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EXSCEL randomized placebo controlled trial
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Abstract

Background Glucagon-like peptide-1 receptor agonists are a viable option for the prevention of Alzheimer’s disease
(AD) but the mechanisms of this potential disease modifying action are unclear. We investigated the effects of once-
weekly exenatide (EQW) on AD associated proteomic clusters.

Methods The Exenatide Study of Cardiovascular Event Lowering study compared the cardiovascular effects of EQW
2 mg with placebo in 13,752 people with type 2 diabetes mellitus. 4,979 proteins were measured (Somascan V0.4)
on baseline and 1-year plasma samples of 3,973 participants. C-reactive protein (CRP), ficolin-2 (FCN2), plasminogen
activator inhibitor 1 (PAI-1), soluble vascular cell adhesion protein 1 (sVCAM1) and 4 protein clusters were tested in
multivariable mixed models.

Results EQW affected FCN2 (Cohen’s d -0.019), PAI-1 (Cohen’s d -0.033), sVCAM-1 (Cohen’s d 0.035) and a cytokine-
cytokine cluster (Cohen’s d 0.037) significantly compared with placebo. These effects were sustained in individuals
over the age of 65 but not in those under 65.

Conclusions EQW treatment was associated with significant change in inflammatory proteins associated with AD.
Trial Registration EXSCEL is registered on ClinicalTrials.gov: NCT01144338 on 10th of June 2010.
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Background
Repurposing existing medications for the prevention of
Alzheimer’s disease (AD) is a viable strategy with sev-
eral promising compounds having been put forward [1].
Among these glucagon-like peptide-1 receptor agonists
(GLP-1 RAs), currently marketed for glycaemic control
in type 2 diabetes mellitus (T2DM) and for weight loss
[2], offer a novel mechanism to modify neurotoxicity in
individuals at-risk for AD. GLP-1 RAs are incretins which
enhance glucose-dependent insulin secretion, slow gas-
tric emptying, and reduce both postprandial glucagon
secretion and food intake [3]. The effect is to reduce post-
prandial glycaemia without increasing the risk of hypo-
glycaemia. Importantly for dementia research, this class
of compound has been shown to be anti-inflammatory,
reduce cerebrovascular risk [4], to have effects on neural
tissue [5, 6]. They can also be given safely in people with-
out diabetes due to the low risk of hypoglycaemia.
Evidence for the potential efficacy of GLP-1 RAs in
dementia comes from preclinical research showing that
GLP-1 receptors are involved in neurogenesis [7]. Mouse
models featuring over-expression of GLP-1 receptors
in the hippocampus demonstrated increased neural
growth and improved learning [8] while GLP-1 receptor
knock-out mice had impaired cognition and evidence for
impaired hippocampal function [9].
Pharmaco-epidemiological studies have demonstrated
reduced dementia incidence in patients prescribed
GLP-1 RAs [10, 11]. A nested case-control study based
on dementia diagnosis within a cohort of 176,000 people
with T2DM showed that GLP-1 RAs, alongside met-
formin, dipeptidyl peptidase 4 (DPP4) inhibitors, and
sodium-glucose transport protein 2 (SGLT2) inhibitors,
are associated with significantly reduced dementia odds
ratios after adjusting for demographic and T2DM-related
confounders relative to other T2DM therapies: insulin,
sulfonylureas and glinides combined, glitazone and acar-
bose (hazard ratio 0.58, 95% CI 0.50-0.67) [11]. In addi-
tion, increasing exposure to GLP-1RAs over time resulted
in a further gradual decrease in the risk of dementia. A
paper reporting dementia-related outcomes in 15,820
individuals from three placebo-controlled cardiovascular
outcome trials (LEADER, PIONEER 6 and SUSTAIN-6),
as well as a national healthcare register-based cohort of
120,054 individuals, found strikingly similar results [10].
The authors found a reduced dementia hazard ratio for
GLP-1 RAs of 0.47 (95% CI 0.25-0.86) and 0.89 (95% CI
0.86—0.93) in the trial and cohort data respectively. An
increase in yearly exposure to GLP-1 RAs was associ-
ated with further dementia benefit that primarily affected
younger individuals (aged <70 years), suggesting an age-
dependent effect. In a further retrospective cohort study
in patients with T2DM [12] we found that 12-month
exposure to a GLP-1 RA (semaglutide) was associated
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with a reduced risk for cognitive deficit compared with
sitagliptin (HR 0.72, 95% CI 0.64-0.80; n=23,386) and
glipizide (HR 0.72, 95% CI 0.63-0.81; #=19,206), and for
new onset dementia compared with sitagliptin (HR 0.52,
95% CI 0.40-0.68).

