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INTRODUCTION

Diabetes has been an independent risk factor for dementia and both conditions share
pathophysiological mechanisms including impaired brain insulin signaling, inflammation,
increased oxidative stress, and vascular damage.! Evidence from both mechanistic and
population studies has suggested that some glucose-lowering drugs (GLDs) might be
beneficial in preventing or treating dementia.2: 3 However, existing evidence is primarily
from either observational data that are susceptible to confounding and other biases, or
disparate clinical trials that have inadequate power to examine such effects. Thus, we
performed a meta-analysis of randomized outcome trials of dipeptidyl peptidase-4 (DPP4)
inhibitors, glucagon-like peptide-1 receptor agonists (GLP-1RAs), and sodium-glucose co-
transporter-2 (SGLT?2) inhibitors to evaluate their effects on dementia risk among individuals
with and without type 2 diabetes (T2D).
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As described in our previous study,* we systematically searched PubMed, Embase, and
CENTRAL from inception to March 28, 2021. We included randomized placebo-controlled
cardiovascular and renal outcome trials that reported all-cause dementia or vascular
dementia (see definitions in Table S1) associated with DPP-4 inhibitors, GLP-1RAs, and
SGLT2 inhibitors among adults with and without T2D. Two reviewers independently
selected the studies, extracted the data, and assessed the risk of bias according to the
Cochrane Risk of Bias Tool. The number of incident dementia cases was extracted from
trial results published on clinicaltrials.gov. We calculated a pooled odds ratio (OR) and
95% confidence interval (Cl) for dementia risk using Peto’s method.> We also assessed

the heterogeneity between trials using the # statistic ® and evaluated the publication bias
using a funnel plot, Begg’s test, and Egger’s test.” Sensitivity analysis using a 0.5 continuity
correction for each cell was conducted to test the robustness of the results. The statistical
analyses were performed using Stata (version 16; Stata Corp., College Station, TX).

Of 9,648 citations retrieved from electronic databases (Figure S1), we included 21
randomized placebo-controlled trials that reported 108 all-cause dementia cases (including
22 vascular dementia cases) among 167,511 individuals during a median follow-up of 2.2
years (Table S2). Individuals with T2D account for 96.4% of clinical trial participants. Of
the 21 trials included, five trials reported the dementia outcomes associated with DPP-4
inhibitors; 8 trials associated with GLP-1RAs; and 8 trials associated with SGLT2 inhibitors.
Eighteen trials included participants with T2D while 3 trials included participants with
chronic kidney disease or heart failure with reduced ejection fraction, regardless of the
presence or absence of T2D. The risk of bias was judged as unclear because dementia was
not the primary outcome.

Neither DPP-4 inhibitors, GLP-1RAs, nor SGLT2 inhibitors were significantly associated
with a decrease in risk of all-cause dementia incidence as compared with placebo (Figure 1).
SGLT2 inhibitors were significantly associated with a decreased risk for vascular dementia
(OR, 0.11; 95% ClI, 0.02 -0.66), compared with placebo. DPP-4 inhibitors (OR, 0.67;
95%Cl, 0.12 — 3.85) and GLP-1RAs (OR, 0.37; 95%ClI, 0.12-1.14) were associated with a
decreased risk of vascular dementia, but no significant differences were observed (Figure 2).
Our sensitivity analyses indicated the robustness of the results (Figure S2). There was no
evidence of statistical heterogeneity (/2 <50%) and publication bias (Table S3 and Figure
S3).

DISCUSSION

Previous studies have indicated that newer GLDs may decrease the risk of dementia.?: 3
Mechanistic and population studies showed that SGLT2 inhibitors could reduce risk factors
(e.g., high cholesterol, high blood pressure, and obesity) directly related to vascular
dementia,®  improve insulin sensitivity, and involve the mammalian target of rapamycin
(mTOR) signaling in the brain.2 DPP-4 inhibitors and GLP-1RAs may reduce endothelial
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dysfunction, cerebral oxidative stress, and ischemic brain damage and are shown to reduce
amyloid-p deposition and tau phosphorylation.19 In this meta-analysis, we observed a
reduction of vascular dementia risk associated with newer GLDs, especially for SGLT2
inhibitors. There was no association between newer GLDs and risk of all-cause dementia.

