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Abstract.
Background: Both sleep deficiencies and Alzheimer’s disease (AD) disproportionately affect older African Americans.
Genetic susceptibility to AD further compounds risk for cognitive decline in this population. Aside from APOE �4, ABCA7
rs115550680 is the strongest genetic locus associated with late-onset AD in African Americans. While sleep and ABCA7
rs115550680 independently influence late-life cognitive outcomes, we know too little about the interplay between these two
factors on cognitive function.
Objective: We investigated the interaction between sleep and ABCA7 rs115550680 on hippocampal-dependent cognitive
function in older African Americans.
Methods: One-hundred fourteen cognitively healthy older African Americans were genotyped for ABCA7 risk (n = 57
carriers of risk “G” allele; n = 57 non-carriers), responded to lifestyle questionnaires, and completed a cognitive battery.
Sleep was assessed via a self-reported rating of sleep quality (poor, average, good). Covariates included age and years of
education.
Results: Using ANCOVA, we found that carriers of the risk genotype who reported poor or average sleep quality demonstrated
significantly poorer generalization of prior learning—a cognitive marker of AD—compared to their non-risk counterparts.
Conversely, there was no genotype-related difference in generalization performance in individuals who reported good sleep
quality.
Conclusion: These results indicate that sleep quality may be neuroprotective against genetic risk for AD. Future studies
employing more rigorous methodology should investigate the mechanistic role of sleep neurophysiology in the pathogenesis
and progression of AD associated with ABCA7. There is also need for the continued development of non-invasive sleep
interventions tailored to racial groups with specific AD genetic risk profiles.
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INTRODUCTION

Sleep is a vital physiological process that is asso-
ciated with a number of health benefits including
metabolic and hormonal equilibrium [1]; enhanced
adaptive immunological function [2]; synaptic home-
ostasis [3]; glymphatic clearance [4]; and improved
memory encoding and consolidation [5, 6]. Sleep
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deficiencies include poor sleep quality, irregular tim-
ing of sleep, and extreme (too long or short) sleep
duration [7]. From a public health perspective, the
prevalence of sleep deficiencies has increased in
recent decades [8, 9]. Furthermore, sleep deficien-
cies contribute to cognitive dysfunction, cognitive
decline and Alzheimer’s disease (AD) development
[10, 11]. Fortunately, sleep is potentially a modifi-
able risk factor for cognitive decline and dementia
[10].

On the other hand, genetic susceptibility to AD,
while not modifiable by individual behaviors, may
interact with lifestyle factors such as sleep, to
influence cognitive function and AD development
[12–14]. The APOE �4 allele, the most well-known
genetic risk factor for AD, appears to interact with
sleep quality on AD risk [15]. Lim and colleagues
[15] found that better sleep consolidation (i.e., less
fragmented sleep and hence, better sleep quality)
attenuated the deleterious effects of the APOE �4
allele on incident AD risk in a prospective longitudi-
nal cohort study of predominantly white older adults.
As such, genetic susceptibility loci may influence the
sleep-AD relationship.

ABCA7, or adenosine triphosphate (ATP)-binding
cassette member 7, is also a risk locus associated
with late-onset AD [16]. In brief, ABCA7 is involved
in amyloid precursor protein transport, cellular
A� clearance, and lipid metabolism [17–19], three
processes implicated in late-onset AD. Although
originally identified in European samples as an AD
risk factor [20, 21], several genome-wide association
studies detected that ABCA7 single-nucleotide poly-
morphism (SNP) rs115550680 confers a higher risk
among African Americans than most other genetic
loci identified in non-Hispanic whites [22, 23]. In
particular, ABCA7 rs115550680 is associated with
about a 75% increase in risk for African Americans
[24]. Similarly, a 44-base pair frameshift deletion
in ABCA7 rs115550680 was associated with AD
in African Americans [25]. This base-pair deletion
is relatively rare in non-Hispanic whites as com-
pared to people of African ancestry [25]. Overall,
accumulating evidence demonstrates that ABCA7
rs115550680 confers greater AD risk among African
Americans as compared to European Americans
[22, 23, 25]. Furthermore, we have shown in a
previous study that older African American car-
riers of the ABCA7 rs115550680 high-risk “G”
allele demonstrate poorer generalization of prior
learning [26], a cognitive marker of prodromal
AD [27].

