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Abstract

BACKGROUND: Alzheimer’s disease (AD) cognitive decline can be a major contributor
to loss of independent living. Therapeutic strategies that alter the course of cognitive
deterioration have the potential to sustain activities of daily living, promote quality of
life, and delay transition to nursing-home care.

METHODS: We performed longitudinal linear regression analysis of National
Alzheimer’s Coordinating Center (NACC) cognitive data from 7653 mild demen-
tia AD participants at baseline with at least one medication for diabetes (DBMD),
lipid-lowering (LIPL), anti-hypertensive (AHTN), and non-steroidal anti-inflammatory
(NSD) medications or any combination in 5684 (74%) participants and in 1969 (26%)
participants with no study-relevant prescriptions over 10 years. Change in cogni-
tive function was determined by Mini-Mental State Examination (MMSE) and CDR®
Dementia Staging Instrument Sum of Boxes (CDR-SB) scores relative to non-treated par-
ticipants stratified by sex and apolipoprotein E (APOE) genotype. Validation analysis
was performed using Alzheimer’s Disease Neuroimaging Initiative (ADNI) dataset.
RESULTS: Combination of DBMD+LIPL+AHTN+NSD (QuadRx) resulted in a signifi-
cant 46% MMSE and 32% CDR-SB delay in cognitive decline at 5 years, which was
sustained at 10 years with a delay in decline of 47% MMSE and 33% CDR-SB. QuadRx
was equally effective for the delay of cognitive decline in both females and males at 5
and 10 years. QuadRx mitigated the impact of the APOE ¢4 genotype. Findings were
validated in ADNI AD participants in which QuadRx was associated with a significant
60% MMSE delay in cognitive decline at 1 and 2 years.
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CONCLUSIONS: Combination therapy was associated with a significant delay in cog-
nitive decline in NACC AD participants at a magnitude comparable to or greater than
amyloid beta immunomodulators. Further, the delay in decline was sustained for 10
years. The impact of QuadRx to delay cognitive decline was validated in deeply char-
acterized ADNI participants. These data support combination therapy in persons with
AD risk factors to alter the course of AD that persists for a decade, enabling cognitive

function at a magnitude associated with independent living.

KEYWORDS
Alzheimer’s disease, Alzheimer’s Disease Neuroimaging Initiative, Alzheimer’s disease risk
factors, combination therapy, National Alzheimer’s Coordinating Center

Highlights

* QuadRx slowed Alzheimer’s disease (AD) cognitive decline by 47% in the National
Alzheimer’s Coordinating Center NACC and 60% in Alzheimer’s Disease Neu-
roimaging Initiative ADNI participants.

1 | BACKGROUND

Alzheimer’s disease (AD) is a multifactorial and complex disease asso-
ciated with multiple risk factors including diabetes,! hyperlipidemia,?
hypertension,® and inflammation* and influenced by sex and
apolipoprotein E (APOE) genotype.>® US Food and Drug Adminis-
tration (FDA)-approved immunotherapies targeting amyloid show
promise in slowing cognitive decline during mild AD.”~? Monoclonal
antibodies slow the rate of decline but do not reverse the disease
course and include a risk of amyloid-related imaging abnormalities
(ARIA)/ARIA-edema and economic burden.’?

The preclinical phase of AD spans 20 years prior to diagnosis.!
Multiple risk factor conditions can contribute to preclinical AD and
ultimately initiate disease if not effectively controlled.!?2 Based on
our targeted-risk AD prevention (TRAP) strategy, 364 AD risk fac-
tors were identified with diabetes, dyslipidemia, hypertension, and
inflammation as main drivers of AD risk.!® These AD risk factors were
associated with 629 FDA-approved drugs, 46 of which were identified
as high-confidence therapies to reduce the risk of AD.2® Top-ranked
therapeutics included glucose regulating, lipid lowering, antihyper-
tensive, and anti-inflammatory therapeutics.!® Pathway analysis of
biological signatures of these drug classes revealed that a combina-
torial approach for AD could exert greater efficacy compared to a
single-target approach.’® Impact of drugs targeting diabetes, dyslipi-
demia, hypertension, and inflammation and their impact on reducing
the risk of AD is well described.'#-2 In contrast, outcomes of clini-
cal trials of these therapeutics in AD patients who did not have the
clinical condition for which the drug was developed were not effec-

* Combination therapy exhibited additive and synergistic slowing of cognitive decline.
* QuadRx was equally effective in females and males at 5 and 10 years.

* QuadRx mitigated the impact of the apolipoprotein E €4 genotype.

* QuadRx was effective in AD participants reporting drug use for their AD risk factor.

tive in altering the course of AD.22-3% However, a subset of responders
to these therapeutics was identified within unsuccessful clinical trials,
which highlighted the impact of sex and APOE genotype in treatment
outcomes.3¢38 Responder analyses of these trials identified APOE 4
carriers as responders to lipid-lowering (LIPL) therapy statins¢ and
male APOE ¢4 non-carriers as responders to diabetes medication.37:38

We investigated the rate of progression of cognitive decline in
real-world clinical data within the National Alzheimer’s Coordinat-
ing Center (NACC) dataset. Our analyses aimed to assess the impact
of therapeutics for AD risk factors, specifically: (1) diabetes (DBMD),
(2) LIPL, (3) antihypertensive (AHTN), and (4) non-steroidal anti-
inflammatory (NSD) medications, alone and in combination, in AD
participants reporting history of these AD risk factors, each of which
is specifically targeted by these medications.

