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Abstract
INTRODUCTION: Emerging preclinical evidence suggests that semaglutide, a
glucagon-like peptide receptor agonist (GLP-1RA) for type 2 diabetes mellitus
(T2DM) and obesity, protects against neurodegeneration and neuroinflammation.
However, real-world evidence for its ability to protect against Alzheimer’s disease
(AD) is lacking.
METHODS: We conducted emulation target trials based on a nationwide database of
electronic health records (EHRs) of 116 million US patients. Seven target trials were
emulated among 1,094,761 eligible patients with T2DM who had no prior AD diagnosis
by comparing semaglutide with seven other antidiabetic medications. First-ever diag-
nosis of AD occurred within a 3-year follow-up period and was examined using Cox
proportional hazards and Kaplan-Meier survival analyses.

RESULTS: Semaglutide was associated with significantly reduced risk for first-time AD

diagnosis, most strongly compared with insulin (hazard ratio [HR], 0.33 [95% Cl: 0.21

to 0.51]) and most weakly compared with other GLP-1RAs (HR, 0.59 [95% Cl: 0.37 to

0.95]). Similar results were seen across obesity status, gender, and age groups.

DISCUSSION: These findings support further studies to assess semaglutide’s potential

in preventing AD.

HIGHLIGHTS:

* Semaglutide was associated with 40% to 70% reduced risks of first-time AD diag-
nosis in T2DM patients compared to other antidiabetic medications, including other
GLP-1RAs.

» Semaglutide was associated with significantly lower AD-related medication pre-
scriptions.

» Similar reductions were seen across obesity status, gender, and age groups.

* Our findings provide real-world evidence supporting the potential clinical benefits
of semaglutide in mitigating AD initiation and development in patients with T2DM.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any
medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2024 The Author(s). Alzheimer’s & Dementia published by Wiley Periodicals LLC on behalf of Alzheimer’s Association.
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1 | BACKGROUND

An estimated 6.9 million Americans aged 65 and older will be living
with Alzheimer’s disease (AD) in 2024, a number that is projected to
increase to 13.8 million by 2060.1 AD has no cure, and about 40% of
cases are linked to modifiable risk factors.? Given its growing preva-
lence, profound societal and economic impact, and absence of a cure,
targeting these modifiable risk factors is crucial to prevent or delay AD
and related dementia.®*

Semaglutide, a glucagon-like peptide-1 receptor agonist (GLP-1RA),
was approved by the US Food and Drug Administration (FDA) for
type 2 diabetes mellitus (T2DM) in 2017 and for weight loss in 2021.
Both T2DM and obesity are significant modifiable risk factors for AD.2
Furthermore, semaglutide has demonstrated benefits in managing var-
ious other health conditions such as cardiovascular factors, alcohol

use, smoking, and depression,>~?

many of which are also linked to AD
risk.2 Given its ability to target these risk factors, we hypothesize that
semaglutide may reduce the risk of developing AD in high-risk patients.

Two placebo-controlled trials are currently assessing semaglutide’s
neuroprotective effects in early AD,1%11 alongside a study on its impact
on the immune system in AD patients.'2 However, there are no clinical
trials investigating whether semaglutide can delay or prevent the onset
of AD. In this study, we conducted an emulation target trial using real-
world electronic health records (EHRs) of T2DM patients without prior
AD diagnosis. Our aim was to determine whether semaglutide is asso-
ciated with a reduced risk for first-time diagnoses of AD in a high-risk

population, stratified by gender, age groups, and obesity status.

2 | METHODS

2.1 | Specification of the target trials

2.1.1 | Study overview

We compared the new use of semaglutide with the new use of other
antidiabetic medications on first-time diagnoses of AD using a target
trial emulation framework.1314 We assessed six T2DM patient popu-
lations without prior AD diagnosis: all patients, older patients (>60),
women, men, patients with obesity, and patients without obesity. Table
S1 lists key protocol components. For each population, we specified
seven target trials separately comparing semaglutide with insulins,

metformin, dipeptidyl-peptidase-4 inhibitors (DPP-4i), sodium-glucose
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* These findings support further clinical trials to assess semaglutide’s potential in

delaying or preventing AD.

Alzheimer’s disease, emulation target trial, patient electronic health records, prevention, real-
world data, semaglutide, type 2 diabetes

cotransporter-2 inhibitors (SGLT2i), sulfonylureas (SUs), thiazolidine-
diones (TZDs), and other GLP-1RAs (albiglutide, dulaglutide, exenatide,

liraglutide, and lixisenatide). The target trials are specified as follows.

