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a b s t r a c t 

Background: New-generation antidiabetic medications may have therapeutic potential for dementia, beyond 
their glycemic effects. However, information from observational studies exploring the association between new- 
generation antidiabetic use and dementia risk is limited. 
Objectives: To examine the association between new-generation antidiabetic medication use and dementia risk. 
Design: Retrospective cohort study using electronic health records of a large non-profit health maintenance 
organization. 
Participants: 84,798 dementia-free individuals aged ≥ 65y with type 2 diabetes. 
Measurements: Antidiabetic medication exposure was based on purchased prescriptions and was used as a time- 
varying variable. Exposure periods were defined as periods in which either dipeptidyl peptidase-4 inhibitors 
(DPP-4i), sodium-glucose cotransporter-2 inhibitors (SGLT-2i), or glucagon-like peptide-1 analogs (GLP-1a) or 
their combinations were used, otherwise unexposed. Dementia classification was based on the International Clas- 
sification of Diseases, Ninth Revision codes or antidementia medication prescriptions. Cox regression models 
were fitted to quantify the association between antidiabetic medication use and incident dementia. Models were 
adjusted for 13 potential sources of confounding using inverse-probability weighting. 
Results: Among 84,798 individuals with a mean diabetes onset age of 66.4 ± 7.5 years, the median follow-up for 
dementia risk was 8.7 years (Q1-Q3: 5.4–12.8). Dementia was diagnosed in 11,642 (13.7%) individuals. New- 
generation medication use was associated with reduced dementia risk (HR = 0.69; 95% CI, 0.66–0.73) and by 
drug classes (DPP-4i, HR 0.67 [95% CI 0.63–0.71]; SGLT-2i, 0.63 [95% CI 0.56–0.70], GLP-1a, 0.61 [95% CI 
0.54–0.69]. 
Conclusions: The results of this large-scale study suggest that new-generation antidiabetic medication use may 
be associated with lower dementia risk in older adults with T2D. 
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. Introduction 

Dementia refers to a group of disorders and diseases characterized
y cognitive impairment that limits daily activities and often results in
 decline in cognitive function [ 1 , 2 ]. An estimated 57 million individu-
ls are currently living with dementia, and projections suggest that this
umber will reach 153 million globally by the year 2050 [ 1 , 2 ]. Current
ntidementia treatments are limited and can only alleviate symptoms
r have modest benefit to cognition in patients at specific disease stages
 2 , 3 ]). As a result, dementia prevention is acknowledged as a national
nd international priority, with efforts directed towards addressing po-
entially modifiable risk factors [ 2 ]. 

Type 2 diabetes (T2D) is an established risk factor for Alzheimer’s
isease (AD) and vascular dementia, the most common dementia sub-
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ypes [ 2 , 4 ]. In addition, T2D shares multiple signaling pathways and
iological processes with AD [ 5–7 ] and vascular dementia [ 4 , 8 ], includ-
ng central and peripheral insulin resistance, chronic inflammation, and
erebrovascular dysfunction. 

Based on these common pathophysiologies, it is postulated that
ntidiabetic medications may benefit brain health even beyond
heir glycemic control effects. Indeed, decreased dementia inci-
ence was observed in individuals exposed to some antidiabetic
edications, such as metformin and pioglitazone, independently of

lycemic control indices [ 9 , 10 ]. Yet, other antidiabetic medications,
ncluding insulin and sulfonylureas (SU), were associated with in-
reased dementia risk [ 2 , 11 , 12 ] possibly due to their hypoglycemic
ffects [ 13 ], or showed no associations with dementia incidence
 11 , 14 ]. 
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New-generation antidiabetic medications that were released to the
arket in recent years are dipeptidyl peptidase-4 inhibitors (DPP-
i), glucagon-like peptide-1 analogs (GLP-1a), and sodium-glucose
otransporter-2 inhibitors (SGLT-2i) [ 15 ]. DPP-4i and GLP-1a indirectly
educe glucose levels by increasing incretin levels and enhancing insulin
ecretion, while SGLT-2i lowers glucose levels by promoting glucose re-
al excretion [ 15 ]. The new-generation antidiabetic medications also
arry a low hypoglycemia risk and were found in preclinical studies to
nhibit amyloid plaque formation and reduce tau phosphorylation [ 15 ].
dditionally, preclinical studies suggest that these medications improve
ynaptic plasticity, learning, and memory [ 16 , 17 ]. 

