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Summary 

Background  

People with Type 2 diabetes mellitus (T2DM) are at increased risk of developing demenLa. 

Evidence suggests that thiazolidinediones (TZDs) may be protecLve for demenLa onset 

including Alzheimer’s disease and vascular demenLa, compared to other second-line 

anLdiabeLc medicaLons (SAMs). However, causality remains uncertain due to 

methodological limitaLons. We examined the effect of TZD on the risk of vascular demenLa 

and all-cause demenLa in T2DM, compared to other second-line treatments. 

Methods 

We emulated a pragmaLc randomised trial using UK primary care data, Clinical PracLce 

Research Datalink Aurum, between 2003 and 2023 to esLmate the comparaLve 

effecLveness of iniLaLng a TZD, dipepLdyl pepLdase-4 (DPP-4) inhibitors, sodium-glucose 

cotransporter-2 (SGLT2) inhibitors, or sulfonylurea (SU) against incident demenLa in T2DM 

adults on mebormin therapy. PaLents were followed for up to 5 years from 180 days aeer 

their first SAM prescripLon. We used overlap weighLng to adjust for baseline confounding 

and fihed double robust Cox models to esLmate adjusted hazard raLos (aHRs). 

Findings 

This study included 124,311 parLcipants (mean age 63 years, 61% males, and 20% whites), 

of whom 595 developed vascular demenLa and 1,678 developed all-cause demenLa during 

follow-up. On top of mebormin, 8,669 iniLated TZD, 30,216 iniLated DPP-4 inhibitors, 

55,997 iniLated SU and 29,429 iniLated SGLT2 inhibitors. TZD were associated with a similar 

risk of vascular demenLa compared with DPP-4 inhibitors (aHR 0.89;95% CI 0.36–2.23) and 

SU (0.58;0.24–1.42). SGLT2 inhibitors were associated with a lower risk of vascular demenLa 

than TZD (0.29;0.09–0.94), DPP-4 inhibitors (0.25;0.10–0.64), and SU (0.17;0.07–0.40). Most 

paherns persisted in all-cause demenLa: SGLT2 inhibitors vs DPP-4 inhibitors (0.51;0.26–

0.99) and SGLT2 inhibitors vs SU (0.35;0.18–0.67), with no difference observed between 

SGLT2 inhibitors and TZDs.  
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Interpreta7on 

Dementia risk was similar for TZDs, DPP-4inhibitors and SUs but was significantly lower for 

SGLT2 inhibitors, a finding that warrants further investigation. Considering potential 

cognitive effects when selecting therapies for T2DM is important in an ageing population. 

Funding:  

This work was funded by Alzheimer's Research UK (grant: ARUK-PPG2023B-036) and the 

NaLonal InsLtute for Health and Care Research (NIHR) Greater Manchester PaLent Safety 

Research CollaboraLon (GM PSRC). 

Copyright © 2025 The Author(s). Published by Elsevier Ltd. This is an open-access arLcle 
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Research in context 

Evidence before this study 

We searched for relevant studies in PubMed database with the search term 

(“thiazolidinedione” OR “TZD” OR “pioglitazone” OR “rosiglitazone”) AND (“diabet*” OR 

“T2D” OR “T2DM”) AND (“demenLa*” OR “cogniLve impairment” OR “Alzheimer*”) from 

incepLon unLl June 15, 2025. We idenLfied 12 relevant cohort studies that examined the 

associaLon between thiazolidinedione (TZD) and vascular demenLa, as well as Alzheimer’s 

disease and all-cause demenLa. The evidence from these studies is inconsistent; two of the 

studies suggested that TZD use was associated with a significant reducLon in risk of vascular 

demenLa, while one suggested that the risk was comparable. Current evidence suggests that 

TZD use were associated with a reduced risk of incident Alzheimer’s disease and all-cause 

demenLa. Preclinical studies suggest that TZDs may reduce the risk of vascular demenLa by 

improving cerebral perfusion, enhancing endothelial funcLon, and reducing impairments in 

learning, memory, and blood–brain barrier permeability. 

However, these findings are limited using a non-representaLve sample, insufficient 

adjustment for confounding, inadequate outcomes definiLon, and an increased risk of a 

false-posiLve result purely by chance.  

Added value of this study 

To our knowledge, this is the first study in the UK to compare the effecLveness of TZDs with 

other second-line anLdiabeLc medicaLons on the risk of vascular and all-cause demenLa. To 

address methodological limitaLons in prior studies, we applied a rigorous causal inference 

framework and emulated a pragmaLc randomised trial using a large, naLonally 

representaLve primary care electronic health record dataset to minimise bias. We found that 

iniLaLng TZDs as second-line therapy provided a comparable risk of vascular demenLa and 

all-cause demenLa as other second-line medicaLons. Sodium-glucose cotransporter-2 

(SGLT2) inhibitors were associated with a lower risk of vascular demenLa than TZDs, and 

with a reduced risk of both vascular demenLa and all-cause demenLa compared with 

dipepLdyl pepLdase-4 inhibitors and sulfonylureas.  
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Implications of all the available evidence 

Our findings do not support a cogniLve benefit of TZDs when used as a second-line therapy 

for type 2 diabetes mellitus.  In contrast, SGLT2 inhibitors may offer cogniLve benefits, 

complemenLng their recognised cardiovascular and renal benefits, although further 

research is required to confirm their causal effects. 
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Introduc.on 

DemenLa prevenLon has been idenLfied as a global public health priority,1 and evidence-

based policies are urged to reduce demenLa risk. More than 55 million people currently live 

with demenLa worldwide, with around 10 million new cases occur each year; a figure 

projected to triple by 2050.2 In 2024, the global economic burden of demenLa was 

esLmated at US $1.3 trillion.2 Vascular demenLa is the second most common demenLa 

subtype, affecLng around 180,000 people in the UK,3 which costs society £42 billion 

annually.4 Alzheimer's disease (AD) accounts for up to 80% of the UK's 982,000 demenLa 

cases, making it the most common demenLa subtype.5 However, unlike AD, there is no 

approved treatment for vascular demenLa. 

