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Abstract

Aims: The effectiveness of sodium-glucose co-transporter-2 inhibitors (SGLT2i) on
incident dementia in patients with diabetes and atrial fibrillation (AF) remains un-
known. This study aimed to investigate the association between SGLT2i and the risk
of incident dementia in diabetic patients with AF, and to explore the interactions
with oral anticoagulants or dipeptidyl peptidase-4 inhibitors (DPP4i).

Materials and Methods: We conducted a cohort study using Taiwan's National
Health Insurance Research Database. Patients with diabetes and AFwithout a prior
history of established cardiovascular diseases, were identified. Using propensity
score matching, 810 patients receiving SGLT2i were matched with 1620 patients
not receiving SGLT2i. The primary outcome was incident dementia, and secondary
outcomes included composite cardiovascular events and mortality.

Results: After up to 5 years of follow-up, SGLT2i use was associated with a signif-
icantly lower risk of incident dementia (hazard: 0.71, 95% confidence interval: 0.51-
0.98), particularly vascular dementia (HR: 0.44, 95% CIl: 0.24-0.82). SGLT2i was
related to reduced risks of AF-related hospitalisation (HR: 0.72, 95% Cl: 0.56-0.93),
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1 | INTRODUCTION

Patients with atrial fibrillation (AF) are associated with a higher risk
for cognitive decline and progression to dementia.2™® The prevalence
of AF and dementia will continue to grow with the ageing population,
causing a substantial burden to the global health system. Since AF
and dementia may have shared risk factors such as diabetes mellitus,
AF patients with diabetes have an even greater risk of incident de-
mentia compared to those without diabetes.* Although previous
studies have suggested a protective effect of oral anticoagulation on
cognitive outcomes in patients with AF,>° those considered low risk
or do not have a clear indication for anticoagulation remain at risk of
cognitive decline. A recently published meta-analysis suggested the
beneficial effects of newer glucose-lowering drugs, including sodium-
glucose co-transporter-2 inhibitors (SGLT2i) and dipeptidyl
peptidase-4 inhibitors (DPP4i), in protecting humans against cogni-
tive decline.” Recent observational studies have reported that the
uses of SGLT2i are associated with an even lower dementia risk
among diabetic patients as compared with DPP4i.2? However, there
is limited data on whether SGLT2i reduces new-onset cognitive
dysfunction, especially in Asian patients with diabetes.”"*°

In addition, whether SGLT2i also reduces the risk of new-onset
cognitive dysfunction among AF patients with diabetes and
whether the benefits of SGLTi2 can be modified by the concurrent
use of oral anticoagulants or DPP4i remain unclear. Therefore, this
study aimed to investigate the association between SGLT2i and the
risks of incident dementia among AF patients with diabetes and also
to evaluate its interaction (s) with the use of oral anticoagulants or

DPP4i in a nationwide cohort study.

2 | MATERIALS AND METHODS
2.1 | Study design

We conducted a nationwide population-based cohort study using the
data from the National Health Insurance Research Database (NHIRD)
in Taiwan, covering more than 99% of the country's population and
including demographics, hospital visits, and prescribed medications.
This study was approved by the Institutional Review Board (IRB) of

stroke (HR: 0.75, 95% Cl: 0.60-0.94), and all-cause death (HR: 0.33, 95% Cl: 0.24-
0.44). The protective effects were consistent irrespective of the concurrent use of
non-vitamin K antagonist oral anticoagulants (NOACs) or DPP4i.

Conclusions: In diabetic patients with AF, SGLT2i was associated with reduced risks
of incident dementia, AF-related hospitalisation, stroke, and all-cause death. The

protective effects were independent of either concurrent use of NOACs or DPP4i.

atrial fibrillation, cardiovascular events, dementia, diabetes mellitus, sodium-glucose
cotransporter-2 inhibitors

Taipei Veterans General Hospital (IRB number: 2021-09-014BC) and
informed consent from participants was not deemed necessary.
Additionally, permission has been obtained from the National Health
Research Institute and the Health Promotion Administration of the

Ministry of Health and Welfare of Taiwan to conduct this research.