2.1.2 | Eligibility criteria

Eligibility criteria for all target trials included patients with T2DM
who had medical encounters between December 2017 and May 2021,
had no use of any antidiabetic medications within the past 6 months
(“new user”), and were diagnosed with at least one condition among
semaglutide’s prescription guidelines (eg, obesity, hypertension, hyper-
cholesterolemia, heart diseases, stroke, or A1C >8.5%).2> Exclusions
included a history of AD, co-prescription of semaglutide and compar-
ison medications, and certain medical conditions (pancreatitis, type
1 diabetes, thyroid cancer, gastroparesis) based on contraindications,
warnings, and limited use information for semaglutide.’® Additional
criteria for subpopulations were as follows:

* Older patients: age >60 (age based on time of medication prescrip-
tion)

* Women/men: gender-based inclusion

* Patients with obesity: recent medical encounters for obesity diagno-
sis within past 2 years

* Patients without obesity: excluded if they had a recent medical

encounter for obesity diagnosis within past 2 years (Table S2)

2.1.3 | Treatment strategies

In each of the seven target trials, the treatment strategies were the
initiation of semaglutide use at baseline (index event) or the initiation
of comparison antidiabetic medication use at baseline (index event),
but not both. For all treatment strategies, initiation of use is defined
as the first prescription for the drug, consistent with an intention-to-
treat design. The treatment strategy is assigned at baseline, regardless

of medication use adherence, medication switch, or add-on.

2.1.4 | Study outcomes

The main outcome is a first-time diagnosis of AD (International Classi-
fication of Diseases, 10th revision [ICD-10] code G30 for “Alzheimer’s
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disease”) as documented in patient EHRs. AD-related medication
prescriptions (donepezil, rivastigmine, galantamine, memantine, adu-
canumab, lecanemab) were used as a secondary outcome. Two non-AD-
specific healthcare measures were used for sensitivity analyses: overall
medical encounters and outpatient medical encounters. Each outcome
was analyzed separately (no multiple comparisons nor competing out-
comes). Each eligible patient was followed from the index event until
the occurrence of the outcome, death, loss to follow-up, or 3 years after
the index event, whichever occurred first.

2.1.5 | Analysis approach

The causal estimates of interest represent the intention-to-treat effect
of being assigned to the treatment strategies. Cumulative incidences
were estimated using the Kaplan-Meier survival analysis in patients
who were propensity-score matched (1:1 using nearest-neighbor
greedy matching with a caliper of 0.25 times the standard devia-
tion) for baseline covariates. Cox proportional hazards analyses were
used to compare rates of time to events daily during the follow-up
time after the index event. Hazard ratios (HRs) and 95% Cls were
calculated. All models are adjusted for confounders at baseline by

propensity-score-matching baseline covariates.

2.2 | Emulation of target trials
We explicitly emulated the target trials described previously using
data and built-in analytic functions on the TriNetX Analytics plat-
form. TriNetX is a global, federated, health research network providing
access to deidentified and aggregated EHRs from approximately 113
million patients in 64 large healthcare organizations covering diverse
geographic regions, age, race and ethnicity, income and insurance
groups, and clinical settings.’® This study analyzed deidentified and
population-based EHR data within the TriNetX Analytics platform.
The built-in analytics within the TriNetX Analytic platform analyzed
patient-level data; however, only population-level results are reported
to users. TriNetX data are HIPAA (Health Insurance Portability and
Accountability Act) de-identified and access to protected health infor-
mation is not allowed. Therefore, there is no risk for protected health
information disclosure, and Institutional Review Board review was not
required. The TriNetX platform has been successfully used in retro-
spective cohort studies for ADY7-1? and to evaluate associations of
semaglutide with suicidal ideation,2° cannabis use,?! alcohol use,” and
smoking® and for associations of GLP-1RAs with cancer risks.22-24
Available data elements of EHRs include extensive information on
demographics, diagnoses, medications, procedures, laboratory tests,
visits, and socioeconomic and lifestyle information. All covariates are
either binary, categorical, or continuous but essentially guaranteed to
exist (more details of TriNetX are in the Supplementary Material).
Each component of the target trial was emulated using EHRs from
the TriNetX Analytics platform (more details of target trial emula-

tion components are in Tables S1 to S4 and Figure S1). Patients
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RESEARCH IN CONTEXT

* Systematic review: The authors reviewed the litera-
ture using PubMed sources. Emerging evidence suggests
semaglutide, a glucagon-like peptide receptor agonist
(GLP-1RA) for type 2 diabetes mellitus (T2DM) and obe-
sity, may have neuroprotective and anti-inflammatory
effects. However, real-world evidence on its role in delay-
ing or preventing Alzheimer’s disease (AD) is lacking. The
relevant references are appropriately cited.

* Interpretation: Our findings show that semaglutide was
linked to lower risks of first-time AD diagnosis in T2DM
patients compared to other antidiabetic medications,
including other GLP-1RAs. These findings support further
clinical trials to assess semaglutide’s potential in delaying
or preventing AD.

e Future directions: Future research should explore its
effects in mild cognitive impairment, other dementias, and
neurodegenerative diseases, as well as investigate other
GLP-1RAs like tirzepitide and combination therapies with
other antidiabetic medications. Additional preclinical and
clinical studies are necessary to understand the mech-
anisms and establish causal effects through randomized
trials.

were classified into drug treatment groups - semaglutide versus other
antidiabetic medications (insulins, metformin, DPP-4i, SGLT2i, SU,
TZDs, and other GLP-1RAs) - based on the first prescription in the
study period (December 2017 to May 2021), which was the baseline
or index event. The study period of December 2017 to May 2021
was chosen because semaglutide was approved as Ozempic to treat
T2DM in December 2017 and before it was approved as Wegovy for
weight loss in June 2023. Eligibility criteria and more than 50 base-
line covariates were evaluated at baseline. The semaglutide group
and each of the seven comparison treatment groups were separately
propensity-score matched for covariates at the baseline to emu-
late randomization. After propensity-score matching, the semaglutide
group and its corresponding comparison group were balanced.