Vascular demenLa results from reduced cerebral blood flow caused by damaged or 

obstructed blood vessels, leading to progressive cogniLve impairment, including memory 

loss, confusion, inahenLon, and language difficulLes.6,7 These vascular injuries cause 

permanent neurological damage. People with vascular demenLa have a shorter life 

expectancy of about five years, compared with eight to ten years for people with AD, largely 

due to a higher risk of stroke, myocardial infarcLon, and other vascular events.8 Managing 

underlying vascular condiLons, such as hypertension, stroke, diabetes, and atherosclerosis, 

may help lower the incidence of vascular demenLa.3 AD, in contrast, arises from disLnct 

pathological mechanism, involving the abnormal accumulaLon of amyloid-β and tau 

proteins in the brain. These accumulaLons form pathological deposits known as amyloid 

plagues and neurofibrillary tangles, which disrupt the normal neuronal funcLon.9 Recently 

licenced anLbody treatments for early-stage AD, such as lecanemab and donanemab, target 

and slow down the progression of amyloid plaques; however, these treatments are currently 

unavailable in the NHS due to their high cost.10,11   

People with type 2 diabetes mellitus (T2DM) have an increased risk of both vascular 

demenLa and AD, primarily driven by chronic hyperglycaemia and insulin resistance, which 

damage cerebral vessels, accelerate amyloid accumulaLon, and promote 

neuroinflammaLon.12,13 Thiazolidinediones (TZDs), a class of oral anLhyperglycemic agents 

that acLvate peroxisome proliferator-acLvated receptors to improve insulin sensiLvity, have 
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shown potenLal neuroprotecLve effects.14–16 Animal experimentaLon suggest that TZDs may 

reduce cerebral vascular injury and improve endothelial funcLon, learning and memory, and 

blood–brain barrier integrity.17,18 Prior observaLonal studies suggested that TZD use is 

associated with a lower risk for incident vascular demenLa, AD and all-cause demenLa in 

people with T2DM, 15,16,19–25 while other observaLonal studies suggested otherwise. 14,26,27  

Several methodological limitaLons in these studies make it challenging to draw a conclusion 

on the potenLal neuroprotecLve effect of TZD, such as using a non-representaLve sample, 

short study Lme frame which limits follow-up (≤ 5 years), increased risk of false posiLve 

results, and insufficient adjustment of measured confounding with standard regression or 

fewer covariates (4 to 5 variables).16,19–28 In addiLon, missing data may not have been 

handled adequately, leaving the possibility of residual confounding.16,19–28 To date, no 

randomised controlled trials have directly compared the relaLonship between these 

anLdiabeLc medicaLons and demenLa outcomes. More importantly, UK-based evidence on 

the potenLal neuroprotecLve effects of TZD use against demenLa remains scarce, 

highlighLng the need for further research.  

This study aimed to assess the comparaLve effecLveness of second-line TZDs versus 

dipepLdyl pepLdase-4 (DPP-4) inhibitors, sodium-glucose cotransporter-2 (SGLT2) inhibitors, 

and sulfonylureas (SUs) on the risk of incident vascular demenLa and all-cause demenLa 

among people with T2DM, treated with mebormin. We applied a pragmaLc target trial 

emulaLon within a causal inference framework to minimise common sources of bias in 

pharmacoepidemiological research. These selected four drug classes are rouLne oral 

anLdiabeLc drugs, commonly prescribed at a similar stage of T2DM condiLon. When first-

line treatment fails to control paLent’s glycated haemoglobin (HbA1c) beyond an agreed 

threshold any of these second-line treatment could be prescribed for a paLent, in 

accordance with the NaLonal InsLtute for Health and Care Excellence (NICE) guidance on 

managing T2DM. Therefore, our hypotheLcal pragmaLc randomised trial compares the 

relaLve effecLveness of these four second-line drug classes with direct relevance to real-

world prescribing pracLce. 
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Methods 

Study design and data sources  

This retrospecLve cohort study, emulaLng a pragmaLc target trial, used UK primary care 

electronic health records from the Clinical PracLce Research Datalink (CPRD) Aurum 

database, from January 2003 to December 2023. CPRD contains anonymised UK primary 

care records that are broadly representaLve of the UK populaLon and was linked to the 

Office for NaLonal StaLsLcs Death Registry and the paLent-level Index of MulLple 

DeprivaLon (IMD) data. However, only general pracLces in England primarily contribute data 

to CPRD Aurum currently.29 The study protocol was approved by the CPRD Independent 

ScienLfic Advisory Commihee on 14 August 2024 (Protocol number: 24_003967). 

We emulated the protocol of a pragmaLc target trial to esLmate the comparaLve 

effecLveness of iniLaLng TZDs, DPP-4 inhibitors, SGLT2 inhibitors, or SUs on a background of 

mebormin therapy, on risk for incident demenLa. The target trial esLmated the treatment 

effecLveness of being assigned to iniLate TZD versus DPP-4 inhibitor, SGLT2 inhibitor, or SU 

therapy, added to mebormin. Key elements of the target trial protocol, including the 

eligibility criteria, treatment strategies being compared, assignment procedures, follow-up 

period, outcomes of interest, causal contrasts of interest, and the analysis plan, are 

summarised in Supplementary Table S1. ReporLng adhered to the TARGET (TrAnsparent 

ReporLnG of studies EmulaLng a Target trial) guidelines,30  with a completed checklist in 

Supplementary Table S2. 