2.2 | Study population and data source

Patients with AF and diabetes mellitus were identified using the In-
ternational Classification of Diseases, 10" Revision, Clinical Modifi-
cation (ICD-10-CM) codes from the NHIRD in 2016 (Table S1). The
validity of ICD codes in the NHIRD in Taiwan has been previously
validated.'>*? To improve the precision of coding, the diagnoses
were confirmed only if the patients had at least one hospitalisation or
three consecutive outpatient visits.'>!* Patients aged <55 or >85
years with a history of heart failure, stroke, or myocardial infarction
were excluded from analyses (Figure 1). Co-morbidities were also
identified using the ICD-10-CM codes. The CHA,DS,-VASc score,
integral for evaluating stroke risk in patients with AF, is calculated
based on several key factors including heart failure, hypertension,
age, diabetes, history of stroke, vascular diseases, and gender.15
Additionally, the Charlson comorbidity index (CCl), a widely recog-
nized tool for predicting long-term mortality risk, including a wide
range of comorbidities, was identified based on the ICD-10-CM
codes.*® Prescribed medications during 2016-2021 were identified
using the Anatomical Therapeutic Chemical (ATC) Classification. To
ensure sufficient exposure, it was necessary to prescribe SGLT2i
(ATC codes: A10BKO1, A10BKO03, and A10BAO2) for more than
90 days.

2.3 | Study endpoints

The primary outcome was incident dementia, defined as a composite
of Alzheimer's disease or senile dementia, vascular dementia, or
other/mixed dementia. The secondary outcomes were a composite of
cardiovascular events, including hospitalizations for AF, stroke, heart
failure, myocardial infarction, cardiovascular death, and all-cause
death. All the study endpoints were determined by linking to the
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98771 All AF patients
(National Health Insurance
Research Database, 2016)
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50462 No diabetes history

1445 Duration of SGLT2i use < 90 days
3380 Prior history of heart failure

2188 Prior history of stroke

382  Prior history of myocardial infarction
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10162 Non-SGLT2i

l gggggggggggggggg . 8542 Excluded:

by matching procedure

810 SGLT2i use
(period > 90 days)

Propensity-score
1: 2 matching

1620 Non-SGLT2i

FIGURE 1 Flowchart of the study population.

corresponding ICD codes in the NHIRD as defined in Table S1. Death
events and the primary cause of death were identified by linking to
the National Death Registry. All participants were followed up until
the occurrence of the above events or until the administrative
censoring date on 31 December 2021.

2.4 | Statistical analysis

Continuous and categorical variables were expressed as
mean =+ standard deviation (SD) and absolute numbers with pro-
portions, respectively. Comparison between groups was performed
using Student's t-test for continuous variables and Chi-square test
for categorical variables. The details of the methods used for the
propensity score (PS) technique and the balance assessment are
provided in the Supplementary methods. The main analyses were
performed in analogy to the intention to treat principle according to
the treatment at baseline regardless of subsequent changes.
Incidence rates were calculated as the number of events per
1000 person-years, along with 95% confidence intervals (Cls). Time-
to-event was analysed using the Kaplan-Meier survival analysis, and
statistical significance was determined using the log-rank test. The
cumulative incidence function (CIF) via the Fine-Grey sub-
distribution hazard model was used to estimate the probability of
competing events for various sub-type of dementia.*”*® Hazard ra-
tios (HRs) for the major outcomes were compared using urivariable
and-muttivariable-effects—based-en the conditional Cox proportional
hazards regression analysis and the Fine and Grey's method of
competing risk model to analyse the sub-distribution hazard ratios
for events. Subgroup analyses were conducted to evaluate the
interaction between SGLT2i and warfarin, non-vitamin K antagonist
oral anticoagulants (NOACs), or DPP4i to determine whether the
association between SGLT2i and incident dementia or cardiovascular
events could be modified by other protective medications. In the

multivariable model of the subgroup analyses, we adjusted for mul-
tiple confounders, including age, sex, underlying diseases (hyperten-
sion, hyperlipidaemia, hyperuricemia, chronic kidney disease, chronic
liver disease, chronic obstructive pulmonary disease, thyroid disease,
peripheral vascular disease, sleep apnoea, and rheumatic heart dis-
ease), AF ablation status, and medications (anti-arrhythmic drugs,
warfarin, NOACs, anti-platelets, insulin, DPP4i, angiotensin-
converting enzyme inhibitors, angiotensin receptor blockers, miner-
alocorticoid receptor antagonists, calcium-channel blockers, beta-
blockers, and statins).

