1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
J Prev Alzheimers Dis. Author manuscript; available in PMC 2023 December 21.

-, HHS Public Access
«

Published in final edited form as:
J Prev Alzheimers Dis. 2023 ; 10(4): 886—894. doi:10.14283/jpad.2023.115.

Genotypic Effects of the TOMM40’523 Variant and APOE on
Longitudinal Cognitive Change over 4 Years: The TOMMORROW
Study

H. Zoul, S. Luo?, H. Liu34, M.W. Lutz®, D.A. Bennett®, B.L. Plassman’, K.A. Welsh-
Bohmer?:8
LDepartment of Biostatistics, University of North Carolina at Chapel Hill, USA

2Department of Biostatistics & Bioinformatics, Duke University, Durham, NC, USA
3-Duke Cancer Institute, Duke University Medical Center, Durham, NC, USA
4Department of Population Health Sciences, Duke University, Durham, NC, USA

5Division of Translational Brain Sciences, Department of Neurology, Duke University Medical
Center, Durham, NC, USA

6.Rush Alzheimer’s Disease Center, Rush University Medical Center, Chicago, IL, USA
"-Department of Psychiatry, Duke University, Durham, NC, USA
8-Duke Clinical Research Institute (DCRI), Durham, NC, USA

Abstract

BACKGROUND: The 523 poly-T length polymorphism (rs10524523) in TOMMA40 has been
reported to influence longitudinal cognitive test performance within APOE e3/3 carriers. The
results from prior studies are inconsistent. It is also unclear whether specific APOE and TOMMA40
genotypes contribute to heterogeneity in longitudinal cognitive performance during the preclinical
stages of AD.

OBJECTIVES: To determine the effects of these genes on longitudinal cognitive change

in early preclinical stages of AD, we used the clinical trial data from the recently

concluded TOMMORROW study to examine the effects of APOE and TOMMA40 genotypes on
neuropsychological test performance.

DESIGN: A phase 3, double-blind, placebo-controlled, randomized clinical trial.
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SETTING: Academic affiliated and private research clinics in Australia, Germany, Switzerland,
the UK, and the USA.

PARTICIPANTS: Cognitively normal older adults aged 65 to 83.
INTERVENTION: Pioglitazone tablet.

MEASUREMENTS: Participants from the TOMMORROW trial were stratified based on APOE
genotype (APOE £3/3, APOE €3/4, APOE 4/4). APOE €3/3 carriers were further stratified by
TOMMA40’523 genotype. The final analysis dataset consists of 1,330 APOE £3/3 carriers and
7,001 visits. Linear mixed models were used to compare the rates of decline in cognition across
APOE groups and the APOE £3/3 carriers with different TOMM40°523 genotypes.

RESULTS: APOE £3/4 and APOE e4/4 genotypes compared with the APOE e3/3 genotype
were associated with worse performance on measures of global cognition, episodic memory, and
expressive language. Further, over the four years of observation, the APOE £3/3 carriers with

the TOMMA40°523-S/S genotype showed better global cognition and accelerated rates of cognitive
decline on tests of global cognition, executive function, and attentional processing compared to
APOE &3/3 carriers with TOMM40°523-S/VL and VL/VL genotypes and compared to the APOE
e3/4 and APOE e4/4 carriers.

CONCLUSIONS: We suggest that both APOE and TOMM40 genotypes may independently
contribute to cognitive heterogeneity in the pre-MCI stages of AD. Controlling for this genetic
variability will be important in clinical trials designed to slow the rate of cognitive decline and/or
prevent symptom onset in preclinical AD.
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Introduction

Late onset Alzheimer’s disease (LOAD) is a complex neurodegenerative disease caused by
the interaction of multiple factors associated with aging (1, 2). About 70% of risk for LOAD
is estimated as due to genetic factors (1). Genetic susceptibility studies identified multiple
genes that contribute to the development of LOAD (3, 4). The apolipoprotein E (APOE)
gene on chromosome 19 has by far the largest effect size in relationship to AD risk. The
protein encoded by APOE is involved in lipid transport, binding to cell surface receptors

to mediate lipoprotein uptake. There are two non-synonymous APOE SNPs (rs429358 and
rs7412), which define the three most common APOE isoforms (i.e., €2, €3, and e4) (5).

