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Abstract

Background: The Apolipoprotein (APOE) &4 allele is a well-known risk factor for Alzheimer’s
Disease (AD), and sleep disturbances are commonly associated with AD. However, few studies
have investigated the relationship between APOE e4 and abnormal sleep patterns (N+) in AD.

Objective: To examine the relationship between APOE genotype, Lewy body pathology, and
abnormal sleep patterns in a large group of subjects with known AD load evaluated upon autopsy.

Method: Data from 2,368 cases obtained from the National Alzheimer’s Coordinating Centre
database were categorized as follows: Braak Stage V/VI and CERAD frequent neuritic plaques as
high load AD, Braak Stage I11/1V and moderate CERAD as intermediate load AD, and Braak
Stage 0/1/11 and infrequent CERAD as no to low load AD. Cases discrepant between the two
measures were discarded.
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Results: Disrupted sleep was more frequent in males (42.4%) compared to females (35.1%), and
in carriers (42.3%) as opposed to non-carriers (36.5%) of e4. Amongst female subjects with high
AD load and Lewy body pathology, homozygous (e4/e4) carriers experienced disrupted sleep

more often compared with heterozygous (e4/x) or non-carriers of e4. Such recessive, gender

specific, and Lewy body association is reminiscent of the e4 effect on psychosis in AD. However,
such association was lost after adjusting for covariates. In subjects with no to low AD pathology,
female 4 carriers had significantly more nighttime disturbances than non-carriers; this effect is

independent of the presence of Lewy body pathology.

Conclusion: The influence of APOE &4 on sleep disturbances is dependent on gender and

severity of AD load.
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Introduction

The Apolipoprotein (APOE) e4 allele is well known genetic risk factor for Alzheimer’s
Disease (AD) [1]. It exhibits a gene dosage influence on the development of AD, such that
one copy of the e4 allele increases risk of AD by approximately 3 times, while carrying two
copies increases risk by 8-15 times [2, 3]. Lewy bodies (LBs) are commonly found to co-
exist with AD neuropathology and have been found to be present in over 40% cases of AD
[4-6]. Unlike the widespread neocortical distribution of Lewy bodies in Dementia with
Lewy bodies (DLB), Lewy bodies in AD are encountered primarily in the amygdala [5,6].
Recent reports describing an association between APOE e4 and presence of Lewy bodies in
AD [7] suggest that stratification by the presence of Lewy bodies should be used when
investigating the effect of APOE genotype in the manifestations of AD.

The importance of proper sleep for optimal cognitive and physiological functioning is
widely known. An important study by Lim et a/. [8] found that even the e4-associated risk
for AD can be reduced through better sleep consolidation. Unfortunately, the presence of
abnormal sleep behaviours such as rising early in the morning or awakening during the night
is a common clinical manifestation amongst AD patients, where the consequences of
disrupted sleep not only affect the patient, but can also intensify caregivers’ burden [9].

The association between sleep disturbances and AD-related pathology has been examined in
the past. While amyloid-p (Ap) is found to be positively associated with reports of poor
sleep [10], other studies indicate that abnormal sleep behaviours may render elders without
dementia to become more vulnerable to pathological changes predisposing to AD [11, 12],
suggesting for a bidirectional relationship between abnormal sleep and AD pathology [13].
However, despite sleep disturbances and APOE e4 both being commonly associated with
AD, few studies have examined the potential effect of APOE &4 in the development of
abnormal sleep patterns in subjects with known AD pathology load. This cross-sectional
study will focus on the presence of abnormal sleep patterns as reported by an informant
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through the entire spectrum of AD pathological load, and their relationship with APOE &4
and presence of Lewy bodies in the brain.

2. Methods

2.1 Data Source:

The National Alzheimer’s Coordinating Centre (NACC) database, comprised of clinical and
neuropathological data compiled from Alzheimer’s Disease Centers across the United
States, from visits conducted between September 2005 and September 2016, was used for
this study. The Uniform Data Set (UDS) containing clinical and demographic data from the
NACC, and Neuropathology (NP) Data Set containing autopsy data, were used for analyses.
AD severity was evaluated according to the density of neocortical neuritic plaques (CERAD)
and Braak staging for neurofibrillary degeneration, provided by the NP Data Set. The
presence of abnormal sleep patterns (N+) during the month prior to the interview (NITE:
Does the patient awaken you during the night, rise too early in the morning, or take
excessive naps during the day?) was evaluated using the Neuropsychiatric Inventory-
Questionnaire quick version (NPI-Q) by collateral informants. The reported presence of
depressive and anxiety symptoms were also obtained from the NPI-Q. Severity scores were
not considered.

