Depression and MCI

education, presence of apolipoprotein E 4, MCI, and
so on (Djernes, 2006). Chi-squared test, #-test, and
ANOVA were used for continuous and categorical
variables, respectively. For analyses in which the
expected frequency was less than five, Fisher’s exact
probability test was used. Statistical analysis was
conducted using SAS package version 9.1 (SAS
Institute Inc., Cary, NC, USA).

Results
General findings

Diagnostic procedure of depression is illustrated in
Figure 1. As shown, 385 of the 3083 inhabitants died,
moved, or were not contacted, yielding 2698 baseline
candidate for the study. Among them, 1035 residents
refused to participate in the first phase, but 225 of
them participated in the third phase. Consequently,
1888 individuals (1663 for the first phase and 225 for
the third phase) (70.0%) of 2698 baseline candidates
were enrolled. Table 1 shows the demographic and
clinical data for the 1888 participants. Of the 1888
participants, all of the 44 institutionalized people were
diagnosed as having dementia. A total of 738
participants participated in the second phase, and
the remaining 881 individuals took part in the first
phase but not in the second or underwent the second
phase but lacked any data (hereafter the combined
persons are termed “first (+)/second (—) participants”).
Of the 225 individuals who participated in the third
phase, 86 were missing at least one data point, so the
data from the remaining 139 individuals contributed
to the prevalence estimation.

Between the 877 subjects individually interviewed for
depression diagnosis and the remaining 1011 subjects,
significant differences were found in the following: GDS
score and age were lower, and the score of the five tests
excluding the clock drawing test were higher for the
interviewed subjects. These results indicate that the

Table 1 Demographic and clinical data for all participants

n=1888 Mean +SD
Age (years) 73.8+6.0
Women, n (%) 969 (58.3)
Education (years) 9.9+27
GDS score 29126
NADL score 49.6+1.7
IADL score 51+1.6
BMI 22.8+3.2

GDS, Geriatric Depression Scale; NADL, Nishimura’s activities of
daily living; IADL, instrumental activities of daily living; BMI, body
mass index.

Copyright © 2011 John Wiley & Sons, Ltd.

275

subjects were functionally better than those who were
not interviewed for suspected depression.

Prevalence and characteristics of depression

Among the 738 second-phase participants (147 with
GDS scores of 26 and 591 with GDS scores of <6), 24
of the 147 subjects with GDS scores of >6 were
diagnosed as having MDE, and the remaining 123
subjects had a diagnosis of DSC. Twelve of the 591
subjects with GDS scores <6 were diagnosed as having
MDE. Thus, 36 participants were diagnosed with
MDE. On the other hand, among the 139 third-phase
participants with full data, 3 were found to have MDE,
and 10 were found to have DSC. In this diagnostic
process, neither MDE nor DSC was diagnosed for the
individuals with dementia.

In total, among the 877 interviewed subjects, 39
and 133 individuals were diagnosed with MDE and
DSC, respectively. The prevalence of MDE and DSC
for the target population were estimated to be 4.5%
(95% CI, 3.4-6.0) and 11.5% (4.2-28.0), respectively.

Table 2 shows the demographic and clinical data
for the 877 subjects in terms of the depression and
normal mood groups. The prevalence of MCI was
higher for the depression group, whereas ADL was
better and education year was longer for the normal
mood group.

Prevalence of coexisting depression and mild cognitive
impairment

Different from the prevalence estimation study for the
depression, for the purposes of accuracy in prediction
of the prevalence of coexisting depression and MCI,
the subjects of this portion of the study were confined
to those who underwent the face-to-face interview for
depression diagnosis. Among the 877 participants
with full data (738 second-phase and 139 third-phase
participants), the prevalence of the coexistence of the
depression and the four MCI subtypes were estimated
(Table 3). Using cutoff values of 1.5 SD for the
diagnosis of MCI, 171 of the 877 participants (19.5%)
were indicated to have MCI The proportion of all
subtypes of MCI combined was higher (p<0.01) for
the depression group (26.2%) than the normal mood
group (17.9%). In addition, the prevalence of
depression was significantly higher (p <0.01) for the
MCI group (26.3%) than the normal cognition group
(18.0%). Taken together, the individuals with MCI
were more likely to develop depressive symptoms, and
vice versa.
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Table 2 Demographic and clinical data for interviewed subjects

S. Hidaka et al.

Characteristic Non- depression Depression (DSC or MDE) p
n=705 n=172

Age (years) 73.5+5.6 . 734x54 NS
Women, n (%) 414 (58.7) 91 (52.9) NS
Education (years 10.1+2.7 9.6+2.3 p<0.05
NADL i 49.6+1.4 49.1+£2.7 p<0.01
MCl, n (%) 138 (16.7) 45 (26.2) p<0.01
APOE4 carrier, n (%) ' 147 (20.9) 32 (18.6) ‘NS
Habitual alcohol drinking, n (%) 242 (34.3) 54 (31.4) NS
Habitual smoking, n (%) 239 (33.9) 60 (34.9) NS
Hypertension, n (%) 212 (30.0) 37 (21.5) NS
Diabetes, n (%) 40 (5.7) 741 NS
Hyperlipidemia, n (%) : 223.1) 5.9 NS
Cerebral vascular disease, n (%) 24 (3.4) 7 (4.8 NS

DSC, depressive symptoms case; MDE, major depressive episodes; NADL, Nishimura’s activities of daily living; MCI,
mild cognitive impairment; APOE4, apolipoprotein E type 4; NS, not significant.