Of them, APOE &4 has the strongest genetic risk for LOAD, conferring an earlier disease
onset, more rapid cognitive decline, and the accumulation of AB42 peptides, compared to
the most-common APOE &3 allele. The 2 allele is associated with a decreased risk of AD,
later onset, and slower cognitive decline (6-10). Importantly, carriage of an APOE &4 allele
does not necessarily lead to clinical AD expression. Rather, as a polygenic heterogeneous
disease, the risk of AD and the expression of clinical symptoms are influenced by a complex
interplay of different genes (11, 12) and modifiable risk factors.
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The TOMMA40 gene is located upstream of the APOE gene on chromosome 19. Previous
studies provided evidence for the roles of APOE-TOMMA40 haplotypes in AD risk,
hippocampal volume, and cognitive phenotypes (12-16). Roses et al. reported a poly-
thymine (poly-T) polymorphism at the rs10524523 (523 thereafter) locus and found that

a specific length of this polymorphism is associated with an earlier onset age of AD

among APOE &3 carriers (17). There are three categories of the ‘523 poly-T repeat length:
a “short” ‘523 allele (S) of <19 poly-T’s, a “long” allele (L) of 20-29 poly-T’s, and a

“very long” allele (VL) of = 30 poly-T’s. Genetic analysis revealed that the S and VL
alleles are tightly linked with the APOE &3 allele, whereas the L allele is linked with

APOE &4 allele in white populations of primarily European ancestry (18). Considering

this, haplotype analysis is often used to investigate the effects of ‘523 alleles in addition

to APOE genotype for phenotypes relevant for the study of LOAD. The TOMM40 S and
VL alleles differentially influence AD risk, cognitive test performance, and changes in
brain volumes (13, 14, 17, 19-23). The study of cognitively healthy populations at high
genetic risk for developing AD as was the design for the TOMMORROW trial, allows an
opportunity to further explore this and to determine the role of these genes in the expression
of the earliest stages of the clinical disease. There have been prior studies doing this and the
results are inconsistent. A longitudinal study by Yu et al. reported that among cognitively
normal older adults, the global cognition for participants with APOE e3/3 homozygotes and
TOMMA40 S/S homozygotes declined faster than participants with ‘523- S/VL or VL/VL
(21), while a cross-sectional study by Laczo et al. reported that TOMMA40 S/S homozygotes
with amnestic mild cognitive impairment showed better cognitive performance and larger
brain volumes (18). Watts et al. reported that among APOE &3 carriers, the TOMM40 523
S allele was associated with worse baseline cognitive performance but was not associated
with longitudinal cognitive changes (22). Bussies et al. showed that TOMM40-523” length
did not modify risk for late onset AD (LOAD) in APOE &4 haplotypes with European or
African local genetic ancestry, however, increasing length of TOMM40-523" was associated
with a significantly reduced risk for load in European ancestry APOE &3 haplotypes (20).

Study population

Our analysis dataset was from a phase 3, doubleblind, placebo-controlled, randomized
clinical trial (TOMMORROW) study (https://clinicaltrials.gov/ct2/show/NCT01931566).
The purpose of the TOMMORROW study was to qualify the biomarker risk algorithm

and to assess the safety and efficacy of pioglitazone to reduce the onset of MCI due to AD
in cognitively normal subjects. The detail of the TOMMORROW study can be found in

the literatures (24-26). Eligible participants were all clinically confirmed to be cognitively
healthy at study start (education adjusted MMSE>=25) and were genotyped for TOMM40
rs1054523 (TOMM40°523) and apolipoprotein E (APOE) to determine overall risk status
for developing symptomatic disease over the next five-year period. Randomized participants
completed a cognitive assessment battery comprised of neuropsychological tests commonly
administered in clinical practice. The measures were repeated every 6 months to detect
emerging symptoms of MCI over the four years of observations (details in the cognitive
assessments Section).
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For the current secondary analysis of the TOMMORROW data, we included participants
from both the low and high genetic risk groups in the trial. Consistent with the linkage
disequilibrium structure for the APOE-TOMMA4O0 region (14, 17, 21), analysis was restricted
to participants with the APOE e3/3 genotype with “S/S” or “S/VL” or “VL/VL” genotypes
in the TOMMA40°523 gene. The APOE «3/4 genotype included participants with “S/L”

or “VL/L” genotypes in the TOMM40°523 gene and the APOE e4/4 genotype included
participants with “L/L” genotype in the TOMMA40°523 gene. The full analysis dataset
consisted of 2,830 participants (1,330 APOE e3/3 carriers, 1,358 APOE e3/4 carriers, and
142 APOE e4/4 carriers) and 15,189 visits, with a mean follow-up length of 2.24 years and
SD of 1.09 years. The APOE and TOMM40°523 haplotypes were included as interaction
terms in the analysis (refer to Section Statistical analysis). The main analysis dataset consists
of 1,330 APOE £3/3 carriers and 7,001 visits, with a mean follow-up length of 2.19 years
and SD of 1.14 years.