Eligibility criteria  

Eligible parLcipants were adults (≥18 years) with: (i) a recorded diagnosis of T2DM in CPRD 

Aurum during the study period; (ii) ≥1 year of prior registraLon with a GP pracLces in 

England that has agreed to contribute data to CPRD before treatment escalaLon; and (iii) 

successfully linked to ONS mortality and IMD data (iv) prescripLon for mebormin 

monotherapy prior to iniLaLon of a second-line anLdiabeLc medicaLon (SAM), and ≥1 

mebormin prescripLon within 6 months aeer iniLaLon of a SAM. We excluded individuals 

with any non-T2DM diabetes type and those with prior demenLa or cogniLve impairment. 
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We also excluded individuals iniLaLng second-line agents outside the four strategies under 

comparison. The study schemaLc and Lmeline are presented in Figure 1. 

Figure 1 Study design and 7melines 

 
This &meline illustrates the iden&fica&on of new and stable users of second-line an&diabe&c medica&ons 
(SAMs) added to me<ormin, their assignment to treatment strategies, and follow-up from 1 January 2003 to 31 
December 2023. DPP-4 = dipep&dyl pep&dase-4 inhibitors; SGLT2 = sodium-glucose cotransporter 2 inhibitors; 
SU = sulfonylureas; TZD = thiazolidinediones

Date of 1st ever SAM
prescription (TZD or DPP-4 or

SU or SGLT2)

6-month ascertainment
period

1-year eligibility period

Fixed 180 days timepoint
(Treatment assignment/

Follow-up starts)

Follow-up ends

5-year follow-up period6-month washout period

1st Metformin prescription

2nd Metformin prescription

2nd SAM prescription
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Treatment strategies and emulated randomisation 

At treatment escalaLon, the strategies corresponded to iniLaLng one of four SAMs (TZDs, 

DPP-4 inhibitors, SGLT2 inhibitors or SUs) added to mebormin. Treatment iniLaLon was 

defined as the first prescripLon of the SAM added to mebormin, confirmed by a second 

prescripLon of the same SAM within 180 days to improve the specificity of treatment 

iniLaLon and reduce early-exposure misclassificaLon. The first SAM prescripLon date was 

defined as the index date which corresponds as the cohort entry date. MedicaLon exposures 

were idenLfied using CPRD Product Codes, which maps to the DicLonary of Medicines and 

Devices, a subset of SNOMED CT. For brevity, we refer to the groups as TZD, DPP-4 inhibitors, 

SGLT2 inhibitors, and SU (each added to mebormin). 

Although treatment allocaLon in the observaLonal data was not random, we emulated 

random assignment by overlap weighLng of generalised propensity scores (GPS) esLmated 

from baseline characterisLcs measured prior to treatment iniLaLon. Overlap weighLng 

targets the average treatment effect in the overlap populaLon and creates a 

pseudo-populaLon with improved covariate balance across treatment groups, mimicking 

ahributes of a pragmaLc randomised trial.31,32 

Outcomes and follow-up period 

The primary outcome was incident vascular demenLa diagnosed during follow-up, idenLfied 

using MedicaLon Codes, which primarily map to SNOMED CT. A new vascular demenLa case 

was defined as the first recorded diagnosis of vascular demenLa, either as the first demenLa 

diagnosis in a parLcipant’s record or following a prior diagnosis of another demenLa 

subtype. In alignment with established research pracLces to enhance diagnosLc validity, we 

defined confirmed cases as individuals with at least two vascular demenLa codes recorded 

at least 30 days apart,14,15  with the first diagnosis recorded as the event date. The secondary 

outcome was all-cause demenLa, defined and validated using the same approach.  

To align eligibility, treatment assignment, and start of follow-up, we used 180-day landmark 

aeer the first SAM prescripLon as Lme zero. Follow-up then conLnued for up to five years, 

or unLl transfer out of pracLce, demenLa diagnosis, death, or the study end (31 December 
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2023), whichever occurred first. This landmark approach ensured consistent alignment of 

eligibility, treatment assignment, and start of follow-up across all parLcipants.33 By defining 

eligibility, treatment status, start of follow-up at the landmark Lme, the landmark design 

helps prevent immortal Lme bias arising from delayed treatment assignment.34 We chose 

180-day landmark Lme to align with NICE recommendaLon; that HbA1c level should be 

measured every 90 to 180 days, HbA1c level is the key factor that informs treatment 

regimen. 35 We excluded individuals that died or had demenLa before the landmark Lme. 

Covariates and data handling 

Twenty-three potenLal confounders were prespecified based on clinical relevance to 

treatment choice and demenLa risk (Supplementary Table S3), including sociodemographic 

characterisLcs (age, sex, ethnicity, and IMD quinLle), comorbidiLes (stroke, chronic kidney 

disease, hypertension, heart disease, diabeLc microvascular complicaLons, and peripheral 

vascular disease), concurrent medicaLons use (anLcoagulants, anLplatelets, staLns, 

anLhypertensives, anLcholinergics, anLdepressants, and anLpsychoLcs), lifestyle factors 

(body mass index (BMI) and smoking status), and biomarkers (HbA1c and systolic blood 

pressure (SBP)).  

Sociodemographic characterisLcs, comorbidiLes, and lifestyle factors were ascertained from 

records obtained within 1 year prior to SAM iniLaLon; concurrent medicaLons and 

biomarkers were captured within 180 days prior to SAM iniLaLon. For mulLple 

measurements recorded on the same date, we used the mean value. We defined BMI, 

smoking status, HbA1c, and SBP using published algorithms (Supplementary File S1). 36–38 

We quanLfied the proporLon of missing data for each covariate. Under the assumpLon that 

missingness can be fully explained by the observed data (missing at random), we used 

mulLple imputaLon by chained equaLons (MICE) to impute missing baseline values, 

including HbA1c, SBP, BMI, IMD quinLle, and smoking status. Given the high level of 

missingness in ethnicity data (>70%), records with missing values were combined with those 

labelled “not recorded” to form a single category. Five imputed datasets were created, and 

all analyses were repeated in each dataset; esLmates were then pooled using Rubin’s rules 

to account for imputaLon uncertainty.  
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Sta0s0cal analyses 

