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PharmacoAnalytics: Assessing the Relationship Between Glucagon-like Peptide-1 Receptor

Agonist (GLP-1 RA) Utilization and Dementia Incidence

Junnan Qi, MS

University of Pittsburgh, 2024

Aims: To evaluate whether GLP-1 RAs, a newer generation of antidiabetic medication,
will lower dementia risk compared to all other antidiabetic medications in the type 2 diabetes
population.

Materials and Methods: All type 2 diabetes Mellitus (T2DM) patients who dispensed
antidiabetic medications from June 2005 to December 2022 in the National Alzheimer’s
Coordinating Center (NACC) database entered the study. A propensity score matching a ratio of
1 to 2 was used to balance baseline covariates. Kaplan-Meier analysis was applied to compare the
probability of dementia incidents over time. A Multivariate Cox regression model was performed
to obtain significant predictors, presenting adjusted hazard ratios (aHR) and Confidence Intervals
(Cls) for the time to dementia incidence.

Results: After 1 to 2 propensity score matching, the final cohort consisted of 133 GLP-1
RA users and 266 non-users. Kaplan-Meier demonstrated that GLP-1 users were associated with
a lower risk of developing dementia compared to non-users (p=0.0123). The Multivariate Cox
regression model identifies GLP-1 RA (aHR 0.42, 95%Confidence Interval (Cl): [0.22-0.80],
p=0.009) and female (aHR: 0.50, 95%CI: [0.29-0.87], p=0.01) as protective factors for dementia,
while age (aHR: 1.07, 95%CI: [1.03-1 .10], p=0.01), 2 pairs of APOE4 genes (aHR: 2.42, 95%Cl:
[1.43-4.09], p=0.001), and depression (aHR: 3.30, 95%Cl: [1.87-5.84], p<0 .0001) were associated

with a higher risk of dementia.



Conclusion: GLP-1 RAs were associated with a lower risk of dementia incidence in the
T2DM population. Further studies are warranted.
Keywords: dementia, type 2 diabetes mellitus, glucagon-like peptide-1 receptor agonist,

antidiabetic medication, NACC
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1.0 Introduction

This chapter aims to provide a background introduction to this project.

1.1 Dementia

Dementia is a broad term used to describe neurodegenerative brain disease, caused by
damage to the neurons. Since neurons are fundamental to cognitive functions, symptoms of
dementia include memory loss, deteriorated thinking abilities, difficulties in performing daily
activities, and potential mood and personality alterations in the later stages. Dementia can begin
even 20 years or more before the symptoms manifest.*

Alzheimer’s Disease (AD) is the most prevalent type of dementia, which accounts for
approximately 60 to 80 percent of all dementia cases. AD is signature by the accumulation of beta-
amyloid (A) proteins outside the neurons and the neurofibrillary tangles (NFT) inside the neuron.
Although the sequence of events is not fully understood, beta-amyloid may form before the tau
protein accumulation, suggesting that the tau aggregation could be the subsequent event following
an increase in Ap levels.*

Vascular dementia (VD), the second common type of dementia, is distinguished by brain
blood vessel injury leading to inadequate blood, oxygen, or nutrient supply. While 5 to 10 percent
of the individuals are diagnosed solely as VD, it is more frequently observed as a mixed pathology,

involving brain changes characteristic of both AD and VD®>®, particularly prevalent at advanced



age.”® Frontotemporal degeneration (FTD), Hippocampal Sclerosis (HS), Lewy body disease, and
Parkinson’s disease are other types of common dementia types.

Currently, the global prevalence of dementia now exceeds 55 million and is projected to
double every two decades.* Additionally, the cost of dementia care is also expected to continue
rising, reaching an estimated 245 billion dollars.* Age, especially 65 or older, is a well-known risk
factor for dementia, while the baby-boomer generation already entered this vulnerable age range.®

The heightened prevalence and cost indicate the urgent need for therapeutic intervention.

1.1.1 Drug Treatment

There are three main categories of medications prescribed for treating dementia:
Cholinesterase inhibitors (ChEIls), memantine, and monoclonal antibodies. ChEl medications,
such as donepezil, rivastigmine, and galantamine functioned by inhibiting the activity of
cholinesterase, an enzyme responsible for breaking down acetylcholine. Acetylcholine is a
neurotransmitter that plays a vital role in memory, learning abilities, and synapse plasticity.°

Following ChEI, memantine was approved by the FDA in 2003. Memantine acts as an
uncompetitive antagonist for the N-methyl-D-aspartate receptor (NMDAR), lowering the brain's
excitatory neurotransmitter glutamate level. This helps to mitigate neuronal damage due to
persistent stimulation. However, both ChEl and memantine aim to improve symptoms rather than
affecting the underlying changes in the brain that cause the symptoms.*

Monoclonal antibodies represent the latest generation of anti-dementia medication,
approved by the FDA in 2021, aimed at altering the underlying biology of dementia. These
immunotherapies are designed to target and bind to the amyloid-beta (AB) plaques already
formulated in the patient's brain. Monoclonal antibodies are approved for early-stage patients who
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demonstrate evidence of AP accumulation based on brain imaging or cerebrospinal fluid (CSF)

volume. However, they are not curable treatments and unsuitable for all individuals.*

1.1.2 Non-Drug Treatment

Non-pharmacological interventions are commonly combined with medication treatments
to improve or maintain cognitive function, daily activities, or life qualities. Modalities such as
physical activity, emotional therapy, and memory exercises are effective in mitigating agitation,

aggression, and depression associated with dementia.*

1.1.3 Current Concerns

Although there are currently three main categories of medications for treating dementia,
their real-world effectiveness is still limited, mainly by delaying progress or alleviating the
symptoms. Given the high mortality rate and the projected increase in the number of dementia

patients, finding potential treatments has become an urgent necessity.