The existence of legacy biomarker samples from
already completed trials testing GLP-1 RAs in other dis-
ease areas offer a timely opportunity to further explore
the capacity of this class of compounds to alter demen-
tia-related pathophysiology. High dimensional proteomic
panels enable extensive examination of biomarker-dis-
ease correlates and previous work has shown associations
of protein clusters with AD pathology [13, 14]. In one of
the largest studies to-date, our group identified 4 pro-
tein pathway clusters (metabolic, two cytokine-cytokine
receptor interactions, and an undifferentiated one) in a
dementia cohort that differentiated individuals with bio-
marker evidence for AD from controls [15].

In this post-hoc analysis of the Exenatide Study of Car-
diovascular Event Lowering (EXSCEL) [16], we sought
to provide further evidence for the potential efficacy and
mechanism of action in relation to AD of once-weekly
exenatide (EQW), a GLP-1 RA, while accounting for
the effect of non-modifiable (age) and modifiable (previ-
ous cardiovascular events) risk factors. We hypothesized
that EQW, compared with placebo, would be associated
with significant changes in protein clusters previously
shown to be upregulated in AD. We explored subgroup
effects based on age and history of previous cardiovascu-
lar events based on our hypothesis that GLP-1 RAs may
have differential effects in patients with earlier onset of
neurodegeneration through its typically more aggressive
course [17] and in patients where the neurodegeneration
may be cerebrovascular in etiology.

Methods

Participants

EXSCEL was a multinational, double-blind, placebo-
controlled, randomized trial evaluating the impact of
the EQW on CV outcomes in people with T2D [16]. It
enrolled 14,752 participants (73.1% with and 26.9%
without previous CV disease at 687 sites in 35 coun-
tries between June 2010 and September 2015. They were
randomized to subcutaneous EQW 2 mg or placebo for
1 year and followed for a median of 3.2 years. Eligible
participants were adults with type 2 diabetes (defined as
an HbAlc concentration of 6.5-10.0% [48 to 96 mmol/
mol]) receiving up to three oral glucose-lowering agents,
or insulin alone or with up to two oral glucose-lowering
agents. Exclusion criteria included end-stage kidney dis-
ease or an estimated glomerular filtration rate (eGFR)
of less than 30 ml/ min/1.73 m? high risk for medul-
lary thyroid carcinoma, previous use of GLP-1 RA, or
at least two severe hypoglycaemic episodes within the
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preceding year. While dementia was not an exclusion cri-
terion, participants were required to be able to provide
informed consent and thus this minimizes the likelihood
of dementia cases at baseline. In addition, we conducted
an exploratory natural language processing analysis of
adverse event reports (mentions of relevant symptoms,
medications, and diagnosis) related to dementia did not
uncover statistically significant differences between the
randomized groups. The trial protocol was approved by
the ethics committee at each participating site (Scotland
A Research Ethics Committee in the UK), and all patients
provided written informed consent in accordance with
the Declaration of Helsinki.

