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Abstract

Purpose of review Type 2 diabetes (T2D) is a well-established risk factor for the development of dementia. Dementia and T2D
share some underlying pathophysiology that has led to interest in the potential to repurpose drugs used in the management of T2D
to benefit brain health. This review describes the scientific data available on the use of T2D medications for the risk reduction or

management of dementia, in people with and without T2D.

Recent findings Results from basic laboratory research support the potential for commonly-used medications for T2D, including
those with direct glucose-lowering properties, to have a beneficial effect on brain health. However, human studies have been
mostly observational in nature and report conflicting results. Preliminary data suggest that intranasal insulin, metformin, and
GLP-1 agonists show promise for dementia, but confirmatory evidence for their benefit in dementia is still lacking.

Summary Current evidence does not support the repurposing of T2D medications for dementia risk reduction or management.
Research in the field of T2D and dementia is active, and further data are required before definitive conclusions can be drawn.

Keywords Type 2 diabetes - Dementia - Drugs

Introduction

Dementia is a clinical syndrome characterized by progressive
deterioration of cognitive and functional ability resulting in
large health and social care needs. Worldwide, in 2010, an
estimated 35.6 million people had dementia [1]. This number
is expected to double every 20 years [1]. Currently, there are
few pharmacological treatments for dementia, limited to
symptomatic management with temporary benefits.
Moreover, there are no disease-modifying agents for dementia
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[2]. The absence of progress in developing successful treat-
ments for dementia is driving biomedical researchers to ex-
plore not only novel therapeutics but also the potential of
repurposing commonly used drugs indicated for other dis-
eases to reduce the incidence and prevalence of dementia.

Type 2 diabetes mellitus (T2D) is a well-established risk
factor for all cause dementia, including Alzheimer’s dementia
[3-5]. The risk factors and pathophysiological mechanisms
for T2D and dementia are complex and likely overlap, most
notably via either vascular, neurodegenerative, or both path-
ways [6-9]. Indeed, risk factors such as obesity, physical in-
activity, and increasing age, combined with mechanisms such
as insulin signalling changes and insulin resistance, are com-
mon to both T2D and dementia [6, 10+]. Such risk factors and
mechanisms may be theoretically modified by drugs used to
treat T2D. Although there is no evidence supporting glucose-
lowering per se as a strategy to prevent or delay dementia [11]
the clustering of such risk factors and mechanisms have led to
increased interest in drugs used to treat T2D as agents that
may prevent or delay dementia [2, 10+, 11, 12, 13¢]. The aim
of this review is to describe the evidence supporting the use of
such T2D treatments in the prevention, delay, or treatment of
dementia, irrespective of the presence of T2D itself. Where
possible, this review will also include details of currently ac-
tive trials of interest whose results remain unknown.

We conducted a PubMed search using the following terms
“type 2 diabetes and dementia,” restricting to articles published
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in the previous 5 years. Of the 768 articles identified, we ex-
cluded 710 which were not directly relevant to T2D treatments
in dementia, 22 that were review articles, 21 papers based on
animal models, 1 paper that was not written in English, 1 study
protocol, 1 extension of an included study that provided no
extra evidence of relevance to this review, 4 studies based on
analyses in a single large dataset that were superseded by sub-
sequent analysis within the same dataset, and 1 which included
fewer than 99 persons [14]. The remaining seven studies were
included in this review and are summarized in Table 1 and
within the text. Human clinical trials describing the associations
between glucose-lowering agents and dementia risk are de-
scribed in Table 2. A summary of active clinical trials in the
field is provided in Table 3.

Metformin

Metformin, often used as a first-line drug treatment for newly
diagnosed T2D [15], is a biguanide which acts by reducing
glucagon-cAMP signalling and gluconeogenesis, and activat-
ing 5" AMP-activated protein kinase (AMPK) [16]. Results
from rat [17, 18] and mouse [19, 20] models suggest that
metformin may reduce apoptosis of neurons, enhance neuro-
nal glucose transport, and reduce brain oxidative stress
[17-20]. In contrast, metformin may increase A3 concentra-
tions in cell cultures [21].

