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lation-based longitudinal study, with a mean follow-up of
6.2 years, confirmed a reduced incidence rate of de-
mentia for people who exercised 3 or more times a
week (13.0 per 1000 person'ycars) compared with
those who exercised fewer than 3 times per week (19,7
per 1000 person-years). People who exercised 3 or
more times-a week had a relative hazard of 0.68 (C1 0.48-
0.96) for developing demientia ccmpared with those
who exercised fewer than 3 times per week (12). More-
over, Scarmeas et al. (7) demonstrated that engagerent
in leisure activities may reduce the risk of incident de-
mentia. These findings support the hypothesis that phys-
ical and leisure activities reduce the likelihood for cogni-
tive decline in community-dwelling olderadults.

Some studies have failed to observe the benefits of
physical activity {or exercise) in preserving cognitive func-
tion (14-18), suggesting that the effects of physical activity
on cognitive functions might change according to the type
of activity; but most of the studies examined the effects of
composite physical activity (17), and the effect of individual
activities is riot well known, Furthermore, these previous
studies did not examine brain atrophy; the relationship be-
tween these activities and brain atrophy (especially the
MTA) was not clear.

To address these issues, we recruited community-
dwelling older adults who had memory problems and
conducted magnetic resonance imaging {MRI). The pur-
pose of this study was to determine what kind of daily ac-
tivity was associated with MTA atrophy as assessed by the
voxel-based morphometry method.

METHODS

Subjects

The subjects were recruited from two volunieer databas-

es (n=1543) that included elderly (aged 65 and over), who
were selected by random sampling or who attended a
health check in Obu, Japan. In the first eligibility assess-
ment of this study, 528 potential subjects who had a
Clinical Dementia Rating of 0.5 or memory complaints
were enrolled, One hundred sixty-five subjects responded
to the second eligibility assessment, and 125 out of 165
subjects completed all assessments. People who needed
assistance for basic activities of daily living or who had
neurological or psychiatric illness, cardiovascular dtsease
head trauma, drug abuse issues, alcoholism, severe pain
and contramdlcatlon of MRI were excluded. Final ly, 122
subjects remained and met the definition of MCI using Pe-
tersen criteria (19).

All subjects received an MRI, a questionnaire on dai-

ly activity, and neuropsychologlcal tests; Mini-mental
State Examination (20) and Wechsler Memory Scale-Re-
vised (WMS-R) Logical Memoty (21) were assessed by
speech therapists. Depressive symptoms were assessed
by the Geriatric Depression Scale (22). The details of the
study were explained to all subjects in advance, and

2 Aging Clin Exp Res, Vol. 24, No. 5

written consent was obtained from each subject. In ad-
dition, this study was conducted in accordance with the
Helsinki Declaration, and was approved by the ethics
commiittee of the Nationa Center for Geriatrics and
Gerontology.

MRI procedure and voxel-based MRI analysis

We determined the atrophy of MTA including the en-
torhinal cortex (MTA-ERC) using the voxel-based specif-
ic regiorial analysis for Alzheimer’s disease (VSRAD)
(23-25), which vields a Z-score as the end point for the as-
sessment of medial temporal lobe volume. MRI was per-
formed using a 1.5+T system (Magnetom Avanto,
Siemens, Germany). Three-dimensional volumetric ac-
quisition of a T1~wexghted gradient echo sequence was
then used to produce a gapless series of thin sagittal
sections using a magnetization preparation rapld ~acqui-

sition gradient-echo sequence (repetition time, 1700 ms;
echo time, 4.0 ms; flip angle 15°, acquisition matrix
256 % 256 1.3-mm slice thickness). Acccrdmg to the VS-
RAD procedure proposed by Matsuda and Hirata et al.
(23, 25), the acquired MRI images were reformatted to
gapless 2-mm thin-slice transaxial images.

In the voxel-based MRI analyses, the first anatomical
standardization used affine transformation. The normal-
ized MRI images were then segmented into gray matter,
white matter, cerebrospinal fltid and other components
using a modified version of the clustering algorithm, the
maximum likelihood “mixture model™ algorithm. The
segmentation procedure involved a calculation for each
voxel using a Bayesian probabmty of belonging to each tis-
sue. class based on a priori MRl information with a non-
umformzty correction. The segmented gxay matter images
were then subjected to an affine and non-linear anatorm-
ical standardization using an a priori gray matter template.
The anatomically standardized gray matter images were
smoothed with an isotropic Gaussian kernel 12 mm full-
width at half-maximum to exploit the partial volume ef-
fects, so as to create a spectum of gray matter intensities.
Gray matter intensities are equivalent to the weighted av-
erage of gray matter voxels located in the volume fixed by
the smoothing kerel. Each gray matter image of the pa-
tients was compared with the mean and SD of gray mat-
ter images of the healthy volunteers using voxel-by-voxel
Z-score analysis after voxel normalization to global mean
intensities: Z-score = (control mean-individual value) / {con-
trol SD). The Z score thus reflected the degree of atrophy
in bilateral MTA-ERC. Higher Z scores indicate clearer
MTA-ERC atrophy

Daily activities assessment

Daily activities were assessed using a queéstionnaire
of 20 items that originated from brainstorming. The
members who participated in brainstorming were 4 male
physical therapists {the years of experience as a physical



therapist were 18 years, 9 years, 4 years; and 1 year, re-
spectively) and 2 female office workers (a married wom-

an and a single woman), They discussed and chose the

questionnaire items based on what was necessary for

older adults to live independently in the community. n the

present study, we used the 20 activity items (e.qg.,
strumental activities of daily living, social activities) that re:
mained after discussion. We excluded items for basic ac-
tivities of daily living (such as taking a bath, going to
the toilet, and changing clothes) from the: present ques-
tionnaire because all of our subjects were living inde-
pendenﬂy in a community. The details of the questionnaire
can be found inthe Appendix. The subjects were asked
whether they did each activity dunng the past-one month,
and they answered * yes (did)” or "no (did not)”.