We acknowledged several limitations in this meta-analysis. First, because dementia was not
the pre-specified outcome in these trials, there is likely an underestimation of the incidence
of dementia. Second, given the relatively short follow-up period, there is likely insufficient
time to observe the occurrence of dementia. Also, the long-term effect of newer GLDs on
risk of dementia remains unknown. Third, our analyses are likely underpowered because of
the low numbers of dementia cases in the clinical trials, which leads to wide Cls. Fourth, we
were not able to obtain information on the baseline cognitive functions of study participants
in these trials. Therefore, there is a possibility we included prevalent dementia cases that had
a delayed diagnosis. Finally, the extremely low number of dementia cases precluded us from
assessing the effect variation across individual drugs within one class of GLDs.

Overall, our findings suggest that newer GLDs do not appear to pose harm regarding
dementia risk in individuals with T2D. Moreover, newer GLDs, particularly SGLT2
inhibitors, might be promising strategies for the prevention of vascular dementia in those
with T2D. Nevertheless, future randomized controlled trials and real-world studies are
warranted to evaluate the effects of newer GLDs on cognitive function and the risk of
different types of dementia in individuals with T2D and whether the effect can be expanded
to non-diabetes population.
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Refer to Web version on PubMed Central for supplementary material.
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Events, Events, %
Study OR (95% CI) Treatment Placebo Weight
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DPP-4 inhibitors

Scirica 2013 ——] 0.51 (0.10, 2.52) 2/8280 4/8212  18.20
White 2013 * 0.99 (0.06, 15.86) 1/2701 1/2679  6.07
Green 2015 — 0.51(0.10, 2.55) 2/7332 4/7339 18.20
Gantz 2017 -+ 0.14 (0.01, 1.31) 0/2092 3/2100 9.10
Rosenstock 2019 1.00 (0.37, 2.66) 8/3494 8/3485 48.44
Subtotal (l-squared = 0.0%, p = 0.586) 0.65(0.33,1.29) 13/23899 20/23815 100.00
GLP-1RAs

Marso 2016 1.00(0.32, 3.11) 6/4668 6/4672 23.58
Holman 2017 1.50 (0.55, 4.13) 9/7356 6/7396 29.48
Hernandez 2018 —_—— 0.30 (0.05, 1.74) 1/4717 4/4715 9.83
Gerstein 2019 0.78 (0.29, 2.08) 7/4949 9/4952 31.43
Husain 2019 + 0.14 (0.01, 2.16) 0/1591 2/1592  3.93
Gerstein 2021 g 4.48 (0.07, 286.47)1/2717 0/1359 1.75
Pfeffer 2015 (Excluded) 0/3034 0/3034 0.00
Marso 2016 (Excluded) 0/1648 0/1649 0.00

Subtotal (l-squared = 0.0%, p = 0.421) <> 0.88 (0.51, 1.52) 24/30680 27/29369 100.00
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Zinman 2015 + 4.47 (0.07, 286.75)1/4687 0/2333 3.79
Wiviott 2018 —— 1.95(0.53,7.20) 6/8582 3/8579  38.39
Perkovic 2019 - 1.95 (0.20, 18.71) 2/2202 1/2199  12.80
McMurray 2019 + 0.14 (0.00,6.81) 0/2373 1723711 4.27
Cannon 2020 —_—— 1.45 (0.18, 11.63) 3/5499 1/2747 15.16
Heerspink 2020 * 7.39(0.46, 118.23)2/2152 0/2152 853
Packer 2020 —_— 0.14 (0.02,0.96) 0/1863 4/1867 17.06
Neal 2017 (Excluded) 0/5795 0/4347 0.00
Subtotal (I-squared =31.2%, p=0.190) <[> 1.22(0.54,2.74) 14/33153 10/26595 100.00

Figurel.
Meta-analysis of the effects of novel glucose-lowering drugs on the risk of all-cause

dementia in participants with or without type 2 diabetes. OR, odds ratio; CI, confidence
interval; DPP-4 inhibitors, dipeptidyl peptidase-4 inhibitors; GLP-1RAs, glucagon-like
peptide-1 receptor agonists; SGLT2 inhibitors, sodium-glucose co-transporter-2 inhibitors.
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Figure2.
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Meta-analysis of the effects of novel glucose-lowering drugs on the risk of vascular

dementia in participants with or without type 2 diabetes. OR, odds ratio; CI, confidence

interval; DPP-4 inhibitors, dipeptidyl peptidase-4 inhibitors; GLP-1RAs, glucagon-like

peptide-1 receptor agonists; SGLT2 inhibitors, sodium-glucose co-transporter-2 inhibitors.
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