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Introduction: People with type 2 diabetes have increased risk of dementia. Glucagon-

Fundinglnformation repurposing as a treatment for Alzheimer’s disease; a key unanswered question is
Novo Nordisk whether they reduce dementia incidence in people with type 2 diabetes.

Methods: We assessed exposure to GLP-1 RAs in patients with type 2 diabetes and
subsequent diagnosis of dementia in two large data sources with long-term follow-
up: pooled data from three randomized double-blind placebo-controlled cardiovascu-
lar outcome trials (15,820 patients) and a nationwide Danish registry-based cohort
(120,054 patients).

Results: Dementia rate was lower both in patients randomized to GLP-1 RAs versus
placebo (hazard ratio [HR]: 0.47 (95% confidence interval [Cl]: 0.25-0.86) and in the
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GLP-1RAs).

KEYWORDS

dence, type 2 diabetes

1 | BACKGROUND

Both diabetes and dementia are highly prevalent age-related diseases
constituting major health and socioeconomic challenges worldwide. 2
Patients with diabetes have an accelerated rate of cognitive decline®
and a 1.6-fold increased risk of developing dementia,* including
Alzheimer’s disease (AD) and vascular dementia, compared to peo-
ple without diabetes.”> Yearly screening for mild cognitive impair-
ment is recommended in patients with diabetes from the age of 65
years.® However, current treatment options are limited with no glob-
ally approved new treatments over the last 20 years,! and just one
recently approved new therapy with modest benefits in the United
States.” There are approximately 50 million people worldwide with
dementia; of these, it is estimated that more than 7 million have
diabetes.*® The number of people developing dementia is projected to
reach 152 million by 2050, with a current estimated worldwide cost of
US$818 billion,” making better pharmacological therapies for patients
with dementia an urgent priority. Given the large number of people
worldwide with type 2 diabetes, and the substantially increased risk of
dementia incidence among these individuals, a pharmacological treat-
ment that reduces the incidence of dementia in people with type 2 dia-
betes would have a large impact.

Glucagon-like peptide-1 (GLP-1) receptor agonists (RAs) are used
in the treatment of type 2 diabetes and obesity, where they effec-
tively lower glucose levels, body weight, and risk of cardiovascular
disease.1-12 However, GLP-1 may also be important for cognition,*3
suggested by findings from GLP-1 receptor knockout mice that have
a phenotype characterized by a learning deficit that can be restored
after hippocampal GLP-1 receptor gene transfer.!* GLP-1 is an estab-
lished neurotransmitter and receptors for GLP-1 are expressed in
numerous brain regions including the striatum, nucleus accumbens,
and hippocampus.'® Studies in animals have shown that administration
of the GLP-1 RA liraglutide can improve memory and learning, increase
CA1 neurons in the hippocampus, reduce amyloid beta (AgB), and pre-
vent tau tangle depositions.’6-18 GLP-1 RAs are considered among
the most promising therapies for repurposing as a treatment for AD.1?
Preliminary evidence shows that liraglutide improves cerebral glucose
metabolism in patients with mild or moderate AD dementia.2°

While further randomized controlled trials (RCTs) are needed to
fully explore the potential role of GLP-1 RAs in treating and preventing
AD and vascular dementia, a more immediate and more focused ques-

tion is whether GLP-1 RAs can reduce dementia incidence in people

nationwide cohort (HR: 0.89; 95% Cl: 0.86-0.93 with yearly increased exposure to

Discussion: Treatment with GLP-1 RAs may provide a new opportunity to reduce the

incidence of dementia in patients with type 2 diabetes.

dementia, glucagon-like peptide-1 receptor agonists, randomized controlled trial, real-world evi-