2 | METHODS
2.1 | Data source

This study was conducted using the NACC database. The NACC
database includes longitudinal data from 48,605 participants enrolled
in 33 different Alzheimer’s Disease Research Centers (ADRCs). This
analysis used the Uniform Data Set (UDS) within the NACC database,
which contains subject demographics, diagnosis, prescription records,
and neurological examination findings from 2005 to the present (v62,
last access September 2023). NACC UDS version 3.0 was used with all

visits for all participants as of June 2023 data freeze.
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NACC findings were validated using ADNIMERGE in the
Alzheimer’s Disease Neuroimaging Initiative (ADNI) dataset, 2004 to
2022 longitudinal data (last access May 2024).37

2.2 | Study design and variables

NACC participants with a minimum of two visits, an AD diagnosis (D1
form), and demographics (A1 form) were selected as the initial cohort
(Table S1in supporting information). Medication use was self-reported.
Therapeutics in the following categories were included for analyses:
DBMD, LIPL, NSD, and AHTN medications (Table S1, S2 in supporting
information). Participants were categorized into therapeutic groups
based on whether they received mono-, di-, tri-, or quadruplet treat-
ment of selected study drugs. Each participant was assigned to only
one therapeutic group. The control group (NONE) was defined as AD
participants who did not report the use of any medication and did not
report a history of diabetes, hypercholesterolemia, or hypertension.
To evaluate the potential impact driven by AD risk conditions on cog-
nitive function, the group of AD participants reporting at least one
medical condition but who did not report any medication use (NONE
with conditions) were analyzed separately (Table S3 in supporting
information).

Validation analysis was conducted using ADNI data from 411 AD
participants. Prescription records were assigned to the categories
DBMD, LIPL, AHTN, and NSD. The control group was defined as par-
ticipants without prescription records for DBMD, LIPL, AHTN, or NSD
(NONE). Treatment groups were divided into participants (1) with
prescription records for the quadruplet DBMD+LIPL+AHTN+NSD
(QuadRx) or (2) with at least one prescription record for DBMD, LIPL,
AHTN, or NSD, or pair, or triplet combinations.

2.3 | Cognitive outcomes

Outcomes were change in two cognitive tests used in both clinical trials
and clinical care:”849 Mini-Mental State Examination (MMSE)*! and
CDR® Dementia Staging Instrument Sum of Boxes (CDR-SB)*? scores
(Method S1 in supporting information).

MMSE and CDR-SB were collected by trained clinicians (C1 and B4
NACC forms; Table S1). MMSE and CDR-SB performance were evalu-
ated at 2-, 5-, and 10-year assessments compared to baseline in NACC
and at 1 and 2 years in ADNI. MMSE and CDR-SB change from base-
line for each therapeutic group was assessed based on sex and APOE

genotype.

2.4 | Statistical analysis

Statistical analyses were conducted using R (v4.2.1). Descriptive statis-
tics were generated to characterize the study cohort at their first
visits (baseline) when diagnosed with AD using all study variables.

Continuous variables among groups were compared using one-way

Clinical Interventions

RESEARCH IN CONTEXT

1. Systematic review: Therapeutics targeting diabetes, dys-
lipidemia, hypertension, and inflammation significantly
reduce the risk of Alzheimer’s disease (AD). However,
in these at-risk populations, there are non-responders
that progress to AD. We sought to determine the impact
of combination therapy targeting AD risk factors on the
rate of cognitive decline in real-world AD patients within
the National Alzheimer’s Coordinating Center (NACC)
dataset with validation using the Alzheimer’s Disease
Neuroimaging Initiative (ADNI) dataset.

2. Interpretation: Differences in cognitive decline profiles
for each therapeutic and combinations thereof indicated
significant slowing of cognitive decline that was effec-
tive in both sexes and across apolipoprotein E genotype.
Evidence provided herein indicates that the QuadRx
combination prescribed for AD risk factors significantly
slowed cognitive decline in both NACC and ADNI AD par-
ticipants at a magnitude comparable to or greater than
amyloid beta immunomodulator interventions.

3. Future directions: These outcomes provide a therapeutic
class framework for identification of specific drugs with
greatest efficacy within each class that could be deter-
mined for optimized precision combination therapies

using larger and comprehensive datasets.

analysis of variance. A chi-square test was used to compare categorical
variables.

Linear regression, incorporating random slopes and intercepts, was
used to model progression of cognitive performance by time and
medications.*3 All analyses of CDR-SB and MMSE trajectories were
adjusted for age at recruitment and baseline scores to adjust for poten-
tial confounders. Secondary analyses adjusting for level of education in
addition to age and baseline scores were performed. Changes in cog-
nition were predicted with 95% confidence intervals. Percent delay in
cognitive decline for treated groups was calculated relative to control
(NONE).

