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ABSTRACT

OBJECTIVE

To compare the risk of dementia associated with
sodium-glucose cotransporter-2 (SGLT-2) inhibitors
versus dipeptidyl peptidase-4 (DPP-4) inhibitors in
adults aged 40-69 years with type 2 diabetes.
DESIGN

Population based cohort study.

SETTING

Korean National Health Insurance Service data, 2013-

21.

PARTICIPANTS

110885 propensity score matched pairs of adults
with type 2 diabetes aged 40-69 years who were
initiators of either an SGLT-2 inhibitor or a DPP-4
inhibitor.

MAIN OUTCOME MEASURES

The primary outcome was new onset dementia.
Secondary outcomes were dementia requiring
drug treatment and individual types of dementia,

including Alzheimer’s disease and vascular dementia.

Control outcomes were genital infections (positive),
and osteoarthritis related clinical encounters and
cataract surgery (negative). Hazard ratios and 95%
confidence intervals (Cls) were estimated using
Cox models. Follow-up time stratified analyses (»2
years and <2 years) and subgroup analyses by age,
sex, concomitant use of metformin, and baseline
cardiovascular risk were performed.

WHAT IS ALREADY KNOWN ON THIS TOPIC

Despite increasing numbers of people with dementia globally, current options for
disease modifying treatments are limited

Type 2 diabetes substantially predisposes people to Alzheimer’s disease and
vascular dementia through multiple pathways

A previous study suggested a decreased risk of dementia associated with sodium-
glucose cotransporter-2 (SGLT-2) inhibitors versus dipeptidyl peptidase-4 (DPP-4)
inhibitors among people with type 2 diabetes aged »66 years

WHAT THIS STUDY ADDS

increased with time

This large population based cohort study among people with type 2 diabetes
aged 40-69 years found a 35% lower risk of dementia associated with use of
SGLT-2 inhibitors compared with DPP-4 inhibitors

This finding persisted regardless of dementia type and across subgroups

of diverse population characteristics such as age, sex, concomitant use of
metformin, and baseline cardiovascular risk

The treatment effect of SGLT-2 inhibitors compared with DPP-4 inhibitors
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RESULTS

110885 propensity score matched pairs of initiators
of an SGLT-2 inhibitor or a DPP-4 inhibitor were
followed-up for a mean 670 (standard deviation 650)
days, generating 1172 people with newly diagnosed
dementia: incidence rate 0.22 per 100 person

years in initiators of SGLT-2 inhibitors and 0.35 per
100 person years in initiators of DPP-4 inhibitors,

with hazard ratios of 0.65 (95% Cl 0.58 to 0.73) for
dementia, 0.54 (0.46 to 0.63) for dementia requiring
drugs, 0.61 (0.53 to 0.69) for Alzheimer’s disease,
and 0.48 (0.33 to 0.70) for vascular dementia. The
hazard ratios for the control outcomes were 2.67
(2.57 to 2.77) for genital infections, 0.97 (0.95 to
0.98) for osteoarthritis related encounters, and 0.92
(0.89 t0 0.96) for cataract surgery. When calibrated for
residual confounding measured by cataract surgery,
the hazard ratio for dementia was 0.70 (0.62 to 0.80).
The association was greater for more than two years of
treatment (hazard ratio of dementia 0.57, 95% Cl 0.46
to 0.70) than for two years or less (0.52, 0.41 to 0.66)
and persisted across subgroups.

CONCLUSION

SGLT-2 inhibitors might prevent dementia, providing
greater benefits with longer treatment. As this study
was observational and therefore prone to residual
confounding and informative censoring, the effect
size could have been overestimated. Randomised
controlled trials are needed to confirm these findings.

Introduction

Dementia concerns damage to the brain parenchyma,
resulting in a permanent degradation of higher cortical
functions, mood, and even behaviour.! According to a
World Health Organization (WHO) report in 2021, the
number of people with dementia globally is expected
to reach 78 million by 2030.% Despite the severe
consequences of dementia, the success rate of the
development for dementia drugs has been markedly
low in the past two decades, leaving only extremely
limited options for disease modifying treatment.?
Evidence has, however, emerged to support the
importance of modifiable risk factors for dementia,
including diabetes.” According to a pooled analysis,
type 2 diabetes is associated with a 60% greater
risk of dementia,” predisposing such people to both
Alzheimer’s disease and vascular dementia.® The
mechanisms linking type 2 diabetes and dementia
are multifactorial, involving insulin resistance,
hypoglycaemic episodes, and vascular compromise.” In
line with this, meta-analyses on observational studies
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have shown that certain antiglycaemic drugs may have
neuroprotective effects in people with diabetes.®°

Sodium-glucose cotransporter-2 (SGLT-2) inhibitors
are a newer class of antiglycaemic drugs that inhibit
reabsorption of glucose in the proximal tubule. Key
randomised controlled trials have shown significant
cardiorenal protection from use of SGLT-2 inhibitors
beyond glucose lowering effects.'! SGLT-2 inhibitors are
now considered one of the drug repurposing candidates
for disease modifying treatment of dementia.'* Recent
evidence suggests neuroprotective effects of SGLT-2
inhibitors based on penetration of the drug through
the blood-brain barrier, SGLT-2 expression in brain
tissue, and direct inhibition of acetylcholinesterase, as
well as indirect cardiometabolic benefits.*?

Previous observational studies have suggested
better preservation of cognitive function among
people with type 2 diabetes treated with SGLT-2
inhibitors than other treatments, including dipeptidyl
peptidase-4 (DPP-4) inhibitors,'!” another newer
class of antiglycaemic drugs found to have no effect
on cognitive performance in recent randomised
controlled trials compared with sulfonylurea and
placebo.'® ¥ The methodological approaches of these
observational studies were often limited, however, and
did not meet the active comparator new user design,
leaving concerns about confounding or bias.’® 1° A
recent well designed study on residents in Ontario,
Canada compared new users of SGLT-2 inhibitors
with new users of DPP-4 inhibitors and found that the
former were associated with a 20-34% reduced risk
of dementia among people older than 66 years.'* The
effects on younger populations and specific types of
dementia (eg, Alzheimer’s disease, vascular dementia)
were not, however, examined. Moreover, it is unclear
whether different patient characteristics such as
concomitant treatment or comorbidity status would
modify such drug effects. We therefore compared the
risk of dementia among adults with diabetes younger
than 70 years who initiated an SGLT-2 inhibitor or
DPP-4 inhibitor using the nationally representative
Korea National Health Insurance Service database.