Statistical analysis

Subjects were divided into two groups: older adults
without or with slight atrophy (Z score <2; non-atrophy
group) and those with moderate or severe atrophy (Z
score 22; atrophy- group) in the MTA-ERC based on the
results of the VSRAD. At first, we conducted an un-
paired t-test or chl—square test to compare the charac-
eristics of the subjects and the proportions of each daily
activity i in the two groups. If there were significant dif-

ferences in the proportions of daily activity, we assigned

0 (did not) or 1 point (did) to these items in accordance

with subject’s response. Then, we sumimed the number of

points by each subject. Second, multiple logistic regression
analysis was performed to examine the independent as-

sociations between MTA-ERC atrophy and daily activity
adjusted for demographic variables. We used moderate or
severe MTA-ERC atrophy (Z score 22) as the depen-
dent variable. The independent variables included age, sex,
edication status, MMSE score, state of achievement of
each daily activity, and the summed score of daily activi-
ties (0 to 4). Statistical analysis was done using SPSS 12.0

Table 1 - Characteristics of the subjects.

Atrophy of the medial temporal area and daily activities

for Windows,-and all statistics were processed at a sig-
nificance level of p<0.05.

RESULTS

The characteristics of the atrophy group (Z score >2:
n=37) and the non-atrophy group (Z score <2; n=85) are
listed in Table 1. There were significant differences in age
(74.3+6.9 vs 79.5+6.2, p<0.01), sex (men/women=35/50
vs 26/11, p<0.01}, education (10.9£2.7 vs 9.5+2.0,
p<0.01), and MMSE score (26.7+2.2 vs 25.4+3.1,
p<0.05) between the two groups. However there were
no significant differences in other charactpm cs;

In regard to 4 activity items (cleaning, intellectual ac-
tivity, culture lesson, usinga personal computer), the at-
rophy group had a sxgmﬁcantl lower proportion of the
people who had answered “yes (did)” than the non-atro-
phy group (p<0.05). Other items did not show significant
differences between groups (Table 2). Therefore, the
summed score included the number of those activity
items where group differences were found and ranged
from 0 to 4. The mean values of the summed score of the
atrophy and non-atrophy groups were 1 5+1.1 and
2.4+1.0, respectively.

In multiple logistic regression analysis, no association
was observed between MTA-ERC atrophy and the pro-
portions of each daily activity, whereas the summed
score showed a significant relationship with MTA-ERC at-
rophy even after adjustment for age, sex, education, and
MMSE (odds ratio 0.576, 95% ClI 0. 358-0.924,

p=0.022; Table 3).

DISCUSSION

Atrophy of the medial temporal lobe, especially the hip-
pocampus and entorhinal cortex, is an MRI-based measure
validated to predict conversion and understand progres-
sion to AD (1, 4, 5). In recent studies, the VSRAD was
used to automahca fly and quantxtatwely assess MTA-

ey Z score <2 Zscore 22 ,
Variables — p-value
(n=85) (n=37)
Age year 74.326.9 79.5+6.2 <0.001*
Mén n (%) 35 (58.8) 26 (29.7) 0.003*
Education year 10:9%2.7 9.5:2.0 0.003%
MMSE score 26.7+2.9 25:4+3:1 0.028¢
GDS score 3.6£3.2 4,1x2.9 0.477
Atrophy of MTA-ERC z-score 0.9:0.5 2.7+0.7 <Q.001**
Diagnosis o
CVD n{%) 343.5) 3(8.1) 0.258
Hypertension: n{%) 281(32.9) 17(45.9) 0.171
Diabates mellitus n (%) 10(11.8) 1(2.7) 0.088

Valies are mean+SD or n (%), “p<0.01; *p<0. 05 ‘MMSE: Minimental State Examination: GDS: Genainc Depression Scale; MTA ERC: Medial temporal area

mcludmg the entorhinal cortax; CVD: Cerebrovascular disease.
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Table 2 - The relationship between atrophy of the medial terporal area and individual daily activities in atrophy and nonatrophy groups.

Z score <2 Z score 22
No [lem - p-value
(n=85) (n=37)
1 Reading n (%) 83 97.6) 36 [97.3) 0.665
2 Going fo a nelghborhiood n (%) 84 (98,8) 37 (100.0) 0.697
3 Cleaning n{%) 33 (97.6) 29 {78.4) 0.001*
4 Talking by telephone n (%) 82 (96.5) 33 89.2) 0:124
5  Taking out garbage n {%) 74 (87.1) 31 (83.8) 0.631
6 Talking with somebody n (%) 30 94. 1) 35 (©4.6) 0.641
7 Caring for-a grandchild n{% 59 (69,4} 22 {59.5) 0,285
8  Gardening n (%) 70 (82.4) 28 (75.7) 0.394
9 Coirig6ut by bus or train o (%) 73 (85.9) 30 (81.1) 0.501
10 Sports or hobbies n (%) 61 (71.8) 20 (54.1) 0.057
11 Intellectual activities o (%) 54 (63.5) 15 (40.5) 0.01¢*
12 Attending a meeting n (%) 44 (51.8 22 (59.5) 0,433
13 ‘Working as a coordinator 0 (%) 28 (32.9) 7 (18.9) 0.115
14 Cultire lessons 1 (%) 45 (52.9) o (24.3) 0.003*
15 Going to unknown place 1 (%) 46 (54.1) 16 (43.2) 0:269
16 -Carrying a heavy load n (%) 62 (72.9) 26 {70.3) 0.762
17 Managing money n (%) 85 (100.0) 36 (94,6 0.090
18 Visiting friends n {%} 69 (81.2) 28 (75.7) 0.489
19 Operating a video n (%) 33 (38.8) o (24.3) 0111
20 ‘Using a personal comptiter n{%) 23 (27:1) 4 (10.8) 0.047

Values are the number (%) answered "yes (did)". "p<0.01; "p<0.05.