EXSCEL enrolled 14,752 participants (73.1% with and
26.9% without previous CV disease). They were ran-
domized to subcutaneous EQW 2 mg or placebo for
12 months and followed for a median of 3.2 years. Bio-
marker samples were collected from consenting partici-
pants in a subset of sites at baseline and at 1 year (See
Supplementary Table 1 for a comparison of overall and
biomarker cohorts). Full trial results and CONSORT
table are available in the EXSCEL primary results publi-
cation [18].

Proteomic profiling

Plasma proteins were measured using the SomaScan
assay platform (SomaLogic Inc.), which uses slow off-rate
modified DNA aptamers (SOMAmers) to bind to target
proteins and quantify the relative concentrations of pro-
teins. For this study, we used the v.4 assay comprising of
4,979 human proteins SOMAmer reagents mapped to
4776 unique proteins.

For this study, we focused our analysis on 4 pro-
teins and 4 protein clusters that have been shown to
be increased in AD(15). The individual proteins were
C-reactive protein (CRP), ficolin-2 (FCN2), plasmino-
gen activator inhibitor 1 (PAI-1) and soluble vascular cell
adhesion protein 1 (sVCAM-1). There are two aptamer
agents targeting FCN2 on the SomaScan assay platform
and we included both in our analyses. The protein clus-
ters were two cytokine-cytokine receptor interaction
pathways (M2 and M3 pathways), a metabolic pathway
(M4 pathway) and an undifferentiated one (M8 pathway).
We did not have 100% overlap between the proteins in
each cluster and those available in EXSCEL. The percent-
age of proteins available in EXSCEL for M2, M3, M4, and
M8 was 91.2%, 97.7%, 94.8%, and 100%, respectively (See
Supplementary Table 2 for a list of included proteins).

Statistical analyses

Individuals with outlier values, defined as values>6
median absolute deviations away from the median for
either baseline or follow-up, were removed from the
analysis of that particular protein. Outlier assessment
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and removal were performed before calculating cluster
scores. All proteins were scaled to a mean 0 and standard
deviation 1 distribution before analyses. As we wanted to
assess the 1-year change in proteins, we scaled baseline
proteins and then used these baseline attributes to scale
the 1-year proteins. To create the score, we took the aver-
age of the scaled proteins in each cluster. The range of
outlier percentage was 0 —1.37% for our nine endpoints
of interest.

Wilcoxon signed rank tests, a non-parametric alterna-
tive to the paired t-tests, were used to assess which indi-
vidual proteins and protein clusters changed between
baseline and 1-year. This was done for the entire sample
of participants, and in analyses stratified by age (<65 and
>65 years), and by history of prior cardiovascular events
(defined as history of a major clinical manifestation of
coronary artery disease; ischemic cerebrovascular dis-
ease, including history of ischemic stroke or carotid arte-
rial disease; atherosclerotic peripheral arterial disease).

To assess which proteins and protein clusters changed
as a function of treatment (EQW or placebo), we fitted
three-stage (nested) hierarchical linear mixed-effects
models with participant as the random effect. For the
first-stage model (Model A), we modelled protein levels
as a function of timepoint, treatment, and the interaction
between timepoint and treatment. For the second-stage
model (Model B), we repeated the base-stage model,
while adjusting for age and sex. For the third-stage model
(Model C), we repeated the second-stage model, while
adjusting for smoking status, systolic blood pressure
(SBP), body mass index (BMI), diabetes duration, hae-
moglobin Alc (HbAlc), baseline estimated glomerular
filtration rate (eGFR), and lipids (low density lipoprotein
(LDL) cholesterol, high density lipoprotein (HDL) cho-
lesterol, and triglycerides). As an exploratory analysis,
we repeated these linear mixed models for the individual
proteins included in each protein clusters.

Multiple comparisons were corrected using the Ben-
jamini-Hochberg procedure for the Wilcoxon-signed
rank analysis and model A of the linear mixed model
analyses, with significance being determined by false
discovery rate adjusted p value (FDR p)<0.1. For all
other analyses, significance was determined by nominal
p<0.05. All statistical analyses were conducted using R
v4.2.1.