To further assess the likelihood of residual confounding, falsi-
fication analysis was performed by calculating the PS-weighted
rates of the study endpoints under a prior null hypothesis that

the events of hip fracture!®~2!

should be expected not to be
associated with the effects of treatment (neutral association).?? A
p-value of less than 0.05 was considered statistically significant for
all tests. All statistical analyses were conducted using SAS version

9.4 (SAS Institute).

3 | RESULTS
3.1 | Baseline characteristics

Figure 1 depicts the flow diagram of the study population. Initially,
98,771 diabetic patients with AF were identified from the registry.
Table S2 shows the baseline characteristics of the original cohort.
After 1:2 PS matching, the study population comprised 810 patients
receiving SGLT2i and 1620 patients not receiving SGLT2i (Figure 1,
Table 1). The scores of CHA,DS,-VASc and CCl were comparable
between the non-SGLT2i and SGLT2i groups (Table 1). Patients
within the group of SGLT2i were less likely to have chronic kidney
disease but were more likely to receive AF ablation, NOACs, DPP4i,
and other medications such as insulin, angiotensin-converting
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TABLE 1 Baseline characteristics after propensity score (PS) matching.

Balance assessment:
Standardized mean

Total cases Non-SGLT2i SGLT2i difference
Variables (N = 2430) (N = 1620) (N = 810) p-value Before PS After PS
Age at baseline (years) 65.9 + 6.72 65.9 £ 6.72 65.9 £ 6.72 >0.99 0.52 0.00
Men (n, %) 1386 (57.0%) 924 (57.0%) 462 (57.0%) >0.99 0.17 0.00
CHA,DS,-VASc at baseline 1.85 + 1.04 1.83 + 1.04 1.88 &+ 1.04 0.34 0.06 0.04
Charlson comorbidity index (CCl) 158 + 1.35 157 £ 1.41 1.60 + 1.22 0.58 0.04 0.02
at base line
AF ablation (n, %) 54 (2.22%) 22 (1.36%) 32 (3.95%) <0.001 0.18 0.16
Underlying diseases (n, %)
Hypertension 1170 (48.2%) 773 (47.7%) 397 (49.0%) 0.55 0.02 0.03
Hyperlipidemia 341 (14.0%) 218 (13.5%) 123 (15.2%) 0.25 0.12 0.05
Hyperuricemia 42 (1.73%) 28 (1.73%) 14 (1.73%) >0.99 0.00 0.00
Chronic kidney disease 79 (3.25%) 68 (4.20%) 11 (1.36%) <0.001 0.21 0.17
Chronic liver disease 20 (0.82%) 14 (0.86%) 6 (0.74%) 0.75 0.01 0.01
Chronic obstructive pulmonary disease 85 (3.50%) 56 (3.46%) 29 (3.58%) 0.88 0.04 0.01
Thyroid disease 34 (1.40%) 27 (1.67%) 7 (0.86%) 0.11 0.05 0.07
Peripheral vascular disease 28 (1.15%) 22 (1.36%) 6 (4.05%) 0.18 0.06 0.06
Sleep apnoea 51 (2.10%) 36 (2.22%) 15 (1.85%) 0.55 0.00 0.03
Rheumatic heart disease 91 (3.74%) 65 (4.01%) 26 (3.21%) 0.33 0.02 0.04
Medication uses (n, %)
Antiarrhythmic drugs 849 (34.9%) 561 (34.6%) 288 (35.6%) 0.65 0.06 0.02
Warfarin 664 (27.3%) 430 (26.6%) 234 (28.9%) 0.22 0.05 0.05
Non-vitamin K antagonist oral 1240 (51.0%) 723 (44.6%) 517 (63.8%) <0.001 0.42 0.39
anticoagulants
Anti-platelets 1644 (67.7%) 1089 (67.2%) 555 (68.5%) 0.52 0.06 0.03
Dipeptidyl peptidase 4 inhibitors (DPP4i) 1484 (61.1%) 902 (55.7%) 582 (71.9%) <0.001 0.37 0.34
Insulin 457 (18.8%) 282 (17.4%) 175 (21.6%) 0.013 0.03 0.11
Angiotensin-converting enzyme inhibitors 467 (19.2%) 290 (17.9%) 177 (21.9%) 0.020 0.13 0.09
Angiotensin receptor blockers 1536 (63.2%) 979 (60.4%) 557 (68.8%) <0.001 0.19 0.18
Mineralocorticoid receptor antagonists 549 (22.6%) 332 (20.5%) 217 (26.8%) <0.001 0.10 0.15
Calcium-channel blockers 609 (25.1%) 409 (25.3%) 200 (24.7%) 0.77 0.02 0.01
Beta-blockers 1454 (59.8%) 941 (58.1%) 513 (63.3%) 0.013 0.18 0.11
Statins 1300 (53.5%) 821 (50.7%) 479 (59.1%) <0.001 0.06 0.02

