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Introduction: Few studies have examined memory decline among patients with type 2

Methods: Participants with normal cognition (NC) or Alzheimer’s disease (AD) demen-
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1 | INTRODUCTION

drug classes and memory over time were examined using mixed-effects models with
inverse probability treatment weights.

Results: In NC (n = 1192), metformin use was associated with better memory perfor-
mance over time, whereas in AD (n = 807), dipeptidyl peptidase-4 (DPP4) inhibitor use
was associated with a slower rate of memory decline. Interaction effects suggested
greater benefit associated with DPP4 inhibitor use among APOE ¢4 carriers.
Discussion: Associations between different oral hypoglycemic drugs and memory
change were not consistent between cognitively normal elderly and those with AD

dementia. APOE ¢4 genotype modified some relationships.

KEYWORDS
Alzheimer’s disease (AD), apolipoprotein E (APOE), diabetes, dipeptidyl peptidase-4 inhibitor
(DPP4 inhibitor), memory, metformin, sulfonylurea, thiazolidinedione

Type 2 diabetes (T2DM) has been shown to increase the risk of
Alzheimer’s disease (AD).! The basis for this is not fully understood,
although accelerated accumulation of misfolded amyloid beta (AB) and
hyperphosphorylated tau (p-tau) proteins,?2 and brain insulin resis-
tance have been proposed.® Widespread changes in cortical glucose
metabolism are seen in AD, and it has been suggested that oral hypo-
glycemic (anti-diabetic) agents may be of benefit.3

The majority of previous observational studies have investigated
associations between a specific drug class and dementia risk in peo-
ple with T2DM who were cognitively normal at baseline.* Fewer stud-
ies have considered relationships between different drug classes and
memory changes in cognitively normal people with T2DM,>% or among
people with T2DM who also have a diagnosis of AD dementia. Met-
formin has been associated with a lower dementia risk;* however,
its effects on memory have been inconsistent.”® Relatively few clin-
ical studies have assessed associations between memory and dipep-
tidyl peptidase-4 (DPP4) inhibitor use,”® although sitagliptin, a DPP4
inhibitor, was associated with improved general cognition in people
with T2DM and AD,’ and was shown to slow AB accumulation in trans-
genic mouse models of AD.1°

Currently, little guidance is available to help to choose one antidia-
betic drug class over another considering their effects on cognition.'!
We aim to determine associations between memory change over time
and the use of oral hypoglycemic drug classes in cognitively nor-
mal elderly and in people with dementia due to AD. We hypothe-
size that different classes of oral hypoglycemic medications might
exhibit different associations with memory over time, and that these
associations may be specific to groups of cognitively normal elderly
people or to those with AD. We also explored these relationships
in people with amnestic mild cognitive impairment (aMCI) as a sec-
ondary population of interest. Because the apolipoprotein E (APOE)
¢4 gene variant increases AD risk,12 we examined how the rela-
tionships between drug use and memory decline might be modified

by APOE genotype. This may help take a step toward personalized

dementia prevention and treatment optimization in the context of
T2DM.

2 | METHODS

2.1 | Data source

The National Alzheimer’s Coordinating Center (NACC) was estab-
lished in 1999, and the NACC database consists of data from ~39
Alzheimer’s disease centers (ADCs) funded by National Institute on
Aging (NIA) across the United States. Data are structured in a stan-
dardized manner across different ADCs to form a Uniform Data Set
(UDS) as described previously.!314 The UDS was implemented in
September 2005, and data are still collected continuously. The ADCs
enroll subjects by clinician referral, self-referral by patients or fam-
ily members, by active recruitment through community organizations
and volunteers; therefore, the NACC database can be regarded as
a referral-based or volunteer case series. Written informed consent
was obtained from all participants and co-participants (usually a close

friend or family member).