2.2 Subjects:

A total of 3, 771 autopsy cases with Braak staging and CERAD scores were available. Of
these, NPI-Q N+ was completed in 3,478 cases. To ensure that information collected on the
last clinical visit is relevant to the neuropathological data obtained upon autopsy, subjects
with data collected more than two years prior to the death were excluded, resulting in 2,793
cases. Of these cases, APOE &4 status was determined in 2,368 individuals. These subjects
were further divided into three groups of increasing AD load based on NIA-Reagan criteria.
Subjects with Braak Stage of 0, I, or II, and CERAD of 0 or 1, corresponding to a no to low
likelihood of AD (N=516), were classified as no to low AD load (NAD group). Subjects
with Braak Stage of 111 or 1V, and CERAD of 2, corresponding to an intermediate likelihood
of AD (N=192), were classified as intermediate AD load (IAD group). Similarly, subjects
reflecting a high likelihood of AD (N=905), were classified as high AD load (HAD), and
corresponded to Braak Stage of V or VI, and CERAD of 3. A total of 755 discrepant cases
with CERAD and Braak stage that did not align with any of the severity categorization were
eliminated, thus leaving 1,613 individuals for analysis. NIA-AA criteria was not used as data
on Thal phase was not available in several subjects. The presence of Lewy bodies (LB+)
were defined by the presence of Lewy body pathology in the brainstem, limbic region or
amygdala, neocortical areas, olfactory bulb, or unspecified region, as determined by a-
synuclein immunostaining.

2.3 Statistical Analysis:

Analyses were performed on patients stratified by AD severity (NAD, IAD, HAD), gender,
and presence or absence of Lewy bodies (LB+/-). The XZ test was employed for categorical
data. The Kolmogorov-Smirnov test of normality was used to determine normality, and the
independent samples t-test or Mann-Whitney test was used for normal or non-normal
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distributions, respectively. Age at last clinical visit, years of education, race, depression, and
anxiety, were compared between subjects with and without abnormal sleep patterns (N+/N-).
Significant differences in any of these variables within each subgroup were analyzed as
covariates when fitting binomial logistic regression models. An a level of 0.05 was used to
evaluate significance in this study, and Bonferroni correction was applied for multiple
testing when appropriate. SPSS Statistics 24.0 (IBM Corp. Released 2016. IBM SPSS
Statistics for Macintosh, Version 24.0. Armonk, NY: IBM Corp.) was used for all statistical
analyses.

3. Results

3.1 Subject Demographics

Independent of AD pathology, N+ was found to be more common amongst males, with 42%,
compared to 34.4% in females (p=0.001), and in carriers (42.3%) over non-carriers (36.5%)
of the APOE 4 allele (p=0.017). Of the 1,613 individuals studied, 516, 192, and 905
subjects were assigned to NAD, 1AD, and HAD groups, respectively (Figure 1). Carriers
with two copies of the 4 allele were absent in the NAD group, and very few were present in
the IAD group. Consequently, the comparisons for these two groups were made simply
between carriers (either one or two copy) and non-carriers.

Although the prevalence of N+ was similar across three groups of AD load, the prevalence
within 1AD (45.8%) was statistically higher than NAD (36.8%). No significant differences
were detected between IAD and HAD (39.1%), and between NAD and HAD.

Clinical and demographic characteristics are described in Table 1. The study population was
largely Caucasian, with most subjects being fairly well educated. A male predominance in N
+ is noted across all three groups. Across all groups, the median age at last clinical visit was
higher in N-compared to N+, significance reached only in the NAD and HAD groups.
Prominent differences in the number of individuals with depression was observed in the
NAD and HAD groups, while anxiety was significantly more prevalent in N+ subjects across
all groups (Table 1). Collateral information was collected predominately from spouses, and
nearly half of all collateral informants report to reside with subjects (Supplementary Table
1).

3.2 APOE &4 and Lewy Bodies

Table 2 shows that in individuals with low AD load (NAD group), carriers of £4 are more
likely to develop N+ compared to non-carriers (OR 2.48, 95% ClI: 1.26-4.86), though this
was statistically significant in females only. Adjusting for covariates had a moderate yet non-
significant effect on the association, reducing the OR from 2.48 (95% CI: 1.26-4.86) to 2.16
(95% CI: 1.06-4.40). In the HAD group, the prevalence of N+ was higher in homozygous
carriers (e4/e4) compared against heterozygous (e4/x) or non-carriers, and this was
particularly prominent in females (OR 1.88, 95% CI: 1.03-3.41), however the association
was lost after adjusting for covariates. A similar but also non-significant trend between
carriers and non-carriers was observed across the |AD group, both before and after
controlling for covariates.
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In order to investigate the possibility that N+ is also influenced by Lewy bodies (LB), the
association between Lewy bodies and N+, independent of APOE genotype, was examined.
Table 3 shows that the presence of Lewy bodies is not a significant predictor of N+ across
AD severity in neither gender. However, a slight negative trend between LB and N+ was
noted in females, particularly in HAD females (OR 0.82, 95% CI: 0.52-1.27), whereas a
general positive trend was observed in males across all groups of AD severity (Table 3).