Abbreviations: AF, atrial fibrillation; N, number; PS, propensity score; SGLT2i, sodium-glucose cotransporter-2 inhibitor.

enzyme inhibitors, angiotensin receptor blockers, mineralocorticoid

receptor antagonists, beta-blockers, or statins (Table 1).

3.2 | Incident dementia

For the primary outcome, Kaplan-Meier analyses revealed that the

group of SGLT2i had a significantly lower rate of incident dementia

compared with the non-SGLT2i group (log-rank test, P = 0.037)
(Figure 2A). Patients receiving SGLT2i had a significantly lower risk of
incident dementia (HR: 0.71, 95% Cl: 0.51-0.98; Table 2) compared
with those not receiving SGLT2i. Among the subtypes of incident
dementia, patients in the group of SGLT2i had a significantly lower
risk of vascular dementia than patients in the group of non-SGLT2i
(P = 0.01 by CIF) (Figure 2B). In the Fine-Grey sub-distribution
hazard model, patients receiving SGLT2i still had a significantly
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(A) KM survival plot:
Total dementia

(B) Competing risk analysis (CIF):
Vascular dementia
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FIGURE 2 Survival analyses for events of (A) incident
dementia, (B) vascular dementia, (C) atrial fibrillation (AF)-related
hospitalizations, (D) stroke, (E) all-cause death, and

(F) cardiovascular death. CIF, cumulative incidence function.

lower risk for vascular dementia (HR: 0.44, 95% Cl: 0.24-0.82) than
those not receiving SGLT2i (Table 2). However, the risks for Alz-
heimer's disease and other/mixed dementia were not statistically
different between the two groups, although the point estimates were
suggestive of benefit, albeit with a wide 95% confidence interval
(Table 2).

3.3 | Cardiovascular events

For the results of secondary outcomes, Kaplan-Meier analyses
revealed that patients receiving SGLT2i had significantly lower cu-
mulative incidences of AF-related hospitalizations (log-rank test,
P = 0.01) and stroke (log-rank test, P = 0.01) compared with those
not receiving SGLT2i (Figure 2C and D). Patients receiving SGLT2i
had a significantly lower risk of all-cause death (log-rank test,
P < 0.001) and cardiovascular death (P = 0.002 by CIF) as compared
with those not receiving SGLT2i (Figure 2E and F). Patients receiving
SGLT2i had a significantly lower risk for AF-related hospitalisation

(HR: 0.72, 95% ClI: 0.56-0.93) and stroke (HR: 0.75, 95% ClI: 0.60-
0.94; Table 2) compared with the group of non-SGLT2i. The risks for
all-cause death (HR: 0.33, 95% Cl: 0.24-0.44) and cardiovascular
death (HR: 0.42, 95% Cl: 0.26-0.69) were also significantly lower in
the group of SGLT2i than the group of non-SGLT2i. However, the
study found no statistically significant differences in the risks of heart
failure (HR: 1.07, 95% Cl: 0.90-1.27) and myocardial infarction (HR:
0.92, 95% Cl: 0.65-1.29) between the two groups (Table 2).
Additional analyses revealed a bidirectional association between
stroke and dementia. We found that patients with incident stroke
developed during the follow-up period had a significantly higher risk
of subsequent development of dementia, as demonstrated in 40 out
of 349 patients (5-year cumulative rate: 11.5%) (HR: 11.4, 95% Cl:
8.44-15.4, P < 0.001, for the risk of incident total dementia; and HR:
3.62,95% Cl: 1.82-7.01, P < 0.001, for the risk of vascular dementia).
In a reciprocal manner, the incident dementia developed during the
follow-up period was also significantly associated with an increased
risk of subsequent stroke, noted in 46 out of 118 patients (5-year
cumulative rate: 39.0%) (HR: 10.2, 95% ClI: 7.82-13.2, P < 0.001).