Regression plots were created using ggplot2** and slopes were
compared using emmeans.*® Regression coefficients between treated
and non-treated groups were reported; P values were adjusted using
Dunnett test for multiple comparisons.

The impact of history of stroke, transient ischemic attack (TIA),
antipsychotic drug use, and participant mortality between follow-up
visits (Tables S1, S2) was evaluated by performing secondary analy-
ses excluding participants reporting a history of stroke and TIA, history
of antipsychotic drug use, or participants who died between follow-up
visits.

The impacts of sex and APOE genotype on treatment outcomes

were evaluated using linear mixed-effects models with random
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slopes and intercepts by incorporating variables sex:medication or
APOE:medication status. Pairwise comparisons between slopes were
calculated and P values were adjusted using the Tukey test.

3 | RESULTS

3.1 | NACC and ADNI participants

The NACC database included 20,946 AD participants, of which 7653
had at least two visits and medication history for study-relevant ther-
apeutics (Table S3, overall). The NACC cohort was balanced for sex
(50% females), predominately White (85%), and non-Hispanic (92%).
Of NACC AD participants, 47% were APOE &4 carriers. At baseline,
average MMSE and CDR-SB scores were 21.7 and 5.43, respectively,
which corresponds to mild dementia diagnosis*? (Table S3). Differ-
ences in demographics and baseline cognitive scores between treated
and non-treated participants are reported in Table S4 in supporting
information. Of all NACC participants, 5458 (71%) were prescribed
at least one medication including DBMD, LIPL, AHTN, NSD, or any
double or triple combination; 226 (3%) were prescribed the combi-
nation of DBMD+LIPL+AHTN+NSD (QuadRx); and 1969 (26%) had
no prescription records for study-relevant medications (Figure Sla
in supporting information). A subset of 887 participants within the
untreated group (NONE with conditions) had a diagnosis of diabetes,
hypercholesterolemia, or hypertension but did not report the use of
either DBMD, LIPL, AHTN, or NSD (Figure S1b). DBMD alone (0.4%),
DBMD+LIPL (0.6%), DBMD+NSD (0.3%), and DBMD+LIPL+NSD
(0.4%) were prescribed to < 50 participants (n < 50) and therefore
excluded from analysis (Figure S1, Table S3).

ADNI database included 2432 participants, of which 411 had a
diagnosis of AD at baseline. Of those, 345 participants (84%) had
at least one prescription record for DBMD, LIPL, AHTN, or NSD
and 22 (5%) were prescribed QuadRx (Table S5 in supporting infor-
mation) while 44 (11%) participants did not report medication use
(control). Of ADNI AD participants, 43.8% were female and 65.7% were
APOE ¢4 carriers. The majority of participants were White (91.2%)
and non-Hispanic (95.6%). Baseline cognitive scores were not signifi-
cantly different between therapeutic groups with an average (standard
deviation) baseline MMSE of 23.1 (2.19) and CDR-SB of 4.43 (1.69;
Table S5).

3.2 | Association between therapies prescribed for
AD risk factors and cognitive decline in NACC
participants

Analyses of MMSE and CDR-SB scores in NACC participants indicated
different trajectories of cognitive decline in AD participants at both 5
and 10 years (Figures 1, 2; and Figure S2 and Table Sé in supporting
information).

Untreated AD participants (NONE control) experienced an MMSE
decline of -9.3 (95% confidence interval [Cl], [-9.7, —8.9]) at 5 years

and —18.0[-18.7,—17.2] at 10 years (Figure 1A,B) and CDR-SB decline
of 6.3[6.1,6.6] at 5yearsand 12.2[11.7,12.7] at 10 years (Figure 1C,D,
Table Sé). Participants with a diagnosis of an AD risk factor who did
not report the use of study-relevant drugs (NONE with conditions)
were not significantly different (P = 0.99) from AD controls (Figure
S2). Untreated participants without these conditions (NONE control)
or who remained untreated for them (NONE with conditions) experi-
enced accelerated decline compared to those who received treatment
(Figure 2, Figure S2).

Ranking of combination therapies based on cognitive decline is pre-
sented in Figure 2 and Table Sé6. An incremental treatment-dependent
effect was evident: treating one risk factor slowed decline, treating two
or three risk factors slowed decline further, and treating four AD risk
factors (QuadRx) resulted in the greatest slowing of cognitive decline
(Figure 2, Figure S2, Table S6).

QuadRx was associated with a significant 46% slowing of cognitive
decline at 5 years and 47% at 10 years compared to untreated con-
trols (NONE) as assessed by MMSE (-5.1 [-5.6, —4.6] at 5 years; —9.5
[-10.5, —8.4] at 10 years; P < 0.001; Figures 1A,B and 2A,B) and 32%
and 33% as assessed by CDR-SB (4.3 [4.0, 4.6] at 5 years; 8.1 [7.5, 8.8]
at 10 years; P < 0.001; Figures 1C,D and 2E,F). Over 10 years, the
QuadRx exhibited a 1.7-fold decline in MMSE compared to the 7.7-fold
decline of untreated controls (Figure 1B, P < 0.001). Over the same
timeframe, cognitive decline in CDR-SB within the untreated group
was 3.1-fold from baseline, whereas participants within the QuadRx
group exhibited a 2.7-fold decline from baseline (Figure 1D, P < 0.001).