Systematic reviews and meta-analyses assessed observational stud-
es that examined the association between new-generation antidiabetic
edications and dementia risk [ 18–21 ]. Most studies showed that the
ew antidiabetes medications use is associated with dementia risk re-
uction [ 18–21 ]. However, the number of observational studies in-
luded in these systematic reviews was low (up to 10 overall), and their
ndings were inconsistent. In addition, the studies included were lim-

ted by their case-control design with a low matching ratio [ 9 , 12 , 22 ],
he comparison of one medication use versus non-use [ 9 , 12 , 22 ], and
 limited quantification of drug exposure. For example, exposure was
etermined at a single time point or based on the longest medication
rescription, while not accounting for periods without medication and
rescription renewal [ 9 , 12 ]. These types of exposure modeling might
ot reflect “real-world ” medication use patterns and lead to possible
isclassification of medication use as up to two-thirds of individuals
ith T2D tend to change dosage and switch or add antidiabetic pre-

criptions to their treatment routine [ 23 , 24 ]. 
To overcome some of the prior methodological limitations, we used

 retrospective cohort study design, with comprehensive national-based
ata. We compared dementia risk between periods of new-generation
edication use and non-use while adjusting for time-varying covariates.
ur general aim was to examine the associations between cumulative
se of DPP-4i, GLP-1a, and SGLT-2i and dementia risk in older adults
ith T2D. 

. Methods 

.1. Study sample and design 

In this nationwide cohort study, we retrieved individual-level infor-
ation from Maccabi Healthcare Services (Maccabi hereafter) members’
2

etailed electronic health records (EHR), including information from
entralized laboratories and pharmacies. Maccabi is the second largest
on-profit health maintenance organization (HMO) in Israel and pro-
ides nationwide healthcare services to over 2.5 million individuals,
early 27% of the total population [ 25 ]. By law, every citizen is covered
y one of four HMOs and can switch between HMOs. Refusal to grant
embership to a de jure resident by any HMO in Israel based on geo-

raphic location, demographic characteristics, health conditions, needs,
r other characteristics is illegal. This legal feature minimizes selection
ias in this study. Also, governmental subsidies cover copayments for
hose in need, and basic medical coverage costs are inexpensive. The
MO EHR at Maccabi is updated regularly based on predefined crite-

ia and collected data [ 25 ], and has been published before in dementia
nd diabetes research [ 26 , 27 ]. Ethical approval was granted to conduct
he present study by the Institutional Review Board at the University of
aifa and the Helsinki Institutional Review Board at Maccabi. Informed
onsent was waived as the study data were de-identified. The Strength-
ning the Reporting of Observational Studies in Epidemiology (STROBE)
eporting guidelines were followed in this study. 

The source population consisted of individuals diagnosed with T2D
rom the age of 55 years or older in the interval from 0101-1998 to 01-
1-2019 according to the HMO diabetes registry and were HMO mem-
ers during that time interval. Inclusion in the registry is based on the
merican Diabetes Association’s suggested criteria and additional cri-

eria of the HMO to maximize its validity ( Supplementary Text 1 ).
he follow-up for incident dementia began when the individuals were
ged between 65 and 95 years. To reduce reverse causality risk, a one-
ear lag was applied and individuals diagnosed with dementia or cen-
ored less than one year after diabetes diagnosis were excluded from
he study. For the full exclusion criteria see Fig. 1 and Supplementary

ext 2. 