Cognitive assessments

The neuropsychological test battery used in the TOMMORROW trial contained a total

of 12 cognitive endpoints that assessed five principle cognitive domains affected in

the early clinical expression of Alzheimer’s disease. The TOMMORROW trial utilized
these measures to inform clinical judgement. The prespecified cognitive domains and the
measures included in each were as follows. Episodic memory was comprised of short &
long delay recall from the California Verbal Learning Test-11 [CVLT-11] and the delayed
recall measure from the Brief Visuospatial Memory Test -Revised [BVMT-R]; executive
function included the scores from the Trail Making Test Part B and the WAIS-R Digit Span
backwards span; expressive language included two measures of fluency (lexical fluency,
“animal” fluency test) and a measure of visual naming, Multilingual Naming Test [MiNT];
attentional processing included performance on the Trail Making Test- Part A and on
WAIS-R Digit Span forward span; and visuospatial function included the Clock drawing test
and constructional copy of BVMT-R figures.

Because the various cognitive scales have a differing range of values, the total raw score
for each test was converted to a common metric (z scores) based on the mean and standard
deviation for that test measure within the baseline trial population. Z score is a standard
metric that reflects the deviation of the score in SD units from the population mean such
that a z-score = 1.0 indicates that the obtained score is one SD from the population mean,
and vice versa for a z-score = —1.0. The Trail Making Test scores are directionally scaled
such that high scores reflect poorer performance (longer time to complete the task); whereas,
all the other cognitive measures in the battery are scaled in the opposite manner such that
high scores reflect better performance. To correct for this difference in scaling across the
cognitive endpoints, the Trail Making z scores were multiplied by —1. By doing so, all
high scores across the test endpoints are scaled in a consistent manner, with high z scores
reflecting better performance than low z scores.

Statistical analysis

Factor analysis—To validate the previous findings (21), we performed an exploratory
factor analysis (EFA) to verify the fit of the 12 cognitive tests into the five pre-specified
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cognitive domains: episodic memory, executive function, expressive language, attentional
processing, and visuospatial function. We included 1,330 participants with APOE 3/3
genotype and used their baseline standardized cognitive scores as the outcome. We used five
factors in the factor analysis. Factor loading matrix and the proportion of variance accounted
were computed in Table S1 in the Supplemental Material.

Table S1 suggests that for 12 cognitive tests, Factor 1 (episodic memory) consists of
CVLT-II short & long delay recall and BVMT delayed recall tests. Factor 2 (executive
function & attentional processing) consists of Trail Making Test Part B and Part A. Factor

3 (executive function & attentional processing) consists of WAIS-I11 Digit Span Test —
backward span, Lexical/phonemic fluency, WAIS-I1I Digit Span Test — forward span. Factor
4 (visuospatial function) consists of BVMT delayed recall, Multilingual Naming Test
(MiNT), Clock-drawing test, and Copy of BVMT figures. Factor 5 (expressive language)
consists of Multilingual Naming Test (MiNT), Sematic fluency (animals), Lexical/phonemic
fluency, Trail Making Test (Part A). Most results agreed with the split of 12 cognitive tests
along conceptual domains used in the trial and described in the Methods Section. BVMT-R
delayed recall loaded on both a memory and visuospatial factor; digit span tests (forward
and backward) loaded together on the executive function and attentional processing; and
lexical/phonemic fluency loaded on this same factor and on a factor with language measures.
Given the rather close correspondence between the empirical and conceptual domains, we
use the conceptual domains described in the Cognitive assessments section.

Linear mixed model analysis—L.inear mixed models (LMM) were fit to test the
hypothesis that the number of APOE 4 alleles influenced cognitive decline. We used
longitudinal global cognition as the primary response variable. In secondary analyses, we
repeated the model for each of the 5 cognitive domains separately. In each of the LMM,
we used as the reference group APOE &3/3 and included the following covariates as main
effects: time in years since the baseline, age, sex, education, APOE e3/4, APOE e4/4, and
two interaction terms of these genotypes with time, in addition to random effects (random
intercepts and random slopes).