2.2.1 | Statistical analysis

The data were collected and analyzed on June 24, 2024 within the
TriNetX Analytics platform. All of the statistical analyses in this study,
including propensity-score matching, Kaplan-Meier survival analysis,
and Cox proportional hazards analysis, were done using built-in func-
tions within the TriNetX Analytics platform that are implemented using
Survival 3.2-3 in R version 4.0.2 and libraries and utilities for data sci-

ence and statistics in Python version 3.7 and Java version 11.0.16.
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1,911,424 patients who:

December 1, 2017 and May 31, 2021

prescription defined as index event)
had a diagnosis of T2DM on or before index event
had no diagnosis of AD on or before index event

A1C28.5% before index event

e had medical encounters with healthcare organizations between

e were prescribed semaglutide or other anti-diabetes medications
(insulins, metformin, DPP-4i, SGLT2i, SU, TZD, or other GLP-1RAs)
between December 1, 2017 and May 31, 2021 (date of first

had a diagnosis of obesity, hypertension, hypercholesterolemia,
hyperlipidemia, heart diseases, stroke, chronic kidney disease, or

105,917 excluded with a history of

\ 4

Y

pancreatitis, type 1 diabetes, thyroid
cancer, or gastroparesis

medications at the time of index event

1,805,507 eligible users of semaglutide or other antidiabetes

703,798 excluded with a history of

]

Y

prescription of antidiabetes medications

medications at the time of index event

1,101,709 eligible new users of semaglutide or other antidiabetes

in 6 months to year before index event

6,948 excluded with co-prescription of
semaglutide and other antidiabetes

\4

\ 4

medications on the index event date

1,094,761 eligible new users in final cohorts

A

Semaglutide

1,077,657 other antidiabetes medications*

(n=17,104) Insulin Metformin DPP-4i SGLT2i suU TZD Glﬁ’t—qi’:‘\s
(n=708,989) || (n=550,105) || (n=95547) (n=48,150) || (n=183382) || (n=26,207) (n=68,773)

FIGURE 1 Study flow diagram. DPP-4i, dipeptidyl-peptidase-4 inhibitor; GLP-1RA, glucagon-like peptide-1 receptor agonist; SGLT2i,
sodium-glucose cotransporter-2 inhibitor; SU, sulfonylurea; T2DM, type 2 diabetes mellitus; TUD, tobacco use disorder; TZD, thiazolidinedione. *
The combined total of patients (n = 1,077,657) is not a sum of the patients from each of the seven comparison antidiabetic medication cohorts
because a patient could be prescribed more than one antidiabetic medication during the study period, though there was no overlap between
semaglutide and comparison medications groups. Other GLP-1RAs included albiglutide (0.5%), dulaglutide (60.6%), exenatide (10.6%), liraglutide

(35.2%), and lixisenatide (2.1%).

Details of clinical codes for eligibility criteria, treatment strategies,
outcomes, and baseline covariates are in Table S4.

3 | RESULTS

3.1 | Study populations

Figure 1 is a flow chart of the cohort composition. The study included
1,094,761 new users of antidiabetic medications, including 17,104
new users of semaglutide and 1,077,657 new users of other antidi-
abetic medications. Semaglutide was separately compared with each
of the seven antidiabetic medication classes in patients with T2DM.
Before propensity-score matching, the insulin and semaglutide groups
differed by age, sex, ethnicity, diagnosis of obesity, some cardiovas-
cular conditions, and AD-related risk factors and by overall medical
encounters including outpatient visits. After propensity-score match-

ing, comparison groups were balanced (Table 1).

RIGHTSE LI MN iy

3.2 | Associations of semaglutide and first-time
diagnosis of AD in patients with T2DM

Patients with T2DM who were prescribed semaglutide had a signifi-
cantly decreased risk of receiving a first-time diagnosis of AD during
a 3-year follow-up compared with those prescribed other antidiabetic
medications, with a HR of 0.33 (0.21 to 0.51) compared with insulins
and 0.59 (0.37 to 0.95) compared with other GLP-1RAs (Figure 2A).
Among older adults aged >60 years at the index event (average
67.9 + 5.79), the overall 3-year risk of first-time diagnosis of AD
was twice as high as in the general population (average 58.1 + 12.1):
0.33% versus 0.16%. Nonetheless, a similar decrease in first-time
diagnoses of AD was observed for semaglutide (Figure S2).

The 3-year cumulative incidence curves comparing semaglutide
with each of the seven antidiabetic medications are shown in Figure 2B.
The average follow-up times for semaglutide versus each compari-
son group are as follows: insulin (973.4 + 101.3 vs 847.2 + 190.0
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TABLE 1 Characteristics of semaglutide group and insulin group before and after propensity-score matching.