.2. Dementia ascertainment 

Dementia diagnosis was ascertained by the HMO dementia registry
riteria as used in previous studies [ 27 ]. The dementia registry criteria
nclude at least two visit diagnoses or one active diagnosis by a specialist
geriatrician, psychiatrist, or neurologist) using International Classifica-

ion of Diseases, Ninth Revision (ICD-9) codes [ 28 ]. Similarly, a general
ractitioner can diagnose dementia, but the diagnosis must be accom-
anied by an updated Sweet 16 cognitive test score of 13 or lower [ 29 ].
nother criterion for inclusion in the dementia registry was the pre-
Fig. 1. Study sample flowchart. 
Study flow diagram of cohort selection, inclusion, exclusion, and 
follow-up. Abbreviations: HMO, Health Maintenance Organiza- 
tion; MHS, Maccabi Health Services; T2D, Type 2 Diabetes. 
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(  
cription of anti-dementia medications based on Anatomical Therapeu-
ic Chemical 5 (ATC-5) codes (full ATC-5 codes list in Supplementary

able 1 and full diagnosis criteria in Supplementary Text 3 ). 

.3. Definition of new-generation antidiabetic drug use 

All antidiabetic medication data were extracted from the HMO
rescription purchasing register. This data includes the ATC-5 code
nd description, purchase date, number of packages purchased, med-
cation delivery method per prescription (e.g., tablets, vials, pens),
nd dosage. Diabetes medications were classified into nine drug
lasses based on ATC-5 codes. Three new-generation antidiabetic drug
lasses: dipeptidyl-peptidase-4 inhibitors (DPP-4i; A10BH∗ , A10BD∗ ),
lucagon-like peptide-1 analogs (GLP-1a; A10BJ∗ ), and sodium-glucose
otransporter-2 inhibitors (SGLT-2i; A10BK∗ , A10BD∗ ). DPP-4i and GLP-
a were introduced in Israel in January and May 2008, respectively,
hile SGLT-2i were introduced in April 2015. Six older antidiabetic drug

lasses: alpha-glucosidase inhibitors (A10BF∗ ), biguanides (metformin;
10BA), insulin (A10A∗ ), repaglinide (A10BX02), thiazolidinediones

TZDs; A10BG∗ ), and sulfonylurea derivatives (SU; A10BB∗ ) (complete
TC-5 codes listed in Supplementary Table 2 ). 

Antidiabetic medication use was classified for each individual in the
tudy and only for drug classes purchased more than once, based on the
alidated PRE2DUP (Prescriptions to Drug Use Periods) method [ 30 ].
his method considers dose changes, stockpiling, and purchase regu-

arity and calculates use periods and average dosage in daily defined
ose (DDD) units. Overlapping exposure periods to the same drug class
ere combined to generate the final exposure periods. Use of the new-
eneration antidiabetic drug class, either as a single drug or in combina-
ion, was implemented as a time-varying variable such that each individ-
al could potentially contribute their time at risk as users or non-users,
lternatively. 

.4. Covariates 

There were 13 covariates in the study chosen based on the poten-
ial for confounding (i.e., an association with both receiving a specific
2D medication and with dementia risk). All covariates’ information
as retrieved from the participants’ routinely collected HMO electronic
ealth records. Sociodemographic covariates were: age, sex, and neigh-
orhood socioeconomic status (SES). Age at cohort entry was entered
s a linear and quadratic term [ 31 ]. Because education is not routinely
ecorded in HMO records, we used neighborhood socioeconomic sta-
us (SES) as a proxy for cognitive reserve, similarly to multiple stud-
es that were based on HMO data [ 26 , 32 ]. Neighborhood SES was ac-
nowledged as a possible risk factor for neurodegeneration [ 33 ]. In the
urrent study, the SES used was developed and validated by Points Lo-
ation Services Ltd (Points) on a scale from 1 to 10 and categorized
nto 3 groups (low [1–4], medium [5–6], and high [7–10]). The Points
ES scale extends SES data from the Israeli Central Bureau of Statistics
ith additional updated socio-economic and demographic information
 34 ]. It is regularly employed by the Israeli Ministry of Health, MHS,
nd all other HMOs in the country [ 35 ]. Health-related covariates were
iabetes diagnosis onset age, and the following time-varying covariates:
iabetes duration divided into quartiles, Hemoglobin A1C (HbA1C) (%),
asting blood glucose levels in mg/dL, Body Mass Index (BMI) classi-
ed into: underweight ( < 18.5), normal range (18.5–24.9), overweight
25.0–29.9), obese class 1 (30.0–34.9), obese class 2 (35.0–39.9), obese
lass 3 ( ≥ 40) [ 36 ], systolic blood pressure levels (mm Hg) [ 37 ], total
holesterol levels (mg/dL), triglycerides levels (mg/dL), chronic kidney
isease (CKD) based on estimated glomerular filtration rate (eGFR) lev-
ls (mL/min) of less than 60 [ 38 ], and cardiovascular diseases (CVD)
ased on the HMO registry [ 39 ]. All these covariates were found to be
ssociated with the risk of cognitive impairment and dementia among
ndividuals with diabetes [ 40–42 ]. 
3

