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Abstract

The aim of this systematic review was to analyse whether there is an association

between severe hypoglycaemia and the incidence of dementia in patients with

type 2 diabetes mellitus. We systematically searched the MEDLINE, Scopus, and

Cochrane databases from their inception until September 2022 for observational

studies on the association between hypoglycaemia and the risk of dementia. The

DerSimonian and Laird method was used to compute a pooled estimate of the risk

for such association. Risk ratio (RR) and its respective 95% confidence interval

(95% CI). Two analyses were performed to estimate the risk of dementia: (i) any

hypoglycaemia versus no hypoglycaemia and (ii) a dose–response analysis for one,

two, or more than three hypoglycemic events versus no hypoglycaemia. PROS-

PERO registration number CRD42020219200. Seven studies were included. The

pooled RR for the association of severe hypoglycaemia and risk of dementia was

1.47 (95% CI: 1.24–1.74). When the dose–response trend was analysed, the pooled

RR for the risk of dementia was increased according to the hypoglycaemia events

as follows: 1.29 (95% CI: 1.15–1.44) for one hypoglycemic event; 1.68 (95% CI:

1.38–2.04) for two hypoglycemic events; and 1.99 (95% CI: 1.48–2.68) for three or

more hypoglycemic events. Our study demonstrates a 54% higher risk of de-

mentia among people who suffer a hypoglycaemia event compared to non-

hypoglycaemia. Considering our results and the prevalence of people suffering

from diabetes mellitus, health education for both newly diagnosed and already

diagnosed people could be a useful tool for glycaemic control, thus avoiding

hypoglycaemic events.
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1 | INTRODUCTION

Based on previous evidence, it is estimated that approximately 44

million people worldwide suffer from dementia, mainly affecting

people over 65 years, most of whom live in low‐ and middle‐income

countries. Additionally, the current cost of dementia is estimated to

be 720 billion euros per year, representing a large health and social

cost.1–3 Dementia is a clinical syndrome characterised by acquired

cognitive impairment affecting higher cognitive functions such as

memory, thinking, understanding, and judgement. However, as

mentioned above, dementia is not a single disease; the syndrome can

be developed by nonmodifiable risk factors such as age and genetics

and by modifiable factors, including low education, hypertension,

obesity, and diabetes mellitus.1–5

Among the predictors of dementia, type 2 diabetes mellitus

(T2DM) is associated with a 1.5‐ to 2.5‐fold risk of dementia and

cognitive dysfunction. Although the aetiology of dementia in peo-

ple with T2DM is probably multifactorial, poor glycaemic control,

and the resulting hypoglycaemia, with or without other associated

risk factors, have been shown to promote the development of

cognitive impairment, increasing the risk of dementia in the

elderly.6–10 The interaction between hypoglycaemia and cognitive

impairment has been previously analysed, showing a two‐way

relationship.11

Additionally, when examining the relationship between hypo-

glycaemia and the risk of dementia, certain factors may be consid-

ered. Some population and study characteristics, including age, sex,

and length of follow‐up, could influence this relationship. Further-

more, there is a lack of evidence on the dose‒response effect be-

tween the number of hypoglycemic events and the development of

cognitive impairment. Therefore, the aims of this systematic review

and meta‐analysis were (i) to analyse the dose‒response effect on the

incidence of dementia according to the number of hypoglycemic

events in patients with T2DM and (ii) to analyse whether there is an

association between severe hypoglycaemia and the incidence of de-

mentia in patients with T2DM.

2 | METHODS

Before conducting this systematic review and meta‐analysis, we

registered it in the PROSPERO database (registration number ID:

CRD42020219200). We followed the Cochrane Handbook for Sys-

tematic Reviews of Interventions12 to conduct it and the Preferred

Reporting Items for Systematic Reviews and Meta‐Analyses

(PRISMA)13 to report it.

2.1 | Search strategy

We systematically searched the PubMed, Scopus, Web of Science, and

Cochrane Library databases from their inception until September

2022, searching for articles reporting the association between

hypoglycaemia and the risk of dementia using the following key terms:

‘diabetes mellitus’, ‘type 2 diabetes mellitus’, ‘T2DM’, ‘hypoglycemia’,

‘hypoglycemia’, ‘severe hypoglycemia’, ‘severe hypoglycemia’, ‘de-

mentia’, ‘cognitive impairment’, and ‘mild cognitive impairment’. The

literature search was complemented by reviewing the references of

the articles considered for inclusion in this systematic review and

meta‐analysis.

