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Abstract

Background: The association of the use of sodium-glucose cotransporter 2 (SGLT2) inhibitor and incident dementia
remains unclear. This study aimed to evaluate the risk of incident dementia with the use of SGLT2 inhibitor.
Methods: This is a population-based cohort study utilizing Taiwan’s National Health Insurance Research Database. Each
patient who took SGLT2 inhibitors was assigned to the SGLT2 inhibitor group, whereas 1:1 propensity score-matched
randomly selected patients who were nonusers of SGLT2 inhibitors were assigned to the non-SGLT2 inhibitor group. The
study outcome was incident dementia.
Results: A total of 976,972 patients newly diagnosed with type 2 diabetes mellitus (DM) between 2011 and 2018 were
included in this study. After the patients’ propensity score matching by age, sex, duration of DM, comorbidities and drug
index date of the patients, a total of 103,247 patients in the SGLT2 inhibitor group and 103,247 in the non-SGLT2 inhibitor
group were enrolled for analysis. The SGLT2 inhibitor group was associated with a lower risk of incident dementia (adjusted
hazard ratio: 0.89, 95% confidence interval: 0.82–0.96; p = .0021). Diabetic complications were significantly lower in the
SGLT2 inhibitor group compared with the non-SGLT2 group. Sensitivity analysis was also consistent with the main analysis.
Conclusions: Patients with type 2 DM who were prescribed SGLT2 inhibitors were associated with a lower risk of
incident dementia compared with those not prescribed SGLT2 inhibitors in real-world practice.
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Introduction

Dementia is a fast-growing global epidemic and there are
more than 50 million people living with dementia in 2016
worldwide.1 This number is expected to increase to triple
by 2050 as life expectancy increases.2 It is one of the most
common causes of disability in the elderly.3 Many studies
demonstrated that diabetes mellitus (DM) is associated
with an increased risk of cognitive decline and dementia.4–6

Patients with DM along with concurrent dementia may
have an increased economic burden on their families and
the health care system in the country. Thus, minimizing the
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impact of incident dementia (ID) in patient with DM is an
important health issue and their families.

Previous studies have shown that good glycemic control
and low rate of diabetic complications are associated with a
low risk of dementia.7–9 Many studies have also demon-
strated that the use of sodium-glucose cotransporter 2
(SGLT2) inhibitor results in good glycemic control and low
rate of diabetic complications.10–12 However, the associ-
ation between SGLT2 inhibitor and ID remains unclear.
Therefore, we conducted a retrospective cohort study to
explore the relationship between SGLT2 inhibitors and ID
in the general Taiwanese population. This investigation
aimed to determine whether the risk of ID is associated with
SGLT2 inhibitor use in a nationwide cohort study of
Taiwanese patients with type 2 DM (T2DM).

Materials and methods

Study design and population

This is a retrospective case-control cohort study. We used the
insurance claims data provided by the Taiwanese Bureau of
National Health Insurance (TBNHI) from January 2011 to
December 2018. SGLT2 inhibitor users were defined as those

patients who received SGLT2 inhibitor prescriptions for more
than 6 months during the study period and the respective index
date was set as the initial SGLT2 inhibitor use by an individual
per day. In contrast, non- SGLT2 inhibitor users were desig-
nated as those patients who did not receive a SGLT2 inhibitor
prescription throughout the study period. This study was ap-
proved by ethics committee of Chung ShanMedical University
Hospital (CS2-20023). Written consent was not obtained from
the study participants as only de-identified data were obtained
from the TBNHI, and a waiver of patient consent was provided
by the ethics committee for this study.

The data from the NHI program in Taiwan from January
2011 to December 2018 using newly diagnosed T2DM
codes based on the International Classification of Diseases,
ninth revision, Clinical Modification (ICD-9-CM) and ICD,
10th revision, CM (ICD-10-CM). The newly diagnosed
T2DM was defined as the first time that a T2DM code was
available in the outpatient or inpatient claim records between
2011 and 2018. The list of ICD-9 and ICD-10 codes that
were used to defined the inclusion of T2DM patients, study
events, and comorbidities are presented in Supplemental
Table 1.