We esLmated intenLon-to-treat pairwise treatment effects for all six comparisons (TZD vs 

DPP-4 inhibitors, TZD vs SGLT2 inhibitors, TZD vs SU, SGLT2 inhibitors vs DPP-4 inhibitors, 

SGLT2 inhibitors vs SU, and DPP-4 inhibitors vs SU) between the four SAMs using double-

robust Cox models with overlap weighLng. To induce the ahributes of random treatment 

allocaLon of the target trial, we adjusted for baseline confounding using the overlap 

weighLng – a propensity score weighLng method. Overlap weighLng esLmates the average 

treatment effect in the overlap populaLon, defined as paLents with similar baseline 

characterisLcs across treatment groups. Given the moderate to poor covariate overlap 

across treatment groups, as shown by the distribuLons of the GPS across treatment groups 

(Supplementary Figure S1), overlap weighLng was applied to focus inference on the region 

of common support.39 GPS were defined as the probability of receiving each specific SAM of 

interest, condiLonal on observed paLent baseline characterisLcs. GPS were esLmated using 

mulLnomial logisLc regression, including all prespecified twenty-three baseline covariates. 

All conLnuous variables were modelled using restricted cubic splines with five knots to avoid 

imposing an unverifiable linearity assumpLon (Supplementary Table S3). Two interacLon 

terms (age × BMI and SBP × HbA1c) were included in the GPS model to account for their 

joint influence on treatment selecLon, which improved covariate balance.  

Double-robust Cox models were used to esLmate adjusted hazard raLos (aHRs) for each 

pairwise treatment comparison. These models adjusted for all baseline confounders 

included in the GPS model, excluding interacLon terms. Robust standard errors were used to 

account for within-paLent correlaLon arising from the overlap weighLng procedure. The 

double-robust approach helps miLgate residual confounding arising from possible 

misspecificaLon of the GPS model, thereby improving staLsLcal efficiency. To control the 

family-wise error rate across the six pairwise comparisons, we applied Tukey’s mulLple-

comparison correcLon.40 ProporLonal hazards assumpLons were evaluated using 

Schoenfeld residual tests (each covariate had p > 0.05) and visual inspecLon of residual 

plots. StaLsLcal analyses were performed using the R staLsLcal programme (version 4.4.2). 
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We performed four sensiLvity analyses to assess the robustness of our findings:  

i. Competing risk analysis: To account for death as a competing risk, we estimated 

subdistribution hazard ratio (sHR) using Fine–Gray model. 

ii. Alternative exposure definition: Treatment initiation was redefined as either ≥2 

prescriptions of the same SAM within 90 days, observed twice in 6-month intervals, 

or ≥2 prescriptions within one year, with gaps >90 and <180 days. The definition of 

metformin monotherapy use remained the same, which is a first prescription within 

180 days prior to SAM initiation, and a second prescription within 6 months 

following SAM initiation.  

iii. Complete case analysis: Standard Cox proportional hazard models were fitted using 

only participants with complete data for all covariates. 

iv. Long follow-up period: We did not restrict the follow-up to 5 years. Therefore, 

follow-up began 180 days aeer the first SAM prescripLon and ended when a 

parLcipant was transferred out of pracLce, diagnosed with demenLa, died, or the 

study ended (31 December 2023), whichever occurred first. 

Role of the funding source  

The funder of the study had no role in study design, data extracLon, data analysis, data 

interpretaLon, or wriLng of the report. 

Results 

A total of 124,311 adults with T2DM were included in this study. Of these, 8,669 (7%) 

initiated a TZD, 30,216 (24%) a DPP-4 inhibitor, 55,997 (45%) an SU, and 29,429 (24%) an 

SGLT2 inhibitor as second-line therapy. The cohort selection is summarised in Figure 2, and 

baseline characteristics of the study population are presented in Table 1. Participants 

initiating SGLT2 inhibitors were slightly younger (mean age 60 years) than those in the TZD, 

SU, or DPP-4 inhibitors group (mean age 62–64 years). 
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Figure 2 Cohort selec7on flowchart 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

*The follow-up of eligible individuals started with successfully linkage to ONS mortality and IMD data of those who met data quality metric (i.e. acceptable quality for research) and  
ended up with the earliest Pme of transfer out dates, death dates, demenPa diagnosis dates, last collecPon dates, end of study dates and event dates.  
AbbreviaPons: CPRD: Clinical PracPce Research Datalink; GP: General PracPce; T2DM: Type 2 Diabetes Mellitus; ADM: AnPdiabePc MedicaPon; ONS: Office for NaPonal StaPsPcs; IMD: Index of MulPple DeprivaPon; 
MET: Me[ormin; TZD: thiazolidinedione; DPP-4: dipepPdyl pepPdase-4 inhibitor; SGLT2: sodium–glucose cotransporter-2 inhibitor; SU: sulfonylurea.

CPRD extracted raw data from 01/01/2003 to 
31/12/2023: 
• GP Prac8ce: n = 1,828 
• Par8cipants: n = 3,384,211     

TZD 
n = 8,669 

 
Vascular demen6a = 54 
All-cause demen6a = 157   

DPP-4 
n = 30,216 

 
Vascular demen6a = 87 
All-cause demen6a = 301   

SU 
n = 55,997 

 
Vascular demen6a = 448  
All-cause demen6a = 1,193 

SGLT2 
n = 29,429 

  
Vascular demen6a = 6 
All-cause demen6a = 27 

Adult par8cipants with T2DM diagnosis: 
n = 1,540,120     

• 306,297 ONS death and IMD linked data not available because they opt out 
• 462 Adult T2DM pa8ents not eligible for IMD data linkage 
• 8,596 Pa8ents not eligible for ONS death data linkage 

 