2.2 | Study selection

The included studies met the following inclusion criteria: (i) partici-

pants with T2DM, (ii) studies searching for the association between

severe hypoglycaemia and the risk of dementia and cognitive decline,

(iii) studies providing data comparing the association between dia-

betes mellitus and the risk of dementia, and (iv) observational studies

providing risk (risk ratio [RR], odds ratio or hazard ratio) of dementia

or including the number of subjects with dementia.

The criteria for excluding studies were as follows: (i) non‐English

or Spanish language reports, (ii) studies without longitudinal

design, (iii) types of publications not suitable as review articles, (iv)

duplicate reports of the same studies, and (v) patients with gestational

diabetes.

When more than one study provided data for the same sample,

those presenting the results in more detail or providing data with a

larger sample size were considered. However, data regarding sample

characteristics could be extracted from multiple reports to obtain the

most complex information.

The literature search was conducted independently by two re-

viewers (CA‐B and MDG‐G), and inconsistencies were resolved by

consensus and involving a third researcher (IC‐R).

2.3 | Data extraction and risk of bias assessment

The following data were extracted from the original reports: (1)

reference (author and year of publication), (2) country, (3) study

design, (4) length of follow‐up, (5) population characteristics (mean

age, type of population, sample size), (6) hypoglycaemia characteris-

tics (measured as number of hypoglycemic events), and (7) dementia

characteristics.

The validated Newcastle‒Ottawa scale was used to assess the risk

of bias of the included cohort studies. In this scale, four points are

assigned for the selection domain, two points for the compara-

bility domain, and three points for the outcome and the adequacy

of the follow‐up domain, with a maximum of nine points. Each

study was rated as ‘good’, ‘fair’, or ‘poor’ quality depending on whether

the study scored more than six, five or less than five points,

respectively.14

Data extraction and risk of bias assessment were conducted

independently by two researchers (CA‐B and MDG‐G), and in-

consistencies were resolved by consensus with the participation of a

third researcher (IC‐R).
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2.4 | Statistical analysis and data synthesis

The DerSimonian and Laird method15 for random effects was used to

compute a pooled estimate of the RR with the respective 95% con-

fidence interval (95% CI). Two analyses were performed to estimate

the risk of dementia: (i) any hypoglycaemia versus no hypoglycaemia

and (ii) a dose‒response analysis for one, two, or more than three

hypoglycemic episodes versus no hypoglycemic episodes. The het-

erogeneity of the results across studies was assessed using the I2

statistic. I2 values were interpreted as follows: might not be impor-

tant (0%–30%); may represent moderate heterogeneity (30%–50%);

substantial heterogeneity (50%–75%); or considerable heterogeneity

(75%–100%). The corresponding p values were also considered.16

Sensitivity analyses were performed to evaluate the robustness

of the summary estimates and to detect whether any particular study

accounted for a large proportion of the heterogeneity. Random‐

effects meta‐regressions were used to investigate whether the re-

sults were associated with the age of participants, the length of

follow‐up, or the percentage of women included in the sample.

Publication bias was evaluated using Egger's regression asymmetry

test17 and through visual inspection of funnel plots.

Statistical analyses were performed using STATA SE software

version 15 (StataCorp).

3 | RESULTS

3.1 | Systematic review

After searching the databases, a total of 995 studies were

selected, of which 114 studies were eliminated due to duplicates.

After selecting 881 studies based on title and abstract, a total of

F I GUR E 1 Reporting Items for Systematic Reviews and Meta‐Analyses (PRISMA) diagram of the systematic literature.
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750 studies were selected for full‐text reading. Fifty studies were

excluded for the following reasons: noneligible publication types,

no people with dementia only, no control group, not including

main outcomes studied, and no intervention. Finally, seven studies

were included in the systematic review and meta‐analysis,9,10,18–22

which analysed the association between severe hypoglycaemia and

the risk of dementia as well as the association between the

number of hypoglycemic events and the risk of dementia

(Figure 1). These studies were conducted in five countries: two in

the United Kingdom,10,21 two in the United States,18,19 one in

Korea,22 one in Canada,20 and one in Taiwan.9 The included

studies were published between 2013 and 2017 and their follow‐
up ranged between 1 and 27 years. The sample size of the

included studies ranged from 279 to 893,115 subjects (including a

total of 981,812 subjects, of which 50.3% were women) aged

between 45 and 75 years. All studies included subjects with T2DM

except two that did not specify the type of diabetes mellitus

(Table 1).