All analyses of CDR-SB and MMSE trajectories were adjusted
for age at recruitment and baseline scores. Supplementary analyses,
including level of education as a covariate, yielded results consis-
tent with the primary findings (Figure S3 in supporting information).
Additionally, the exclusion of participants with a history of stroke,
TIA, and use of anti-psychotic agents, and who died between follow-
up visits resulted in comparable outcomes (Figure S4 in supporting
information). Moreover, the number of participants treated with FDA-
approved medications for AD symptoms (Table S1, S2) did not sig-
nificantly differ between QuadRx and NONE groups (chi-square test,
P =0.53), indicating that the use of FDA-approved AD medications did

not impact the outcomes of these analyses.

3.3 | Association between therapies prescribed for
AD risk factors and cognitive decline in ADNI
participants

Validation analyses of cognitive decline were conducted in three
groups of ADNI AD participants: (1) prescribed QuadRx therapy, (2)
prescribed with one to three prescriptions of medications, and (3)
not reporting use of study-relevant medications (NONE; Figures 1E-)J
and 2C,D,G,H and Table S7 in supporting information).

Consistent with NACC results, ADNI AD participants prescribed
QuadRx exhibited a significant 60% delay in cognitive decline com-
pared to untreated control (NONE) at 1 and 2 years assessed by MMSE
(score change: —1.5[-2.2, -0.7] at 1 year; —2.9 [-4.4, —1.5] at 2 years;
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FIGURE1 MMSE and CDR-SBin NACC and ADNI dataset. A, NACC MMSE score change from baseline over a 10-year period by therapeutic
group (no treatment, treated with single, pair or triplet combinations). B, NACC MMSE scores at baseline, 5 years, and 10 years for Controls (None)
and QuadRx (DBMD+NSD+LIPL+AHTN). C, NACC CDR-SB score change from baseline over a 10-year period by therapeutic group (no
treatment, treated with single, pair, or triplet combinations). D, NACC CDR-SB score at baseline, 5 years, and 10 years for Controls (None) and
QuadRx. E, ADNI MMSE score change from baseline over a 3-year period by therapeutic group (no treatment, treated with single, pair, or triplet
combinations). F and G, MMSE score at baseline and 2 years for Controls (None) and QuadRx in ADNI and NACC, respectively. H, ADNI CDR-SB
score change from baseline over a 3-year period by therapeutic group (no treatment, treated with single, pair, or triplet combinations). | and J,
CDR-SB score at baseline and 2 years for Controls (None) and QuadRx in ADNI and NACC, respectively. ADNI, Alzheimer’s Disease Neuroimaging
Initiative; AHTN, antihypertensive drug; CDR-SB, CDR® Dementia Staging Instrument Sum of Boxes; DBMD, diabetes medication; LIPL, lipid
lowering; NSD, non-steroidal anti-inflammatories; MMSE, Mini-Mental State Examination; NS, not significant; NACC, National Alzheimer’s

Coordinating Center; Yrs, years, O Yrs, baseline.

P < 0.001; Figures 1E,F and 2C,D, Table S7) and 37% and 36% at 1 and
2 years, respectively, assessed by CDR-SB (score change: 1.2 [0.8, 1.6]
at 1 year; 2.5 [1.7, 3.3] at 2 years; P = 0.04; Figures 1H,l and 2G,H,
Table S7).

Because ADNI data were limited to 2 years of drug exposure, we
conducted an analysis of NACC cognitive outcomes at 2 years. Results
of those analyses indicated that QuadRx was associated with a 41%
(MMSE) and a 29% CDR-SB delay in cognitive decline at 2 years
(Figure 1G-)).

3.4 | Sex differences

A significant sex difference was apparent in the rate of progression of
cognitive decline as measured by CDR-SB in untreated NACC AD par-
ticipants (P = 0.02) with females associated with more rapid cognitive
decline compared to males (Figure 3A, dashed lines). QuadRx was asso-
ciated with a significant delay in cognitive decline at 5 and 10 years that
was equal for both females and males (Figure 3B,C).

In contrast, monotherapies exhibited significant sex-dependent
delay in cognitive decline. Males treated with LIPL (P < 0.001) (Figure
S5a in supporting information) or NSD only (P < 0.01; Figure S5f)
exhibited greater slowing of cognitive decline (Table 1). Conversely,

AHTN alone did not exhibit a sex-dependent association with cognition

(P=0.92; Figure S5d). However, when AHTN was combined with NSD,
the combination resulted in males exhibiting a slower decline (P=0.01)
compared to females (Figure S5e). Females treated with LIPL alone
(Figure S5a) were not significantly different from non-treated partic-
ipants (P = 0.54), whereas LIPL combined with either AHTN or NSD
resulted in a significant delay in cognitive decline (P < 0.001; Table 1).

