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The increase in life expectancy and the prevalence of age-
related cognitive disorders have led to great interest in
studying normal and pathological ageing with the aim of
individuating early predictors of degenerative disorders,
differential diagnosis, and efficacy of pharmacological and
cognitive approaches in the treatment of these disorders.
Indeed, considering the great burden of degenerative dis-
orders on national healthcare systems (i.e., in terms of
cost and therapy), research aimed at improving the early
diagnosis of these pathologies is mandatory. Recent advances
in functional imaging methods allow comparative investiga-
tion of neurobehavior, neuroanatomy, and neurophysiology
pertaining to cognitive and emotional processes in normal
and pathological ageing.

A more advanced understanding of underlying mecha-
nisms of ageing and neurodegenerative disorders is desir-
able for a number of important goals: (1) to enhance the
knowledge of their real entity, (2) to evaluate whether the
new methods are effective in early and accurate diagnoses,
(3) to develop goal-directed training, and (4) to prevent the
phenomena through the study of normal ageingmechanisms.

This special issue contains a series of cutting-edge
articles that provide innovative information ranging from
normal to pathological ageing. Specifically, authors of this
issue addressed their discoveries on Parkinson’s disease,
Alzheimer’s disease, and mild cognitive impairment (MCI)
also by investigating biological mechanisms that might act
as protective factors (i.e., in the work by J. Xu et al.). In line
with the importance of early and differential diagnosis as

well as that of identifying specific neuropsychological deficits
with the aim of improving the current therapies, Y. Ouchi
et al. identify the presence of an auditory selective attention
deficit in some patients with Alzheimer’s disease that helps
in predicting their positive response to donepezil therapy.
M. S. Maserati et al. discuss their data on Koch’s Baum Test
in patients with degenerative and vascular dementia and
patients with MCI and controls, showing that it is a sensitive
tool to early diagnose cognitive impairments. Other studies,
such as that by N. Philippi et al., highlight a shift from
an initially episodic memory deficit to a semantic memory
deficit in the autobiographicalmemory ofAlzheimer’s disease
which correlates also with the hippocampi volume.

The potential contribution of new techniques and train-
ing in improving cognitive symptoms as well as the quality
of life in normal and pathological ageing is particularly
underlined through this special issue. Specifically, H. L. D.
Marra et al. focus on the role of transcranial magnetic stimu-
lation (TMS), a noninvasive brain stimulation technique, in
enhancing everyday memory in patients with diagnosis of
MCI, suggesting that repeated TMS might be effective as a
therapy forMCIwhich still lacks a specific efficacious therapy.
T. Nozawa et al. reported the efficacy of different types
of cognitive training on cognitive functions and everyday
life activities, such as driving in senior people without
cognitive impairments. Finally, concerning the quality of
life and psychosocial functioning of dementia caregivers,
S. K. Trapp et al. provide a fundamental contribution in
demonstrating associations between personal strengths and
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enhanced psychosocial functioning of dementia caregivers in
the specific context of Latin America.
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Background. Increasing proportion of the elderly in the driving population raises the importance of assuring their safety. We
explored the effects of three different types of cognitive training on the cognitive function, brain structure, and driving safety
of the elderly.Methods. Thirty-seven healthy elderly daily drivers were randomly assigned to one of three training groups: Group V
trained in a vehicle with a newly developed onboard cognitive training program, Group P trained with a similar program but
on a personal computer, and Group C trained to solve a crossword puzzle. Before and after the 8-week training period, they
underwent neuropsychological tests, structural brain magnetic resonance imaging, and driving safety tests. Results. For cognitive
function, only Group V showed significant improvements in processing speed and working memory. For driving safety, Group V
showed significant improvements both in the driving aptitude test and in the on-road evaluations. Group P showed no significant
improvements in either test, and Group C showed significant improvements in the driving aptitude but not in the on-road
evaluations. Conclusion. The results support the effectiveness of the onboard training program in enhancing the elderly’s abilities
to drive safely and the potential advantages of a multimodal training approach.

1. Introduction

The proportion of the elderly in the driving population
is increasing rapidly, especially in advanced countries, and

assuring their safety as drivers is an issue of huge importance
[1, 2]. Promotion of age-based license reassessments and the
recommendation of driving cessation are measures under-
taken in a number of countries. However, in widespread
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suburban areas, a private car is a necessary transportation
method and driving cessation can result in a large negative
impact on quality of life [3]. Thus, methods that enhance
driving safety and prolong the mobility of elderly people are
important.