.5. Statistical analyses 

Missing data were imputed for SES, HbA1c levels, BMI, systolic blood
ressure levels, total cholesterol levels, triglycerides levels, and eGFR
sing the Multivariate Imputation by Chained Equations (MICE) algo-
ithm ( Supplementary Text 4, Supplementary Table 3 ). The Little
hi-squared test of missing-completely-at-random (MCAR) showed that
issing data deviated from the MCAR assumption (Little MCAR test:
2 

1,472 = 18,716; P < 0.001). Data was treated as missing at random,
s in most clinical epidemiological data [ 43 ]. We calculated the sample
haracteristics at cohort entry, then incident dementia rates per 1000
erson-years. 

Cox proportional hazard regression models were employed to esti-
ate hazard ratios (HRs) and 95% Confidence Intervals (CI) for demen-

ia, using age as the time scale [ 44 ]. These models were fitted using the
urvival package in R, which accounts for truncation and left censoring
 45 ]. The marginal structural method was used with stabilized and trun-
ated inverse probability weights (IPW) calculated for each individual
t each time point, following previous study procedures [ 46 ]. The cal-
ulated IPW account for time-varying covariates that could be affected
y previous exposure, consider residual confounding, and allows an ap-
roximation of the causal effect [ 46–48 ]. The IPW included all the previ-
usly described time-varying and constant covariates ( Supplementary

ext 5 ). The Cox model proportional hazards assumption was tested for
he primary model, where the corresponding scaled Schoenfeld residu-
ls were correlated with time. Follow-up concluded for each individual
t the earliest of the following: dementia diagnosis, death, leaving the
MO, or end of follow-up on the 31st of August 2022 ( Supplementary

ig. 1 ). 
An unadjusted Cox proportional hazard regression model was fitted

ithout weights and only with antidiabetic medication use as a covari-
te. In the primary analysis, we compared the use periods with IPW and
djusted for unbalanced covariates with absolute standardized mean dif-
erences (SMD) higher than 0.1 between the exposed and unexposed
roups [ 49 ]. This procedure can further minimize residual imbalance
etween the groups [ 50 ]. Individuals who did not purchase any antidi-
betic medication throughout their entire follow-up period were classi-
ed as ‘on lifestyle change only’ and were excluded from the primary
nalysis. 

.6. Complementary analyses 

To challenge the primary analysis robustness, we performed six com-
lementary analyses. We fitted three models similar to our primary
odel where use of each of the new-generation antidiabetic medica-

ions (DPP-4i, model 1; GLP-1a, model 2; SGLT-2i, model 3) was com-
ared with non-use (i.e., periods in which none of the new-generation
edications were used). In the fourth complementary analysis (model
), we included the time contributed by those who were on lifestyle
hange only throughout the follow-up to the no-use category. Next, we
xcluded from the comparison period times in which Insulin or SU were
sed, due to their potential to cause hypoglycemia, and hence increase
ementia risk (model 5) [ 13 ]. An analysis accounting for the competing
isk of mortality was computed for the primary model (model 6) ( Sup-

lementary Text 6 ). In this model, each individual was followed until
he occurrence of the following outcomes: dementia or death, which
ere set as the terminal state [ 51 ]. All analyses were performed using
 version 4.1.3 (March 2022) with the R packages Survival [ 45 ], IPW
 52 ], and MICE [ 53 ] ( Supplementary texts 4–6 ). 