This is particularly alarming given that African
Americans are among the most vulnerable demo-
graphic groups to both sleep deficiences and AD.
For example, African Americans have a higher preva-
lence and severity of sleep disordered breathing and
report lower sleep satisfaction, more daytime sleepi-
ness, and more difficulty falling asleep as compared
to white Americans [28, 29]. Further, African Ameri-
cans show a higher incidence of shorter sleep duration
as compared to white Americans [9]. In parallel,
African Americans also bear a disproportionate bur-
den of AD as compared to the general population,
with two to three times the overall risk for dementia
[30]. While the reasons for these sleep and cognitive
health disparities are not fully understood, common
candidate factors include exposures across the lifes-
pan such as educational opportunity differences and
disparate socio-environmental circumstances [7, 30,
31].

Given the links between sleep and cognition,
widening sleep health disparities and an individ-
ual’s genetic predisposition to AD may exacerbate
cognitive health disparities. Although these factors
independently influence cognitive health in late life,
we know too little about the interplay between sleep
and AD genetic risk on cognitive function within pop-
ulations at elevated risk for both cognitive and sleep
disorders, such as African Americans.

Purpose

The purpose of the present study was to inves-
tigate the interaction between sleep and ABCA7
rs115550680 on cognitive function in older African
Americans. We assessed sleep via a self-reported
rating of sleep quality, a dimension of sleep defi-
ciencies [7]. Because sleep is implicated in memory
consolidation, previous sleep-cognition research has
primarily focused on hippocampal function. The
current study focused on a cognitive outcome also
subserved by the hippocampus, generalization, the
ability to apply previously learned rules to new con-
texts [27]. Developed from non-verbal conditioning
paradigms, this task is usedful among populations
with a broader distribution of education quality and
quantity, including older, urban-residing, underrepre-
sented populations in biomedical research [32]. Our
previous studies have shown that generalization is a
sensitive marker of prodromal AD and AD risk, long
before explicit memory consolidation deficits arise
[27, 33–35].
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MATERIALS AND METHODS

Participants in this study were selected from a
larger parent study, Pathways to Healthy Aging in
African Americans, focused on understanding links
between genetics, cognition, health, and lifestyle
variations in older African Americans residing in
Greater Newark, NJ. Community engagement and
recruitment methods are described in more detail
elsewhere [36, 37].

Individuals were eligible to participate if they iden-
tified as African American or Black and were at
least 60 years old. Initial screening took place over
the phone. Candidates were excluded if they self-
reported a diagnosis of mild cognitive impairment
(MCI) or dementia; were taking medication typi-
cally prescribed for cognitive impairment; and/or
performed within abnormal ranges on standardized
neuropsychological assessments (described below).
Participants scoring 24 ± 1 points on the Mini-Mental
State Examination (MMSE) were flagged for review
to characterize if their cognitive functioning fell
within the normal or abnormal range; participants
scoring 22 and under on the MMSE were not eligible.
Race-appropriate norms were used to convert stan-
dardized neuropsychological test raw scores to age
and education-adjusted scaled scores [38, 39]. Indi-
viduals who scored 1.5 standard deviations below age
and education-adjusted normal were excluded. Other
exclusion criteria were: presence of sleep disorders,
color blindness, psychiatric disorders, neurological
disorders, and significant cerebrovascular or cardio-
vascular diseases. All participants were fluent English
speakers and completed written informed consent
prior to participation. Ethical approval was granted by
the Rutgers University institutional review board and
experiments were done in accord with the Helsinki
Declaration of 1975.

Participants

At the time of data extraction from the larger
parent study (N = 353), participants were selected
for analysis in a case–control matched design. Of
the parent sample, 57 individuals were ABCA7
rs115550680 risk “G” allele carriers. Using sleep
quality, age, and education as predictors of group
membership (0 = non-risk, 1 = at-risk) and a matching
tolerance set to 0.10, we propensity-score matched
these 57 at-risk individuals with 57 individuals who
were homozygous for the non-risk “A” allele [40].
Hence, individuals with the ABCA7 rs115550680

AG (n = 53) or GG (n = 4) genotype constituted the
risk group (the GG genotype was not considered a
separate risk group), while individuals with the AA
genotype were the non-risk group. See Table 1 for
demographic information by genotype group for the
analytic sample.

