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Although the association of ABCA7 risk variants with Alzheimer’s disease (AD) has
been established worldwide, its effect size on the relative odds of being diagnosed
with AD is significantly higher in African Americans. Across ethnicities, two common
ABCA7 loci (rs115550680 and rs3764650) have been confirmed to increase the risk of
AD. While ABCA7 rs115550680 has been linked to the development of late-onset AD in
African Americans, no association between ABCA7 variant rs3764650 and AD has been
found in this population. In order to elucidate the influence of ABCA7 rs3764650 on
AD risk in African Americans, we sought to investigate the relationship between
this variant, aerobic fitness, and cognition. The present study tested the hypothesis
that in African Americans, ABCA7 rs3764650 confers an indirect risk for AD via
its interaction with aerobic fitness, a modifiable lifestyle factor known to attenuate
AD-related neuropathology. In a case-control sample of 100 healthy African Americans,
we observed that ABCA7 rs3764650 genotype modulates the association between
aerobic fitness and a cognitive assessment of generalization following rule learning.
For carriers of the non-risk genotype, higher levels of aerobic fitness were significantly
associated with fewer generalization errors, while carriers of the risk genotype did
not show any relationship between aerobic fitness and generalization. Our findings
imply that ABCA7 rs3764650 risk genotype may diminish the neuroprotective effects
of aerobic fitness, and, they suggest differing risk patterns between cognitive decline
and fitness by ABCA7 genotype. Thus, in African Americans the interactive effects of
ABCA7 rs3764650 and aerobic fitness likely compound overall ABCA7-related AD risk,
and may contribute to health disparities whereby African Americans are at a higher risk
for dementia, with double the prevalence of AD.

Keywords: ABCA7, African American, Alzheimer’s disease, aerobic fitness (VO2 max), cognitive decline

INTRODUCTION

African Americans are at a heightened risk for age-related cognitive decline and memory loss, with
twice the prevalence of Alzheimer’s disease (AD) compared to Caucasian Americans (Tang et al.,
2001; Barnes and Bennett, 2014; Alzheimer’s Association, 2018). The underlying causes of this
health disparity are not sufficiently understood. Previous research has found that APOE ε4 genotype
is associated with 2–3 times the risk of AD in heterozygotes and 12 times the risk in homozygotes
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(Michaelson, 2014). Outside of APOE ε4, ABCA7 is one of the
strongest genetic predictors of AD in African Americans (Reitz
et al., 2013). Additionally, modifiable lifestyle factors such as
diet, exercise and aerobic fitness, contribute to AD risk. Aerobic
fitness is associated with decreased cognitive decline and reduced
risk of AD (Colcombe and Kramer, 2003; Kramer et al., 2005,
2006). Specifically in the medial temporal lobe (MTL), one of
the earliest brain regions impacted by the disease process, the
hippocampus is a major site of neuroplasticity that is sensitive
to the effects of physical activity (Cotman et al., 2007). Increased
aerobic training has been found to increase hippocampal volume
and cerebral blood flow (Burdette et al., 2010; Erickson et al.,
2011), suggesting that aerobic fitness may have neuroprotective
effects on hippocampal structure and function. Recent work also
indicates that increased levels of aerobic fitness can diminish
the negative effects of risk genes involved in lipid metabolism;
the combined adverse influence of polygenic risk derived
from APOE ε4, CLU, and ABCA7, on AD biomarkers, was
lessened in those with higher levels of cardiovascular fitness
(Schultz et al., 2017).

As noted above, ABCA7 is one of the strongest genetic
risk factors of AD in African Americans (Reitz et al., 2013).
ABCA7 is a member of the superfamily of ATP-binding cassette
(ABC) transporters which function to regulate the homeostasis of
phospholipids and cholesterol in the central nervous system and
peripheral tissues. It is expressed in a variety of tissues/organs,
including the brain, as well as, blood cells. Accumulating
evidence through genetic studies suggests that the contribution
of ABCA7 to AD risk is mediated by the dysfunction of
ABCA7 expression (Aikawa et al., 2018), such that, increased
ABCA7 expression levels have been associated with more
severe cognitive deficits in AD subjects (Karch et al., 2012). In
particular, the ABCA7 single nucleotide polymorphism (SNP)
rs3764650 has been implicated in influencing ABCA7 expression
levels in the brain (Vasquez et al., 2013), and corresponds to
∼10%–20% increased risk of AD in Caucasians (Hollingworth
et al., 2011; Naj et al., 2011). This ABCA7 variant is associated
with a later age of onset and shorter disease process (Karch et al.,
2012; Zhao et al., 2015), exacerbating cognitive decline in subjects
diagnosed with mild cognitive impairment or AD (Carrasquillo
et al., 2015).

