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Dementia is a major cause of disability in elderly populations.
As the prevalence of dementia still continues to increase globally, the
World Health Organization has recognized dementia as a top public
health priority [1]. Poor glycemic control is well known to lead to both
macrovascular and microvascular complications. Recent studies have
also confirmed that diabetes subjects may develop central nervous
system disorders, presenting as cognitive impairment and dementia
progression [2,3]. Although the causes of dementia in patients with type
2 diabetes (T2DM) are considered to be multifactorial [4,5], researchers
proposed that the association between poor glycemic control (including
high hemoglobin A1C values and glucose variability) and impaired
cognitive function is independent of other metabolic abnormalities
[6,7]. Moreover, hypoglycemia, a common consequence of diabetes
management that is known to be associated with severe morbidity
and life-threatening conditions, has been currently suggested as an
independent risk factor to the development of dementia [8-11]. The
results of several cross-sectional and longitudinal epidemiological
studies have shown not only that hypoglycemic events were associated
with an increased risk of dementia [5,9,12] butalso that their associations
seem to be dose dependent [9], i.e., the risk of dementia increased with
severity and the number of hypoglycemic episodes. So far, a series of
potential pathophysiological hypotheses has been proposed, including
but not limited to, post-hypoglycemic neuronal damage, inflammatory
processes, coagulation defects, endothelial abnormalities and synaptic
dysfunction of hippocampal neurons during hypoglycemic episodes
[3,9,13]. In consideration of the rapid aging population, we believe
that hypoglycemia and dementia in diabetes should receive greater
attention. In this article, we review the updated information between
hypoglycemia and cognitive dysfunction, and provide relevant
strategies specifically to reduce the potential burdens associated with
hypoglycemia-related dementia in patients with diabetes [10].

Hypoglycemia events may be more common than we know. In
the RECAP-DM study conducted in 5 Asian countries, we found that
symptoms of hypoglycemia, obtained by asking history 6 months
previously, were 35.8% of patients with type 2 diabetes treated with
oral antihyperglycemic agents [14]. Among these patients, symptoms
were severe in 11.6% and very severe in 8.2% of patients experiencing
hypoglycemia [14]. Through continuous glucose monitoring (CGM),
we also identified several midnight asymptomatic hypoglycemia
in a group of patients with diabetes who underwent intensification
of glucose managements by adding or increasing the doses of oral
anti-diabetic agents [15]. In fact, repeated episodes of asymptomatic
hypoglycemia could also be detrimental [15-17].

Hypoglycemia can lead to the development of dementia and an
increased risk of subsequent cognitive dysfunction; alternatively,
dementia in patients with diabetes can also increase the risk of
hypoglycemia [5,12]. Both hypoglycemia and dementia are clinically
underestimated and can seriously affect the quality of life and reduce
the life expectancy of patients with diabetes [5,14,18-21]. These issues
are more complicated in consideration of a bidirectional relationship,
and the reciprocal causation results in a vicious cycle [5,10,12,21]. A
recent meta-analysis of 12 cohorts (total number of patients enrolled:
1,439,818; mean age: 75 years) reported a significantly increased risk
of dementia in patients with hypoglycemic episodes (pooled odds
ratio: 1.68; 95% confidence interval: 1.45-1.95) and a significantly
higher risk of hypoglycemia in patients with dementia (pooled odds
ratio: 1.61; 95% confidence interval: 1.25-2.06) [12]. Other potential
risk factors of hypoglycemia-associated dementia were genetic and
demographic factors; diabetes duration; disease-related complications
and comorbidities; impaired liver, renal and cardiac functions; and
the choice of anti-diabetic drugs (especially insulin or sulfonylurea)
[5,10,22,23].

Several pharmacological and non-pharmacological strategies may
provide new possibilities to break out this viscous circle (Figure 1).
For example, development and implementation of structured care by
team-based approach offered specific strategies to tailor individual
needs and therapeutic glycemic goals. In addition, new anti-diabetic
medications seem to have favorable effects on neuroprotection through
several direct (effects on brain cells) and indirect (improve the general
metabolic abnormalities) mechanisms. Details are described in the
following paragraphs.

Diabetic patients with dementia may have difficulties in
acknowledging symptoms of hypoglycemia and learning how to
avoid hypoglycemia. Therefore, professional education and adopted
team especially with geriatric training appear particularly relevant
[5,24]. In 2013, the International Diabetes Foundation launched a
“Global Guideline for Managing Older People with Type 2 Diabetes”
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Figure 1: Reciprocal association results in a vicious cycle of hypoglycemia and dementia in T2DM.

Structured Care provides possibilities to break out of the viscous circle:

Team-based and patient-centered shared decision making and management by considerations of clinical implications.
«  Multidisciplinary team approach, including specific strategies consistent with key principles.