3.4 | Subgroup analyses

Table 3 displays the results of the subgroup analyses and interaction
results between SGLT2i and warfarin, NOACs, or DPP4i. For incident
dementia, we observed a similar benefit of SGLT2i among patients
with and without NOACs (P for interaction = 0.21) or DPP4i (P for
interaction = 0.12). That is, the protective effects of SGLT2i on
incident dementia could be consistently found among diabetic pa-
tients with AF irrespective of the underlying use of NOACs/DPP4i or
not. However, the benefit of SGLT2i could be primarily observed in
patients not receiving warfarin (P for interaction = 0.04). Similar
results could also be found in cardiovascular events, such as AF-
related hospitalizations and stroke. The protective effects of
SGLT2i on all-cause death could be consistently found in the sub-
groups with or without the underlying use of warfarin, DOACs, or
DPP4i (Table 3).

3.5 | Falsification analysis

Falsification analysis was conducted using the falsification endpoints
of hip fracture in the primary analysis cohort and sub-cohorts of
patients receiving warfarin, NOACs, or DPP4i. We compared the
number of events, crude and weighted event rates for these out-
comes and assessed whether any observed associations aligned with
the prior null hypothesis of neutral associations. The use of SGLT2i
was not associated with a higher incidence of hip fracture (Table 2).
The results of the falsification analysis generally supported the null
hypothesis, suggesting a lower likelihood of unaccounted confound-
ing in the treatment-exposure relationship between SGLT2i and hip
fracture (Table 2, Table 3, Table S3).
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TABLE 2 Risks of primary and secondary outcomes.
5-year cumulative Incidence rate (per 1000
Events Total number rate (%) person-years, 95% Cl) Hazard ratio, 95% CI p-value
Primary outcome
Incident dementia®
Non-SGLT2i 1620 180 (11.1%) 18.1 (15.4-20.7) 1.0 Ref.
SGLT2i 810 77 (9.51%) 14.6 (11.4-17.9) 0.705 (0.506-0.984) 0.040
Subtypes
Alzheimer's dementia ®
Non-SGLT2i 1620 134 (8.27%) 13.5 (11.2-15.7) 1.0 Ref.
SGLT2i 810 60 (7.41%) 11.4 (8.52-14.3) 0.939 (0.721-1.222) 0.64
Vascular dementia ®
Non-SGLT2i 1620 30 (1.85%) 3.01 (1.93-4.09) 1.0 Ref.
SGLT2i 810 12 (1.48%) 2.28 (0.99-3.57) 0.440 (0.235-0.824) 0.010
Other/mixed dementia ®
Non-SGLT2i 1620 30 (1.85%) 3.01 (1.93-4.09) 1.0 Ref.
SGLT2i 810 10 (1.23%) 1.90 (0.73-3.08) 0.601 (0.296-1.220) 0.16
Secondary outcomes
AF-related hospitalisation ?
Non-SGLT2i 1620 209 (12.9%) 20.0 (17.3-22.7) 1.0 Ref.
SGLT2i 810 86 (10.6%) 15.7 (12.4-19.1) 0.722 (0.561-0.930) 0.012
Stroke ?
Non-SGLT2i 1620 275 (17.0%) 28.7 (25.3-32.1) 1.0 Ref.
SGLT2i 810 109 (13.5%) 21.4 (17.4-25.5) 0.750 (0.601-0.937) 0.011
Heart failure ®
Non-SGLT2i 1620 361 (22.3%) 38.5 (34.5-42.4) 1.0 Ref.
SGLT2i 810 196 (24.2%) 41.1 (35.4-46.9) 1.068 (0.898-1.271) 0.46
Myocardial infarction 2
Non-SGLT2i 1620 95 (5.86%) 9.07 (7.25-10.9) 1.0 Ref.
SGLT2i 810 51 (6.30%) 9.32 (6.77-11.9) 0.915 (0.651-1.286) 0.61
All-cause death #
Non-SGLT2i 1620 267 (16.5%) 25.5 (22.4-28.6) 1.0 Ref.
SGLT2i 810 47 (5.80%) 8.59 (6.14-11.0) 0.326 (0.239-0.444) <0.001
Cardiovascular death °
Non-SGLT2i 1620 84 (5.19%) 6.11 (4.61-7.61) 1.0 Ref.
SGLT2i 810 19 (2.35%) 2.56 (1.22-3.90) 0.421 (0.256-0.693) <0.001
Falsification endpoints
Hip fracture ?
Non-SGLT2i 1620 30 (1.85%) 2.87 (1.84-3.90) 1.0 Ref.
SGLT2i 810 19 (2.35%) 3.49 (1.92-5.06) 1.155 (0.651-2.050) 0.62