2.2 | Subject selection

Participants using an antidiabetic medication were included in the
study. Participants who met NIA-Alzheimer’s Association (NIA-AA)
or National Institute of Neurological and Communicative Disorders
and Stroke/Alzheimer’s Disease and Related Disorders Association
(NINCDS/ADRDA) criteria for AD'>1¢ were included in the AD
dementia group. A group of aMClI (single-domain or multiple-domain)
participants according to Petersen’s criterial’ were also identified
and explored. Participants who did not meet either AD dementia
or aMCI criteria were included in the control group. Subjects with
vascular dementia (NINDS/AIREN [National Institute of Neurological
Disorders and Stroke/Association Internationale pour la Recherche

et I'Enseignement en Neurosciences] criteria’®), cancer, epilepsy,
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traumatic brain injury, Parkinson’s disease, type 1 diabetes, diabetes
insipidus, latent autoimmune diabetes, gestational diabetes, or Lewy
body dementia were excluded from all groups.

2.3 | Drug exposures and memory outcomes
Medication use within 2 weeks of each visit was identified from a
structured medication inventory. Participants, or co-participants if
appropriate, were asked to bring to the study visit or report all pre-
scription medications used currently or within the past 2 weeks, and
the form was completed by trained ADC staff physicians. The drug
classes of interest included metformin, sulfonylureas, thiazolidine-
diones, and DPP4 inhibitors. Less frequent hypoglycemic medications
in the database, including sodium-glucose transport protein 2 (SGLT2)
inhibitors, acarbose, meglitinide, and miglitol, were classified as the use
of an “other” oral hypoglycemic medication, which was included as a
covariate in the analysis. Use of an injectable incretin mimetic and use
of insulin were extracted and included as covariates.

The primary outcome of interest was delayed recall assessed using
the Wechsler Memory Scale Revised-Logical Memory test IIA (score
range from O to 25; better scores indicate better episodic memory
performance)'? because delayed recall was the most sensitive and spe-
cific domain available related to AD. Performance on immediate recall
was also considered a secondary outcome (Logical Memory test IA).
Because the two tests were expected to differ in their psychometric
properties (eg, floor effects in AD), they were considered separately.
The delayed recall trials occurred after a 20-minute delay.

2.4 | Statistical analysis

All analyses were conducted using R 3.5.1., and all figures were cre-
ated using ggplot2 package.?’ Analyses were conducted separately
in people with normal cognition and AD dementia. Associations in
the aMCI group were also explored. To determine the associations
between each drug class and memory over time, we considered drug x
time interactions in mixed-effects regression models. Random-slopes
linear mixed-effects regressions were used in people with normal
cognition and aMCI (Ime4 package?!). Standardized coefficients
(B) were used to express the effect size of the associations. When
there are excess zeros in memory scores, mixed-effects zero-inflated
Poisson or quasi-Poisson regressions were used to handle potential
floor effects (glmmTMB package??). A Poisson regression was used
when the data could not fit a quasi-Poisson regression owing to no
overdispersion. Effect sizes from Poisson or quasi-Poisson regressions
were expressed as rate ratios (RR), which indicate the fold-change in
memory score over time among people using the drug class related to
people not using that drug class. All effect size estimates were adjusted
for covariates including age, sex, education, baseline Mini-Mental State
Examination (MMSE) score (a measure of general cognition), comorbid
depression, hypercholesterolemia and hypertension, concomitant use
of the other oral and injectable (insulin and incretins) hypoglycemic

medication classes, and concomitant use of AD medications.
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RESEARCH IN CONTEXT

1. Systematic review: The authors evaluated clinical stud-
ies investigating the effects of oral hypoglycemic drugs on
memory in people with type 2 diabetes (T2DM) who had
normal cognition or dementia due to Alzheimer’s disease
(AD). Limited studies investigated longitudinal effects in
AD, and there was conflicting evidence regarding the ben-
efits of metformin.

2. Interpretation: Metformin use was associated with bet-
ter memory in cognitively normal people with T2DM,
whereas dipeptidyl peptidase-4 (DPP4) inhibitor use was
associated with slower memory decline in AD. Relation-
ships between memory and DPP4 use in normal cog-
nition, and thiazolidinedione use in AD, depended on
apolipoprotein E (APOE) €4 carrier status, an important
implication for personalized medicine.

3. Future directions: Further studies examining cognitive
effects of DPP4 inhibitors in people with T2DM, and if
these effects generalize to people without T2DM, are
warranted. It may be important to consider APOE ¢4
carrier status when prescribing and studying oral hypo-
glycemic drugs.