Among APOE &3/3 carriers, we fit LMM to test the hypothesis that the rate of linear decline
in cognition differs by TOMMA40’523 genotype. In each of the LMM, we included the
following covariates as main effects: time in years since the baseline, age, sex, education,
TOMM40°523 S/S (presence of this genotype), and the interaction term of TOMM40’523
S/S and time (assuming recessive model so that we combined “S/VL” and “VL/VL”
genotypes and used these as the reference group), in addition to random effects (random
intercepts and random slopes).

To investigate the effect of various haplotypes of APOE and TOMM40°523 on cognitive
decline, we fit six linear mixed models (LMM) with the response variable being the
longitudinal global cognition and each of the 5 cognitive domains. We considered

two haplotypes of APOE and TOMM40°523 (TOMM40°523 S/S and APOE £3/3,
TOMMA40°523 S/VL or VL/VL and APOE £3/3) and two APOE genotypes: APOE &3/4,
and APOE e4/4. We used as the reference group the haplotype of TOMM40°523 S/VVL
or VL/VL and APOE &3/3. In each of the LMM model, we included the following
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covariates as main effects: time in years since the baseline, age, sex, education, haplotype
of TOMM40°523 S/S and APOE «3/3, genotypes of APOE £3/4 and APOE e4/4, and three
interaction terms of these haplotype and genotypes with time, in addition to random effects
(random intercepts and random slopes).

The baseline characteristics of the final analysis dataset (2,830 participants with APOE
e3/3, e3/4, and £4/4 genotypes) and the main analysis dataset (1,330 APOE &3/3 carriers)
are displayed in Table 1. For all full analysis dataset of 2,830 participants, APOE £3/3
carriers were 4.8 years older and had worse baseline cognitive scores in the global and

the five cognitive domains as compared to APOE £3/4 carriers and APOE e4/4 carriers.
These differences were likely a consequence of the biomarker risk algorithm used to select
trial participants for the high risk group. The highest risk APOE 3/3 participants would
be selected at older ages to map to the high risk group. Among 1,330 APOE £3/3 carriers,
participants with TOMMA40’523 S/S genotypes were older as compared to TOMM40°523
VL/VL carriers, and they had a better baseline cognitive scores in global and five cognitive
domains as compared to TOMM40°523 S/VL carriers. The Locally Weighted Scatterplot
Smoothing (LOWESS) curves of the main analysis dataset (1,330 APOE &3/3 carriers,
Figure 1) show an improving trend of the global cognition before 2 years and a deterioration
pattern after 2 years for TOMM40°523 S/S carriers and S/VL carriers. For TOMM40°523
VL/VL carriers, they continued to show an improving trend of the global cognition after 2
years.

Effect of number of APOE 4 alleles on cognitive decline

Table 2 displays the summary statistics of six linear mixed models for 2,830 participants
with APOE €3/3, £3/4, or £4/4 genotypes. As it shown, both APOE £3/4 and APOE e4/4
genotype were associated with worse cognitive scores in episodic memory and executive
function domains compared with APOE £3/3 carriers. The APOE e4/4 genotype was also
associated with worse global cognition compared with APOE «3/3 carriers. Older ages and
fewer education years were associated with significantly worse global cognition and five
individual cognitive domains (episodic memory, executive function, expressive language,
attentional processing, and visuospatial function). Male sex was associated with worse
global cognition, episodic memory, and visuospatial function.

Figure S1 displays the spaghetti plot of global cognition from randomly selected 50
participants with APOE €3/3, £3/4, or £4/4 genotypes and the predicted mean trajectory
estimated from the linear mixed model. Figure S1 suggests that participants with APOE e4/4
genotype (green color) had a worse baseline global cognition as compared with participants
with APOE £3/3 or APOE &3/4 genotypes (blue color and red color, respectively).

TOMMA40’523 variant and cognitive decline in older persons with APOE 3/3 genotype

Table 3 displays the summary statistics of six linear mixed models for 1,330 APOE 3/3
carriers. Table 3 suggests that among APOE e3/3 carriers, TOMM40°523-S/S genotype was
associated with better global cognition and episodic memory, and faster deterioration rate
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in global cognition, executive function, and attentional processing domains as compared
with TOMM40’523-S/VL and VL/VL genotypes. Older age and fewer education years were
associated with worse global cognition and five cognitive domains. Figure S2 displays the
spaghetti plot of global cognition from randomly selected 50 participants with APOE £3/3
genotype and the predicted mean trajectory estimated from the linear mixed model. Figure
S2 suggests that TOMM40°523 S/S carriers (grey color) had a slower/worse progression rate
as compared with TOMM40°523 carriers (blue color).