Results from human studies are conflicting regarding the
use of metformin for preventing or delaying cognitive decline
or dementia and have been only observational in design
[22-25]. In the UK General Practice Research Database
(GPRD), metformin use was associated with a greater risk of
developing Alzheimer’s disease (AD) dementia compared
with those not on metformin (Odds Ratio (OR) 1.71, 95%
CI 1.12-2.60) [22]. However, in this study, neither treatment
duration nor the use of other glucose lowering drugs were
meaningfully associated with AD risk. In another observation-
al but cross-sectional study, those with self-reported T2D and
taking metformin had lower Mini Mental State Examination
scores (OR 2.23, 95% CI 1.05-4.75) than those not on met-
formin [23]. In this study, authors speculate that the explana-
tion for the finding may be because of vitamin B, deficiency
related to metformin. However, the small size of the sample of
people on metformin and the self-report diagnosis of T2D
raise doubts about the validity of the findings and highlight
the need for further investigation. Conversely, in a very large
Taiwanese health insurance dataset, people with T2D (n=
127,209) using metformin were at reduced risk of incident
dementia compared to those not taking metformin (Hazard
Ratio (HR) 0.55; 95% CI 0.51-0.60) [24, 26], after 8 years
of follow-up. After dividing duration of metformin use into
tertiles, the authors also reported that greater duration of met-
formin use was associated with lower risk of dementia, with
the HR for dementia for the first (<27.0 months), second
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(27.0-58.1 months), and third (> 58.1 months) tertiles of cu-
mulative duration of metformin therapy = 0.98 (95% CI 0.89—
1.07), 0.55 (95% CI 0.51-0.61), and 0.29 (95% CI 0.26—
0.32), respectively. Similarly, in the Singapore Longitudinal
Ageing Study, people using metformin (n = 204) had a lower
risk of cognitive impairment (OR 0.49, 95% CI 0.25-0.60)
compared to those not using metformin (» = 161). Further, in
the same study, the authors reported that those taking metfor-
min for > 6 years also had a lower risk of cognitive impair-
ment, compared to those taking it for < 6 years [25]. In a recent
German study, investigators matched 8276 people with diabe-
tes and dementia to 8276 people with diabetes but without
dementia, across 972 general medical practices, by age, sex,
index year and physician — and examined the associations of
various glucose lowering drugs and dementia risk [27¢]. In
that study, metformin as a monotherapy (OR 0.71, 95% CI
0.66-0.76) or as dual therapy with a sulfonylurea (OR 0.90,
95% CI 0.66-0.76), was associated with a lower risk of de-
mentia. In a large study of people aged over 65 years from the
US Veterans database, 5-year dementia risk in those newly
commenced on metformin (n=17,200) was lower (HR =
0.67, 95% CI 0.61-0.73) than in those newly commenced
on a sulfonylurea (n =11,440), particularly in those aged <
75 years [28].

More recently, investigators from five population-based
cohort studies pooled data to further explore the associations
of drugs commonly used in T2D with dementia prevalence,
incidence, cognitive function, and brain structure [13¢]. Of the
3590 people with T2D across the cohorts, there was no asso-
ciation between metformin use (proportions on metformin
ranging between 15 and 80% of cohorts) and cognitive func-
tion, dementia prevalence, or structural brain measures.
Additional adjustment for age, sex, education, physical activ-
ity, body mass index, history of smoking, cardiovascular dis-
ease, stroke, depression, total cholesterol, Hba ;c, and ApoE4,
did not result in an observable association between metformin
use and incident dementia. However, additional statistical
modelling adjusting for renal function showed metformin to
be associated with an increased risk of incident dementia (HR
1.42, 95% CI 1.02-1.98, p=0.04). Overall, published data
available to date raise the possibility of a benefit for brain
health from metformin use, but further evidence from clinical
trials are needed and such trials are beginning to be conducted
(ClinicalTrials.gov Identifier: NCT03733132).

Sulfonylureas

Sulfonylureas block ATP-sensitive potassium channels and
stimulate insulin secretion from beta cells in the pancreas
[29]. Glimepiride may protect against beta amyloid (A [3)—in-
duced synaptic damage [30] in neuronal cultures, and
glibenclamide may enable A3 to be cleared through the
blood-brain barrier in mice with T2D [31]. However, there
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have been very few studies examining the benefit of these
drugs for dementia prevention and treatment in humans.

Sulfonylurea use was not associated with AD risk in the
GPRD database, except when used in combination with met-
formin [22]. Conversely, in the large Taiwanese dataset, those
taking a sulfonylurea were at a lower risk of incident dementia
at 8 years, compared with those with no medication use (HR
0.85, 95% CI1 0.71-1.01) [24]. Furthermore, the combination
with metformin was associated with an even more favourable
(larger) dementia risk reduction (HR 0.65, 95% CI 0.56—
0.74).