Confounding by drug indication was addressed by inverse proba-
bility of treatment weighting (ipw package?®). Specifically, marginal
structural models with time-varying confounders and drug exposure
were used to generate treatment probability weights (unstabilized).
The models also consider previous drug exposure when weights are

4 were used to

generated.?®> American T2DM management guidelines?
select the following weighting factors: comorbid cardiovascular dis-
ease, history of stroke, body mass index, and vitamin B12 deficiency
based on their clear prior influence on the likelihood of the drug expo-
sure. For the association between each oral drug class and memory
over time, a separate regression model was performed with inverse
probability of treatment weights specific to the drug class of interest.

The presence of APOE £3/¢4 or £4/<4 genotype (classified as APOE ¢4
carriers in this study) was tested as a potential modifier of the associ-
ation between each oral drug class and memory over time using a drug
X APOEeg4 x time interaction term. Conditional associations between
oral drug classes and memory over time among APOE ¢4 carriers and
non-carriers were computed.

3 | RESULTS
3.1 | Subject characteristics

Of 42,022 subjects (147,565 UDS visits) conducted between Septem-
ber 2005 and November 2019, a total of 3830 subjects (9873 visits)
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TABLE 1 Baseline subject characteristics

Normal cognition Amnestic MCl AD dementia

(n=1192) (n=671) (n=807)
Baseline demographics
Age (y) 72.25(8.28) 74.37 (8.2) 76.11(7.93)
Female 721 (60%) 284 (42%) 389 (48%)
Body mass 30.72(5.9) 29.77 (5.88)  28.54(5.68)
index (kg/m?)
Education (y) 14.73(3.4) 14.26(3.73)  13.50(3.99)
Dementia-related measures at baseline
MMSE 28.5(1.72) 26.78(2.57) 21.25(5.43)
APOE ¢4 carrier 294 (25%) 206 (31%) 391 (48%)
AD medication  0(0%) 124 (18%) 519 (64%)
use
Comorbidities at baseline
Hypercholes- 942 (79%) 525(78%) 651 (81%)
terolemia
Hypertension 937 (79%) 537 (80%) 640 (79%)
Depression 150 (13%) 176 (26%) 197 (24%)
Stroke history 14 (1%) 15 (2%) 14 (2%)
Vitamin B12 68 (6%) 47 (7%) 81(10%)
deficiency
Cardiovascular 120 (10%) 74 (11%) 100 (12%)
disease
Oral hypoglycemic medications at baseline
Metformin 824 (69%) 448 (67%) 473 (59%)
Sulfonylurea 430 (36%) 233(35%) 314 (39%)
Thiazolidine- 155 (13%) 101 (15%) 126 (16%)
dione
DPP4 inhibitors 55 (5%) 41 (6%) 58(7%)
Other oral 22 (2%) 19 (3%) 17 (2%)
drugs
Injectable hypoglycemic medications at baseline
Insulin 187 (16%) 129 (19%) 158 (20%)
Incretin 16 (1%) 6(1%) 13 (2%)
mimetics

Continuous variables and categorical variables were reported in
observed/unweighted mean (SD) and counts (proportion), respectively.
Abbreviations: AD, Alzheimer’s disease; APOE, apolipoprotein E; DPP4,
dipeptidyl peptidase-4; MCI, mild cognitive impairment; MMSE, Mini-
Mental State Examination.

had available memory score and involved use of drug(s) for diabetes.
Details of the subject selection process are shown in Figure S1 in
supporting information. In the analysis, 1192 cognitively normal par-
ticipants (3166 visits, 73% with >2 visits, duration of follow-up 3.4 +
3.3 years), 671 participants with aMCl (1144 visits, 52% with >2 visits,
duration of follow-up 1.5 + 2.2 years), and 807 participants with AD
dementia (1493 visits, 60% with >2 visits, duration of follow-up 1.9 +
2.2 years) were included. Baseline characteristics are shown in Table 1.
In each group, 65% to 66% were using a single diabetes medication

at baseline, and 33% to 34% were using two or more medications.