Previous studies have indicated that cognitive function
has a significant effect on the driving safety of elderly
people, both in healthy people and those with mild cognitive
impairment [4–6] (however, also see [7]). By focusing on this
association between cognitive function and driving safety,
many studies have introduced different types of cognitive
training and investigated their transfer effects on driving
safety and the maintenance of mobility [8–13].

With respect to the general outcomes of cognitive and
behavioral training in the elderly, studies have shown the
effects of such training interventions on neural structure [14–
19] and function [20, 21] in the elderly. However, to the best
of the authors’ knowledge, there have been no studies specif-
ically addressing the possible association among cognitive
enhancement, neural plasticity, and changes in driving safety.
Simultaneously investigating the changes in these aspects can
help attain a deeper understanding of how the mechanisms
of cognitive training can result in changes in behaviors as
complicated as driving. Moreover, by comparing the effects
of different types of training on cognitive function, brain
structure, and driving safety, one can expect to obtain insight
into how to design a more effective training program for the
optimal driving safety of the elderly.Therefore, we conducted
a pilot intervention study and investigated the effects of three
different types of cognitive training on cognitive function,
brain structure, and the driving safety of the elderly.

Our first aimwas to verify the effectiveness of an onboard
cognitive training system that we devised to support the
elderly in attaining and maintaining their ability to drive
safely.The system was designed to enhance processing speed,
executive control, working memory, visual processing, and
divided attention, which have all been suggested to have
significant relevance to driving safety [4, 6, 22]. It provided
two types of training tasks (with different levels of working
memory demands), which required the users in the driver’s
seat to respond to light stimuli presented in their peripheral
visual fieldwith the steeringwheel and brake pedal, according
to a set of given rules. More detailed description of the
system is provided in Materials and Methods. The system
was implemented onboard with the aim of providing elderly
drivers with casual and effective cognitive training on a daily
basis. To explore the possible positive effects of setting up
an onboard cognitive training system, we included a training
group that had cognitive training on a personal computer
(PC) with a training program that was similar to that used
in the onboard cognitive training but that differed in several
driving-related factors, such as the required field of view and
the motor control involving distributed parts of the body.

Another aim of the study was to investigate the effects
of training in a daily intellectual activity, such as puzzle
solving, on driving safety. A considerable number of studies
have indicated the beneficial effects of such activities in
the enhancement or maintenance of cognitive functions in
the healthy elderly [23–26]. However, inconsistencies and

debates on the effectiveness exist [27–29], and the effects
of training in cognitively engaging daily activities are still
unclear. In particular, their effects on driving safety have not
been directly addressed. Therefore, in this study, we included
a crossword-puzzle training group as another cognitive
training group, and this type of cognitive training had less
apparent relevance to driving safety.

Thirty-seven healthy elderly (age range, 60–75 years) sub-
jects were randomly assigned to one of three training groups:
GroupV trained in a vehicle with onboard cognitive training,
Group P trained with cognitive training on a PC, and Group
C trained in solving crossword puzzles. These groups had 24
sessions of training, with each session taking 20min, over
a period of 8 weeks. Before and after the training period
(Pre and Post), they underwent tests on cognitive function,
brain structure, and driving safety. The changes in cognitive
functions induced by the different types of training were
evaluated by a neuropsychological test battery that covered
a broad range of cognitive functions. The changes in brain
structure were investigated using voxel-based morphometry
(VBM) analysis of regional gray matter volume (rGMV) and
a tract-based spatial statistics (TBSS) analysis of white matter
integrity. VBM is a method that is widely used to investigate
regional gray matter structural changes induced by training
interventions [15, 18, 19, 30–33]. Fractional anisotropy (FA)
maps obtained from diffusion tensor imaging (DTI) give
indicators of white matter fiber structural integrity, and its
changes have also been used to characterize brain structural
changes that are induced by training interventions [15, 34–
38]. TBSS is a new method which aimed to alleviate the
problems of cross-subject FA-map alignment [39]. Driving
safety was evaluated by professional driving instructors while
the subjects were actually driving on the course of a driving
school as well as with a driving aptitude test unit.

2. Materials and Methods

2.1. Ethics Statement. This study was approved by the Ethics
Committee of the Tohoku University Graduate School of
Medicine. Written informed consent was obtained from each
subject. The study was conducted according to the principles
expressed in the Declaration of Helsinki.