with type 2 diabetes. Recently, a potentially pivotal study reported that
an exploratory analysis of the Researching Cardiovascular Events with
a Weekly Incretin in Diabetes (REWIND) trial suggested that the GLP-
1 RA dulaglutide could reduce cognitive impairment in patients aged
50 years or above with type 2 diabetes and additional cardiovascular
risk factors.2! During a median follow-up of 5.4 (interquartile range
[IQR] 5.1-5.9) years, 8828 participants provided a baseline and one or
more follow-up Montreal Cognitive Assessment (MoCA) or Digit Sym-
bol Substitution Test (DSST) scores. The cognitive outcome, which was
the first occurrence of a follow-up score on MoCA or DSST that was 1.5
standard deviations (SDs) or more below the baseline mean scorein the
participant’s country, occurred in 4.05 per 100 patient-years in partic-
ipants assigned dulaglutide and 4.35 per 100 patient-years in people
assigned placebo. After post hoc adjustment for individual standard-
ized baseline scores, the hazard of substantive cognitive impairment
was reduced by 14% in those assigned dulaglutide (hazard ratio [HR]:
0.86; 95% confidence interval [CI]: 0.79-0.95; P=.0018). This suggests
an opportunity to reduce cognitive impairment in people with type
2 diabetes, but it is unclear whether this impact on cognitive decline
impacts on the incidence of dementia, a much more crucial clinical out-
come.

To address this key clinical question of whether GLP-1 RAs reduce
the incidence of dementia in people with type 2 diabetes, we assessed
exposure to GLP-1 RAs and subsequent diagnosis of dementia in data
sources with long-term treatment exposure, including pooled data
from three double-blind RCTs and a nationwide cohort of patients with

diabetes.

2 | METHODS

2.1 | Trials and registries

For RCT data, all subjects provided informed consent. For the nation-
wide registry data, ethical permission is not required for register-based
retrospective research in Denmark. This report used a triangulation
approach integrating study designs and data sources with different
key sources of potential bias to obtain a more reliable answer.?? First,
we pooled data from three large multicenter, double-blind, placebo-
controlled cardiovascular outcome trials with GLP-1 RAs: liraglutide
(LEADER;° 9340 patients), subcutaneous semaglutide (SUSTAIN-6;11
3297 patients), and oral semaglutide (PIONEER 6;12 3183 patients).
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Patients with type 2 diabetes at high risk for or with established car-
diovascular disease were randomly assigned in a 1:1 ratio to receive
placebo or liraglutide (LEADER), or semaglutide (SUSTAIN-6; P1O-
NEER 6), in addition to standard of care. Investigators were encour-
aged to treat all patients according to local guidelines to achieve
the most effective glycemic and cardiovascular risk management;
accordingly, additional non-investigational anti-hyperglycemic (except
incretin-based), anti-hypertensive, anti-thrombotic, and lipid-lowering
medication could be added or adjusted.0-12

Next, we used the Danish National Prescription Register, which
holds information on all redeemed prescriptions in Denmark since Jan-
uary 1, 1995 (Table S1 in supporting information), to identify a nation-
wide cohort of patients treated for diabetes. We identified everyone
with a first prescription of a second-line diabetes treatment (Table S2 in
supporting information) between January 1, 1995, and December 31,
2017.

Follow-up for onset of dementia started on January 1, 2009 (Figure
S1 in supporting information), as this was when GLP-1 RAs could be
considered a well-known and available treatment for diabetes in Den-
mark. To correctly identify patients with a first-ever prescription for
a second-line diabetes treatment, we excluded those who had a pre-
scription between January 1, 1995 through June 30, 1995. Further-
more, patients with dementia before start of follow-up or who devel-
oped dementia before age 50 were excluded. For the main analysis, we
included everyone with at least 5 years since initial exposure to second-

line diabetes treatment.

2.2 | GLP-1RAs

The predefined treatment durations for the three RCTs are listed
in Table S3 in supporting information. In the nationwide cohort, all
dispensed prescriptions for GLP-1 RAs were identified and years of
cumulative GLP-1 RA exposure were updated throughout the follow-
up period. At each date throughout follow-up, the current treatment
exposure was defined by looking 5 years back in time. To summarize the
exposure duration, we counted the number of 6-month subintervals in

which the patient redeemed at least one prescription.

2.3 | Other diabetes treatments

Other second-line diabetes treatments that were available as alterna-
tive treatment options to GLP-1 RAs during the entire follow-up period
in the nationwide cohort (insulin, sulfonylureas, dipeptidyl peptidase-
4 inhibitors, meglitinides) were assessed to test whether a potential
influence of GLP-1 RAs on dementia prevention was specific for treat-
ment with GLP-1 RAs. Monotherapy with metformin was defined as a
first-line treatment for type 2 diabetes and not considered a compara-
ble treatment option to GLP-1 RAs.