Baseline characteristics by baseline hypoglycemic medication use,
and descriptive statistics for propensity score weights, are shown in
Tables S1-S4 in supporting information. Sulfonylurea users had poorer
memory scores in the cognitively normal group at baseline, and thia-
zolidinedione users had superior memory scores among participants
with AD at baseline (Table S5 in supporting information).

3.2 | Relationships between oral hypoglycemic
drug classes and longitudinal memory change

Among cognitively normal people being treated for T2DM, metformin
users showed better performance on immediate (8 [95% confidence
interval] = 0.069 [0.011, 0.12], P = .0202) and delayed (3 = 0.089
[0.032, 0.146], P = .0024) memory over time compared to non-
metformin users (Figure 1), whereas the use of a sulfonylurea, thiazo-
lidinedione, or DPP4 inhibitor, showed no significant associations over
time (Table 2). For comparison, the metformin estimate was compa-
rable to the independent effect of APOE ¢4 carrier status on delayed
memory over time (3= -0.052[-0.096, -0.008], P = .0217).

In AD dementia, DPP4 inhibitor use was associated with slower
decline in delayed memory (RR [95% confidence interval] = 1.22[1.06,
1.40], P = .0055; Table 2; Figure 2), and thiazolidinedione use was
associated with faster decline in immediate memory (RR = 0.89 [0.82,
0.97], P =.0078; Table 2; Figure 3), but no associations were observed
between memory changes over time and metformin or sulfonylurea
use.

None of the four oral drug classes showed significant associations
with differential memory changes over time in people with aMCI
(Table 2).

In post-hoc models including thyroid disease, smoking, and ben-
zodiazepine use as additional covariates, the results did not change
(Table Sé in supporting information). Toinvestigatepossible bias due to
attrition, additional post hoc models incorporated unstabilized inverse
probability of censoring weights based on time-varying MMSE score,
and the results did not change (Table S7 in supporting information).

3.3 | Interactions between oral hypoglycemic drug
use and APOE &4 carrier status in cognitively normal
individuals

Conditional associations are reported in Table 3, and all interac-
tions between APOE ¢4 carrier status and certain oral hypoglycemic
drug exposures over time are shown in Table S8 in supporting
information.

In cognitively normal people, a significant interaction between
APOE genotype and DPP4 inhibitor use was observed over time
(interaction: B = 0.038 [0.0039, 0.072], P = .0290) such that ¢4 car-
riers exhibited significantly slower decline in delayed memory than
non-carriers (Figure S2 in supporting information); a trend toward
a positive relationship with delayed memory was seen in APOE ¢4
carriers (8 = 0.058 [0.000, 0.117], P = .0511) that was not seen in
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FIGURE 1 Associations between metformin use and memory performance over time in cognitively normal people. Thick lines: total estimated
association adjusted for covariates; thin lines: estimated association adjusted for covariates per each individual

non-carriers (8 = -0.017 [-0.050, 0.016], P = .3151). Among APOE ¢4
non-carriers, metformin use was associated with better immediate
and delayed memory over time (8 = 0.058 [0.006, 0.11], P = .0307;
B=0.086[0.035,0.14], P=.0011; Figure S3in supporting information),
but these associations were not observed among APOE &4 carriers.

3.4 | Interactions between oral hypoglycemic drug
use and APOE &4 carrier status in individuals with AD
dementia

In people with AD dementia, APOE ¢4 carrier status interacted with thi-
azolidinedione use (interaction: RR = 1.26 [1.07, 1.47], P =.0042), such
that €4 carriers exhibited less decline in immediate memory than non-
carriers (Figure S4 in supporting information). In non-¢4 carriers with
AD, thiazolidinedione use (RR = 0.813 [0.714, 0.925], P = .0017) was
associated with poorer immediate memory performance over time,
whereas thiazolidinedione use was not significantly associated with
immediate memory over time in APOE ¢4 carriers.

Metformin use was associated with a faster rate of delayed mem-

ory decline specifically among APOE ¢4 carriers with AD demen-

tia (RR = 0.84 [0.73, 0.96], P = .0086; Figure S5 in supporting
information).