Table 3 Coexistence of mild cognitive impairment and depression among the interviewed 877 subjects

Mood/cognition Nofmal (80.5%) Depressed pooled DSC +MDE (19.6%) DSC (15.2%) ~~ MDE (4.4%)
n=705 (100%) n=172 (100%) n=133 (100%) n=39 (100%)
Normal 706 (80.5%), NS 579 (82.1%) 127 (73.8%) 95 . (M .4%) ' 32 (82.1%)
aMCls 14 (1.6%), NS 10 (1.4%) 4 (2.3%) 4 (3.0%) 0  (0.0%)
aMCIm 25 (2.9%), NS - 15 (2.1%) 10 (5.8%) : 7 (5.3%) 3 (7.7%)
naMCls 109 (12.4%), NS 89 (12.6%) 20 (11.6%) 18 (13.5%) 2 (5.1%)
naMClim 23 (2.6%), NS 12 (1.7%) 11 6.4%) 9 (6.8%) 2 (6.1%)
aMCls + naMCls 123 (14.0%), NS 99 (14.0%) 24 (13.9%) 22 (16.5%) 2 (61%)
aMClm +naMCIim 48 (5.5%)* 27 (3.8%) 21 (12.2%)" 16 (12.0%) 5 (12.8%)

DSC, depressive symptom case; MDE, major depressive disorder; aMClIs, amnestic MCI single; aMCIm, amnestic MCI multiple; naMCls, non-
amnestic MCI single; naMClIm, non-amnestic MCI multiple; NS, not significant.
Statistical issues: comparison between normal mood group versus depressed pooled group.

*p<0.01.

It was also examined whether the depression group
exhibited a prototypical profile of cognitive dysfunc-
tion. Using the generalized linear model, the differ-
ence in the proportion for each type of MCI between
the normal mood and depression groups was exam-
ined. No significant differences were present in the
prevalence of each of the four MCI types between the
two groups. However, not MCI single (aMCIs+
naMClIs) but MCI multiple (aMCIm +naMCIm)
was more prevalent in the depression group (12.2%)
than the normal group (3.8%).

Discussion
Prevalence of depression

Beekman et al. (1999) reviewed studies that dealt with
the prevalence of depression in later life. According to

Copyright © 2011 John Wiley & Sons, Ltd.

the severity of cases, the reported weighted average of
the prevalence of major and minor depressions was
1.8% (from 0.4% to 10.2%) and 9.8% (from 2.4% to
14.3%), respectively. To our knowledge, eight previ-
ous studies (Blazer and Williams, 1980; Kay et al,
1985; Weissman et al., 1985; Bland et al., 1988; Kivela
et al., 1988; Komabhashi et al., 1994; Lobo et al., 1995;
Pahkala et al, 1995) determined the prevalence of
major depression based on the DSM-III or DSM-III-R
criteria. The prevalence ranged from 0.4% to 3.7%.
Because of the previously described many risk factors
for depression besides ethnicity (Djernes, 2006), it is
extremely difficult to make comparisons between the
prevalence of the present study and the previous ones
after controlling for the factors. However, a 4.5%
prevalence rate of the DSM-III-R MDE in the present
study appears to be similar to the results of the
previous studies. As a category of depressive status
other than MDE, we did not use dysthymia as listed in
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the DSM-III-R but used our original definition of the
DSC. The prevalence of DSC was estimated to be
11.5%. Regarding this issue, Djernes (2006) examined
the prevalence of cases with depressive symptoms
other than depressive disorders according to the DSM
and International Classification of Diseases diagnostic
criteria. Their cases of depressive symptoms were
clinically diagnosed based on the presence of some
depressive symptoms detected by rating scales,
including the GDS. They reported that the prevalence
of the cases among community-living older people
widely ranges from 1.6% to 49%. However, more than
half (12/22) of the studies showed the prevalence
between 10% and 20%. Again, the risk factors aside,
the results appear to be similar to our DSC prevalence.

As shown in Table 2, besides more prevalence of
MCI, shorter education year and worse ADL for the
depression groups were found. Both of them have been
known as the risk factor for depression (Djernes,
2006). Although some studies reported cerebrovascu-
lar disease as the risk factor (Valvanne et al., 1996;
Schoevers et al., 2006), our study did not find such
result. Alcohol use has generally been regarded as a risk
factor (Wilkins et al., 2009); however, alcohol use was
not higher for the depression group. The relationship
between apolipoprotein E type 4 and depression has
been controversial (Rigaud et al., 2001; Bonger et al,
2009), and we could not find the relationship.

Prevalence of coexisting depression and mild cognitive
impairment

The present study showed high coexistence rate for
depression and MCI (all subtypes of MCI combined).
Regarding the epidemiology of depression among MCI
individuals, several population-based studies (Chan et
al., 2003; Solfrizzi et al, 2007; Geda et al, 2008;
Muangspaisan et al., 2008) focused on the coexistence
of exclusively amnestic MCI, and their results varied
widely (prevalence of depression from 11.0% to 63.3%).
Different from these studies, the cardiovascular health
study (Lyketsos et al, 2002) that determined the
coexistence rate taking other types of MCI showed
26% coexistence of MCI (MCI amnestic type plus MCI
multiple cognitive deficit type) and depressive symp-
toms. This result seems a little lower than our 36%
prevalence for aMClIs plus aMCIm. The difference might
be attributable to the difference in the methods between
the two studies and the smaller sample size of our study.

This is the first study to report the prevalence of the
four types of MCI among community-dwelling older
people with depression. The present study also found
higher prevalence of MCI among the subjects with

Copyright © 2011 John Wiley & Sons, Ltd.
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depression. It is particularly interesting to understand
whether individuals with depression show a certain
prototypical profile of cognitive impairment. It has been
said that older individuals with depression are likely to
be worse in memory, attention, and executive function
(Lockwood er al., 2000; Butters et al. 2004; Rapp et al,,
2005), whereas those with Alzheimer’s disease are likely
to develop more severe amnesia (O’'Brien et al., 1994).
However, in comparison with the normal mood group
in the present study, individuals with depression showed
no particular association with any of the four MCls. It is
possible that the depression group, especially the DSC
group, was too heterogeneous to share cognitive
impairment patterns, and that the number of the
subjects was too small to show statistical significance.
However, the prevalence of MCIm (aMCIm +
naMCIm) was significantly higher for the depression
group (12.2%) than the normal mood group (3.8%). A
possible explanation for the result is that depression is
apt to develop additional cognitive impairment in
individuals with MCIs. Another explanation is that
depression-related impairment in attention could
simultaneously affect other cognitive domains.

The strength of the present study was that unlike
most previous studies, the final diagnosis of MDE was
performed on the basis of a face-to-face structured
interview, and detailed cognitive assessments for the
accurate examination of the relationship between
depression and MCI were conducted. In terms of
limitations, less than half of the first-phase participants
underwent the individual interview. The resulting
second-phase participants were superior in functions
and demographics to the first (+)/second (—) partici-
pants. Thus, the prevalence of depression and coexisting
conditions could have been underestimated.