Effect of various haplotypes of APOE and TOMM40’523 on cognitive decline

Table 4 displays the summary statistics of six linear mixed models for haplotypes of APOE
and TOMMA40°523. Table 4 suggests that haplotype of TOMM40’523 S/S & APOE £3/3
was associated with better global cognition and episodic memory and faster deterioration
rate in global cognition, executive function, and attentional processing domains as compared
with other haplotypes. Haplotype of TOMM40°523 L/L and APOE e4/4 was associated
with worse global cognition, episodic memory, and executive function scores. Older age
and fewer education years were associated with worse global cognition and five cognitive
domains.

Discussion

The association between TOMM40°523 variant and cognitive performance is inconclusive.
Bakeberg et al. found that the short ’523 allele was associated with more severe cognitive
decline; while Watts et al. reported that ‘523 short alleles in APOE £3 homozygotes was
only associated with lower baseline cognitive performance and not with the longitudinal
cognitive changes (22, 27). These inconsistencies might be potentially due to population
heterogeneity. A prior study by Chiba-Falek et al. examined published studies APOE-
independent association of the TOMM40°523 with numerous LOAD-related phenotypes by
including APOE genotypes as a covariate in the statistical models or by designing the study
to include only individuals with the same APOE genotypes (e.g., analyzing the association
in the APOE 33/33 stratum) (28). The study concluded that the identity of the TOMMA40
poly-T risk allele depended on the phenotype being evaluated, the ages of the study subjects
at the time of assessment, and the context of the APOE genotypes (29).

Our findings are broadly consistent with the previous report that the TOMM40°523-S/S
genotype in APOE e3/3 carriers was associated with accelerated rates of cognitive decline
when compared to APOE e3/3 carriers with TOMM40°523-S/VL and VL/VL genotypes
(21), although the domains mostly impacted differed in that report to the present study
and included episodic memory and expressive language. Methodological differences across
the studies in terms of the length of overall observation in the cohorts (up to 4 years in
TOMMORROW vs 20+ years in ROS-MAP dataset) and the frequency of measurement
(every 6 months in TOMMORROW trial vs annual observations in ROS-MAP) as well as
other sample differences (clinical trial cohort vs community cohorts) and age differences
with ROS-MAP much older may explain the differences in the cognitive domains mostly
affected across the genotypic groups (21, 25).
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The biological mechanism underlying the association of TOMMA40°523 S allele and
cognitive decline is still unclear. Prior evidence suggests that the “523 variant may act

as protective against the effect of APOE e4 on the level of cerebrospinal fluid neurofilament
light proteins and is associated with lower white matter integrity (30, 31). Zeitlow et al.
reported that the very long allele in poly-T results in higher expression than the short

allele in poly-T in luciferase expression systems, and Tom40 over-expression can enhance
mitochondrial efficiency and protect cells against beta-amyloid-induced cellular damage
(32). Chemical crosslinking demonstrated that the APP preprotein interacts with the Tom40,
Tim44 and Tim23 and arrests in the import channels, resulting in reduced respiration and
reduced membrane potential (33). The accumulation of APP across the import channels may
also contribute to AD pathology by inhibiting mitochondrial import and increasing hydrogen
peroxide production (34). Several studies have pointed to a role for the TOMM40°523 allele
in gene regulation and expression of both TOMMA40 and APOE (29, 35-37).

The study population on average are older and more educated than the general population.
Our findings need to be replicated in other studies before applying to the general
population. Additionally, the current study is restricted to white populations of primarily
European ancestry. Nuytemans et al. showed that there was differential regulatory control
of APOE -e4 on African versus European haplotypes, including identification of genomic
regions in introns 2-3 of TOMMA40 that are strong candidates as factors contributing to
differential APOE expression (38). Considering different APOE-TOMM40°523 linkage
patterns between individuals with different genetic ancestry, it will be helpful to reveal

the independent role of the TOMMA40’523 variant in diverse populations studied over several
years to assess cognitive change in the future. The TOMMORROW study did not evaluate
amyloid evaluation in preclinical AD patients, which is an important factor that may

affect the rate of cognitive decline among different genotype groups. For example, APOE
genotype is related to steeper decline in memory and language functioning in individuals
with abnormal amyloid-g (39). Hence, future studies that incorporate amyloid evaluation in
preclinical AD patients from diverse populations are needed to better understand the role of
amyloid burden and genetic factors in predicting cognitive decline and developing targeted
interventions for AD.