Abbreviations: AF, atrial fibrillation; Cl, confidence interval; SGLT2i, sodium-glucose cotransporter-2 inhibitor.
2Conditional Cox proportional hazard model.
bFine-Grey sub-distribution hazard model.
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4 | DISCUSSION
4.1 | Main findings

In this nationwide, population-based cohort study mainly focusing on
patients with both diabetes and AF. Our key findings can be sum-
marised as follows: firstly, the use of SGLT2i was associated with a
lower risk of developing dementia, particularly vascular dementia, as
well as lower risks for AF-related hospitalisation, stroke, cardiovas-
cular death, and all-cause death; Secondly, the protective effects of
SGL2i on incident dementia and cardiovascular events could be
consistently observed irrespective of the underlying use of NOACs or
DPP4i.

4.2 | Sodium-glucose co-transporter-2 inhibitor and
reduced dementia risk in diabetic patients with atrial
fibrillation

Compared with the previous population-based cohort study,?® our
research reported a higher incidence rate of dementia. By primarily
enrolling patients with diabetes and AF, our result manifested the
fact that diabetic patients with joint AF represented a higher-risk
population that deserves further intervention.?* Multifactorial
mechanisms underlying the association between AF and cognitive
dysfunction have been proposed, either by shared pathophysiology of
AF and dementia or mediated through silent or overt cerebral car-
dioembolism.??°"28 As diabetic patients with AF conferred a 45%
higher risk for incident dementia as compared with those without
diabetes,* there was limited data on whether SGLT2i could still be
beneficial among this high-risk subpopulation. In previous studies
investigating the association between SGLT2i and incident dementia,
only less than 10% of the study participants had AF.2? By enrolling all
the patients with AF, our study revealed that diabetic patients with
AF receiving SGLT2i exhibited a 38.5% lower risk of incident de-
mentia as compared with those not on SGLT2i. The benefit of SGLT2i
was the most in reducing vascular dementia. Notably, although the
effect sizes were not statistically significant in Alzheimer's disease
and other/mixed dementia due to the limited event number, a pro-
tective trend of SGLT2i in reducing the risk of Alzheimer's disease

and other/mixed dementia could still be observed in our study.

4.3 | Sodium-glucose co-transporter-2 inhibitors
potential benefits for dementia prevention in diabetic
patients with atrial fibrillation on anticoagulant

Among patients with AF, anticoagulation has become the corner-
stone treatment for stroke prevention.2? In a previous PS-matching
retrospective cohort study in Sweden, anticoagulation was associ-
ated with a 29% lower risk of incident dementia compared to those
without anticoagulant treatment in patients with AF.> A trend toward