ERC atrophy and has been introduced for the diagnosis of
Alzheimer-type dementia with MRI. Hirata et al. (23)
found a high accuracy (87.8%) for discriminating pa-
tients with very early AD at the mild cognitive impairment
(MCJ) stage from control subjects by VSRAD. It is assumed
that VSRAD data are effective for assessing initial brain at-
rophy il an AD progression process. To detenmine the re-
lationship between MTA-ERC atrophy and daily activities,
we conducted MRI scanning and an interview on de-
tailed daily activities in older adults who had memory
problems, but not dementia.

In the group comparison, there were significant dif-
ferences in age. A previous study found a correlation be-
tween increasing age and decreasing brain volume (26},

and found that brain atrophy may accelerate with in-
creasing age (27). Our results are consistent with previ-
ous studies, and suggest that MTA-ERC atrophy was af-
fected by advancing age. On the other hand, there were
no significant differences in vascular risk factors, such as
hypertension, diabetes mellitus, and cerebrovascular dis-
ease. White-matter changes appear to be more frequent
in individuals with vascular risk factor, and apathy is a
promment syndrome related to cerebral white-matter
changes (28). We consider that this result reflects the
equivalence of subcortical vascular damage in both
groups.

Older “adults who carried out cleaning activity, intel-
lectual activity, a culture lesson, and peérsonal computer

Table 3~ Relationship between atrophy of the medial temporal area and daily activities:

Variables

OR 95% CI p-value
Cleaning (ves/no) 0.143 (0.020-1.013) 0.052
Intellectual activities {yés/no} 0.510 (0.204-1.279) 0.151
Culture lessons {yes/no) 0.484 (0.174-1.343) 0.163
'Using a persenal computer (yes/no) 0.407 (0.103-1.608) 0.200
Surnmed scores of activities (0-4) 0.576 {0.358-0.924) 0.029¢

Dependant variable, the presence of medial temporal areaatrophy (Z score 22): *p<0.05 (adjusiment for age, sex. education, MMSE score). OR: odds ratios

Cl: eonfidence Inwrval MMSE: Mini-Mental State Examination.

4 Aging Clin Exp Res; Vol. 24, No. 5



use were significantly less likely to have moderate to severe
MTA-ERC atrophy than the older adults who did not

carry out those activities. These are activities that were:
cognitively stimulating or required planning rather than

simply physical activity itself. The risk of dementia is re-
duced by daily activities, particularly leisure activities
(e.g., reading, playmg board games, playmg musical in-
struments, and dancing) (17) or other activities (knitting,
doing odd JObS gardening, and traveling) (15). However,
‘have not been examined in associa-
tion with brain atrophy, although the analysis of MTA-
ERC atrophy may lead to an understandmg of why older

adults who maintained dally activities demonstrated a

decreased risk for decline in cognitive function and de-
mentia compared with inactive older adults. Moreover,
there was one report that MCI patients were sgmfxcanb
ly impaired in 14 out o ies, pamcularly memory

activities such as finding ﬁ{mgs at home, keeping ap-

pointments, and remembering information from con-
versations or from the television, or complex reasoning ac-
tivities, such as checking bank accounts, writing letters or
notes, preparing meals,'ﬁavehng, or shopping (29) MCl
is the prodromal stage of AD, and memory decline and
brain atrophy particularly in MTA were characterized in
this stage. Our findings indicated that some daily activities
1nvo§vmg cogriitive stimulation or household-related plan-
ning were associated with MTA-ERC atrophy. Limitations
on daily activities, such as cleaning, intellectual activity, cul-

ture lesson, and using a personal computer, may be

charadenstlc of older adults with a higher rate of MTA at-
rophy. To: discover the risk of AD early; it will be useful to
assess. the level of cognitively stimulating activities. How-
ever, cleanifig ctivity can be further examined because
our results indicated that the non- atrophy group con-
tained significantly more women. This activity is usually
considered to be female-associated work. Furthermore, ed-
ucation ‘modifies the relationship of AD pathology to
cognitive function (30), and the higher degree of educa-
tion may lead to: engagement in ‘more complex activities

{e.g., using a personal computer). The non-atrophy group

had a higher education level compared with the atrophy
group in our study. Thus, it is possible that group differ-
ences in activity level may be associated with sex or ed-
ucation.

In multiple logistic regression analysis adjusted for age,

sex, education, and MMSE score, no statistically signif-
icant associations were observed between MTA-ERC at-
rophy and the proportion of execution of each daily ac-
tivity, whereas the summed score of significant activity
items was significantly associated with MTA-ERC atro-
phy. We assessed only whether subjects did or did not do
each activity during the past one month. There is a pos-

sibility that the simple assessment of the activities was

unable to reflect the true activity status of the subjects.
It might be one reason we did riot observe an association

Atrophy of the medial temporal-area and daily activities

between MTA-ERC atrophy and individual activities.
On the other hand, the summied score of ddlly activities
may Teflect activity status and was associated with MTA-
ERC atrophy in the older adults. These results are almost
consistent with a previous study that exammed the as-
sociation between the risk of AD and composite cog-
nitive activity (16-18). Perhaps it will be difficult to inhibit
brain atrophy only by specific activity. As for the asso-
ciation with MTA-ERC atrophy, composite cognitive ac-
tivity is a stronger measure than a specific cognitive ac-
tivity.

Environmental enrichment is known to profoundly
affect the central nervous system at the functional,
anatomical, and molecular levels, and during the cntzcal
period and adulthood, which was confirmed in an ex-
perimental study using animals (31). In other animal
studies; there were several reports that learning caused
sunaptogenesns in cerebellar cortex (32) and exercise en-
hanced hlppocampal neurogenesis in the hippocampus
(33). In humans, one study reported that aerobic exercise
training increased brain volume (34). These findings have
suggested that physmally or cognitively stimulating activ-
ities cause neurogenesis of the cerebral nerve and en-
hancement of the neural network, further supporting
the findings in this study.