Results

Of the 5668 EXSCEL participants who provided bio-
marker samples, we selected 3973 who had baseline and
1-year blood samples (Fig. 1). Table 1 shows the baseline
characteristics of the EQW and placebo groups, which
did not differ significantly in terms of age, sex, ethnic-
ity, geographic region, smoking status or cardiovascu-
lar medical history. From baseline to 1-year, there were
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Fig. 1 CONSORT diagram of included samples

small but statistically significant changes in FCN2, PAI-1,
sVCAM-1 and M3 score in the overall group of partici-
pants. Endpoints that decreased from baseline to 1-year
included FCN2 (Cohen’s d -0.019, FDR p=0.035) and
PAI-1 (Cohen’s d -0.033, FDR p=0.013); while sVCAM-1
and M3 score increased (Cohen’s d 0.035 and 0.037, FDR
p=0.005 and 0.017, respectively) (Table 2). These change
directions remained consistent in subsequent risk fac-
tor sub-analyses. For participants>65 years, the same
proteins/ clusters were significant (FDR p range 3.0e™*
— 0.07). M2 score significantly increased as well (FDR p
0.07, Cohen’s d 0.059). For participants aged<65 years,
there were no significant changes in proteins after adjust-
ment for multiple comparisons. In participants with
prior cardiovascular events, there were significant, but
small decrease in FCN2 and increase in sVCAM-1 and
M2 scores from baseline to 1-year (FDR-adjusted p range
0.001-0.054, Cohen’s d range —0.029-0.055). For those
without a history of prior cardiovascular events, there
was a statistically significant, but small, decrease in PAI-1
from baseline to 1-year (FDR-adjusted p value 0.099,
Cohen’s d -0.024).

Levels of several endpoints significantly changed dif-
ferently between participants in the placebo and the
once-weekly exenatide group. Across participants mixed-
models revealed a significant interaction (FDR p values
range 3.9 % — 0.061) between treatment and timepoint
for several proteins including CRP, sVCAM-1, M3, and
M8 whereby they decreased (or increased less) after
1-year EQW treatment compared with placebo (Fig. 1).
FCN2 and M2, on the other hand, significantly decreased
less (increased more) in the EQW group compared
with the placebo group over 1-year. As an outlier sensi-
tivity analysis, we repeated model A as well as the Wil-
coxon signed rank test for the individual proteins with

all outliers included, and the results did not substantially
change (Supplementary Table 3.1 and 3.2).

After adjustment for age and sex only (Model B) these
significant interaction effects remained. FCN2, sVCAM-
1, CRP as well as M2, M3 and M8 across participants
(nominal p 3.3e”7 — 0.044). For model C (adjustment for
age, sex, smoking, SBP, DBP, BMI, HbA, -, HDL-choles-
terol, LDL-cholesterol, triglycerides, diabetes duration,
and eGFR), the sample size dropped to 2933 participants
due to missing lipid values at baseline. The significant
change by treatment in FCN2, sVCAM1, CRP, M3, and
MBS remained (nominal p 5e™° — 0.024, Table 3).

In participants older than 65 years, FCN2 and M2
increased in the EQW group compared to placebo, while
CRP decreased (FDR p 0.028-0.079). CRP lost signifi-
cance in the interaction term in our model C adjustment.
In participants<65 years of age, 1-year of EQW treat-
ment compared with placebo associated with decreased
levels of PAI-1, sVCAM-1, CRP, M3, and M8 (FDR p
2.3e”° — 0.088), the last four of which remained signifi-
cant after model C adjustment (Fig. 2; Table 3).