Standardized neuropsychological assessments

To assess cognition, participants attended a lab
visit to undergo a two-hour in-person battery of
paper-and-pencil neuropsychological tests. The neu-
ropsychological battery consisted of the MMSE
(broad assay of cognitive impairment) [41], Rey
Auditory Verbal Learning Test (RAVLT) Delayed
Recall (episodic memory) [42], North American
Adult Reading Test (NAART35) (literacy) [43], and
Wechsler Adult Intelligence Scale (WAIS-IV) Digit
Span (attention) [44].

Sleep quality

Sleep quality was self-reported using a single item,
‘Rate your usual sleep quality’ with response choices
on a Likert scale from 1 = ‘very poor’ to 5 = ‘very
good’. This single-item of self-reported sleep qual-
ity has been used in other published cross-sectional
analyses derived from the larger Pathways to Healthy
Aging in African Americans cohort [45]. We col-
lapsed ‘very poor’ and ‘very good’ sleep quality due
to low frequencies in these categories. As such, the
recoded sleep quality variable comprised three cate-
gories of sleep quality: 0 = ‘very poor and poor sleep
quality’; 1 = ‘satisfactory sleep quality’; 2 = ‘good
and very good sleep quality.’

Behavioral paradigm: Concurrent
discrimination and generalization task

We have previously described the concurrent
discrimination and generalization task in more
detail [27, 45]. Derived from prior neurocomputa-
tional network models of the entorhinal cortex and
hippocampal–brain regions disrupted in the earliest
stages of preclinical AD–this task indexes the abil-
ity to generalize prior learning to new situations and
contexts.

In brief, participants learn through a trial-and-error
acquisition phase, a series of discriminations based
on visual features (i.e., shape or color). In the gener-
alization phase, participants are confronted with new
stimuli to test whether they can apply past learning
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Table 1
Demographics and neuropsychological assessments for carriers of the ABCA7 rs115550680 non-risk (AA) and risk (AG/GG) genotype

within the sleep quality groups

Non-Risk (AA) Genotype Risk (AG/GG) Genotype
Sleep Quality Poor Average Good Poor Average Good

Sample Size 13 (3 males) 29 (7 males) 15 (4 males) 13 (0 males) 29 (6 males) 15 (3 males)
Age 67 (9.44) 69 (7.52) 67 (5.08) 67 (10.03) 70 (7.05) 66 (6.72)
Education (y) 13.77 (1.60) 13.55 (1.74) 13.67 (2.03) 13.81 (1.95) 13.09 (1.98) 13.67 (1.99)
MMSE 27.69 (1.44) 28.24 (1.57) 27.20 (2.18) 27.46 (1.81) 27.59 (2.19) 28.13 (1.46)
RAVLT - Delayed 6.92 (3.49) 7.45 (3.30) 6.93 (2.49) 6.00 (2.97) 6.24 (3.03) 6.93 (4.06)
NAART 34.15 (14.95) 38.93 (11.75) 34.74 (12.00) 36.92 (11.64) 39.62 (10.05) 36.53 (10.77)
WAIS-IV Digit Span 24.23 (4.55) 22.41 (3.99) 24.53 (3.38) 22.00 (3.61) 22.10 (3.98) 22.20 (4.43)

Data are presented as mean (standard deviation). MMSE, Mini-Mental State Examination; RAVLT – Delayed, Rey Auditory Verbal Learning
Test Delayed Recall; NAART, North American Adult Reading Test; WAIS-IV, Wechsler Adult Intelligence Scale – IV edition. There were
no statistically significant differences between non-risk and risk genotype groups on age or education, ps > 0.05, indicating propensity-score
matching success.

Fig. 1. An example of the concurrent discrimination and generalization task. On each trial of initial learning (acquisition), the discrimination
pair is presented and if the participant responds correctly, the chosen object is raised to reveal a smiley face icon underneath. During test
phase (generalization), events are similar to the acquisition phase, but the objects are changed so that the relevant feature remains the same,
but the irrelevant feature is novel. Here (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.

to new situations (see Fig. 1). The outcome measure
was the number of generalization errors, adjusting for
acquisition phase errors; higher scores indicate worse
performance.