3.3 Stratification by Lewy Body Pathology

To analyze whether the relationships or observed trends between APOE e4 and N+ could be
attributed to the formation of Lewy bodies, subjects were further stratified by the presence or
absence of Lewy body pathology. In NAD females, the significant correlation between
APOE &4 carriers and N+ remained upon the removal of the small number of LB+ females
(14%) (OR 2.28, 95% CI: 1.04-5.01), and this can be contrasted with the absence of any
significant correlation between £4 on N+ in LB+ females (Table 4). No significant effect of
e4 were found in male carriers of this group, both before and after Lewy body stratification.

On the other hand, Lewy body stratification in the HAD group revealed a recessive-like
effect of e4 on N+. In LB+ females, the effect of £4 on N+ is strongest in homozygous
carriers, such that these individuals show a significantly higher prevalence of N+ compared
to heterozygous or non-carriers of e4 (OR 2.96, 95% CI: 1.22-7.20). Adjusting for
covariates reduced the OR to 2.32, 95% CI: 0.91-5.79, resulting in the loss of statistical
significance (Table 4). The much weaker effect of two e4 copies in LB+ males did not reach
significance.

4. Discussion

Given that APOE &4 is an important genetic risk factor for AD with a dosage-dependent
influence on the onset and progression of AD [14-16], our finding that patients with two
copies of the 4 allele were predominately in the HAD group, with very few to none in IAD
and NAD groups, respectively, was not surprising.

Controlling for age, depression, and anxiety, NAD female carriers of the e4 allele are more
commonly associated with N+ than non-carriers. Moreover, this is not correlated to the
formation of Lewy bodies, as the significant association remained upon the elimination of
LB+ individuals (Table 4). This suggests that APOE e4 is associated with N+ in subjects
with low AD load or even in otherwise healthy individuals, and is in line with a recent
clinical study that found evidence of a relationship between the presence of APOE e4 and
poor objective sleep quality in healthy individuals screened for cognitive impairments [17].
Our finding provides pathological evidence to indicate that 4 carriers, compared to non-
carriers, are at a higher risk of developing sleep disturbances, despite having mild to no AD
load and Lewy body pathology.

In an unadjusted model, APOE e4 seems to exert a recessive-like influence on N+ in HAD
subjects such that while one copy is insufficient, carriers with two copies of the e4 allele are
at a higher risk of developing N+, in contrast to the dose-dependent influence of APOE 4
on AD. This is demonstrated through the significant difference in the prevalence of N+

Curr Alzheimer Res. Author manuscript; available in PMC 2019 July 08.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Koo et al.

Page 6

amongst homozygous carriers of the 4 allele, as compared to heterozygous or non-carriers
of e4. The higher prevalence of N+ found in homozygous carriers, present only upon
stratification by Lewy bodies, is female specific and exclusive only to subjects with Lewy
body pathology (Table 4). However, after controlling for clinical and demographic
confounders, significance on the recessive-like effect of e4 on N+ in HAD females with
Lewy body pathology was lost. A similar recessive-like effect of the e4 allele in females
with high AD load and Lewy body pathology has also been reported for psychosis, another
common symptom in AD [18].

Our results show that the effects of APOE e4 on N+ seem to be gender specific, as
demonstrated by the positive correlation between APOE e4 and N+ in the NAD and HAD
groups, which were restricted to females only. This strong gender influence on the effects of
APOE &4 on AD is not new [19] — having previously shown to escalate the risk of AD in
females more than males [20], increase the likelihood of developing AD-related symptoms
such as dis-inhibition and irritability in females [21], and exert a female specific effect on
the development of psychosis [18]. On the other hand, although non-significant, we found a
positive and male specific trend between Lewy body pathology and N+ across all groups of
AD load. The stronger prevalence of AD with Lewy bodies in males [7, 22], may explain
why this trend was observed in males only. Previous findings, along with our results,
suggests for a stronger influence of the APOE 4 on AD and AD-related symptoms in
females over males.

Although many previous studies have investigated the relationship between amyloid and
poor sleep quality in the past, few previous studies have examined the relationship between
APOE e4 status and sleep disturbances in AD. A longitudinal study of 44 subjects clinically
diagnosed with probable AD who were followed and measured for sleep disturbances found
non-carriers of the e4 allele to experienced greater sleep disturbances during AD
progression [23]. Based on our study however, no such trend seems to exist. This
discrepancy could be related to the differences in characterization of sleep disturbances, or
variations in methods of assessment (self-reported assessment, caregiver’s assessment,
physiological measures).