An association between ABCA7 SNP rs3764650 and AD
has not been found in GWAS (genome-wide association
studies) in African American cohorts. Another variant,
ABCA7 rs115550680, has been linked to the development
of late-onset AD in African Americans (Reitz et al., 2013).
We have previously demonstrated that in non-demented
African American elderly, rs115550680 corresponds to
impairments in MTL network function commensurate with
hippocampus-related cognitive deficits (Sinha et al., 2018).
Despite ABCA7 rs3764650 not being directly implicated in AD
in African Americans, we hypothesized that it may yield an
indirect risk through its interaction with other risk factors, which
in turn, could account for the higher incidence rate of dementia
and AD in this population.

Studies examining the interaction between APOE ε4 and
physical fitness have revealed a moderating effect of AD genetic

risk on the association between physical activity and cognitive
function (Schuit et al., 2001; Podewils et al., 2005; Smith
et al., 2011). Furthermore, considering the recent finding that
aerobic fitness attenuates the adverse influence of AD-related
polygenic vulnerability derived from genes implicated in lipid
homeostasis, including ABCA7 (Schultz et al., 2017), we sought
to investigate if ABCA7 rs3764650 confers AD risk in African
Americans by moderating the neuro protective effects of
aerobic fitness.

The risk allele for rs3764650 (G) is related to increased
hippocampal atrophy (Ramirez et al., 2016), whereas aerobic
fitness is linked to increased neurogenesis in the hippocampus
(Van Praag et al., 2005; Van Praag, 2008). We measured
hippocampus-related cognitive function through performance
on the concurrent discrimination and generalization task
(Myers et al., 2002). During this two-phased task, participants
learn a series of visual discriminations and then have their
generalization abilities tested after the stimulus information
changes. This task selectively engages the hippocampus (Johnson
et al., 2008), and, unlike other standard cognitive tests,
performance can differentiate hippocampal-atrophied from
non-atrophied individuals (Myers et al., 2002, 2008). Using
this task, the present study investigated the relationship
between ABCA7 rs3764650 genotype and aerobic fitness,
and their combined influence on hippocampal function and
potential AD risk, in a group of healthy older African
Americans who were either carriers of the non-risk (TT) or
high-risk (GG) genotypes.

MATERIALS AND METHODS

Participants
Participants in this study were recruited through longstanding
partnerships with local churches; senior centers; city, county,
and state offices for health and aging; as well as from
outreach to public housing and other federally-subsidized
low-income housing sites. For additional details on our
community engagement, outreach, and recruitment strategies,
see www.brainhealth.rutgers.edu as well as Gluck et al. (2018).

One-hundred individuals participated in our present study
with a case-control matched design. Fifty individuals were
homozygous for the ABCA7 rs3764650 non-risk ‘‘T’’ allele. We
then matched these non-risk individuals with participants who
were homozygous for the risk ‘‘G’’ allele, based on age and
years of education. Overall, the current study included 20 males
(14 in the non-risk TT group and six in the risk GG group)
and 80 females, aged 55–86 years, with an average age of
67 years (Table 1).

Those who identified as African American and were at
least 55 years old were eligible for participation. However,
certain medical diagnoses, medications, and lifestyle factors
can impact cognitive function to a level that may confound
study results; therefore, to limit our findings to healthy older
adults, participants exhibiting signs of dementia, evident from
the standardized neuropsychological assessments (below) or
who took medications that can affect cognition were excluded
from the study. Other exclusion criteria included: excessive
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TABLE 1 | Demographics and neuropsychological tests.