Adult T2DM pa8ents with IMD and ONS death 
linked data who have first prescrip8on of TZD or 
DPP-4 or SU or SGLT2 added to MET:  

n = 136,455   

• 978,642 No valid record of ini8a8ng TZD, SU, SGLT2 or DPP-4 
• 3,369 History of any form of demen8a prior to ini8a8ng second line ADM 
• 84,445 No record of meUormin uses in a 6-month look back period from index 

date  
• 21,854 No record of con8nuous use of meUormin aWer index date 

• 227,406 Individuals were below 18 years during study period  
• 307,548 Individuals not registered in a par8cipa8ng prac8ce for at least 1 year 
• 1,260,784 Individuals were not T2DM pa8ents using clinical codes  
• 48,353 Individuals had ADM prescrip8on before their T2DM diagnosis 

  

Adult T2DM pa8ents with IMD and ONS death data 
successfully linked:  

n = 1,224,765          

• 61 Outcomes occurred outside study period 
• 160 Outcomes occurred before T2DM diagnosis  
• 446 Outcomes occurred before start of follow-up 
• 11,477 Pa8ents with no follow-up 8me     
        

New users* who met all eligibility criteria: 
GP Prac8ce: n = 1,488 
Par8cipants: n = 124,311     
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Table 1 Baseline characteris7cs of the study popula7on, stra7fied by second-line 
an7diabe7c medica7ons 

 
Abbrevia8ons: DPP-4=dipep8dyl pep8dase-4 inhibitors; SGLT2=sodium-glucose cotransporter 2 inhibitors; 
SU=sulfonylureas; TZD=thiazolidinediones; SD=standard devia8on; IMD=index of mul8ple depriva8on; HbA1c=glycated 
haemoglobin; SBP=systolic blood pressure; BMI=body mass index; CKD=chronic kidney disease; PVD=peripheral vascular 
disease. 
 

 Second-line antidiabetic medications 

Characteristic 
Overall  
N = 124,311 

DPP-4  
N = 30,216 

SGLT2  
N = 29,429 

SU  
N = 55,997 

TZD  
N = 8,669 

Demographics      
Age at baseline, mean (SD)  63 (13) 64 (13) 60 (11) 64 (13) 62 (12) 
Sex (Male), n (%) 75,285 (61%) 17,917 (59%) 18,970 (64%) 33,433 (60%) 4,965 (57%) 
Region, n (%)      
     North East 4,058 (3.3%) 513 (1.7%) 780 (2.7%) 2,425 (4.3%) 340 (3.9%) 
     North West  22,727 (18%) 5,801 (19%) 5,662 (19%) 9,160 (16%) 2,104 (24%) 
Yorkshire and the Humber 4,005 (3.2%) 1,092 (3.6%) 885 (3.0%) 1,754 (3.1%) 274 (3.2%) 
     East Midlands 2,861 (2.3%) 625 (2.1%) 368 (1.3%) 1,659 (3.0%) 209 (2.4%) 
    West Midlands 21,045 (17%) 5,768 (19%) 4,835 (16%) 8,852 (16%) 1,590 (18%) 
     East of England 4,733 (3.8%) 1,022 (3.4%) 1,022 (3.5%) 2,421 (4.3%) 268 (3.1%) 
    London 27,833 (22%) 7,224 (24%) 5,704 (19%) 13,547 (24%) 1,358 (16%) 
    South East  23,410 (19%) 5,236 (17%) 6,705 (23%) 9,701 (17%) 1,768 (20%) 
   South West 13,639 (11%) 2,935 (9.7%) 3,468 (12%) 6,478 (12%) 758 (8.7%) 
Ethnicity, n (%)      
White 25,099 (20%) 6,917 (23%) 6,817 (23%) 10,091 (18%) 1,274 (15%) 
Non-white 7,944 (7%) 2,043 (7%) 2,138 (7%) 3,359 (6%) 404 (4%) 
Not recorded 91,268 (73%) 21,256 (70%) 20,474 (70%) 42,547 (76%) 6,991 (81%) 
IMD quintile, n (%)      
    1 (Least deprived) 19,610 (16%) 4,663 (15%) 5,156 (18%) 8,439 (15%) 1,352 (16%) 
    2 22,298 (18%) 5,443 (18%) 5,340 (18%) 9,936 (18%) 1,579 (18%) 
    3 24,147 (19%) 5,822 (19%) 5,656 (19%) 11,059 (20%) 1,610 (19%) 
    4 28,356 (23%) 6,881 (23%) 6,474 (22%) 13,079 (23%) 1,922 (22%) 
    5 (Most deprived) 29,807 (24%) 7,380 (24%) 6,788 (23%) 13,436 (24%) 2,203 (25%) 
    (Missing), n (%) 93 (<0.1%) 27 (<0.1%) 15 (<0.1%) 48 (<0.1%) 3 (<0.1%) 
Concurrent medications      
Anticoagulants, n (%) 7,618 (6.1%) 2,105 (7.0%) 2,243 (7.6%) 3,003 (5.4%) 267 (3.1%) 
Antiplatelet, n (%) 36,004 (29%) 7,651 (25%) 5,463 (19%) 19,422 (35%) 3,468 (40%) 
Statins, n (%) 87,742 (71%) 23,212 (77%) 21,856 (74%) 36,572 (65%) 6,102 (70%) 
Anticholinergics, n (%) 11,018 (8.9%) 2,740 (9.1%) 2,093 (7.1%) 5,431 (9.7%) 754 (8.7%) 
Antidepressants, n (%) 23,356 (19%) 5,912 (20%) 6,498 (22%) 9,665 (17%) 1,281 (15%) 
Antipsychotics, n (%) 5,051 (4.1%) 1,206 (4.0%) 999 (3.4%) 2,516 (4.5%) 330 (3.8%) 
Antihypertensive, n (%) 81,793 (66%) 20,212 (67%) 18,977 (64%) 36,890 (66%) 5,714 (66%) 
Biomarkers       
HbA1c, mean (SD) 57.53 (1.70) 56.70 (1.27) 56.69 (0.90) 58.26 (1.80) 59.16 (1.43) 
    (Missing), n (%) 7,345 (5.9%) 504 (1.7%) 350 (1.2%) 5,631 (10%) 860 (9.9%) 
SBP, mean (SD) 137.82 (3.71) 135.95 (1.61) 135.59 (1.38) 139.43 (4.16) 141.34 (3.43) 
    (Missing), n (%) 8,756 (7.0%) 1,985 (6.6%) 2,371 (8.1%) 3,928 (7.0%) 472 (5.4%) 
Lifestyle      
BMI, mean (SD) 31.56 (6.37) 31.42 (6.29) 33.26 (6.58) 30.60 (6.07) 32.05 (6.43) 
    (Missing), n (%) 16,336 (13%) 3,604 (12%) 2,831 (9.6%) 8,955 (16%) 946 (11%) 
Smoking status, n (%)      
    Current smoker 16,841 (14%) 3,844 (13%) 3,921 (13%) 7,893 (14%) 1,183 (14%) 
    Ex-smoker 65,095 (52%) 15,628 (52%) 14,735 (50%) 29,946 (54%) 4,786 (55%) 
    Non-smoker 42,310 (34%) 10,740 (36%) 10,773 (37%) 18,103 (32%) 2,694 (31%) 
    (Missing), n (%) 65 (<0.1%) 4 (<0.1%) 0 (0%) 55 (<0.1%) 6 (<0.1%) 
Comorbidities       
CKD, n (%) 3,135 (2.5%) 952 (3.2%) 600 (2.0%) 1,379 (2.5%) 204 (2.4%) 
Hypertension, n (%) 21,043 (17%) 4,610 (15%) 4,423 (15%) 10,221 (18%) 1,789 (21%) 
Brain injury, n (%) 229 (0.2%) 69 (0.2%) 71 (0.2%) 72 (0.1%) 17 (0.2%) 
Heart disease, n (%) 7,172 (5.8%) 1,551 (5.1%) 2,395 (8.1%) 2,972 (5.3%) 254 (2.9%) 
Diabetic microvascular 
complications, n (%) 24,159 (19%) 6,856 (23%) 7,012 (24%) 9,171 (16%) 1,120 (13%) 
PVD, n (%) 3,254 (2.6%) 716 (2.4%) 591 (2.0%) 1,743 (3.1%) 204 (2.4%) 
Stroke, n (%) 4,040 (3.2%) 667 (2.2%) 366 (1.2%) 2,553 (4.6%) 454 (5.2%) 
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The SGLT2 inhibitors group also had a higher proportion of males (64%) than the SU (60%), 