In analysis of pooled data from five large population-based
studies, there was no association between sulfonylurea use
(20-49% of cohorts) and incident dementia [13¢]. However,
in subgroup analysis restricted to only those people taking
glucose lowering medications, sulfonylurea was associated
with reduced dementia risk (HR 0.64, 95% CI 0.46-0.88),
when compared to non-use of sulfonylurea. The implications
of this result remain unclear as the authors also reported asso-
ciations between sulfonylurea use and a greater decline in
global cognitive performance and lower total brain volume,
when compared to those using either lifestyle changes or other
glucose lowering medications. These associations were also
no longer present when people with prevalent dementia were
excluded, suggesting that a causal effect may be unlikely.
Taken together, the results of published studies to date suggest
that sulfonylureas are unlikely to have beneficial effects in
modifying dementia risk, but definitive studies are lacking.

Thiazolidinediones

Thiazolidinediones activate the proliferator-activated
receptor-y (PPAR-y), influence glucose metabolism by its
effects on gene transcription, and reduce insulin resistance in
tissues [29]. The potential brain health benefits of pioglitazone
are supported by observational research of the large
Taiwanese health insurance dataset [32, 33], in which pioglit-
azone use was associated with reduced risk of dementia (HR
0.72 95% CI1 0.55-0.94) particularly in those with the longest
duration of use [32]. In further research of the same sample
dataset, the authors reported that the use of pioglitazone in
addition to metformin in people with T2D was associated with
a lower risk of dementia (HR 0.56 95% CI 0.34-0.93), com-
pared to a combination of metformin and sulfonylurea [33].
There was also a trend for a beneficial effect of pioglitazone
over other second-line treatments coupled with metformin in
reducing dementia risk, but these differences were not statis-
tically significant. Pioglitazone was also associated with im-
provements in cerebral perfusion and cognition, specifically
working memory, in a small-sized randomized controlled trial
(n=42) [34]. However, the results of a randomized trial of
either rosiglitazone or glyburide in people with T2D but no
dementia for 24 weeks reported similar improvements in

@ Springer

working memory in both groups [35]. As both interventions
resulted in improvements in glycemic control as well as in
insulin levels, it is difficult to uncouple whether the effects
are due to changes in insulin sensitivity, glucose levels, or
both. Although pioglitazone is the most commonly used
thiazolidinedione, potentially beneficial effects may not be
limited to only this agent. In the German case-control studies
described above, thiazolidinedione use in general was report-
ed to be associated with a reduction in risk of dementia (OR =
0.80, 95% CI 0.68-0.95) [27¢]. In sum, while
thiazolidinediones may have potentially beneficial effects on
brain health, the clinical applicability of these results is offset
by adverse risks, notably cardiovascular events and bladder
cancer [36]. The development of agents with similar benefits
without these harmful side effects may provide further
opportunities.

Glucagon-Like Peptide-1 (GLP-1) Agonists

GLP-1 receptor agonists act via insulin secretion enhancement
and glucagon secretion inhibition, and undergo degradation
by dipeptidyl peptidase (DPP-4) [37]. These agonists may
have beneficial effects on synaptic plasticity and protect
against oxidative stress, effects which are potentially acting
through receptors expressed in the brain [38, 39]. GLP-1 re-
ceptor agonists have been shown to have beneficial effects
including protecting against impairments in cognitive tasks
and hippocampal plasticity, as well as lowering of A plaque
burden and its associated inflammatory response, albeit in
small studies of animal models of AD [40]. The limited data
to date suggest that while GLP-1 agonists may show promise
in the treatment of dementia, their efficacy remains to be dem-
onstrated in humans, including in clinical trials which are al-
ready underway [41, 42] (NCT03707171, NCT02847403,
NCT01843075).

