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might have affected the results. However, our study
included a fairly large number of subjects compared
with most of the previous studies that examined the
relationship between ApoE4 and depression. In addi-
tion, we used only data from those who provided full
data and underwent a structured interview. Although
standard practice for MCI study is typically based on
average of at least two tests per domain, we used only
one test per domain. Self-report measures were used
in our study; however, the results of the measures from
the participants with diminished insight may be a poor
measure of actual functioning. Taking the limitations
described earlier into consideration, we should take
attention in interpreting the results of this study.

In conclusion, the association of MCI with ApoE4
and DSC suggests that MCI is a confounder for the
association between ApoF4 and DSC. ApoFE4 contributed
to neither DSC nor MDE.

Key points

e ApoE4 contributed to neither DSC nor MDE.

e The comparison between ApoE4 carriers
and non-carriers revealed that only MCI
prevalence was significantly different between
the two groups.

o Sex, MCI, years of education, and N-ADL
scores significantly correlated with prevalence
of DSC.

e The association of MCI with ApoE4 and DSC
suggested that MCI is a confounder for the
association between ApoE4 and DSC.
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Automatic Voxel-Based Morphometry of
Structural MRI by SPM8 plus Diffeomorphic
Anatomic Registration Through Exponentiated Lie
Algebra Improves the Diagnosis of Probable
Alzheimer Disease

BACKGROUND AND PURPOSE: The necessity for structural MRI is greater than ever to both diagnose
AD in its early stage and objectively evaluate its progression. We propose a new VBM-based software
program for automatic detection of early specific atrophy in AD.

MATERIALS AND METHODS: A target VO! was determined by group comparison of 30 patients with
very mild AD and 40 age-matched healthy controls by using SPM. Then this target VOI was incorpo-
rated into a newly developed automated software program independently running on a Windows PC
for VBM by using SPM8 plus DARTEL. ROC analysis was performed for discrimination of 116 other
patients with AD with very mild stage (n = 45), mild stage (n = 30) and moderate-to-advanced stages
(n = 41) from 40 other age-matched healthy controls by using a z score map in the target VOI.

RESULTS: Medial temporal structures involving the entire region of the entorhinal cortex, hippocam-
pus, and amygdala showed significant atrophy in the patients with very mild AD and were determined
as a target VOI. When we used the severity score of atrophy in this target VOI, 91.6%, 95.8%, and
98.2% accuracies were obtained in the very mild AD, mild AD, and moderate-to-severe AD groups,
respectively. In the very mild AD group, a high specificity of 97.5% with a sensitivity of 86.4% was
obtained, and age at onset of AD did not influence this accuracy.

CONCLUSIONS: This software program with application of SPM8 plus DARTEL to VBM provides a high

performance for AD diagnosis by using MRI.

ncreases in the number of individuals with dementia, the

highest proportion of whom are affected by AD, have made
early diagnosis of AD a major research and clinical priority. Of
several neuroimaging techniques that provide surrogate
markers for the diagnosis of AD, structural MRI is the most
commonly used because of its noninvasiveness and excellent
spatial resolution with good tissue contrast.' In AD, the earli-
est tissue loss occurs in the medial temporal structures, partic-
ularly in the entorhinal cortex.”> However, visual inspection is
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insufficient for objective evaluation of mild atrophy. Although
manual tracing of these structures can quantify the absolute
volume, it is time-consuming and requires special expertise in
anatomic knowledge for tracers. Recently, computer-aided
VBM? has been applied to detect early atrophic changes in AD.
Although this technique cannot provide the absolute volume,
it can provide statistical results in comparisons of patients
with AD with healthy controls.* Moreover VBM has been re-
ported to be a surrogate indicator of the full brain topographic
representation of the neurodegenerative aspect of AD pathol-
ogy.” Hirata et al® proposed an automated software program, a
voxel-based specific regional analysis system for AD, for the
diagnosis of AD by using this VBM technique. In the present
study, we revised this software by introducing new techniques
and validated its utility.

Materials and Methods

A total of 251 subjects were studied in 1 center. We retrospectively
chose 146 patients (65 men and 81 women) with a clinical diagnosis of
probable AD according to the National Institute of Neurologic and
Communicative Disorders and Stroke and the Alzheimer Disease and
Related Disorders Association criteria.” These patients were classified
into 3 groups of very mild, mild, and moderate-to-advanced AD. The
very mild AD group comprised 75 patients (37 men and 38 women)
who ranged in age from 51 to 86 years with amean of 71.2 & 7.4 years.
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At the initial visit, they had no apparent loss in general cognitive,
behavioral, or functional status and corresponded to the criteria of the
amnestic type of MCI® or 0.5 in the Clinical Dementia Rating.® The
MMSE score ranged from 24 to 29 (mean, 25.7 £ 1.5). During the
subsequent follow-up period of 2—6 years, the subjects showed pro-
gressive cognitive decline and eventually fulfilled the diagnosis of
probable AD. The mild and moderate-to-advanced AD groups com-
prised 30 patients (8 men and 22 women, 71.4 = 6.8 years of age) and
41 patients (20 men and 21 women, 71.3 = 7.7 years of age), respec-
tively. The MMSE score ranged from 20 to 25 (mean, 21.4 *+ 1.3) and
from 6 to 19; (mean, 15.0 * 3.5) for the mild and moderate-to-
advanced AD groups, respectively. Eighty-one of these patients with
AD (48 very mild, 11 mild, and 22 moderate-to-advanced) underwent
follow-up MRI studies at an interval of 1—4 years for, at most, 6 years
(mean, 3.3 * 1.2 years), and most patients in the very mild and mild
AD groups moved to a more advanced group during the follow-up
period. Consequently, the total of MRI studies was 89, 57, and 123 for
the very mild, mild, and moderate-to-advanced AD groups.

Eighty age-matched control subjects (37 men and 43 women)
were healthy volunteers with no memory impairment or cognitive
disorders. They ranged in age from 54 to 86 years with a mean of
70.4 = 7.8 years. Their performance was within normal limits both on
the Wechsler Memory Scale—Revised and the Wechsler Adult Intelli-
gence Scale-Revised. Their MMSE scores ranged from 26 to 30
(mean, 29.1 = 1.2). They did not differ in age or education from the
patients with AD. Additionally, 25 healthy volunteers (15 men and 10
women; mean, 31.1 = 7.8 years of age) participated in this study for
creation of a customized template for spatial normalization in the
statistical image analysis. The ethics committee approved this study,
and all subjects provided informed consent to participate. None of
them had asymptomatic cerebral infarction detected by T2-weighted
MRIL

All subjects underwent an MRI study on a 1.5T Vision Plus imager
(Siemens, Erlangen, Germany). One hundred forty 3D sections of a
T1-weighted magnetization-prepared rapid acquisition of gradient
echo sequence were obtained in a sagittal orientation as 1.2-mm thick
sections (FOV = 23, TR = 9.7 ms, TE = 4 ms, flip angle = 12°, and
TI = 300 ms, with no intersection gaps).

First, to define a target VOI for early diagnosis of AD, we per-
formed a group comparison between 30 patients (14 men and 16
women; mean age, 73.8 = 4.8 years) randomly chosen in the present
very mild AD group and the present 40 healthy controls group (19
men and 21 women; mean age, 70.8 * 8.5 years). Using the latest
version of SPM8 (Wellcome Department of Imaging Neuroscience,
London, United Kingdom), we segmented MRIs into gray matter,
white matter, and CSF images by a unified tissue-segmentation pro-
cedure after image-intensity nonuniformity correction. These seg-
mented gray matter images were then spatially normalized to the
customized template in the standardized anatomic space by using
DARTEL (Wellcome Department of Imaging Neuroscience).'® The
customized template for DARTEL was created from the aforemen-
tioned 25 healthy young subjects. To preserve gray matter volume
within each voxel, we modulated the images by the Jacobean deter-
minants derived from the spatial normalization by DARTEL and then
smoothed them by using an 8-mm FWHM Gaussian kernel. To com-
pare the present analysis by using SPM8 plus DARTEL with the pre-
viously reported analysis,® we also defined a target VOI by using an
old SPM version, SPM2 (Wellcome Department of Imaging Neuro-
science) between the same 2 groups. Group comparisons by SPM
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were assessed by using the family-wise error at a threshold of P < .05,
corrected for multiple comparisons.