Before propensity-score matching After propensity-score matching
Semaglutide Insulin SMD Semaglutide Insulin SMD
Total number 17,104 708,989 17,087 17,087
Age at index event (years, mean + SD) 58.1+121 649+ 141 0.522 58.1+121 58.0+14.8 0.03
Sex (%)
Female 52.0 44.6 0.15° 52.0 531 0.02
Male 40.4 512 0.22° 40.4 39.8 0.01
Unknown 7.6 4.2 0.15° 7.6 7.1 0.02
Ethnicity (%)
Hispanic/Latinx 5.8 9.4 0.13° 5.8 5.8 <0.001
Not Hispanic/Latinx 68.9 64.4 0.09 68.9 70.5 0.04
Unknown 25.3 26.2 0.02 25.2 23.6 0.04
Race (%)
American Indian or Alaska Native 0.2 0.3 0.01 0.2 0.2 0.001
Asian 34 4.1 0.04 3.3 3.1 0.01
Black 14.9 18.4 0.09 14.9 15.3 0.009
Native Hawaiian or other Pacific 0.9 0.8 0.007 0.9 0.9 <0.001
Islander
White 63.3 60.4 0.06 63.3 64.1 0.02
Unknown 14.4 12.7 0.05 14.4 13.5 0.03
Adverse socioeconomic determinants 3.0 24 0.03 3.0 3.1 0.005
of health (%)
Problems related to lifestyle (%) 6.5 4.6 0.08 6.5 6.5 0.002
Type 2 diabetes mellitus (T2DM)
complications (%)
T2DM with hyperglycemia 38.1 23.9 0.31° 38.0 38.2 0.004
T2DMwith kidney complications 15.3 17.5 0.06 15.3 15.2 0.001
T2DMwith ophthalmic complications 7.8 6.3 0.06 7.8 77 0.004
T2DMwith neurological complications 17.1 13.8 0.09 17.1 17.2 0.004
T2DMwith circulatory complications 6.7 6.2 0.02 6.7 6.8 0.006
T2DMwith other specified 43.6 28.8 0.31° 43.6 43.7 0.003
complications
T2DMwith unspecified complications 14.4 7.4 0.232 14.4 14.4 <0.001
Pre-existing medical conditions,
procedures, and medications (%)
Morbid (severe) obesity due to excess 32.2 111 0.53? 32.1 314 0.01
calories
Obesity, unspecified 42.6 18.0 0.56° 42.5 42.6 0.001
Alcohol-related disorders 1.9 3.8 0.122 1.9 18 0.003
Tobacco use disorder 11.3 13.6 0.07 11.3 11.4 0.006
Depression 23.5 14.6 0.232 23.4 234 <0.001
Conductive and sensorineural hearing 5.0 2.9 0.112 5.0 4.9 0.004
loss
Other and unspecified hearing loss 5.3 3.8 0.08 5.3 5.3 0.002
Sleep disorders 38.1 18.2 0.452 38.1 37.7 0.007
Down syndrome 0.1 0.0 0.009 0.1 0.1 <0.001
Viral infections 6.2 4.0 0.10° 6.2 6.3 0.005

(Continues)
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TABLE 1 (Continued)

Before propensity-score matching After propensity-score matching

Semaglutide Insulin SMD Semaglutide Insulin SMD
CovID-19 15 1.9 0.03 15 15 0.004
Unspecified dementia 0.3 2.9 0.20? 0.3 0.3 0.001
Vascular dementia 0.1 0.6 0.09 0.1 0.1 0.002
Mild cognitive impairment 0.7 0.8 0.02 0.7 0.6 0.003
Hypertension 77.3 65.8 0.26* 77.3 78.8 0.04
Disorders of lipoprotein metabolism 75.0 50.7 0.522 74.9 76.1 0.03
and other lipidemias
Ischemic heart diseases 218 28.7 0.16% 218 222 0.01
Other forms of heart disease 28.6 37.2 0.19° 28.6 29.3 0.02
Cerebrovascular diseases 9.1 14.6 0.172 9.1 9.3 0.009
Stroke 1.7 22 0.04 1.7 1.6 0.004
Diseases of arteries, arterioles, and 12.6 15.7 0.09 12.6 13.0 0.01
capillaries
Metabolic syndrome and other insulin 4.6 0.9 0.22? 4.5 4.1 0.02
resistance
Bariatric surgery 3.8 1.0 0.192 3.8 3.5 0.02
Donepezil 0.3 1.0 0.08 0.3 0.4 0.009
Rivastigmine 0.1 0.1 0.02 0.1 0.1 <0.001
Galantamine 0.1 0.0 0.02 0.1 0.1 <0.001
Memantine 0.3 0.5 0.04 0.3 0.3 <0.001
Aspirin 33.8 30.7 0.07 33.8 34.4 0.01
Non-steroidal anti-inflammatory 21.6 124 0.252 21.6 215 0.003
analgesics
Overall medical visits 98.2 86.6 0.45° 98.2 98.6 0.03
Outpatient medical visits 88.7 70.1 0472 88.7 89.3 0.02

Note: Shown are groups before and after propensity-score matching for the listed variables. The status of variables was based on the presence of related
clinical codes any time up to 1 day before the index event (first prescription of semaglutide or insulin during the period from December 2017 to May 2021).