DPP-4 inhibitors (59%), or TZD (57%) groups. There was no notable difference in IMD 

quintile distribution across treatment groups.  

People in the SGLT2 inhibitors group showed the highest proportion of anticoagulant use 

(7.6%) and heart disease (8.1%) among the treatment groups but had the lowest percentage 

of stroke (1.2%). In contrast, people in the TZD group demonstrated the highest percentage 

of stroke (5.2%), accompanied by the highest proportion of antiplatelet use (40%). Diabetic 

microvascular complications occurred more frequently in the SGLT2 inhibitors and DPP-4 

inhibitors groups (23–24%) than in the SU and TZD groups (13–16%). People in the SU and 

TZD groups tended to have higher HbA1c levels (58–59 mmol/mol) than those in the DPP-4 

inhibitor and SGLT2 inhibitor groups (56–57 mmol/mol). All treatment groups had a mean 

BMI>30.  

To assess if the baseline covariates were balanced across the treatment groups after 

weighting, we calculated the standardised mean differences (SMD) before and after 

weighting (Supplementary Table S4). After applying overlap weighting, all covariates had an 

SMD < 0.1, indicating that the covariates were balanced across treatment groups. 

During the 5-year follow-up, the SGLT2 inhibitors group had the lowest incidence rate of 

vascular demenLa (11 cases per 100,000 person-years) compared to DPP-4 inhibitors, TZD 

and SU (93–230 cases per 100,000 person-years) (Supplementary Table S5). Figure 3 

presents the pairwise comparisons of incident vascular demenLa risk between treatment 

groups. TZD use was not significantly associated with vascular demenLa risk compared with 

DPP-4 inhibitors (aHR 0.87; 95% CI 0.36–2.27) and SUs (aHR 0.57; 95% CI 0.23–1.47). 

Compared with SGLT2 inhibitors, TZD was associated with a higher risk of vascular demenLa 

and esLmates were imprecise (aHR 3.33; 95% CI 1.02–11.11). SGLT2 inhibitors were 

associated with a lower risk of vascular demenLa compared with DPP-4 inhibitors (aHR 0.26; 

95% CI 0.10–0.65) and SUs (aHR 0.17; 95% CI 0.07–0.42). Compared with SUs, iniLaLon of 

DPP-4 inhibitors was associated with a lower risk of vascular demenLa (aHR 0.66; 95% CI 

0.46–0.94). 
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For all-cause demenLa, SGLT2 inhibitors also had the lowest incidence rate (51 cases per 

100,000 person-years) compared to DPP-4 inhibitors, TZD and SU (321–612 cases per 

100,000 person-years) (Supplementary Table S5). The results of the comparaLve 

effecLveness of SAMs on all-cause demenLa were similar to those for vascular demenLa 

(Figure 4). TZD was not significantly associated with all-cause demenLa risk compared with 

DPP-4 inhibitors (aHR 0.94; 95% CI 0.53–1.67) and SU (aHR 0.64; 95% CI 0.37–1.12). 

Compared with SGLT2 inhibitors, TZD was not significantly associated with all-cause 

demenLa risk (aHR 1.85; 95% CI 0.78–4.35). As with vascular demenLa, SGLT2 inhibitors 

were associated with a lower risk of all-cause demenLa compared with DPP-4 inhibitors 

(aHR 0.51; 95% CI 0.26–0.99) and SU (aHR 0.35; 95% CI 0.18–0.68). Compared with SU, 

iniLaLon of DPP-4 inhibitors was associated with a lower risk of all-cause demenLa (aHR 

0.68; 95% CI 0.56–0.83). 