2.4 | Dementia

In the RCTs, the standardized Medical Dictionary for Regulatory
Activities (MedDRA, version 21.1) was used to identify dementia-

Clinical Interventions

Research in Context

Systematic review: The authors reviewed the literature
using PubMed. Patients with type 2 diabetes have a 1.6-fold
increased risk of dementia, and there are an estimated 7
million people with both diabetes and dementia worldwide.
Studies show promising effects with glucagon-like peptide-
1 (GLP-1) receptor agonists (RAs) on cognitive decline and
Alzheimer’s disease hallmarks, but it is unclear whether this
translates to an impact on the incidence of dementia, a more
crucial clinical outcome.

Interpretation: We determined the impact of GLP-1 RAs in
patients with type 2 diabetes on subsequent development of
dementiain three large clinical trials and a Danish nationwide
study. Our results suggest that GLP-1 RAs may provide a new
opportunity to reduce dementia incidence in patients with
type 2 diabetes.

Future directions: Results support the need for a well-
powered randomized controlled trial to determine whether
GLP-1 RAs may have a broader role in preventing dementia.

HIGHLIGHTS

* GLP-1 RA exposure and dementia incidence were
assessed in RCTs and nationwide registries

* Treatment with GLP-1 RAs associated with a lower rate of
dementia in type 2 diabetes may provide new opportunity

to reduce dementia incidence in type 2 diabetes

related adverse events (AEs) using the narrow scope search terms
for dementia (Table S4 in supporting information). AE data collec-
tion across the trials differed in line with the regulatory requirements
at the time of trial conduct. In LEADER and PIONEER 6, only seri-
ous AEs were systematically collected, while all AEs were collected in
SUSTAIN-6.

In the nationwide cohort, dementia was defined as a diagnosis of
dementia in the National Patient Register or first-ever prescription
for approved dementia specific treatment in the National Prescription
Register (cholinesterase inhibitors and memantine; Tables S1 and S2 in
supporting information).

2.5 | Statistical analysis

For the pooled RCTs, an intention-to-treat analysis was performed
using Cox regression with treatment assignment as the only explana-
tory variable to determine the HR for developing dementia with GLP-1
RAs versus placebo. We reported the HR for dementia for patients ran-

domized to a GLP-1 RA versus placebo. The absolute risk of dementia
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(with death without dementia as a competing risk) was calculated using
the Aalen-Johansen estimator.

In the nationwide cohort, we used a nested case-control study
design in which each patient at case date (date of dementia diagno-
sis) was matched on age, sex, and calendar date to 10 controls without
dementia. The effects of differences in cumulative exposure to GLP-
1 RAs for developing dementia were modelled with Cox regression in
a 5-year exposure window prior to case date (Figure S1 in supporting
information) and reported as HRs for each 1-year increase in GLP-1 RA
exposure for cases versus controls. Reported were HRs for each 1-year
increase in exposure duration. The model was adjusted for age, sex,
and calendar date via matching, and information on diabetes duration
(years since first-ever prescription of any second-line diabetes treat-
ment), stroke, myocardial infarction, hypertension, chronic renal dis-
ease, and educational attainment (Table S1 and S2 in supporting infor-
mation) at the start of the exposure window. A similar Cox regres-
sion model was used for each of the other second-line diabetes treat-
ments. Furthermore, the HR for dementia with exposure to GLP-1 RAs
was investigated across subgroups, including sex, age, calendar period,
insulin exposure, and cardiovascular status, with cardiovascular dis-
ease defined as prior stroke or myocardial infarction, and in various
prespecified sensitivity analyses (Table S5 in supporting information).

The level of statistical significance was set at 5%.

2.6 | Role of the funding source

The funder of the study participated in the study design, data collection
(RCT), data analysis (RCT), data interpretation, writing this paper, and
in the decision to submit this paper for publication. The corresponding
author had full access to all the data in the study.

3 | RESULTS

3.1 | Study populations

In total, 15,820 patients at high risk for or with established cardiovas-
cular disease were randomized to a GLP-1 RA or placebo in the pooled
RCTs. Baseline characteristics are presented in Table 1.