2.2. Randomized Controlled Trial Design. Although being a
pilot study, this study was registered in the UMIN Clinical
Trial Registry (UMIN000006268). The study was conducted
between July 2011 and December 2011 in Sendai City, Miyagi
Prefecture, Japan. The flow diagram of this study is shown in
Figure 1. The protocol is approved by the Ethics Committee.

The study was a double-blind intervention. The subjects
and testers were blinded to the study’s hypothesis. The
subjects were only informed that the study was designed to
investigate the effects of three different training programs,
and they were blinded to the training of the other two groups.
The testers were blinded to the group membership of the
subjects. A researcher (T. N.) randomly assigned the subjects
who were stratified by sex to one of the three groups by a
random draw with a computer (see below for details).
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Group C: n = 12

crossword
training on PC

Group P: n = 12

training program
on PC

Group V: n = 12

training program
in vehicle

Recruited and confirmed for eligibility:
n = 39 (age 60–75, daily drivers, F15, M24)

Preintervention tests
cognitive, MRI, MEG, driving safety

Postintervention tests
cognitive, MRI, MEG, driving safety

Withdrew
consent: n = 1

Random allocation

Consented to participate: n = 37

Withdrew before
allocation: n = 1

Declined to
participate: n = 2

Training:
∙ 20min/day
∙ 3 days/week
∙ 8 weeks

Figure 1: Flow diagram of this study.

2.3. Subjects. The subjects were recruited from local residents
through advertisements in a local town paper. The inter-
ested applicants were screened firstly by a semistructured
telephone interview and then using a questionnaire. Thirty-
nine eligible applicants were invited to Tohoku University for
a briefing and two people declined to participate after being
explained about the study. All consented subjects (𝑛 = 37)
were right-handed, and they were native Japanese speakers.
They were aged within the range of 60–75 years at the time
of participation, and they were daily drivers who owned a car
and who drove more than three times a week on an average.
The subjects were not using any medications known to
interfere with cognitive function, including benzodiazepines,
antidepressants, or other central nervous agents. They had
no history of head trauma, mental disease, or diseases
known to affect the central nervous system, including thyroid
disease, multiple sclerosis, Parkinson’s disease, stroke, severe
hypertension, or diabetes. To exclude those subjects with
potential dementia, the exclusion criterion of Mini-Mental
State Examination (MMSE) scores less than 25 was applied
[40]. None of the subjects were excluded on the basis of this
criterion.

All the subjects provided informed consent, which was
approved by the Ethics Committee of the Tohoku University
Graduate School of Medicine, in order to participate in this
study. After informed consent was obtained, the subjects were
randomly assigned to one of the three groups (Group V, P,
or C, explained below). Male and female elderly drivers were

expected to show distinct driving behaviors [41]. To coun-
terbalance the effect of such baseline difference, stratified
randomization was performed [42]. Subjects were blocked
into separate strata by their sexes and allocated separately
into the three groups by a random draw from a computerized
random number generator, achieving a balanced sex ratio
among the groups. One subject withdrew consent before
the group allocation, and one subject allocated to group P
dropped out during the intervention period, resulting in a
final total of 35 subjects who were included in the analyses
(Figure 1). Table 1 summarizes the baseline demographics
and neuropsychological characteristics of the subjects. We
observed no significant differences in any of the character-
istics among the groups.

2.4. Overview of the Interventions. The subjects were ran-
domly assigned to one of the three intervention groups,
Group V, P, or C, which involved a specific type of training
program: Group V trained in a vehicle with an onboard
system that we developed, Group P trained with a similar
programbut on a PC, andGroupC trained to solve crossword
puzzles. Subjects visited our laboratory 24 times (3 days a
week for 8 weeks) and they performed 20min of training
each time. All the training was conducted in the presence of
time keepers (part-time university students) who confirmed
proper task execution by the subjects and provided the nec-
essary help with regard to operating the training programs.
Before and after the training intervention period, the subjects
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Table 1: Baseline characteristics of the subjects.

