohort studies from 3 aspects: selection, comparability, and outcome. A study can be awarded a maximum of
one star for each numbered item within the selection (maximum,
4 points) and outcome (maximum, 3 points). A maximum of 2
stars can be given for comparability. More details of NOS can be
seen in the online supplementary Appendix 2. Studies that received an overall score of 7 or higher were considered good quality, 5–6 points were fair quality, and below 5 points were poor
quality [15]. Any discrepancy was resolved by consensus.
Statistical Analysis
Effect measures of interest were multivariable-adjusted HR and
the corresponding 95% CIs. The pooled HR was obtained by a
random-effects model with an inverse-variance weighting model.
Statistical heterogeneity among studies was assessed using the Higgins inconsistency index (I2) test [16], and I2 values of 25%, 50%,
and 75% were regarded as low, moderate, and high heterogeneity,
respectively [17]. Publication bias was evaluated by a funnel plot
and an Egger test [18], and p < 0.10 values from an Egger test in-
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3,121 records identified through database searching
PubMed (n = 1,575), EMBASE (n = 1,546)
2,502 records after duplicates removed
2,155 records excluded
- 357 review/meta-analysis
- 266 stroke/TIA
- 37 cross-sectional study
- 26 rational and study design
- 115 case reports
- 1,354 not relevant to our study
347 articles assessed for eligibility
283 records excluded
- 73 no diabetes variables
- 68 meeting abstracts
- 43 outcome was not stroke recurrence
- 41 not cohort study
- 25 patients were stroke/TIA
- 9 not multivariate HRs
- 9 articles in other language
- 7 cumulative risk
- 8 cannot get full-text
64 full-text articles assessed for eligibility

Fig. 1. PRISMA flowchart. OR, odds ratio;
RR, relative ratio; IS, ischemic stroke; CI,
confidence interval; HR, hazard ratio; TIA,
transient ischemic attack.

37 records excluded
- 3 participants have comorbidities
- 21 articles reported the odds ratio (OR)
or relative ratio (RR) or β
- 12 participants were not patients with
ischemic stroke or its subtypes
- 1 HRs without 95% CI
27 studies included in qualitative and quantitative synthesis

dicated statistically significant publication bias. All the above analyses were performed with the statistical software R version 4.0.1,
using the package meta. Funnel plots were drawn with Stata 16.0.
A p value <0.05 was considered statistically significant. All statistical tests were two-sided.

Results

Selection Process and Characteristics of Included
Studies
The search identified 3,121 possibly eligible articles
from PubMed (n = 1,575) and EMBASE (n = 1,546). We
screened 2,502 articles by titles and abstracts after duplicates were removed. Based on further assessment, 2,438
articles were excluded. Sixty-four articles were relevant
for full-text review, and 27 met the inclusion criteria and
were finally enrolled in this meta-analysis (Fig. 1). Table 1
describes the characteristics of the 27 included studies.
Diabetes and Stroke Recurrence

All these articles were published after 1990, in which the
study period ranged from 1983 to 2018. The sample size
for each study varied from 100 to 196, 765, with a total of
274, 631 patients. Twenty-four studies were retrospective
or prospective cohort studies, and 3 studies were retrospective analyses of RCTs. Of the 27 studies, the participants of 20 studies were patients with IS without specific
subtypes, 6 studies were lacunar stroke (or small-artery
occlusion), and one study was cardio-embolism stroke.
The outcome of 11 studies was recurrent ISs, and in the
remaining 16 studies, their outcome was recurrent strokes
without specific subtypes. The average length of the follow-up for each study ranged from 3 months to 5 years.
The 27 included studies were from China (n = 8), United
States (n = 5), Japan (n = 5), Sweden (n = 2), Korea (n =
1), Greece (n = 1), Finland (n = 1), and Australia (n = 1);
2 were from a worldwide RCT involving 81 centers; and
one was from an RCT involving 35 countries.
Neuroepidemiology 2021;55:427–435
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Table 1. Characteristics of the studies included in the meta-analysis [23–33, 45–60]
Authors (year)

Study
design

Stroke
type

Sample
size

Outcome

Length of follow-up

HR
(95% CI)