In the nationwide cohort of 120,054 patients with at least 5 years
since initiation of a second-line diabetes treatments, 4849 patients
developed dementia during the follow-up period from 2009 through
2017. Characteristics of case and control patients are presented in
Table 2. Liraglutide comprised 95% of all prescriptions for GLP-1
RAs.

3.2 | Dementia in pooled RCTs
In the pooled RCT analysis, 15 patients randomized to a GLP-1 RA
and 32 patients randomized to placebo developed dementia during a

median follow-up of 3.61 years (Table S3 in supporting information).

NORGAARD ET AL.
TABLE 1 Baseline characteristics in the pooled RCTs
GLP-1RA Placebo
(N=7907) (N=7913)
Male sex, n (%) 5108 (64.6) 5073 (64.1)
Age in years, mean (SD) 64.6(7.2) 64.8(7.3)
Age, n (%)
< 70years 5942 (75.2) 5850 (73.9)
70-80years 1764 (22.3) 1864 (23.6)
80-90 years 198 (2.5) 198 (2.5)
> 90 years 3(<0.1) 1(<0.1)
Diabetes duration, 13.5(8.2) 13.5(8.2)
mean (+SD)
Stroke, n (%) 1229 (15.5) 1299 (16.4)
Myocardial infarction, n 2554 (32.3) 2531(32.0)
(%)
Hypertension, n (%)? 5804 (91.9) 5766 (91.2)
Chronic renal disease, n 189 (2.4) 173(2.2)

(%)°

2Not including the PIONEER 6 trial.

bChronic renal disease is defined as eGFR < 30 mL/minute/1.73 m2.
Abbreviations: eGFR, estimated glomerular filtration rate; GLP-1 RA,
glucagon-like peptide-1 receptor agonist; RCTs, randomized controlled tri-
als; SD, standard deviation.

Patients randomized to GLP-1 RAs had a lower rate of developing
dementia compared to those randomized to placebo (HR: 0.47; 95% Cl:
0.25-0.86; Figure 1 and Table Sé in supporting information).

3.3 | Dementia in the nationwide cohort

The median follow-up time in the nationwide cohort was 7.4 years.
The analysis nested in the nationwide cohort was specifically designed
to examine long-term effects by ensuring at least 5 years of treat-
ment with second-line diabetes treatment. The result was a reduced
rate of dementia with increasing exposure to GLP-1 RAs compared to
other second-line diabetes treatments (Figure 2). The reduced rate of
dementia with GLP-1 RA exposure was similar across subgroups strati-
fied by sex, age, calendar period, co-exposure to insulin, and cardiovas-
cular status (Figure 3).

Exposure to other second-line diabetes treatments available in the
study period was not associated with a decrease in HR, except for sul-
fonylureas (P = .04, Figure 2). Ignoring prescriptions for second-line
diabetes treatments in the 2 years prior to the diagnosis of demen-
tia, GLP-1 RAs were the only treatment significantly associated with
a reduced rate of dementia (Figure S2 in supporting information). The
result for GLP-1 RA exposure did not change when diabetes duration
was assessed as “time since first treatment with metformin or second-
line diabetes treatment” (Figure S3 in supporting information); when
exposure to GLP-1 RAs was assessed within 3 and 10 years before
diagnosis of dementia (Figure S4 in supporting information); and when

adjusting the analysis for only age, sex, and calendar date via matching
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FIGURE 1 Time todementiawith GLP-1 RAs versus placebo in pooled RCTs. In the pooled RCTs, 15 patients randomized to a GLP-1 RA and 32
patients randomized to placebo developed dementia. GLP-1 RA, glucagon-like peptide-1 receptor agonist; RCT, randomized controlled trial

Treatment

Hazard ratio for dementia (95% ClI)

GLP-1 receptor agonists

Other second-line diabetes treatments
Insulin
Sulfonylureas
DPP-4 inhibitors

Meglitinides

0.89 (0.86-0.93)

1.01 (1.00-1.03)
0.98 (0.97-1.00)
0.98 (0.95-1.00)

0.95 (0.89-1.02)