Measure ABCA7 rs3764650 non-risk group (TT) ABCA7 rs3764650 risk group (GG) Difference

Sample size 50 50
Age 66.54 (5.643) 67.12 (6.826) p = 0.644
Education 13.76 (2.50) 13.96 (3.055) p = 0.721
BMI 30.72 (6.816) 30.07 (6.465) p = 0.625
MMSE 27.98 (1.785) 27.38 (2.258) p = 0.146
RAVLT (Delayed Recall) 7.40 (3.175) 6.70 (3.581) p = 0.304
WAIS-IV Digit Span 22.62 (4.615) 22.24 (5.487) p = 0.709
NAART 39.90 (10.691) 36.7 (12.154) p = 0.165
BDI 7.82 (4.939) 7.56 (7.770) p = 0.842

alcohol and/or drug use, psychiatric disorders (such as Bipolar
Disease and Schizophrenia), seizure disorders (such as Epilepsy),
and significant cerebrovascular or cardiovascular diseases. All
subjects gave written informed consent in accordance with the
Declaration of Helsinki. The protocol was approved by the
Rutgers University–Newark Institutional Review Board.

Standardized Neuropsychological
Assessments and Self-Report Measures
In order to assess cognition and exclude anyone showing
signs of cognitive impairment consistent with early dementia
or other age-related disorders, we gave participants a battery
of neuropsychological tests. The neuropsychological battery
consisting of the Mini Mental State Exam (MMSE; broad assay
of cognitive impairment), Rey Auditory Verbal Learning Test
(RAVLT) Delayed Recall (verbal memory), North American
Adult Reading Test (NAART35; verbal intellectual ability),
and Wechsler Adult Intelligence Scale (WAIS-IV) Digit Span
(working memory) was administered (Table 1). The Beck
Depression Inventory (BDI) was also administered to measure
characteristic attitudes and symptoms of depression.

Aerobic Fitness Assessment
In addition to measuring height and weight, the Six minute
Walk was used to characterize aerobic fitness. Participants were
instructed to walk a premeasured length on a flat surface for
6 minutes, with the goal of covering as much ground as possible
(McGavin et al., 1976, 1978). At the completion of the 6 minutes,
total walking distance was recorded in meters (Noonan and
Dean, 2000). To approximate participants’ maximal oxygen
consumption, we utilized the equation determined by Ross et al.
(2010): VO2 max = [4.948 + (0.023 ∗ Distance)]. This measure of
maximal oxygen consumption (VO2 max) is widely recognized
as both a representation of the functional limitations of the
cardiovascular system as well as a measure of aerobic fitness
(Taylor et al., 1995).

Behavioral Paradigm: Concurrent
Discrimination and Generalization Task
Testing took place in a quiet room, with the participant seated in
front of a laptop computer with a color screen. The keyboard was
masked except for two keys, labeled ‘‘Left’’ and ‘‘Right, ’’ which
the participant used to enter responses.

The concurrent discrimination and generalization task has
been previously described in Myers et al. (2002), but to

summarize, it is a two-phase task in which participants learn a
series of visual discriminations and are then tested on their ability
to generalize when the stimulus information changes. Phase 1
(acquisition) involves an 8-pair concurrent discrimination. For
each trial, two colored shapes appeared, approximately 1-inch
high on the screen and set about 3 inches apart (approximately
1.5◦ of visual angle, at normal viewing distance). The participants
were instructed to press the ‘‘Left’’ or ‘‘Right’’ key to choose
one object. Onscreen, the chosen object rose and if the choice
was correct, a smiley face was revealed underneath (Figure 1).
There was no limit on response time, but there was an interval
of about 1 s between participant response and start of the
next trial, allowing the participant to view the discrimination
pair and feedback (presence or absence of the desired smiley
face icon).

No information about the correct object was given ahead
of time, making this an incrementally acquired, feedback-based
learning task in which participants had to learn which object
was correct. Within each object pair, the same object was
always rewarded. For four of the discrimination pairs, objects
differed in shape but not color (example, blue checkerboard
vs. blue funnel); for the other four pairs, objects differed in
color but not shape (example, orange spider vs. blue spider).
Thus, within each pair, one dimension (shape or color) was
relevant to predicting the location of the smiley face, and
one dimension was irrelevant. Trials were organized into
blocks, each containing 16 trials: one presentation of each
discrimination pair in both possible left-right ordering. Trials
in a block occurred in a pseudo-random but fixed order.
Phase 1 continued until the participant reached a criterion
of 16 consecutive correct responses, or for a maximum of
96 trials (six blocks).