more benefits from treatment in patients with higher CHA,DS,-VASc

scores could also be observed. It is plausible that oral anticoagulation
may reduce subclinical microemboli and mitigate the risk of cognitive
decline. However, inappropriate dosing of anticoagulants could
confer a greater risk of dementia in patients with AF.® Therefore,
whether SGLT2i provides incremental benefits in preventing de-
mentia over anticoagulation among patients with AF becomes much
more important. Our study discovered that among patients who
already took NOACs, SGLT2i could further mitigate the risks of
either stroke or total dementia compared with those not on SGLT2i.
In addition, it was noteworthy that there was no statistically signifi-
cant benefit in reducing stroke and total dementia in those receiving
warfarin. However, a protective trend of SGLT2i could still be
observed. Our study highlights the need for further investigation of
SGLT2i as a potential therapy to prevent dementia in high-risk pa-
tients with AF,%° further randomized controlled trials with pre-
specified endpoints will be warranted to evaluate whether to

prioritise the use of SGLT2i in this particularly high-risk group.

4.4 | Sodium-glucose co-transporter-2 inhibitors
multi-faceted benefits: Beyond glycaemic control in
dementia prevention

Our study results indicate an association between SGLT2i treatment
and a lower incidence of both stroke and dementia. The potential for
SGLT2i to mitigate the risks of stroke and dementia may be attrib-
utable to a combination of glycaemic and non-glycaemic effects,
including improvements in cardiovascular and cerebrovascular func-
tion. By reducing the incidence of stroke, SGLT2i may indirectly
lower the risk of secondary dementia as cerebrovascular insults are a
known risk factor for cognitive decline. Conversely, by maintaining
cerebrovascular integrity and possibly through direct neuro-
protective mechanisms, SGLT2i may reduce the risk of stroke in
patients with preexisting dementia. These findings underscore a
complex interplay between cerebrovascular disease and cognitive
dysfunction, suggesting a potential role for SGLT2i in disrupting this
bidirectional relationship.®?

Other antidiabetic medications such as metformin, DPP4i, and
SGLT2i have been associated with a lower risk of dementia in pa-
tients with diabetes.®273* Previous literature mainly compared the
efficacy between SGLT2i and DPP4i in reducing the risk of incident
dementia.”® The superiority of SGLT2i over other antidiabetic agents
in reducing incident dementia indicated that the protective effects of
SGLT2i could be beyond glycaemic control.®73%3> The insignificant
interaction between SGLT2i and DPP4i shown in our study exhibited
the consistent benefits of SGLT2i irrespective of the use of DPP4i or
not. Pleomorphic effects of SGLT2i have been proposed in the pre-
clinical studies that can be the plausible mechanisms for mitigating
the risks of cognitive decline, including reducing oxidative stress,
neuroinflammation, and improving brain mitochondrial function.3¢-38
In addition to the protective metabolic pathways in the neurological
system, initiation of SGLT2i was also found to be associated with a

lower risk of incident or recurrent AF in diabetic patients.>%*°
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Compatible with previous studies, our study also showed that pa-
tients receiving SGLT2i were associated with reduced AF events,
which can be the possible explanation of the lower risk of subsequent
cerebral cardio-embolisation and cognitive impairment.

4.5 | Strengths and limitations

Our study benefits from the use of nationwide and population-
based databases, allowing for a larger sample size and increased
generalisability of key findings. Comprehensive clinical data
enabled a thorough investigation of the research question, and
rigorous analysis techniques, including competing risk models and
falsification analysis, were applied to enhance result validity.
However, several limitations should be acknowledged. Despite PS
matching and adjustment for multiple confounders, the possibility
of residual confounding remains. Unmeasured factors, such as the
burden of AF, drug compliance, the severity of comorbidities,
lifestyle factors, serum biomarkers, and socioeconomic status,
were unavailable in the claimed database. To address this issue,
we also performed the inverse probability of treatment-weighted
analysis and the falsification analysis. The results showed that
there was minimal residual confounding in the non-plausible

outcomes.

5 | CONCLUSIONS

In conclusion, SGLT2i was associated with a lower risk of developing
dementia, with a particular impact on vascular dementia, among AF
patients with diabetes. SGLT2i was also associated with reduced risks
for AF-related hospitalizations, stroke, cardiovascular death, and all-
cause death. Notably, these protective effects on incident dementia
remained consistent regardless of whether NOACs or DPP4i were
used concurrently. Further prospective randomized controlled trials
would be warranted to elucidate the efficacy of SGLT2i in lowering
the risk of developing dementia, particularly among diabetic patients
with AF.
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