A stand-alone software program running on Windows for VBM
analysis by SPM8 plus DARTEL was developed to discriminate pa-
tients with AD from healthy controls. First, MRIs were spatially nor-
malized with only a 12-parameter affine transformation to the SPM
template so as to correct for differences in brain size. These linearly
transformed images were nonlinearly transformed and then modu-
lated to the customized template for DARTEL, followed by smooth-
ing by using an 8-mm FWHM kernel. Each processed gray matter
image of the remaining 116 patients with AD and 40 healthy controls
was compared with the mean and SD of gray matter images of the 40
healthy volunteers chosen in the group comparison by using voxel-
by-voxel z score analysis with and without voxel normalization to
global mean intensities (global normalization): z score = ([control
mean] — [individual value]) / (control SD). These z score maps were
displayed by overlay on tomographic sections and surface rendering
of the standardized brain. This program registered the target VOI
defined by the aforementioned group comparison. This software pro-
gram takes 8 minutes 40 seconds for all procedures by using a 64-bit
PC with a Core i7 central processing unit and 6-gigabytes memory
(Intel, Santa Clara, California).

We determined 4 indicators for characterizing atrophy in a target
VOI and in the whole brain: first, the severity of atrophy obtained
from the averaged positive z score in the target VOI; second, the
extent of a region showing significant atrophy in the target VOI—that
is, the percentage rate of the coordinates with a z value exceeding the
threshold value of 2 in the target VOI; third, the extent of a region
showing significant atrophy in the whole brain—that is, the percent-
age rate of the coordinates with a z value exceeding the threshold value
of 2 in the whole brain; and fourth, the ratio of the extent of a region
showing significant atrophy in the target VOI to the extent of a region
showing significant atrophy in the whole brain. The utility of these
indicators for this discrimination of AD from healthy controls has
been reported in previous MRI® and SPECT studies.™!

These 4 indicators were obtained under 2 conditions, with or
without global normalization. Using the values of the 4 indicators as
the threshold, we determined ROC curves for discrimination of pa-
tients with AD from healthy volunteers by using JMP 7.0 (SAS Insti-
tute, Cary, North Carolina). The program calculates the area under
the ROC curves, sensitivity, specificity, and accuracy. Moreover, the
age effects of AD onset on these 4 indicators and the results of the
ROC were investigated in the very mild AD group classified into 2
subgroups with an age threshold of 65: the early-onset subgroup (16
patients, 9 men and 7 women; mean age, 58.0 * 4.6 years) and the
late-onset subgroup (29 patients, 14 men and 15 women; mean age,
73.8 * 4.4 years).

Results

The group comparison by SPM8 plus DARTEL demonstrated
significant decline of gray matter volume in the left (Talairach
coordinates —24,—10,—14, x,y,z; z = 7.37 and 6.95 without
and with global normalization, respectively) and the right
(24,10,14, x,y,2; z = 7.42 and 7.05 without and with global
normalization, respectively) parahippocampal gyri in patients
with very mild AD (Fig 1). These bilateral regions involve the
entorhinal cortex, head to tail of the hippocampus, and
amygdala and are delineated as a target VOI for AD. Group
comparison by SPM2 showed significant decline of gray mat-
ter volume in the left (— 18, —7, — 16, x,y,z; 2 = 6.18) and right
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SPMS8 plus DARTEL No global normalization -
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SPMS8 plus DARTEL Global normalzation
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Fig 1. Group comparison of gray matter volume by SPM8 plus DARTEL and SPM2 between 30 patients with very mild AD and 40 healthy age-matched volunteers. The SPM8 plus DARTEL
analysis demonstrates significant decline of gray matter volume in the bilateral medial temporal structures both with and without global normalization in patients with very mild AD. The
cluster shape is very close to the anatomic configuration of the medial temporal structures involving the entorhinal cortex, amygdala, and hippocampal formation from head to tail. Although
the SPM 2 analysis demonstrates a significant decline of gray matter volume in the bilateral medial temporal structures, the cluster is confined to the anterior parts of the medial temporal

structures.

Table 1: Values of 4 indicators for characterizing atrophy®

SPM8 plus DARTEL SPM2
Target VOI Who!e- Target VOI Whole-
Global Brain Brain
Group Normalization ~ Severity Extent (%) Ratio Extent (%) Severity  Extent (%) Ratio Extent (%)
Healthy controls - 0705 44+98 08=x15 2547 NA NA NA NA
+ 07 +03 20+ 49 13+28 1409 05+03 18x73 05+18 2.6 31
Very mild AD - 18 +09° 39.0 + 355 99 +89° 54+ 78° NA NA NA NA
+ 22+09°  492+302° 129+78 41=x25% 16+10° 308+321" 67+78 5437
Mild AD - 22+07° 537 = 29.8° 128 = 88° 55+ 5.1° NA NA NA NA
+ 27 +08° 63.7 = 25.8° 154 +7.8° 43+19° 21+£11° 420+323° 96+92° 54+30°
Moderate-to-advanced - 28+ 10%4 722+ 26509 84720 151 £ 14.00¢d NA NA NA NA
AD
+ 30+ 1.0°¢ 687 +241%° 117 x67°¢ 71x37°%¢ 26+14°° 563 +332°° 76+=62° 9.0x50°°

Note:—NA indicates not applicable; -+, presence; —, absence.

2 Tukey honest significance test in each condition of global normalization.
5 P <001 versus healthy controls.

€ P < 001 versus very mild AD group.

9P < 001 versus mild AD group.

(18, —5,15, x,y,2; z = 5.86) parahippocampal gyri (Fig 1). The
cluster size was smaller in SPM2 than in SPM8 plus DARTEL.

The patients with AD showed significantly (P < .001,
Tukey honest significance test) greater values than healthy
controls in all 4 indicators in both SPM8 plus DARTEL and
SPM2 analysis (Table 1). The mild AD group showed not sig-
nificant but greater values of all 4 indicators than the very mild
AD group. The moderate-to-advanced AD group showed sig-
nificantly (P < .001) greater values of severity and extent for
the target VOI and extent for the whole brain than the very
mild AD group. In contrast, the ratio for the target VOI in the

moderate-to-advanced AD group was lower than that in the
mild AD group and almost equal to that in the very mild AD
group. Global normalization in SPM8 plus DARTEL analysis
elevated the severity and ratio for the target VOI and dimin-
ished the extent for the whole brain in all AD groups. The
SPM2 analysis showed lower values in severity, extent, and
ratio for a target VOI and greater values in extent for the whole
brain than the SPM8 plus DARTEL analysis.

In the SPM8 plus DARTEL analysis, better ROC results
were obtained in the condition with than without global nor-
malization, particularly in specificity (On-line Table 1). Of the
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Table 2: Values of 4 indicators in early- and late-onset subgroups in very mild AD

SPM8 plus DARTEL SPM2

Target VOI Whole- Target VO Whole-
Global Brain Brain
Normalization ~ Onset Severity Extent (%) Ratio Extent (%) Severity Extent (%) Ratio Extent (%)
= Early Rl ) 253 = 311 38+38 51x49 NA NA NA NA
— Late 1909 438 =356 50+84 116 £95 NA NA NA NA
- Early 1.9=07 374x262 95+6.0 4 1:%17 14210 244 + 3486 47 =55 3824
+ Late 23x+09 536 = 30.7 141 £ 8.1 4127 1710 332+312 1585 6.0=39

Note:—NA indicates not applicable; +, presence; —, absence.

4 indicators, the severity and extent for the target VOI with
global normalization showed almost equal and high accuracy.
Even in the very mild AD group, the severity showed a high
accuracy of 91.6%, increasing to 95.8% in the mild AD group
and 98.2% in the moderate-to-advanced AD group. SPM8
plus DARTEL showed better ROC results for all 4 indicators
than SPM2.

Although the early-onset subgroup showed lower values of
indicators for the target VOI than the late-onset subgroup
(Table 2), global normalization elevated these indicators
evenly in the early- and late-onset subgroups. These indicators
were largely stable before and after global normalization in
healthy controls. Consequently, ROC results in SPM8 plus
DARTEL revealed equal accuracy after global normalization
between these 2 subgroups (Online Table 2). In contrast,
SPM2 analysis showed approximately 10% lower accuracy in
the early-onset subgroup than that in the late-onset subgroup
when using the severity score.

In each of 81 follow-up patients with AD, the severity score
in a target VOI gradually increased from the baseline to fol-
low-up studies. The annual increase of the severity score after
global normalization was 0.27 = 0.15.

Representative cross-sectional and longitudinal studies for

SPM8 plus DARTEL

SPMS8 plus DARTEL analysis are demonstrated in Figs 2 and 3,
respectively.