As soon as the acquisition phase ended, phase 2
(generalization) began without any warning to the participant.
The screen events were identical to the concurrent
discrimination phase except that the discrimination pairs
were altered so that the relevant features remained constant
while the irrelevant features were altered. For example, the
blue checkerboard vs. blue funnel might change to lavender
checkerboard vs. lavender funnel as shown in the first row,
second column (Figure 1A); the shapes remain the same but the
irrelevant color changes from blue to lavender. In the second
example, the orange vs. blue spider discrimination might change
to an orange vs. blue circle (Figure 1B); the shape remains
irrelevant, but the color continues to be predictive.
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FIGURE 1 | An example of the concurrent discrimination and generalization task. On each trial of Phase 1 (acquisition/learning), the discrimination pair is presented
and if the participant responds correctly, the chosen object is raised to reveal a smiley face icon underneath. During Phase 2 (generalization/test), events are similar
to Phase 1, but the objects are changed so that the relevant feature remains the same, but the irrelevant feature is novel. (A) is an example of a trial where the
relevant feature is shape, but not color, while (B) is an example of a trial where the relevant feature is color, but not shape.

Individuals who had solved the concurrent discrimination
by basing associations on the relevant features (funnel beats
checkerboard and blue beats orange) could perform perfectly
in the generalization phase since the relevant features were
still predictive. By contrast, individuals who had approached
the concurrent discrimination phase by learning to respond
to whole objects (blue funnel beats blue checkerboard), by
treating all features equally, are effectively confronted with novel
objects (lavender funnel and lavender checkerboard) in the
generalization phase and might perform near chance.

The generalization phase was organized into blocks of
16 trials, one trial with each discrimination pair in both
possible left-right ordering, in a pseudo-random but fixed
order. It continued until the participant reached a criterion of
16 consecutive correct responses or a maximum of 96 trials
(six blocks). The entire procedure took about 15–20 min
to complete.

RESULTS

All participants underwent a battery of standardized
neuropsychological assessments and were included in our
analyses only if they were within the age and education-
adjusted norms (Table 1). No differences were observed on the
standardized measures of cognitive functioning (MMSE, Digit
Span, NAART, RAVLT) or depression level (BDI).

On the concurrent discrimination task, all participants
reached the criterion of 16 consecutive correct responses on
the acquisition phase, indicating that they successfully learned
the task. Figure 2 shows the mean errors for the acquisition
and generalization phases of the task. A one-way analysis of
covariance (ANCOVA) was performed with ABCA7 genotype
as the fixed factor, and, Digit Span total score, NAART total

errors, and RAVTL-delayed recall scores as covariates. There was
no effect of group, based on ABCA7 genotype (F(1,95) = 2.01,
p = 0.159), on acquisition. Among the covariates, the total score
on the Digit Span task was a significant predictor of acquisition
errors (F(1,95) = 8.01, p = 0.006). In order to look at ABCA7-
related differences in generalization scores, acquisition errors
were entered as an additional covariate in the ANCOVA. While
the risk group made more generalization errors (M = 14.7,
SD = 18.3) than the non-risk group (M = 8.74, SD = 15.7), the
effect of group was not significant (F(1,94) = 1.144, p = 0.287);
there was however a significant effect of acquisition errors
(F(1,92) = 146.21, p = 0.001) and trending effect of RAVLT-
delayed recall (F(1,92) = 3.79, p = 0.055).

Using height and weight measures, the participants’ body
mass index (BMI) was computed. No ABCA7-related differences
were found in BMI (Table 1). Next, we assessed the effect of
ABCA7 genotype on aerobic fitness (VO2 max); a one-way
ANCOVA was performed with ABCA7 genotype as the fixed
factor, and, BMI as a covariate. There was no effect of group,
based on ABCA7 genotype (F(1,97) = 0.34, p = 0.561), on aerobic
fitness (Figure 3).