In this study, we applied linear mixed models (LMM) to assess the effect of APOE

4 alleles on cognitive decline, the association of TOMM40°523 variant on cognitive
decline among APOE £3/3 carriers, and the effect of various haplotypes of APOE and
TOMMA407523 on cognitive decline. For participants with APOE e4/4 genotypes, we found
they had worse cognitive scores in global cognition, episodic memory, and executive
function domains when compared to APOE ¢3/3 carriers. The APOE &3/3 and 523 S/S
haplotype was associated with better global cognition and slower/worse progression rate
in global cognition, executive function, and attentional processing domains as compared
to APOE £3/3 genotype with TOMM40°523-S/VL and VL/VL genotypes and compared
to the APOE e3/4 and APOE e4/4 genotypes. Older age and fewer years of education
were associated with significantly worse global cognition and performance across the five
individual cognitive domains (episodic memory, executive function, expressive language,
attentional processing, and visuospatial function). Controlling for the genetic variability
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introduced by the APOE-TOMMA40 haplotype will be important in clinical trials designed to
slow the rate of cognitive decline and/or prevent symptom onset in preclinical AD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

LOWESS curves of cognitive progression for different TOMM40°523 genotypes among
APOE €3/3 carriers

A: global cognition; B: episodic memory; C: working memory; D: semantic memory; E:
perceptual speed; F: visuospatial ability.
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Summary statistics of six linear mixed models in older persons

Table 2.

Cognitive domains

Global cognition

Episodic memory

Executive function

Expressive language

Attentional processing

Visuospatial function

J Prev Alzheimers Dis. Author manuscript; available in PMC 2023 December 21.

Predictors
Age

Male
Education
APOE e3/4
APOE e4/4

APOE e3/4 *Time

APOE e4/4 *Time
Age

Male

Education

APOE e3/4

APOE e4/4

APOE e3/4 *Time

APOE e4/4 *Time
Age

Male

Education

APOE e3/4

APOE e4/4

APOE e3/4 “Time
APOE e4/4 *Time
Age

Male

Education

APOE e3/4

APOE e4/4

APOE e3/4 *Time

APOE e4/4 “Time
Age

Male

Education

APOE e3/4

APOE e4/4

APOE e3/4 *Time

APOE e4/4 *Time
Age
Male

Estimates (SE, p-value)
-0.035 (0.002, <0.001)
-0.114 (0.018, <0.001)
0.043 (0.003, <0.001)
-0.024 (0.021, 0.245)
-0.115 (0.044, 0.009)
0.007 (0.005, 0.122)

0.008 (0.011, 0.436)

~0.048 (0.003, <0.001)
~0.405 (0.028, <0.001)
0.043 (0.005, <0.001)
~0.074 (0.031, 0.018)
~0.209 (0.067, 0.002)
0.000 (0.009, 0.997)

-0.012 (0.021, 0.556)

-0.038 (0.003, <0.001)
-0.030 (0.027, 0.264)
0.058 (0.004, <0.001)
-0.068 (0.031, 0.030)
-0.199 (0.067, 0.003)
0.022 (0.009, 0.012)

0.023 (0.020, 0.248)

-0.031 (0.003, <0.001)
-0.010 (0.025, 0.694)
0.053 (0.004, <0.001)
0.039 (0.029, 0.184)
-0.023 (0.062, 0.712)
0.011 (0.007, 0.111)

0.001 (0.016, 0.929)

-0.033 (0.002, <0.001)
0.026 (0.023, 0.259)
0.035 (0.004, <0.001)
-0.038 (0.028, 0.165)
~0.092 (0.059, 0.120)
0.019 (0.008, 0.025)

-0.010 (0.019, 0.581)

-0.020 (0.002, <0.001)
-0.073 (0.020, <0.001)
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Cognitive domains Predictors
Education
APOE e3/4
APOE e4/4
APOE e3/4 *Time

APOE e4/4 *Time

Estimates (SE, p-value)
0.015 (0.003, <0.001)
-0.017 (0.028, 0.550)
-0.043 (0.060, 0.474)
-0.008 (0.010, 0.424)

0.022 (0.023, 0.329)

*
Linear mixed models assessed the association between APOE 4 alleles and cognitive decline. Bold numbers are significant effects.
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Summary statistics of six linear mixed models for older persons with APOE 3/3 genotype

Table 3.