Group C Group P Group V Main effect of group
𝑛 = 12 (4 F/8 M) 𝑛 = 11 (4 F/7 M) 𝑛 = 12 (4 F/8 M)

Mean SD Mean SD Mean SD 𝐹-value 𝑃 value
Age (year) 67.77 4.67 68.24 5.66 67.67 4.57 0.042 0.959
Education
(year) 14.50 1.73 13.18 2.23 13.42 2.43 1.257 0.298

MMSE base
(score) 28.83 0.94 28.27 1.74 28.33 1.50 0.552 0.581

The base score indicates the preintervention test score.The main effect of group was tested with one-way analysis of variance (ANOVA). Group C trained with
crossword puzzles. Group P trained with an on-PC cognitive training program. Group V trained in a vehicle with an onboard cognitive training program. F:
female; M: male; SD: standard deviation; Education: number of years of education completed; MMSE: Mini-Mental State Examination.

underwent neuropsychological and behavioral tests, struc-
tural brain imaging [magnetic resonance imaging (MRI)],
functional brain measurement by magnetoencephalography
(MEG) which will not be described in this paper, and two
types of driving safety tests. The primary outcome measure
was the driving aptitude test. The preintervention (Pre) tests
were conducted within a week before the start of each
subject’s intervention period, and the postintervention (Post)
tests were conducted within a week after the end of the
intervention period. In the following sections, the training
and Pre/Post tests are explained in more detail.

2.5. Training for Each Group

2.5.1. Group V: In-Vehicle Cognitive Training

Onboard Cognitive Training System.We developed a cognitive
training system that, once installed, can be utilized easily
and constantly by elderly daily drivers. Considering their
relative tendency to be less familiar with and/or enthusiastic
about using computers and video games, we expected that
the elderly people would engage in a cognitive training more
easily and continuously if it was implemented onboard for
use during the frequent occasions of daily driving (e.g., before
leaving/after coming home, or in the parking lot of a shopping
mall). It was also expected that the training program situated
onboard, entailing the use of the visual field common to
driving and operable with the familiar steering wheel and
brake pedal, would facilitate the transfer of training effects
to actual driving situations. To ensure safety, the system was
intended to be used while the car was parked.

The system consisted of five light-emitting diodes (LEDs),
a speaker, a controller area network interface, and a mobile
computer.The LED lights were placed around the driver’s seat
in the peripheral visual field of the driver. Four lights (top-
right, bottom-right, top-left, and bottom-left) were located
approximately equidistant from the center of the driver’s view,
and one light was beside the left (opposite to the driver’s
seat) side mirror. The location beside the side mirror was
chosen considering the importance of paying attention to the
side mirror for driving safety. In the training task, the LEDs
rhythmically and randomly presented a pattern of lights
with various colors. The users responded with the steering
wheel and brake pedal according to a set of given rules.

The accelerator pedal was not used. Audio feedback informed
the subjects of the accuracy of their responses.

The system provided the following two types of training
tasks: an immediate response task and a delayed response
task. The immediate response task focused on the functions
of processing speed, executive control, visual processing, and
divided attention.The delayed response task focused on those
listed above and working memory. The rules of the two tasks
are explained below.

Immediate Response Task. The users responded to the rhyth-
mically presented light stimuli on the four LEDs located
around the center with the steering wheel. When two lights
of the same color (green or blue) were presented on the
same side (left or right), the subjects were to turn the wheel
in the opposite direction as if to avoid an obstacle on that
side. Yellow lights were distractors, and thus the subjects
were to suppress their response even if two yellow lights
were presented on the same side. In addition, red lights were
presented randomly on any of the five LEDs, sometimes in
synchronization with the rhythm and sometimes out of the
rhythm.The users were to respond to the red light regardless
of its position. In particular, when two lights of the same color
(green or blue) were on the same side and a red light was on
one of the remaining LEDs, they were required to conduct
both steering and braking responses. Both the steering wheel
and brake were to be operated when the corresponding
stimuli were shown, and they were to be returned to the
neutral position thereafter.

Delayed Response Task. In this task, the light stimuli were
presented in the same way as in the immediate response task.
The difference was that the users were to delay their steering
responses to the periodic stimuli by 𝑛 (= 1, 2, . . .) steps.
Therefore, the users were required to simultaneously judge
the current light pattern, memorize the operation in order
to conduct its 𝑛 steps later, and conduct a wheel operation
in response to 𝑛-steps-back stimuli if necessary. The load
to working memory increased as larger 𝑛 was used. In the
present study, we used 𝑛 = 1 for the first 12 visits and 𝑛 = 2 for
the later 12 visits. In contrast, brake responses to the random
red lights were to be given without delay, as in the immediate
response task. In particular, the users were to conduct both
steering and braking responses when two lights of the same
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Table 2: Relationship between the difficulty levels and the periods
of rhythmic stimuli in the immediate response task and delayed
response task.