The triplet LIPL+AHTN+NSD combination (Figure S5h) was asso-
ciated with a significant delay of cognitive decline in both sexes
(P < 0.001), with males exhibiting a slower decline relative to females
(P =0.01; Table 1). The QuadRx combination (Figure S5i) was associ-
ated with a significant delay in cognitive decline in both females and
males (P < 0.001), which was comparable for both sexes (P = 0.45;
Table 1).

3.5 | APOE genotype differences

Non-treated APOE ¢4 carriers exhibited accelerated cognitive decline
relative to non-carriers (P < 0.01; Figure 4A). Change in CDR-SB
revealed that untreated APOE 4 carriers exhibited a significantly
greater cognitive decline at both 5 and 10 years compared to untreated
non-carriers (P < 0.05; Figure 4B). In contrast, QuadRx combina-
tion at 5 and 10 years mitigated the impact of APOE ¢4 genotype,

such that APOE ¢4 carriers and non-carriers treated with QuadRx
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to control in ADNI data. E, Change in CDR-SB scores at 5 and 10 years in NACC participants by therapeutic group. F, Percent of slowing in cognitive
decline assessed by CDR-SB compared to control in NACC data. G, Change in CDR-SB scores at 1 and 2 years in ADNI participants by therapeutic
group. H, Percent of slowing in cognitive decline assessed by CDR-SB compared to control in ADNI data. ADNI, Alzheimer’s Disease Neuroimaging
Initiative; AHTN, antihypertensive drugs; CDR-SB, CDR® Dementia Staging Instrument Sum of Boxes; DBMD, diabetes medication; LIPL, lipid
lowering; MMSE, Mini-Mental State Examination; NACC, National Alzheimer’s Coordinating Center; NSD, non-steroidal anti-inflammatories.

exhibited a comparable and significant delay in cognitive decline
(P < 0.001), with APOE &4 carriers performing as well as non-carriers
(Figure 4C).

Participants treated with LIPL alone (Figure Séa in supporting
information), AHTN alone (Figure Séd), LIPL+AHTN (Figure Séb),
LIPL+NSD (Figure Séc), and HTN+NSD (Figure Sée) exhibited signifi-
cant APOE genotype differences (P < 0.05), where APOE ¢4 non-carriers
exhibited slower cognitive decline compared to APOE ¢4 carriers
(Table 2). Furthermore, APOE ¢4 carriers treated with LIPL alone
(Table 2, Figure Sé6a) did not exhibit substantial differences from non-

treated participants (P = 0.39). However, when these drugs were

combined with NSD or AHTN a significant delay of cognitive decline
in APOE &4 carriers was evident (P < 0.001).

4 | DISCUSSION

The impact of LIPL, DBMD, AHTN, and NSD medications targeting AD
risk factors on reducing the risk of developing AD is well documented
in observational studies.2#-21 In contrast, randomized clinical trials of
the same medications in AD patients who did not have the condition

for which the drug was developed (e.g., LIPL use in AD patients without
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FIGURE 3 Sexdifferences in CDR-SB score change. A, Change in CDR-SB by sex from baseline over a 10-year period for the quadruplet
combination of DBMD+NSD+LIPL+AHTN (QuadRx) and untreated NACC participants (NONE). B, Change in CDR-SB score by sex at 5 years for
untreated and QuadRx groups. C, Change in CDR-SB score by sex at 10 years for untreated and QuadRx groups. AHTN, antihypertensive drugs;
CDR-SB, CDR® Dementia Staging Instrument Sum of Boxes; DBMD, diabetes medication; LIPL, lipid lowering; NACC, National Alzheimer’s

Coordinating Center; NSD, non-steroidal anti-inflammatories.

TABLE 1 Sexdifferencesin CDR-SB scores at baseline, change in CDR-SB at 5 years, change in CDR-SB at 10 years, and slope of decline

between females and males (P value) by therapeutic group.

Change from baseline at 5 years

Change from baseline at 10 years

Baseline

Male

CDR-SB
Therapeutic group (95% Cl)
None 5.6(5.3-5.9)
None with conditions 5.5(5.1-5.8)
DBMD 6.8(5.2-8.5)
LIPL 5.0 (4.6-5.4)
AHTN 5.6(5.2-5.9)
NSD 5.0 (4.6-5.4)
DBMD+LIPL 5.9(3.9-8.0)
DBMD+AHTN 6.2(5.1-7.2)
DBMD+NSD 10.1(6.4-13.7)
LIPL+AHTN 4.8(4.6-5.1)
LIPL+NSD 4.8(4.4-5.2)
AHTN+NSD 5.0 (4.6-5.4)
DBMD+LIPL+AHTN 5.8(5.2-6.4)
DBMD+LIPL+NSD 4.7 (3.8-5.7)
DBMD+AHTN+NSD 6.0(4.7-7.3)
LIPL+AHTN+NSD 4.8(4.6-5.1)
DBMD+LIPL+ 4.6 (4.2-5.0)
AHTN+NSD

Female

CDR-SB
(95% Cl)