[
0.75

Better for dementia

1
1.25

Worse for dementia

FIGURE 2 HRsfor dementia with yearly increase in exposure duration to GLP-1 RAs and other second-line diabetes treatments in the
nationwide cohort. Cox proportional hazards regression models conducted for exposure to each treatment. Estimates denote the HR for yearly
increase in duration of exposure. The models were adjusted for history of stroke, myocardial infarction, hypertension, educational attainment, and
diabetes duration. Sex, age, and calendar date were included via matching. SGLT-2 inhibitors (HR: 0.81; 95% Cl: 0.68-0-97) were not available
throughout the entire study period. Cl, confidence interval; DPP-4, dipeptidyl peptidase-4; GLP-1, glucagon-like peptide-1; HR, hazard ratio;

SGLT-2, sodium-glucose co-transporter-2

(Figure S5 in supporting information). Lastly, the competing risk analy-
sis of “death without dementia” as an endpoint also resulted in a lower
mortality rate with GLP-1 RA exposure compared to other second-line
treatments (Figure Sé in supporting information).

4 | DISCUSSION

We found that treatment with GLP-1 RAs was associated with a
reduced incidence of dementia in patients with type 2 diabetes in three
pooled RCTs and in a nationwide cohort.

Intensive pharmacotherapeutic efforts have so far failed to identify
treatments that prevent, delay, or arrest the disease course of demen-
tia, including recent unsuccessful trials focusing on reducing produc-
tion or enhancing clearance of AB,2%24 and the urgent need for new
therapeutic approaches is increasingly evident. The presented results
indicate a beneficial opportunity of delaying progression to dementia
with GLP-1 RAs in people with type 2 diabetes. Given the significantly
increased 1.6-fold risk of dementia,* and the 7 million people with type
2 diabetes estimated already to have dementia, the potential opportu-
nities for clinical practice and improved outcomes for people with type
2 diabetes are apparent.
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Subgroups Hazard ratio for dementia (95% ClI)
Sex

Female il 0.91 (0.86-0.97)

Male i 0.88 (0.83-0.93)

Age at baseline

<70 years i
70-80 years HElH
>80 years }—J—

Calendar period

2009-11 —a—

2012-14 HlH

2015-17 [ ]
Insulin exposure

None HlH

Some HilH

Full HEH

Cardiovascular disease

0.87 (0.82-0.92)
0.92 (0.86-0.98)

0.95 (0.80-1.13)

0.63 (0.40-1.01)
0.77 (0.69-0.85)

0.93 (0.89-0.97)

0.89 (0.83-0.96)
0.79 (0.71-0.87)

0.89 (0.82-0.97)

0.87 (0.79-0.95)

0.91 (0.87-0.96)

1.5

Yes HlH
No [
I 1
0.50 1.0
Better for dementia

Worse for dementia

FIGURE 3 HRsfor dementiawith yearly increase in exposure duration to GLP-1 RAs according to subgroup in the nationwide cohort. Cox
proportional hazards regression models conducted for exposure to GLP-1 in various subgroups. Estimates denote the HR for yearly increase in
duration of exposure. The models were adjusted for history of stroke, myocardial infarction, hypertension, educational attainment, and diabetes
duration. Sex, age, and calendar date were included via matching. Cl, confidence interval; GLP-1 RA, glucagon-like peptide-1 receptor agonist; HR,

hazard ratio

Our findings build upon the recently published exploratory analysis
from the cardiovascular outcome trial REWIND showing that dulaglu-
tide might reduce cognitive impairment. The adjusted hazard of that
composite cognitive outcome (decline of 1.5 SDs or more on either
the MoCA or DSST) was reduced by 14% with dulaglutide compared
to placebo (HR: 0.86; 95% Cl; 0.79-0.95; P = .0018).21 The current
article, examining more than 15,000 participants from three RCTs and
a nationwide cohort from Denmark, demonstrates that the impact
on cognitive impairment from REWIND translates into the key clini-
cal outcome of a reduced incidence of dementia, and emphasizes the
opportunity to potentially reduce dementia incidence in people with
type 2 diabetes.

An RCT to determine whether GLP-1 RAs have therapeutic benefits
for the prevention or treatment of dementia beyond people with type

2 diabetes is now an important priority.