4 | DISCUSSION

Among people being treated for T2DM, different oral hypoglycemic
medication classes were associated with different rates of memory
change over time. These relationships were not consistent between
people with and without AD clinical symptoms, and some relationships
were modified by APOE &4 carrier status.

In cognitively normal elderly, metformin use was associated with
better memory performance over time, in agreement with a previous
meta-analytic report that metformin was associated with a decreased
hazard of incident dementia.* Although two longitudinal studies previ-
ously identified no significant relationship between metformin use and
memory performance over time in cognitively normal people,>¢ the
present study differs from those studies by including and accounting
for patients using combination therapies, and by offering a sample size
with adequate power to detect a relatively small effect size. Although

small, this effect size was comparable to that of the APOE ¢4 allele in
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TABLE 2 The association between each oral hypoglycemic drug class and memory performance over time
Normal cognition Amnestic MCI AD dementia
Beta[95% Cl] t df P-value Beta[95% Cl] t df P-value RR[95% Cl] z P-value

Immediate memory

Met x time 0.069[0.011, 2.33 751.92 .0202 0.002[-0.101, 0.04 229.72 9646 0.9641[0.900, —-1.05 .2920
0.128] 0.106] 1.032]

SUxtime  0.02[-0.024, 0.89 637.22 3748 0.069[-0.01, 1.72 13543 .0871 1.059[0.998, 1.89° .0584
0.063] 0.148] 1.125]

TZD x time 0.015[-0.021, 0.82 463.86 4115 —-0.065[-0.136, —-1.81 256.65 .0720 0.889[0.815, -2.66° 0078
0.052] 0.006] 0.970]

Gliptin x -0.008[-0.051, -0.36 955.98 .7197 0.033[-0.025, 1.11 197.91 2678 1.067[0.983, 155 .1220

time 0.035] 0.092] 1.159]

Delayed memory

Met x time 0.089[0.032, 3.04 915.19 .0024 0.028 [-0.063, 0.60 25271 .5480 0.925[0.823, -1.31° .1904
0.146] 0.119] 1.040]

SUxtime 0.019[-0.024, 0.85 729.56 .3934 -0.006[-0.081, -0.17 27024 .8679 1.042[0.941, 0.79° 4269
0.062] 0.068] 1.154]

TZD x time 0.024[-0.013, 1.26 735.56 .2090 0.004 [-0.062, 0.11 31141 9113 0.874[0.740, -1.60" .1106
0.061] 0.069] 1.031]

Gliptin x 0.005[-0.037, 0.23 1309.16 .8172 0.002 [-0.053, 0.08 397.84 .9386 1.220[1.060, 278 .0055

time 0.047] 0.057] 1.403]

Notes: Inverse probability treatment weighting was used to adjust for confounding by indication, including comorbid cardiovascular disease, stroke history,
body mass index, and vitamin B12 deficiency. The effects of each oral drug class were determined by separate regression models with inverse probability

treatment weights toward the tested drug.

All estimates were controlled for age, sex, education, APOE ¢4 carrier status, baseline MMSE score, comorbid depression, hypercholesterolemia, and hyper-
tension, concurrent use of other hypoglycemic drug classes, and concurrent use of medications for AD.

Abbreviations: AD, Alzheimer’s disease; Beta, standardized coefficient; Cl, confidence interval; Gliptin, dipeptidyl peptidase-4 inhibitors; MCI, mild cognitive
impairment; Met, metformin; RR, rate ratio; SU, sulfonylurea; TZD, thiazolidinedione.

2Mixed-effects zero-inflated quasi-Poisson regression (random-intercepts) was used.

this study sample, suggesting that it may be clinically meaningful. In dia-
betes animal models, metformin administration mitigated neuroinflam-
mation, reduced neuron loss, and improved memory,25 consistent with
the observed associations observed here in cognitively normal people
with T2DM.