In addition to higher prevalence of depression
among individuals with MCI, this study was the first
to report higher prevalence of MCI among commu-
nity-dwelling depressed older people. Several re-
searchers (Li et al., 2001; Mondrego and Ferradez,
2004) have reported that the presence of depression
promoted the conversion from MCI to dementia.
Therefore, the present study suggests that attention
should be paid to the risk of developing dementia for
the older people with depression in general and the
depressed older people with MCI in particular.

Conclusion
The prevalence of depression in our subjects seems to
be similar with that of the previous studies. MCI was

more prevalent in subjects with depression than those
with normal mood. Individuals with depression
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Key points

e The prevalence of major depressive disorder
and DSC of the present study were 4.5% and
11.5%, which are similar to that of previous
studies. '

® Older subjects with depression were more likely
to show MCI than those with normal mood.

¢ Although the older subjects with depression
showed no prototypical profile of cognitive
dysfunction, they were likely to show MCI
multiple. S ,

® Older subjects with MCI were more likely to
develop depression than those with normal
cognitive function. '

® The risk of developing dementia in the
depressed older people in general and those
with coexisting MCI in particular should be
acknowledged.

showed no particular association with any of the four
MCIs. Given that depression and MCI are often
associated with each other and that MCI is a predictor
for the development of dementia, the risk of
developing dementia in the depressed older people,
particularly in older people with coexisting MCI,
should be acknowledged.
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Objective: Although the relationship between cognitive function and plasma lipids
bas attracted attention, previous studies bave shown conflicting results. One possible
confounding factor is due io the influence of gene-related modulator. We investi-
gated the relationship between cognitive function and lipild plasma levels of old age
after controlling for apolipoprotein E (APOE) genotype. Methods: One thousand three
bundred ninety-five subjfects without dementia age 65 and older participated in this
study. They were divided into two groups, with and without APOE4 [E4 (+) and E4
(—)]. Plasma concentrations of bigh-density lipoprotein (HDL), low-density lipoprotein
(1DL), triglyceride (TG), total cholesterol (I'C) and apolipoprotein E (apoE) were mea-
sured. Associations between plasma concentrations of lipids and cognitive function
were investigated for each group. Results: We found a positive association between
cognitive scores and plasma apoE level in both E4 (-) and E4 (+) groups. A posi-
tive relationsbip was also observed between cognitive score and HDL level in the E4
(—) group, but not in the E4 (+) group. No substantial association between cognitive
score and LDL, TG, and TC levels was found in eitber of the groups. Conclusions: Our
[findings suggest that plasma apoE bave a positive influence on cognitive function in
both E4 () and E4 (+) groups, whereas the positive influence of plasma HDL was
shown only in E4 (—) group. The identification of the influences of (APOE) genotype
and the intracellular linkage among apoE and HDL metabolism is boped for new
Dreventive and therapeutic strategies for cognitive change of elderly. (Am J Geriatr
Psychiatry 2012; 20:574-583)

Key Words: Apolipoprotein E, cognitive function, high-density lipoprotein, low-density
lipoprotein, triglyceride, total cholesterol
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OBJECTIVE

Despite the conflicting results of previous stud-
ies, a possible relationship between cognitive func-
tion and plasma lipids has been attracting in-
creasing attention. In one study of aged per-
sons, a low plasma concentration of high-density
lipoprotein (HDL) was related to cognitive im-
pairment and dementia, whereas no association
was found between low-density lipoprotein (LDL),
triglycerides (TG) and Mini-Mental State Exami-
nation (MMSE) scores.! On the contrary, a 4-year
longitudinal study of postmenopausal women re-
ported that high-LDL levels were associated with
concurrent cognitive impairment, whereas HDL and
TG levels were not associated with cognition.?
In younger middle-aged groups, HDL and TG
concentrations were unassociated with memory
performance, whereas higher plasma concentra-
tion of LDL was associated with better memory
performance.? In a study of Alzheimer disease (AD)
patients, no concurrent associations were found
between HDL, LDL, or TG and MMSE* In a system-
atic review of prospective studies of relationships be-
tween total cholesterol (TC) and dementia or cogni-
tive decline, an association between high midlife TC
and cognitive impairment was found, but there was
only weak evidence for an association between TC
and cognitive decline.

One possible explanation for these contradictory
results may lie in the age of the subjects when cog-
nitive function and plasma lipids were assessed. The
influence of gene-related modulator might be another
confounding factor. Apolipoprotein E (apoE) is a
polymorphic protein arising from 3 alleles (¢2/¢3/¢4)
ata single gene locus. Its three major isoforms, apoE2,
apoE3, and apoE4, differ from one another only by
single amino acid substitutions, yet these changes
have profound functional consequences both at cel-
lular and molecular levels.® The apolipoprotein E
(APOE) gene plays a central and pervasive role in
lipid metabolism.” Previous study supported the as-
sociation between APOE gene polymorphisms and
the vulnerability of the aging brain.® Cross-sectional
studies have reported the association of E4 inheri-
tance with poor global cognitive function, episodic
memory, and executive function.®!0 Thus, failure to
control for APOE genotype may influence the re-
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sult observed between cognitive function and plasma
lipids. In one previous study, the different association
of cholesterol on cognitive functioning was shown
in oldest old (> = 85 years old) with and without
APOE4 allele, and the necessity of further examina-
tion of the role of APOE genotype is suggested.!' The
current study examines the relationship between cog-
nitive function and plasma levels of lipids includ-
ing HDL, LDL, TG, TC, and apoE in the community-
dwelling elderly (> = 65 years old) with stratification
by APOE4 allele status.

METHODS
Participants

We recruited the participants in the present study
from the “Tone Project” in Tone town, Ibaraki,
Japan.'? This town is located about 40 miles north-
east of central Tokyo, and consists of both of newly-
developed residential and agricultural areas. On
November 30th, 2001, the town had 2,698 inhabitants
age 65 and older (14.0% of the town population). On
the basis of data from the national census, the age dis-
tribution in Tone town was almost identical to that of
the whole of Japan. They were asked to participate in
the project, and 1,888 of them were finally enrolled in
the Tone Project between December 2001 and April
2002.