Levels 1 2 3 4 5 6 7 8 9 10
Period (s) 3.0 2.0 1.5 1.2 1.0 0.9 0.8 0.7 0.6 0.5

color (green or blue) were on the same side 𝑛 step(s) before
and a red light was on one of the remaining LEDs.

Adaptive Training with Dynamically Adjusted Tempo. In both
tasks, three successive correct responses induced a change
in the task to a tempo in which the rhythmic stimuli were
one level faster, and two successive wrong responses induced
a change to a level that had a slower tempo. There were
10 levels for tempo, and Table 2 shows the period of the
rhythmic stimuli for each level. The dynamically adjusted
tempo made the task involve adaptive training, in which the
difficulty was always adequately challenging despite the users’
changing learning levels. In addition, the training system
provided three types of level-dependent background music,
with changes between levels 3 and 4 and between levels 6 and
7.

Training Procedure. The onboard system was equipped onto
a passenger car placed in the parking lot of our institute, and
the subjects inGroupV individually came andperformed two
sessions of the immediate response task and two sessions of
the delayed response task on each training day. Each session
took 5min. For the delayed response task, the required delay
for the steering response to the periodic stimuli was set to
𝑛 = 1 for the first 12 training days and to 𝑛 = 2 for the later 12
training days. At the end of each training session, the system
provided a visual feedback that informed the subject of the
transition of performance.

2.5.2. Group P: On-PC Cognitive Training

On-PC Training Tasks. As a counterpart of the onboard train-
ing system, we also developed an on-PC cognitive training
system. This system also provided the two types of tasks,
the immediate response and delayed response tasks, with the
same rules as those explained above. The main differences
were as follows. (1) This system presented colored stimuli on
a PC display instead of LED lights.The four LEDs around the
center of the users’ visual field were replaced by four corners
of a 24-inch display. The visual angle from the center to the
four stimuli positions was 20∘. The fifth distant LED beside
the side mirror was replaced by stimuli presentation at the
center position. (2) Instead of a steering wheel and brake
pedal, all responses were made with a three-button computer
mouse. Steering to the left and right was replaced by clicking
the left button with the right index finger and the right button
with the right ring finger, respectively. The brake pedal was
replaced by clicking the middle button with the right middle
finger.

Because of the shared features of the tasks, we assumed
that the basic demands on the functions of processing

speed, executive control, and working memory would not
be different from that of the onboard cognitive training.
However, we also expected that because of the comparatively
narrower visuospatial andmodality distributions in the input
stimuli (limited use of peripheral visual field) and the output
effectors (only right-hand fingers) than those of the onboard
training, the effects on the functions of visual processing
and divided attention would be smaller. In addition, the
differences in the similarities to actual driving were expected
to make the transfer of this on-PC training to driving safety
less likely than that of the onboard training.

Training Procedure. Each subject in Group P visited a room
in our institute, and they had two sessions of the immediate
response task and two sessions of the delayed response task
on a PC each time. The parameters of the training tasks were
the same as those of the onboard training, and each session
took 5min. For the delayed response task, the required delay
for the left/right-button response to the periodic stimuli was
set to 𝑛 = 1 for the first 12 training days and to 𝑛 = 2 for the
later 12 training days. At the end of each training session, the
system gave visual feedback that informed the subjects of the
transition of performance.

2.5.3. Group C: Crossword Training Group

Crossword Training Task. We adopted a number crossword
puzzle as a training task for Group C. This is a version of a
kanji crossword puzzle with numbers in which squares with
the same number should contain the same kanji character.
Some cells are filled with kanji characters in the initial state,
and a set of available characters is also provided. There are
no additional clues. The goal is to fill all the white numbered
squares so that every succession of white squares makes a
meaningful word. We used a PC program that was played
using a computer mouse.

For successful performance, the task was supposed to
require the ability to make inferences, processing speed,
and executive function in order to efficiently try various
possibilities, working memory to keep in mind the possible
choices and hypotheses, and divided attention to check
the consistency of the consequences at different positions
simultaneously.Vocabularywas also required; however, it was
not critical as the answers consisted of words thatmost people
know.

Training Procedure. Each of the subjects in Group C visited a
room in our institute, and they were trained on solving the
number crossword puzzle on a PC program for 20min each
time. All the operations were performed using a computer
mouse. Their progress was recorded, and if they could not
finish a problem in the 20min, they continued it the next time
they came in. If they completed a problem before the time
limit, they proceeded to the next problem. If they gave up on
a problem, the answer was shown, and they then proceeded
to the next problem.