5.9(5.6-6.2)
6.0(5.7-6.3)
5.6(2.9-8.3)
5.6 (5.2-6.0)
6.2(5.9-6.5)
5.0 (4.6-5.4)
6.2 (4.8-7.6)
7.5(6.3-8.6)
3.3(2.4-4.3)
5.5(5.2-5.8)
4.4(4.0-4.8)
5.4(5.0-5.8)
6.6(5.9-7.3)
5.4(3.4-7.4)
5.6(3.8-7.4)
5.4(5.1-5.8)
5.1(4.5-5.7)

Male Female
CDR-SB CDR-SB
(95% Cl) (95% Cl)
5.9(5.6-6.3) 6.5(6.2-6.8)
6.3(5.9-6.7) 6.2 (5.9-6.5)
5.2(3.7-6.7) 6.8(5.3-8.3)
4.9(4.5-5.3) 6.3(5.9-6.7)
5.5(5.2-5.8) 5.5(5.2-5.8)
4.8(4.5-5.2) 5.9(5.5-6.2)
5.3(3.7-7.0) 5.2(3.9-6.5)
6.5(5.4-7.6) 6.1(5.2-7.0)
7.9(5.7-10.0) 6.6(3.4-9.7)
4.9 (4.6-5.2) 4.9 (4.6-5.2)
4.9 (4.6-5.3) 5.5(5.0-5.9)
4.5(4.2-4.8) 5.1(4.8-5.5)
5.1(4.5-5.8) 5.0 (4.4-5.5)
8.2(7.0-9.4) 3.9(2.8-5.1)
3.8(2.9-4.6) 6.3(5.5-7.1)
4.2 (4.0-4.5) 4.7 (4.5-5.0)
4.1(3.7-4.5) 4.5(4.0-5.0)

Male Female
CDR-SB CDR-SB
(95% Cl) (95% Cl)

11.5(10.7-12.2)
12.3(11.5-13.0)
10.0(7.0-13.0)
9.4(8.6-10.2)
10.5(9.9-11.2)
9.2 (8.5-10.0)
10.3(7.0-13.6)
12.7 (10.5-14.9)
15.4(11.1-19.7)
9.4(8.8-9.9)
9.4(8.7-10.2)
8.6(8.0-9.3)
9.9(8.5-11.2)
16.0(13.6-18.5)
7.1(5.4-8.8)
8.0(7.6-8.5)
7.8(7.0-8.6)

12.6(12.0-13.3)
12.0(11.3-12.7)
13.2(10.1-16.3)
12.2(11.4-13.1)
10.6(9.9-11.2)
11.3(10.6-12.0)
10.1(7.4-12.7)
11.8(9.9-13.6)
12.8(6.4-19.1)
9.4(8.8-10.0)
10.5(9.7-11.4)
9.8(9.2-10.5)
9.6(8.4-10.8)
7.5(5.2-9.8)
12.2(10.5-13.9)
9.0(8.4-9.6)
8.7(7.7-9.7)

Slope

p-value
0.02
>0.99
0.52
<0.001
0.92
<0.001
>0.99
0.99
0.72
0.96
0.24
0.01
>0.99
<0.001
<0.001
0.01
0.45

Abbreviations: AHTN, anti-hypertensive; CDR-SB, CDR® Dementia Staging Instrument Sum of Boxes; Cl, confidence interval; LIPL, lipid lowering; NSD, non-
steroidal anti-inflammatory.

dyslipidemia) failed to show clinical benefit.22-35 Herein, we addressed

the hypothesis that AD risk factor therapeutics, when prescribed to

AD patients for their intended purpose (e.g., LIPL use in AD patients

with dyslipidemia), could exert therapeutic benefits. We tested this

hypothesis by conducting longitudinal analyses to assess the associ-
ation between DBMD, LIPL, AHTN, and NSD use in real-world data
(NACC, ADNI) and cognitive decline in AD participants with prescribed

therapeutic interventions for their medical indication.
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medication; LIPL, lipid lowering; NACC, National Alzheimer’s Coordinating Center; NSD, non-steroidal anti-inflammatories.

TABLE 2 APOE genotype differences in CDR-SB scores at baseline, change in CDR-SB at 5 years, change in CDR-SB at 10 years, and slope of
decline between APOE ¢4 carriers and non-carriers (P value) by therapeutic group.

Therapeutic group
None

None with conditions
DBMD

LIPL

AHTN

NSD

DBMD+LIPL
DBMD+AHTN
DBMD+NSD
LIPL+AHTN
LIPL+NSD
AHTN+NSD
DBMD+LIPL+AHTN
DBMD-+LIPL+NSD
DBMD+AHTN+NSD
LIPL+AHTN+NSD

DBMD+LIPL+
AHTN+NSD

Baseline Change from baseline at 5 years Change from baseline at 10 years
APOE 4 APOE 4 APOE 4 APOE 4 APOE 4 APOE 4
non-carriers carriers non-carriers carriers non-carriers carriers
CDR-SB CDR-SB CDR-SB CDR-SB CDR-SB CDR-SB