After the assessment, a group of psychiatrists and
neuropsychologists reviewed the data and reached
a consensus regarding the presence or absence of
psychiatric disease including dementia according to
DSM-1V criteria. We excluded the data from those
with psychiatric diseases (n = 123).

Two hundred eighty participants refused blood
sampling because of fear or some other personal
reason. Sixty-one participants had no blood sam-
pling data because of error of blood sampling or of
some measurement procedure. One hundred eighty-
six participants did not complete the series of exami-
nations of cognitive assessment because of fatigue, re-
fusal, performance mistake, and so on. Among these
participants, 157 participants had neither blood sam-
pling nor cognitive assessment. After excluding data
from those without blood data and/or incomplete
data, we used the data from 1,395 subjects without
dementia for the analysis.
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At the initial examination, all of the eligible sub-
jects provided their written informed consent to par-
ticipate in the study. This study was approved by the
ethics committee of Tsukuba University.

Plasma Parameters

Blood samples were collected from the subjects at
fasting visits. Plasma levels of LDL, HDL, TG, and
TC were measured using standard enzymatic meth-
ods on routine automated chemistry systems. Plasma
apoE levels were determined by turbidimetric im-
munoassay. Genomic DNA was used for APOE typ-
ing. The APOE gene was amplified by the primer
and amplification conditions described by Wenham
and colleagues.’® After amplification, the PCR prod-
uct was digested with the restriction enzyme Hha I,
and subjected to electrophoresis in a 15% polyacry-
lamide gel.

Screening and Structured Interview

After blood sampling, all participants underwent a
screening interview consisting of a structured ques-
tionnaire (questions on age, sex, education). This was
followed by the 15-items short version of the Geriatric
Depression Scale (GDS).} The participants were
asked for their medical history of cardiovascular dis-
ease, diabetes mellitus, hyperlipidemia and hyper-
tension for which they had received medical care.
During the interview, we estimated visual acuity,
hearing and speech ability of each subject.

Cognitive Assessment

After completing the interview, all the participants
underwent group cognitive assessment using a set of
four tests to measure these cognitive domains: atten-
tion, memory, language, and reasoning. We evaluated
attention by using the Japanese version of a set-
dependent activity.!®> The test assesses alternating
attention, which refers to the capacity for mental flex-
ibility that allows individuals to shift their focus of
attention between tasks with different cognitive re-
quirements. To assess memory ability, we used the
Category Cued Recall test.1®* We examined language
ability with a category fluency test.!” The subjects
were asked to generate as many examples as possible
in 2 minutes from the semantic category “animals.”
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To assess abstract reasoning ability, we employed the
similarities subset of the Wechsler Adult Intelligence
Scale-Revised (WAIS-R).18

This cognitive assessment was conducted in a
group setting (maximum 50 participants) by an ex-
aminer using a projector. Before each of the four tests,
the participants were given instructions by an exam-
iner. All the participants were asked to record their
answers on the answer sheet. Each screening was
supervised by members of our research team, and
they prevented communications among participants.
If the responders had questions, the members an-
swered them right away. The mean length of the four-
test examination was 35 minutes. For proving the va-
lidity of the group-setting method, we examined the
agreement of four tests scores between group setting
and face-to-face method among 15 participants. For
this purpose, the participants first underwent group-
setting tests, and 35 days later they underwent face-
to-face tests. Between the two trials, Pearson’s cor-
relation coefficient was above 0.70, and significance
was p <0.01 for all of the four tests. For participants
with difficulty understanding tasks or with impaired
hearing or vision (n = 261), we conducted the assess-
ment by using the individual versions of the four tests
in a face-to-face setting.

For delineating the cognitive composite score, a
simple average score of the four individual scores is
not enough, because the contribution of the individ-
ual scores to the composite scores should be consid-
ered. Evaluation of the results of the four tests re-
vealed that the score for the four cognitive domains
showed normal distribution and significant mutual
correlation. Therefore, we attempted to convert the
four scores into a composite cognitive score using the
first component of the scores of principal component
analysis (Eigenvalue 2.85, proportion 71%, N = 1395,
Composite cognitive score = 0.853* attention score +
0.809* memory score + 0.856* language score + 0.859*
reasoning score.)

Statistical Analysis

Subjects were divided into the two groups of
E4(-)}n = 1118) (genotypes £2/¢2 [n = 4], e2/€3
[n = 107}, €3/£3 [n = 1007]) and E4(+) (n = 277)
(genotypes £2/24 [n = 18], £3/¢4 [n = 240] and ¢4/¢4
[N = 19]) to test for the influence of genotype on the
association between lipids and cognitive function.
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Group differences in demographic characteristics
were examined by unpaired t-test and Pearson x?
test. To examine the influence of group differences
on cognitive function, cognitive scores were com-
pared between groups by analysis of covariance
(ANCOVA), with age, sex, years of education, GDS
score, and medical history of cardiovascular disease,
diabetes mellitus, hyperlipidemia, and hypertension
as covariates (Table 1). To examine group differences
in the concentrations of lipids, ANCOVA was per-
formed with age and sex as covariates (Table 2).

The subjects in each category were divided into
three strata according to tertiles of the plasma concen-
trations of lipids. To examine the influence of plasma
lipids and ApoE genotype on cognitive function, we
performed ANCOVA with the three strata of the level
of lipids and genotype as independent variables, the
composite cognitive scores as dependent variables,
and age, sex, years of education, GDS score, and the
medical history of diseases as covariates (Tables 3-7).

Individual test scores and composite cognitive
scores were compared in E4 (-) and E4 (+) groups
separately among the three strata by ANCOVA, with
age, sex, years of education, GDS score, and medi-
cal history of diseases as covariates. In addition, ef-
fect sizes were calculated using partial eta-squared
(7?) to estimate and compare the effect of the level of
lipids on cognitive score between groups of different
sample size n? 0.01 was regarded as no substantial
effect. Follow-up t-tests were performed to specify
differences of cognitive score among the three strata
according to the levels of lipids (Tables 3-7, Figure 1).

Yasuno et al.