Methods

Data source

We conducted a cohort study using data from the
Korea National Health Insurance Service database
during 2013-21. This database covers the entire
population of Korea and provides longitudinal
patient data, including personal characteristics,
ICD-10 (international classification of diseases, 10th
revision) diagnosis codes, procedures, prescription
and dispensing records (drug names, prescription
and dispensing dates, days’ supply, dose, and route
of administration), and type of healthcare utilisation
(outpatient, inpatient, or emergency department).20

Study design and population

We emulated a target trial for the outcomes of interest
(see supplemental table S1 for the framework of
the target trial emulation) using a propensity score
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matched active comparator new user cohort study
design (see supplemental figure S1 for the detailed
study design).

Adults aged 40-69 years with an ICD-10 code for
type 2 diabetes who had initiated an SGLT-2 inhibitor
or DPP-4 inhibitor were eligible for inclusion in the
study (see supplemental figure S2 for the participant
selection process and supplemental table S2 for ICD-
10 codes used in this selection process). To implement
anew user active comparator design, we only included
initiators of the two competitive study drugs, an
SGLT-2 inhibitor and a DPP-4 inhibitor, who had not
been dispensed either drug for at least 365 days (the
baseline period) before the first dispensing date of the
study drug (the index date). To be included, individuals
were required to be free of any dementia and related
drugs ever before the index date. We also excluded
those with ICD-10 diagnosis codes for type 1 diabetes
mellitus, HIV, or end stage renal disease (or dialysis
service) during the baseline period, and those who
concomitantly used glucagon-like peptide-1 receptor
agonists or thiazolidinedione on the index date.

Outcome measurement

Our primary outcome was incident dementia based on
ICD-10 diagnosis codes in a primary position recorded
on inpatient or outpatient claims (see supplemental
table S3 for ICD-10 codes used to define outcomes).*!
To improve specificity of outcome ascertainment, we
examined dementia defined by the diagnosis codes
along with dispensing of dementia drugs (donepezil,
rivastigmine, galantamine, or memantine) as a
secondary outcome. In Korea, dementia drugs are
reimbursed by the Rare and Intractable Diseases
programme, where beneficiaries should qualify
for a diagnosis certificate of dementia based on
brain imaging and cognitive function testing. Other
secondary outcomes were individual types of dementia
(eg, Alzheimer’s disease, vascular dementia) in a
primary position.

Control outcomes

To assess reproducibility of established relations and
unmeasured systematic bias, we also compared the
risk of positive and negative control outcomes between
the two treatment groups (see supplemental table S3).
Given the higher risk of genital infections associated
with SGLT-2 inhibitors compared with DPP-4 inhibitors
in randomised controlled trials, we examined genital
infections as a positive control outcome.?? We also
examined osteoarthritis related encounters and
cataract surgery as negative control outcomes. A null
association with treatment is expected for appropriate
negative control outcomes, which share unmeasured
confounders with the outcome and are unaffected
by treatment.”> As with dementia, osteoarthritis
and cataract are degenerative diseases of older
people. Therefore, osteoarthritis related encounters
and cataract surgery would share with dementia
unmeasured confounders such as frailty, lifestyle,
and healthcare system usage patterns associated with
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ageing, and cataract surgery would also share smoking
and alcohol consumption.? #* Osteoarthritis related
encounters would be expected for symptomatic or
advanced osteoarthritis. Thus we considered such
encounters to be minimally affected by the study
drugs despite mild weight reduction effect of SGLT-2
inhibitors.!* Also, two meta-analyses reported a null
association between the development of cataract and
treatment with SGLT-2 inhibitors.?® >’ Using a deviation
from the null association between a negative control
outcome and treatment, we estimated corrected hazard
ratios and corresponding 95% confidence intervals
(CIs) adjusting for residual confounding.”> %

Covariates

We identified covariates related to diabetes severity
and risk of dementia for the 365 day pre-index
baseline period (see supplemental table S2 for ICD-
10 codes used to ascertain covariates). The covariates
included personal characteristics, sociodemographic
factors, complications from diabetes (retinopathy,
nephropathy, neuropathy, and diabetic foot), classes
and number of antiglycaemic drugs, risk factors
for dementia (ie, cardiometabolic risk factors,
hearing loss, head trauma, fracture history, mood
or mental disorders, and anticholinergic drugs),
other comorbidities and related drugs, Charlson-
Deyo comorbidity index,?® and healthcare service
use patterns such as hospital admissions, emergency
department visits, and outpatient clinic visits.

Statistical analysis

We used propensity score matching to account for
confounding. The propensity score was estimated
for each comparison using a multivariable logistic
regression model that included >110 baseline
covariates (see supplemental table S4 for the full
list). Nearest neighbour matching for SGLT-2 inhibitor
versus DPP-4 inhibitor was done in a ratio of 1:1,
with a caliper of 0.025 on the propensity score scale.
Balance between covariates after propensity score
matching was considered to have been achieved when
the absolute standardised difference was <0.1 between
the two treatment groups.*® Propensity score matched
incidence rates of primary and secondary outcomes
were calculated per 100 person years.

We primarily used Cox proportional hazard models to
estimate the hazard ratios and corresponding 95% Cls.
Owing to the discrete difference in mortality between
the two treatments,'! we also presented hazard ratios
(95% CIs) from Fine-Gray models, adjusting for
competing risk of death.>! The proportional hazard
assumption was tested by adding the interaction term
between treatment and follow-up time in the model.
When the interaction was statistically significant,
we performed a follow-up time stratified analysis to
examine the time varying treatment effect. We sorted
propensity score matched study participants into two
groups according to their follow-up times (<2 years
or >2 years), then estimated a matched set stratified
hazard ratio (95% CI) within the two groups.
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In our primary as treated analysis, patients were
followed from the day after the index date up to the
first occurrence of the censoring events (outcome
event, disenrollment, death, end of database (31
December 2021), or treatment change through
discontinuation, switching, or adding). Drug
discontinuation was defined as no dispensing within
90 days from the expected refill date. The expected
refill date was calculated by adding days’ supply to
the last dispensing date of the study drug. Participants
who discontinued the study drug were followed up
until the last expected refill date plus a 30 day grace
period. Although switching between different SGLT-
2 inhibitors or between different DPP-4 inhibitors
was not a censoring event, adding or switching to
other classes of antiglycaemic treatments resulted
in immediate censoring. We performed an intention-
to-treat analysis as our secondary analysis, where
participants were followed up until censoring events
except for treatment change to deal with concerns of
informative censoring.