Genetic data collection and processing

Saliva samples for genotyping were collected using
Oragene kits during the neuropsychological testing
visit. ABCA7 rs115550680 genotyping was con-
ducted via quantitative polymerase chain reaction on
an Eppendorf Mastercycler thermal cycler, using a
TaqMan Custom Genotyping assay.

Statistical analyses

To examine the main effects of ABCA7 genotype
(risk versus non-risk) on cognition and the moder-
ating role of sleep quality (poor, average, good), a
univariate analysis of covariance (ANCOVA) was
conducted, with ABCA7 genotype and sleep qual-
ity as fixed factors and age and years of education
as covariates. Any significant interactions were
explored further with simple main effects analysis
(with Bonferroni correction for multiple compar-
isons) as described in the Results section below. All
assumptions for ANCOVA were checked and met
prior to analyses. All statistical analyses were per-
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formed using IBM SPSS® Statistics for Mac, version
28.0.1.1 (IBM Corp., Armonk, NY, USA).

RESULTS

All participants underwent a battery of stan-
dardized neuropsychological assessments and were
included in our analyses only if they were within nor-
mal age and education adjusted norm limits (Table 1).
No main effects or interactions were observed for any
of these standardized measures of cognitive function-
ing (MMSE, RAVLT, NAART and Digit Span). There
was no bivariate relationship between sleep quality
and ABCA7, χ2(2) = 1.48, p = 0.48.

On the concurrent discrimination and generaliza-
tion task, all participants reached the criterion of
16 consecutive correct responses on the acquisi-
tion phase, indicating that they successfully learned
the task. There was no significant sleep qual-
ity × ABCA7 genotype interaction nor were there
any main effects of sleep quality or ABCA7 geno-
type observed for acquisition errors, indicating that
all groups learned the task equally well. Among the
covariates, both age (F(1, 106) = 12.73, p = 0.001) and
education (F(1, 106) = 4.53, p = 0.036) were signifi-
cant predictors of acquisition errors.

When analyzing performance on the generaliza-
tion phase, acquisition errors were entered as an
additional covariate in the ANCOVA. For generaliza-
tion phase errors, there was a main effect of ABCA7
genotype (F(1, 105) = 13.62, p = 0.001), and a sig-
nificant effect of acquisition errors (F(1, 105) = 14.8,
p = 0.001). Figure 2 shows the effect of ABCA7
genotype on the concurrent discrimination and gen-
eralization task, adjusted for covariates. While there
was no difference in learning (acquisition errors)
between the two groups, the risk group (M = 19.76,
SE = 1.54) made significantly more generalization
errors compared to the non-risk group (M = 11.69,
SE = 1.55).

Furthermore, for generalization errors, there was a
significant ABCA7 genotype x sleep quality interac-
tion (F(2, 105) = 3.45, p = 0.035). To understand the
exact nature of the interaction, a follow-up simple
effects analysis was conducted (Fig. 3). The ABCA7
risk group made significantly more generalization
errors compared to the non-risk group if their sleep
quality was poor (F(1, 105) = 12.53, p = 0.001) or
average (F(1, 105) = 9.20, p = 0.003). However, for
individuals with good sleep quality, there was no
difference in generalization based on ABCA7 geno-

Fig. 2. Performance (total errors) on the concurrent discrimina-
tion and generalization task based on ABCA7 genotype. While
there were no group differences on the initial learning (acquisition
phase), carriers of the AG/GG risk genotype made significantly
more errors during generalization.