1.2 Risk Factors of Dementia

Dementia, a complex neurological condition, remains incompletely understood.
Nonetheless, there are well-established unmodifiable, and modifiable risk factors that increase the

patient's susceptibility to the condition.



1.2.1 Unmodifiable Risk Factors

Among patients with AD older than 65, or called late-onset Alzheimer’s, the most
significant unmodifiable risk factors include age, the presence of the e4 form of apolipoprotein E
(APOE4) gene, and family history.

Age stands out as the paramount risk factor among the three unmodifiable factors. The
prevalence of dementia rises dramatically with the increase in age. Approximately 33.3 percent of
individuals aged 85 or older are affected by dementia, compared to 13.1 percent of those aged 75
to 84, and 5 percent of people aged 65 to 74.* It's crucial to acknowledge that dementia is not
simply a natural part of aging, and advancing in age alone is not the sole cause of dementia. The
development of dementia often involves a complex interplay of various factors.'?

Genetic information is another risk factor that could contribute to dementia. In 2022, 31
new genes have been identified to influence the biological processes involved in AD or related
dementia.'®> However, the e4 form of the APOE gene remains the strongest impact, especially for
late-onset AD. Individuals with two pairs of APOE4 genes can have up to 12-fold elevated risk of
dementia incidents compared to those with only one pair, which is a three-fold higher risk.14*°

Family history represents another unmodifiable risk factor contributing to dementia.
Individuals with one first-degree relative diagnosed with dementia are more susceptible to
developing dementia, while those with multiple affected first-degree relatives face even greater
risk.1

Although age, genetics, and family histories cannot be altered, they typically do not play a
role alone. Often modifiable risk factors can combine with nonmodifiable ones to increase the risk

of cognitive dysfunction.



1.2.2 Modifiable Risk Factors

Addressing modifiable risk factors can significantly delay or prevent dementia. The Lancet
Commission's 2020 report suggests that by addressing modifiable risk factors, it's possible to
reduce the number of dementia cases by approximately 40%.

Smoking*®, inactivity'®?°, and low education levels®! are risk factors that have long been
demonstrated to be associated with dementia. A healthy diet includes Mediterranean, Dietary
Approaches to Stop Hypertension (DASH)?223, vitamin E?*, or vitamin D?® has shown beneficial
effects in dementia.

Cardiovascular disease and cerebrovascular disease, such as atherosclerosis or stroke, can
restrict the oxygen and blood supply into the brain. Normally, the brain requires 20 percent of the
body's oxygen and energy supply to function properly. However, the constricted supply, either
resulting from blocked or narrowed vessels, significantly increases the risk of dementia.?

Hypertension is another comorbidity associated with dementia. Hypertension has been
identified when patients’ systolic blood pressure is over 140 mmHg and diastolic is lower than 90
mmHg. A meta-analysis including 34,519 hypertensive patients demonstrated untreated patients
had a 42% higher risk of developing dementia.?’

Hypercholesteremia is a disease identified by the high cholesterol level in the blood. High
cholesterol levels could lead to the blockage of the arterials in the brain, which has also been
demonstrated to elevate the risk of dementia.?®

Diabetes, characterized by persistent hyperglycemia or insulin resistance, is a metabolic
disorder that has emerged as a new risk factor contributing to dementia. Recently, diabetes,
especially type 2 diabetes mellitus (T2DM) has been demonstrated to elevate the dementia risk by

2-fold.?®



Due to the growing concerns about dementia, there has been an increased focus on patients

with T2DM.

1.3 Diabetes Mellitus

Diabetes Mellitus (DM) is a metabolic disorder signature by persistent hyperglycemia or
insulin resistance. It is mainly categorized into three types: Type 1 diabetes, Type 2 diabetes, and
Gestational diabetes.

Type 1 diabetes mellitus(TIDM) is a condition where the immune system attacks and
destroys beta cells, the insulin-producing cells in the pancreas. This disease usually occurs in
childhood period and requires lifelong insulin injection.®

T2DM is the most prevalent type of diabetes, accounting for 90 to 95 percent of all cases,
and occurs when your body cannot respond to insulin properly.3°

Gestational Diabetes Mellitus (DGM) is a diabetes incident during pregnancy and is a
marker for developing T2DM in later life.3

Since T2DM accounts for the majority of diabetes cases researchers have conducted

numerous studies on its association with dementia.

1.4 Linkage between T2DM and Dementia

Although the etiology of how dementia develops is still unclear, insulin resistance has been

hypothesized to underlie the association between T2DM and dementia.



1.4.1 Insulin Function in the Brain

Insulin, a peptide secreted from pancreatic beta cells, has been shown to possess the ability
to transverse the blood-brain barrier (BBB) within the central nervous system (CNS) through a
receptor-mediated process.®? It is likely that the majority of the insulin available in the brain was
probably transported by this process.®®

Recent evidence suggests that insulin receptors are abundant in the CNS, particularly in
the hippocampus, hypothalamus, amygdala, olfactory bulb, cerebral cortex, and synapses of
neurons, regions important for learning and memory function.% In addition to insulin receptor
location in the CNS, insulin itself also plays an important role in cerebral glucose metabolism and
utilization. It can modulate neurotransmitters, norepinephrine, and acetylcholine, which are
important in cognitive function.®®3" Interestingly, a preclinical study involving rodents trained in
memory tasks demonstrated an elevated expression of insulin receptors in the hippocampal,
indicating the correlation between the learning process and alterations in insulin signaling
molecules.®’

Insulin, beyond its crucial roles in maintaining glucose homeostasis, promoting cell
growth, and regulating metabolism, also plays a significant role in the CNS.*34% Insulin can
traverse the blood-brain barrier (BBB) to support overall brain health, including neuron plasticity,
memory function, and cognitive capabilities.**? In cases of insulin resistance, there is a
downregulation of insulin receptors at the BBB, leading to a decrease in the transportation of
insulin into the brain*®. It has been noted that AD brains exhibit diminished glucose metabolism

rates in the brain, particularly within regions associated with memory and cognitive function.**



Since insulin plays a vital role in neuron health, learning, and memory tasks, insulin
resistance has been hypothesized to be associated with the risk of developing neurodegenerative

diseases.