Region

NOS
score

Chaudhary et al. [27]
Liu et al. [45]
Yuan et al. [46]
Brown et al. [26]
Liu et al. [47]
MacDougal et al. [25]
Yasaka et al. [48]
Bergström et al. [49]
Jing et al. [30]
Kang et al. [50]
Zhu et al. [51]
Hart et al. [33]
Toni et al. [52]
Lv et al. [31]
Fang et al. [53]
Suzuki et al. [54]
Putaala et al. [24]
Yokota et al. [32]
Shinohara et al. [55]
Xu et al. [29]
Han et al. [56]
Appelros et al. [57]
Tsivgoulis et al. [58]
Kaplan et al. [59]
Lee et al. [23]
Soda et al. [28]
Hier et al. [60]

Cohort
Cohort
Cohort
Cohort
Cohort
Cohort
Cohort
Cohort
Cohort
Cohort
RRCT
RRCT
Cohort
Cohort
Cohort
Cohort
Cohort
Cohort
RRCT
Cohort
Cohort
Cohort
Cohort
Cohort
Cohort
Cohort
Cohort

IS
IS
IS
IS
IS
IS
CE
IS
IS
IS
LS
LS
SAO
LS
IS
IS
IS
IS
IS
IS
IS
LS
IS
IS
IS
LS
IS

8, 561
657
604
842
113
1, 295
9, 804
196, 765
1, 251
9, 687
2, 999
3, 020
20, 332
474
710
3, 324
807
370
1, 067
834
210
100
339
546
7, 816
831
1, 273

RIS
RIS
RS
RIS
RS
RS
RIS
RIS
RS
RS
RS
RIS
RS
RS
RS
RIS
RIS
RS
RIS
RS
RIS
RS
RS
RS
RS
RIS
RS

12 months
Average 42.1 months
3 months
Median 591 days
90 days
12 months
Median 68 days
12 months
12 months
12 months
4 years
Average 3.7 years
30 months
5 years
5 years
12 months
5 years
Average 122 days
Average 1.8 years
12 months
Average 47.6 months
5 years
12 months
Median 3.2 years
Median 255 days
12 months
2 years

1.45 (1.18–1.78)
1.14 (0.83–1.55)
3.22 (1.85–5.62)
1.24 (0.78–1.98)
1.87 (0.45–7.72)
1.27 (0.78–2.07)
1.30 (1.10–1.60)
1.18 (1.12–1.25)
1.19 (1.04–1.35)
1.41 (1.19–1.67)
1.30 (0.80–2.40)
2.00 (1.50–2.50)
1.39 (1.10–1.77)
1.78 (1.01–3.15)
2.09 (1.31–3.32)
1.54 (1.10–2.15)
3.32 (1.70–6.48)
1.80 (0.68–4.78)
2.05 (1.19–3.53)
1.69 (1.06–2.68)
2.47 (1.23–4.95)
1.70 (1.20–7.40)
2.34 (1.07–5.12)
1.59 (1.07–2.37)
1.27 (1.07–1.51)
3.44 (1.03–11.49)
1.66 (1.14–2.42)

USA
China
China
USA
China
USA
Japan
Sweden
China
Korea
81 centers
81 centers
35 countries
China
China
Japan
Finland
Japan
Japan
China
China
Sweden
Greece
USA
Australia
Japan
USA

9
7
6
8
8
9
6
8
9
7
7
6
7
8
7
7
9
8
7
5
8
6
9
8
5
7
8

RRCT, retrospective analysis of randomized clinical trial; IS, ischemic stroke; LS, lacunar stroke; CE, cardio-embolism stroke; SAO, small-artery occlusion;
RS, recurrent stroke; RIS, recurrent ischemic stroke; HR, hazard ratio; CI, confidence interval.