Cognitive Domains

Global cognition

Episodic memory

Executive function

Expressive language

Attentional processing

Visuospatial function

Predictors
Age

Male
Education

TOMMA40 S/S

TOMM40 S/S *Time
Age

Male

Education

TOMMA40 S/S

TOMM40 S/S *Time
Age

Male

Education

TOMMA40 S/S

TOMM40 S/S *Time
Age

Male

Education

TOMMA0 S/S

TOMM40 S/S *Time
Age

Male

Education
TOMMA40 S/S
TOMM40 S/S *Time
Age

Male

Education

TOMMA40 S/S

TOMMA40 S/S *Time

Estimates (SE, p-value)
-0.031 (0.003, <0.001)
-0.087 (0.027, 0.001)
0.040 (0.004, <0.001)
0.068 (0.029, 0.018)
-0.021 (0.008, 0.006)

~0.036 (0.005, <0.001)
-0.414 (0.040, <0.001)
0.042 (0.007, <0.001)
0.086 (0.044, 0.049)
~0.010 (0.014, 0.490)

~0.036 (0.004, <0.001)
-0.022 (0.039, 0.585)
0.059 (0.006, <0.001)
0.082 (0.043, 0.058)
-0.038 (0.014, 0.006)

-0.029 (0.004, <0.001)
0.021 (0.037, 0.571)
0.046 (0.006, <0.001)
0.040 (0.041, 0.326)
-0.01 (0.011, 0.331)

-0.029 (0.004, <0.001)
0.054 (0.034, 0.110)
0.035 (0.006, <0.001)
0.054 (0.039, 0.165)
-0.034 (0.013, 0.011)

-0.023 (0.003, <0.001)
-0.025 (0.030, 0.395)
0.010 (0.005, 0.032)
0.077 (0.040, 0.053)
-0.017 (0.015, 0.270)

*
Linear mixed models assessed the association between TOMM40°523 variant and cognitive decline. Bold numbers are significant effects.

J Prev Alzheimers Dis. Author manuscript; available in PMC 2023 December 21.

Page 17



Page 18

Zou et al.

Author Manuscript

(2850 '020°0) TT0°0
(562°0 ‘0T0°0) 0TO'0
(¥00°0 '¥70°0) 6£0°0~
(070°0 '890°0) ¥2T°0-
(S02°0 '¥€0°0) EV0°0-
(¥50°0 '€¥0°0) ¥80°0
(T00°0> '¥00°0) 850°0
(£92°0 220°0) 0€0°0-

(T00°0> ‘€00°0) 8£0°0-

(SL¥°0'T20°0) STO0-
(0220 '010°0) £00°0-
(667°0 ‘¥T0°0) 0TO'0-
(8000 '890°0) 28T°0-
(9ST°0 '¥£0°0) 870°0-

(zv0°0 'v¥0°0) 680°0
(T00°0> ‘500°0) €700

(T00°0> '820°0) ¥0%'0-
(T00°0> ‘€00°0) 870°0-

(zv8'0'110°0) 200°0
(z€8°0 '500°0) T00°0
(5000 200°0) T20°0-
(5€0°0 'S¥0°0) ¥60°0-
(088°0 '220°0) €000~
(9700 '620°0) 690°0
(T00°0> '€00°0) €V0°0

(T00°0> ‘8T0°0) ETT'0-
(T00°0> ‘200°0) 5€0°0-
(enren-d ‘35) serewis3

swil  v/vd 304V @ /1 OvINNOL
SWIL /€9 30dV @ /TN 10 71/S OvINNOL
SWIL  €/€9 30dV ® S/S OVNINOL