There are several potential mechanisms of action. For example,
it is plausible that the effect of GLP-1 RAs on dementia could be
related to amelioration of dementia-related risk factors, such as gly-
cated hemoglobin, body weight, systolic blood pressure, and cardio-
vascular disease observed in the included RCTs.19-12 However, animal
studies point to more general neuroprotective mechanisms of GLP-
1 RAs,*® which could have implications for a broader patient pop-
ulation. The role of GLP-1 RAs in reducing neuroinflammation2>2¢
may be important, given the recent focus on microglia in neurode-
generative diseases.?’ It has been shown that semaglutide specifically
decreases markers of systemic inflammation in patients,282? and that
both liraglutide and semaglutide attenuate development of atheroscle-
rotic plaques in APOE ™~ and LDLr™~ mice through an anti-inflammatory
mechanism.3% A recent study showed that exenatide, another GLP-1

RA, improved brain vascular health in an aged mouse model in which
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TABLE 2 Characteristics of the case and control patients in the
nationwide cohort

Dementia cases Controls
(N =4849) (N =48,506)
Male sex, n (%) 2299 (47.4) 22,998 (47.4)
Age, n (%)
<70years 1278(26.4) 12,784 (26.4)
70-80years 2268 (46.8) 22,688 (46.8)
80-90 years 1260(26.0) 12,612 (26.0)
> 90 years 43(0.9) 422(0.9)
Diabetes duration, 6.0(3.0-10.0) 6.0(3.0-9.0)
median (IQR)>P
GLP-1RAs, n (%)
Ovyears 4575 (94.3) 44,594 (91.9)
1-2years 59(1.2) 623(1.3)
2-3years 35(0.7) 586(1.2)
3-4 years 35(0.7) 483(1.0)
4-5 years 74 (1.5) 1076 (2.2)
Stroke, n (%)° 760 (15.7) 5628 (11.6)
Myocardial infarction, n 527(10.9) 5241 (10.8)
(%)
Hypertension, n (%)° 3252 (67.1) 31,961 (65.9)
Chronic renal disease, n 233(4.8) 2287 (4.7)
(%)°
Educational attainment, n (%)<
Basic 2490(51.4) 23,920(49.3)
Medium 1508 (31.1) 14,971 (30.9)
Advanced 427(8.8) 4681(9.7)

2Years since initiation of second-line diabetes treatment.

b At beginning of 5-year exposure window.

¢Educational status unknown in 424 (8.7%) cases and in 4934 (10.2%) con-
trols.

Abbreviations: GLP-1 RA, glucagon-like peptide-1 receptor agonist; IQR,
interquartile range.

transcriptome analysis showed enrichment for human AD genome-
wide association study genes.3! In humans, it was recently demon-
strated that liraglutide slowed down the decline in memory function
independently of weight loss in a group of patients with obesity and
prediabetes or early type 2 diabetes.32 Thus, in addition to its glucose-
lowering effect, GLP-1 RAs may have specific properties for preventing
dementia. This is supported by our finding from the nationwide cohort
that other second-line diabetes treatments available were not asso-
ciated with a lower incidence of dementia. Exposure to sulfonylureas
(borderline significant) and sodium-glucose co-transporter-2 inhibitors
(marketed since December 2012) was found to be associated with a
decreased rate of dementia in the main analysis but was not associated
with a significant reduction in dementia when accounting for reverse
causation, that is, ignoring prescriptions in the 2 years leading up to
a diagnosis of dementia. To further explore confounding by indication

and whether income level could have biased the results, the analyses

Clinical Interventions

were repeated with recently available register data that extended the
study period until 2018, which showed consistent results for the main
analysis and when accounting for reverse causation (Figure S7 in sup-
porting information).

A Danish case control study recently showed that exposure to GLP-
1 RAs was associated with a decreased rate of dementia in patients
with diabetes. This study addressed “ever use” of treatments and
included patients independent of diabetes duration, making the study
vulnerable to bias, including not accounting for lag time between expo-
sure and dementia, which may explain why multiple drugs were found
to be protective for dementia.33