Abbreviations: SD, standard deviation; SMD, standardized mean differences.

aSMD greater than 0.1, a threshold indicating cohort imbalance. Adverse socioeconomic determinants of health included housing and economic circum-
stances, upbringing, education, physical environment, and social environment. Problems with lifestyle included tobacco use, lack of physical exercise,

inappropriate diet and eating habits, and others.

days), metformin (973.4 + 101.4 vs 921.4 + 144.2 days), DPP-4i
(970.1 + 103.7 vs 893.1 + 160.4 days), SGLT2i (969.0 + 104.3 vs
896.4 + 157.2 days), SU (971.6 + 102.5 vs 892.9 + 162.9 days),
TZD (955.8 + 113.4 vs 868.4 + 176.0 days), and other GLP-1RAs
(973.1 + 101.5 vs 933.3 + 133.8 days). The separation between the
curves begins within the first 30 days and continues to diverge, indi-
cating the potential sustained benefits of semaglutide in delaying or

slowing AD development.

3.3 | Associations of semaglutide and first-time
diagnosis of AD in patients with T2DM by gender

After propensity-score matching, there were 8881 women in each
of the balanced semaglutide versus insulin groups (average age 56.8

years) and 6895 men in each of the balanced semaglutide versus insulin

RIGHTSE LI MN iy

groups (average age 59.5 years). The characteristics of the semaglutide
and insulin groups for women and for men before and after propensity-
score matching are presented in Tables S5 and Sé6. Semaglutide was
associated with decreased risk for first-time diagnosis of AD in women
with a HR of 0.22 compared with insulins and a HR of 0.53 compared
with other GLP-1RAs (Figure 3A). Similar trends were observed in
men, though the associations were weaker than in women, but with

overlapping confidence intervals (Figure 3B).

3.4 | Associations of semaglutide and first-time
diagnoses of AD in patients with T2DM, with and
without obesity

Among the subpopulation of patients with obesity (who had a recent

medical encounter for obesity diagnosis in the past 2 years), semaglu-
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(A) Risk of first-time diagnosis of Alzheimer's disease in patients with type 2 diabetes

(comparison between matched semaglutide vs other antidiabetes medications groups)

Exposure Group
Size/Group Exposure group Comparison group Cases (overall risk)

Comparison Group
Cases (overall risk)

HR (95% Cl)

17,087 Semaglutide Insulin 27 (0.16%) 73 (0.43%) e 0.33 (0.21 t0 0.51)
17,080 Semaglutide Metformin 27 (0.16%) 68 (0.40%) . 0.38 (0.24 t0 0.59)
15,878 Semaglutide DPP-4i 27 (0.17%) 62 (0.39%) - 0.40 (0.26 t0 0.63)
15,288 Semaglutide SGLT2i 26 (0.17%) 40 (0.26%) ] 0.60 (0.37 t0 0.98)
16,503 Semaglutide su 27 (0.16%) 80 (0.49%) e 0.31 (0.20 t0 0.48)
10,847 Semaglutide TZD 24 (0.22%) 51 (0.47%) — e 0.43 (0.26 t0 0.70)
17,029 Semaglutide Other GLP-1RAs 27 (0.16%) 44 (0.26%) —a— 0.59 (0.37 t0 0.95)

I T T T TTTT T T T 17177171

010 020 040 0.70 2.0 3.00 5.00 8.00

Hazard ratio (HR)

(B)

Semaglutide Semaglutide - Semaglutide
insulin — Metformin — Dppai

incidence (%)

Cumulative incidence (%)
Cumulative incidence (%)

Cumulative

Semaglutide
— s6ir2i . — su

Semaglutide
p

incidence (%)

Cumulative
Cumulative incidence (%)

Cumulative incidence (%)

Time since

Semaglutide
— GLPIRA

Cumulative incidence (%)

FIGURE 2 (A) Comparison of first-time diagnosis of AD between propensity-score-matched semaglutide versus other antidiabetic
medications groups in patients with T2DM and (B) cumulative AD incidences for the seven comparisons between propensity-score-matched
semaglutide versus other antidiabetic medication groups. The exposure and comparison groups were propensity-score matched for variables
listed in Table 1, and the status of variables was based on the presence of related clinical codes any time up to 1 day before the index event (the first
prescription of semaglutide vs comparison medication classes from December 2017 to May 2021). Outcomes were followed for 3 years after the
index event for both matched exposure and comparison groups. Individuals in the matched groups were followed from the index event until the
occurrence of the outcome, death, or loss to follow-up or 3 years after the index event, whichever occurred first. Hazard rates were calculated
using a Cox proportional hazards model with censoring applied. Overall risk = number of patients with outcomes during follow-up time
window/number of patients in cohort at beginning of time window. DPP-4i, dipeptidyl-peptidase-4 inhibitors; SGLT2i, sodium-glucose
cotransporter-2 inhibitors; SU, sulfonylureas; TZD, thiazolidinediones. Other GLP-1RAs included albiglutide, dulaglutide, exenatide, liraglutide,
and lixisenatide.

tide was associated with decreased risk of first-time diagnosis of AD recent medical encounter with an obesity diagnosis (Figure 4). The

compared to other antidiabetic medication groups, with a HR of 0.29 characteristics of the semaglutide versus insulin groups for T2DM
compared with insulin and a HR of 0.59 compared with other GLP- patients with and without obesity before and after propensity-score