To examine whether the tertile of lipids/apoE level
were related to composite cognitive scores in the E4
(-) and E4 (+) groups, we performed multiple regres-
sion analysis with composite cognitive score as de-
pendent variable and the tertiles of lipids/apoE level
as independent variables, after adjustment for other
factors of age, sex, years of education, GDS score, and
medical history of diseases.

Multiple comparisons were adjusted by Bonferroni
correction. All statistical tests were two-tailed and re-
ported at a <0.05. Statistical analysis of the data was
performed using SPSS for Windows 16.0 (SPSS Japan,
Inc., Tokyo, Japan).

RESULTS

The demographic data of the E4 (-) and E4 (+)
groups are shown in Table 1. There were no group dif-
ferences in demographic characteristics between the
groups except the cognitive score. Our finding of a
higher cognitive score of the E4(-) group is consistent
with previous studies.!? Table 2 shows the mean of
the plasma concentrations of lipids for the E4 () and
E4 (+) groups. There were group differences in the
plasma concentrations of TC and apoE. The concen-
tration of TC was lower and that of apoE was higher
in the E4 (-) group.

Tables 3-7 show the median plasma concentrations
of lipids for the three strata according to the tertiles
of plasma levels of lipids and apoE. Individual test
scores and composite cognitive scores of the E4 ()

TABLE 1. Demographic Characteristics, Mean + SD

ApoE4(-) ApoE4(+)

Characteristic (n = 1,118) (n=277) df t,x2or F P
Age, Y 73.6+5.7 73.6+5.8 1393 t=0.06 0.95
Male, No (%)° 467 (42%) 108 (39%) 1 x2=0.71 0.40
Education, y* 10.0 £ 2.6 10.0 £2.7 1393 t=0.20 0.85
GDS score? 3.0+£27 27426 1393 t=1.63 0.10
Cardiovascular disease, No (%)? 40 (3.6%) 11 (4.0%) 1 2 =0.10 0.76
Diabetes mellitus, No (%)° 59 (5.3%) 13 (4.7%) 1 x2=0.16 0.69
Hyperlipidemia, No (%)" 31 (2.8%) 13 (4.7%) 1 x2 =268 0.10
Hypertension, No (%)® 314 (28.4%) 70 (25.2%) 1 x?=0.88 0.35
Composite cognitive score® 39.3 £ 12.0 37.1 £ 120 1, 1384 F=73 0.005¢

2The p value was calculated by unpaired two-tailed ¢ test.

bThe p value was calculated by Pearson x? two-tailed test.

The p value was calculated by analysis of covariance (ANCOVA) with age, sex, years of education, score of GDS and medical his-
tory of cardiovascular disease, diabetes mellitus, hyperlipidemia and hypertension as covariates. Data are mean + SD after adjustment for
covariates.

dp <0.05.
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TABLE 2. Concentrations of Lipid and ApoE in APOF4(~) and

scores. Follow-up #-tests showed differences of these

APOE4(+) Groups® cognitive scores among the three strata. In the E4 (+)

ANCOVA group, such an association was not observed (Table 3,

(df = 1, 1,390) Figure 1). In multiple regression analysis, plasma

Concentration  (n ___E fﬁ(;g) ‘go::g;')) F HDL level positively related to composite cogni-

tive score (8 = 0.12, p <0.001, df = 1108) in the

HDL (mmol/L) 1.44+038 141£038 133 0.25 _

LDL (mmol/L) 266+083 273+083 197 0.16 E4 ( ).gr(?l,lp‘ )

TG (mmol/L) 193+ 1.17 197+117 031 0.58 A significant main effect of the apoE level was
TC (mmol/L) 532+092 548+£092 676  001° found by ANCOVA analysis of the influence of the
apoE (mg/dL) 266+144 228:+145 158 <0.001¢

#Data are mean + SD after adjustment for age and sex.
bp <0.05.
p <0.001.

and E4 (+) groups according to the three strata of
plasma concentrations of lipids/apoE are also shown
in these tables.

ANCOVA analysis of the influence of HDL level
and genotype on composite cognitive scores re-
vealed interaction between HDL level and genotype
(Table 3). In the E4 (-) group, subjects with higher
HDL concentration had higher cognitive score. The
effect size of the plasma HDL level on cognitive score
showed a substantial influence of the HDL level on
three individual test scores and composite cognitive

apoE level and genotype on composite cognitive
scores (Table 4). Subjects with higher apoE concentra-
tion had higher cognitive score in all individual and
composite cognitive scores in the E4 (—) group, and
one individual and composite cognitive scores in the
E4 (+) group. The effect size of the plasma apoE level
on these cognitive score showed a substantial influ-
ence of the apoE level on two individual and compos-
ite cognitive scores in the E4 (-) group, and one indi-
vidual and composite cognitive scores in the E4 (+)
group. Follow-up t-tests showed differences of these
cognitive scores among the three strata. (Table 4, Fig-
ure 1). In multiple regression analysis, plasma ApoE
level positively related to composite cognitive scorein
the group of E4 (-) (8 = 0.13, p <0.001, df = 1108) and
E4(+) (8 = 0.12, p = 0.009, df = 267).

TABLE 3. Mean Cognitive Score of Each Tertile of HDL Level by APOE4(—) and APOF4(+) Groups™P

HDL concentration (mmol/L), tertiles

[

Low Middle High
<

Concentrations, 1.09 1.37 1.81 ANCOVA'
median (min-max) (0.57-1.24) (1.27-1.58) (1.60-3.57) F P 7? Between groups?
E4(—) Attention 150+ 11.1 158+ 11.1 168+ 11.8 6.74 <0.001f 0.0128 B

Memory 97+£73 103+73 113+£77 12.4 <0.001f 0.0228 B.C

Language ability 126 £ 6.6 13.2+ 6.6 133+ 7.0 3.15 0.043¢ 0.006

Reasoning 65+6.1 7.2+6.2 80+65 17.5 <0.001f 0.0318 A B C

Composite score 37.0 £ 20.1 39.2+20.1 41.7 £21.3 14.2 <0.001f 0.0258 A, B.C
E4(+) Attention 14.4 +£10.6 157+ 113 145+ 11.6 1.06 0.35 0.008

Memory 9.5+84 10.6 £ 8.9 9.8+9.2 1.10 0.34 0.008

Language ability 129+7.0 128+ 7.4 125+ 76 0.21 0.81 0.002

Reasoning 6.4+57 7.2+6.0 7.0+6.2 1.30 0.28 0.010

Composite score 36.6 £21.3 39.0 £22.5 37.14+23.2 0.97 0.38 0.007

2Data are mean =+ SD after adjustment for age, sex, years of education, GDS score, and medical history ofcardiovascular disease, diabetes
mellitus, hyperlipidemia, and hypertension as covariates.