Sensitivity analyses—Firstly, to avoid reverse
causation from delayed diagnosis of dementia, we
started follow-up after 365 days from the index date
in both as treated and intention-to-treat analyses (up
to three years and the whole follow-up). Secondly,
we applied a grace period of 180 or 365 days for the
censoring by treatment change to capture delayed
diagnoses made after the change of treatment. Thirdly,
to eliminate the effect of hypoglycaemic episodes
during treatment, analyses were done excluding those
who concurrently used drugs with hypoglycaemia
potential (insulin, sulfonylurea, or glinides) on the
index date. Fourthly, we adjusted for the duration of
diabetes mellitus for those who had an ascertainable
type 2 diabetes diagnosis date, defined as the first
date of an ICD-10 code for type 2 diabetes diagnosis
in the primary position free of such codes for at
least 365 days before the diagnosis date. Lastly, we
utilised the entirety of new users of SGLT-2 inhibitors
and DPP-4 inhibitors using propensity score based
fine stratification and weighting to achieve greater
generalisability.>?

Subgroup analyses—Prespecified propensity score
matched subgroup analyses were done based on
participants’ age (=60 years and <60 years), sex,
concurrent metformin use, and baseline cardiovascular
risk. The estimation of propensity score and matching
were done separately for individual subgroups. The
subgroup with high cardiovascular risk was defined
as men aged =50 years and women aged =55 years
who had at least one diagnosis of angina, myocardial
infarction, stroke, or peripheral vascular disease during
the one year pre-index period.’® We tested interaction
terms between the treatment and individual stratifying
factors.

Patient and public involvement

This study analysed secondary data without patient
involvement. Patients were notinvited to be involved in the
study design, development of outcomes, interpretation of
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the results, or drafting of the manuscript. The primary
barrier against patient and public involvement was use
of an administrative database, which requires a specific
study design and pharmacoepidemiological method to
ensure internal validity, leaving minimal potential for the
patient and public to be engaged.

Results

Baseline patient characteristics

Supplemental figure S2 shows the selection process
of the study cohort. We identified 112 663 new users
of SGLT-2 inhibitors and 847999 new users of DPP-4
inhibitors who were free of known dementia and
did not use either of the study drugs at baseline.
Before propensity score matching, most baseline
covariates, including diabetes complications and
number of antiglycaemic drugs, were overall relatively
well balanced, reflecting the effectiveness of the
active comparator new user design (table 1, also see
supplemental table S4 for the distribution of the full list
of covariates between the two groups). Some covariates
showed imbalance, with standardised differences >0.1,
particularly cardiovascular comorbidities, which were
more prevalent among initiators of SGLT-2 inhibitors
than among initiators of DPP-4 inhibitors (16.8% v
10.6% for angina pectoris, 3.1% v 1.6% for myocardial
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infarction, 7.8% v 4.2% for heart failure, 66.6% v 59.8%
for hypertension, 78.8% v 70.9% for hyperlipidaemia).
After propensity score matching in a 1:1 ratio, 110885
pairs of initiators of SGLT-2 inhibitors and DPP-4
inhibitors were included in the analysis (mean age 61.9
years, 55.7% men) (table 1, also see supplemental table
S4). All propensity score matched baseline covariates,
including psychiatric  disorders, cardiovascular
diseases, other comorbidities, use of drugs with
anticholinergic activity, and use of other drugs, were
well balanced (standardised differences <0.1). The
study participants’ mean comorbidity score was 2.4
(standard deviation (SD) 1.8). Cardiometabolic factors
were highly common, with 66.5% of participants having
hypertension and 78.6% having hyperlipidaemia.
Established cardiovascular diseases were observed
in 16.7% of participants with angina, 6.4% with
stroke, and 3.1% with myocardial infarction. The most
common oral antiglycaemic agents used during the
baseline period were biguanide (52.2%), followed by
sulfonylurea (27.8%) and thiazolidinedione (8.2%). The
most common index SGLT-2 inhibitor was dapagliflozin
(58.6%), followed by empagliflozin (35.4%), and the
most common index DPP-4 inhibitors were gemigliptin
(22.7%), linagliptin (22.4%), and sitagliptin (20.4%)
(see supplemental table S5).

Table 1 | Select baseline characteristics of propensity score matched cohort. Values are number (percentage) unless

stated otherwise
Before propensity score matching

After propensity score matching

SGLT-2 inhibitors DPP-4 inhibitors Standardised

SGLT-2 inhibitors DPP-4 inhibitors Standardised

Characteristics (n=112663) (n=847999) difference (n=110885) (n=110885) difference
Mean (SD) age (years) 61.9 (4.4) 61.8 (4.8) 0.01 61.9 (4.4) 61.9 (4.5) 0.003
Men 62898 (55.8) 499388 (58.9) 0.06 61795 (55.7) 61743 (55.7) <0.001
Income level
Basic beneficiary (lowest) 4388 (3.9) 34087 (4.0) 0.03 4300 (3.9) 4273 (3.9) <0.001
First quarter 23359 (20.7) 176243 (20.8) 22996 (20.7) 23039 (20.8)
Second quarter 22792 (20.2) 172908 (20.4) 22433 (20.2) 22532 (20.3)
Third quarter 28210 (25.0) 217185 (25.6) 27769 (25.0) 27794 (25.1)
Fourth quarter (highest) 33914 (30.1) 247576 (29.2) 33387 (30.1) 33247 (30.0)
Mental disorders
Mood disorders 10958 (9.7) 80921 (9.5) 0.006 10724 (9.7) 10695 (9.7) <0.001
Anxiety 18002 (16.0) 137331(16.2) 0.006 17689 (16.0) 17821 (16.1) 0.003
Psychosis 1002 (0.9) 8042 (1.0) 0.006 984 (0.9) 929 (0.8) 0.005
Delirium 76 (0.1) 718 (0.1) 0.006 70 (0.1) 90 (0.1) 0.007
Diabetes complications
Retinopathy 14532 (12.9) 96818 (11.4)  0.05 14055 (12.7) 14119 (12.7)  0.002
Nephropathy 11278 (10.0) 67629 (8.0) 0.07 10955 (9.9) 11014 (9.9) 0.002
Neuropathy 18066 (16.0) 120285 (14.2) 0.05 17 458 (15.7) 17628 (15.9) 0.004
Diabetic foot 9279 (8.2) 62632 (7.4) 0.03 9020 (8.1) 9099 (8.2) 0.003
Diabetes drugs at baseline
Insulin 12023 (10.7) 74690 (8.8) 0.06 11514 (10.4) 11568 (10.4) 0.002
Biguanide 58895 (52.3) 454358 (53.6) 0.03 57756 (52.1) 57848 (52.2) <0.001
GLP-1 receptor agonist 1025 (0.9) 526 (0.1) 0.12 543 (0.5) 430 (0.4) 0.02
Sulfonylurea 31751 (28.2) 274851 (32.4) 0.09 30828 (27.8) 30826 (27.8) <0.001
Glinides 627 (0.6) 5608 (0.7) 0.01 611 (0.6) 617 (0.6) <0.001
Thiazolidinedione 9453 (8.4) 42050 (5.0) 0.14 8852 (8.0) 9157 (8.3) 0.01
a glucosidase 3333 (3.0) 36734 (4.3) 0.07 3262 (2.9) 3278 (3.0) <0.001
No of oral hypoglycaemic drugs
0 40997 (36.4) 291346 (34.4) 0.07 40711 (36.7) 39694 (35.8) 0.06
1-2 65745 (58.4) 518360 (61.1) 64795 (58.4) 66024 (59.5)
>3 5921 (5.3) 38293 (4.5) 5379 (4.9) 5167 (4.7)