1RAs (Figure 4). Similar results were observed in patients without a matching are presented in Tables S7 and S8.
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Risk of first-time diagnosis of Alzheimer's disease in women with type 2 diabetes
(comparison between matched semaglutide vs other antidiabetes medications groups)
Exposure group Comparison group
Size/Group Exposure group Comparison group Cases (overall risk) Cases (overall risk) HR (95% CI)
8,881 Semaglutide Insulin 12 (0.14%) 48 (0.54%) P 0.22 (0.12t00.42)
8,875 Semaglutide Metformin 12 (0.14%) 35 (0.39%) A 0.33 (0.17 t0 0.63)
8,071 Semaglutide DPP-4i 12 (0.15%) 31 (0.38%) I | 0.36 (0.18 10 0.70)
7,320 Semaglutide SGLT2i 11 (0.15%) 22 (0.30%) A 0.46 (0.22t00.91)
8,456 Semaglutide su 12 (0.14%) 34 (0.40%) e 0.33(0.17t00.63)
4,994 Semaglutide TZD 11 (0.22%) 33 (0.66%) s 0.30 (0.15 t0 0.60)
8,864 Semaglutide Other GLP-1RAs 12 (0.14%) 22 (0.25%) a1 0.53 (0.26 to 1.06)
[ I T T TTTT I T T TTTT
0.10 0.20 0.40 0.70 2.0 3.00 5.00 8.00

Hazard ratio (HR)
Risk of first-time diagnosis of Alzheimer's disease in men with type 2 diabetes
(comparison between matched semaglutide vs other antidiabetes medications groups)

Exposure group
Size/Group Exposure group Comparison group Cases (overall risk)

Comparison group

Cases (overall risk) HR (95% ClI)

6,895 Semaglutide Insulin 13 (0.19%) 24 (0.35%) —a— 0.48 (0.24 to 0.93)
6,891 Semaglutide Metformin 13 (0.19%) 28 (0.41%) . 0.45 (0.23 to 0.86)
6,629 Semaglutide DPP-4i 13 (0.20%) 31 (0.47%) s 0.39 (0.20 to 0.74)
6,881 Semaglutide SGLT2i 13 (0.19%) 11 (0.16%) — 1.14 (0.51 to 2.55)
6,850 Semaglutide su 13 (0.19%) 30 (0.44%) . 0.40 (0.21 to 0.77)
5,350 Semaglutide TZD 13 (0.24%) 17 (0.32%) e 0.71 (0.34 to 1.46)
6,881 Semaglutide Other GLP-1RAs 13 (0.19%) 11 (0.16%) — 1.14 (0.51 to 2.55)

[ I T T TTTT I T T TTTT

010 020 040 0.70 2.0 3.00 5.00 8.00

Hazard ratio (HR)

FIGURE 3 Comparison of AD incidence (first-time diagnosis) between propensity-score-matched semaglutide versus other antidiabetic
medications groups in women with T2DM and in men with T2DM. AD, Alzheimer’s disease; T2DM, type 2 diabetes mellitus.

3.5 | Associations of semaglutide and AD-related encounters between the matched groups. The semaglutide group did

medication prescriptions in patients with T2DM not differ substantially from the comparison groups in overall or out-
patient medical encounters, though most of the comparisons were
We examined AD-related medication prescriptions (donepezil, statistically significant, with a HR from 0.87 to 1.14, during a 3-year
rivastigmine, galantamine, memantine, aducanumab, and lecanemab) follow-up (Figure S4).
as an alternative outcome in patients with T2DM who had no prior
diagnosis of AD. Semaglutide was associated with a decreased risk of
AD-related medication prescriptions compared with other antidiabetic 4 | DISCUSSION
medications in patients with T2DM, with and without obesity (Figure

$3), consistent with the main finding based on a first-time diagnosis of In our study of real-world populations with T2DM, a high-risk group

AD. for AD, semaglutide showed a lower risk of first-time AD diagno-
sis or AD-related medication prescriptions compared to insulin, other
non-insulin/non-GLP-1RAs, and other GLP-1RAs. These results were

3.6 | Sensitivity analysis similar for older patients, both genders, and those with and with-

out obesity. Cumulative incidence curves began to diverge within 30

As a sensitivity analysis of potential differences in overall health-

care utilization, we compared both the overall and outpatient medical

RIGHTSE LI MN iy

days and continued to separate thereafter, indicating semaglutide’s

potential to delay or slow AD development with sustained effects.
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Risk of first—-time diagnosis of Alzheimer's disease in patients with type 2 diabetes (with obesity)
(comparison between matched semaglutide vs other antidiabetes medications groups)

Exposure group Comparison group

Size/Group Exposure group Comparison group Cases (overall risk) Cases (overall risk) HR (95% ClI)
9,533 Semaglutide Insulin 11 (0.12%) 33 (0.35%) f—a— 0.29 (0.15 t0 0.58)
9,530 Semaglutide Metformin 11 (0.12%) 23 (0.24%) [m— | 0.45 (0.22 t0 0.92)
8,224 Semaglutide DPP-4i 11 (0.13%) 20 (0.24%) —a— 0.50 (0.24 to 1.05)
7,649 Semaglutide SGLT2i <10 (<0.13%) 19 (0.25%) —a— 0.48 (0.22 to 1.03)
8,867 Semaglutide SU 11 (0.12%) 33 (0.37%) f—a— 0.31 (0.15t0 0.61)
4,256 Semaglutide TZD <10 (<0.24%) 20 (0.47%) e om 0.31(0.13 t0 0.74)
9,448 Semaglutide Other GLP-1RAs 11 (0.12%) 18 (0.19%) | 0.59 (0.28 t0 1.25)
T T T T TTTT T T TTTIT
0.10 0.20 0.40 0.70 2.0 3.00 5.00 8.00