Patients who fulfilled any of the following criteria were
excluded from the study: (1) prior history of dementia

Figure 1. Patient flow chart.
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before 1 January 2011 and (2) patients aged <20 years.
Given the differences in baseline characteristics and de-
mentia risk between the SGLT2 inhibitor users and non-
SGLT2 inhibitor users, we applied propensity score
matching with age, sex, duration of DM, comorbidities and
drug index date at a ratio of 1:1 for patients with T2DM
with and without the use of a SGLT2 inhibitor (Figure 1).

Outcomes

The drug index date of the SGLT2 inhibitors was de-
fined as the date of the first prescription of SGLT2
inhibitor with the same day of the matched non-SGLT2
inhibitor group. Three types of SGLT2 inhibitors
(Empagliflozin, Dapagliflozin, and Canagliflozin) were
launched since May 2016 and used till the end of the
study (31 December 2018). We followed the SGLT2
inhibitors users since their first prescription of SGLT2
inhibitors, until the occurrence of dementia or the end
of the study. In this study, we analyzed the patients’ data
according to the group they were originally assigned,
regardless of their adherence or duration of usage of a
SGLT2 inhibitor. The study outcome was defined by ID
based on the ICD-9-CM and ICD-10-CM codes in ei-
ther an outpatient or inpatient department at least once
from 1 May 2016 to 31 December 2018.

Covariables

We considered the following covariates as potential con-
founders: sex, age, co-medications, and comorbilities. Age was
included as a continuous variable and categorized as <40, 40–
49, 50–59, 60–69, 70–79, or ≥80. Co-medications included
aspirin, beta-blocker, calcium channel blocker, angiotensin
converting enzyme inhibitor, angiotensin receptor blocker,
other antidiabetic agents, and statins. We defined comorbidities
using ICD-9 CM and ICD-10 CM codes, which are listed in
Supplemental Table 1. These comorbidities include asthma,
hypertension, cardiovascular disease, hyperlipidemia, chronic
pulmonary diseases, rheumatic arthritis, diabetic retinopathy,
ischemic stroke, hemorrhagic stroke, and liver cirrhosis.

Statistical analysis

Data were presented as valid percentages and mean
values with standard deviation. The standardized dif-
ference was applied to determine the difference in
baseline characteristics between the two study groups.
The Cox proportional hazard regression model was used
to compare the risk of developing ID between the SGLT2
inhibitor group and the non-SGLT2 inhibitor group.
Adjusted hazard ratios (aHRs) and 95% confidence in-
tervals (CIs) were calculated, adjusting for important
risk factors for developing dementia, which include age,

sex, and comorbidities. The risk of study outcomes
overtime for the SGLT2 inhibitor group compared with
the non-SGLT2 inhibitor group was determined through
survival analysis by the Kaplan–Meier method. In ad-
ditional, sensitivity analyses were conducted to test the
robustness of the findings of this study. The patients’
matching (1:2) by age, sex, duration of DM, and drug
index date of the patients was used to compare the effect
between the two study groups on the study outcome.
Finally, subgroup analyses that are stratified by sex and
age were conducted at baseline for the outcomes of ID,
respectively. All effects were analyzed using an
intention-to-treat approach. Statistical significance was
defined as p-value < .05. All analyses were performed
using SAS 9.3 Statistical Software (SAS Institute Inc,
Cary, NC, USA).

Results

Baseline characteristics of all patients

Between January 2011 and December 2018, we identified
at total of 103,247 patients with new-onset T2DM who
were SGLT2 inhibitor users and 103,247 non-SGLT2 in-
hibitor users (Figure 1). The baseline characteristics of all
patients with T2DM between the SGLT2 inhibitor user
group and non-SGLT2 inhibitor user group are presented in
Table 1. Most subjects were male (56%) and younger
(<60 years of age, 53%).