Discussion

Using severity as an indicator, we obtained a high sensitivity of
86.4% and extremely high specificity of 97.5%, resulting in an
accuracy of 91.6% for discrimination of patients with very
mild AD from healthy controls in the SPM8 plus DARTEL
analysis. Extremely high specificity mainly contributed to this
high accuracy. In the SPM2 analysis, ROC analysis presented
5% lower sensitivity and approximately 13% lower specificity
compared with those in the SPM8 plus DARTEL analysis.
Kawachi et al'? reported 82.9% in both sensitivity and speci-
ficity in the patients with very mild AD in a similar VBM study
by using an older SPM version, SPM99. This better specificity
may result from application of the SPM8 plus DARTEL algo-
rithm. This DARTEL algorithm can provide more precise spa-
tial normalization to the template than the conventional
algorithm.'®"?

This improvement in the preciseness of the spatial normal-
ization was confirmed by group comparison for determining a
target VOI. The SPM8 plus DARTEL results showed signifi-
cantly decreased volume with anatomically precise configura-

ight Lateral

Inferior

Superior

Fig 2. Cross-sectional VBM study by using SPM8 plus DARTEL. A, MR image of a 52-year-old woman with an MMSE score of 27. One year later the MMSE score declined to 19. B, SPM8
plus DARTEL analysis with global normalization reveals a significant decrease of gray matter volume in the right entorhinal area. Colored areas with z scores of =2 are overlaid as
significantly atrophied regions on tomographic sections and cortical surface of the standardized MRI template. A target VOI in the medial temporal structures is demarcated with purple

lines. The right temporoparietal cortex also shows extensive significant atrophy.
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Fig 3. Longitudinal VBM studies by using SPM8 plus DARTEL. A 63-year-old woman with an MMSE score of 27 at the first visit was followed up for 6 years. One year later, the MMSE
score decreased to 20 and gradually decreased thereafter. VBM analysis with global normalization reveals significant atrophy in the bilateral medial temporal areas even at the time of
the initial study. Then the z score in a target VOI increased step by step with time. In contrast, analysis without global normalization does not demonstrate significant atrophy in the medial
temporal areas for the first 3 years. Severity scores as an indicator for characterizing atrophy in the medial temporal structures are shown.

tion of the medial temporal structures involving the entorhi-
nal cortex, amygdala, and total hippocampal formation.
Takahashi et al'* demonstrated almost identical results by us-
ing SPM8 plus DARTEL. The present SPM results by using
conventional VBM by SPM2 showed decreased gray matter
volume mainly in the anterior parts of the parahippocampal
gyri with a less precise configuration. The severity score
proved to be useful for longitudinal studies as well. The annual
increase of this score may be indicative of disease progression.

The modulation in VBM allows comparison of the absolute
amount of gray matter.'”” The step of global normalization
allows correction of the absolute amount of gray matter for
individual total brain volume. Comparison of discrimination
performance demonstrated better results in the condition
with than without global normalization. This difference in dis-
crimination performance may arise from the well-known fact
of selective atrophy in the medial temporal structures in
AD."*®1817 Even if the absolute amount of gray matter of the
medial temporal structures is decreased, a concomitant de-
crease in the total volume of gray matter would decrease spec-
ificity. The specificity in ROC analysis of the severity for the
target VOI was 17% lower in the condition without than with
global normalization in very mild AD. The degree of selective
atrophy in the medial temporal areas can be assessed by the
ratio as an indicator. In patients with AD, more than 10-fold

selective atrophy was observed in the medial temporal areas
compared with the whole brain in SPM8 plus DARTEL.
Global normalization enhanced this ratio. Progression of neo-
cortical atrophy would result in the decline of this ratio in
advanced AD. This indicator may be useful for differentiation
of AD from other neuropsychiatric diseases manifesting
dementia.

The early-onset subgroup showed milder atrophy in the
medial temporal structures than the late-onset subgroup.
This is in line with several previous reports in which late-
onset subgroups showed greater atrophy in the medial tem-
poral structures than the early-onset subgroups.'®'” How-
ever global normalization in SPM8 plus DARTEL extended
the difference of indicators for a target VOI evenly in the
early-onset and late-onset subgroups from indicators in
healthy controls. This extension led to almost equal accu-
racy for discrimination of early-onset and late-onset very
mild AD from healthy controls. This global normalization
procedure may make it possible to use a common target
VOl irrespective of age at onset of AD.

Thus the present study made it clear that the global nor-
malization procedure in VBM by using SPM8 plus DARTEL
has advantages in enhancing the discrimination power of di-
agnosing AD. However lower values of the extent for the whole
brain after global normalization would underestimate neocor-
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tical atrophy. The extent for the whole brain without global
normalization may be useful for accurately evaluating the de-
gree of neocortical atrophy.

This study is not without limitations. First, we should in-
vestigate whether this 1-site study is applicable to multicenter
studies. Second, evaluation of the reproducibility of the pres-
ent VBM technique may be necessary for longitudinal studies.
Third, we investigated patients with amnestic MCI who all
converted to AD. The outcome for any patient with MCI is
uncertain because many subjects remain stable or even revert
to a normal state, while others progress to dementia. Accord-
ingly, the predictive study by using this VBM approach is
much more important for MCI conversion to AD. Fourth, the
single target VOI was used irrespective of age at onset of AD. A
similar VBM study by Ishii et al'® recommended the use of a
target VOI involving not only medial temporal structures but
also parietal and posterior cingulate cortices and precunei in
early-onset AD. Although this software program presented the
same accuracy between early- and late-onset very mild AD
subgroups, we may have to investigate a more appropriate
target VOI from a larger number of patients with early-onset
AD. However, incorporation of 2 types of target VOIs for
early- and late-onset AD into a software program may con-
found the program user in the selection of a target VOl in the
case of follow-up studies on an approximately 65-year-old
patient.

Conclusions

We proposed an automatic VBM software program of struc-
tural MRI for discrimination between patients with probable
AD from the very-mild- to advanced stages and age-matched
healthy controls. Application of the SPM8 plus DARTEL anal-
ysis to this software program provided a high accuracy of
91.6% for discrimination of patients with very mild AD from
healthy controls by using a target VOI located in medial tem-
poral structures. Equal accuracies were obtained in early-onset
and late-onset very mild AD subgroups. This software pro-
gram may be useful for early diagnosis and longitudinal eval-
uation of AD.
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Abstract

We examined the combined effect of plasma lipids/hypertension and apolipoprotein E (APOE) genotype on cognitive function in elderly
individuals. Plasma concentrations of high-density lipoprotein (HDL), low-density lipoprotein (LDL), triglyceride (TG), total cholesterol
(TC), APOE, and history of hypertension were evaluated in 622 community-dwelling individuals aged 65 years and older. We investigated
the associations between plasma lipids/hypertension and cognitive function in apolipoprotein E4 allele (APOE4) carrier (E4+) and APOE4
noncarrier (E4-) groups using 3-year longitudinal data. At baseline and 3 years later, cognitive scores were correlated with plasma APOE
levels in both E4— and E4+, and HDL level in E4—. The combination of hypertension and E4+, but not E4—, was associated with a
significant deterioration in cognitive function during the 3-year follow-up. Our findings suggest that an interaction between APOE and HDL
is facilitated by APOE4, and is possibly linked with a protective effect on cognitive decline in later life. The findings also indicate a
synergistic effect of an APOE4 allele and hypertension on the acceleration of cognitive decline.
© 2012 Elsevier Inc. All rights reserved.

Keywords: Cognitive decline; APOE genotype; Hypertension; Apolipoprotein E (APOE); High-density lipoprotein (HDL); Low-density lipoprotein (LDL);
Triglyceride (TG): Total cholesterol (TC)

1. Introduction Apolipoprotein E (APOE) plays a significant role in
cholesterol delivery to neurons and AD pathogenesis asso-
ciated with amyloid-beta (AB) (Han, 2010; Iurescia et al.,
2010; Pfrieger, 2003). The plasma level of APOE has been
shown to depend upon the APOE genotype (Yasuno et al.,
2011). In elderly individuals without dementia, the interac-
tive effect of APOE and other plasma lipids on cognitive
function has also been reported to vary depending upon the
APOE genotype (Yasuno et al., 2011).
A complex synergism of APOE4 and cerebrovascular
pathology in cognitive function of the elderly has been
s ) ) reported. Chronic hypertension, a major risk factor for cere-
G s A R 2 e e brovascular diseases, can exacerbate cerebral degenerative
Cerebral and Cardiovascular Center, 5-7-1, Fujishiro-dai, Suita, Osaka z 4 3
565-8565, Japan. Tel.: +81 6 6833 5012; fax: +81 6 6833 5300. change (DeCarli et al., 1999; Petrovitch et al., 2000; Sparks
E-mail address: ejm86rp@yahoo.co,jp (F. Yasuno). et al., 1995) and was shown to be associated with tau

The presence of an apolipoprotein E4 allele (APOE4)
increases the risk and reduces the age at onset of Alzhei-
mer’s disease (AD) in a dose-dependent manner (Rebeck et
al., 1993; Saunders et al., 1993; Strittmatter et al., 1993).
Additionally, APOE4 carriers have been reported to have
higher rates of cognitive decline than noncarriers before the
diagnosis of mild cognitive impairment (Caselli et al.,
2007).