Fig. 3. Carriers of the ABCA7 risk genotype made significantly
more generalization errors compared to the non-risk individuals if
they reported poor or average sleep quality, while for individuals
with good sleep quality there was no difference in generalization
based on ABCA7 genotype.

type (F(1, 105) = 0.001, p = 0.995). Additionally, an
examination of the effect of sleep quality at each
level of ABCA7 genotype (risk and non-risk) showed
that for the risk group, individuals with poor and
average sleep quality made significantly more gen-
eralization errors compared to those with good sleep
quality (F(2, 105) = 5.97, p = 0.004). For the non-risk
group, there was no difference in generalization per-
formance based on sleep quality (F(2, 105) = 0.059,
p = 0.943). Hence, sleep quality moderates the asso-
ciation between ABCA7 genotype and generalization
performance, such that, good sleep quality miti-
gates ABCA7-related impairments in generalization.
Results were largely unchanged after controlling for
gender (see Supplementary Table 1).
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DISCUSSION

We observed that self-reported sleep quality mod-
erates generalization deficits associated with the
ABCA7 risk genotype. Carriers of the risk geno-
type who reported poor or average sleep quality made
significantly more generalization errors compared to
their non-risk counterparts. Conversely, there was no
genotype-related difference in generalization perfor-
mance in individuals who reported good sleep quality.

Consistent with previous findings [26], we
observed an overall ABCA7 rs115550680 related
impairment in generalization (Fig. 2). While both
groups solved the task equally well during the acqui-
sition phase, the risk group performed significantly
worse during the generalization phase of initial learn-
ing compared to the non-risk group, confirming that
there is a specific generalization deficit associated
with the ABCA7 risk genotype. We further extend
these findings by demonstrating that self-reported
sleep quality moderates this association, such that
the deleterious effects of ABCA7 risk genotype are
observed in individuals with poor or average sleep
quality, but not in those with good sleep quality. The
results of the present study, therefore, indicate that
sleep quality may be neuroprotective against ABCA7
rs115550680 genetic risk for AD, and thus should
be a candidate target for future intervention studies
focused on reducing AD risk.

ABCA7 dysregulation influences the properties of
neurons and microglia, and these alterations likely
facilitate amyloid precursor protein processing and
suppression of cellular A� clearance respectively,
contributing to AD development [46]. Increasing evi-
dence also supports sleep deficiency as a marker for
AD pathology [47–49] and future risk of cognitive
decline [50–54]. In a healthy older adult population,
both subjective and objective measures of sleep dis-
turbances and sleep deprivation were associated with
cognitive impairments, in part via an A� mechanism
[55, 56]. As such, a common pathway through which
sleep may interact with ABCA7 to impact cognition
is likely related to A� burden, although emerging
work suggests inflammation mechanisms involving
microglia activation impairs sleep expression and
sleep-dependent memory functions [57].

Two physiological mechanisms could explain the
neuroprotective role of sleep in the pathways directly
linking ABCA7 to A�. First, sleep, particularly slow
wave sleep (SWS), augments the action of the glym-
phatic system in clearing A� from the brain when
compared with wakefulness state [58, 59]. Second,

neurometabolic activity is reduced in SWS as com-
pared with wakefulness and, consequently, sleep
disruption could lead to increase neurometabolic
activity resulting in A� increases [60, 61]. Con-
versely, enhanced sleep through treatment decreased
A� plaque deposition in mice models [62]. Similarly
in humans, continuous positive airway pressure treat-
ment in adults with obstructive sleep apnea increased
slow wave activity; and greater increases of slow
wave activity were associated with greater decreases
in A� burden [63]. Both processes suggest a pos-
sible beneficial role of good quality and efficient
sleep in ameliorating the increased A� deposition
(via increased production and suppressed clearance)
caused by ABCA7 dysregulation.

Recent electroencephalographic (EEG) studies
have confirmed SWS disruption as the mechanistic
pathway through which A� pathology may con-
tribute to cognitive decline and, conversely, the
eventual useful role of SWS in facilitating A�
reduction [55]. Further, disrupted SWS was found
to specifically impact the hippocampal-neocortical
pathway [64, 65], resulting in impairment of
hippocampal-dependent cognitive function [64–68].
This is consistent with our finding of a neuro-
protective effect of sleep quality on generalization
following rule learning, a measure known to be
sensitive to hippocampal function [27]. Equiva-
lent effects were not observed on any standardized
neuropsychological tests: RAVLT delayed recall,
MMSE, and WAIS-IV Digit Span (see Supplemen-
tary Tables 2–4, respectively). The current study
demonstrates that this task may be sensitive to varia-
tions sleep quality. Other studies involving involving
cognitively healthy older African American samples
with varied educational opportunity differences and
socio-environmental exposures show that generaliza-
tion is sensitive to aerobic fitness and body mass index
variations [45, 69]. As such, the concurrent discrim-
ination and generalization behavioral paradigm may
be an especially useful tool for assessing the effi-
cacy of modifying risk factors for AD, particularly
among individuals underrepresented in biomedical
research and in the earliest phases of prodromal AD
when individuals are otherwise cognitively healthy
and at ceiling on performance on standardized neu-
ropsychological tests.