Among those with prior cardiovascular events, 1-year
of EQW treatment, compared with placebo, associated
with an increase in FCN2 and M2, and a decrease in CRP,
M3, and M8 in participants with prior CV events (FDR
p 8e~* — 0.089). These significant interactions remained
after model C adjustment, except for M2. In those with-
out history of prior CV events, sVCAM-1 and CRP sig-
nificantly decreased with EQW treatment throughout
models A to C (Fig. 3; Table 3).

An exploratory analysis of the proteins included in the
four protein pathways showed that, after adjusting for
covariates (third stage model) and multiple comparisons,
273 proteins changed differentially from baseline to 12
months for the placebo and EQW groups (FDR-adjusted
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Table 3 P values for the interaction term in Model C (adjusted for age, sex, smoking, SBP, DBP, BMI, HbA, , HDL-cholesterol, LDL,
triglycerides, diabetes duration, and eGFR), overall, for participants <65 or > 65 years old, and for those with or without prior

cardiovascular events

Overall Age>65 Age <65 Prior CV No prior CV

Target Interaction P statistic Interaction P statistic Interaction P statistic Interaction P statistic Interaction P statistic
FCN2 0.024* 0.005* 0.524 0.009* 0.955

PAI-1 0.381 0.367 0.077 0.242 0.794
SVCAM-1 0.006* 0.330 0.006* 0.058 0.026*

FCN2 0.781 0451 0.397 0.848 0.824

CRP <0.001* 0.079 <0.001* 0.001* 0.031*

M2 score 0.146 0.012* 0.925 0.201 0493

M3 score 0.003* 0310 0.003* 0.000* 0.752

M4 score 0.102 0.093 0420 0.245 0.230

M8 score 0.008* 0.466 0.006* 0.006* 0525

CRP: C-reactive protein, FCN2: Ficolin-2, PAI-1: Plasminogen activator inhibitor 1, sVCAM1: soluble vascular cell adhesion protein 1, CV: cardiovascular (CV)

* denotes statistically significant results (nominal p-value <0.05)

Interquartile plot of significant endpoints

CRP FCN2 M2score
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02 0.4- 0.05-
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0.2~ 0.2- 0.50 - on
0.1- 0.1- 0.25-
0.0- 0.0~ 0.00-
-0.1- 014 S
-0.50-
-0.2- N
[ [ -02 ] 1 '075 = ' '
Placebo EQW 2 mg Placebo EQW 2 mg Placebo EQW 2 mg

Fig. 2 Interquartile plots by visit and treatment of endpoints with a significant interaction term in model A (FDR p < 0.1). Abbreviations: C-reactive protein

(CRP), Ficolin-2 (FCN2), vascular cell adhesion protein 1 (VCAM1)

given its role in vascular remodeling and arterial stift-
ening [24]. sVCAM-1 has also been shown to associate
with impaired cerebrovascular reactivity [25] which has
relevance to AD [26]. To this end, VCAM-1 is higher in
patients with AD compared to healthy age-matched con-
trols [27] while in initially cognitively healthy adults it
was shown to associate with cumulative incidence of cog-
nitive impairment over a 10-year period, independently
of age, education, and cardiovascular risk factors [28]. In
the current study, 1-year treatment with EQW resulted
in reduced levels of VCAM-1, a finding that was seen in
participants<65 years of age and in participants without
any history of prior cardiovascular events. This suggests
that the beneficial effects of GLP-1 RAs on dementia risk

that are mediated through cerebrovascular mechanisms
may be more pronounced in individuals without existing
vascular pathology.