1.4.2 Insulin Resistance and Neuroinflammation

Neuroinflammation is another factor that emerged as a common pathology linking T2DM
and dementia.

Several studies highlight elevated levels of cytokines and proinflammatory mediators, such
as tumor necrosis factor-alpha (TNF-a) and interleukin-6 (IL-6), in the brain of dementia
patients.*>*® In addition, individuals with metabolic disorders have been shown to have a higher
level of proinflammatory cytokines in the tissues. Recent research underscores the role of
increased TNF-a levels as a potential driver of insulin resistance in both the central and peripheral
nervous systems, fostering chronic inflammation.*’

Thus, impaired insulin signaling due to insulin resistance leads to higher levels of
inflammatory cytokines and mediators, thereby leading to chronic neuroinflammation of neurons

in the brain.

1.4.3 Insulin Resistance in neurodegenerative disease

Insulin resistance, defined as the insensitivity to insulin in the target tissues, also indicates
the disrupted insulin signaling pathway.*® The disruption of the signaling pathway makes the
neuron more vulnerable to oxidative stress, which further increases the risk of neuroinflammation

and dysfunction.*® In preclinical studies, a correlation has been shown between reduced insulin



levels in CSF and poor cognitive performance.>® Moreover, the phosphorylation of insulin
signaling molecules is decreased in dementia patients and even decreased more in patients who
had both T2DM and dementia.>*

Moreover, AD, one specific type of dementia, had been signature by the abnormal
hyperphosphorylation of tau. Tau protein, which acts as a neuron stabilizer, can be
hyperphosphorylated and abnormally aggregated and form neurofibrillary tangles (NFTs). Tau
phosphorylation is typically controlled by various kinases, including glycogen synthase kinase-3
beta (GSK3p), cyclin-dependent kinase 5, and protein phosphatase 2A. These kinases and
phosphatases play crucial roles as targets of insulin regulation.5>®® Therefore, impaired insulin
signaling pathways can lead to kinase dysfunction, resulting in tau hyperphosphorylation and
aggregation.>

Additionally, insulin resistance is associated with increased formation of AP plaques. AP
peptides in the brain compete with insulin for binding to insulin receptors, thereby reducing the
binding affinity and signaling. In the context of insulin resistance, the decreased availability of
insulin for binding to insulin receptors may potentially increase the Af binding, leading to the

aggregation of AP plaques in the neurons and further impairing cognitive function.*®%

1.4.4 Clinical Evidence toward T2DM and Dementia

Preclinical studies have been demonstrating the potential linkage between T2DM and
dementia. Importantly, real-world clinical evidence has demonstrated consistent results.
A prospective, community-based cohort study found that high blood glucose levels are

associated with an elevated risk of dementia even in the population without T2DM.



Moreover, a pooled study that includes 2.3 million subjects from 14 studies demonstrated
that T2DM patients have a 60% increased risk of developing dementia.>’” This mounting evidence,
with some papers designating the linkage between diabetes and dementia as ‘type 3 diabetes’,

indicates the rising concerns about the T2DM population.>®

1.5 Antidiabetic Medication

Given the close relationship between insulin resistance, or T2DM, and the higher risk of
dementia, studies have focused on antidiabetic medications - those used to improve insulin
signaling - to assess whether their potential efficacy is a potential therapeutic approach to reduce
the risk of dementia in the T2DM population.

The older generation of antidiabetic medication includes metformin, insulin, sulfonylureas,
and thiazolidinediones (TZD). Newer generations of antidiabetic medications include Dipeptidyl
peptidase-4 inhibitors (DPP-4i), Sodium-glucose cotransporter-2 (SGLT2) inhibitors, and

Glucagon-like peptide-1 Receptor Agonist (GLP-1 RA).

1.5.1 Older Generation of Antidiabetic Medication

Metformin, the conventional first-line antidiabetic medication, was the first to be studied.
Metformin reduces the glucose level by increasing the muscle glucose uptake through 5°-
adenosine monophosphate-activated protein kinase (AMPK) activation.®*® AMPK has been
demonstrated to act as a neuroprotective factor.8® Metformin can increase the insulin receptor

expression and tyrosine kinase activity®!, reduce inflammation and oxidative stress®, inhibit
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mammalian target of rapamycin (mTOR) pathway®, and further decrease the Ap burden in the
brain through the activation of the AMPK-dependent or independent pathways.®* Real-world
observational studies consistently demonstrate the result that metformin could help reduce the risk
of dementia or improve cognitive function.®

Sulfonylureas reduce blood glucose by directly stimulating the pancreatic beta cells to
release more insulin. However, they have not been demonstrated to improve cognitive function. In
a retrospective cohort study, sulfonylureas were found to potentially increase the risk of dementia
when compared to DPP-4i.%6 This could contribute to the higher hypoglycemia risk of the
sulfonylureas®’, and hypoglycemia has been shown to increase the risk of dementia.®®