There were no significant associations between indi-
vidual physical activities (such as sports, going out, and
gardening) and MTA-ERC atrophy in the present study
We cannot conclude that physical activity and MTA-
ERC atrophy were unrelated because it is difficult to ex-
tract only physical activities: from the questionnaire, which
addressed daﬂy actxvmes LJtﬂe is known about the rela~

crease braxn volume ;(34) and the reglons of increased
brain volume were anterior cingulate cortex, supple-
mentary motor cortex, right mfenor frontal gvrus left su-
perior gyrus, and anterior 1 the 1
study, there was no r
rophy and a habit of sports achvmes Although sports in-
volve aerobic exercise, the type of sport varies in the ley-
el of endurance and movement required and overall
length performed. Thus, the relationship. between sports
activities and MTA requires in-depth study for ]
henswe examma‘uon Further research 13

what physncal acnvxty in dady lifeis assoaated thh MTA-
ERC atrophy in older adults.

There are several limitations in this study. First, be-
cause the relatlonsh between MTA ERC atrophy and

it was d1ff1cult to provc any causal reiahomhxp Second hre—
quency and duration of participation was not assessed for
each daily activity. The relationship between MTA-ERC at-
rophy and the frequency of participation in daily activities

Aging Clin Exp Res; Vol. 24, No. 5 5
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was 1ot clear, Previous studies examining the association be-
tween physical or leisure activity and the risk of dementia
showed the reduction in risk is related to the frequericy of
participation (12, 17). Therefore, daily activity must be as-
sessed in detail, Third our results showed significant dif-
ferences in age, sex, and educational level between the at-
fophy and ncn—atrophy groups. These factors would have
astrong influence on brain atrophy or daily activities. In par-
ticular, epidemlcloglc evidence suggests a correlation be-
tween increasing age and decreasing brain volume (26), and
brain atrophy may accelerate with increasing age (27).
Even though we adjusted age in multivariate analysis, we
might not have completely removed the influence of age.
Finally, we did not get the information on the other factors
that affect lifestyle (e.g. family member, place of living, in-
come, cultural difference). This information may be more
useful to understand the association between brain atrophy
and daily activities. Additional analysis adjusted for poten-
tial confounding factors would be required in the future.

CONCLUSIONS

In conclusion;, the older adults who carried out cleaning,
intellectual activity, a culture lesson, and personal computer
use were a sigmﬁcanﬂy lower proportion of the people who
had moderate to severe MTA-ERC atrophy compared
with the older adults who did not carry out these activities.
The summed score of the daily activities was independently
associated with MTA-ERC atrophy, suggesting that MTA-
ERC atrophy is associated with cognitively stimulating
activities -or household-related activities requiring plan-
ning rather than physical activities in older adults. To de-
termirie the effect of intellectual activities on MTA-ERC vol-
ume, a longitudinal or an interventional study is necessary.
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Remember the past oneé morith, and please answer whether vou did or did not do the following activities.

(Please check yes orno.)

Yes No
1 | Didyou read a book or a newspaper?
2 Dld you go to a neighborhood by yourse 1f?
3 | Did you clean your house?
4 | Did you talk by telephone?
5 | Didyoutake out garbage?
6 | Did you talk with somebody every day?
7 | Did you take care of a grandchild or a pet?
8 | Didyouwork on a garden or farm?
9| Didyou go out by bus or train by yourself?
10 | Didyou do some sports or hobbies?
11 | Did you do any intellectual activities (such as a game or learning)?
12 | Did you attend a community meeting?
13 | Did you work as a coordinator like a group leader?
14 | Did you take any culture lessons?
15 | Did you go to an unknown place with a map?
16 | Did you cany a heavy load when shopping?
17 | Did you manage money by yourself?
18 | Did you visit your friends?
19 | Did you operate a video or a DVD player?
20 | Did you use a personal computer?
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Inclusion criteria provide heterogeneity
in baseline profiles of patients with mild
cognitive impairment: comparison of
two prospective cohort studies

Shoji Kawashima,'# Kengo Ito," Takashi Kato," the SEAD-J Study Group*

ABSTRACT

Background: Mild cognitive impairment (MCI) is
considered to represent a transitional stage between
ageing and Alzheimer's disease (AD). To aim at
identifying neuroimaging measures associated with
cognitive changes in healthy elderly and MCI patients,
longitudinal multicentre studies are ongoing in several
countries. The patient profiles of each study are based
on unique inclusion criteria.

Objectives: The purpose of the study is to clarify
differences in baseline profiles of MCI patients
between Studies on Diagnosis of Early Alzheimer’s
Disease—Japan (SEAD-J) and Alzheimer’'s Disease
Neuroimaging Initiative (ADNI) and to examine the
association between baseline profiles and risk of early
conversion to AD.

Design: Prospective cohort study.

Setting and participants: SEAD-J recruited 114
patients from nine facilities in Japan. A total of 200
patients in ADNI with fluorodeoxyglucose—positron
emission tomography (FDG-PET) were enrolled from
the USA.

Methods: Baseline profiles were statistically analysed.
For FDG-PET at a time of inclusion, associations
between each profile and cerebral metabolic rate for
glucose (CMRgl) were examined using SPM5 software.
In each study, the ratio of conversion to AD within the 1-
year and 2-year period after inclusion was investigated
and differences in baseline profiles between AD
converters and non-converters were analysed.
Results: SEAD-J included MCI patients with more
severe verbal memory deficits and extracted patients
with higher depressive tendencies. These differences
were likely to be associated with criteria. SEAD-J
exhibited a higher rate of conversion within 1 year
compared with ADNI (24.5% vs 13.5%). In FDG-PET
analyses of SEAD-J, AD converters within 1 year
showed more severe decrease of FDG uptake in bilateral
inferior parietal regions compared with non-converters.
Conclusions: Different inclusion criteria provided
differences in baseline profiles. The severity of
memory deficit might cause increase of the AD
conversion within 1 year. Clinical outcomes of
multicentre studies for early diagnosis of AD should be
interpreted carefully considering profiles of patients.