0197-4580/% — see front matter © 2012 Elsevier Inc. All rights reserved.
10.1016/j.neurobiolaging.2011.12.028

— 204 —



2634 F. Yasuno et al. / Neurobiology of Aging 33 (2012) 2633-2640

pathology in APOE4 carriers (Kester et al., 2010). These
findings appear compatible with the results of a longitudinal
study showing an adverse effect of midlife hypertension on
late-life cognitive function in APOE4 carriers (Peila et al.,
2001).

The detrimental effect of APOE4 may be exacerbated by
synergistic preventable risk factors such as plasma APOE/
lipids and hypertension. With stratification by APOE allele
status, we examined the effect of plasma APOE/lipids and
hypertension on longitudinal change in the cognitive func-
tion of community-dwelling elderly using the data from a
3-year follow-up study.

2. Methods
2.1. Participants

Participants were recruited in the present study from the
“Tone Project” in Tone town, Ibaraki, Japan (Miyamoto et
al., 2009). The sampling procedures have been described
elsewhere (Yasuno et al., 2011). 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 Diagnostic and Statistical Manual of Mental Disorders,
Fourth Edition (DSM-IV) criteria. We excluded the data
from those with history of psychiatric diseases, and 1395
volunteers participated in the first baseline study between
December 2001 and April 2002. Three years later, 622 of
them who had no history of stroke during follow-up could
be again evaluated between December 2004 and April 2003,
and in this study, we used the results of those subjects tested
twice.

At the initial examination, all of the eligible subjects
provided written informed consent to their participation in
the study. This study was approved by the ethics committee
of Tsukuba University.

2.2. Plasma parameters

Blood samples were collected from the subjects at fast-
ing visits at the initial examination. Plasma levels of low-
density lipoprotein (LDL), high-density lipoprotein (HDL),
triglyceride (TG), and total cholesterol (TC) were measured
using standard enzymatic methods on routine automated
chemistry systems. Plasma APOE levels were determined
by turbidimetric immunoassay. Genomic DNA was used for
APOE typing. The APOE gene was amplified by the primer
and amplification conditions described by Wenham and
colleagues (Wenham et al., 1991). After amplification, the
polymerase chain reaction (PCR) product was digested with
the restriction enzyme Hhal, and subjected to electrophore-
sis in a 15% polyacrylamide gel.

2.3. Screening and structured interview

After blood sampling, all participants underwent a
screening interview consisting of a structured questionnaire

(questions on age, sex, education), a 15-item short version
of the Geriatric Depression Scale (GDS) (Yesavage et al.,
1982), and evaluation of their past medical histories of
cardiovascular disease, diabetes mellitus, and hyperlipid-
emia.

2.4. Definition of hypertension requiring medication

Prior to the baseline examination, potential participants
were instructed to bring all their prescribed drugs. At the
baseline examination, participants were first asked whether
they had a history of treated hypertension, and then medi-
cations were checked for antihypertensive therapies. Base-
line blood pressure was measured. Using these data, a his-
tory of hypertension (HT) requiring medication was defined
if any 1 of the following conditions was present: the history
of hypertension with current use of antihypertensive medi-
cation, or systolic blood pressure (SBP)/diastolic blood
pressure (DBP) = 160/100 mm Hg at baseline.

2.5. Cognitive assessment

All participants underwent the same cognitive assess-
ment at the baseline and 3-year examinations using a set of
4 tests to measure the following cognitive domains: atten-
tion, memory, language, and reasoning. We evaluated at-
tention by using the Japanese version of a set-dependent
activity (Sohlberg and Mateer, 1986), memory ability using
the Category Cued Recall test (Grober et al., 1988), and
language ability with a category fluency test (Solomon and
Pendlebury, 1998). Abstract reasoning ability was evaluated
with the Similarities subtest of the Wechsler Adult Intelli-
gence Scale-Revised (WAIS-R) (Wechsler, 1981). The as-
sessment procedures have been described elsewhere (Ya-
suno et al.,, 2011). A composite cognitive score was
computed from the 4 scores using the first component of the
scores of principal-component analysis (composite cogni-
tive score = 0.853 X attention score + 0.809 X memory
score + 0.856 X language score + 0.859 X reasoning
score).

2.6. Statistical analysis of the effect of lipids/APOE

Subjects were divided into 2 APOE groups by E4 status
with E4 noncarrier (E4-) (n = 509) (genotypes €2/e3, n =
52; €3/e3, n = 457) and E4 carrier (E4+) (n = 113)
(genotypes €2/e4, n = 6; €3/ed4, n = 99; edled, n = 8) to
test for the influence of genotype on the association between
lipids and cognitive function.

Group differences in demographic characteristics were ex-
amined by unpaired 7 tests and Pearson y* tests. To examine
the influence of group differences on cognitive function, cog-
nitive scores were compared between groups by analysis of
covariance (ANCOVA), with age, sex, years of education,
GDS score, cigarette smoking, and medical history of cardio-
vascular disease, diabetes mellitus, hyperlipidemia, and hyper-
tension as covariates. The subjects in each category were
divided into 3 strata according to the plasma concentrations of
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lipids. To examine the influence of plasma lipids on cognitive
function, composite cognitive scores of the 3 strata of plasma
concentrations were compared in E4— and E4+ groups sepa-
rately by ANCOVA, with age, sex, years of education, GDS
score, cigarette smoking, and medical history of diseases as
covariates. Follow-up ¢ tests were performed to examine dif-
ferences in cognitive score among the 3 strata according to the
levels of lipids.

To examine the influence of plasma lipids on change in
cognitive function during the 3-year follow-up, we per-
formed repeated measures ANCOVA in the E4— and E4+
groups separately, with the level of lipids as between-sub-
ject variables, 2002 and 2005 composite cognitive scores as
within-subject variables, and age, sex, years of education,
GDS score, cigarette smoking, and the medical history of
diseases as covariates.

To examine whether the levels of lipids were related to
composite cognitive scores in the E4— and E4+ groups, we
performed multiple regression analysis with composite cog-
nitive score as dependent variable and plasma lipid levels as
independent variables, after adjustment for the other factors
of age, sex, years of education, GDS score, cigarette smok-
ing, and medical history of diseases.

2.7. Statistical analysis of the effect of HT

Subjects were divided into 2 groups based on the pres-
ence/absence of HT requiring medication (HT+ and HT-)
in each of the E4— and E4+ groups to test for the influence
of genotype on the association between HT and cognitive
function.

Group differences of HT+ and HT- in demographic
characteristics were examined by unpaired ¢ and Pearson x*
tests. To examine the influence of genotype and HT on the
change in cognitive function during the 3-year follow-up,
we performed repeated measures ANCOVA with genotype
and HT as between-subject variables, 2002 and 2005 com-

posite cognitive scores as within-subject variables, and age,
sex, years of education, GDS score, cigarette smoking, and
the medical history of diseases as covariates.

To examine the change in cognitive function during the
3-year follow-up, composite cognitive scores of the 2002
and 2005 examinations were compared in genotype/HT
groups separately by repeated measures ANCOVA, with
age, sex, years of education, GDS score, cigarette smoking,
and medical history of diseases as covariates.

To examine the change in cognitive function between the
groups with and without HT, composite cognitive scores in
2002 and 2005 were compared between HT+ and HT- groups
by ANCOVA with age, sex, years of education, GDS score,
cigarette smoking, and the medical history of diseases as co-
variates in the E4+ and E4- groups separately.

Multiple comparisons were adjusted by Bonferroni cor-
rection. All statistical tests were 2-tailed and reported at @ <
0.05. Effect sizes were calculated using partial n” to esti-
mate and compare the effect of the level of lipids on cog-
nitive score between groups of different sample size. n <
0.01 was regarded as no substantial effect. Statistical anal-
ysis of the data was performed using SPSS for Windows
19.0 (IBM, Japan Inc., Tokyo, Japan).