(Continued)

doi: 10.1136/bmj-2024-079475 | BMJ 2024;386:€079475 | thebmj

WbBLAdod Aq pejosiold “Ausienun uioyBuoleny) e 20z Joquiads( 9g Uo /wodfug mmam//:Sdiy woly pepeojumoq "#20g 1SnBny 82 Uo G/6/0-7202-Wa/9gL 1'0L Se paysiand isiiy :PNG



RESEARCH

Table 1 | Continued

Before propensity score matching After propensity score matching

SGLT-2 inhibitors DPP-4 inhibitors Standardised SGLT-2 inhibitors DPP-4 inhibitors Standardised
Characteristics (n=112663) (n=847999) difference (n=110885) (n=110885) difference
Diabetes drug at index date
Insulin 8342 (7.4) 67830 (8.0) 0.02 8252 (7.4) 8324 (7.5) 0.009
Biguanide 86176 (76.5) 699675 (82.5) 0.15 84786 (76.5) 85784 (77.4) 0.04
Sulfonylurea 21814 (19.4) 188026 (22.2) 0.07 21213 (19.1) 21228 (19.1) 0.001
Glinides 46 (0.04) 743 (0.09) 0.02 41 (0.04) 51 (0.05) 0.003
a glucosidase 223(0.2) 3352 (0.4) 0.04 212(0.2) 212(0.2) 0.002
Cardiovascular comorbidities
Angina pectoris 18871 (16.8) 90128 (10.6) 0.18 18411 (16.6) 18641 (16.8) 0.006
Atrial fibrillation 3333 (3.0) 14494 (1.7) 0.08 3240 (2.9) 3226 (2.9) <0.001
Myocardial infarction 3520 (3.1) 13105 (1.6) 0.11 3367 (3.0) 3476 (3.1) 0.006
Stroke 7279 (6.5) 54043 (6.4) 0.004 7102 (6.4) 7013 (6.3) 0.003
Heart failure 8750 (7.8) 35184 (4.2) 0.15 8502 (7.7) 8602 (7.8) 0.003
Hypertension 75060 (66.6) 506937 (59.8) 0.14 73791 (66.6) 73772 (66.5) <0.001
Peripheral vascular disease 21340 (18.9) 139170 (16.4) 0.07 20937 (18.9) 21168 (19.1) 0.005
Other comorbidities
Chronic kidney disease 6533 (5.8) 39253 (4.6) 0.05 6295 (5.7) 6391 (5.8) 0.004
Hyperlipidaemia 88815 (78.8) 601149 (70.9) 0.18 87337 (78.8) 87046 (78.5) 0.006
Liver disease 55461 (49.2) 399075 (47.1) 0.04 54598 (49.2) 54747 (49.4) 0.003
COPD 22650 (20.1) 172494 (20.3)  0.006 22240 (20.1) 22370(20.2)  0.003
Asthma 14301 (12.7) 104767 (12.4) 0.01 14075 (12.7) 14053 (12.7)  <0.001
Alcohol use and related 5050 (4.5) 43333 (5.1) 0.03 4955 (4.5) 4920 (4.4) 0.002
disorders
Thyroid disease 29297 (26.0) 185147 (21.8) 0.10 28775 (26.0) 29123 (26.3) 0.007
Osteoporosis 12476 (11.1) 91003 (10.7) 0.01 12250(11.1) 12260 (11.1) <0.001
Head injury 4458 (4.0) 36819 (4.3) 0.02 4375 (4.0) 4361 (3.9) <0.001
Fracture 6618 (5.9) 50369 (5.9) 0.003 6482 (5.9) 6616 (6.0) 0.005
Malignancy 10645 (9.5) 81035 (9.6) 0.004 10408 (9.4) 10389 (9.4) <0.001
Mean (SD) comorbidity score 2.4 (1.8) 23(1.8) 0.049 2.4 (1.8 2.4(1.8) 0.002
Drugs
Antidepressant 10850 (9.6) 77414 (9.1) 0.02 10624 (9.6) 10600 (9.6) <0.001
SSRI 3799 (3.4) 25426 (3.0) 0.02 3732 (3.4) 3747 (3.4) <0.001
SNRI 2684 (2.4) 16914 (2.0) 0.03 2610 (2.4) 2584 (2.3) 0.002
TCA 2493 (2.2) 18408 (2.2) 0.003 2449 (2.2) 2474 (2.2) 0.002
Antipsychotics 2510 (2.2) 20452 (2.4) 0.01 2455 (2.2) 2474 (2.2) 0.001
Antihistamines 58077 (51.6) 465964 (55.0) 0.07 57121 (51.5) 57193 (51.6) 0.001
Antimuscarinics 5049 (4.5) 38869 (4.6) 0.005 4963 (4.5) 4919 (4.4) 0.002
ACE inhibitor/ARB 61529 (54.6) 395973 (46.7) 0.16 60463 (54.5) 60447 (54.5) <0.001
Beta blockers 24512 (21.8) 146874 (17.3) 0.11 23964 (21.6) 24173 (21.8) 0.005
Calcium channel blocker 46093 (40.9) 314582 (37.1) 0.08 45353 (40.9) 45228 (40.8) 0.002
Any diuretics 24776 (22.0) 181722 (21.4) 0.01 24336 (22.0) 24224 (21.9) 0.002
Loop diuretics 6028 (5.4) 38925 (4.6) 0.04 5849 (5.3) 5901 (5.3) 0.002
Nitrate 9771 (8.7) 43556 (5.1) 0.14 9479 (8.6) 9611 (8.7) 0.004
Anticoagulants 5817 (5.2) 30882 (3.6) 0.07 5622 (5.1) 5684 (5.1) 0.003
Antiplatelets 30971 (27.5) 208915 (24.6) 0.07 30279 (27.3) 30478 (27.5) 0.004
Antiarrhythmics 9008 (8.0) 64959 (7.7) 0.01 8816 (8.0) 8848 (8.0) 0.001
Statins 68896 (61.2) 420741 (49.6) 0.23 67 648 (61.0) 67 463 (60.8) 0.003
Other lipid lowering agents 20232 (18.0) 106156 (12.5) 0.15 19825 (17.9) 19834 (17.9) <0.001
Proton pump inhibitor 41141 (36.5) 282569 (33.3) 0.07 40423 (36.5) 40427 (36.5) <0.001
H, blocker 48036 (42.6) 400431 (47.2) 0.09 47227 (42.6) 47 452 (42.8) 0.004
NSAIDs 55580 (49.3) 434615 (51.3) 0.04 54646 (49.3) 54757 (49.4) 0.002
Opioids 11453 (10.2) 117077 (13.8) 0.08 11221 (10.1) 11275 (10.2) 0.002
Steroid 55918 (49.6) 421853 (49.8) 0.002 54999 (49.6) 55108 (49.7) 0.002
Healthcare utilisation
Hospital admission 23997 (21.3) 180150 (21.2) 0.001 23435 (21.1) 23784 (21.5) 0.008
Emergency room visits 12190 (10.8) 99619 (11.8) 0.03 11940 (10.8) 11932 (10.8) <0.001
Mean (SD) No of outpatient  22.3 (20.2) 22.8(21.0) 0.03 22.2 (20.0) 22.2 (19.5) <0.001
clinic visits
Investigations
Electrocardiography 45726 (40.6) 310585 (36.6) 0.08 44,842 (40.4) 45087 (40.7) 0.005
HbA 39084 (34.7) 425012 (50.1) 0.32 38541 (34.8) 38634 (34.8) 0.002
Lipid/cholesterol 36461 (32.4) 395790 (46.7) 0.30 35959 (32.4) 36018 (32.5) 0.001
Serum creatinine 35603 (31.6) 389077 (45.9) 0.30 35101 (31.7) 35184 (31.7) 0.002