Outcomes

The incidence of ID, the number of IDs for SGLT2 in-
hibitor and non-SGLT2 inhibitor comparator were 3426 vs
4507, respectively (2.02 vs 2.66 per 1000 person/month;
HR: 0.88, 95%CI 0.81–0.97; p = .0015), during the follow-
up period (Table 2). Similarly, after adjustment of gender,
age and comorbilities, the SGLT2 inhibitor group was
associated with a lower risk of ID compared to the non-
SGLT2 inhibitor group (aHR: 0.89; 95% CI 0.82–0.96;
p = .0021). The Kaplan–Meier curves comparing the
cumulative incidence of dementia between the SGLT2
inhibitor group and the non-SGLT2 inhibitor group were
consistent with the above findings (Figure 2). In addition,
patients with SGLT2 inhibitor use had low rates of dia-
betic complications than the non-SGLT2 inhibitor users
during a 2.7-year follow-up (all p < .0001, Table 3).

Sensitivity and subgroup analyses

We performed a sensitivity analysis to investigate the
effect of SGLT2 inhibitor on ID. A 1:2 matching by age,
sex, duration of DM, and drug index date of the patients
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was used to match a total of 105,611 patients in the SGLT2
inhibitors group and a total of 211,222 patients in the non-
SGLT2 inhibitors group for analysis. Which provided
similar results (3541 vs 10237 events, adjusted HR 0.92;
95% CI 0.85–0.99; p = .0460; Table 4).

Results from the subgroup analyses were partly con-
sistent with the main analyses (Table 5). Similar findings
were seen for participants aged 40–49, 50–59, and 60–
69 years as well as for male participants (191 vs 435 events,
aHR 0.16, 95% CI 0.05–0.52; 523 vs 923 events, aHR 0.81,
95% CI 0.64–0.99; 1101 vs 1525 events, aHR 0.80, 95% CI
0.70–0.92; and 2025 vs 2882 events, aHR 0.82, 95% CI
0.73–0.91; respectively). However, only the trend of

treatment effect of ID were seen for participants aged 70–79
and ≥80 years as well as for female participants (1040 vs
1046 events, aHR 0.98, 95% CI 0.84–1.10; 532 vs 463
events, aHR 0.97, 95% CI 0.80–1.18; and 1401 vs 1625
events, aHR 0.91, 95% CI 0.79–1.03; respectively, Table 5).

Discussion

In this population-based cohort study, the users of SGLT2
inhibitors with low rate of diabetic complications had a
significantly lower risk of ID than the non-users of SGLT2
inhibitors. The trends of results from sensitivity and
subgroup analyses were consistent with the main analysis.

Table 1. Baseline characteristics of all patients.

NON- SGLT 2
N = 103247

SGLT 2
N = 103247 p

Sex .4754
Male 57669 (55.86%) 57830 (56.01%)
Female 45578 (44.14%) 45417 (43.99%)

Age .8957
<40 6210 (6.01%) 6176 (5.98%)
40–49 16535 (16.01%) 16491 (15.97%)
50–59 32086 (31.08%) 32130 (31.12%)
60–69 34094 (33.02%) 34039 (32.97%)
70–79 11876 (11.50%) 11881 (11.51%)
≥80 2446 (2.37%) 2530 (2.45%)

Comorbidities
Asthma 3026 (2.93%) 3159 (3.06%) .0860
Hypertension 63934 (61.92%) 63587 (61.59%) .1161
Cardiovascular disease 15759 (15.26%) 16044 (15.54%) .0823
Hyperlipidemia 70047 (67.84%) 69629 (67.44%) .0493
Chronic pulmonary diseases 3103 (3.01%) 3353 (3.25%) .0016
Rheumatic disease 288 (0.28%) 341 (0.33%) .0343
Diabetic retinopathy 4859 (4.71%) 4981 (4.82%) .2076
Ischemic stroke 4359 (4.22%) 4528 (4.39%) .0669
Hemorrhage stroke 531 (0.51%) 665 (0.64%) .0001
Liver cirrhosis 994 (0.96%) 1081 (1.05%) .0549

SGLT 2: sodium-glucose cotransporter 2.