¥/¥8 304V ® /1 0vININOL

¥/€8 30dV ® 1/ 10 71/S OVININOL

€/€3 30dV ¥ S/S OVININOL

uolyeanpg

alen

by

WL ¥/v® 30dV @ 71/ 0VNINOL

SWIL /€3 30dV ® /TN 10 71/S OVININOL
SWIL  €/€9 30dV ¥ S/S OVNINOL

¥/¥3 304V @ 71/ 0VINWOL

¥/€8 30dV ® /1A 10 71/S OVININOL

€/€3 30dV ® S/S OVININOL

uoleanp3

alen

by

Wil v/¥® 304V @ 1/1 OvINNOL

swll /€9 30dV B /1A 40 71/S OVININOL
SwIL  €/€3 30dV ¥ S/S OVNINOL

¥/¥® 304V & /71 0vININOL

¥/€8 30dV ® /1A 10 71/S OVININOL
€/€9 30dV @ S/S OVININOL
uoneosnp3

BTN

aby

slopipa.d

uo1UNY BAINIBXT

Aiowsw 21posid3

uonubod [eqo|9

surewop aAuboD

£2S.0VINIWOL pue 30dV Jo sadAiojdey J0) Sjopowl paxiw Jeaul| XIS JO sa1sels Arewiwing

‘v alqeL

Author Manuscript

Author Manuscript

Author Manuscript

J Prev Alzheimers Dis. Author manuscript; available in PMC 2023 December 21.



Page 19

Zou et al.

'$109)49 JUBDIIUBIS 818 slaquinu pjog
*

(99%°0 '€20°0) L10°0
(622°0'110°0) £T0°0-
(£52°0 'sT0°0) LT0°0-
(6€2°0 '290°0) 0200~

(T€8°0 ‘0£0°0) 900°0

(2500 ‘0v0°0) LL0°0
(T00°0> '€00°0) G100

(T00°0> ‘020°0) £20°0-
(T00°0> ‘200°0) 0200~
(6£2°0 '6T0°0) T20°0-

(z.€'0 '600°0) 800°0
(800°0 '€10°0) ¥£0'0-
(602°0 ‘090°0) 9200~
(z9v°0 '0£0°0) 2200

(6ST°0 '6€0°0) ¥50°0
(T00°0> '¥00°0) G€0°0

(1920 ‘€200) 920°0

(T00°0> '200°0) £€0°0-
(0860 '9T0°0) T00°0-

(€820 '800°0) 8000
(28€°0 '1T0°0) 600°0-
(€580 ‘¥90°0) 2100~

(zT1°0 '1€0°0) 050°0

(8v€'0 '170°0) 8€0°0
(T00°0> ‘#00°0) €500
(0020 '520°0) 0T0'0-

(T00°0> ‘€00°0) 2€0°0-
(enea-d ‘35) serewinnsg

SWIL /79 30dV @ /7 0VNINOL
Wil /€9 30dV ® /1A 40 71/S OVININOL
sWIl  €/€9 30dV ® S/S OVNINOL

¥/¥8 304V ® /71 0vININOL

¥/€3 30dV ® /1A 10 71/S OV ININOL

€/€3 30dV ¥ S/S OVININOL

uolyeanpg

aleN

by

SWIL /73 30dV @ /1 0OVNINOL

SWIL /€9 30dV @ /TN 10 71/S OVINNOL
awll , €/€3 30dV ¥ S/S OFNINOL

¥/¥8 30dV ® /71 0vININOL

¥/€9 304V @ T1/1A 10 71/S OVININOL

€/€3 30dV ¥ S/S OVININOL

uolyeanpg

aleN

aby

swll  ¥/¥9 304V @ /1 0OVININOL

SWIL /€9 30dV @ /A 10 71/S OVINNOL
SwIL  €/€9 30dV ¥ S/S OVNINOL

¥/¥8 30dV ® /1 0VNINOL

¥/€3 30dV ® 1/ 10 71/S OVININOL
€/€3 30dV ¥ S/S OVININOL
uolesnp3

aeN

by

SJI01IpaId

uonouny [enedsonsin

Buissasoud jeuonuany

abenbue| anissaldx3

surewop aAlIuBoD

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

J Prev Alzheimers Dis. Author manuscript; available in PMC 2023 December 21.



	Abstract
	Introduction
	Methods
	Study population
	Cognitive assessments
	Statistical analysis
	Factor analysis
	Linear mixed model analysis


	Results
	Effect of number of APOE 4 alleles on cognitive decline
	TOMM40’523 variant and cognitive decline in older persons with APOE 3/3 genotype
	Effect of various haplotypes of APOE and TOMM40’523 on cognitive decline

	Discussion
	References
	Figure 1.
	Table 1.
	Table 2.
	Table 3.
	Table 4.