ACE=angiotensin converting enzyme; ARB=angiotensin receptor blocker; COPD=chronic obstructive pulmonary disease; HbA;c=glycated haemoglobin;
NSAID=non-steroidal anti-inflammatory drug; SD=standard deviation; SNRI=serotonin-norepinephrine reuptake inhibitor; SSRI=selective serotonin
reuptake inhibitor; TCA=tricyclic antidepressant.
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Comparative risk of dementia between initiators of
SGLT-2 inhibitors and DPP-4 inhibitors

The mean follow-up time of patients was 670 (SD
650) days, with 612 (SD 613) days for initiators of
SGLT-2 inhibitors and 728 (SD 679) days for initiators
of DPP-4 inhibitors (see supplemental table S6 for
distribution of censoring events). A total of 1172
participants with newly diagnosed dementia were
identified, with incidence rates per 100 person years
of 0.22 for initiators of SGLT-2 inhibitors and 0.35
for initiators of DPP-4 inhibitors. The corresponding
hazard ratio was 0.65 (95% CI 0.58 to 0.73; table 2).
The lowered risk of dementia associated with use of
SGLT-2 inhibitors compared with DPP-4 inhibitors was
similarly observed for secondary outcomes: hazard
ratio 0.54 (0.46 to 0.63) for dementia requiring drugs,
0.61 (0.53 to 0.69) for Alzheimer’s disease, and 0.48
(0.33 to 0.70) for vascular dementia. The results were
consistent with those of intention-to-treat analyses:
0.65 (0.60 to 0.71) for dementia, 0.60 (0.54 to 0.67)
for dementia requiring drugs, 0.63 (0.57 to 0.69)
for Alzheimer’s disease, and 0.62 (0.49 to 0.79) for
vascular dementia. Estimates for the Fine-Gray models
were also similar. We found a 2.67-fold risk (95% CI
2.57-fold to 2.77-fold) of genital infections associated
with SGLT-2 inhibitors versus DPP-4 inhibitors. The
hazard ratios for association between treatment and
negative control outcomes were 0.97 (95% CI 0.95 to
0.98) for osteoarthritis related encounters and 0.92
(0.89 to 0.96) for cataract surgery. When corrected
using the association between treatment and cataract
surgery, the hazard ratios for dementia increased by
about 7.7% (see supplemental table S7), to 0.70 (0.62
to 0.80).

Follow-up time stratified analysis

A significant interaction (P<0.05) was observed
between treatment and follow-up time for all outcomes
except vascular dementia in the as treated analysis.
The Kaplan-Meier curve diverged more in the later
follow-up period for these outcomes (fig 1), indicating
that the effect would be greater with longer treatment.
According to the follow-up time stratified analyses
(46 767 propensity score matched pairs treated for two
or less years, 16827 pairs treated for more than two
years; see supplemental table S8 for the distribution
of baseline covariates for individual stratified groups),
the magnitude of association modestly increased with
more than two years of treatment compared with two
years or less for these outcomes (see supplemental
table S9): hazard ratio for more than two years versus
two years or less of treatment was 0.52 (95% CI 0.41
t0 0.66) v 0.57 (0.46 to 0.70) for dementia, 0.41 (0.29
to 0.57) v 0.45 (0.33 to 0.61) for dementia requiring
drugs, and 0.48 (0.37 t0 0.63) v 0.53 (0.41 to 0.68) for
Alzheimer’s disease.

Sensitivity analyses

Theresults were highly consistent even after accounting
for the 365 day lag time from the index date (table 3),
with hazard ratios in as treated analyses of 0.57 (0.48
to 0.68) for dementia, 0.48 (0.38 to 0.61) for dementia
requiring drugs, 0.55 (0.45 to 0.67) for Alzheimer’s
disease, and 0.46 (0.26 to 0.80) for vascular dementia.
In the intention-to-treat analyses with lag time applied,
the hazard ratios were 0.80 (0.75 to 0.86) for dementia,
0.84 (0.77 to 0.91) for dementia requiring drugs, 0.80
(0.74 to 0.86) for Alzheimer’s disease, and 0.80 (0.66
to 0.98) for vascular dementia.