Dipeptidyl Peptidase IV (DPP-4) Inhibitors

Inhibitors of dipeptidyl peptidase IV (DPP-4) or “gliptins”
increase [3 cell insulin response to glucose and reduces gluca-
gon secretion by minimizing GLP-1 degradation [43]. There
have been few studies to examine their effect on cognition in
people with T2D. The use of DPP-4 inhibitors, independent of
glucose control, in people with T2D and mild cognitive im-
pairment (MCI) was associated with better cognitive function
in a retrospective observational study [44]. A large study
leveraging the Korean National Health Insurance Senior co-
hort used propensity score matching, to compare people new-
ly initiated to DPP-4 inhibitors and people newly initiated to
sulfonylurea [45]. In this study, new DPP-4 users had a lower
all-type dementia risk (HR 0.66; 95% CI 0.56-0.78;
p<0.001) and Alzheimer’s disease type dementia risk (HR
0.64; 95% CI 0.52-0.79; p<0.001) over 4 years. Few
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prospective data are available. In a small prospective observa-
tional study, people with and without AD (205 people) were
followed over 6 months, some of whom had been commenced
on sitagliptin [46]. The authors reported that sitagliptin use
was associated with an increase in Mini Mental State
Examination score at 6 months of approximately one unit in
those with (n = 11) and without dementia (n =43). Although
these data show promise, the efficacy of DPP-4 inhibitors in
dementia remain unknown, and the publication of results from
two large completed clinical trials of the drug linagliptin is
soon anticipated (NCT03819127) [47, 48].

Insulin

Insulin promotes serum glucose uptake in the periphery as
well as the central nervous system [12]. Insulin dysregulation
occurs early in T2D, and can also occur in dementia, and
represents a potential therapeutic target to modify the risk of
cognitive impairment [6, 12]. Some observational studies
have shown insulin use in people with T2D to be associated
with greater dementia risk [27¢]. However, caution should be
exercised in the interpretation of these data as the use of insu-
lin in T2D is usually associated with longer duration of dis-
ease, poor glucose control or more complications, and hence
may be a marker of diabetes severity rather than a true risk
factor for dementia. One study randomized people with
dysglycemia (n=3392, mean age 63 years) to either long-
acting insulin, omega-3 fatty acid or standard care, to achieve
a fasting blood glucose of <5.3 mmol/L. The investigators of
this Outcome Reduction with Initial Glargine Intervention
(ORIGIN) study reported that after 6 years of follow-up, cog-
nition was similar in the insulin and omega-3 fatty acid arms
[49].

Intranasal inhaled insulin is of interest as a therapy for demen-
tia even in people without T2D, given the high concentration of
insulin receptors in several areas of the brain relevant to dementia
[50, 51]. The presence of these receptors supports insulin-
mediated neuronal glucose uptake [6, 52, 53] and may reduce
brain insulin resistance which is recently thought to be one of the
plausible underlying mechanisms of AD pathology [6, 54, 55].
Insulin may also reduce the formation of, and synaptic toxicity of
A oligomers [51, 56, 57]. Although intravenous insulin infu-
sion and normalization of glucose may improve memory scores
in people with AD without T2D, [58] it carries a risk of periph-
eral hypoglycemia. In contrast, the use of intranasal insulin can
increase intracerebral insulin levels without such a peripheral
effect. In a small-scale trial (n = 104), intranasal insulin, when
compared to placebo, was shown to be beneficial for cognition
and function in people with MCI or mild to moderate AD [50].
Intranasal long-acting insulin also showed promise in improving
memory in two small trials of a similar sample [54] of people
with AD or MCI [59, 60]. In contrast to these data, the combi-
nation of 8 weeks of high-dose vitamin D (for insulin receptor

upregulation) with a 2-day dose of intranasal insulin administra-
tion in another small trial (n = 32) did not show benefit for cog-
nition [61]. It is possible that a longer duration of intranasal
treatment intervention may have resulted in a more positive re-
sult. Overall, the potential benefits of intranasal insulin for
preventing or delaying cognitive decline in people with and with-
out T2D warrant further investigation and such studies are still
ongoing (NCT02462161, NCT02415556, NCT02503501) [62].

Conclusion

In summary, there appears to be equipoise from human obser-
vational studies whether or not T2D medications have bene-
ficial effects on dementia risk and symptomatology, including
in persons with and without T2D. Drugs that increase insulin
sensitivity or improve glucose uptake in the brain, such as
intranasal insulin, show some promise. RCT evidence is ex-
pected to become available in the near future. Oral agents such
as metformin and GLP-1 receptor agonists, either individually
or in combination, are also attractive agents for further inves-
tigation, with some observational evidence supporting their
potential benefit, and because they may act via mechanistic
pathways plausibly involved in dementia. More research and
stronger evidence are required before clinicians would be able
to recommend any of the currently available diabetes therapies
for dementia and brain health.
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