To investigate the potential link between aerobic fitness
and the ability to generalize, we performed partial correlations
between VO2 max and generalization total errors, controlling
for the effect of acquisition errors, BMI, and performance
on standardized neuropsychological assessments (Digit Span,
NAART, RAVLT). Aerobic fitness was negatively correlated
with generalization errors (r(93) = −0.186, p = 0.071), but
this relationship did not reach significance (Figure 4A). In
order to determine the effect of ABCA7 genotype on this
negative association between aerobic fitness and generalization,
we computed the correlations at the individual group level. As
shown in Figure 4B, there was a significant negative correlation
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FIGURE 2 | Performance (total errors) on the concurrent discrimination and
generalization task based on ABCA7 genotype: Non-Risk (TT) vs. Risk (GG).
There were no group differences based on ABCA7 genotype on initial learning
(acquisition; p = 0.159) or generalization (p = 0.287). Although, the risk group
made more generalization errors, the effect of group was not significant.

between VO2 max and generalization errors for the non-risk
group (r(43) = −0.419, p = 0.004), but not for the risk group
(r(43) = 0.037, p = 0.809; Figure 4C). Furthermore, a hierarchical
linear regression (HLR) revealed that when controlling for
acquisition errors, BMI, and standardized neuropsychological
assessment scores, ABCA7 genotype significantly moderates
the relationship between aerobic fitness and generalization (R2

change = 0.066, F(1,91) = 23.85, p = 0.001; Figure 5).

DISCUSSION

In this study, we observed that ABCA7 rs3764650 genotype
modulates the association between aerobic fitness and
generalization. For carriers of the non-risk genotype, higher
levels of aerobic fitness were significantly associated with
fewer generalization errors, while carriers of the risk genotype
did not show any relationship between aerobic fitness and
generalization. Importantly, there were no group differences in
either aerobic fitness or generalization performance based on
ABCA7 rs3764650 status.

Healthy elderly with higher fitness levels show less cognitive
decline (Yaffe et al., 2001; Barnes et al., 2003) and reduced
risk for dementia (Podewils et al., 2005; Larson et al., 2006)
than those with lower fitness levels. Attenuation of atrophy
in the MTL, one of the earliest loci of AD, is also associated
with greater cardiorespiratory fitness in AD patients (Honea
et al., 2009). In particular, the hippocampus is one of the
major brain sites of neuroplasticity, and several studies have
demonstrated marked benefits of aerobic fitness and physical
activity on hippocampal structure and related cognitive function
(Pereira et al., 2007; Erickson et al., 2009, 2011; Bugg and

FIGURE 3 | Aerobic fitness (VO2 max) based on ABCA7 genotype:
Non-Risk (TT) vs. Risk (GG). There was no effect of genotypic group on VO2

max (p = 0.561).

Head, 2011; Szabo et al., 2011; Maass et al., 2015; Rehfeld
et al., 2017). In the present study, the benefit of aerobic
fitness on hippocampal function, as measured by performance
on the concurrent discrimination and generalization task,
was observed only in carriers of the ABCA7 protective TT
genotype, but not in carriers of the risk GG genotype.
Our results, therefore, indicate that ABCA7 risk genotype
may attenuate the neuroprotective value of aerobic fitness in
cognitively healthy older adults. To our knowledge, this is
the first study to demonstrate the interactive effect of an
ABCA7 variant (rs3764650) and aerobic fitness on hippocampus-
related cognitive functioning.

There were no significant variations in aerobic fitness
between the risk GG and non-risk TT genotypes, indicating
that ABCA7 rs3764650 does not directly affect aerobic fitness.
However, the significant interaction between ABCA7 genotype
and aerobic fitness indicates that both may be impacting
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FIGURE 4 | Overall aerobic fitness (VO2 max) was negatively correlated with total generalization errors, but this relationship did not reach significance (p = 0.071)
(A). At the individual group level, there was a significant negative correlation between VO2 max and generalization errors for the non-risk group (p = 0.004) (B), but
not for the risk group (p = 0.809) (C).

FIGURE 5 | ABCA7 genotype significantly moderates the relationship
between aerobic fitness and generalization.

common causal factors involved in hippocampal dysfunction.
The results of our study, therefore, suggest an effect of aerobic
fitness on hippocampal function through ABCA7-related
mechanisms. Studies to date have implicated two possible
mechanisms whereby ABCA7 rs3764650 contributes to AD
pathology, both of which, in turn, result in hippocampal
neurodegeneration. First, it increases amyloid deposition
(Shulman et al., 2013; Ma et al., 2018), thereby initiating
hippocampal dysfunction via reciprocal connections through
the entorhinal cortex (Reitz et al., 2009; Pooler et al., 2015).
Second, it interferes with the transportation of brain lipids
(Giri et al., 2016; Li et al., 2017), resulting in dyslipidemia
(abnormal lipid levels) which induces structural damage
to the hippocampus (Zhao et al., 2017). Moreover, aerobic
activity has been implicated in aiding brain lipid homeostasis
(Houdebine et al., 2017), as well as, reducing the accumulation
of Aβ deposits (Maesako et al., 2012; He et al., 2017). It,
therefore, seems likely that ABCA7 rs3764650 risk genotype

negates the influence of aerobic fitness on one or both
these mechanisms, and in turn, reduces any subsequent
neuroprotective effects on the hippocampus, thereby resulting in
increased risk for AD.