Table 2 | Comparative risk of dementia between initiators of SGLT-2 inhibitors and DPP-4 inhibitors in main propensity score matched cohort

As treated analysis

SGLT-2 inhibitors (n=110885)

DPP-4 inhibitors (n=110 885) (ref)

Hazard ratio (95% Cl)

Incidence rate per 100
person years (95% Cl)

Cox model Fine-Gray model

Dementia

0.35 (0.32 t0 0.37)

0.65 (0.58 t0 0.73)

0.65 (0.57 t0 0.73)

Dementia requiring drugs

0.21 (0.19t0 0.23)

0.54 (0.46 t0 0.63)

0.57 (0.49 t0 0.67)

Alzheimer’s disease

0.28 (0.26 to 0.30)

0.61 (0.53 t0 0.69)

0.63 (0.55 t0 0.72)

Vascular dementia

0.04 (0.03 to 0.05)

0.48 (0.33t0 0.70)

0.53 (0.36 t0 0.77)

Genital infection

1.87 (1.81t01.92)

2.67 (2.57 t0 2.77)

2.45 (2.36 t0 2.54)

Osteoarthritis related

encounters

16.90 (16.70 to 17.10)

0.97 (0.95 t0 0.98)

0.97 (0.95 t0 0.99)

Cataract surgery

3.03 (2.95 t0 3.10)

0.92 (0.89 t0 0.96)

0.93 (0.90 to 0.97)

Death

0.57 (0.54 t0 0.60)

0.50 (0.45 to 0.55)

Intention-to-treat analysis

Dementia

0.41 (0.39 to 0.44)

0.65 (0.60 to 0.71)

0.65 (0.59 t0 0.72)

Dementia requiring drugs

0.27 (0.25 to 0.29)

0.60 (0.54 t0 0.67)

0.61 (0.54 t0 0.69)

Alzheimer’s disease

0.34 (0.32t0 0.36)

0.63 (0.57 to 0.69)

0.64 (0.57 t0 0.71)

Vascular dementia

0.05 (0.04 t0 0.06)

0.62 (0.49 t0 0.79)

0.61 (0.45 t0 0.82)

Genital infection

1.77 (1.73 t0 1.82)

2.37 (2.30 t0 2.45)

2.24 (2.17 t0 2.32)

Osteoarthritis related

encounters

15.58 (15.41 to 15.74)

0.97 (0.96 to 0.98)

0.98 (0.97 to 1.00)

Cataract surgery

2.96 (2.90t0 3.02)

0.94 (0.91 to 0.96)

0.95 (0.92 to 0.98)

Death

Person Incidence rate per 100 Person

Events years person years (95% Cl) Events years

408 185879 0.22(0.20t00.24) 764 221254
220 186117 0.12(0.10t00.13) 471 221729
315 186006 0.17 (0.15t00.19) 615 221517
37 186363 0.02(0.01t00.03) 84 222271
8371 171248 4.89 (4.7810 4.99) 3987 213795
24661 143880 17.14(16.93t0 17.35) 28007 165739
5026 178672 2.81(2.74102.89) 6385 211021
583 186412 0.31(0.291t00.34) 1268 222419
609 235191 0.26 (0.24t0 0.28) 1207 293352
370 235593 0.16 (0.14t0 0.17) 792 294215
485 235428 0.21(0.19t0 0.22) 992 293830
67 236030 0.03 (0.02 to 0.04) 138 295266
9340 217114 4.30 (4.22 t0 4.39) 5028 283409
28994 179435 16.16 (15.97 to 16.34) 33712 216447
6281 225600 2.78 (2.72t0 2.85) 8262 279271
1077 236159 0.46 (0.43 to 0.48) 2579 295594

0.87 (0.84t0 0.91)

0.52 (0.49 t0 0.56)

Cl=confidence interval; DPP-4=dipeptidyl peptidase-4; SGLT-2=sodium-glucose cotransporter-2.
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Fig 1 | Kaplan-Meier curves for dementia-free survival comparing propensity score matched initiators of SGLT-2 inhibitors with initiators of DPP-4
inhibitors. Cl=confidence interval; DPP-4=dipeptidyl peptidase-4; SGLT-2=sodium-glucose cotransporter-2

For as treated analyses with longer grace periods
after treatment change, a slightly increased incidence
rate of dementia was noted in both treatment groups
but to a greater degree among initiators of SGLT-2
inhibitors, with a hazard ratio of 0.72 (0.65 to 0.80)
for dementia for a grace period of 180 days and 0.76
(0.69 to 0.83) for a grace period of 365 days (see
supplemental table S10). Decreased incidence rates of
genital infections were also noted among initiators of
SGLT-2 inhibitors.

Theresultswere consistentregardless of concurrent
use of a drug with hypoglycaemic potential (see
supplemental tables S11 and S12), with a hazard
ratio of 0.69 (0.60 to 0.80) for dementia. The
duration of type 2 diabetes was identified for 45 088
propensity score matched pairs (1008 v 925 days for
initiators of SGLT-2 inhibitors and DPP-4 inhibitors,
respectively, with a standardised difference of 0.10).
Consistent results were observed after adjusting for

thelbmj | BMJ2024;386:079475 | doi: 10.1136/bmj-2024-079475

duration of type 2 diabetes (see supplemental tables
S13 and S14), with a hazard ratio of 0.60 (0.50
to 0.72) for dementia. We also observed similar
results in propensity score based fine stratification
weighted analyses (see supplemental tables S15 and
S16), with a hazard ratio of 0.68 (0.62 to 0.75) for
dementia.

Subgroup analysis

Supplemental table S17 presents the baseline
characteristics of the subgroups. The lower risk
associated with SGLT-2 inhibitors was overall consistent
across subgroups stratified by age, sex, concurrent
metformin use, and baseline cardiovascular risk (fig 2,
also see supplemental table S18). However, statistical
significance was not achieved for the subgroups
with relatively small outcome numbers (eg, those aged
<60 years). We did not find any interaction between
the treatment and individual stratifying factors.
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Table 3 | Lag time analyses on comparative risk of dementia in main propensity score matched cohort, with follow-up starting after 365 days from

index date

No of propensity

SGLT-2 inhibitors

DPP-4 inhibitors (ref)

Hazard ratio (95% CI)