The Quality Assessment of Included Studies
The NOS score allocated for each study ranged from 5
to 9 points, with a mean value of 7 points (online suppl.
Table 1). There were in total 21 studies with NOS scores
equal to or greater than 7 points, which indicated the
quality of these studies was considered methodologically
good, and the remaining 6 studies were regarded as fair
quality.
Association between Diabetes and Stroke Recurrence
in IS Patients
As shown in Figure 2, the pooled HR was 1.50 (95% CI:
1.36–1.65), indicating that the risk of stroke recurrence in
IS patients with diabetes was 1.50 times higher than in
those without diabetes. Moderate heterogeneity was observed (I2 = 61.0%; p < 0.01). Visual inspection of the funnel plot (online suppl. Fig. 1) indicated asymmetry, and
the Egger test suggested publication bias (p < 0.0001).
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Association between Diabetes and Recurrent IS in IS
Patients
As shown in Figure 3, the pooled HR was 1.53 (95%
CI: 1.30–1.81), indicating that the risk of recurrent IS in
IS patients with diabetes was 1.53 times higher than in
those without diabetes. Moderate heterogeneity was
observed (I2 = 74.0%; p < 0.01). Visual inspection of the
funnel plot (online suppl. Fig. 2) indicated asymmetry,
and the Egger test suggested publication bias (p <
0.0001).
Association between Diabetes and Stroke Recurrence
in Lacunar Stroke Patients
As shown in Figure 4, the pooled HR was 1.65 (95% CI:
1.41–1.92) through the fixed-effect model, indicating that
the risk of stroke recurrence in lacunar stroke patients
with diabetes was 1.65 times higher than in those without
diabetes. Low heterogeneity was observed (I2 = 22.0%;
Zhang/Li/Wolfe/O’Connell/Wang

Fig. 2. Forest plot of the association of diabetes with risk of stroke recurrence in IS patients. IS, ischemic stroke;

95% CI, 95% confidence interval; lnHR, the natural logarithm of hazard ratio; selnHR, standard error of the lnHR;
HR, hazard ratio.

p = 0.27). It was impossible to conduct a publication bias
test because of the small number of the included studies
(n = 6) in this analysis.
Discussion

This systematic review and meta-analysis summarized
the available data on the effects of diabetes on stroke recurrence among patients with IS and its subtypes. We
found a significant stroke recurrence risk in IS patients
with diabetes (pooled HR, 1.50; 95% CI: 1.36–1.65; I2 =
61.0%) compared to those without diabetes. Similar results were found in lacunar stroke patients with diabetes
(pooled HR, 1.65; 95% CI: 1.41–1.92; I2 = 22.0%). MoreDiabetes and Stroke Recurrence

over, the risk of recurrent IS among patients of IS with
diabetes was higher than that in those without diabetes
(pooled HR, 1.53; 95% CI: 1.30–1.81; I2 = 74.0%). These
findings suggest that diabetes is an independent risk factor for stroke recurrence in IS patients.
Diabetes is a highly prevalent chronic disease and a
well-recognized risk factor for incident IS [9]. However,
results regarding its role on outcomes after stroke have
been inconsistent due to differences in the study population, length of follow-up, selection of covariates, and diagnostic criteria for diabetes and stroke outcomes [19–
22]. Compared with the HR of 1.44 (95% CI, 1.28–1.61)
in the 2015 meta-analysis [11], we found an increased
stroke recurrence risk of 1.50 (95% CI, 1.36–1.65) for IS
patients with diabetes, raising the need for management
Neuroepidemiology 2021;55:427–435
DOI: 10.1159/000519327
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Fig. 3. Forest plot of the association of diabetes with risk of IS recurrence in IS patients. 95% CI, 95% confidence

interval; lnHR, the natural logarithm of hazard ratio; selnHR, standard error of the lnHR; IS, ischemic stroke;
HR, hazard ratio.