Results from sensitivity analyses were generally consistent across comparisons involving SU 

and DPP-4 inhibitors, but estimates comparing SGLT2 inhibitors and TZD were sensitive to 

initiation definitions and follow-up assumptions. The competing risk analyses that 

accounted for death yielded results similar to the primary findings, confirming the 

robustness of this study (Supplementary Table S6). When exposure was defined using 

stricter criteria, initiators of TZDs were not significantly associated with vascular dementia 

risk compared to those initiating SGLT2 inhibitors (aHR 3.45; 95% CI 0.93–12.5), but a higher 

risk of all-cause dementia with imprecise estimates (aHR 2.86; 95% CI 1.27–6.67) 

(Supplementary Table S7).  

In complete case analysis, SGLT2 inhibitors were not significantly associated with vascular 

dementia risk, compared to TZD (aHR 2.94; 95% CI 0.93–9.09) (Supplementary Table S8). 

Similarly, when the follow-up period was not restricted to 5 years, there was no significant 

difference in vascular dementia risk between TZD users and SGLT2 inhibitor users (aHR 3.03; 

95% CI 0.89–10.00) (Supplementary Table S9).
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Figure 3 Pairwise comparisons of incident vascular demen7a risk between second-line 
an7diabe7c medica7ons

 
Adjustments for mul8ple comparisons was done using Tukey’s method. Models were adjusted for age at baseline, sex, 
region, ethnicity, Index of Mul8ple Depriva8on, comorbid stroke, chronic kidney disease, hypertension, heart disease, 
diabe8c microvascular complica8ons, peripheral vascular disease, concurrent use of an8coagulants, an8platelets, sta8ns, 
an8hypertensives, an8cholinergics, an8depressants, and an8psycho8cs, as well as biomarkers (systolic blood pressure, 
HbA1c) and lifestyle (body mass index, smoking status). Abbrevia8ons: HR = hazard ra8o; CI = confidence interval; TZD = 
thiazolidinedione; DPP-4 = dipep8dyl pep8dase-4 inhibitor; SGLT2 = sodium–glucose cotransporter-2 inhibitor; SU = 
sulfonylurea. 
 

Figure 4 Pairwise comparisons of incident all-cause demen7a risk between second-line 
an7diabe7c medica7ons 

 
Adjustments for multiple comparisons was done using Tukey’s method. Models were adjusted for age at baseline, sex, 
region, ethnicity, Index of Multiple Deprivation, comorbid stroke, chronic kidney disease, hypertension, heart disease, 
diabetic microvascular complications, peripheral vascular disease, concurrent use of anticoagulants, antiplatelets, statins, 
antihypertensives, anticholinergics, antidepressants, and antipsychotics, as well as biomarkers (systolic blood pressure, 
HbA1c) and lifestyle (body mass index, smoking status). Abbreviations: HR = hazard ratio; CI = confidence interval; TZD = 
thiazolidinedione; DPP-4 = dipeptidyl peptidase-4 inhibitor; SGLT2 = sodium–glucose cotransporter-2 inhibitors; SU = 
sulfonylurea. 
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Discussion 

This study found that people who initiated TZDs as second-line treatment showed a 

comparable risk of vascular dementia and all-cause dementia compared with other second-

line medications. Results suggest that SGLT2 inhibitors might be beneficial than TZDs in 

preventing vascular dementia but not all-cause dementia. The use of SGLT2 inhibitors was 

also associated with a lower risk of both vascular dementia and all-cause dementia, 

compared with initiating DPP-4 inhibitors and SUs.  

Despite promising results with SGLT2 inhibitors, their potential benefits on cognition 

warrant further investigation, particularly given the small number of vascular dementia 

events observed in the SGLT2 inhibitor group and their known cardioprotective effects. The 

discrepancy between findings for vascular dementia and all-cause dementia when 

comparing SGLT2 inhibitors with TZDs may be partly explained by the differing number of 

events observed for the primary and secondary outcomes. 

The primary findings were partly consistent across sensitivity analyses. The potential 

protective effect of SGLT2 inhibitors against vascular dementia compared with TZDs was 

observed in the competing risk analysis but not in analyses with stricter exposure definition, 

people with complete record only, or extended follow-up. These findings suggest that the 

observed association may not be robust across alternative analytical assumptions, therefore 

should be interpreted cautiously. 

Sensitivity analyses using a stricter exposure definition and complete-case analysis 

substantially reduced the sample size, thereby lowering statistical power and limiting the 

ability to detect a true difference, even if one existed. The results from the extended follow-

up analysis may reflect several methodological issues associated with longer follow-up, 

including higher loss to follow-up, greater impact of time-varying confounding, treatment 

misclassification, and survival bias (where individuals remaining at later follow-up are 

generally healthier). These factors may attenuate the observed effect of SGLT2 inhibitors.  
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Comparison with existing literature 

Most prior observational studies have reported a lower risk of dementia among people with 

T2DM treated with TZDs, when compared to other therapies.16,19–25,28 However, we did not 

observe such an association for either vascular or all-cause dementia. Direct comparison 

with previous studies is challenging because our study assessed the add-on effect of second-

line therapies to metformin, whereas most studies compared monotherapy regimens (e.g., 

TZDs vs. metformin). Although previous studies, including one from Korea and two from 

Taiwan, have also examined dual therapy and reported cognitive benefits associated with 

TZD use,16,19,22 this was not replicated in our study. A possible explanation is our use of a 

target trial emulation, which applied strict eligibility criteria and achieved better balance in 

baseline characteristics across treatment groups. This rigorous study design and adjustment 

for multiple hypotheses testing provide more robust estimates of treatment effects and 

reduce the risk of false-positive findings. 