. Results 

.1. Population characteristics 

At baseline, the analytic sample consisted of 84,798 individuals
 Fig. 1 ). The participants’ mean age was 66.4 ± 7.5 years, 42,497
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Table 1 

Characteristics at cohort entry of the final sample. 

Baseline Characteristics Sample ( n = 84,798) 

Age of diabetes onset, mean ± SD 66.4 ± 7.5 
Female, N (%) 42,497 (50.1) 
Socio Economic Group, N (%) 

Low 13,800 (16.3) 
Medium 23,408 (27.6) 
High 47,590 (56.1) 

BMI levels, N (%) 
Underweight ( < 18.5) 191 (0.2) 
Normal range (18.5 – 24.9) 9785 (11.5) 
Overweight (25.0 – 29.9) 31,809 (37.5) 
Obese class 1 (30.0 – 34.9) 43,013 (50.7) 
Obese class 2 (35.0 – 39.9) 11,356 (13.4) 
Obese class 3 ( ≥ 40) 4933 (5.8) 

eGFR ≥ 60, N (%) 26,723 (31.5) 
Baseline Characteristics Sample (n = 84,798) 

Cardiovascular disease, N (%) 16,211 (19.1) 
HbA1C levels (%), mean ± SD 6.71 ± 1.1 
Systolic blood pressure, mm Hg, mean ± SD 135.36 ± 17.7 
Total cholesterol levels, mg/dL, mean ± SD 186.52 ± 43.0 
Triglycerides levels, mg/dL, mean ± SD 161.05 ± 88.7 
Fasting blood glucose levels, mg/dL, mean ± SD 134.49 ± 38.9 
Diabetes duration, mean ± SD 11.7 ± 5.6 

Abbreviations: BMI, Body Mass Index; eGFR, Estimated Glomerular Filtration 
Rate; HbA1C, Hemoglobin A1C. 

Table 2 

Rate of dementia per 1000 person-years. 

Exposure 
Dementia 
cases 

Event rate per 1000 
person-years (95% CI) 

Total 11,642 14.6 (14.3 - 14.9) 
New-generation antidiabetic medications 2384 13.4 (12.9 - 14.0) 
DPP-4i 1654 13.4 (12.8 - 14.1) 
SGLT-2i 275 11.6 (10.2 - 13.0) 
GLP-1a 455 12.6 (11.4 - 13.8) 
Older antidiabetic medications 8318 14.3 (14.0 - 14.6) 

Abbreviations: DPP-4i, dipeptidyl peptidase 4 inhibitors; SGLT-2i, sodium- 
glucose cotransporter inhibitor; GLP-1a, glucagon-like peptide-1 analogs. 
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50.1%) were women, the mean HbA1C level was 6.71 ± 1.1%, and
ore than 38,000 used at least one of the new-generation antidiabetic
edications with median use time of 3.5 years (Q1 – Q3: 1.3 – 6.5)

 Table 1 , Supplementary Table 4 ). 
The median follow-up time was 8.7 years (Q1 – Q3: 5.4 – 12.8).

uring the study follow-up, 11,642 (13.7%) individuals were diagnosed
ith dementia over 798,003 person-years at-risk ( Table 2 ). The de-
entia rate per 1000 person-years was 13.4 (95% CI 12.9 – 14.0) for

ll the new-generation antidiabetic medications combined compared
o 14.3 (95% CI 14.0 – 14.6) for the older antidiabetic medications
 Table 2 ). 