3. Results

The demographic data for the E4— and E4+ groups in
the analysis of the effect of lipids/APOE on cognitive func-
tion are shown in Table 1. There were no group differences
in demographic characteristics except for the cognitive
score. Our finding of a higher cognitive score at 2002 and
2005 in the E4— group is consistent with previous studies
(Small et al., 2004).

Tables 2 and 3 show the median plasma concentrations
of lipids for the 3 strata according to the tertiles of plasma
levels of lipids/APOE, and the mean cognitive scores of the

Table 1
Demographic characteristics in the analysis of the effect of lipids/lipoproteins
Characteristic APOE E4- (n = 509) APOE E4+ (n = 113) t, x5 or F p
Age, y* 73054 727+ 4.8 teao = 0.5 0.6
Male, n (%)" 226 (44) 43 (38) ¥, =15 0.2
Years of education® 10.1 £ 2.6 10.3 =29 teo = 0.3 0.5
GDS score” 26x25 21092 oo = 1.8 0.1
Cigarette smoking, n (%)° 188 (37) 37(33) )(2| = (0.7 0.4
History of disease, n (%)°
Cardiovascular disease 15(2.9) 2(1.7) X, =05 0.5
Diabetes mellitus 20(3.9) 7(6.1) = 1.1 0.3
Hyperlipidemia 19 (3.7) 7(6.1) Xo= 14 0.2
Hypertension 195 (38.3) 44 (38.9) X = 0.02 0.9
Cognitive score in 2002° 428 *11.7 403 = 118 F(1,611) = 4.1 0.04
Cognitive score in 2005° 43.1 = 13.8 39.0 = 13.8 F(1,611) = 83 0.004

Data are mean = SD after adjustment for covariates.

Key: APOE, apolipoprotein E; E4+, E4 allele carrier; E4—, E4 allele noncarrier; GDS, Geriatric Depression Scale.

* p value was calculated by unpaired 2-tailed ¢ test.
b p value was calculated by Pearson x* 2-tailed test.

¢ p value was calculated by analysis of covariance (ANCOVA) with age, sex, and years of education, GDS score, cigarette smoking, and medical history
of cardiovascular disease, diabetes mellitus, hyperlipidemia, and hypertension as covariates.
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Table 2
Mean cognitive test score of each tertile groups of lipid levels in APOE E4- group®
Plasma lipid/APOE level, tertiles, median (minimum-maximum) ANCOVA (df = 2,498) Group
Low Middle High F p o Gifference!
HDL level (mg/dL)* 41.0 (25.047.0) 52.0 (48.0-60.0) 69.0 (61.0-138.0)
Cognitive score in 2002 395 % 11.7 429 = 11.2 452 + 11.7 9.3 < 0.001 0.04 a, b
Cognitive score in 2005 39.1 £ 13.5 439 = 129 453 £ 135 9.3 < 0.001 0.04 a,b
APOE level (mg/dL)* 1.2 (0.5-1.7) 2.2 (1.8-3.0) 3.8 (3.1-10.5)
Cognitive score in 2002 384 =115 428+ 115 47+ 11.6 113 < 0.001 0.04 a, b
Cognitive score in 2005 390 %134 430+ 133 449 * 134 7.3 0.001 0.03 a, b
LDL level (mg/dL)* 73.0 (25.6-87.0) 99.0 (88.0-116.0) 134.0 (117.0-350.0)
Cognitive score in 2002 431+ 11.8 429 * 11.7 417 £ 11.9 0.7 0.5 0.003
Cognitive score in 2005 429 + 13.6 441 = 13.4 41.6 £ 13.7 1.4 0.2 0.006
TG level (mg/dL)" 85.0 (32.0-119.0) 148.0 (120.0-183.0) 258.0 (184.0-921.0)
Cognitive score in 2002 420+ 11.7 424 + 117 434 = 117 0.6 0.6 0.002
Cognitive score in 2005 422+ 134 429 + 134 436 = 134 0.4 0.7 0.002
TC level (mg/dL)? 169 (95-190) 205 (191-220) 240 (221-360)
Cognitive score in 2002 41.2 £ 120 £33+ 117 442 = 120 2.5 0.1 0.01
Cognitive score in 2005 412 £ 138 43.0 =134 444 = 138 2.2 0.1 0.009

Key: ANCOVA, analysis of covariance; APOE, apolipoprotein E; E4—, E4 allele noncarrier; GDS, Geriatric Depression Scale; HDL, high-density
lipoprotein; LDL, low-density lipoprotein; TC, total cholesterol; TG, triglyceride.
* Data are mean = SD after adjustment for age, sex, years of education, GDS score, cigarette smoking, and medical history of cardiovascular disease,
diabetes mellitus, and hypertension.
" Indicates significance at p < 0.05 after Bonferroni adjustment for multiple comparisons: a, low to middle concentration group comparison; b, low to high
concentration group comparison.
“& With repeated measures ANCOVA, no significant interaction between within-subject factor of 2002/2005 cognitive scores and between-subjects factor
of tertiles of plasma lipids concentration (df = 2,498;¢c, F=14,p=03:d, F=01,p=09¢e, F=15,p =02, F=006,p =09; g, F =02,
p = 08).

E4— and E4+ groups at 2002 and 2005 according to the 3 the HDL level on composite cognitive scores at both 2002

strata of plasma concentrations of lipids/APOE. and 2005 in the E4— group (Table 2). Subjects with higher
ANCOVA analysis evaluating the influence of lipids HDL concentrations had higher cognitive scores. The effect
level on cognitive function showed a significant influence of size of the influence of the plasma HDL level on cognitive
Table 3
Mean cognitive test score of each tertile groups of lipid levels in APOE E4+ group”
Plasma lipid/APOE level, tertiles, median (minimum-maximum) ANCOVA (df = 2,102) Group
Low Middle High F = 7 difference”

HDL level (mg/dL)* 41.0 (25.0-47.0) 52.0 (48.0-60.0) 69.0 (61.0-138.0)

Cognitive score in 2002 39.8 £ 125 433 +12.8 416 =127 0.7 0.5 0.01

Cognitive score in 2005 40.0 = 15.8 432 £16.1 38.7 £ 16.0 0.7 0.5 0.01
APOE level (mg/dL)* 1.2(0.5-1.7) 2.2 (1.8-3.0) 3.8 (3.1-10.5)

Cognitive score in 2002 404 = 12.1 332+ 121 506 =122 7.0 0.001 0.1 b, ¢

Cognitive score in 2005 39.6 = 15.7 355157 45.7x£ 157 4.0 0.02 0.07
LDL level (mg/dL)* 73.0 (25.6-87.0) 99.0 (88.0-116.0) 134.0 (117.0-350.0)

Cognitive score in 2002 42.6 £ 13.0 41.0 £ 12.6 40.8 = 12.9 0.2 0.8 0.004

Cognitive score in 2005 390+ 12.1 42.1 £ 120 39:7:% 123 0.4 0.7 0.007
TG level (mg/dL)" 85.0 (32.0-119.0) 148.0 (120.0-183.0) 258.0 (184.0-921.0)

Cognitive score in 2002 40.7 £ 12.5 403 £ 125 432 + 128 0.5 0.6 0.009

Cognitive score in 2005 38.9 = 15.7 39.1 = 15.6 43.0 = 16.1 0.8 0.5 0.01
TC level (mg/dL)® 169 (95-190) 205 (191-220) 240 (221-360)

Cognitive score in 2002 38.8 =133 424 £ 126 420 £ 12.8 0.7 0.5 0.01

Cognitive score in 2005 383 = 16.8 415+ 159 404 = 161 0.3 0.8 0.005

Key: ANCOVA, analysis of covariance; APOE, apolipoprotein E; E4+, E4 allele carrier; GDS, Geriatric Depression Scale; HDL, high-density lipoprotein;
LDL, low-density lipoprotein; TC, total cholesterol; TG, triglyceride.
* Data are mean = SD after adjustment for age, sex, years of education, GDS score, and medical history of cardiovascular disease, diabetes mellitus, and
hypertension.
® Indicates significance at p < 0.05 after Bonferroni adjustment for multiple comparisons: a, low to middle concentration group comparison; b, low to high
concentration group comparison; ¢, middle to high concentration group comparison.
“# With repeated measures ANCOVA, no significant interaction between within-subject factor of 2002/2005 cognitive scores and between-subjects factor
of tertiles of plasma lipids concentration (df = 2, 102;¢c, F=13,p=03;d, F=004,p=10;e, F=22,p=01;f, F=03,p=0T7:g F = 0.1,
p = 09).
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Table 4