In AD dementia, the use of a DPP4 inhibitor was associated with a
slower rate of memory decline, in agreement with a previous report
that sitagliptin was associated with an improvement in MMSE scores
over 6 months in people with T2DM and AD.? Increasing evidence
suggests that DPP4 inhibitors might slow the accumulation of AD
pathology. DPP4 is responsible for glucagon-like peptide-1 (GLP1)
breakdown, and blocking DPP4 increases circulating GLP1 levels
in humans.2® In animal and cell models, DPP4 inhibitors have been
shown to increase hippocampal GLP1 levels, reduce hippocampal
AB and p-tau levels, alleviate AB plaque formation, and suppress
neuroinflammation.1%27-30 The DDP4 inhibitor linagliptin also
increased cerebral blood flow in AD mouse models.3? Generally, the
DPP4 inhibitors have been hypothesized to exert beneficial effects
on cognition that are related to AD pathological mechanisms. This is
consistent with the observed relationship with slower memory decline
in patients with AD, and with their significantly larger associations with
memory in cognitively normal APOE ¢4 carriers, who may have accel-
erated early AD pathology.'? The DPP4 inhibitors can affect systems

unrelated to GLP1,2¢ and therefore further studies would be needed
to understand the mechanism(s) of action relevant to memory, and to
determine whether the GLP1 receptor agonists (incretins) would be
equally beneficial.>2 We did not assess relationships between insulin
use and memory because insulin is likely to reflect longer duration of
diabetes, resulting in a considerably different propensity to receive
insulin therapy leading to confounding by indication. Instead, insulin
use was controlled for in the analyses.

A significant association between thiazolidinedione use and faster
memory decline was identified in AD dementia, consistent with a
previous report from the ACCORD-MIND (Action to Control Cardio-
vascular Risk in Diabetes-Memory in Diabetes) study,3? and an overall
lack of cognitive benefit in clinical trials for AD.24*3¢ In AD animal
models, pioglitazone had no effects on cognition or cerebral glucose

37,38 suggesting a possible basis for the observed lack of clinical

use,
cognitive benefit. In the present study, thiazolidinedione use was
associated with a greater rate of decline in delayed memory particu-
larly in €4 non-carriers. This contradicts some®* but not all3>3¢ of the
results from randomized trials of thiazolidinedione versus placebo for
AD that stratified analyses by APOE &4 carrier status; however, those
trials excluded patients with T2DM. Further pharmacoepidemiological
studies would be required to confirm the present findings, in the

setting of AD with comorbid T2DM.
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FIGURE 2 Association between dipeptidyl peptidase-4 inhibitor (gliptin) use and memory performance over time in people with Alzheimer’s
disease dementia. Thick lines: total estimated association adjusted for covariates; thin lines: estimated association adjusted for covariates per each

individual

Although there was no relationship between metformin and mem-
ory decline in AD, metformin use was associated with a greater decline
in delayed memory specifically among APOE &4 carriers. Similarly,
in cognitively normal ¢4 carriers, metformin use was not associated
with delayed memory performance over time, but it was associated
with less decline over time among &4 non-carriers. The findings
might explain inconsistencies in the cognitive benefits of metformin
seen previously in the literature.3? In APOE ¢4 transgenic and APOE

4041 metformin failed to activate the adenosine

gene deficient mice,
monophosphate kinase pathway, worsened spatial memory, and
exacerbated neurodegeneration. The majority of animal or cell studies
suggest that metformin can increase levels of AS precursor protein

42-45 or increase tau hyperphosphorylation.*%41 We

and p-secretase,
hypothesize that the interactions between metformin and the amyloid
cascade in those with AD might outweigh the neuroprotective effects
seen in cognitively normal people. This is supported by the benefits
of metformin seen in cognitive normal people particularly among
those not carrying an APOE ¢4 allele that accelerates AD pathology.
Metformin showed no relationship with memory in aMClI, consistent
with clinical trial data,*® suggesting altogether that in the presence
of cognitive impairment due to AD, metformin might no longer be

neuroprotective.