(95% Cl) (95% ClI) (95% Cl) (95% Cl) (95% Cl) (95% Cl)
5.4(5.1-5.8) 5.8(5.4-6.1) 5.8(5.4-6.2) 6.6 (6.3-6.9) 11.2(10.4-12.0) 12.8(12.1-13.5)
5.4(5.1-5.8) 5.6 (5.3-6.0) 6.2 (5.8-6.6) 6.6(6.3-7.0) 12.0(11.2-12.8) 12.9(12.2-13.6)
5.1(3.9-6.4) 7.2(3.8-10.6) 6.4(4.9-8.0) 5.5(3.9-7.2) 12.5(9.4-15.6) 10.7 (7.4-14.0)
5.5(5.0-6.0) 5.1(4.8-5.5) 4.3(3.9-4.7) 6.3(5.9-6.7) 8.3(7.4-9.1) 12.3(11.4-13.1)
5.7 (5.4-6.0) 5.7 (5.4-6.1) 4.6 (4.3-4.9) 6.0(5.7-6.3) 8.8(8.2-9.5) 11.6(10.9-12.2)
4.6 (4.2-5.0) 5.0(4.7-5.4) 5.1(4.7-5.5) 5.4(5.0-5.7) 9.9(9.1-10.7)  10.4(9.7-11.1)
5.5(3.7-7.3) 5.9(4.7-7.1) 6.2(4.5-8.0) 5.0(3.6-6.4) 12.1(8.6-15.7) 9.6(6.7-12.5)
6.4(5.3-7.5) 7.0(5.5-8.5) 7.9 (6.8-8.9) 5.8 (4.8-6.9) 15.4(13.3-17.6) 11.3(9.2-134)
5.2(3.1-7.3) 6.3(-0.5-13.2)  87(6.2-11.2) 3.1(-0.6,6.8) 17.1(12.1-220) 5.8(-1.5-13.2)
4.9 (4.6-5.2) 5.1(4.9-5.4) 4.5(4.2-4.8) 5.1(4.8-5.3) 8.6(7.9-9.3) 9.7 (9.1-10.3)
4.4(3.9-4.9) 4.6 (4.2-5.0) 4.5(4.1-5.0) 5.5(5.1-5.9) 8.7 (7.8-9.6) 10.6(9.8-11.3)
5.1(4.7-5.5) 4.8(4.4-5.2) 4.5(4.1-4.8) 5.0 (4.7-5.3) 8.4(7.8-9.1) 9.4(8.8-10.1)
6.2(5.5-6.9) 5.4(4.8-6.1) 4.8(4.1-5.5) 5.3(4.6-6.0) 9.2(7.9-10.6) 10.2(8.8-11.6)
4.2(2.3-6.1) 4.7 (3.7-5.6) 5.1(3.9-6.3) 7.0(5.7-8.2) 9.8(74-122) 13.6(11.1-16.1)
5.5(4.0-7.0) 5.7 (4.0-7.4) 4.6(3.7-5.4) 6.1(5.2-7.0) 8.8(7.1-10.5)  11.8(10.0-13.7)
4.8(4.5-5.1) 4.9(4.7-5.2) 4.4(4.1-4.7) 4.4(4.1-4.6) 8.3(7.7-8.9) 8.2(7.8-8.7)
4.6 (4.0-5.1) 5.1(4.5-5.7) 3.8(3.3-4.3) 4.5(4.1-5.0) 7.2(6.2-8.2) 8.7(7.7-9.7)

Slope

p value
<0.001
0.27
0.91
<0.001
<0.001
0.57
0.69
0.04
0.07
0.04
<0.01

0.09
0.85
0.11
0.07
>0.99
0.12

Abbreviations: AHTN, anti-hypertensive; CDR-SB, CDR® Demential Staging Instrument Sum of Boxes; Cl, confidence interval; LIPL, lipid lowering; NSD, non-
steroidal anti-inflammatory.

NACC analyses revealed that 74% of AD participants were treated

with at least one therapeutic, consistent with the prevalence of risk

factors driving AD development.'-3 Furthermore, 61% of treated par-

ticipants received drug combinations, which is consistent with multiple

systems of biology associated with the risk of AD.

Outcomes of NACC analyses indicated that the impact of ther-

apeutics on delay in cognitive decline was evident in monotherapy,

di-therapies, tri-therapies, and was greatest in quadruplet therapies
(QuadRx). Monotherapy of LIPL, AHTN, or NSD was significantly cor-
related with delayed cognitive decline assessed by MMSE and CDR-SB
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(12% to 26%) compared to untreated participants at 10 years. Sur-
prisingly, participants treated for the greatest number of comorbidities
(QuadRx) exhibited greatest delay in cognitive decline (47% MMSE
and 33% CDR-SB at 10 years). Combinations of two or three drugs
were associated with a significant delay of cognitive decline, ranging
from 15% to 39%. These outcomes were confirmed in ADNI, in which
mono-, di-, or tri- combinations resulted in a significant 41% delay in
cognitive decline with the greatest delay evident for QuadRx-treated
participants (60% MMSE and 36% CDR-SB).