Incidence rate per

Incidence rate per

score matched Person 100 person years Person 100 person years

pairs Events years (95% CI) Events years (95% Cl) Cox model Fine-Gray model
As treated analysis
Dementia 34048 159 69466 0.23(0.19100.26) 293 77010 0.38(0.34t00.42) 0.57 (0.48t00.68) 0.61(0.50t00.74)
Dementia requiring drugs 34113 89 69665 0.13(0.10t00.15) 191 77305 0.25(0.21t00.28) 0.48 (0.38t00.61) 0.53 (0.41t0 0.68)
Alzheimer’s disease 34085 129 69569 0.19(0.15t00.22) 246 77198 0.32(0.28t00.36) 0.55(0.45t00.67) 0.59 (0.481t00.73)
Vascular dementia 34180 13 69882 0.02(0.01t00.03) 33 77634 0.04(0.03t00.06) 0.46 (0.261t00.80) 0.44 (0.23 to 0.84)
Genital infection 31048 1634 60245 2.71(2.58102.84) 995 68083 1.46(1.37t01.55) 1.92(1.79t02.06) 1.81(1.68t01.96)
Osteoarthritis related encounters 21991 3900 37979 10.3(10.0t0 10.6) 4437 41468 10.7 (10.4t011.0) 0.95(0.91t00.99) 0.96 (0.92 to 1.00)
Cataract surgery 32061 1823 63009 2.89(2.76103.03) 2253 69216 3.26(3.12t03.39) 0.93(0.88t00.98) 0.92 (0.85t00.96)
Intention-to-treat analysis to 3 years*
Dementia 77396 607 172767 0.35(0.32100.38) 770 173238 0.44(0.411t00.48) 0.77 (0.71t00.84) 0.79(0.71100.88)
Dementia requiring drugs 77526 412 173307 0.24(0.22 t0 0.26) 502 173885 0.29(0.26t00.31) 0.81(0.73t00.89) 0.83 (0.73t0 0.94)
Alzheimer’s disease 77477 493 173110 0.29(0.26t00.31) 635 173639 0.37(0.341t00.39) 0.76 (0.691t00.83) 0.78 (0.69 10 0.88)
Vascular dementia 77674 77 174010 0.04 (0.03t0 0.05) 96 174664 0.06 (0.041t00.07) 0.83(0.67t0 1.03) 0.81(0.60to 1.09)
Genital infection 71479 3735 153363 2.44(2.36t02.51) 2635 156056 1.69(1.62t01.75) 1.43(1.37t01.48) 1.44(1.37t01.52)
Osteoarthritis related encounters 53768 10843 103926 10.4(10.2to0 10.6) 10678 104666 10.2(10.0t010.4) 1.03(1.01to 1.05) 1.03(1.00to 1.05)
Cataract surgery 73730 4965 159061 3.12(3.04t03.21) 5038 159482 3.16 (3.07t03.25) 0.98(0.95t01.01) 0.99 (0.95t0 1.03)
Intention-to-treat analysis to maximum follow-up*
Dementia 77396 908 227961 0.40(0.37 t00.42) 1134 230043 0.49(0.461t00.52) 0.80(0.75t00.86) 0.82 (0.751t00.89)
Dementia requiring drugs 77526 632 228852 0.28(0.26 t0 0.30) 768 231156 0.33(0.31t00.36) 0.84(0.77t00.91) 0.84(0.76t00.93)
Alzheimer’s disease 77477 755 228538 0.33(0.31t00.35) 949 230711 0.41(0.39t00.44) 0.80(0.74t00.86) 0.81 (0.74 to 0.89)
Vascular dementia 77674 97 230144 0.04(0.03t00.05) 128 232555 0.06 (0.05t00.07) 0.80 (0.661t00.98) 0.76(0.59t00.99)
Genital infection 71479 4336 199630 2.17 (2.11t02.24) 3192 205272 1.56(1.50t01.61) 1.38(1.34t01.43) 1.39 (1.33t0 1.46)
Osteoarthritis related encounters 53768 12965 130000 9.97 (9.80t010.15) 12747 131984 9.66(9.491t09.83) 1.03 (1.01t01.05) 1.03(1.01to 1.06)
Cataract surgery 73730 6678 206281 3.24(3.16t03.32) 6810 207999 3.27(3.20t03.35) 1.00(0.97t0 1.02) 0.99 (0.96 t0 1.03)

Cl=confidence interval; DPP-4=dipeptidyl peptidase-4; SGLT-2=sodium glucose co-transporter 2.
*One year lag time applied in intention-to-treat analysis showed attenuated association. Because patients remained in the index treatment group even if they discontinued or switched from their index
treatment, misclassification of drug use is least for the initial follow-up period. Therefore, starting follow-up one year after the index date will result in greater misclassification of drug use and drive the

effect estimate towards null in the intention-to-treat analysis.

Discussion

This large population based cohort study among
adults aged 40-69 years with type 2 diabetes found a
35% reduced risk of dementia associated with use of
SGLT-2 inhibitors compared with DPP-4 inhibitors.
This finding persisted regardless of dementia type
and across subgroups of populations with diverse
characteristics. Highly consistent results over a range
of secondary and sensitivity analyses supported the
robustness of our study findings. Our findings also
suggest that the treatment effect of SGLT-2 inhibitors
escalated with time.

Relevance of study design to internal validity

An active comparator new user design is a powerful
pharmacoepidemiological approach that effectively
copes with both measured and unmeasured
confounding in observational studies.’> One of the
key advantages of this approach would be that similar
disease (type 2 diabetes in our example) severity and
related comorbidity profile can be expected between
the two treatment groups because the participants in
both groups are at the beginning of a similar stage of a
given treatment. International guidelines had equally
recommended SGLT-2 inhibitors and DPP-4 inhibitors
as second line treatment until December 2018 >* when
the revised guideline preferentially recommended use

of SGLT-2 inhibitors in the presence of atherosclerotic
cardiovascular disease, heart failure, or chronic kidney
disease.’® This approach also ensures that selection
bias associated with depletion of susceptible people (to
inefficacy or intolerance, or both) is avoided, allowing
all individuals initiating the study drug to contribute
to the follow-up from the start of the treatment. In
this context, our study design offered greater internal
validity than in previous studies.® '

Interpretation of results and comparison with
other studies
We observed a known association between a positive
control outcome and treatment.”’ The association
for osteoarthritis related encounters was close to
null (hazard ratio 0.97, 95% CI 0.95 to 0.98), which
achieved statistical significance owing to excess power
from a highly frequent outcome. A slight deviation
(0.92, 0.89 to 0.96) from the null association was
observed for cataract surgery. A bias measure (7.7%
increased hazard ratio) based on this deviation
indicated that the association between treatment and
dementia was largely unexplained solely by residual
confounding.

In preclinical studies, SGLT-2 inhibitors have
shown direct neuroprotective effects through multiple
pathways.!> 3638 These drugs exhibited anticholinergic
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Fig 2 | Comparative risk of dementia between initiators of sodium-glucose cotransporter-2 inhibitors and initiators
of dipeptidyl peptidase-4 inhibitors in individual propensity score matched subgroups (as treated analysis).