Whilst the results of our study have shown that 1-year
EQW treatment reduces levels of some AD-related
inflammatory proteins, our results also showed that
EQW treatment increases levels of FCN-2. FCN-2 is a
hepatic soluble pattern recognition molecule that can
detect pathogen-associated molecular pattern (PAMP)
on the surface of foreign particles. Such pattern recog-
nition molecules are part of the innate immune system,
functioning as the initial immunological and non-specific
response against pathogens. It is known that FCN2, like
CRP, functions as an opsonin, encouraging phagocytosis
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Fig. 3 Interquartile plots for endpoints with significant interaction terms in model A in either subgroup. (*) indicates that the interaction term remains

significant after adjusting for covariates (model C)
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Fig. 4 Interquartile plots for endpoints with significant interaction terms in model A in either subgroup. (*) indicates that the interaction term remains

significant after adjusting for covariates (model C)

of pathogens when it binds to the carbohydrate, N-acetyl-
d-glucosamine [29]. Thus, higher FCN2 may be reflec-
tive of functioning immune system which contributes
to effective clearance of abnormal amyloid and tau. In

people across the AD spectrum, FCN2 is increased in
those with lower levels of CSF phosphorylated tau [30]
and larger entorhinal cortex volumes [14]. In the current
study, we found that 12-months of exenatide increase
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% change in the EQW group

Fig.5 Exploratory analysis for individual proteins included in four clusters. 273/1767 individual proteins included in four clusters change differently from
baseline to month 12 with EQW treatment (FDR-adjusted pvalue <0.1). Model adjusted for age, sex, smoking, systolic blood pressure (BP), diastolic BP,
BMI, HBa1C, HDL, LDL, triglycerides, baseline eGFR, and diabetes duration. The x-axis shows the average percentage change in the EQW group. Area to
the right of the dashed line indicates increased protein levels in the exenatide group. Top 8 proteins that had average % change in the EQW group greater

than and less than the placebo group are labeled in red and blue, respectively

levels of FCN2, but that this finding was most evident
in participants over the age of 65 and with a history of
previous CV events. These individuals represent the
population with the highest burden of modifiable and
non-modifiable risk factors for dementia, suggesting that
GLP-1 RA effects on regulating the immune system may
be particularly relevant in those at highest dementia risk.

It is important to consider the mechanisms through
which GLP-1 RAs exerts its anti-inflammatory effects
which in turn may have relevance to dementia risk. Stud-
ies have shown that GLP-1 RAs reduce the levels of pro-
inflammatory cytokines, such as TNF-alpha and IL1-beta
[31]. It has been suggested that the anti-inflammatory
action of exenatide functions through decreasing TNE-
alpha and IL-1Beta and increasing IL-10 by altering
the phenotypic behavior of macrophages that excrete
inflammatory cytokines [32]. Moreover, GLP-1 has also
been shown to upregulate the synthesis of nitric oxide in
endothelial cells of the body’ vasculature, including in the
umbilical vein [33], as well as in the coronary artery [34].
Not only is nitric oxide one of the body’s main vasodi-
lators that supports circulation and organ perfusion, but
nitric oxide also exerts anti-inflammatory effects on the
body. Research has shown that nitric oxide indirectly
reduces the expression of pro inflammatory cytokines,
such as IL-1 and IL-8, and vascular cell adhesion modules
by inhibiting NF-KB [35, 36].

The relevance of inflammation to neurodegenera-
tion is substantial with evidence that inflammatory and
immunological process may influence the progression

