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ABSTRACT
Stroke survivors suffer from various physical, emotional, and cognitive impairments. These
changes are dynamic and depend on multiple factors, including underlying diseases,
baseline brain function and pathology, the site of the stroke and the post-stroke
inflammation, neurogenesis as well as the subsequent remodeling of the neuro-network.
First we review the structural and pathological changes of the brain in stroke survivors
with diabetes mellitus, which may lead to post-stroke cognitive dysfunction. Second, we
provide evidence of hyperglycemia, diabetes mellitus, hypoglycemia, and their relationship
with post-stroke cognitive impairment (PSCI) and post-stroke dementia (PSD). In addition
to conventional biomarkers, such as HbA1c, we also provide other novel tools to predict
PSCI/PSD, such as glycemic variability, receptor for advanced glycation end products, and
gut microbiota. Finally, we attempt to provide some modifying methods for glycemic
control, focusing on the prevention of PSCI/PSD.

INTRODUCTION
Burden of stroke and post-stroke cognitive impairment (PSCI)
Globally, over 12.2 million people have experienced cerebrovas-
cular events, doubling over the past 30 years.1 Its prevalence
has been increasing worldwide from 2010 to 2020. Stroke is the
second leading cause of mortality, with 6.5 million people dying
from stroke. Among patients having had a stroke, 62–87% have
had an ischemic stroke, and the others have had a hemorrhagic
stroke. Beside mortality, strokes cause morbidity and severe
impairment in disability-adjusted life years. As for morbidity,
not only acute insults leading to focal deficits matter, but also
the later cognitive impairment and behavioral-emotional dys-
function may sometimes be more disturbing and costly.
Patients having had a stroke may experience emotional liability,
depression, insomnia, and even PSCI.2 The prevalence of PSCI
or dementia may be as high as 80% among stroke victims and
may be associated with worse disability, morbidity, dependency,
and high economic burden.3 Previous studies and reviews have
shown that old age,4 lower education level,5 atrial fibrillation,6

hypertension, and increased blood pressure liability7 are com-
mon risk factors for post-stroke cognitive decline. However, its
relation to diabetes mellitus (DM) has been less studied, and
conflicting data exist.

DIABETES MELLITUS AND PSCI/POST-STROKE
DEMENTIA (PSD)
Mechanism linking diabetes mellitus and PSCI/dementia
A previous review demonstrated that PSCI depends on multiple
factors, including the location of the stroke, duration of the ini-
tial inflammatory response, late aberrant neurogenesis, and
baseline brain pathologies.7 The activation of microglia seems
to play an important role in the inflammatory response.8

Chronic hyperglycemia leads to pro-inflammatory microglial
proliferation via the endothelin-1 system.9 In contrast, an ani-
mal model has demonstrated that knocking down microglial
activation ameliorates the inflammatory response after stroke
and significantly prevents PSCI in such animals.10 IL-17 T cells
also play a role in diabetes-induced PSCI in female subjects.11

In addition to the inflammatory response, the hyperglycemic
state leads to tau hyper-phosphorylation in the hippocampus,
exacerbating cognitive deficits after stroke.12

Prediabetes and impaired glucose level
Prediabetes remains controversial. One study suggested that
patients with prediabetes have impaired cognitive function as
early as 1 month post-stroke.13 Another study suggested that
impaired glucose levels are associated with acute impairment in
executive function, especially in those with cortical infarction,
but the effects attenuate with time until the 1 year follow-up.14
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A Korean study suggested hyperglycemia with and without dia-
betes mellitus is associated with PSCI less than 3 months
follow-up.15 The STROKOG Collaboration study, conducted 3–
6 months after stroke, reported that patients with stroke who
are prediabetic have normal cognitive function compared with
other stroke victims.16 Another study with a 12 year follow-up
also suggested that prediabetes did not increase the risk of
PSD.17

Type 2 diabetes mellitus
Patients with diabetes have a higher risk of in-hospital mortality
or of being discharged to a nursing home. Despite functional
deficits, patients with stroke comorbid with diabetes may have
a higher risk of depression.18 The association between diabetes
mellitus and post-stroke cognitive function may be related to
its duration and severity.19

Patients with diabetes mellitus have cognitive impairment at
less than 1 week post-stroke.20 Older studies have shown con-
troversial data regarding cognitive function within 3 months. In
the 1990s, studies suggested that diabetes mellitus was the only
risk factor for PSD, not hypertension, hyperlipidemia, or coro-
nary artery disease, increasing the odds ratio of dementia by
2.6 to 59.4 times in the 3 month follow-up.21–23 However,
another study conducted in 1998 with the same follow-up per-
iod suggested there was no such correlation between PSD and
diabetes mellitus.24 One study found that diabetes mellitus was
associated with PSD at 3 months follow-up only in univariate
regression analysis, but this correlation diminished after multi-
variate analysis.19 For early post-stroke cognitive function, dia-
betes mellitus impaired the global cognition between 2 and
6 months and increased the risk of PSD16,23,25–28. The risk was
consistent even after adjusting for stroke severity. At 6 months
follow-up, diabetes mellitus patients had a higher risk of PSD
with an odds ratio of 2.16, and the risk was more significant in
men than in women.29 However, an Egyptian study suggested
no such correlation between diabetes mellitus and PSD.30 For
the subacute phase between 6 and 12 months, diabetes mellitus
increased the odds ratio of PSCI by 5.8 times.31