PWith ANCOVA analysis of the effect of the level of HDL and genotype on composite cognitive scores,main effect of HDL level,
Fi2,1381) = 4.55. p = 0.01; main effect of genotype, F1,1381; = 7.84. p = 0.005;HDL level-by-genotype interaction, Fi3,1331 = 3.25. p = 0.04.

¢df = 2,1107 for APOE4(-), 2, 266 for APOE4(+).

dSignificance at p <0.016 (0.05/3) after Bonferroni adjustment for multiple comparisons: A, low to middle:B, low to high: C, middle to
high concentration group comparison.

€p <0.05.

fp <0.001.

g2 >0.01
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TABLE 4. Mean Cognitive Score of Each Tertile of apoE Level by APOE4(~) and APOE4(+) Groups™?

apoE concentration (mg/dL), tertiles

Concentrations, Low Middle High ANCOVA®
median (min-max) 1.3(0.5-1.7) 2.3(1.8-3.0) 4.0 (3.1-10.5) F P 7? Between groupsd
E4(~) Attention 143+ 115 15.8+11.1 172+ 11.1 17.2 <0.001f 0.0308 A B, C
Memory 99+77 105+ 74 109+ 74 4.90 0.008° 0.009 B
Language ability 128+ 6.9 128 + 6.7 134+ 6.6 3.61 0.027¢ 0.006
Reasoning 6.5+ 6.5 7.2+62 78+6.2 11.9 <0.001f 0.021% A, B
Composite score 36.7 &+ 21.0 39.0 + 203 417 £203 15.7 <0.001f 0.0288 AB, C
E4(+) Attention 139+ 10.0 153+ 113 158+ 124 2.24 0.11 0.0178
Memory 93+79 103 £ 89 106 +98 1.68 0.19 0.0128
Language ability 123 £ 6.6 129+ 74 13.2+82 1.14 0.32 0.008
Reasoning 59453 75+59 75+65 772 <0.001f  0.0558 A B
Composite score 35.0 £ 19.9 3894224 39.8 + 24.7 3.91 0.021¢ 0.0298 B

?Data are mean =+ SD after adjustment for age, sex, years of education, GDS score, and medical history ofcardiovascular disease, diabetes
mellitus, hyperlipidemia and hypertension as covariates.

bWith ANCOVA analysis of the effect of the level of apoE and genotype on composite cognitive scores,main effect of apoFE level,
Fi2,13811 = 11.3. p = 0.00001; main effect of genotype, Fjj,1381] = 4.96. p = 0.03; apoE level-by-genotype interaction, F,1381) = 0.45.
p =064

<df = 2, 1107 for APOEA(—), 2, 266 for APOE4(+).

dSignificance at p <0.016 (0.05/3) after Bonferroni adjustment for multiple comparisons: A, low to middle:B, low to high: C, middle to
high concentration group comparison.

¢p <0.05.

fp <0.001.

872 >0.01.

TABLE 5. Mean Cognitive Score of Each Tertile of LDL Level by APOE4(—) and APOE4(+) Groups®®

LDL concentration (mmol/L), tertiles

Concentrations, Low Middle High ANCOVAS
median (min—max) 1.89 (0.47-2.28) 2.59(2.30-2.97) 3.44 (3.00-9.05) F P n? Between groups?
E4(—) Attention 16.3 +£11.0 158+ 11.4 152+ 11.7 2.37 0.09 0.004

Memory 106+ 7.3 10775 10.0+7.7 3.12 0.05 0.006

Language ability 133+ 6.5 13.2+6.7 1254+ 6.9 5.00 0.007¢ 0.009 B,C

Reasoning 7.24+6.1 73+64 7.0+ 6.5 0.76 047 0.001

Composite score 40.0 + 20.0 39.8 + 20.7 37.7 +21.2 4.03 0.02¢ 0.007 B
E4(+) Attention 150+%11.9 1494+ 11.1 147+ 10.8 0.05 0.95 0.0004

Memory 10.0+9.4 10.1 £ 8.7 9.8 £ 85 0.14 0.87 0.001

Language ability 13.1+78 129+7.2 123+7.0 0.92 0.40 0.007

Reasoning 7.1£63 7.0+59 65+58 0.78 0.46 0.006

Composite score 38.2 +23.7 37.9+22.1 36.6 £ 21.5 0.44 0.65 0.003

2Data are mean =+ SD after adjustment for age, sex, years of education, GDS score and medical history ofcardiovascular disease, diabetes
mellitus, hyperlipidemia and hypertension as covariates.

bWith ANCOVA analysis of the effect of the level of LDL and genotype on composite cognitive scores,main effect of LDL level,
Fz2,1381) = 2.70. p = 0.07; main effect of genotype, Fy,1381) = 6.89. p = 0.009;,LDL level-by-genotype interaction, Fj,1381) = 0.05. p = 0.95

¢df = 2, 1107 for APOE4(~), 2, 266 for APOE4(+).

dSignificance at p<0.016 (0.05/3) after Bonferroni adjustment for multiple comparisons: A, low to middle:B, low to high: C, middle to
high concentration group comparison.

°p <0.05.