.2. Antidiabetic medication and the risk of dementia 

In the unadjusted Cox model, the use of any of the new-generation
ntidiabetic medications was associated with a lower dementia risk com-
ared to the older antidiabetic medications use (unadjusted HR = 0.94;
5% CI, 0.89–0.98). In the main model, adjustment for potential con-
ounders with absolute SMD higher than 0.1 following the IPW imple-
entation was made. This included confounders such as diabetes age,

ES, and HbA1C levels (full list on Supplementary Table 5 ). In this
odel, the association showed 31% lower dementia risk comparing pe-

iods in which the new drug classes were used to those of non-use (adj.
R = 0.69; 95% CI, 0.66–0.73; Fig. 2 , and all covariates: Supplemen-

ary Table 6 ). 
4

.3. Complementary analyses 

Each of the new-generation antidiabetic medications separately was
ssociated with a reduced risk of dementia (HR = 0.67; 95% CI, 0.63–
.71, HR = 0.63; 95% CI, 0.56–0.70, and HR = 0.61; 95% CI, 0.54–
.69 for DPP-4i (model 1), GLP-1a (model 2) and SGLT-2i (model 3),
espectively) ( Fig. 2 ). The associations remained similar when the use
f Insulin and SU was excluded from the comparison group (HR = 0.53;
5% CI, 0.50–0.57) ( Fig. 2 , model 4) and when individuals who were on
ifestyle change only were included in the comparison group (HR = 0.69;
5% CI, 0.65–0.72) ( Fig. 2 , model 5). Lastly, accounting for the com-
eting risk of all-cause mortality did not attenuate the primary results
HR = 0.73; 95% CI 0.64 – 0.80) ( Fig. 2 , model 6). The proportional
azard assumption was not violated for the exposure in any of the anal-
ses. 

. Discussion 

In this nationwide retrospective cohort study, the use of new-
eneration antidiabetic medications was associated with a 31% reduced
isk of incident dementia among individuals older than 65 years with
2D. Specifically, exposure to antidiabetic medications from the DPP-
i, GLP-1a, and SGLT-2i classes was associated with 33%, 37%, and 39%
educed dementia risk, respectively. The associations remained robust
ven after controlling for diabetes duration and time-varying glycemic
ontrol indices, and in several sensitivity analyses, including after ac-
ounting for competing risk of death. 

To our knowledge, this is the first study to directly compare time-
arying medication use of each new antidiabetic medication to older
ntidiabetic medications, while other studies compared primarily a sin-
le medication and its constant use [ 9 , 12 , 54 , 55 ]. Our study results are
onsistent with findings from some prior epidemiological studies, which
how that new-generation antidiabetic medication use is associated with
educed dementia risk in older adults with T2D beyond their glycemic
ontrol effects [ 9 , 18–22 , 54–56 ]. However, some previous studies found
o difference in dementia risk between newer and older antidiabetic
edications [ 12 , 57 ]. This may stem from using a case-control design

nd matching with a low ratio between the exposure groups in those
tudies or the simplified drug modeling approaches used [ 12 , 54 , 57 ]. 

The current finding of a decreased dementia risk associated with
he use of new antidiabetic medications compared to older antidiabetic
edications is supported by previous preclinical studies. These studies

how that DPP-4i and GLP-1a reduce oxidative stress and inflammation
s well as amyloid beta deposits and tau protein phosphorylation in the
rain [ 15 ]. Similarly, in animal models, SGLT-2i were found to reduce
xidative stress, protect synaptic plasticity, and improve brain insulin
ignaling [ 16 ]. 

The study results remained robust following six complementary anal-
ses. The inclusion of individuals with T2D who were not using any
ntidiabetic medication (the lifestyle change group) in the comparison
roup resulted in similar effect sizes. However, after including them, we
xpected some attenuation from the association since this group may
epresent early T2D stages and milder disease presentation. One expla-
ation for these unexpected findings may be that this group may also
epresent those who were non-adherent or failed to fill prescriptions,
oth could be due to patients’ characteristics such as ischemic heart
isease or polypharmacy [ 58 ]. In addition, excluding individuals who
ere exposed to SU and insulin from the unexposed group resulted in

ven lower dementia risk in those exposed to the new-generation antidi-
betic medications. This finding contradicts our initial hypothesis that
he effect size will change toward the null, since SU and insulin may
ncrease dementia risk due to their hypoglycemic propensity. However,
ot all studies support the hypothesis that SU and insulin use are asso-
iated with increased dementia risk [ 11 , 59 ]. The complex associations
etween T2D medications and dementia risk need to be further analyzed
n future studies. 
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Fig. 2. Adjusted and weighted hazard ratio for dementia in the different models. 
Abbreviations: HR, Hazard Ratio from the Cox regression model; CI, Wald two-sided 95% confidence interval; P value, P value for test of the hypothesis HR = 1 vs 

the hypothesis HR ≠1; DPP-4i, dipeptidyl peptidase 4 inhibitors; SGLT-2i, sodium-glucose cotransporter inhibitor; GLP-1a, glucagon-like peptide-1 analogs; SU, 
Sulfonylureas. 
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.1. Strengths and limitations 