and expression of cerebral pathologies [37]. Microg-
lia and astrocytes have been shown to be involved in
the immune defense in the parenchyma and dendritic
cells can behave like antigen-presenting cells work-
ing in tandem with the brain’s vascular system [38, 39].
Astrocytes, whilst performing immunologically in the
central nervous system, are also involved in most other
cerebral functions that are compromised in neurode-
generative disorders, such as dementia. These include
supporting the integrity of the blood brain barrier, neu-
ronal metabolism, synaptogenesis, and the balancing of
neurotransmitter levels [40]. Of note, however, is that
whilst astrocytic activation can encourage tissue repair,
activation can also lead to inflammation and tissue dam-
age within the central nervous system [41]. The hallmark
pathologies of AD represent potent triggers of inflam-
matory responses. That is, amyloid and tau depositions,
as well as damaged neurons, are localized and discrete
much like localized upregulation of complement, acute
phase reactants and cytokines involved in inflammatory
processes and the body’s immune system [42]. Neuro-
nal necrosis and apoptosis are, at least in part, attribut-
able to reactive astrocytes that results from amyloid beta
activating microglia [43]. GLP-1 RA mediated processed
may be a potent mechanism to regulate this process. For
example, GLP-1 RA administration downregulates the
conversion of astrocytes, inhibits neurodegeneration,
and prevents cognitive impairments in animal mod-
els of Alzheimer’s disease [44]. Indeed, up to a third of
dementia cases are thought to be caused by modifiable
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risk factors (e.g. diabetes, depression, and obesity) that
in turn associate with chronic inflammation [45]. Dia-
betes has been linked to increased risk for AD through
oxidative stress, mitochondrial dysfunction and chronic
inflammation. It has been shown that insulin resistance
impairs the inhibition of glycogen synthase kinase 3 beta
(GSK3p), which is involved in the hyperphosphorylation
of tau [46]. GLP-1 RAs, such as exenatide, may thus rep-
resents a disease modifying intervention for Alzheimer’s
disease, or adjuvant secondary treatment for symptom
progression through regulation of chronic inflammation.

Limitations

Notwithstanding the findings of the current study, a few
limitations are worth pointing out. In the first instance,
measures of cognitive function and activities of daily liv-
ing were not captured in the EXSCEL study. Whilst it is
promising that the administration of a GLP-1 RA was
associated with a reduction in inflammatory biomark-
ers, many have called for cognitive functioning to be
the pivotal assessment of a drug’s efficacy in Alzheim-
er’s disease trials [47]. This is because other drugs have
been shown to alter the cerebral abnormalities associ-
ated with dementia without any remediation or slowing
of the cognitive deficits. A second important limitation
is in the demographic makeup of the original sample in
which most participants were Caucasian older adults.
Research has shown that non-white adults have higher
risk of dementia compared to white adults, necessitating
a better understanding of risk and intervention in these
groups. After adjustment for age, research has suggested
that dementia incidence rates are highest amongst black
and Hispanic older adults compared to similar and lower
rates for Asian, white and native American older adults
[48]. Studies have also shown that modifiable risk fac-
tors for dementia differ across ethnic groups and socio-
economic levels. For example, there is variation in the
population attributional fraction of dementia across
modifiable risk factors, which represents a metric of
the proportion of dementia cases in the population that
would be avoided if a given risk factor were eliminated.
It has been shown that the population attributional frac-
tion of dementia cases caused by modifiable risk factors
in lower income countries such as China, India, and areas
of Latin America is higher than the estimates usually
quoted for higher income countries [49]. This means that
the scope for dementia prevention by targeting modifi-
able risk factors is potentially higher in countries with
typically non-Caucasian ethnic backgrounds. Further-
more, there was a high rate of study drug discontinuation
[21]. Concomitant, non-T2DM, medications did not dif-
fer between groups at baseline [50] but changes over time
may theoretically have impacted the proteins studied.
Finally, the follow-up period was short in relation to the
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timescales of AD pathophysiology. However, the fact that
we are observing effects on such relative short treatment
is promising. Also, in a recently published retrospective
cohort study we found that even only a 12-month expo-
sure to another GLP-1 RA associated with reduced risk
of cognitive deficits relative to other T2DM medica-
tions [12]. Longer-term exposure studies are likely to be
required to address this limitation.

Overall, this large study in a sample of ageing T2DM
patients has, nonetheless, shown that EQW, a GLP-1
RA, is associated with significant decreases in the levels
of inflammatory proteins known to be upregulated in
Alzheimer’s disease. In the current paper, we have out-
lined evidence for the potential role of incretin mimet-
ics in affecting AD risk through inflammatory pathways,
potentially pointing to the use of this class of medication
in secondary dementia prevention.
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