We found no main effect of LDL and its interac- in the E4 (-) group in two individual and compos-
tion with genotype by ANCOVA analysis of the influ- ite cognitive score. In multiple regression analysis
ence of LDL level and genotype on composite cogni- plasma LDL level positively related to composite cog-
tive scores (Table 5). We found an association between nitive score (8 = —0.06, p <0.001, df = 1,108) in the
cognitive scores and the plasma concentration of LDL E4 (-) group. However, the effect size of the plasma
Am J Geriatr Psychiatry 20:7, July 2012 579
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TABLE 6. Mean Cognitive Score of Each Tertile of TG Level by APOF4(—) and APOE4(+) Groups“'b

TG concentration (mmol/L), tertiles

<

Concentrations, Low Middle High ANCOVA Between
median (min-max) 0.98 (0.34-1.31) 1.63 (1.32-2.03) 2.77 (2.04-10.4) F p d groups?
E4(—) Attention 154+ 11.0 157+ 11.4 164+ 11.5 2.17 0.12 0.004

Memory 104+73 105+75 104+ 7.6 0.08 0.92 0.0002

Language ability 13.0 £ 65 129 £ 6.7 13.1+68 0.25 0.78 0.0004

Reasoning 7.2+6.1 7.0+ 6.4 7.4+6.4 0.96 0.38 0.002

Composite score 38.7 % 20.1 39.0 + 20.8 39.9 £ 21.0 0.95 0.39 0.002
E4(+) Attention 140+ 115 150 £ 11.5 15.5 + 10.4 1.37 0.26 0.009

Memory 9.7+9.1 106 £9.1 9.6+82 1.08 0.34 0.008

Language ability 123475 131£75 129+ 6.8 0.80 0.45 0.006

Reasoning 63 +6.1 69+6.1 73+55 213 0.12 0.016¢

Composite score 35.6 +22.9 38.5 £ 229 38.3 + 20.7 135 0.26 0.009

2Data are mean + SD after adjustment for age, sex, years of education, GDS score, and medical history of cardiovascular disease, diabetes
mellitus, hyperlipidemia, and hypertension as covariates.

bWith ANCOVA analysis of the effect of the level of TG and genotype on composite cognitive scores, main effect of TG level, Fjz,1381] =
1.58. p = 0.21; main effect of genotype, Fj1,1381 = 7.71. p = 0.006; TG level-by-genotype interaction, Fjz 1381} = 0.59. p = 0.56.

¢df = 2, 1107 for APOE4(-), 2, 266 for APOE4(+).

dSignificance at p <0.016 (0.05/3) after Bonferroni adjustment for multiple comparisons: A, low to middle:
B, low to high: C, middle to high concentration group comparison.

en? >0.01.

TABLE 7. Mean Cognitive Score of Each Tertile of TC Levels by APOE4(—) and APOF4(+) Groups™?

TC concentration (mmol/L), tertiles

<

Concentrations, Low Middle High ANCOVA Between
median (min-max) 4.34 (1.78-5.04) 5.33 (5.07-5.87) 6.28 (5.90-9.31) F P 7 Groups?
F4(-) Attention 15.2 £ 10.6 162+ 11.1 16.0 £ 13.2 2.53 0.08 0.005

Memory 102+7.0 10.7 7.4 104 + 8.7 0.97 0.38 0.002

Language ability 129+ 6.3 13.1 £6.2 13.0 £ 6.6 0.10 0.91 0.0001

Reasoning 68+59 74+62 75+74 3.84 0.02¢ 0.007 B

Composite score 38.2+19.3 40.0 +20.3 39.7 £ 24.1 2.51 0.08 0.005
E4(+) Attention 13.9+ 115 148 +11.3 158+ 11.5 1.75 0.18 0.013f

Memory 9.6+9.2 103+ 9.0 99+9.1 0.43 0.65 0.003

Language ability 122+75 13.4+73 126 £7.5 1.98 0.14 0.015¢

Reasoning 63+6.1 7.0+ 6.0 7.3£6.1 1.51 0.22 0.011f

Composite score 35 + 23.0 385+ 225 38.6+ 229 1.44 0.24 0.009

2Data are mean =+ SD after adjustment for age, sex, years of education, GDS score and medical history of cardiovascular disease, diabetes
mellitus, hyperlipidemia, and hypertension as covariates.

bWith ANCOVA analysis of the effect of the level of TG and genotype on composite cognitive scores, main effect of TC level, Fiz,1381) =
2.95. p = 0.06; main effect of genotype, F1,1381] = 7.99. p = 0.005; TC level-by-genotype interaction, Fi,1351] = 0.033. p = 0.97

¢df = 2,1107 for APOE4(—), 2, 266 for APOEA(+).

dSignificance at p <0.016 (0.05/3) after Bonferroni adjustment for multiple comparisons: A, low to middle: B, low to high: C, middle to

high concentration group comparison.

p <0.05.
2 50.01.

LDL level on these cognitive scores was small and
less than 0.01, and we could not regard this influence
of the LDL level as a substantially meaningful one on
cognitive scores. In the E4 (+) group, significant asso-
ciation was not observed (Table 5).

580

By ANCOVA analysis of the influence of TG or TC
level and genotype on composite cognitive scores, we
found no main effect of TG/TC and their interaction
with genotype (Tables 6 and 7). We found no associa-
tion between cognitive scores and the concentrations
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FIGURE 1. Mean cognitive scores of each of the tertiles of
lipid measures by E4 () and E4 (+) groups
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Two-sample t-tests were performed to specify differences in cognitive
score among the three strata according to the levels of HDL and apoE.
P values after Bonferroni adjustment for multiple comparisons are
shown.

3p <0.033 (0.10/3), Pp <0.016 (0.05/3), ¢p <0.00033 (0.001/3).

of TG in either of the groups (Table 6). Subjects with
higher TC concentration had one higher individual
cognitive score in the E4 (—) group, but the effect size
was small and less than 0.01. In the E4 (+) group,
significant association was not observed (Table 7). In
multiple regression analysis, there was no relation-
ship of TG or TC level to composite cognitive score
in either of the groups.

CONCLUSIONS

This is the first study to examine the relationship
between cognitive function and the plasma levels of
lipids including LDL, HDL, TG, TC, and apoE of el-
derly adults from the general population under con-
sideration of the influence of APOE genotypes. In our
analysis, we found that higher plasma levels of HDL
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were associated with better cognitive function in the
E4 (-) group. Subjects with higher plasma levels of
apoE had higher cognitive scores in both E4 (-) and
E4 (+) groups. The concentrations of these lipids had
a substantial influence on cognitive scores.