Although the association of ABCA7 risk variants
with the development of late-onset AD has been con-
firmed worldwide [22, 24, 70–72], the effect size
of the ABCA7 locus on the relative odds of being
diagnosed with AD is significantly higher in African
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Americans [24]. Additionally, while the ABCA7 SNP
(rs115550680) examined in the present study has an
effect size comparable with that of APOE �4 [24],
interestingly, the APOE �4 allele is less predictive of
AD development among those with African ances-
try [73, 74]. Furthermore, ABCA7 rs115550680 is
monomorphic in those of European ancestry who do
not show the risk variant. A related study in a cohort
of predominantly non-Hispanic whites found that
higher levels of wrist actigraphy-measured consol-
idated sleep, and thus better sleep quality, attenuated
the effect of APOE genotype on incident AD and cog-
nitive decline over six years [15]. However, it remains
an open question as to whether or not the results
observed in our present study can be replicated across
races with other genetic loci for AD, including APOE.
In particular, it is not clear if all genetic risk for AD
(such as from APOE) can be ameliorated by improved
sleep quality or if this sleep/genetic interaction is spe-
cific to this SNP of ABCA7. Answering that question
will have important future consequences for low-cost
lifestyle-based approaches in support of personalized
medicine.

This study is not without limitations. Given the
matching methods were based on characteristics of
the sample (e.g., age, education), generalizability
of the results may be limited. Our study used a
single self-report item for sleep quality. Therefore,
the multidimensional features of sleep [75] may not
have been captured, such as the presence of sleep
disorders, global disruptions of sleep duration, effi-
ciency, and overall quality, or local disruptions in
sleep microstructure quantified using topographical
EEG approaches. Although this approach is not ideal,
other studies also used single self-reported sleep mea-
sures [45, 76–78] and have identified linkages with
other lifestyle factors and cognition. For example,
a recent study found that sleep quality, measured
via a self-reported single-item, partially explained
the relationship between physical activity and cog-
nitive function in community-dwelling middle-aged
and older adults, even after controlling for depres-
sive symptoms [77]. Similarly, in a study that used
the same self-reported sleep quality measure as the
present study, aerobic fitness and the interaction
between fitness and sleep quality were independently
related to generalization of prior learning among
older African Americans, controlling for depressive
symptoms, age, education, gender, and body mass
index [45]. Finally, important possible confounders
such as cognitive activities, occupation, and socioe-
conomic status were unavailable at the time of data

extraction. Nevertheless, in the present study, we
have identified an important interaction between an
understudied AD risk gene and sleep quality that
will guide future mechanistic studies. Future research
should incorporate objectively measured sleep met-
rics via actigraphy and polysomnography including
sleep staging and architectural features of sleep (e.g.,
SWS). More detailed and validated self-report sleep
questionnaires targeting sleep disorder symptoms and
more comprehensive assessments of sleep duration,
timing and regularity, and quality may provide further
insights.

Conclusion

Overall, these results add to an emerging pic-
ture of differing effects of genetic susceptibility on
AD-related neuropathology based on sleep: while
the ABCA7 rs115550680 risk genotype is associ-
ated with cognitive impairments and an increased
likelihood of AD and other dementias, these detri-
ments may be alleviated in those with sufficient,
high-quality sleep. These findings are consistent with
those observed with APOE genotypes, highlighting
the possibility that sleep is a candidate general factor
supporting cognitive reserve and/or resilience. More-
over, they invite further investigation on the role of
the different aspects of sleep neurophysiology in the
pathogenesis and progression of AD, as well as the
continued development of non-invasive intervention
strategies based on sleep restoration and enhance-
ment. Finally, the linkage between good sleep quality
and reduced impact of the ABCA7 rs115550680 risk
variant specific to those of African ancestry may pro-
vide us with insights and tools toward reducing racial
health disparities in AD.
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