This is the first study to examine antidiabetic medication exposure
ased on an advanced pharmacoepidemiological method combining de-
ailed prescription purchase information. This method quantifies antidi-
betic medication exposure periods with increased accuracy [ 30 ]. Addi-
ional strengths of our study include a large unselected sample of more
han 84,000 older adults with T2D from a non-profit HMO in a coun-
ry that provides affordable healthcare and restricts selection by law.
lso, more than 11,000 dementia cases were reported using validated
iagnosis criteria, which improves the exposure association estimation.
dditionally, based on available information, this sample has the longest
verall exposure time to date for the new-generation antidiabetic medi-
ations, increasing our faith in the association. All these sample charac-
eristics minimize the threat of selection bias. A methodological strength
f our study is the use of marginal structural Cox proportional hazards
egression models that allow an approximation of a causal effect [ 46 ].
oreover, we implemented a one-year lag reducing, but not eliminat-

ng, reverse causality risk. Finally, the IPW used in the current study can
ccount for time-varying covariates that could be affected by previous
xposure and are found to reduce residual confounding [ 48 , 49 ]. 

Our study has some notable limitations. Since this is an observational
tudy, the current findings cannot imply causality. Also, new-generation
ntidiabetic medications, particularly SGLT-2i and GLP-1a, were avail-
ble for a relatively short exposure time (median exposure of 3.5 years).
ence, we cannot rule out future dementia cases for individuals exposed

o these drug classes, possibly leading to an increased protective asso-
iation. Additionally, SGLT-2i were introduced only in 2015, meaning
hose who use them could be healthier and did not develop dementia at
east until 2015. Despite the adjustments for multiple sources of residual
onfounding, we cannot eliminate the possibility of residual confound-
ng. Specifically, factors such as level of education, smoking, depressive
ymptoms, APOE ɛ 4 genotype, ethnicity, contraindications, and dietary
ntake were not available and therefore not adjusted for in our study. In
ddition, the treatment and comparison groups may still have different
istributions of disease severity indicators which we may have failed to
djust for, resulting in channeling bias. 

Exposure in our study was measured by medication purchases,
ence, we cannot confirm medication consumption. However, the mod-
ling of antidiabetic medication exposure was based on a method that
ses prescription purchasing durations over time and so provides a more
eliable exposure estimation than standard methods such as a predefined
xposure period or average DDD. Lastly, a possible under-ascertainment
f dementia cases in our study may lead to non-differential misclassifi-
ation and therefore attenuated associations [ 60 ]. Yet, dementia diag-
osis in the HMO records is based on multiple criteria, including drug
 t

5

rescription for dementia and active diagnosis by experts, hence mini-
izing this potential bias. Finally, our findings may have limited gener-

lizability as our large sample is of Israeli citizens only. 

. Conclusions 

Based on a nationwide cohort study of 84,798 older individuals
ith T2D, the current findings showed that the use of new-generation

ompared to older antidiabetic medications was associated with an es-
imated 31% dementia risk reduction, after adjustment for multiple
otential confounders. Before new-generation antidiabetics are used
or dementia prevention, clinical trials are required to replicate our
ndings. Particularly, our results underscore the plausible therapeu-
ic potential of SGLT-2i, a newer antidiabetic medication class, for de-
entia prevention, and encourage future investigations of these drugs
ith more protracted duration of use. Potentially, repurposing new-
eneration antidiabetic medications may serve as a promising strategy
or dementia prevention in older adults with T2D. 
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