Demographic characteristics of subjects in the analysis of the effect of hypertension

Characteristic APOE E4- (n = 509)

APOE E4+ (n = 113)

HT-,n =231 HT+,n=278 t )3 o F
Age® 72.4 % 5.4 735+5.3 fogy = 24
Male, n (%)° 107 (46) 119 (43) X, =06
Systolic BP 136.7 = 14.0 158.3 = 20.8 tsg; = 13.5
(mm Hg)*
Diastolic BP 80.3 = 10.1 86.7 * 123 tsg; = 6.4
(mm Hg)*
Education, y* 10.2 2.7 10.0 £2.6 tspy = 0.9
GDS score® 25+235 26*+25 tsgy = 0.5
Cigarette-smoking, 91 (40) 97 (35) le = 1.1
n (%)
Disease, n (%)
Cardiovascular 6(2.6) 9(3.2) X' =02
disease”
Diabetes mellitus” 8(3.5) 12 (4.3) X =02
Hyperlipidemia® 10 (4.3) 9(3.2) X, =04
Plasma lipids/APOE
(mg/dL)
TCS 204.7 = 349 205.1 =349 F(1,500) = 0.02
HDL*® 56.2 = 15.2 53.7 = 149 F(1,500) = 3.9
LDL® 100.8 = 32.8 105.4 = 32.7 F(1,500) = 25
TGS 167.3 £ 1122  184.1 £ 112.2 F(1,500) = 2.8
APOE® 26 1.4 25+ 14 F(1,500) = 1.7

p HT-,n =58 HT+,n=55 t),orF p
0.02 719 =42 73.6 =53 tp =20 0.05
0.4 18 (31) 25 (45) X =25 0.1

<0001 1372138 1594190 ¢, =71 < 0.001

<0001 793 *09.1 $52 2132 g, =28 0.007
0.4 10.5 = 3.1 10.0 = 2.6 i =05 0.6
0.6 1.8+19 24%25 tu =15 0.1
0.3 16 (28) 21 (38) X, =14 0.2
0.7 1(1.7) 1(1.8) X' = 001 0.9
0.6 4(6.9) 3(5.5) ¥, =0l 0.8
0.5 2(3.4) 5(9.1) X, =16 0.2
0.9 2146 +332 211.2+332  F(1,104) = 0.3 0.6

006 542+ 144 557+ 144  F(1,104) = 03 0.6
0.1 105.7 = 31.8 1066 +31.8  F(1,104) = 0.03 09
0.1 193.0 £ 109.5 167.9 = 109.6 F(1,104) = 1.5 0.2
0.2 24 %13 2213 F(1,104) = 1.3 0.3

Data are mean = SD after adjustment for covariates.

Key: ANCOVA, analysis of covariance; APOE, apolipoprotein E; BP, blood pressure; E4+, E4 allele carrier; E4—, E4 allele noncarrier; GDS, Geriatric
Depression Scale; HDL, high-density lipoprotein; HT—, subjects with no hypertension requiring medication; HT +, subjects with hypertension requiring
medication; LDL, low-density lipoprotein; TC, total cholesterol; TG, triglyceride.

* p value was calculated by unpaired 2-tailed 7 test.
® p value was calculated by Pearson x” 2-tailed test.

¢ p value was calculated by ANCOVA with age, sex, years of education, GDS score, cigarette smoking, and medical history of cardiovascular disease and

diabetes mellitus as covariates.

score was more than 0.01. No such significant association
was observed in the E4+ group (Table 3).

A significant main effect of the APOE level was found
by ANCOVA on composite cognitive scores at 2002 and
2005 in both E4— and E4+ groups (Tables 2 and 3). Sub-
jects with higher plasma APOE concentration had higher
cognitive scores in both groups. The effect size of the
association of the plasma APOE level on these cognitive
scores was more than 0.01.

The results of ANCOVA analysis were supported by the
multiple regression analysis evaluating whether the levels of
HDL and APOE were related to cognitive scores. The
plasma HDL level positively related to the composite cog-
nitive score at 2002 (8 = 0.13, p < 0.001) and at 2005 (8 =
0.14, p < 0.001) in the E4— group. Plasma APOE level
positively related to cognitive score at 2002 (g = 0.12,p <
0.001) and at 2005 (8 = 0.11, p = 0.001) in the E4 - group,
and at 2002 (B = 0.14, p = 0.05) and at 2005 (8 = 0.13,
p = 0.05) in the E4+ group.

On the contrary, in the repeated measures ANCOVA
analysis evaluating the influence of plasma lipids on the
change of cognitive function during the 3-year follow-up,
we found no significant interaction between the concentra-
tion of lipids and the 2002 and 2005 cognitive scores in all
measured comparisons (Tables 2 and 3).

The demographic data of the HT-/HT+ in E4-/E4+
groups in the analysis of the effect of HT on cognitive
function are shown in Table 4. There were no group differ-
ences in demographic characteristics in each genotype ex-
cept age, and systolic and diastolic blood pressure in the
E4- and E4+ groups.

Table 5 shows the change of the cognitive scores be-
tween 2002 and 2005 in the HT-/HT+ groups. With re-
peated measures ANCOVA, we found a significant interac-
tion in the within-subject factor of 2002/2005 cognitive
scores and the between-subject factor of the E4—/E4+ and
HT-/HT+ groups [F(1,610) = 4.24. p = .04]. In the re-
peated measures ANCOVA analysis, we found a significant
decrease in cognitive score during the 3 years of follow-up
in the HT+/E4+ group (Table 5). When we added the
plasma levels of APOE and HDL to the covariates in the
above analysis, the results did not change.

The difference in cognitive scores between the HT- and
HT+ groups in 2002 and 2005 is also shown in Table 5. In
2002, we found no significant difference in the cognitive
scores between the HT— and HT+ groups in both the E4—
and E4+ groups. Three years later, we found a significant
difference in cognitive scores between the HT- and HT+
groups in the E4+ group, and subjects with HT had lower
cognitive score.
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Table 5

Mean cognitive test score in 2002 and 2005 in each groups of HT— and HT+/APOE E4— and APOE E4+

Cognitive score

Repeated measures ANCOVA®

2002 2005 df F p 7

APOE E4—

HT- (n = 231) 436 = 11.0 437 = 12.7 1,222 0.05 0.8 0.000

HT+ (n = 278) 417+ 11.8 42.1 £13.8 1,269 0.8 0.4 0.003
ANCOVAP

F(1,499), p, 0.05, 0.8, 0.000 0.06, 0.8, 0.000
APOE E4+

HT- (n = 58) 434 = 13.8 443 £ 156 1,49 0.8 0.4 0.01

HT+ (n = 55) 39.3 £ 109 36.1 = 14.4 1,46 5.3 0.03 0.1
ANCOVAP

F(1,103), p, 7° 0.4, 0.5, 0.004 3.9,0.05,0.04

Key: ANCOVA, analysis of covariance; APOE, apolipoprotein E; E4+, E4 allele carrier; E4—, E4 allele noncarrier; GDS, Geriatric Depression Scale; HT—,
subjects with no hypertension requiring medication; HT +, subjects with hypertension requiring medication.
* Repeated measures ANCOVA with 2002/2005 test years as within-subject factor with age, sex, years of education, GDS score, and medical history of

cardiovascular disease, diabetes mellitus, and hyperlipidemia as covariates.

" ANCOVA with HT— and HT+ as between-subjects factor with age, sex, years of education, GDS score, and medical history of cardiovascular disease,

diabetes mellitus, and hyperlipidemia as covariates.

4. Discussion

Each of the analyses using the data from the baseline and
3-year follow-up examinations revealed that cognitive
scores were associated with the plasma APOE level in both
E4— and E4+, and the HDL level in E4—. Another major
finding was that the HT+/E4+ group showed a decline in
cognitive score in the follow-up study. We will discuss
these 2 findings.

APOE plays a significant role in response to neuronal
injury by reducing inflammation, endothelial dysfunction,
and lipid oxidation (Davignon et al., 1999). An antioxidant
role of APOE in promoting the regression of atherosclerosis
has also been reported (Tangirala et al., 2001). It is possible
that a lower plasma APOE level impairs these normal phys-
iological functions (Masliah et al., 1995). If this is the case,
a lower plasma APOE level may lead to cognitive decline
and the exacerbation of cerebral degenerative changes. On
the other hand, APOE is thought to bind A and promote its
clearance and degradation, such that a lower APOE level
may reduce the efficiency of Af clearance, and contribute to
AD pathogenesis (Stratman et al., 2003).