The current pooled analysis of double-blind RCTs is important for
interpretation, as randomization limits sources of confounding. The
similarity in study populations in LEADER, SUSTAIN-6, and PIONEER
6 supports the scientific validity of a combined analysis.1%12 Further,
the high completion rate (> 96%) and available information about vital
status for all (> 99%) of the patients by the end of the trials indicate
high validity for the conduct of the trials.'0-12 |t is, however, a limitation
that dementia was not a prespecified endpoint in any of the three RCTs,
and in accordance with the regulatory requirements at the time of trial
conduct, only serious AEs were reported in LEADER and PIONEER 6
whereas both serious and non-serious AEs were reported in SUSTAIN-
6. Despite similar dementia rates reported with placebo in the two tri-
als of longest duration (1.41 in LEADER and 1.47 in SUSTAIN-6, Table
S3insupporting information), underreporting cannot be excluded, par-
ticularly in the trials requiring only serious AE reporting. This would,
however, not bias the treatment effect but could reduce the power.
Despite a small number of events, we found a protective effect of GLP-
1 RAs versus placebo. The influence of GLP-1 RAs was not apparent at
randomization and though the number of events is limited, a differen-
tiation between the curves became apparent after 1 year of treatment,
which could indicate that this was due to treatment exposure and not
inherent group differences. Furthermore, as there was a similar'! or
lower012 risk of death reported in patients randomized to GLP-1 RAs
versus placebo, death as a competing risk should not have influenced
the results.

Due to the large size of the nationwide cohort with more than 4000
patients developing dementia over 9 years of follow-up, we were able
to test the results in different subgroups of clinical importance and sen-
sitivity analyses. The decreased rate of dementia with increasing expo-
sure to GLP-1 RAs was statistically significant throughout different cal-
endar intervals, although the HR became less pronounced in recent
years. This trend may be influenced by changes in guidelines to initiate
treatment with GLP-1 RAs earlier and increased use of newer second-
line diabetes treatments. The results were consistent in all investigated
subgroups that stratified patients by sex, age group, insulin exposure,
calendar period, and cardiovascular disease status, implying that the
effect of GLP-1 RA may be present in patients both with and without
cardiovascular disease. However, it was not possible within the avail-
able measurements to assess how much of the effect of GLP-1 RAs
was potentially mediated through reduced cardiovascular disease. Fur-
ther investigations of mode of action and clinically relevant subgroups

are warranted, but are beyond the scope of this study. The results
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remained unchanged after ignoring exposure 2 years before a diagno-
sis of dementia, indicating that our results were not influenced by a
pattern of fewer GLP-1 RA prescriptions with an impending diagnosis
of dementia. Because our hypothesis was that any beneficial effect of
treatment on development of dementia would take place over a pro-
longed period of time, we required patients to have at least 5 years of
any second-line diabetes treatment for inclusion. Yet, results remained
consistent with both 3 and 10 years of required second-line diabetes
treatment.

The outcome was “all-cause dementia”, as the dementia diagnosis of
any type has previously been evaluated to have a high validity with a
correct diagnosis in 85.8% of cases in the Danish National Patient Reg-
ister, in contrast to the validity of registered dementia subtypes, which
is less reliable.3* Because of the completeness of the nationwide regis-
ter information on diagnoses and redeemed prescriptions,3> the cohort
is representative of the population treated for diabetes in Denmark.

The register-based information permitted us to incorporate time-
varying exposure information about cumulative exposure to different
diabetes treatments. We were able to adjust for several potential con-
founders, including cardiovascular disease, hypertension, chronic renal
disease, and educational attainment. Diabetes duration was measured
as “time since first second-line diabetes treatment” as we expected dis-
ease progression to be comparable across patients at this time, given
that addition of a second-line drug often reflects a state of disease pro-
gression in which blood glucose can no longer be controlled with met-
formin alone. The result for GLP-1 RAs remained consistent with the
main analysis when the measure for diabetes duration also included
monotherapy with metformin.

We were not able to adjust for lifestyle factors such as body mass
index, smoking, and physical activity. Thus, unknown and residual con-
founding could still exist in this observational data source. However, it
is noteworthy that the results remained unchanged when we adjusted
for only age, sex, and calendar date. Also, in the analysis of death
without prior dementia, GLP-1 RAs were associated with a lower rate
of death, further supporting the robustness of the results. Supported
by the result from the pooled RCTs in which unknown confounders
per design were balanced between treatment and placebo groups, our
results suggest a potential for GLP-1 RAs to reduce the risk of demen-
tia in patients with type 2 diabetes.

In conclusion, the potential for applying a licensed therapeutic
option with a well-established safety profile calls for further investi-
gations to elucidate the effects of GLP-1 RAs on preventing cognitive

decline and dementia.
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