A number of possible mechanisms may explain
the observed association between HDL and cogni-
tive function in the E4 (-) group. One plausible
explanation may be found in the involvement of
HDL in their cerebral vascular pathology. Particles
of HDL are assumed to be linked with small-vessel
disease through their role in the removal of excess
cholesterol from the subendothelian space of cere-
bral microvessels.!? In fact, reduced HDL levels have
been observed in vascular dementia (VaD).? In ad-
dition, low-level HDL is thought to be a risk factor
for atherosclerotic diseases, leading to ischemic le-
sions in the brain that contribute to the development
of cognitive decline and dementia.?'? It has been
reported that HDL might also prevent aggregation
and polymerization of amyloid in human brain 224
In addition, anti-inflammatory properties of HDL
could prevent inflammation from neurodegenerative
processes.”> However, these factors should be care-
fully considered for explanation of our findings, as
plasma and brain cholesterol are separated by the
blood brain barrier (BBB), and intact BBB prevents
cholesterol influx from the circulation into the brain.
Brain cholesterol is almost entirely synthesized in
situ.26

We found the difference in cognitive score be-
tween the E4 (+) and E4 (=) groups by the degree
of HDL concentration. By ANCOVA analysis of the
influence of HDL level and ApoE genotype on the
cognitive score, we found the interaction between
them. When we added the plasma apoE level as co-
variate to the ANCOVA analysis, the interaction be-
tween HDL level and genotype failed to reach signi-
ficance. (F[2_1331] = 3.25. p= 0-04_’F[2,13801 =2.59. pP=
0.08). This interaction between HDL level and geno-
type on cognitive function may suggest the presence
of interaction between HDL and apoE in cognitive
function of the elderly. Considering the positive re-
lationship of the apoE level with cognitive function
in our study, it is possible that HDL might prevent
the progression of cognitive decline via its influence
on apoE.

Recent studies presented evidence of the involve-
ment of internalized triglyceride-rich lipoprotein
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(TRL)-derived apoE in the regulation of cellular
cholesterol transport and HDL metabolism.?” The
greater portion of TRL-derived apoE forms a complex
with cholesterol and remains in peripheral recy-
cling endosomes. This pool of TRL-derived apoE is
then mobilized by HDL to be recycled back to the
plasma membrane, followed by apoE resecretion and
the subsequent formation of apoE-containing HDL.
This HDL-induced recycling of apoE is accompanied
by cholesterol enrichment of HDL and cholesterol
efflux, and it may maximize the removal of choles-
terol from the periphery.?® Thus, HDL may prevent
the progression of atherosclerosis and cognitive de-
cline via apoE recycling, thereby reducing cholesterol
accumulation. Our finding of the positive association
between plasma apoE level and cognitive function is
in agreement with the earlier-described hypothesis of
the influence of apoE recycling. Further, it has been
reported that elevated levels of plasma apoE reduce
inflammation, endothelial dysfunction and lipid oxi-
dation within lesions.?’ An antioxidant role of apoE
in promoting the regression of atherosclerosis has
also been reported.®

However, the absence of an association of HDL
and cognitive function in the E4 (+) group remains
a question to be addressed. Recent study showed
that HDL-induced recycling of TRL-derived apoE4
is impaired and is associated with decreased choles-
terol efflux.?! In agreement with this finding, previ-
ous studies showed that apoE4 is less efficient in com-
parison with apoE3 in promoting cholesterol efflux
from the periphery.3>3 In our data, we found a lower
concentration of apoE in the E4 (+) than in the E4
(-) group, perhaps reflecting the impaired recycling
of apoE4. Examining the correlation between the lev-
els of HDL and apoE, we found a significant positive
relationship in the E4 (—) group (r = 0.28, p <0.001,
df = 1,116), but not in the E4 (+) group (r = 0.08,
p = 0.15, df = 275). This finding may reflect the im-
pairment of HDL-induced recycling of apoE4. This
impairment might reduce the preventive role of HDL
on atherosclerosis and at least partly account for the
lack of the association of the HDL level with cognitive
function in the E4 (+) group.

The present study has limitations. Three hundred
seventy participants had no blood sampling data
and/or cognitive data, and these participants were
excluded from our analysis. When we compared the
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demographic characteristic data of excluded (n = 370)
and included subjects (n = 1395), significance was
found in older age (excluded versus included sub-
jects: 76.4 + 7.6 versus 73.6 + 5.8 years), shorter edu-
cation (9.0 £ 2.7 versus 10.0 2.7 years), higher GDS
score (3.3 + 3.2 versus 2.6 + 2.9) and higher ratio of a
medical history of CVD (7.7% versus 3.7%). There is a
possibility that the excluded subjects produced some
distortions in the results.

Two hundred sixty-one participants required a
face-to-face testing procedure, whereas the other
1,134 participants had tests with the group-setting
procedure. There is a possibility that this difference
in testing procedure had some confounding effect, al-
though composite cognitive scores were not different
between the groups (group versus face-to-face
testing; 38.6 + 12.1 versus 39.8 + 12.2, Fjy,1385) = 1.86.
p = 0.17), and the results did not change when we
added the difference of testing procedure as a con-
founding factor in all of the performed statistical
analyses (data not shown).

The sample size of E4 (+) was only about a quarter
of that of E4 (-), and it is possible that the insignifi-
cant result in the E4 (+) group is affected by its small
sample size. However, effect size was less than 0.01
or near 0.01 in all of the influences of lipids on cog-
nitive scores in the E4 (+) group except that of apoE.
This means that there was no or nearly negligible in-
fluence of lipids (except apoE) on cognitive scores in
the E4 (+) group.

In conclusion, our findings suggest that plasma
apoE have a positive influence on cognitive func-
tion in both the E4 (-) and E4 (+) groups, whereas
the positive influence of plasma HDL was shown
only in the E4 (—) group. The interaction between
HDL level and APOE genotype on cognitive function
may suggest the possible interaction between HDL
and apoE. High-density lipoprotein may prevent the
progression of atherosclerosis and cognitive decline
via apoE recycling, which reduces cholesterol accu-
mulation. However, HDL-induced recycling of apoE4
may be impaired. Although further longitudinal
study is needed for sufficient basis for conclusions,
the identification of the influences of APOE genotype
and the intracellular linkage among apoE, cellular
cholesterol transport, and HDL metabolism is hoped
for new preventive and therapeutic strategies for cog-
nitive decline in the elderly.

Am J Geriatr Psychiatry 20:7, July 2012
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