of diabetes in IS patients. Apart from the strong associations observed between diagnosed diabetes and vascular
outcomes, a meta-analysis conducted in 2010 involving
102 cohorts in 25 countries showed a much more moderate relationship of impaired fasting glucose status with
coronary heart disease and stroke [9]. Therefore, it is reasonable to think that impaired fasting glucose may also be
associated with stroke recurrence. However, large-scale
RCTs or epidemiological studies are still needed to confirm this association. In addition to diabetic populations,
we should also include patients with prediabetes or impaired fasting glucose in the monitoring and management to avoid worse outcomes.
This study has several limitations. First, most of the
included studies were retrospective analyses. Large-scale
prospective studies are needed in the future. Second, we
found low (I2 = 22.0%) to moderate heterogeneity (I2 =
61.0%, I2 = 74.0%) in the present study. Apart from differences in sample size, length of follow-up, and selection
of covariates, an important observation is the difference
in diagnosing diabetes. Most of these studies linked hospital records to ascertain the medical history of participants [23–27], while some diagnosed diabetes via a level
of fasting glucose and HbA1c [28–30]. Self-reported diabetes and patients treated with antidiabetic medication or
insulin were also the criteria [31–33]. These differences
limited the comparability of results. Third, diabetes often
co-occurs with other cardiovascular risk factors, particu432
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larly hypertension and hypercholesterolemia, which are
also associated with a higher risk of recurrence. Therefore, it is not entirely clear whether the increased risk of
recurrence in people with diabetes reflects a direct effect
of their diabetes or the overall burden of morbidity. Although this should be partially accounted for by a multivariable adjustment in some studies, it was not possible
to separate out a pure effect of diabetes from the published studies as no stratified data or analyses were presented. Fourth, publication bias was present in pooling
the HR, probably owing to small-study effects [34]. Also,
we could not exclude the risk of publication bias against
studies reporting negative findings. Thus, the findings of
the present meta-analysis should be read with caution
during the interpretation of conclusions.
Despite these limitations, this meta-analysis provided a
comprehensive overview of the role of diabetes in stroke
recurrence in IS patients. Based on the previous meta-analysis conducted in 2015, we updated the results by searching
databases comprehensively and finally included and synthesized a broad range of relevant articles. Compared with
the 2015 meta-analysis, we have more restrictive inclusion
and exclusion criteria to ensure the quality of the metaanalysis and interpretability of the results. First, we only
focused on IS patients instead of all strokes. TIA, also called
a mini-stroke, was not included in the current study due to
its markedly different pathological features compared to
stroke. Second, to ensure the comparability between artiZhang/Li/Wolfe/O’Connell/Wang

Fig. 4. Forest plot of the association of diabetes with risk of stroke recurrence in lacunar stroke patients. 95% CI,
95% confidence interval; lnHR, the natural logarithm of hazard ratio; selnHR, standard error of the lnHR; HR,
hazard ratio.

cles, we only considered participants with IS instead of IS
patients who have comorbid conditions, for instance, IS patients with moyamoya disease [35] or IS with depression
[12]. Moreover, despite the small number of included studies of lacunar stroke, a subgroup analysis was conducted.
We found that diabetes played an essential role in the risk
of stroke recurrence in lacunar stroke patients.
Overall, this meta-analysis highlighted the importance
of detecting diabetes post-IS and recognizing the potential for stroke recurrence. Further research of this area is
needed to specify the effect of diabetes on stroke recurrence. First, although type 2 diabetes is more prevalent
and accounts for roughly 90% of all diabetes cases worldwide [36], we cannot ignore the prognosis of stroke patients with type 1 diabetes. Studies for the effect of specific diabetes subtypes on stroke recurrence will be more
valuable. Second, despite that fasting blood glucose remains a commonly measured glycemic parameter to
identify diabetic patients [37], its accuracy in acute stroke
might be affected by stress hyperglycemia [38–40]. This
well-established phenomenon occurs after any acute illness. For instance, stress hyperglycemia has been found
to be associated with worse outcomes in acute hemorrhagic stroke patients [41–43]. This risk is likely to be underestimated, given that diabetic status was often recorded from medical records. Therefore, unrecognized diabetic patients were included in the nondiabetic group.
Besides, HA1bc was one of the diagnosis criteria of diabetes, indicating the chronic glycemic status, which has
been found to be associated with stroke recurrence after
stroke [44]. However, this criterion has not been fully

used in the projects conducted in recent years. Therefore,
a combination of HA1bc with glucose testing and even
more strict standards like the diagnosis of stress hyperglycemia should be warranted in future research projects to
avoid underestimating the effect of diabetes on stroke recurrence. Third, the effect of diabetes alone, in the absence of hypertension and hypercholesterolemia, on
stroke recurrence among patients with IS remains an important question to address in future studies. Fourth, only
a few studies have assessed patients with hemorrhagic
stroke, raising the importance of diabetes and its management in hemorrhagic stroke.
In conclusion, the present meta-analysis incorporated
studies over the past 30 years, giving the latest overview
and understanding of the relationship between diabetes
and stroke recurrence in IS patients. Results showed that
diabetes is an independent risk factor for stroke recurrence in IS patients, but more extensive prospective studies, as well as consistent definitions of diabetes and stroke
recurrence measures, are needed in future to provide robust evidence to guide management.

Diabetes and Stroke Recurrence
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