Hazard ratio (HR)

Risk of first-time diagnosis of Alzheimer's disease in patients with type 2 diabetes (without obesity)
(comparison between matched semaglutide vs other antidiabetes medications groups)

Exposure group Comparison group

Size/Group Exposure group Comparison group Cases (overall risk) Cases (overall risk) HR (95% CI)

7,544 Semaglutide Insulin 16 (0.21%) 44 (0.58%) —a— 0.32 (0.18 to 0.57)
7,548 Semaglutide Metformin 16 (0.21%) 38 (0.50%) P 0.41 (0.23 to 0.73)
7,507 Semaglutide DPP-4i 16 (0.21%) 32 (0.43%) e 0.47 (0.26 to 0.86)
7,539 Semaglutide SGLT2i 16 (0.21%) 29 (0.39%) —a— 0.54 (0.29 to 0.99)
7,532 Semaglutide suU 16 (0.21%) 43 (0.57%) —a— 0.35(0.20 to 0.62)
6,422 Semaglutide TZD 15 (0.23%) 43 (0.67%) —a— 0.33 (0.18 to 0.59)
7,539 Semaglutide Other GLP-1RAs 16 (0.21%) 29 (0.39%) e 0.54 (0.29 to 0.99)

T T T T 11711 T T 111N

0.10 0.20 0.40 0.70 2.0 3.00 5.00 8.00

Hazard ratio (HR)

FIGURE 4 Comparison of first-time diagnosis of AD between propensity-score matched semaglutide versus other antidiabetic medication
groups in patients with T2DM who had recent medical encounters for obesity diagnosis in the past 2 years and in those who did not. AD,

Alzheimer’s disease; T2DM, type 2 diabetes mellitus.

Our study findings align with recent evidence suggesting GLP-
1RAs like semaglutide may protect cognitive function.2>2¢ Preclinical
research indicates semaglutide’s potential in reducing AB-mediated
neurotoxicity, enhancing autophagy, improving brain glucose uptake,
and reducing AB plaques and tau tangles.?’2® Clinical data, includ-
ing studies with dulaglutide, show GLP-1RAs can reduce cognitive
impairment in patients with T2DM.2? Data pooled from three random-
ized, placebo-controlled trials and nationwide prescription registers
from Demark showed that GLP-1RAs were associated with a 53%
reduction in all-cause dementia in patients with T2DM.3° Our large-
scale study of 1,094,761 US patients with T2DM found semaglutide
associated with a 40% to 70% decrease in first-time AD diagnoses,
including a 40% reduction compared to other GLP-1RAs. Ongoing ran-
domized trials are assessing semaglutide’s therapeutic effects in early
AD.1911 Our findings support conducting future prevention trials to
determine semaglutide’s ability to delay or slow down the onset of
AD.

RIGHTSE LI MN iy

AD pathology is multifactorial and complex. GLP receptors
are expressed in various organs, influencing multiple intracellular
responses that could directly affect AD development or progression in
the brain.2° Insulin dysregulation affects key pathological features of
AD.3!

Antidiabetic medications have shown promise in improving cogni-
tion, AB clearance, tau phosphorylation, neurotransmitter turnover,
synaptic loss, bioenergetics, vascular function, inflammation, and lipid
metabolism in AD.31-35 Our study shows that semaglutide signifi-
cantly reduces first-time AD diagnoses compared to other antidia-
betic medications, suggesting potential benefits beyond insulin resis-
tance improvement. This is further supported by the data compar-
ing semaglutide with SGLT2i. Indeed, SGLT2i reduces blood glucose
independent of insulin sensitivity and secretion.3¢ SGLT2i crosses
the blood-brain barrier and has neuroprotective effects by reduc-
ing neuroinflammation, oxidative stress, mitochondrial dysfunction,

and increasing brain-derived neurotrophic factor.3” A recent large
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population-based cohort study showed that SGLT2i was associated
with a lower risk of dementia compared with DPP-4i.38 Our study
shows that semaglutide was associated with significantly lower AD
first-time diagnosis compared with SGLT2i, with an effect more pro-
found than that of DPP4i. These findings align with prior research sug-
gesting semaglutide may offer neuroprotective effects via pathways
like neuroinflammation and mitochondrial function beyond insulin
resistance improvement.

While the underlying mechanisms of the observed association
of semaglutide and reduced risk of AD are unknown, they could
also reflect semaglutide’s improvement of AD risk factors such as
T2DM, obesity, cardiovascular diseases, smoking, alcohol drinking, and
depression, among others. Semaglutide was shown to improve car-
diovascular health in patients with T2DM or obesity.>¢ We recently
reported that semaglutide was associated with reduced risks for alco-
hol use disorders’ and tobacco use disorders.® A large cohort study
in the United States showed that GLP-1RAs including semaglutide
were correlated with lower risk of depression and anxiety.? Findings
from this study support the idea that semaglutide could help delay or
prevent the onset of AD by mitigating these modifiable risk factors.