ARTICLE SUMMARY ‘

INTRODUCTION

The increasing prevalence of patients with
dementia is a growing social problem. In
particular, Alzheimer’s disease (AD) is a
common disease that causes progressive
dementia. Mild cognitive impairment (MCI) is
considered to represent a transitional stage
between ageing and AD,' and patients with
MCI tend to progress to AD at a rate of
approximately 10%—15% per year® > In this
context, early diagnosis of patients who show
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an increased risk of future conversion to AD represents an
important step towards preventing progression of AD
pathology when disease-modifying therapies for AD are
finally developed.

Although the clinical evidence is not yet well estab-
lished, fluorodeoxyglucose—positron emission tomog-
raphy (FDG-PET) has recently been reported to provide
useful findings of the cerebral metabolic rate for glucose
(CMRgl) in both patients with AD* ® and MCI patients.®
A pattern of CMRgl reduction in the posterior cingulate
cortex and precunecus has been reported in MCI
patients,7 and hypometabolism in these regions might
contribute to prediction of clinical AD conversion.
Furthermore, AD converters from among pre-MCI
patients have shown correlations between CMRgl and
future memory decline.” Likewise, FDG-PET appears
potentially useful for distinguishing MCI patients with
increased risk of progressive dementia from patients
with lower risk of future AD conversion.

Alzheimer’s Disease Neuroimaging Initiative (ADNI)
is a multicentre study aimed at identifying neuroimaging
measures and biomarkers associated with cognitive and
functional changes in healthy elderly, MCI and AD
subjects.'® ADNI was launched in 2003 by the National
Institute on Aging, the National Institute of Biomedical
Imaging and Bioengineering, the Food and Drug
Administration, private pharmaceutical companies and
non-profit organisations, as a $60 million 5-year
public—private partnership. ADNI is the results of efforts
by many co-investigators from a broad range of academic
institutions and private corporations, and subjects have
been recruited from over 50 sites across the USA and
Canada (for additional information about ADNI, see
http://www.adni-info.org). Studies on Diagnosis of Early
Alzheimer’s Disease—Japan (SEAD-]) was launched in
2005 by the National Center for Geriatrics and Geron-
tology. SEAD-] represents an ongoing follow-up of MCI
patients, with the aim of achieving early prediction of AD
conversion. Both studies have been investigating
changes of serial neuroimaging findings and neuro-
psychological assessments, based on different patient
samples enrolled with unique inclusion criteria to
extract patients at increased risk of AD. Such differences
in criteria appear likely to affect AD conversion.'!
However, the impact of difference in baseline profiles of
MCI patients for AD conversion has not been studied
yet. The purpose of the study was to clarify this,
comparing the results of statistical and imaging analyses
of different multicentre studies: SEAD-] and ADNI. We
investigated baseline profiles and AD conversion ratio
within the l-year and 2-year period after inclusion and
then statistically analysed differences in baseline profiles
between AD converters and non-converters.

MATERIALS AND METHODS

SEAD-J participants

Data set of SEAD-] was obtained from nine facilities in
Japan. All data were checked and quality controlled at

Comparison of baseline profiles of MCI patients between SEAD-Jand ADNI

National Center for Geriatrics and Gerontology. A total
of 114 patients with MCI (mean age (=SD),
70.8£7.5 years; 50 men, 64 women) were enrolled. A
total of 56 normal age-matched subjects (20 men and 36
women) without evidence of neuropsychiatric impair-
ment based on interviews were included to construct
a normative imaging database. All participants provided
informed consent in accordance with the trust ethics
committee of National Center for Geriatrics and
Gerontology. All data sets of clinical and FDG-PET
findings over a follow-up period of 2 years have acquired.

Diagnosis of MCI was based on an interview with
neurologists that contained evidence of reduced cogni-
tive capacity, normal activities of daily living and absence
of dementia.'? All patients were free of significant
underlying medical, neurological or psychiatric illness.
Patients were initially accessed wusing a neuro-
psychological test battery, including Mini-Mental Status
Examination (MMSE), Clinical Dementia Rating
(CDR),13 Geriatric Depression Scale (GDS)14 5 and
Logical Memory subset of the Wechsler Memory Scale
Revised (WMS-R LM).'® In accordance with the inclu-
sion criteria, MCI patients were between 50 and 80 years
old, with an MMSE score =24, a GDS score =10, a WMS-
R LM I score <13, an LM II parts A and part B score
(maximum, 50) =8 and a CDR memory box score
restricted to 0.5. Patients with an educational level,
defined as the number of completed years of formal
education, <6 years were excluded.

ADNI participants

Data used in the preparation of this article were
obtained from the ADNI Database (http://www.loni.
ucla.edu/ADNI). Data sets of clinical and baseline FDG-
PET recruited from a total of 200 MCI patients (mean
age, 75.2+7.1 years; 134 men, 66 women) were down-
loaded from the ADNI public website (http://www.loni.
ucla.edu/ADNI/). Data sets of baseline FDG-PET from
102 normal subjects were used as reference data to
perform group comparisons of FDG-PET between these
studies. MCI patients were without any other neuro-
psychological disease or symptoms and between 55 and
90 years old, with an MMSE score =24, verbal memory
deficit as measured by WMSR LM II part A score
(maximum, 25) and a CDR memory box score 0.5 or 1.
LM II part A score was used to select patients with verbal
memory deficit measured by education-adjusted scores
=8/25 (for =16 years of education, n=133), =4/25 (for
8—15 years of education, n=66) or =2/25 (for <7 years
of education, n=1). In addition, patients who had
experienced major depression or bipolar disorder within
the past year were excluded, and patients with
a Hamilton Depression Rating Scale!” score =12 (from
a total of 17 items) were recruited.