After an acute decline, patients may experience varying
recovery post stroke. One interesting study demonstrated that
language improvement was noted particularly in patients with
diabetes mellitus, as well as in patients with hypercholes-
terolemia and coronary artery disease.32 For late PSCI, patients
with stroke and type 2 diabetes mellitus have worse cognitive
function after 2 years.17,33,34 During the chronic phase, diabetes
mellitus may even outweigh the effects of severe mesial tempo-
ral atrophy. One study showed that a history of diabetes melli-
tus instead of temporal atrophy is an independent predictor for
PSD after 3 years.35 Gender differences may exist in diabetes
mellitus and long-term PSD, and there is a significant correla-
tion in female but not in male patients for up to 5 years of
follow-up.18 If we observed even longer, long-term PSD is
higher in DM patients after 12 years of follow-up period.17The

relationships between prediabetes, type 2 diabetes mellitus, and
PSCI/PSD are summarized in Table 1.

Biomarkers for PSCI/PSD
The HbA1c level is the most conventional marker for PSCI/
PSD with higher levels indicating a high risk.19 In addition to
the long-term glucose level, the glucose variability is also signifi-
cant. Elevated glucose variability as the mean absolute glucose
(MAG) and an increased glucose gap are related to a higher
risk of 3 month PSCI in patients with and without diabetes
mellitus.15,36 The most vulnerable regions are the frontal, mem-
ory, and executive domains. The increasing plasma level of
receptor for advanced glycation end products (RAGE), espe-
cially the soluble and endogenous soluble RAGE in patients
with stroke leads to vascular dementia.37 However, in this study
dementia is more likely to be pre-stroke comorbidity rather
than PSD.
In addition to blood samples, the gut microbiota may also

have a clinical significance. Dysbiosis can lead to both diabetes
mellitus and cognitive impairments. In patients with PSCI and
diabetes mellitus, there is an increased abundance of Enterobac-
teriaceae, Proteobacteria and a decreased abundance of Firmi-
cutes in their gut microbiome.38,39 A study proposed that the
relative abundance level of Enterobacteriaceae may serve as a
biomarker for PSCI in patients with diabetes mellitus.39

Potential treatment or preventive methods
As both hyperglycemia and diabetes mellitus are associated
with a higher risk of PSCI and dementia, better control of
blood sugar is well understood as a method to prevent such
complications. The choice between different oral hyperglycemic
agents and insulin has been far less discussed. Current evidence
regarding PSCI or dementia is scarce. However, we may look
into previous studies comparing different oral hyperglycemic
agents and the risk of dementia, mostly Alzheimer’s disease.
Previous studies have suggested metformin exposure is associ-
ated with less dementia.40 However, another study suggested
that the long-term use of metformin may increase the risk of
Alzheimer’s disease.41 Thiazolidinedione may improve cognitive
function in patients with mild cognitive impairment to moder-
ate dementia, but not in those with APOE4.42,43 A study
showed less cognitive decline with dipeptidyl peptidase-4 (DPP-
4) inhibitors compared with that of sulfonylureas in nursing
home residents.44 A meta-analysis showed a lower risk of
dementia in comparison with other oral hyperglycemic agents
(OHA) for DPP-4 inhibitor but not glucagon-like peptide 1
receptor agonists (GLP-1 RA).45 Sodium-glucose cotransporter
2 (SGLT2) inhibitors have shown improved cognitive function
with both short-term and long-term usage.46,47 The benefits of
SGLT2 are believed to be an inhibition of the pro-
inflammatory pathway and a reduction in cerebrovascular dis-
ease risk.48 There are limited data regarding cognitive function
with meglitinides, a-glucosidase inhibitors.
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However, the use of insulin is different. Insulin use was
shown to increase the risk of dementia in a meta-analysis ana-
lyzing 3,590 patients with diabetes mellitus, possibly owing to
an increasing risk of hypoglycemia.49 Nevertheless, treatment
with intranasal insulin showed an improvement in cognitive
function in both non-demented patients and in patients with
Alzheimer’s disease.50

CONCLUSION
PSD and PSCI impose heavy burdens on patients, families, and
society. However, cognitive function after stroke is dynamic
and dysfunction is often overlooked. Impaired fasting glucose,
prediabetes, type 2 diabetes mellitus, hypoglycemia, and glyce-
mic variability may lead to cognitive dysfunction after stroke by
various mechanisms and pathways. There is emerging evidence
regarding the association between different medications for dia-
betes mellitus and cognitive function. However, their relation-
ship with the PSCI/PSD warrants further investigation. Further
studies should first focus on medications that show potential
for Alzheimer’s disease and dementia to determine the most
suitable diabetes mellitus medication for patients with diabetes
mellitus experiencing stroke. Since dysbiosis has been recog-
nized as a potential risk factor for PSCI, the reconstruction of
gut microbiota may provide another treatment and a preventive
method for PSCI/PSD in patients with stroke as well as dia-
betes mellitus. The relationship between diabetes mellitus,
PSCI/PSD, and dysbiosis is summarized in Figure 1.
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