Higher plasma levels of HDL were associated with better
cognitive function in the E4— group. Low-level HDL is
thought to be a risk factor for atherosclerotic diseases
(Breteler et al., 1994; Kalaria, 2000), and it has been re-
ported that HDL might prevent aggregation and polymer-
ization of amyloid in the human brain (Koudinov et al.,
1998; Olesen and Dagg, 2000). Anti-inflammatory proper-
ties of HDL could prevent inflammation from neurodegen-
erative processes (Cockerill et al., 2001).

Recent studies have presented evidence for the involve-
ment of internalized triglyceride-rich lipoprotein (TRL)-
derived APOE in the regulation of HDL metabolism
(Heeren et al., 2003). The greater portion of TRL-derived
APOE remains in peripheral recycling endosomes. This
pool of APOE is then mobilized by HDL to be recycled

back to the plasma membrane, followed by APOE resecre-
tion and the subsequent formation of APOE-containing
HDL. This recycling of APOE may prevent cognitive de-
cline. We found no significant association between HDL
and cognitive function in the E4+ group. A recent study has
shown that HDL-induced recycling of TRL-derived apoli-
poprotein E4 allele (APOE4) is relatively inefficient
(Heeren et al., 2004). Thus, in the E4+ group, the ineffi-
ciency might reduce the recycling of APOE and decrease
the protective effect of HDL on cognitive decline.

As an intrinsic part of the cognitive score, we also per-
formed the same analysis on the memory score. In that
analysis, the primary outcome of the composite cognitive
score is not entirely driven by memory score. The signifi-
cance of the influence of APOE levels on memory scores
was not shown in 2005 in E4~ (F(2,497) = 1.7, p = 0.18)
and in 2002 and 2005 in E4+ group (F(2,102) = 2.5,p =
0.09 in 2002; F(2,102) = 2.3, p = 0.11 in 2005). This
means that APOE levels affect not only memory but also a
wide range of other cognitive functions and it may support
our consideration of the cerebrovascular contributions to the
results,

Although no significant difference in cognitive function
was found at baseline between the HT-/E4+ and HT+/
E4+ groups, the latter showed decline in cognitive score in
the follow-up study. These findings suggest that the com-
bined effect of APOE4 and HT had a relatively small-
magnitude effect on cognitive function prior to the baseline
assessment, but affected cognitive function during the ob-
servation period. One possible explanation is that damage to
cerebral function by the combined effect of these risk fac-
tors starts in midlife (Peila et al., 2001), but cerebral and
cognitive reserve is enough to cope with detrimental effects
in midlife. However, at some point in later life, the accu-
mulated damage by the combined effect may exceed the
brain reserve capacity and accelerate cognitive decline.
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It is of interest that the HT+/E4+ group showed cognitive
decline over as little as 3 years. Judging from the baseline
demographic data, many of the APOE4 carriers were in their
early to midseventies. According to the data from Corder et al.,
the mean age at onset of dementia decreased from 84 to 76, and
then to 68 years in accordance with increasing numbers of
APOE4 alleles in families with late-onset AD (Corder et al.,
1993). Taking this and our findings together, it seems that the
early to midseventies is a critical stage for APOE4 carriers, and
especially for those with HT.

Chronic hypertension can induce atherosclerosis and capil-
lary damage (Farkas and Luiten, 2001). The atherosclerotic
conditions related to chronic hypertension are thought to in-
duce cerebral hypoxia/ischemia, creating ischemia-related in-
juries that can ultimately lead to clinical and subclinical brain
damage (Skoog et al., 1996). Furthermore, HT has been re-
ported to be correlated with increased neuritic plaques and
neurofibrillary tangles (DeCarli et al., 1999; Petrovitch et al.,
2000; Sparks et al., 1995). On the contrary, APOE is consid-
ered to have a central role in response to neuronal injury, but
its neuroprotective action is highly allele-specific: the apolipo-
protein E3 allele (APOE3) seems to promote the repair pro-
cess, whereas APOE4 seems to retard it both in vitro and in
vivo (Pedersen et al., 2000). Further, the amount of A and tau
pathology has been reported to be greater in APOE4 carriers
than in noncarriers (Leoni, 2011). Thus the impact of HT on
brain damage would be expected to be much greater for E4+
carriers (Peila et al., 2001).

The present study has limitations. First, we have not quan-
tified the longitudinal data for lipid and blood pressure prior to
the baseline evaluation. Second, because we have no autopsies,
an accurate pathological background of the cognitive decline
among the E4+ carriers has not been determined. However,
our longitudinal study is now continuing, and we hope that
these limitations will be overcome in the future.

In conclusion, our findings suggest that a possible interac-
tion between APOE and HDL may be linked to a protective
effect on cognitive decline and that the interaction is affected
by APOE4 allele in later life. Our present study also indicates
a synergistic effect of APOE4 and HT on the cognitive decline
during the 3-year follow-up. It is known that neuropathological
cascades leading to cognitive impairment and AD start to
develop before the manifestation of cognitive impairment.
Therefore, use of antihypertensive medication while ensuring
higher plasma APOE and HDL from an earlier stage of life
may be useful for the maintenance of cognitive function in
later life, and especially for APOE4 carriers.
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Background: The aim of the study was to estimate the prevalence of DSM-III-R major depressive episodes
(MDEs), depressive symptoms cases (DSCs) (defined as a score of =6 on the Geriatric Depression Scale
but falling short of MDE), and coexisting mild cognitive impairment (MCI) among Japanese

community-dwelling older people.

Methods: Prevalence was estimated based on screening evaluation, individual interviews, and door-
to-door visits. MDE and DSC were diagnosed, and the cognitive status of the participants was determined

to be dementia, MCI, or normal.

Results: A total of 1888 subjects of 2698 candidates (70.0%) participated. The prevalence of MDE and
DSC were estimated to be 4.5% (95% CI, 3.4-6.0) and 11.5% (95% CI, 4.2-28.0), respectively. MCI was
more prevalent in subjects with depression (26.2%) than those with normal mood (17.9%). Although no
prototypical profile of cognitive dysfunction was revealed, multiple MCI was more prevalent in subjects
with depression (12.2%) than subjects with normal mood (3.8%). Conversely, subjects with MCI (26.3%)
were more likely to develop depression compared with those with normal cognitive function (18.0%).

Conclusions: The prevalence of depression in our subjects seems to be similar with that of previous
studies. MCI was more prevalent in subjects with depression than those with normal mood. Individuals
with depression 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 development of dementia, the
risk of developing dementia in the depressed older people with coexisting MCI should be acknowledged.

Copyright © 2011 John Wiley & Sons, Ltd.
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Introduction

A large number of studies have investigated the
prevalence of depression in later life. Reviewing the
relevant literature from 1993 onward, Djernes (2006)
noted that methodological differences between the

Copyright © 2011 John Wiley & Sons, Ltd.

studies hinder consistent conclusions about geograph-
ical and cross-cultural variations in the prevalence of
depression in populations of older White people.
During the last decade, a number of attempts have
been made to detect a distinct state of abnormal
cognition that does not amount to dementia but is

Int ] Geriatr Psychiatry 2012; 27: 271-279.
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distinguishable from normal cognitive decline associ-
ated with aging. Herein, the term mild cognitive
impairment (MCI) is used to describe such transi-
tional status. Currently, MCI as defined by Petersen
et al. (1999) is the most frequently used definition of
MCI (amnestic MCI). A mount of studies reported
the prevalence of MCI, and their prevalence widely
ranged (Panza et al, 2005). Many of the studies
reported 3%-5% prevalence for the amnestic MCI
(Ritchie et al., 2001; Hanninen et al., 2002; Ganguli
et al., 2004).

A longitudinal study has shown that depressed
mood was more common in individuals with MCI
than those without cognitive deficits (Devanand et al.,
1996), and increasing attention has been paid to the
relationship between depression and MCI (Steffens
et al., 2006; Panza et al, 2010). Although there are
several epidemiological studies that have reported the
prevalence of depression among community-dwelling
older people with MCI, little is known about the
prevalence of MCI among those with depression
(Panza et al, 2010). In the present study, the
prevalence of depression and its comorbidity with
MCI was estimated in an older Japanese population.

Methods

The study was conducted in Tone Town of the Ibaraki
prefecture, which is located approximately 40km
northeast of central Tokyo, consists of 22 districts,
and has a population of about 20,000. The town was
originally an agricultural area, but with mass migra-
tion into the town because of rapid economic growth
over the past few decades, it became one of the typical
Japanese commuter suburbs, consisting of residents of
new town and old farming households.