Although the association of ABCA7 rs3764650 with AD has
been confirmed in Caucasians (Harold et al., 2009; Lambert
et al., 2010; Carrasquillo et al., 2011; Hollingworth et al.,
2011; Omoumi et al., 2014; Cuyvers et al., 2015), GWAS
studies in African Americans have found either none, or a
nominally significant association (Logue et al., 2011; Reitz
et al., 2013; N’songo et al., 2017). It is possible that in African
Americans, ABCA7 rs3764650 is not a causative variant.
Consistent with this, in our current sample of cognitively
healthy older African Americans, we did not see any difference
in generalization errors or performance on the standardized
neuropsychological assessments between carriers of the risk
vs. non-risk genotype. Furthermore, in a previous study we
investigated the effect of ABCA7 rs115550680, a variant with
a significantly increased risk for AD exclusively in African-
Americans (Reitz et al., 2013), on the same behavioral paradigm;
we found that non-demented African American elderly with
the ABCA7 rs115550680 risk genotype had impairments in
generalization, mediated by cortico-hippocampal network
dysfunction (Sinha et al., 2018). Taken together, these results
indicate that in African Americans, ABCA7 rs3764650 does
not confer a direct AD risk, but rather indirectly increases
the risk of AD by diminishing the benefits of aerobic fitness.
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Hence, changes in fitness and perhaps other modifiable lifestyle
factors may not ameliorate AD-related neurodegeneration,
which contributes to health disparities whereby African
Americans are at a higher risk for dementia, with double the
prevalence of AD (Tang et al., 2001; Barnes and Bennett, 2014;
Alzheimer’s Association, 2018).

Consistent with our results, Podewils et al. (2005) found that
APOE ε4 carriers did not attain the same benefit as non-carriers
from physical activity, such that, physical activity reduced the
risk for dementia only in non-carriers of the ε4 allele. Other
studies, however, have yielded contrary findings, reporting that
the protective effects of physical activity on future cognitive
decline was specific to APOE ε4 carriers (Schuit et al., 2001;
Rovio et al., 2005; Smith et al., 2011). These other studies
used self-reported measures of physical activity and investigated
the effect of APOE in Caucasian cohorts, which are notable
differences from our study; nonetheless, with the exception of
Podewils et al. (2005), these results are in contrast to those
found in the current study. In our sample, we did not find
either a direct effect of APOE ε4 status or an interaction between
ABCA7 genotype and ε4 status. However, the small number
of APOE ε4 carriers in our sample limits any conclusions.
Future studies with a larger sample size are warranted to explore
racial differences in the effects of APOE ε4 and potential
gene-gene interactions.

Another unexplored limitation of the current study involves
the imbalanced sex breakdown, with 20 males and 80 females
between the two groups. Previous research in ABCA7 knockout
mice found evidence of subtle sex differences though behavioral
impairments in differing cognitive domains between males and
females (Logge et al., 2012). However, in humans, sex differences
in cognitive impairments associated with ABCA7 remain largely
unexplored. Furthermore, GWAS studies exploring the role of
ABCA7 did not find any sex-dependent differences in AD risk
(Logue et al., 2011; Reitz et al., 2013; N’songo et al., 2017). In
the future, studies with evenly distributed samples are required
to answer any questions regarding sex differences in ABCA7-
related risk for cognitive deficits and AD.

In conclusion, the results of this study show that in
cognitively healthy elderly African Americans, ABCA7 risk

variant rs3764650 moderates the relationship between aerobic
fitness and hippocampal cognitive functioning. Our findings,
therefore, suggest that carriers of the risk genotype are less likely
to benefit from the disease-modifying effects of fitness, and any
potential protective effect associated with aerobic fitness may not
be enough to overcome AD-related neuropathology.
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