Hypoglycaemia was quantified through hospital records,18–20

clinical diagnosis,9,10,22 and questionnaires.21 Furthermore, the inci-

dence of dementia varied between 8.51% and 72.34% and was

established according to the ICM‐9‐CM diagnosis (International

Classification of Diseases, Ninth Revision, Clinical Modification),19

cognition tests21 or based on hospital records.18,20 Finally, the

studies adjusted the association between hypoglycaemia events and

the risk of dementia, including different variables, with the most

common being age, sex, cardiovascular diseases, comorbidity, de-

mentia, and hypertension (Table S2).

3.2 | Risk of bias

The risk of bias assessed by the Newcastle‒Ottawa scale showed

that 25% of the studies were rated as ‘good’, showing a low risk of

bias, and 75% were rated as ‘moderate’ showing an unclear risk of

bias.

3.3 | Meta‐analysis

The pooled RR for the association of severe hypoglycaemia and

risk of dementia was 1.54 (95% CI: 1.36–1.74). Heterogeneity be-

tween studies was substantial (I‐squared = 60.8%, p = 0.001)

(Figure 2).

TAB L E 1 Characteristics of the included studies

Reference Country

Length of

follow‐up
(years)

Population characteristics Hypoglycemia characteristics Dementia characteristics

Mean age
(years)

Type of
poblation

Sample
size (n) Measurement

No. of
hypoglycemias Measurement

People with
dementia (%)

Chin et al.

(2016)

Korea 8 67.5 � 5.5 DMT2 1957 Diagnosis

code

1 NA Diagnosis

code

2

Feinkohl

et al.

(2014)

Scocia 4 67.7 � 4.16 DMT2 831 Questionnaire ND BVFT, TMT‐B, DSC,

LNS, MR, MHVS

NA

Haroon

et al.

(2015)

Canada 12 73 (69–78) DM 893115 Hospital

records

ND NA NA

Lin y Sheu

(2013)

Taiwan 7 64.2 � 9.9 DMT2 15404 ICD9‐CM 1 NA 72.34

2 19.14

3 or + 8.51

Mehta

et al.

(2017)

United

Kingdom

9 75.25 � 6.55 DMT2 53055 NA 1 NA NA

2

Yaffe et al.

(2013)

United

States

12 >74 � 2.75 DM 783 Hospital

records

NA Hospital records NA

Whitmer

et al.

(2009)

United

States

27 65 � 3.25 DMT2 16667 ICD‐9‐CM 1 ICD‐9‐CM 60

2 28.8

3 or + 17.2

Note: Data are shown as mean � standard deviation (SD) or interquartile range (IR).

Abbreviations: BVFT, Borkowski's verbal fluency test; DSC: Symbols of digits: codification; ICD‐9‐CM, International Classification of Diseases, Ninth

Revision, Clinical Modification; LNS, Sequencing of letters and numbers; MHVS, Escala de vocabularios de Mill Hill junior y senior; MR, Matrix

Reasoning; NA, not available; TMT‐B, Test of creation of B paths.
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Furthermore, when the dose‒response was analysed, the pooled

RR for the risk of dementia was increased according to the number of

hypoglycemic events as follows: (i) 1.29 (95% CI: 1.15–1.44) for one

hypoglycemic event; (ii) 1.68 (95% CI: 1.38–2.04) for two hypogly-

cemic events; and (iii) 1.99 (95% CI: 1.48–2.68) for three or more

hypoglycemic events. Heterogeneity for each number of hypoglyce-

mic events was not important (I2 = 0.0%) (Figure 3).

3.4 | Sensitivity analysis and meta‐regressions

The pooled RR was slightly reduced when the data from the Haroon

et al.20 study were removed from the analyses one at a time.

Additionally, random‐effects meta‐regression models for the

association between hypoglycaemia events and the risk of dementia

showed that age (p = 0.650), percentage of women (p = 0.450), and

length of follow‐up (p = 0.911) were not related to the heterogeneity

across studies (Figures S1, S2 and S3).

3.5 | Publication bias

Publication bias, as assessed by Egger's test and funnel plot asym-

metry, was not found for the association between hypoglycaemia

events and the risk of dementia (p = 0.696) (Figure S4).