The evaluation of sleep disturbances in this study is based solely on the NPI1-Q question, and
presents a limitation in our study as this question reflects the presence of abnormal sleep
patterns only in the past one month, inhibiting the distinction between long term versus short
term sleeping behaviours. The answers to this question, provided by a collateral informant,
may have been an incomplete representation of the presence or absence of abnormal sleep
patterns in patients, depending on the relationship between the informant and the patient,
and whether the informant resides with the patient. In addition, this question alone does not
provide information on the patient’s quality of sleep or sleep latency -parameters in which
changes are common in the aging population, but even more pronounced in AD patients
[24-26]. As such, other methods of monitoring sleep disturbances, such as
electrophysiological recordings, may provide a more objective assessment on the effects of
various risk factors on sleep disturbances in AD patients. It may also be interesting to
investigate in the future whether sleep impairments experienced by subjects with no or
minimal AD load are different from those experienced by individuals with high AD load.
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Finally, as with most other studies using the NACC database, complete randomization of
subjects was likely not achieved, given our study subjects being predominantly Caucasians
with relatively high education levels. Individuals enrolled in a voluntary observational
program involving regular visits to an Alzheimer’s Disease Centre (ADC) would likely be a
stronger representation of the urban population, affecting the generalizability of our results.

5. Conclusion

The influence of APOE &4 on N+ is largely female predominant, and seems to be correlated
with the presence of Lewy bodies in females with high AD load, though significance was
lost after controlling for covariates. This is similar to a previous report on the effect of
APOE &4 on psychosis in AD patients, which was also found to be female specific, and
mediated through the formation of Lewy bodies [18]. Our unexpected finding that the e4
allele significantly increases the risk of developing N+ in female subjects with no or low AD
pathology is suggestive of the possible effects of APOE e4 beyond those currently known,
particularly in individuals without AD.

Supplementary Material

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

Flow diagram depicting the selection and number of neuropathologically confirmed cases of
AD within each diagnostic sub-group. NPI-Q: Neuropsychiatric Inventory Questionnaire

Quick version. NAD: no/low AD load; IAD: intermediate AD load; HAD: high AD load. +/
—: presence/absence. N: abnormal sleep behaviours.
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Regression analysis on the relationship between APOE e4 and abnormal sleep patterns after stratification by
Lewy bodies (LB+/-) and gender in NAD (no/low AD load) and HAD (high AD load) subjects. +/-: presence/

absence.

Variable

Males

Females

Unadjusted Adjusted
OR (95% CI) OR (95% ClI)

Unadjusted
OR (95% CI)

Adjusted
OR (95% CI)

NAD
LB+
APOE ¢4
Age last visit
Depression
Anxiety
LB-
APOE &4

Age last visit
Depression
Anxiety
HAD
LB+
APOE e4
Age last visit
Education
Depression
Anxiety
LB-
APOE e4
Age last visit
Education

Depression

Anxiety

2.18(0.65-7.24)  2.03 (0.53-7.77)
0.98 (0.93-1.04)
1.60 (0.49-5.23)

4.83 (1.20-19.5) *
0.88(0.43-1.80)  0.8(0.37-1.73)
1.00 (0.97-1.02)
1.58 (0.83-3.02)

3.59 (1.87-6.90) *

1.37 (0.64-2.90)  1.25(0.57-2.73)
1.00 (0.97-1.03)
1.00 (0.92-1.09)
1.59 (0.82-3.08)

2.33(1.29-4.23) ©

1.04 (0.54-2.00)  1.07 (0.54-2.11)
0.99 (0.97-1.02)
1.06 (0.98-1.14)
1.71 (1.03-2.83) ©
152 (0.92-2.52)

1.26 (0.18-8.97)

2.59 (1.25-5.39) ©

2.96 (1.22-7.20) *

1.35 (0.59-3.09)

0.71 (0.07-7.09)
0.98 (0.91-1.07)
1.09 (0.16-7.52)
7.00 (0.82-59.71)

2.28 (1.04-5.01) *
0.95 (0.93-0.97) *
1.75 (0.87-3.54)
0.93 (0.45-1.94)

2.32 (0.91-5.79)

0.99 (0.95-1.03)
1.15 (0.98-1.34)
1.70 (0.70-4.16)
1.93 (0.83-4.53)

1.13 (0.47-2.70)

0.98 (0.96-1.01)
1.03 (0.94-1.12)
1.30 (0.70-2.42)

230 (1.25-4.22) *

*
p<0.05.
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