Neuropsychological test batteries

The neuropsychological test batteries used in each study
had three differences, regarding MMSE, WMSR LM II
and GDS scores. In different subscores of MMSE,
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patients in SEAD-] were scored using serial subtraction
of 7 from 100 (5 points), while patients in ADNI were
scored by reverse repetition of the word ‘earth’ (b
points). To adjust for this difference, modified MMSE
score (maximum, 25) was calculated without the
subscores from these 5-point subsets.

WMS-R LM II score contains parts A and B and reflects
verbal memory deficits. The total score is 50 points. In
SEAD-], the cut-off score of WMS-R LM II for inclusion
was =8/50. In ADNI, it was determined using the algo-
rithm described above. For comparison of both profiles,
only part A score (25 points) was used for analysis, and
the normalised cut-off score for inclusion were calcu-
lated using a following calculation that took into account
each weighting for the educational level: ¥ (cut-off score
X patient number of each category)/total patient
number. Using this measurement, the normalised cut-off
score for ADNI was estimated as =6.65/25, while that for
SEAD-] was =4/25. The difference also indicated that
SEAD-J used more severe criteria to include patients with
memory deficits.

To evaluate depressive tendencies, ADNI used the
Hamilton Depression Rating Scale and GDS, while
SEAD-J used a 15-item questionnaire (GDS-15). A higher
GDS score (=11) reflects depressive tendencies and
represents a reliable instrument to diagnose depressive
disorder."* '® GDS-15 was considered a suitable short-
form test for an elderly population.’® A higher GDS-15
score (=6) was evaluated as having >90% sensitivity and
specificity for depression in elderly individuals.™

FDG-PET and analyses

In SEAD-], FDG-PET data at the time of inclusion were
consolidated onto local servers. Scans were performed in
a resting state in a dark room, 40—60 min after venous
injection of FDG. Scans of MCI patients were compared
with a normative reference database, controlling for
global activity using iSSP software (http://MediPhysics.
com) and then Z scores of FDG uptake were calculated
voxel by voxel.

Three-dimensional stereotactic surface projections?
of Z scores were generated to visualise imaging differ-
ences for MCI patients compared with age-matched
controls and AD converters compared with age-matched
controls. In line with the same procedure mentioned
above, we performed a comparison for scans of MCI
patients in ADNI, using data sets restricted to partici-
pants <80 years old, to reduce differences in age for
comparisons of results.

We also performed correlation analyses to investigate
the impact of baseline patient profiles on CMRgl
reduction using SPM5 software (http://www.filion.ucl.
ac.uk/spm/). Each image was deformed to the Montreal
Neurological Imaging template and then normalised for
variations in whole-brain measurements using propor-
tionate scaling. Post-processed images were smoothed to
a spatial resolution of 8 mm full width at half maximum.
Analyses were conducted using MMSE score, WMS-R LM
IT score, GDS score and age as independent variables

0

and CMRgl as the dependent variable. Statistical para-
metric maps for each of the contrasts and correlations
were used in computations. The level of significance was
set at p<0.01 (uncorrected).

Statistical analyses

SPSS V.17.0 was used for the analyses of baseline profiles.
Independent sample t-tests were used to assess differ-
ences in clinical and cognitive variables. The % test was
used for the analysis of gender difference between
studies and used to determine group differences in the
ratio of AD conversion (AD converters vs non-converters;
MCI stables) within the l-year and 2-year period after
inclusion.

RESULTS

Differences in criteria and clinical profiles

The inclusion criteria of SEAD-] and ADNI and the
differences in demographic characteristics of MCI
patients are summarised in tables 1 and 2. In compari-
sons of neuropsychological test batteries at the time of
inclusion, mean MMSE score was lower for SEAD-]
patients (26.4%1.9) than for ADNI patients (27.2:1.7,
p<0.001), and mean WMS-R LM score was lower for
SEAD-] patients (1.8%1.8) than for ADNI patients
(4.0%2.7, p<0.001). However, modified MMSE score did
not differ significantly between studies, suggesting that
there is little difference in global cognitive function
compared with verbal memory deficits.

MCI patients in SEAD-]J showed a lower educational
level (SEAD-], 11.5%3.0 years; ADNI, 15.8%2.9 years,
p<0.001). The percentage of patients with education
level =16 years (corresponding to post-university) was
18.4% in SEAD-] and 66.5% in ADNI, indicating the
inclusion of a larger proportion of patients with higher
education in ADNI A positive correlation between WMS-
R LM score and education level was found in ADNI
patients (r=0.30, p<0.001) but not in SEAD-] patients
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(r=0.04, p=0.67). No association with MMSE scores was
found in either study.

Regarding depressive tendencies using GDS, mean
score was higher in SEAD-] patients (4.3%2.2) than in
ADNI patients (1.6+1.4, p<0.001). In SEAD-], 18
patients (9%) were over the cutoff for GDS-15 (6/15
points), while in ADNI, no patients were over the cut-off
(11/30 points). Thus, SEAD-] included more patients
with higher depressive tendency compared with ADNI.
The difference in GDS score might have been caused by
the exclusive criteria using the Hamilton Depression

Figure 1 3D-SSP analyses of
baseline fluorodeoxyglucose—
positron emission tomography in
Studies on Diagnosis of Early
Alzheimer's Disease—Japan
(SEAD-J) (A) and Alzheimer’s
Disease Neuroimaging Initiative
(ADNI) (B). These are the results
of group comparison between MCI
patients and normal controls (NC).
MCI patients showed a significant
decrease of the cerebral metabolic
rate for glucose (CMRgl) not only
in the regions preferentially
affected by Alzheimer’s disease
(including the inferior parietal
lobules and precuneus) but also in
the frontal lobules. Colour bar
indicates the mean Z score of
CMRgl. LAT, lateral view; SUP,
superior view; INF, inferior view;
ANT, anterior view; POST,
posterior view; MED, medial view;
GLB, reference region in global
brain; CLB, reference region in
cerebellum.