Table 2. Incidence and risk of dementia.

NON- SGLT 2
N = 103247

SGLT 2
N = 103247 p

Follow up person-month 1,692,364 1,697,582
Dementia cases 4507 3426
Incidence ratea 2.66 (2.59–2.74) 2.02 (1.95–2.09) <.0001
Crude HR Reference 0.88 (0.81–0.97) .0015
Adjusted HR Reference 0.89 (0.82–0.96) .0021

SGLT 2: sodium-glucose cotransporter 2.
acrude incidence density rate (95% confidence interval) of dementia, per 1000 person-month.
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Specifically, we also found the lower risk of ID associated
with male gender in the subgroup analyses.

DM is an important risk factor for dementia and,
particularly, patients with type 2 DM seem to have an
increased risk of dementia.13,14 This risk may be

caused by a complex pathophysiology of diabetes and
dementia, which involves hyperglycemia, hyper-
insulinemia, oxidative stress, vascular effects, in-
flammation, increased cerebral amyloid-β peptides,
brain insulin resistance, and formation of advanced

Figure 2. Cumulative risk of incident dementia for the study cohorts between SGLT2 inhibitor and non-SGLT2 inhibitor group.

Table 3. Diabetic complications between two groups during 2.7-year follow-up.

NON- SGLT 2
N = 103247

SGLT 2
N = 103247 p

Hypoglycemic events 2591 (2.51%) 527 (0.51%) <.0001
Diabetic retinopathy 10025 (9.71%) 9344 (9.05%) <.0001
Diabetic neuropathy 5802 (5.62%) 4491 (4.35%) <.0001
Diabetic nephropathy 2117 (2.05%) 1177 (1.14%) <.0001

SGLT 2: sodium-glucose cotransporter 2.

Table 4. Sensitivity analysis of incidence and risk of dementia.

NON- SGLT 2
N = 211222

SGLT 2
N = 105611 p

Follow up person-month 3,450,719 1,736,088
Dementia cases 10237 3541
Incidence ratea 2.97 (2.91–3.02) 2.04 (1.97–2.11) <.0001
Crude HR Reference 0.91 (0.84–0.98) .0197
Adjusted HR Reference 0.92 (0.85–0.99) .0460

HR: hazard ratios; SGLT 2: sodium-glucose cotransporter 2.
acrude incidence density rate (95% confidence interval) of dementia, per 1000 person-month.
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glycation end-products.14–17 This has instigated the
interest of exploring antidiabeticmedications that can reduce
the risk of dementia in patients with diabetes. Previous
studies have demonstrated that the administration of met-
formin was associated with a decreased risk of dementia as
compared with the non-user patients.18–20 The mechanism
underlying the association between metformin and dementia
is likely to be multifactorial, with evidence supporting the
involvement of the reduced formation of advanced glycation
end-products21 as well as inflammation and oxidative
stress.22,23

SGLT2 inhibitor is a new drug class that reduces plasma
glucose levels by blocking the renal reabsorption of
glucose.24,25 When combined with a healthy lifestyle,
SGLT2 inhibitors are efficacious as monotherapy and add-
on therapy for patients with T2DM uncontrolled by other
antihyperglycemic drugs. The effective glycemic control
alleviates the risk of T2DM-related complications.10–12,24