Notably, NACC and ADNI participants on combination therapies
had better cognitive performance at baseline but were older at the time
of enrollment. These findings are consistent with combination therapy
sustaining cognitive function in those at risk for AD and delaying age of
onset.14-21

The NONE with conditions group had the lowest mortality rate
(38.7% of participants died between follow-up visits vs. 61.3% over-
all). These participants reported a history of AD risk factors that were
not pharmacologically treated, possibly due to the mild nature of their
conditions, which could have been managed through lifestyle inter-
ventions. In contrast, NONE participants—who did not report any
conditions—had a higher mortality rate (59.6%). Differences in mortal-
ity rate did not impact the primary findings, as assessed in secondary
analyses excluding participants who died between follow-up visits.

Sex and APOE genotype both impacted the magnitude of cogni-
tive decline, which replicates previous findings that identified subsets
of responders based on sex and APOE genotype within unsuccessful
clinical trials of these therapies.3¢-38 APOE &4 carriers exhibited the
greatest cognitive benefit of QuadRx.

NACC strengths include longitudinal cognitive assessments by sex
and APOE genotype that extend to 10 years of follow-up with medi-
cal history and associated medications. Limitations of both NACC and
ADNI datasets include (1) self-reported medication use, (2) classifi-
cation of drugs into therapeutic groups which precludes the ability
to categorize medications based on mechanism of action within a
drug class, and (3) number of participants within different therapeu-
tic groups. While ADNI had fewer participants than NACC, they were
more deeply phenotyped for AD, older, and more cognitively impaired
but still confirmed NACC findings. One limitation is potential over-
lap of participants between NACC and ADNI datasets, which Health
Insurance Portability and Accountability Act regulations prohibit iden-
tifying. While overlap is possible, these datasets are independently
collected with different methodologies, clinical settings, and base-
line characteristics. ADNI participants were older and exhibited more
severe cognitive impairment at baseline compared to NACC partici-
pants. Furthermore, the frequency of APOE ¢4 carriers and medication
distribution was different between the two cohorts, supporting their
independence. Replication of findings across these datasets, despite
these differences, supports the robustness of observed associations.
Moreover, if substantial overlap influenced findings, disease trajec-
tories would converge, yet both datasets exhibited distinct cognitive
decline patterns, reinforcing the validity of ADNI as an independent

cohort.

Clinical Interventions

Although use of both MMSE and CDR-SB provides a compre-
hensive assessment of functional and cognitive domains, these tests
have several limitations such as limited data on psychometric proper-
ties, cultural and educational bias, or ceiling and floor effects, among
others.*14> Further studies should include validated AD blood-based
biomarkers and neuroimaging outcomes in addition to educational and
diversity measures in larger comprehensive datasets.

Clinical translation of QuadRx therapeutic benefit to slow cognitive
decline is limited to those who have the medical condition for which
the therapy was developed. This conclusion aligns with results from
multiple failed clinical trials involving persons who did not have the
underlying clinical condition for which the drug was intended.22-3>

Overall, findings reported herein indicate that targeting multiple
systems of biology driving development and progression of AD signif-
icantly delays cognitive decline in participants with AD risk factors.
The delay in cognitive decline in treated AD participants indicated
that mechanisms driving these AD risk factors not only increase the
risk of AD but exert an active role in its progression. While treating
these AD risk factors slows cognitive decline, these therapies either
alone or in combination do not halt or reverse cognitive decline, which
indicates AD-specific mechanisms that remain to be identified and
therapeutically targeted. Targeting one system with one medication
can slow cognitive decline, whereas targeting multiple systems that
contribute to AD with a combination of mechanism-specific therapies
can exert greater delay in progression. Rather than acting as a direct
disease-modifying intervention for AD, QuadRx represents a compre-
hensive strategy for managing multiple independent risk factors that
contribute to cognitive decline.

The magnitude of delay in CDR-SB decline of QuadRx (2 years:
NACC 29%/ADNI 36%) was comparable to, if not greater than,
approved amyloid antibodies lecanemab (18 months: 27%’) and adu-
canumab (78 weeks: 22%8). Notably, lecanemab and aducanumab
clinical trial participants were younger and had higher baseline cog-
nition compared to NACC and ADNI participants.”® Further, QuadRx
was equally effective in females and males whereas lecanemab was
not effective in females.” Given the heterogeneity of AD patients*®
and that a small fraction meet clinical criteria for amyloid-targeted
antibody treatment,*’ the need for alternative disease-modifying
strategies with well-established safety profiles in diverse populations
is highly relevant.

Delaying the rate of cognitive decline has clinical benefits for AD
patients and could extend a window of therapeutic opportunity for
the reversal of disease. Importantly, QuadRx was associated with a
significant slowing of cognitive decline over a 5-year period, result-
ing in a lower rate of progression from mild to moderate dementia.*?
Specifically, at the 5-year assessment point, participants treated with
QuadRx exhibited a 32% reduction in cognitive decline in CDR-SB
compared to untreated participants, which could extend the window
of independent living.*® Outcomes of precision combination thera-
pies based on sex and APOE genotype that effectively and safely slow
the rate of cognitive decline could alter the course of AD and burden

of care.
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No additional data were collected from participants without their

informed consent.
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SUPPORTING INFORMATION

Additional supporting information can be found online in the Support-

ing Information section at the end of this article.
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