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A B S T R A C T

In addition to increased risks of macrovascular and microvascular complications, patients

with type 2 diabetes mellitus (T2DM) usually also are at increased risk for cognitive impair-

ment and dementia. Hypoglycemia, a common consequence of diabetes treatment, is con-

sidered an independent risk factor for dementia in patients with T2DM. Hypoglycemia and

dementia are clinically underestimated and are related to poor outcomes; thus, they may

compromise the life expectancy of patients with T2DM. Epidemiological evidence of

hypoglycemia-associated cognitive decline and dementia is highly varied. Acute, severe

hypoglycemic episodes induce chronic subclinical brain damage, cognitive decline, and

subsequent dementia. However, the effects of recurrent moderate hypoglycemia on cogni-

tive decline and dementia remain largely uninvestigated. Poor glycemic control (including

fluctuation of hemoglobin A1C [HbA1c] and glucose values) and the viscous circle of bidi-

rectional associations between dementia and hypoglycemia may be clinically relevant.

The possible pathophysiological hypotheses include post-hypoglycemic neuronal damage,

inflammatory processes, coagulation defects, endothelial abnormalities, and synaptic

dysfunction of hippocampal neurons during hypoglycemia episodes. This article reviews

previous findings, provides insight into the detection of groups at high risk of

hypoglycemia-associated dementia, and proposes specific strategies to minimize the

potential burdens associated with hypoglycemia-related neurocognitive disorders in

patients with T2DM.
� 2016 Elsevier Ireland Ltd. All rights reserved.

http://dx.doi.org/10.1016/j.diabres.2016.04.004
0168-8227/� 2016 Elsevier Ireland Ltd. All rights reserved.

* Corresponding author at: Division of Endocrinology and Metabolism, Department of Internal Medicine, Taichung Veterans General
Hospital, No. 1650, Sec. 4, Taiwan Boulevard, Taichung 407, Taiwan. Tel.: +886 4 2374 1300; fax: +886 4 2374 1318.

E-mail address: whhsheu@vghtc.gov.tw (W.H.H. Sheu).

d i a b e t e s r e s e a r c h a n d c l i n i c a l p r a c t i c e 1 1 6 ( 2 0 1 6 ) 2 7 9 –2 8 7

Contents available at ScienceDirect

Diabetes Research
and Clinical Practice

journal homepage: www.elsevier.com/locate/diabres

http://crossmark.crossref.org/dialog/?doi=10.1016/j.diabres.2016.04.004&domain=pdf
http://dx.doi.org/10.1016/j.diabres.2016.04.004
mailto:whhsheu@vghtc.gov.tw
http://dx.doi.org/10.1016/j.diabres.2016.04.004
http://dx.doi.org/10.1016/j.diabres.2016.04.004
http://dx.doi.org/10.1016/j.diabres.2016.04.004
http://www.sciencedirect.com/science/journal/01688227
http://www.elsevier.com/locate/diabres


Contents

1. Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 280

2. Epidemiological association between hypoglycemia and cognitive decline and dementia . . . . . . . . . . . . . . . . . . . . . . 280

2.1. Clinical evidence of hypoglycemia and cognitive decline. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 282

2.2. Clinical evidence of hypoglycemia and dementia. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 282

3. Possible pathophysiological links between hypoglycemia and dementia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 282

3.1. Post-hypoglycemic encephalopathy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 282

3.2. Specific structural changes after hypoglycemic brain injury . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 282

3.3. Ischemic and cerebral vascular events caused by hypoglycemia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 284

4. Potential risk factors of hypoglycemia-associated dementia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 284

5. Suggested management strategies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 284

5.1. Comprehensive education and monitoring of blood glucose levels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 284

5.2. Appropriate medication regimens. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 284

5.3. Individualized glycemic targets. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 284

5.4. Early detection of dementia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 285

6. Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 285

Authors’ contributions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 285

Conflict of interest . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 285

Funding sources . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 285

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 285

1. Introduction

The pandemic of type 2 diabetes mellitus (T2DM) and the sub-

sequent burden of disease-related morbidity and mortality

have resulted in a global health issue [1,2]. In addition to

affecting various peripheral organs, diabetes may also injure

the central nervous system [1,3]. T2DM is a risk factor for

dementia (Table 1) [3,4]. Results from the Action to Control

Cardiovascular Risk in Diabetes-Memory in Diabetes

(ACCORD-MIND) trial reported that a 1% increase in hemoglo-

bin A1C (HbA1C) values was associated with significantly

lower scores in several cognitive tests [5]. Other studies have

also shown that higher HbA1c levels were associated with

lower cognitive score, more rapid cognitive decline, and

greater rate of brain atrophy [3,5–9]. Although the causes of

cognitive impairment in T2DM might be multifactorial, some

investigators believe the relationship between poor glycemic

control and impaired cognitive function is independent of

other metabolic syndrome components [10–12].

Cognitive impairment and dementia may significantly

contribute to the impairment of many functions, increased

risks of fall and fractures [13], enhanced depressive symp-

toms [14], and altered quality of life [3,4], and may be an inde-

pendent predictor of clinical outcomes of T2DM patients

[3,4,15]. In a 2-year follow-up study, cognitive function at a

low-normal level was associated with a 20% increase in mor-

tality compared to higher normal levels among aged patients

with diabetes [16].

To avoid these long-term complications, patients with dia-

betes were encouraged to achieve optimal glycemic control.

However, hypoglycemia, a common consequence of diabetes

treatment, is associated with severe morbidity and life-

threatening conditions, and has become a major barrier to

intensifying antidiabetic therapy [17–19]. Hypoglycemia is

categorized as ‘‘mild” or ‘‘severe” according to the severity

of the episode and can either be self-limiting or not. Plasma

concentrations less than 70 mg/dL are the standard cutoff

values for classification of hypoglycemia in diabetes [20,21].

Several studies proposed that hypoglycemia increases the

risks of cardiovascular events and cerebrovascular disease,

as well as disease-related mortality [19,22–24]. Previous stud-

ies indicated that hypoglycemic episodes are associated with

increased risks of dementia [3,19,22,25,26], and several stud-

ies reported the association between hypoglycemia and brain

damage [19,27–30]. Both hypoglycemia and dementia are

related to clinical outcomes, and have received increasing

attention in the management of patients with T2DM.

2. Epidemiological association between
hypoglycemia and cognitive decline and dementia

Studies on the relationship between hypoglycemia and

dementia have been difficult, and the published results are

inconsistent [31]. These discrepancies may reflect the differ-

ent definitions of cognitive impairment, various age of the

study subjects, missing information on the comorbidities

and severity of diabetes, and the different durations and

intensities of the hypoglycemic episodes [3,31]. Dementia is

a syndrome caused by various diseases and injuries that

affect the brain. It presents as memory loss and decline in

mental ability that is severe enough to interfere with activi-

ties of daily living and is commonly accompanied by cognitive

function impairment, while it does not affect consciousness

[3,32,33]. Alzheimer’s disease is the most common cause of

dementia; however, vascular dementia, a mixed form of

dementia, and other conditions (e.g., dementia with Lewy

bodies and dementia in Parkinson’s disease) also contribute

to the progression of cognitive dysfunction [32,33]. Mild cogni-

tive impairment, which represents the transitional phase

from normal to subsequent dementia, has also been longitu-

dinally correlated with diabetes and hypoglycemia [3,34].
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