TZDs act as insulin sensitizers, enhancing the insulin sensitivity in the body to reduce the
blood glucose level. Like sulfonylureas, TZDs have also shown controversial results regarding
dementia. In the Action to Control Cardiovascular Risk in Diabetes (ACCORD) Memory in
Diabetes Study (ACCORD-MIND), rosiglitazone, a type of TZD, was demonstrated to increase
the dementia risk or worsen cognitive function.®® However, another retrospective cohort study
using the Chinese Yinzhou Regional Health Care Database (YRHCD) demonstrated that TZD
could decrease the risk of dementia.”™

Insulin facilitates the glucose uptake from the bloodstream into the cells, thereby
decreasing blood glucose levels. Insulin receptors (IRs) are abundantly expressed in the cerebral
cortex, and cerebellum’>"2, regions responsible for memory and learning.” In preclinical studies,
insulin has been shown to increase synaptic plasticity and improve cognitive function.”* However,
clinical evidence is currently controversial, likely due to the indication of insulin use, which is

typically prescribed to patients with higher severity of T2DM.”>76
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Although the results for some older generations of antidiabetic medications remain
controversial, current findings still demonstrate the feasibility of using antidiabetic drugs to

decrease the risk of dementia in the T2DM population.

1.5.2 Newer Generation of Antidiabetic Medication

Since the older generation of antidiabetic medications showed the potential to decrease the
risk of dementia, there has been increased concern regarding the newer generation of antidiabetic
medications.

DPP-4i, also known as gliptins, was first approved by the FDA in 2006. DPP-4 is a
transmembrane protein that degrades the GLP-1 hormone, which plays an important role in
maintaining glucose levels by preventing GLP-1 from binding to its receptor and exerting its
action.”” DPP-4i reduces blood glucose by inhibiting the activity of DPP-4, thus increasing the
GLP-1 levels and stimulating insulin secretion to further decrease blood glucose.”

A cross-sectional study performed in China, including a 1229 Chinese elderly population,
demonstrates that hyperactivity of DPP-4 contributes to accelerated cognitive decline and lower
Montreal cognitive assessment (MoCA) score.” In preclinical studies, DPP-4i has demonstrated
the ability to decrease the AB levels, Tau phosphorylation, and neuroinflammation in the mice
brain, 8081

Epidemiological studies demonstrate the consistent result that DPP-4i can decrease the risk
of dementia. In a retrospective longitudinal study including 240 T2DM patients, DPP-4i showed
slower cognitive decline, specifically in executive and attention region.®?

As a newer generation of antidiabetic medication, DPP-4i has been compared to the older
generation of antidiabetic medication. In a case-control study utilizing the FDA Adverse Event

12



Reporting System (FAERS), sitagliptin had a superior ability to reduce AD risk compared to
metformin monotherapy.®

SGLT2 inhibitors are the newest generation of antidiabetic medications approved in 2013.
SGLT?2 inhibitors block the activity of SGLT2 expressed in the proximal tubule of the kidneys,
thus inhibiting the reabsorption of the glucose and increasing its excretion, ultimately reducing
blood glucose. In the mice model, SGLT2 inhibitors have shown the ability to reduce the Ap
accumulation and Tau phosphorylation, as well as enhance the hippocampal-dependent cognitive,
memory, and learning functions. Although the observational studies are still limited, there is a
retrospective cohort study using the Canadian insurance database that demonstrated the ability of

SGLT?2 inhibitors to reduce the incidence of dementia in the T2DM population.®

1.5.3 GLP-1 RA

GLP-1 RA, another antidiabetic medication initially approved in 2005, has been designated
as the second-line therapeutic intervention for T2DM. Currently, the majority of the FDA-
approved GLP-1 RAs are administered through injection, except for the oral drug semaglutide,
which was approved in 2019.

GLP-1 RAs mimic the action of the natural incretin hormone GLP-1 by binding it to the
GLP-1 receptor. This activation leads to increased insulin secretion, enhanced insulin sensitivity,
and inhibition of glucagon secretion, all of which contribute to better control of blood glucose
levels in T2DM patients. Moreover, as incretin-based medications, GLP-1 RAs also have shown
promising effectiveness in reducing blood glucose, cardiovascular diseases, and kidney

disease. 886
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Furthermore, the presence of GLP-1 neurotransmitter receptors has been identified in the
central nervous systems such as the hippocampus and brainstem, highlighting their potential
significance in memory and learning.®” Preclinical studies substantiated that GLP-1 RA can
attenuate  dementia-related pathologies by restoring vascular integrity, reducing
neuroinflammation, and alleviating oxidative stress in the brain.®8° Although GLP-1 RA showed
a promising effect in preclinical studies, the clinical studies focused on GLP-1 RAs remain
restricted®, limited to one case-control study and a retrospective cohort study.’% The
effectiveness of GLP-1 RA compared to all other anti-diabetic medications in reducing dementia

risk is still unclear.
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2.0 Aim of this Project

This project aimed to determine whether the use of the GLP-1 RA was associated with a

lower probability of all-cause dementia incidence compared to all other antidiabetic medications.
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3.0 Methods

This section aims to provide detailed information on the methods used in this study.

3.1 Data Source

Funded by the National Institute on Aging (NIH), the National Alzheimer’s Coordinating
Center (NACC) longitudinal database was first established in 1999. In 2005, NIH assigned NACC
to develop a standardized protocol, Uniformed Data Set (UDS), which collected data from over 42
Alzheimer's Disease Research Centers (ADRCs) across the United States.®®> Each ADRC has a
distinct protocol for recruiting participants, but all ADRCs are administered standardized
evaluation forms and obtain consent from all participants or their representatives. Each participant
provided demographic characteristics, medical history, family history, physical and neurological
examinations, clinician diagnoses, and medication utilization during each visit annually.®* The
uniformed dataset (UDS) version 3.0 was used in this study.® Detailed information on UDS is

available at http://www.alz.washington.edu.