The APOE genotype also significantly modified the relationship
between DPP4 inhibitor use and memory over time in cognitively nor-
mal elderly, such that DPP4 inhibitor use was associated with greater
benefit in €4 carriers. The mechanistic basis for this finding is unknown,
although DPP4 inhibitors reduced inflammation in APOE gene deficient
mice.*” The abovementioned benefits of DPP4 inhibitors against AD
pathology in animal and cell models suggest that their effects may be
more readily apparent in €4 carriers because they are at greater risk
of accumulating AD pathology. In those with AD, the APOE genotype
was not a significant effect modifier for DPP4 inhibitors, indicating a
consistent association with slower decline in memory in AD regardless
of APOE carrier status. The data in toto suggest that DPP4 inhibitors
may be beneficial specifically in the context of AD pathogenesis, includ-
ing that accelerated by the APOE ¢4 allele in people who are not yet
symptomatic.

A notable strength of the study is the use of inverse probability
weighting to address confounding by indication; however, the NACC
database did not collect variables that might have improved the inverse
probability weighting procedure, such as HbA1c, duration of diabetes,
socioeconomic status, and the presence of kidney disease, which
might have resulted in residual confounding. As a second major limi-

tation, drug exposure history prior to entry into the database was not
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FIGURE 3 Association between thiazolidinedione use and memory over time in people with Alzheimer’s disease dementia. Thick lines: total
estimated association adjusted for covariates; thin lines: estimated association adjusted for covariates per each individual

available, which might have introduced bias; however, the use of a
marginal structural model controlled for time-dependent effects based
on the drugs used at each available observation. The study relied on
clinical AD criteria due to insufficient biomarker or postmordem data
to confirm AD status. It cannot speak to possible mechanisms (eg, atro-
phy, cerebrovascular changes, concentrations of p-tau and Aj) under-
lying the observed relationships, due to limited neuroimaging and
cerebrospinal fluid biomarker data; these and other potential molecu-
lar mechanisms should be explored further. Similarly, the study cannot
address the question of whether the observed relationships were
mediated by glycemic control or insulin sensitivity due to the lack of
available HbA1c and fasting glucose/insulin data, which is also a major
limitation of the study and a major source of potential bias. In addition,
the sample size was insufficient for subgroup analyses of specific drugs
within a class, some of which may have differential effects; for example,
studies have suggested possible benefits of rosiglitazone*® but not
pioglitazone*? in people with diabetes and MCI. The sample was also
insufficient for analysis of SGLT2 inhibitors and GLP1 agonists, but
their relationships with memory relative to other diabetes drug classes
will be of great interest in future investigations given recent findings
of reduced dementia incidence associated with these drug classes
in addition to DPP4 inhibitors and metformin.32 Previous studies

suggested that DPP4 inhibitors may have beneficial effects on cog-

nition in patients with diabetes and MCI;”¢ however, significant
associations were not identified here in aMClI, possibly due to a rela-
tively small and heterogeneous sample. The present results cannot be
generalized to people without T2DM. Episodic memory performance
may be affected by practice effects,>® other comorbidities, physical
and social activities, and concomitant medications that could not be
controlled for. Loss to follow-up due to decline in cognitive function
could potentially lead to bias; however, weighting models by inverse
probability of censorship did not change the results. Medication
adherence could not be ascertained from the dataset. As a strength
of the modelling approach, zero-inflated models were used to min-
imize bias resulting from excess zeros and potential floor effects in

memaory scores.

5 | CONCLUSION

This study offers observational evidence suggesting that certain oral
hypoglycemic drug classes may be preferred in people with T2DM who
are at risk for or with diagnosed AD. Metformin use was associated
with better memory performance over time in cognitively normal peo-
ple, while in people with AD dementia, DPP4 inhibitor use was asso-