GLB

CLB

Rating Scale. The mean age of patients was younger in
SEAD-] (70.8+7.5years) compared with ADNI
(75.2+7.1 years, p<0.001), presumably due to the
inclusion criteria for age.

Baseline FDG-PET: group comparisons and correlation
analyses
Compared with normal controls, MCI patients in SEAD-]
showed considerably lower CMRgl in the regions pref-
erentially affected by AD, including the precuneus,
posterior cingulate and parietotemporal regions (AD-
associated hypometabolism) (figure 1A). In ADNI, MCI
patients exhibited similar patterns of reduced CMRgl in
these regions. The CMRgl reduction was also found in
medial temporal regions with left dominance (figure
1B). In both studies, MCI patients showed lower CMRgl
in bilateral frontal regions compared with normal
subjects. Furthermore, in SEAD-J, FDG-PET analysis
revealed that the converters during 1 year after inclusion
showed AD-associated hypometabolism compared with
non-converters. The difference in hypometabolism was
more severe in the converters within 1year compared
with the converters within the following 1 year (figure 2).
In correlation analyses for FDG-PET, the association
between patient profiles and glucose metabolism are
depicted in figures 3 and 4. In SEAD-], bilateral inferior
parietal regions correlated with MMSE score, whereas
ADNI showed no specific regions (figure 3A). Both
studies showed different patterns of correlation with
WMS-R LM score. In SEAD-], a correlation was found in
the left inferior parietal region, while ADNI showed

A SEAD-] MCI<NC
RtLAT LtLAT

SUP INF ANT POST RtMED LtMED
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Figure 2 3D-SSP analyses of A Converter Iy <NC

baseline fluorodeoxyglucose— RtLAT LtLAT SUP
positron emission tomography in I .

Studies on Diagnosis of Early
Alzheimer’s Disease—Japan.
These are the results of group
comparisons between Alzheimer’s
disease (AD) converters and non-
converters. AD converters show
a greater reduction in glucose
metabolism for AD-associated and
frontal regions. This CBL
hypometabolism was more

evident in the converters within

1 year after inclusion compared

with the converters from 1yearto B (Converter 1 2y <NC

GLB

B W B Oy T

2 years after inclusion. (A) AD
converters within 1 year after
inclusion and non-converters. (B)
AD converters from 1 year to

2 years after inclusion and non-

converters.
GLB

CBL

correlations in the precuneus and left medial temporal ~ regions with significant correlations showed a greater
region (figure 3B). Furthermore, GDS score showed an  distribution over the lateral and inferior frontal regions
inverse correlation in the frontal regions. In SEAD-], (figure 4A). As for correlations with age, both studies

Figure 3 Statistical parametric A MMSE

mapping of the brain regions .

correlated with baseline profiles in SEAD- ADNI
Studies on Diagnosis of Early
Alzheimer's Disease—Japan
(SEAD-J) and Alzheimer's
Disease Neuroimaging Initiative
(ADNI). The regions displayed in
red indicate significant regional
hypometabolism (p<0.05). (A)
Correlation between lower Mini-
Mental Status Examination
(MMSE) scores and glucose
metabolism. (B) Correlation
between lower Logical Memory o
subset of the Wechsler Memory B WMS-RIM

Scale Revised (WMS-R LM) ~

scores and glucose metabolism. SEAD-J
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Figure 4 Statistical parametric
mapping of the brain regions
correlated with baseline profiles in
Studies on Diagnosis of Early
Alzheimer’'s Disease—Japan
(SEAD-J) and Alzheimer’s
Disease Neuroimaging Initiative
(ADNI). The regions displayed in
red indicate significant regional
hypometabolism (p<0.05). (A)
Inverse correlation between
Geriatric Depression Scale (GDS)
scores and glucose metabolism.
(B) Inverse correlation between
age and glucose metabolism.

A GDS

showed an inverse correlation in bilateral medial frontal
regions (figure 4B).

Differences beiween AD converters and non-converiers

In comparisons with AD conversion within 2 years, we
revealed the difference in profiles between converters
and non-converters (table 3). Patients who had dropped
out or returned to normal were excluded from statistical

SEAD-J

analysis. In terms of patients to follow-up and patients
dropping out, the studies did not show any significant
differences in clinical profiles. The conversion ratio
during 1 year was higher in SEAD-J than in ADNI (24.5%
vs 13.5%; X2=5.33, p<0.05). Conversely, conversion ratio
over 2years showed no difference between studies
(SEAD-], 35.6%; ADNI, 33.3%; %2=0.097, p=0.77).
Comparing the baseline profiles associated with
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conversion during 1 year of follow-up, SEAD-] converters
showed significantly lower MMSE and WMS-R LM scores
than non-converters (p<0.01). In ADNI, WMS-R LM
score was lower in converters (p<0.01), but no differ-
ence in MMSE score was evident. Regarding the profiles
associated with conversion from 1year to 2years after
inclusion, MMSE score was lower for SEAD-] converters
than for mnon-converters (p<0.05). Among ADNI
converters, no profiles showed significant differences.

DISCUSSION

From analyses of baseline profiles, SEAD-] included
patients with more severe verbal memory deficits and
extracted patients with higher depressive tendencies
compared with ADNI. These differences in profiles of
MCI patients were likely to be associated with operating
criteria. In FDG-PET, both studies showed considerably
lower CMRgl in the regions preferentially affected by AD
and the frontal cortices. The baseline profiles provided
characteristic pattern of correlations between CMRgl on
baseline FDG-PET and scores of neuropsychological
tests.