In this study, the users of SGLT2 inhibitors were protected
from ID. Till now, data on the therapeutic strategies to
improve the prognosis in these patients are scarce. Many
animal studies have suggested that SGLT2 inhibitors may
prevent cognitive decline by reducing hyperglycemia,
hyperinsulinemia, oxidative stress, and inflammation and
improving brain mitochondrial function in the hippo-
campus in patients with T2DM.26–28 Only one study has
shown that the use of SGLT2 inhibitors in patients with
T2DM is associated with significantly lower odds of de-
mentia, which is consistent with our finding.29 However,
given the small number of patients with T2DM and the
short follow-up period, it is not completely clear whether
SGLT2 inhibitors are associated with ID when compared
with the non-users.

In the previous clinical observation study, the users of
metformin, glitazones, dipeptidyl peptidase-4 inhibitors,
and glucagon-like peptide-1 analog were negatively

associated with dementia while insulin was positively
associated with dementia.30,31 Similarly, the users of
SGLT2 inhibitors had a significantly lower risk of ID than
the nonusers of SGLT2 inhibitors in our study. Further-
more, SGLT2 inhibitors also improve renal outcomes and
reduce all-cause and cardiovascular death in patients with
heart failure with reduced ejection fraction in two inde-
pendent trials.32,33 These findings emphasize the value of
SGLT2 inhibitors in clinical practice. SGLT2 inhibitors
will represent an important class of compounds to be
further evaluated in the clinical trials for dementia
treatment.

Our study suggests that in patients with T2DM who are
on SGLT2 inhibitors, the risk of dementia development is
11% lower when compared with the non-users, which may
be the possible cause for the increase in its use.34 These
findings signify the need for conducting clinical trials to
prove the role of the drug in preventing dementia in the
future.

This study has several limitations. First, we ascertained
that the exposure to SGLT2 inhibitors in the cohort is real
and supported by the claims data, which include medi-
cation prescription. However, treatment adherence was not
available from these secondary data. Second, the laboratory
data such as blood sugar levels, hemoglobin A1c levels,
renal function, and liver function were not available from
these secondary data. This is an important limitation.
However, because the data we used were population-based
data, we assumed that there were no differences between
the two groups. Further randomized clinical trial is needed
to confirm our result. Third, the present study was based on
the Taiwan NHI program and claims data sets, which may
limit generalizability of the result for other countries.

In summary, patients with T2DM taking SGLT2 in-
hibitors are associated with a lower risk of ID and low rate
of diabetic complications compared with those without

Table 5. Subgroup analysis.

Non- SGLT 2 SGLT 2

Adjusted hazard ratios (95% CI)Event Incidence ratea Event Incidence ratea

Sex
Male 2882 3.43 (3.34–3.51) 2025 2.17 (2.08–2.27) 0.82 (0.72–0.92)
Female 1625 2.40 (2.32–2.48) 1401 1.87 (1.78–1.97) 0.91 (0.79–1.03)

Age
<40 115 1.12 (0.99–1.26) 39 0.34 (0.25–0.46) Not estimated
40–49 435 1.70 (1.60–1.81) 191 0.67 (0.58–0.77) 0.16 (0.05–0.52)
50–59 923 1.91 (1.83–2.00) 523 0.98 (0.90–1.07) 0.81 (0.64–0.99)
60–69 1525 3.14 (3.04–3.25) 1101 2.06 (1.94–2.18) 0.80 (0.70–0.92)
70–79 1046 6.51 (6.25–6.77) 1040 5.88 (5.54–6.24) 0.98 (0.84–1.10)
>=80 463 14.42 (13.58–15.32) 532 15.07 (13.86–16.38) 0.97 (0.80–1.18)

SGLT 2: sodium-glucose cotransporter 2.
acrude incidence density rate (95% confidence interval) of dementia, per 1000 person-month.
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SGLT2 inhibitors prescription in real-world practice. The
findings give rationale for conducting clinical trials to
prove such a benefit for prevention of dementia in future.
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