3.2 Study Design

This retrospective cohort study included all type 2 diabetes participants in the NACC

dataset from June 2005 to December 2022 (n=6,994).
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Patients who did not report the use of antidiabetic medications (n=3,119), had dementia at

the index date (n=664), had a history of dementia (n=49), or had no available follow-ups (n=129)

were excluded from this study. We further grouped the participants into GLP-1 RA users or non-

users based on reported medication exposure. Other medications include the use of metformin,

insulin, TZD, sulfurylases, DPP-4i, and SGLT2 inhibitors. The index date was defined as the

earliest date of reported antidiabetic medication use (Figure 1).

All type 2 diabetes Patients in the
NACC database from June 2005 to
December 2022 (N=6,994)

Exclude:
»| 1. Patients who did not take any

antidiabetic drugs (N=3,119)

All antidiabetic drug users(N=3,875)

Exclude:
1. Patients with dementia at baseline (N=1,064)

Final population (N=2,633)

2. Patients with no available follow-ups (N=129)
3. Patients with a history of dementia (N=49)

GLP-1 RA users:
133 Patients

1:2 Propensity

GLP-1 RA Nonusers:
2,500 Patients

Score Matching

GLP-1 RA users:
133 Patients

GLP-1 RA Nonusers:
266 Patients

Figure 1: Population selection criteria for this cohort. Patients who meet all inclusion and exclusion criteria are

included in this study.

All patients with T2DM will be included in this study, which includes 133 GLP-1 RA users and 2500 GLP-1 RA

Nonusers. After 1:2 propensity score matching, the final cohort consisted of 133 GLP-1 RA users and 266 GLP-1 RA

NONUSErS.
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3.3 Outcome Definition

This study recruited an intention-to-treat approach. The outcome of this study is time to
the new onset of all-cause dementia. The incidence of all-cause dementia was identified by
professional clinicians when participants met the all-cause dementia criteria under the UDS coding
guidelines.®® The censoring date was determined as the end of the follow-ups or the end of the

study.

3.4 Statistical Analysis

Baseline Characteristics were presented as mean with standard deviation (SD) for
continuous variables, while percentages along with the total number of participants were presented
for categorical variables. To assess the balance of baseline covariates, two-sample t-tests were
used for continuous variables, while two-tailed chi-square tests or Fisher’s exact tests were applied
for categorical variables.

Propensity score matching (PSM), using a 1:2 greedy nearest neighbor approach, was
performed based on participants' demographic information, genetic profiles, prior comorbidities,
and medication usage, including metformin, insulin, DPP-41, TZD, SGLT2 inhibitors, and
sulfonylureas, as well as the length of their follow-up periods. A p-value less than 0.05 was
considered as statistically significant difference between the two groups.

The Kaplan-Meier (KM) survival analysis was performed to visualize and compare the

probability of dementia incidents over time between the GLP-1 RA users and non-users. The log-
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rank test was used to assess the difference between probability curves and a conventional threshold
p<0.05 was used to identify the significance in this analysis.

The multivariate Cox proportional regression model was conducted to identify significant
risk predictors related to dementia incidents. Adjusted hazard ratio (aHR) was obtained with 95%
Confidence Intervals (CI), and risk factors were identified when p-value <0.05. All statistical

analyses were performed by SAS 9.4 (SAS Institute Inc., Cary, NC, USA).

3.4.1 Propensity Score Matching

Randomized clinical trials (RCTSs), distinguished by their rigorous study design, are widely
acknowledged as the standard approach for estimating the treatment effects, exposures, or
interventions on outcomes. RCTs ensure the allocation of the treatments is randomized,
minimizing the potential for confounding by the unmeasured or measured baseline
characteristics.®’

While RCTs are considered the gold standard, their costliness and potential ethical issues
in patient recruitment make them unfeasible to all studies. Observational studies, or
nonrandomized studies, are gaining more interest in studying the treatment effects.

However, in observational studies, the treatment prescriptions are usually defined by the
patient's baseline characteristics. Therefore, systemic differences in baseline characteristics
between untreated and treated patients may result in confounding results.

Propensity score, initially introduced by Rosenbaum and Rubin, is a balancing metric used
to ensure the similarity of baseline covariates distribution between treated and untreated groups.®®
In other words, patients with the same propensity score are expected to exhibit a similar
distribution of baseline covariates.
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PSM, one of the common methods used to balance the baseline covariates, enables the
Average Treatment Effect on Treated (ATT) estimation. Treated patients are matched to untreated
patients based on similar propensity scores to reduce the bias.%

In this study, we utilized the greedy nearest neighbor propensity score matching. This
approach involves matching treated subjects with untreated subjects based on the closest scores

until all treated subjects have been paired according to the predefined ratio.%

3.4.2 Kaplan-Meier Analysis

KM analysis, first introduced in 1958 by Edward L. Kaplan and Paul Meier, provides
methods for analyzing time-to-event observational data.’® KM curves are particularly useful for
comparing survival functions between two or more groups. Moreover, KM provides a visual
presentation of survival functions, or probabilities, over time, making them effective and important
tools in evaluating the difference between groups.

The log-rank test is the most commonly used test in KM analysis to determine whether two
groups have statistically significant differences in survival outcomes. This test calculates the chi-
sguare at each time point where an event occurs and then sums these values together as the final
result.’%? Conventionally, a p-value less than 0.05 will be considered as a significant difference
between the two groups.