ciated with slower rates of memory decline, and thiazolidinedione use
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TABLE 3 Conditional associations between each oral hypoglycemic drug class and memory over time by APOE carrier status
Normal cognition Amnestic MCI AD dementia
Beta [95% ClI] t df P-value Beta[95% Cl] t df P-value RR[95% Cl] Z P-value
Immediate memory in APOE =4 carriers
Met x time 0.053[—0.044, 1.07 720.54 .2855 0.013[-0.14, 0.17 409.87 .8633  0.940[0.866, —-147° 1409
0.151] 0.166] 1.021]
SU x time 0.014[-0.055, 041 67170 .6851  0.123[-0.001, 1.95 74.00 0548 1.043[0.963, 1.04° .2998
0.084] 0.246] 1.131]
TZD x 0.022[-0.038, 0.71 727.61 4761 —-0.052[-0.144, -1.12 87.18 .2668 1.021[0.924, 040" 6855
time 0.081] 0.04] 1.128]
Gliptinx  0.002[-0.057, 0.08 1067.55 .9352  0.059[-0.005, 1.81 92.86 0729 1.135[1.030, 2.55° 0107
time 0.062] 0.124] 1.251]
Immediate memory in APOE ¢4 non-carriers
Met x time 0.058 [0.006, 217 782.85 .0307 -0.029[-0.113, -0.67 49181 .5061 1.023[0.945, 0.56 .5770
0.111] 0.056] 1.106]
SUxtime -0.016[-0.057, -0.74 68448 4578  0.029[-0.051, 0.72 145.69 4751 1.042[0.971, 1.14 2544
0.026] 0.109] 1.119]
TZD x 0.002[-0.034, 0.10 618.77 .9213  0.027[-0.079, 0.51 116.05 .6132  0.813[0.714, —3.14" 0017
time 0.037] 0.134] 0.925]
Gliptinx —0.018[-0.051, -1.06 56289 .2917  0.037[-0.035, 1.01 108.50 .3165 1.037[0.930, 0.65° .5160
time 0.015] 0.109] 1.155]
Delayed memory in APOE ¢4 carriers
Met x time 0.043[-0.053, 0.88 884.99 .3788  0.051[-0.085, 0.73 435.36 4641  0.838[0.734, —2.63" .0086
0.139] 0.186] 0.956]
SU x time 0.018[-0.05, 0.52 782,99 .6026  0.042[-0.077, 0.69 177.41 .4887 1.077[0.937, 1.05° 2942
0.086] 0.162] 1.239]
TZD x 0.029[-0.03, 0.96 890.46 .3364  0.01[-0.076, 0.23 129.39 .8211 1.000[0.819, 0.00° .9990
time 0.087] 0.096] 1.222]
Gliptinx  0.058[0.000, 1.95° 117229 .0511  0.015[-0.046, 0.48 32622 .6298 1.189[1.012, 2.11° 0352
time 0.117] 0.075] 1.397]
Delayed memory in APOE =4 non-carriers
Met x time 0.086[0.035, 3.27 93547 .0011  0.004[-0.074, 0.11 508.85 .9156  0.994[0.861, -0.08" 9344
0.138] 0.082] 1.148]
SUxtime -0.018[-0.058, -0.86 788.86 .3888 —-0.023[-0.099, -0.60 25549 5471  0.979[0.868, -0.34" 7312
0.023] 0.052] 1.105]
TZD x -0.002[-0.037, -0.12  1042.39 .9071  0.046[-0.047, 0.97 134.91 .3355 0.762[0.610, -240° 0166
time 0.033] 0.138] 0.952]
Gliptinx —0.017[-0.05, —-1.01" 841.61 .3151  0.024[-0.047, 0.66 185.60 .5115 1.245[1.016, 211 .0350
time 0.016] 0.094] 1.527]

Abbreviations: AD, Alzheimer’s disease; APOE, apolipoprotein E; Beta, standardized coefficient; Gliptin, dipeptidyl peptidase-4 inhibitors; MCI, mild cogni-
tive impairment; Met, metformin; RR, rate ratio (numbers >1 imply better performance over time, numbers <1 imply poorer performance over time); SU,

sulfonylurea; TZD, thiazolidinedione.

2Mixed-effects zero-inflated quasi-Poisson regression (random-intercepts) was used.

bInteraction between thiazolidinedione use and APOE 4 carrier status significant (z = 2.86, P = .0042).

CInteraction between DPP4 inhibitor use and APOE ¢4 carrier status significant (t = 2.19, P=.0290).

was associated with a faster rate of decline. APOE ¢4 carrier status may

predict greater benefit of DPP4 inhibitors in cognitively normal indi-

viduals, and less benefit of metformin in people with AD. The results

have implications for personalized prevention and treatment of AD

among people with T2DM, and for planning trials in AD with comorbid

T2DM.
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