Direct (effects on brain cells) and indirect (improve the general metabolic abnormalities) effects of antibiotic drugs.

to respond to the rapidly aging population [25]. According to this
guideline, specific recommendations of care programs (including
personalized medications choice and targets) are required for each of
the functional categories. They also address the special considerations
(including hypoglycemia, frailty, and dementia) of elderly patients and
their physical, cognitive, and social needs [25]. Recommendations of
the American Diabetes Association 2016 emphasized that care systems
should support structured educations (self-management and evidence-
based decision support), community involvement (community policies
for identifying and developing resources to support healthy lifestyles,
and moving from a reactive to a proactive care delivery system), patient
registries (using registries that could provide population-based and
patient-specific support to the health-care system) and shared decision
making by team members (including patients, families, caregivers,

physicians, and social supporting systems) to meet individualized
goals and patient needs [26]. The National Institute for Health and
Care Excellence recommendations also suggest that a consultant-led
multidisciplinary team may be involved in primary, secondary, and
community care to ensure that structured education programs are
evidence-based, suit the needs of the patient and are available locally, and
that diabetic patients and their family members or caregivers have the
opportunity to contribute to the design and provision of local programs
[27]. Taken together, team care approach and multidisciplinary
management are mandatory and considered to be effective for the
prevention of hypoglycemia episodes and early detection of cognitive
impairment among diabetic patients.

A number of new anti-diabetic drugs that confer low risk of
hypoglycemia have been introduced in the past decade and have
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changed significantly the medication prescribing practices. This change
is consistent with the clinical guidelines recommended in favor of
medications with lower risk of hypoglycemia [25-31]. In fact, a recent
Canadian population-based study found that the trends of the uses
of anti-diabetic medications being prescribed from 2002 until 2013
changed greatly [31]. They identified a greater number of prescriptions
for metformin and new medications, including dipeptidyl peptidase-4
(DPP4) inhibitors; a decreased percentage of using glyburide; and
an increased use of combinations of medications, even in newly
treated patients [31]. These findings are consistent with those of other
nationwide population-based cohort study [32]. Furthermore, the
overall percentage of hypoglycemia declined during the study period,
the uptake of medications with low hypoglycemia risk and decline in
the use of glyburide may have contributed to this trend [31].

Combination therapy with certain drugs by patient-centered
decision making at submaximal doses that provide better postprandial
glycemic control and lower risk of hypoglycemia may help to promote
effective managements and provide possibilities to avoid long-
term complications of diabetes, including cognitive dysfunction
and dementia [30]. Besides, recent studies reported that some anti-
diabetic medications may promote neuronal survival (Figure 1)
[33,34]. Metformin, a widely accepted first-line agent for patients
with type 2 diabetes, could reduce tissue inflammation and oxidative
stress, normalize the reduction of cell proliferation and neuroblast
differentiation in animal models, activate AMP-activated protein kinase
(AMPK)-dependent pathways, which may act against amyloid-beta-
induced mitochondrial dysfunction and help reduce neuronal injury
[33,35]. A population-based study showed that long-term treatment
with metformin may reduce the risk of cognitive decline in both
cross-sectional (odds ratio: 0.30; 95% confidence interval: 0.11-0.80)
and longitudinal analyses (odds ratio: 0.27; 95% confidence interval:
0.12-0.60) among patients with diabetes [36]. The insulin sensitizer
thiazolidinedione (TZD) is an agonist of the peroxisome proliferator-
activated receptor gamma that may reduce inflammation, modulate
cell-signaling pathways, and improve endothelial functions and
ischemic brain injuries. However, only some studies indicate that TZD
treatment is associated with a reduction in dementia risk [33,34,37].
The glucagon-like peptide 1 (GLP-1) receptor agonist, a kind of incretin
mimetics, may help regulate insulin secretion, overcome an increasingly
recognized GLP-1-resistant state, and improve peripheral and central
insulin signaling. The agents can cross the blood-brain barrier (BBB);
thus, they might have a therapeutic effect for minimizing neuronal cell
loss and even possibly rescuing cognitive decline in Alzheimer’s disease
and other forms of dementia [33,38,39]. Growing evidence suggests that
GLP-1 receptor agonists provide a neuroprotective effect in reducing
tissue damage after cerebral ischemia, increase proliferation of neuro
stem cells, and improve memory performance in animal models, but
clinical trials of these agents in Alzheimer’s disease are still underway
[33,38,39]. DPP4 inhibitors inhibit the degradation of incretins and may
offer neuroprotective effects by increasing GLP-1 levels and decreasing
amyloid beta 42, total tau, and phosphorylated tau levels [33,40]. The
neuroprotective effects of DPP4 inhibitors have been evaluated in cell
cultures and animal models, but not in human clinical trials [41]. Novel
classes of anti-diabetic drugs such as dapagliflozin and canagliflozin
might act as potent dual inhibitors of sodium glucose cotransporter 2
(SGLT2) and acetylcholinesterase. The results are expected to lead to
the development of a therapy for Alzheimer’s disease and diabetes-
associated neurological disorders [42,43].

Dementia is an important but much overlooked complication of
diabetes, which has physical, psychological, and socioeconomic effects
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on diabetes patients, their families, and the society [1]. Hypoglycemic
episodes can lead to the development of dementia in diabetic patients,
while diabetic patients with dementia may face difficulties in detecting
and self-managing hypoglycemia. Anti-diabetic agents with lower risk
of hypoglycemia might provide favorable effects on the central nervous
system. It is hope that multidisciplinary team approach aim to provide
the possibilities and new therapeutic opportunities to break out of the
vicious circle of dementia and hypoglycemia in patients with T2DM.
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