Although KM is a widely accepted and valuable method, it does have limitations. Firstly,
KM does not provide the estimation of the relative risk, which is important in evaluating the
magnitude of the difference between groups.’®® Secondly, KM only considers treatment as the

independent variable and does not account for other potential confounders that may bias the
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result.’%* Due to the existence of these limitations, a multivariate cox regression model was further

applied to check the result.

3.4.3 Cox regression Model

The Cox regression model, first introduced by David Cox as an extension of KM,
incorporates patients' characteristics into the model.1® This model is a semiparametric method,
meaning it does not assume the survival times distribution.%®

The Cox regression model provides HR and 95% CI for each variable included in the
model. In binary variables (e.g., female vs male), HR represents the two hazard rates ratio of the
outcome. In continuous variables (e.g., age), HR represents the hazard rate change magnitude.®’

The multivariate Cox regression model used in this study involves including all covariates
simultaneously. This means that when evaluating the effect of one covariate, all other covariates
are controlled during the analysis. Like KM analysis, p-values less than 0.05 were identified as
statistically significant. HRs larger than 1 indicate a higher risk toward the outcome or event, while

HRs less than 1 indicate a lower risk, as the reference level is always set to 1.1%®
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4.0 Result

This section aimed to demonstrate the result generated from the statistical analysis.

4.1 Baseline Characteristics

The unmatched population identified 2,633 patients with an average follow-up of 53.2
months, of which 133 were GLP1 RA users and 2,500 were non-users. GLP-1 RA users vs. non-
users were significantly younger (69.3 vs. 72.1), with higher co-prescription of insulin (27.8% vs.
17.7%) and SGLT2 inhibitors (7.5% vs. 0.8%). GLP1 non-users, on the other hand, exhibit a
greater prevalence of hypertension (76.4% vs. 42.1%), hypercholesterolemia (75.4% vs. 42.1%),
and were more likely to be living alone (31.5% vs. 22.6%). PSM was performed to balance the
baseline covariates between two groups based on a 1 to 2 ratio, which indicated each user was
matched to 2 non-users based on their propensity scores. The matched population consisted of 133
GLP-1 RA users and 266 non-users, with females representing 53.88% of this population, and a
mean age of 68.8 (SD:8.2). All baseline covariates were balanced after PSM, evidenced by p-value

greater than 0.05. All characteristics of baseline covariates are summarized in Table 1.
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Table 1: Baseline characteristics for GLP-1 RA users and non-users

Before Matching After Matching
GLP-1 user GLP1 Non-user p-value GLP-1 user GLP1 Non-user p-value
(N=133) (N=2500) (N=133) (N=266)
Patient Characteristics
Age(years) mean (sd) 69.3(6.7) 72.1(8.1) <0.0001* 69.3(6.7) 68.2(8.9) 0.19
Female 57.9(77) 55.3(1383) 0.56 57.9 (77) 51.9(138) 0.26
Lives alone 22.6(30) 31.5(787) 0.03* 22.6(30) 21.8(58) 0.86
2 copies of E4 alleles 24.8(33) 26.5(663) 0.66 24.8(33) 25.2(67) 0.93
Comorbidities
Hypertension 45.9(61) 76.4(1911) <0.0001* 45.9(61) 43.9(117) 0.72
Hypercholesterolemia 42.1(56) 75.4(1876) <0.0001* 42.1(56) 43.3(126) 0.93
Depression 12.9(17) 16.8(419) 0.23 12.9(17) 18.4(49) 0.15
Other Antidiabetic Medications
Metformin 72.9(97) 69.4(1736) 0.39 72.9(97) 71.8(191) 0.81
Sulfonylureas 24.8(33) 31.2(779) 0.12 24.8(33) 24.8(66) 1.0
Thiazolidinediones 7.5(10) 11.6(289) 0.15 7.5(10) 5.0(24) 0.61
DPP-4 inhibitors 3.8(5) 7.5(188) 0.10 3.8(5) 2.6(7) 0.19
Insulin 27.8(37) 17.7(442) 0.003* 27.8(37) 22.9(61) 0.29
SGLT2 inhibitors 7.5(10) 0.8(21) <0.0001* 7.5(10) 5.26(14) 0.37

Note: *p<0.05. Categorical variables are presented as percentages followed by number of participants. Continuous variables are

presented as mean and sd (standard deviation).

4.2 Kaplan Meier Analysis

Over a mean follow-up of 45.0 months, 70 participants (17.5%) were newly identified with
the incidence of all-cause dementia in this study. The average time to dementia in the GLP-1 RA
user group is 42.3 months, compared to 39.2 months in non-users. The KM curve was conducted

to analyze and visualize the difference in dementia incident probability over time.

23



Incidence of Dementia
1.00 |

+ Censored
Logrank p=0.0123

0.75
..2" 1 1 il Il
z
©
Q
o
A 050
®
c
)
=
)
o o e — — ——p —— —}

|
0.25
= —+-
+ il
0.00

0 50 100 150 200
Follow Up Time (Months)

Treatment GLP-1 RA Non-user — — — GLP-1 RA User

Figure 2: Kaplan-Meier curves for GLP-1 users and non-users. This figure demonstrated the dementia

probability of two groups after a 1:2 propensity score matching.

4.3 Cox Regression Model

The multivariate Cox regression model was conducted to identify the risk factors
associated with dementia while controlling for other confounding variables. The result
demonstrated that age (aHR: 1.07, 95%CI: [1.03-1.10], p<0.0001), depression (aHR: 3.30, 95%ClI:

[1.86-5.81], p<0.0001), and 2 copies of AEOP4 genes (aHR: 2.44, 95%CI: [1.45-4.11], p=0.0008)
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were associated with a higher risk of developing dementia. GLP-1 RA usage (aHR: 0.42, 95%ClI:
[0.22-0.80], p=0.009), and female (aHR: 0.50, 95%CI: [0.29-0.85], p=0.01) contributed to lower
the risk of dementia over time. The comprehensive multivariate Cox regression results are

summarized in Table 2.