Our findings suggesLng potenLal cogniLve benefits of SGLT2 inhibitors among people with 

T2DM are consistent with exisLng evidence.41,42 A recent mulLcentre cohort study using 

data from Korean populaLon found that SGLT2 inhibitors were associated with reduced 

demenLa risk including AD, compared with TZDs.26 Results from a network meta-analysis of 

observaLonal studies showed that SGLT2 inhibitors ranked highest in cogniLve benefits and 

were associated with a lower risk of all-cause demenLa and vascular demenLa compared 

with non-users, mebormin, DPP-4 inhibitors and SU.41 Similarly, a meta-analysis of cohort 

studies found that SGLT2 inhibitors were associated with a lower risk of all-cause demenLa, 

but not vascular demenLa, compared with DPP-4 inhibitors.42 AddiLonally, a study using 

TriNetX data reported neuroprotecLve effects across all demenLa subtypes among people 

who iniLated SGLT2 inhibitors as first-line therapy compared with mebormin.43 Although the 

number of demenLa cases in the SGLT2 inhibitor group was small in our study (may be 

because they are newer and have less follow-up), the consistency of our results with prior 

research supports the validity and external reliability of our findings. More importantly, our 

study contributes new UK-specific evidence to this growing literature. 
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Strengths and limita7ons 

This study has several notable strengths. First, we used a large, naLonally representaLve 

primary care electronic health records dataset spanning more than 20 years, which enabled 

robust esLmaLon of demenLa risk across mulLple SAMs in UK general pracLces. Second, we 

used strict new-user design which included people who were stable new users of SAMs, 

confirmed by a second prescripLon of the same SAM within six months of iniLaLon and no 

prior use of other anLdiabeLc drugs. This approach reduced the likelihood of treatment 

misclassificaLon and supports an intenLon-to-treat design by minimising early treatment 

switching. Third, is the improved alignment of eligibility, treatment assignment, and the start 

of follow-up at a common Lme point (180 days aeer the first prescripLon), thereby 

improving internal validity and minimising biases from immortal Lme.33 With the landmark 

method, follow-up began at a 180-day landmark aeer the first second-line prescripLon and 

treatment iniLaLon was confirmed by a repeat prescripLon within this window. This 

approach reduces early exposure misclassificaLon and limits bias from rapid switching but 

may also introduce selecLon bias if survival during the landmark period differs across drug 

classes. Consequently, esLmates may partly reflect a healthier or more adherent subset of 

iniLators, parLcularly for comparisons involving newer therapies. We therefore interpret 

findings as comparaLve effecLveness among stable iniLators. Fourth, we employed an 

advanced alternaLve propensity score weighLng method, overlap weighLng, to address 

baseline differences in biomarkers and clinical characterisLcs (all SMDs <0.1), when inverse 

probability treatment weighLng (IPTW) failed to achieve acceptable balance for HbA1c and 

SBP (SMDs >0.1) (Supplementary Figure S2). This method also improves efficiency by 

focusing on parLcipants with the most comparable baseline characterisLcs across treatment 

groups, thereby reducing the undue influence of extreme propensity scores.31 Our analyLc 

decisions adhered closely to the principles of pragmaLc target trial emulaLon. Finally, 

validated outcome definiLons, correcLon for mulLple tesLng, appropriate handling of 

missing data, and sensiLvity analyses strengthen the robustness of our findings. 

 

Our study has some limitaLons that should be acknowledged. As with observaLonal studies, 

residual confounding from unmeasured or imperfectly measured factors (e.g., frailty, 

medicaLon adherence, or funcLonal status) cannot be completely excluded. Also, the 



 
19 

relaLvely small number of vascular demenLa events, parLcularly in the SGLT2 inhibitors 

group, may have reduced staLsLcal power and precision in some comparisons. Furthermore, 

consistently with other studies using CPRD, drug exposure was defined based on 

prescripLons rather than dispensaLon, and medicaLon adherence over Lme were not 

captured. DiagnosLc misclassificaLon of demenLa subtype is also possible because our 

study relied on clinical diagnoses coded in the primary care system, and coding accuracy may 

vary across pracLces or clinicians. Lastly, ethnicity was poorly recorded (>70% missing), 

limiLng residual confounding control.  

Implica7ons for clinical prac7ce 

This study provides important evidence with direct implicaLons for clinical decision-making 

in the management of T2DM. Our findings highlight that adding SGLT2 inhibitors as second-

line therapy may offer addiLonal benefits in reducing demenLa risk, complemenLng their 

recognised cardiovascular and renal advantages.35 TZDs, in contrast, do not provide 

addiLonal cogniLve benefits for people with T2DM, beyond other convenLonal second-line 

therapies. As demenLa prevenLon becomes an increasingly important public health priority, 

health professionals could proacLvely consider, long-term neurological effects of treatment 

choices, alongside glycaemic control, when managing T2DM. 

The management of T2DM is also evolving. According to updated NICE guidance in February 

2026, SGLT2 inhibitors are now recommended as a first-line treatment alongside 

mebormin.44 Their cardiovascular and kidney protecLve effects are well established, but 

their potenLal cogniLve benefits remain unclear. 

Further invesLgaLons are needed to confirm whether SGLT2 inhibitors can help protect 

brain health. This includes causal analyses that consider dynamic treatment strategies and 

pilot clinical trials, parLcularly because the number of demenLa cases in this study was 

relaLvely small. Future studies should also clarify the underlying mechanisms linking 

anLdiabeLc medicaLons to brain health and examine whether treatment duraLon, dosage, 

Lming from diabetes onset, or specific paLent subgroups influence demenLa risk.  
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Conclusion  

This study highlights that adding TZDs as second-line therapy had a comparable risk of 

vascular demenLa and all-cause demenLa compared with other second-line medicaLons in 

T2DM. However, the addiLon of SGLT2 inhibitors may offer addiLonal benefits in reducing 

the risk of demenLa. Given the risk of demenLa in people with diabetes, the long-term 

cogniLve effects of treatment opLons should be considered in T2DM management.  
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