Despite some studies have reported associations
between lower MMSE score of AD patients and higher Z
score in the regions preferentially affected by AD,*' 22
such associations in MCI patients have not been
demonstrated. In this study, MCI patients in SEAD-J had
association between hypometabolism in bilateral inferior
parietal regions and MMSE score. The modified MMSE
score showed same pattern of correlation (data not
shown). However, we could not find any association
between MMSE score of patients in ADNI and CMRg], as
a result of previous report.”> Tn WMS-R LM score, SEAD-
J showed a weak regional correlation in the part of right
inferior parietal cortex, while ADNI showed correlations
in the precuneus and right dominant medial—temporal
cortices. These results might reflect difference in disease
severity of the patient samples, that is, how close an
individual is to a clinical transition to AD.

Concerning the hypometabolism in frontal cortices, it
might be an additional finding associated with the
conversion from MCI to AD.® In patients with depressed
mood disorders, an FDG-PET study has shown a lower
CMRgl in bilateral frontal and temporal cortices, inferior
parietal lobules and left cingulate cortex.* In AD
patients with depressive syndrome, a greater decrease of
CMRgl has been found in right suprafrontal lobules than
in non-depressive AD.?® In our analyses, CMRgl in the
right dominant suprafrontal regions showed an inverse
correlation with GDS scores. In particular, the SEAD,
which included patients with higher depressive tenden-
cies, showed wider regions with correlation compared
with ADNI. Although the prevalence of patients with
depressive tendencies was not as high in SEAD], the
inclusion of patients with depressive tendencies might
affect CMRgl. In addition, CMRgl in medial frontal
regions showed an inverse correlation with age, indi-
cating the ageing effect of glucose metabolism,*® or

Comparison of baseline profiles of MCI patients between SEAD-J and ADNI

possibly containing a partial volume effect.”” These
results reflected patient demographics of each study.

In baseline profiles, high educational level was another
characteristic of patients in ADNI. The WMS-R LM score
for ADNI patients correlated with educational level. This
correlation was likely to be associated with categorical
inclusion criteria for educational level. High education
might mask expression of dementia symptoms. Several
studies have supported the hypothesis that highly
educated sub_gects tend to cope better with the onset of
dementia.?® ™ In FDG-PET studies, higher education
has been documented as a proxy for brain functional
reserve.”” ** The impact of educational level might
complicate the interpretation of subtle changes in
neuropsychological test results for patients with high
education. A combination of neuropsychological testing
with FDG-PET might thus help the accuracy for AD
diagnosis in such cases. One study reported an associa-
tion between higher education and lower CMRgl in the
temporoparietal cortex and precuneus in AD and MCI
converters.” However, we did not find evidence that
high education affected AD conversion in MCI patients.
The impact of education remains controversial and
might depend on the patient sample.**

We revealed that SEAD-] patients exhibited a signifi-
cantly higher rate of conversion within 1year after
inclusion compared with ADNI. Deficits in verbal
memory and psychomotor speed/executive function
abilities might be associated with conversion to AD.*
Actually, in the present analyses, comparisons of baseline
profiles between AD converters and non-converters
revealed that SEAD-] converters had lower global
cognitive and verbal memory compared with ADNI
converters. Furthermore, in SEAD-J, AD converters
during 1 year after inclusion showed more severe CMRgl
reductions in bilateral inferior parietal regions
compared with converters during the following year
Based on these results, the difference in AD conversion
ratio might be dependent on the severity of pre-
dementia AD, reflecting that MCI patients with severe
baseline memory deficits rapidly converted to AD. It
suggested that inclusion and diagnostic criteria were
likely to be associated with the incidence of AD.
However, there was no difference in conversion ratio
seen within 2 years of follow-up period. Concerning the
discrepancy due to follow-up period, it is likely that the
difference in AD conversion ratio may not be limited by
criteria only but be affected by another factor such as
genotype in MCI population. The CMRgl reductions in
AD-associated regions have been reported in cognitively
normal people with the apolipoprotein E &4 allele,
a common AD susceptibility gene, many years before the
onset of symptoms of cognitive disturbance.?® It suggests
that FDG-PET findings may associate with pathogenesis
of AD. Although our observation was too short to make
clear the impact of criteria and baseline profiles on the
risk of AD conversion, it is likely that the incidence of AD
may not have greater difference in groups with greater

Kawashima S, Ito K, Kato T, et al. BMJ Open 2012;2:e000773. doi:10.1136/bmjopen-2011-000773 7



Downloaded from bmjopen.bmj.com on March 12, 2013 - Published by group.bmj.com

susceptibility symptoms, if there are no operational
criteria as for prevalence in genotype.

In our analyses, these comparisons of different
multicenter studies have some limitations. Quality
control protocols for data acquisition caused different
pattern of CMRgl in comparison of FDG-PET between
SEAD-] and ADNI We carried out the analyses
comparing the baseline FDG-PET between two studies.
However, the result contaminated non-specific changes
especially in the frontal and parietal regions. In this
reason, we presented the difference in glucose metab-
olism between MCI patients and normal subjects, in
each study. In addition, the present results were based
on data sets at the time of inclusion. To clarify further
association between each patient’s profile and risk of
AD conversion, multimodal analyses of data are needed
for longer follow-up period.

In conclusion, our study revealed that the participants
of each study showed some differences in baseline
profiles because the two studies applied own original
inclusion criteria to MCI patients. SEAD-] had more
strict criteria to include patients with severe verbal
memory deficits. The characteristics of baseline profiles
are closely related to AD conversion ratio within 1 year
after inclusion. Furthermore, we compared national
differences between multicentre studies to show that
inclusion criteria were associated with pattern of
regional glucose metabolism. We suggest that severity of
AD assessed by neuropsychological tests were a function
of the recruitment criteria. To evaluate the value of
neuroimaging measures in the early diagnosis of AD, the
results of multicenter studies, even though focusing on
amnestic MCI, should be compared carefully consid-
ering difference in characteristics of inclusion criteria
and profiles.
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