Table 2: Multivariate Cox regression Model with HR and 95% CI after 1:2 propensity score matching

Multivariate

HR 95% Cl p-value
Patient Characteristics
Age 1.07 1.03-1.10 <0.0001*
Female 0.50 0.29-0.87 0.01*
Livs Alone 0.57 0.28-1.15 0.12
2 copies of E4 alleles 2.24 1.43-4.09 0.0009*
Comorbidities
Hypertension 1.36 0.79-2.32 0.27
Hypercholesterolemia 0.82 0.48-1.39 0.46
Depression 3.30 1.87-5.84 <0.0001*
Antidiabetic drug use
GLP-1 RA 0.42 0.22-0.80 0.009*
Metformin 1.26 0.66-2.42 0.48
Sulfonylureas 1.27 0.71-2.27 0.42
Thiazolidines 1.47 0.67-3.26 0.34
DPP-4 inhibitors 2.84 0.78-10.35 0.11
Insulin 1.64 0.84-3.19 0.15
SGLT2 inhibitors 0.40 0.05-3.16 0.39

Note: *p<0.05. Abbreviation: HR, hazard ratio; Cl, confidence interval; GLP-1 RA, Glucogan-like peptide-1 Receptor Agonist;

DPP-4 inhibitors, dipeptidyl peptidase-4 inhibitors; SGLT2 inhibitors, Sodium-glucose cotransporter-2 inhibitors.
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5.0 Discussion

Our study demonstrated that GLP-1 RA users, compared to hon-users, were associated with
a reduced probability of developing dementia in the type 2 diabetes population. Over up to the
186.5 months of follow-up, GLP-1 RA users showed a 60% lower risk of dementia compared to

the non-users.

5.1 Mechanism of GLP-1 RA and Dementia

Although the clear mechanism of how GLP-1 RA reduces dementia incidents is not fully

understood, some potential mechanisms could explain the relationship.

5.1.1 GLP-1

GLP-1 receptor is a peptide hormone composed of 30 amino acids, synthesized in both the
intestinal and the CNS.1% In the brain, GLP-1 can be produced by the nucleus tractus solitaries
(NTS), and then transported to other regions such as the hypothalamus, cortical cortex, and
thalamic.°

GLP-1 receptor part of the B class G-protein coupled receptor family demonstrates high
affinity and plays a crucial role in most of the actions attributed to GLP-1.1** GLP-1 receptor was
identified to be expressed in CNS, including dendrite and cell body of the hippocampus to

extensively affect the neurological activities, synapse plasticity, and cognitive functions.t*1-113
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GLP-1 has the ability to cross the BBB and actively participate in brain activities. After
GLP-1 binds to its receptor, it activates the insulin signaling pathway. This activation leads to an

augmentation of the signaling cascade, subsequently enhancing brain insulin sensitivity.'®

5.1.2 GLP-1RA

GLP-1 RA, one of the newer generations of antidiabetic medications, was first approved
in 2005 by FDA. GLP-1 RA works by mimicking the action of GLP-1, inhibiting glucagon
secretion, stimulating insulin secretion, and enhancing insulin sensitivity in the brain.**

Recently, the American Diabetes Association (ADA) and European Association for the
Study of Diabetes (RASD) recommended that GLP-1 RA can be used as the first-line therapy
based on patients’ preference, particularly for those who wish to avoid hypoglycemia.'>!6 In
addition, GLP-1 RA has demonstrated a superior ability to reduce blood glucose without causing

severe hypoglycemia.lt"118

5.1.3 GLP-1 RA and Dementia

Due to increasing importance and better glucose control ability, the GLP-1 RAs gained
more focus in preclinical studies.!"*® In preclinical studies, GLP-1 RAs have shown the ability
to enhance insulin sensitivity and insulin-signaling pathways, exerting the neuroprotective
function.'*1% This ability is also attributed to their capacity to inhibit the generation of reactive
oxygen species (ROS) induced by advanced glycation end products (AGES), suppress
neuroinflammation, and enhance mitochondrial capability. These actions ultimately contribute to

the rescue of neuronal cells from death.*?%-124
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Second, GLP-1 RAs exhibit potential in mitigating key pathological features of AD,
including the reduction of AP peptide accumulation and the suppression of Tau
hyperphosphorylation and aggregation—crucial biomarkers in AD induced by the impaired insulin
signaling pathway.'?® In vivo studies have demonstrated that GLP-1 RA can protect vessels from
AB-induced damage and lesions in APP/PS1 mice.*?® A meta-analysis, incorporating 26 preclinical
papers assessing GLP-1 RAs' impact on AB deposition and tau phosphorylation, revealed their
effectiveness in reducing Ap plaques and p-Tau levels.*?” Liraglutide, an approved GLP-1 RA,
displayed diminished plaques in the cortex region, reduced inflammatory response, elevated young
neuron counts in the dentate gyrus, and suppressed tau hyperphosphorylation.1?8129

Additionally, exenatide and dulaglutide, two other GLP-1 RAs, also exhibit the ability to
reduce the AP plaque accumulation and tau phosphorylation.'®-132 These findings collectively
suggest that GLP-1 RAs hold promise in alleviating dementia, offering a potential avenue for

therapeutic intervention.

5.2 Significant Factors Contribute to Dementia

In addition to GLP-1 RAs, our findings also demonstrated the significant impact of age,
the presence of two pairs of APOE4 genes, and depression on the risk of developing dementia risk,

which aligns with previous studies.
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5.2.1 Age

Age, a well-established risk factor, notably elevates the vulnerability to dementia,
particularly in individuals aged 65 and older.® The significance of this age-related risk is widely
acknowledged in dementia research.