In addition, GLP-1RAs have been reported to influence many
pathways associated with the progression of AD, including oxida-
tive stress, mitochondrial dysfunction, altered glycation status, and
inflammation.? GLP-1 receptors have been identified in neurons,
astrocytes, and microglia, all of which have been implicated in the
cascade of events that drive the pathology of AD. These receptors
also exist on macrophages and on cells derived from the macrophage
lineage such as microglia and astrocytes, where their activation can
reduce secretion of pro-inflammatory cytokines and increase anti-
inflammatory mediators.*® A recent study showed that semaglutide
reduces the severity of polymicrobial inflammation and neuroinflam-
mation through central neuronal GLP-1 receptors.*! However, it is not
possible from our studies to implicate any of these in the delay or pre-
vention of an AD diagnosis, though it seems likely that the mechanism
involves more than vigorous blood sugar control, given our compari-
son of antidiabetic drugs and weight loss given our subgroup analysis
by obesity status.

Almost two-thirds of AD cases are in women, and the underlying
mechanisms remain unknown.! In our study, semaglutide was asso-
ciated with a more profound decrease in first-time diagnoses of AD
in women with a HR 0.22 (0.12 to 0.42) than in men with HR 0.48
(0.24 to 0.93), though the confidence intervals overlapped and sam-
ple sizes were limited. However, the characteristics of these two study
populations differed, with women being younger than men (average
age 56.8 vs 59.6 years) and having a higher prevalence of obesity and
depression and a lower prevalence of cardiovascular diseases. This
analysis demonstrates the importance of conducting separate analy-
ses based on gender since the genders’ different characteristics may
inform targeted prevention efforts. Larger, longer-term studies are
needed to confirm these differences and to understand what drives the
potential differential effects.

Obesity is now recognized as a major modifiable risk factor for

AD and related dementias in the United States.*? Semaglutide was
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approved as Ozempic for treating T2DM in December 2017 and as
Wegovy for weight loss in June 2021. Our study population comprised
patients with T2DM prescribed semaglutide between December 2017
and May 2021, before its approval for weight loss. Due to sample size
limitations and a shorter follow-up time, we did not include patients
prescribed semaglutide as Wegovy for obesity. However, we conducted
stratified analyses by obesity status among T2DM patients and found
a consistent decrease in first-time AD diagnosis regardless of obesity
status. These findings suggest that semaglutide may have beneficial
effects on delaying the onset of AD through mechanisms beyond
weight loss.*® Further research is needed to investigate semaglutide’s
effects in patients with obesity, both with and without T2DM.

Our study had several limitations. First, retrospective observational
studies using patient EHRs, like ours, inherently can suffer from over-
diagnosis, underdiagnosis, and misdiagnosis, as well as unmeasured
or uncontrolled confounders and biases, precluding causal inference.
Second, our patient cohort was sourced from the TriNetX Analytics
platform, necessitating validation of results in other EHR databases
and analytics platforms. Third, due to semaglutide’s recent approval for
treating T2DM, our follow-up period was limited to 3 years. Though
we observed a significant reduction in AD risk in a high-risk population
with T2DM and also high comorbidity (43% obesity and 77% hyper-
tension), future studies should explore longer follow-ups and different
populations. Fourth, we used the ICD-10 diagnosis code for AD as the
primary outcome and corroborated the findings using AD-related med-
ication prescriptions. However, AD diagnosis is challenging, and the
diagnostic criteria are usually not documented in EHRs, which could
also be influenced by many factors, including socioeconomic factors
and biomarker usage.** Nevertheless, both exposure and compari-
son groups were drawn from the same healthcare organizations and
were propensity-score matched for more than 50 variables, including
socioeconomic and lifestyle factors, so relative rates of first-time diag-
nosis of AD as measured by HR are likely valid. Fifth, due to sample
size limitations, this study could not examine the potential therapeu-
tic benefits of semaglutide in patients with AD. A recent randomized
placebo-controlled clinical trial of 204 patients with mild AD showed
that liraglutide, a first-generation GLP-1RA, slowed the reduction in
whole cortical gray matter and frontal, temporal, and parietal lobe vol-
ume compared to placebo.*> These findings suggest that semaglutide
could offer a promising therapeutic approach to treating AD. Finally,
EHRs in TriNetX lack data on medication adherence and explicit track-
ing of cognitive impairment. Limited genomics data, particularly APOE
genotypes, prevented further analysis by allele status. Practice pat-
tern variations among healthcare organizations and patient healthcare
utilization could not explicitly be controlled, though sensitivity analy-
ses indicated similar healthcare utilization between semaglutide and
comparison groups, minimizing potential surveillance bias.

Our findings support further clinical evaluation of semaglutide’s role
in mitigating AD initiation and development in patients with T2DM.
Future research should explore its effects in mild cognitive impairment,
other dementias, and neurodegenerative diseases, as well as investi-
gate other GLP-1RAs like tirzepitide and combination therapies with

other antidiabetic medications. Additional preclinical and clinical stud-
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ies are needed to shed light on the mechanisms of the potential benefits
of semaglutide in preventing or delaying the onset of AD and establish
causal effects through randomized trials.
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