As of 1 May 2001, 3083 inhabitants 65years and
older lived in Tone Town. (These 3083 inhabitants are
hereafter referred to as the original candidates.) The
proportion of aging (65 years and older) for the town
was 15.6% at that time, whereas that for the overall
Japan of the census day of 2000 was 17.2%. The
employment structure ratio by industry in the town and
the one in overall Japan were as follows: 5.1% and 5.4%
for the primary industry; 28.9% and 20.5% for the
secondary; and 65.2% and 64.3% for the tertiary. The
previously mentioned data show that the proportion of
the aging and the employment structure ratio of the
town are very similar to the average in Japan. Therefore,
the town, one of the typical Japanese suburb areas,
would be considered a reflection of Japan at that time
and an adequate sample.
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The prevalence of depression was estimated using a
three-phase design. Seven psychiatrists and eight
psychologists, who were trained for this study by the
authors, and public health nurses conducted the first
phase (screening and clinical evaluation), the second
phase (structured interview and cognitive assessment),
and the third phase (door-to-door visits) of the study
(Figure 1). The protocol of this study was approved by
the ethics committee of the University of Tsukuba.

Phase 1

The first phase was conducted between December
2001 and April 2002. Before the baseline examination,
invitation letters explaining the purpose and meaning
of the project were sent to the original candidates.
Local welfare commissioners, who are vested with
promoting social welfare in each local area, were asked
for their cooperation to increase the participation rate.

They called for the intended residents to participate
in this research, regardless of their cognitive and mood
status.

Individuals with whom a local welfare commis-
sioner could not meet with and individuals whom no
contact could be made, despite three telephone calls
within the week prior to the initial examination, were
excluded and termed as non-contacted individuals.

Each of the 22 districts was visited once a week, and
group screenings were conducted. After giving their
informed consent, all participants underwent a screen-
ing interview. In addition to the group screenings at the
22 districts, 44 individuals who were institutionalized
in a long-term care facility were visited and examined
using the same methods described in the following text.

Assessment procedures

Demographic and medical and psychiatric issues. The
interview consisted of a structured questionnaire that
assessed age, gender, education, self-reported previous
medical and psychiatric diseases, current medication
use, and a series of dementia risk factors including
alcohol and tobacco consumption.

Mood status. This interview was followed by the 15-
item short version of the Geriatric Depression Scale
(GDS) for mood assessment. Those who scored =6
were considered to have depressive symptoms (Brink
et al., 1982).

Perceived cognitive difficulty. The participants were
asked whether they had cognitive difficulties in
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Third phase n = 225
full data 139, lacking 86

Second phase n =738
n=147 GDS =6
n=591 GDS <6

Individuals interviewed
for depression diagnosis
n=877

Figure 1 Flowchart for the diagnosis of depression.

general, as well as difficulties in specific areas
according to the 19 items of the Détérioration
Cognitive Observée questionnaire, which had been
originally developed for an objective assessment of
memory difficulty. The participants were considered
to have cognitive complaints if they indicated that
they had problems on >1 of the items (Ritchie and
Fuhrer, 1992).

Assessment of activities of daily living. Basic activities
of daily living (ADL) were measured using Nishimura’s
ADL (NADL) (Nishimura et al, 1993), which deter-
mines the level of independence in five activities as
follows: walking/transferring, going outside, dressing/
bathing, feeding, and toileting. Respondents were
considered to be functionally intact if they reported
no difficulty on any of the five items of the NADL.

Neuropsychological assessment battery. After com-
pleting the interview, all the participants underwent a

Copyright © 2011 John Wiley & Sons, Ltd.

group assessment using a set of five tests (hereafter
named 5-Cog), which measured the following cognitive
domains: attention, memory, visuospatial function,
language, and reasoning. Each of the tests has been
reported to be valid and reliable. The details of the
assessment battery have been reported (Sasaki et al.,
2009), and the battery is briefly described in the
succeeding text.

Attention was evaluated using a Japanese version of
a set dependency analysis (Sohlberg and Mateer,
1986). In order to assess memory ability, a category-
cued recall test was used (Grober et al., 1988). The
clock drawing test, which requires subjects to draw the
hands of a clock to depict the time at “ten after
eleven” (Freedman et al, 1994), was used for the
assessment of visuospatial function. Language ability
was examined using a category fluency test (Soloman
and Pendlebury, 1998). To assess abstract reasoning
ability, we used the similarity subset of the revised
Wechsler Adult Intelligence Scale (Wechsler, 1981).
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Test-retest reliability of the 5-Cog was confirmed
using data from 38 randomly selected original
participants collected at a mean interval of 64 days
(SD =28 days).

Consensus diagnosis of dementia. After each assess-
ment, a group of psychiatrists and neuropsychologists
reviewed the functional, medical, neurologic, psychi-
atric, and neuropsychological data and reached a
consensus regarding the presence or absence of the
DSM-IIT-R dementia (American Psychiatric Associa-
tion, 1987). Only those subjects who were not
diagnosed as having dementia were considered for a
diagnosis of depression and/or MCI.

Mild cognitive impairment diagnostic criteria. Criteria
for MCI were retrospectively applied among non-
demented individuals after the consensus conference.
Consistent with the standard criteria, for all subtypes
of MCI, those considered for MCI were required
to have (i) cognitive complaints (defined previously);
(ii) objective impairment in at least one of five
cognitive domains (memory, attention, language,
visuospatial, and reasoning) based on the average
scores on the neuropsychological measures within
that domain and a cutoff of 1.5 SD using normative
corrections for age, years of education, and gender;
(iii) essentially preserved ADLs (defined previously);
and (iv) no diagnosis of dementia at the consensus
conference. The subtypes of MCI used were the
following: amnestic MCI single (aMClIs), amnestic
MCI multiple (aMCIm), non-amnestic MCI single
(naMClIs), and non-amnestic MCI multiple (naMCIm)
(Petersen and Morris, 2005). Classification into the
four MCI subtypes was mutually exclusive.

Phase 2 (structured interview)

In order to make the final diagnoses of depression,
phase 2 was conducted. For this phase, all individuals
who had participated in the first phase were invited. As
a result, 738 first-phase participants took part in the
second phase. Of the 738 individuals, 147 scored 6 or
greater on the GDS, and 591 scored less than 6. The
participants were interviewed by seven psychiatrists
and eight psychologists in a face-to-face setting between
April and July 2002. The mean interval between the first
and third phases was 62 days (SD = 36 days).
Interviews were conducted with the subjects using
the Psychogeriatric Assessment Scale (PAS), which has
been reported to provide a brief and comprehensive
profile of an older individual’s mental state (depres-
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sion, cognitive impairment, and stroke) using a
straightforward interview (Jorm et al, 1995). It has
been documented that the PAS has validity and
reliability in general, and the depression subscale has
excellent validity when judged against clinical diag-
nosis of the DSM-III-R major depressive episode
(MDE) (American Psychiatric Association, 1987).
According to the guidance of the PAS, a score of 4
and higher for the depression scale could identify
approximately 80% of cases of depression.

Phase 3 (investigation of non-participants)

At the completion of the first phase, a total of 1035
non-participants were identified to have been con-
tacted but had refused to participate, excluding the
previously defined non-contacted individuals. For an
accurate estimation of prevalence, a door-to-door
survey for the non-participants was conducted.
Between April and June 2002, 225 of the 1035 non-
participants agreed to participate (hereafter referred to
as delayed participants). A psychiatrist and a psychol-
ogist visited each delayed participant’s home and
conducted the same interview and tests that had been
used in the first and second phases. The same
diagnostic procedure described previously was also
used for the delayed participants.

Diagnosis of depression

Participants who scored 24 on the PAS depression
subscale were diagnosed as having MDE. Those who
scored 26 on the GDS but fell short of MDE were defined
as depressive symptoms cases (DSCs). Only those
participants who were not diagnosed as having dementia
were considered for a possible diagnosis of MDE or DSC.
Hereafter, the term depression group is used to describe
those participants with either MDE or DSC.

Statistical issues and analysis

The prevalence rates of MDE and DSC were estimated
under missing at random assumption, that is, the rates
were assumed to be equal between the participants
who were interviewed and those who were not
interviewed conditional on observed data, using the
multiple imputation procedure with GDS as a
predictor. Between the depression and the non-
depression groups, we compared the demographics
and the clinical data including several candidate risk
factors for depression such as age, sex, years of
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