4 | DISCUSSION

This systematic review and meta‐analysis provides an overview of

the association between hypoglycaemia events and the risk of de-

mentia in patients with T2DM. Our findings showed a 54% increased

risk of dementia when suffering from hypoglycaemia compared to no

hypoglycaemia. Furthermore, each increment in the number of hy-

poglycemic events increases the risk of dementia by approximately

30%. Finally, age, percentage of women and length of follow‐up did

not seem to influence the association between severe hypoglycaemia

and risk of dementia.

A previous systematic review and meta‐analysis analysed

the two‐way interaction between hypoglycaemia and cognitive

impairment in elderly individuals. In addition to our findings,

this previous systematic review showed that hypoglycemic

events were associated with a higher risk of dementia. Similarly,

F I GUR E 2 Forest plot of pooled hazard ratio estimates of hypoglycemia and dementia.

F I GUR E 3 Trend for the increased risk of dementia according
to the number of hypoglycemias.
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this study showed that cognitive decline, in turn, could jeopar-

dise the management of diabetes mellitus and lead to hypogly-

caemia.11

The mechanism for the onset of this chronic process may be that

when blood glucose drops to low levels, cognitive functions deteri-

orate, and severe hypoglycaemia can cause damage to neurons in the

brain.23 Hypoglycemia commonly occurs in patients with T2DM and

can negatively influence cognitive performance.18 Furthermore, this

association was maintained even after adjusting for age, sex, and

length of follow‐up.

Moreover, our findings demonstrate a dose‒response relation-

ship for the risk of dementia by increasing approximately 30% for

each hypoglycaemia. However, in this study, the association be-

tween severe hypoglycaemia and dementia observed in each study

was consistently confirmed in the results with all studies combined,

although there was substantial heterogeneity (60.8%). Recent evi-

dence has shown that recurrent hypoglycaemia makes the brain

and in particular the hippocampus, more vulnerable to oxidative

damage and neuronal death induced by a subsequent episode of

hypoglycaemia, ultimately leading to cognitive dysfunction.24

Given the magnitude of diabetes mellitus incidence and preva-

lence of those suffering from a hypoglycaemia episode, health edu-

cation for patients with diabetes mellitus is essential.25 Diabetes

education can offer patients options to reduce fear and discourage

decisions that justify poor glycaemic control.26 In addition, the health

costs associated with the admission of people with severe hypo-

glycaemia and the long‐term treatment of people who have devel-

oped dementia as a result of one or more episodes of hypoglycaemia

could be reduced.27 Some of the factors that may be associated with

severe hypoglycaemia and dementia could be functional dependency,

depression, malnutrition, comorbidities, polypharmacy and social

problems,28,29 factors that are not reflected in most studies and

therefore could not be analysed in this systematic review and meta‐
analysis.

Our systematic review and meta‐analysis has some limitations

that should be acknowledged. First, there was a scarcity of studies

comparing the number of hypoglycemic events to estimate the

dose‒response relationship. Second, the included studies differed in

the tools used to measure hypoglycaemia and dementia; however,

all examined the association of hypoglycaemia and the risk of de-

mentia, regardless of how they were reported. Third, there were

differences in the variables used for adjustment in each study,

although most studies included age, education, duration of diabetes,

body mass, race/ethnicity, baseline HbA1c, hypertension, cardio-

vascular disease, and insulin dose. Fourth, most of the studies

showed a moderate risk of bias; therefore, our results should be

interpreted with caution. Fifth, the included articles did not estab-

lish an association between cognitive dysfunction and nonsevere

hypoglycaemia, as they only focussed on severe hypoglycaemia.

Sixth, significant heterogeneity was found, perhaps due to different

population settings, centres, etc. Seventh, a causal relationship be-

tween hypoglycaemia and dementia cannot be established. Eighth,

the included studies only reported cases of severe hypoglycaemia,

disregarding mild or moderate hypoglycaemia. Finally, it should be

noted that the effect was often assessed by very few studies, so the

evidence is low.

5 | CONCLUSIONS

In summary, our study demonstrates a 54% higher risk of dementia

among people who suffer a hypoglycaemia event compared to non-

hypoglycaemia. Furthermore, each increase in the number of hypo-

glycemic episodes increases the risk of dementia by approximately

30%. Considering our results and the prevalence of T2DM, health

education for both newly diagnosed and already diagnosed people

could be a useful tool for blood glucose control and avoiding hypo-

glycemic events. In addition, it would be essential that well‐designed

studies be conducted in the future to strengthen the evidence which

remains weak.
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