Cl=confidence interval

activity,’> prevented ultrastructural changes of
neurovascular units associated with cognitive decline
in mice with diabetes,*® and ameliorated amyloid B
deposition and tau phosphorylation in the brain tissue
of mice with Alzheimer’s disease and type 2 diabetes.’
Diurnal catabolism induced by SGLT-2 inhibitors
restored autophagy by downregulating the mTOR
(mechanistic target of rapamycin) pathway, which is

thelbmj | BMJ2024;386:079475 | doi: 10.1136/bmj-2024-079475

chronically activated in Alzheimer’s disease.’® Based
on these preclinical findings, SGLT-2 inhibitors may
delay the progression of dementia in people with
type 2 diabetes both for Alzheimer’s disease and for
vascular dementia, independent of the cardiorenal
benefits exerted by SGLT-2 inhibitors.

A considerable effect estimate found within a
relatively short period (<2 years) of follow-up needs
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attention. Dementia develops through a continuum
of accumulated molecular and structural changes.”
Heterogeneous states of disease progression yet to reach
definitive dementia are likely to exist among people
with type 2 diabetes at baseline or even after applying a
one year lag time. This is likely true since mild cognitive
impairment, a transitional state between normal
ageing and dementia,” is prevalent among 12-18%
and 23% of people aged =60 years in the US and Korea,
respectively, with 10-15% of the annual conversion to
dementia.’® “° Notably, mild cognitive impairment is
1.4~2.0 times more prevalent among people with type
2 diabetes with accelerated progression.**** Because
the time span between mild cognitive impairment and
dementia has already been shortened, and progression
is particularly rapid among people with type 2 diabetes,
early risk reduction against dementia could be seen in
the presence of effective treatment (see supplementary
figure S3 for a schematic explanation). This scenario
also complies with the finding that the cognitive benefits
of SGLT-2 inhibitor use versus non-use were better
noted for those with mild cognitive impairment than
with normal cognitive function at baseline.!” Moreover,
the visible action of SGLT-2 inhibitors versus DPP-4
inhibitors was rapid, based on the time elapsed until
the first statistically significant result as early as day 5
for the benefits on death and worsening heart failure.*’

A recent prospective cohort study found that use of
SGLT-2 inhibitors for more than three years improved
cognitive function scores compared with non-use.*®
Although this finding suggests that longer treatment
might generate more benefits, the study was subject
to confounding by indication and immortal time bias
owing to the comparison between users (eg, prevalent
users) and non-users of SGLT-2 inhibitors.>® Our study
comparing new users of two competing drugs, SGLT-
2 inhibitors and DPP-4 inhibitors, further supports
favourable results for early initiation of the drug and
prolonged treatment.

We observed attenuated results with lag time applied
in intention-to-treat analyses and with longer grace
periods. Since incidence rates of genital infections
continually decreased among users of SGLT-2 inhibitors
in these analyses, loss of treatment effect associated
with misclassification of drug use played a role in
driving the results towards null. Initiators of SGLT-2
inhibitors, however, were more frequently censored by
treatment change than initiators of DPP-4 inhibitors.
Because patients with risk factors for treatment change
(non-adherence, inefficacy, or adverse events) can be
more prone to develop dementia than patients without
these risk factors, informative censoring may have
overestimated the results in our as treated analysis.
Nevertheless, the overall results between as treated
and intention-to-treat analyses were similar (table 2),
suggesting non-substantial informative censoring.

In subgroup analyses, we observed highly
consistent results, but did not find an interaction
between treatment and individual characteristics of
the study population. Unlike the expectation that
SGLT-2 inhibitors might be associated with greater
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benefits against the risk of vascular dementia than
Alzheimer’s disease, the magnitude of association
was accompanied by widely overlapping 95% Cls
between the two types of dementia for all analyses.
Thus, it is not surprising to observe no interaction
between treatment and baseline cardiovascular
risk. A recent meta-analysis also reported that the
pooled beneficial association between dementia and
use of SGLT-2 inhibitors versus other antiglycaemic
treatments was not affected by cardiovascular
diseases.'® These findings suggest that the underlying
mechanisms are not limited to cardiorenal pathways,
possibly involving direct neuroprotective pathways
observed in preclinical studies.’ 3% According to
previous studies on metformin monotherapy versus no
treatment, metformin was not associated with incident
dementia.”” “® Based on these findings, concurrent
use of metformin is unlikely to interact with SGLT-2
inhibitors in modifying the risk of dementia.

Strengths and limitations of this study

Several important strengths of this study
deserve comment. Firstlyy, we used rigorous
pharmacoepidemiological approaches, in particular
we adopted an active comparator new user design
and extensive propensity score matching.’®> The
diagnosis codes in the primary position and applying
disease specific drugs would increase the specificity
of the outcome. The sensitivity analyses and control
outcomes add relevant internal validity to this
study. Secondly, compared with a previous study,'*
we included relatively younger people (aged 40-69
years) with type 2 diabetes, broadening the target
population of benefits associated with use of SGLT-2
inhibitors. Thirdly, we used a nationally representative
database, providing high generalisability. Fourthly, we
performed comprehensive analyses for time varying
comparisons of SGLT-2 inhibitors versus DPP-4
inhibitors, diverse subgroups, and individual types of
dementia, presenting highly consistent results.

This study also has limitations. Firstly, owing to
the observational nature of our study, it is inherently
subject to residual or unmeasured confounding.
Although we balanced many proxies of type 2 diabetes
severity and comorbidities and used negative control
outcomes, direct test results on serum glucose levels,
renal function, severity of other comorbidities, health
behaviours(eg,smokingandalcohol consumption),and
duration of type 2 diabetes were not fully ascertainable
from the claims data. Secondly, diagnoses of dementia
are commonly delayed, rendering studies on dementia
risk particularly susceptible to informative censoring,
reverse causation, and outcome misclassification,
which may have resulted in overestimation of our
results. Thirdly, our study did not provide exact
mechanisms of neuroprotection.

Conclusions

This large population based cohort study found that
initiation of SGLT-2 inhibitors was associated with a
35% lower risk of dementia compared with initiation
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of DPP-4 inhibitors in people with type 2 diabetes aged
40-69 years. This association was similarly observed
for Alzheimer’s disease and vascular dementia and
was also consistent across subgroups. We observed
a greater association with treatment duration longer
than two years. These findings underscore the need for
future randomised controlled trials.
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