In our study, the Cox regression model provided an HR exceeding 1 (HR=1.07) with a
corresponding p-value below 0.05 (p<0.0001). This finding suggests that age is significantly
associated with a heightened dementia risk, consistent with prior research. Specifically, our results
indicate that for each additional year of age, patients experience a 7 percent higher likelihood of

developing dementia.

5.2.2 Depression

Depression emerges as a notable risk factor, significantly contributing to the likelihood of
developing dementia, which is also demonstrated as a risk factor in this study.

Depression is a serious mood disorder that will affect patients' daily lives, or even lead to
suicidal activities if left untreated. Recently, more studies have been focused on the association
between depression and dementia incidents, and most of the studies demonstrate the consistent
result that depression will increase the risk of dementia. 33134

The Cox regression model, in our study, revealed an HR of 3.30, accompanied by a p-value
below 0.0001. This implies that individuals with depression are at more than a three-fold increased

risk of developing dementia.
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5.2.3 APOE4 Genes

APOE4 genes stand out as the strongest genetic factor for developing dementia and can be
used as a biomarker to determine disease susceptibility.** Around 40% of demented patients carry

at least one pair of APOE4 genes'®

, and the risk of dementia can increase up to 12-fold in those
carrying two pairs of genes.**” Our study demonstrated that participants with 2 pairs of APOE4
genes will increase the dementia risk by 2-fold.

Our investigation also delved into gender disparities in dementia risk beyond genetic

considerations.

5.2.4 Sex

Previous studies emphasized females as a dementia risk factor.’*® Interestingly, our
findings presented an unexpected twist—males exhibit a higher risk. Remarkably, this observation
aligns with a previous NACC database study, raising the possibility that divergent data structures

may contribute to the observed sex differences in dementia risk.**

5.3 Strengths of this Study

Our study had several strengths. First, there is a scarcity of research focusing on evaluating
the impact of GLP-1 RAs, which leaves a knowledge gap on whether GLP-1 RA could be a
promising treatment option for the T2DM population concerning dementia risk.®® While both the

Danish case-control study and a retrospective analysis using Medicare data suggest an association
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between GLP-1 RA use and a reduced incidence of dementia, it's crucial to note that these studies
employed logistic regression methods, potentially introducing bias by not accounting for the time
between drug use and the incidence date.®-°> Moreover, the 2022 ADA Standards of Medical Care
in Diabetes recommend GLP-1 receptor agonists as a first-line treatment for type 2 diabetes due
to their superior glycemic efficacy.®® Consistent guidelines have been adopted by the American
Association of Clinical Endocrinologists and the American College of Endocrinology since 2020,
emphasizing the utilization of GLP-1 RAs as the preferred first-line therapy.'*® Given the
increasing significance of GLP-1 RAs as a primary antidiabetic drug and the established
correlation between T2DM and dementia, there exists a notable gap in the current literature
concerning the comparative impact of GLP-1 RAs against all other available medications. To the
best of our knowledge, our study is the first to compare the impact of GLP-1 RAs to all other
medications on dementia risk.

Second, our study applies PSM to mitigate potential bias. Considering the potential for
selection bias in the use of GLP-1 RAs in the T2DM population and acknowledging the inherent
biases in observational studies, we implemented PSM to address these challenges. PSM is used to
systematically balance all covariates that may act as potential confounders. PSM enhances the
comparability between two groups by aligning participants based on treatment likelihood
similarity.'® This approach reduces selection bias, bolstering the study's reliability in assessing
the beneficial impact of GLP-1 RAs.

Moreover, the NACC database was designed for AD and related dementia research and
assesses cognitive status during each visit, providing standardized clinical diagnoses across all
ADRC centers®. This systematic approach reduces challenges in dementia diagnosis faced in

primary care, where reliance on clinician judgment, brief interactions, and concurrent conditions
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can complicate the process.**! By applying standardized criteria, NACC maximized consistency
and accuracy, meanwhile minimizing the likelihood of delayed dementia detection and diagnostic

bias.1#2

5.4 Limitations of this Study

Our study is also subject to limitations. First, the nature structure of the NACC database
may lead to selection bias for this study. The NACC database was originally designed for studying
mental diseases related to dementia, and relies on voluntary participation and self-reporting,
introducing selection bias. Participants who choose to enroll in this study may exhibit heightened
concerns or early manifestations of cognitive decline, potentially limiting the generalizability of
our findings to the broader population.

Second, the NACC data lack laboratory baseline data, such as Hemoglobin A1C (Hb1AC),
creatinine levels, or glomerular filtration rate (GFR). These variables could be considered
unmeasured confounders, potentially influencing medication prescribing decisions.*

Thirdly, we were unable to control lifestyle factors such as body mass index (BMI) and
smoking status, both of which are risk factors for dementia as demonstrated in some studies. This
suggests the presence of additional potential confounders.

Finally, this database lacks the refill information, which makes the measurement of drug

adherence infeasible.
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5.5 Clinical Implications and Further Directions

Our observational study demonstrates that GLP-1 RAs can reduce the risk of dementia in
individuals with T2DM. These findings highlight a proactive approach to mitigating cognitive
dysfunction in susceptible populations, underscoring the need for further investigation through

rigorous clinical trials to confirm their neuroprotective effects.
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6.0 Conclusion

In conclusion, this retrospective cohort study indicated that GLP-1 RA users had a lower
risk of developing dementia than non-users over a mean follow-up of 45 months. It is crucial to
note that this study establishes an association rather than a causative relationship. Thus, further

studies are warranted.
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