2.6. Neuropsychological Tests. To evaluate the possible effects
of the three types of cognitive training on a broad range
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of cognitive functions, the subjects underwent the following
neuropsychological tests in the Pre and Post tests: MMSE
[40], the Block Design (BD) subtest in the Wechsler Adult
Intelligence Scale (WAIS) III [43], the Frontal Assessment
Battery (FAB) at bedside [44], the Word Fluency Test (WFT)
[45], the Trail Making Test (TMT) [46], the Symbol-Digit
Modalities Test (SDMT) [47], the Spatial Span subtest of the
Wechsler Memory Scale-Revised (WMS-R) [48], the Ben-
ton Visual Retention Test (BVRT) [49], the Rey-Osterrieth
Complex Figure Test (CFT) [50], the Rey Auditory-Verbal
Learning Test (AVLT) [51], and the Judgment of Line Orien-
tation (JLO) [52].TheMMSEwas used to screen for cognitive
impairment, and subjects were required to have a score of
25 or more for inclusion in the analyses (no subjects were
excluded). The other test measures were used to evaluate
cognitive functions, as explained in the next section.

2.7. Analyses of Cognitive Functions. Oneway to obtain a gen-
eral and stable measure of a cognitive construct is to calculate
a composite measure of multiple neuropsychological tests
relevant to the cognitive function [5, 37, 53, 54]. By summing
up the standardized 𝑡 scores (mean, 50; standard deviation,
10) of the relevant test measures explained above with
some required sign-flipping so that all the scores indicated
better performance when they were higher, we evaluated
the following three composite measures for the specific
cognitive function domains: (1) processing speed composite,
which included TMT-A and SDMT; (2) executive function
composite, which included FAB, WFT, and TMT-B; and (3)
working memory composite, which included SS, BVRT, and
AVLT. As stated above, these cognitive domains were among
themain targets of the onboard cognitive training.Therefore,
we hypothesized that Group V as well as Group P would
show significant improvements in these cognitive domains.
In addition, by combining BD, WFT, TMT-B, BVRT, CFT-
Copy, CFT-Recall, AVLT, and JLO, we calculated a composite
measure of cognitive impairment (COGSTAT), which has
been reported to be a significant predictor of driving safety
in drivers with Alzheimer’s disease [5, 53, 55].

The improvements (Post − Pre) in each composite mea-
sure were computed for each subject. To exclude the possible
influence of preexisting factors of noninterest, the improve-
ment values of all subjects were fit to a general linear model
with their mean-centered age, sex, and Pre scores (baseline)
as explaining variables, and they were adjusted for these
confounding variables. Then, the significance of the training
effects on the improvements in each composite within each
intervention group was tested with the Wilcoxon signed-
rank test (one-sidedwith the alternative hypothesis being that
the improvement is positive). We used the nonparametric
Wilcoxon test because some of the outcome variables did not
satisfy the assumption of normal distribution on which the
parametric 𝑡-test is based. Because of the exploratory nature
of this study, the test results were considered significant at
𝑃 < 0.05 with the Benjamini-Hochberg (BH) procedure [56]
applied to the combined data of the cognitive composites and
the driving safety for each group in order to control the false
discovery rate (FDR).

In addition, for each pair of groups, we conducted the
Wilcoxon rank-sum test (two-sided) in order to explore the
significant group differences in the improvements in the
composites. The test results were considered significant at
𝑃 < 0.05 with the BH in order to control the FDR.

2.8. MRI Image Acquisition. All MRI images were collec-
ted using a 3-T Philips Intera Achieva scanner. Using
a magnetization-prepared rapid gradient-echo (MPRAGE)
sequence, high-resolution T1-weighted structural images
[240 × 240 matrix; repetition time (TR): 6.5ms; echo time
(TE): 3ms; inversion time (TI): 711ms; field of view (FOV):
24 cm; 162 slices; slice thickness, 1.0mm] were collected.
The scan time was 8min 3 s. Diffusion-weighted data were
acquired with a spin-echo echo planar image (EPI) sequence
[TR: 10,293ms; TE: 55ms; big delta (Δ): 26.3ms; little delta
(𝛿): 12.2ms; FOV: 22.4 cm; 2 × 2 × 2mm3 voxels; slice
thickness, 2mm; 60 slices; sensitivity-encoding (SENSE)
reduction factor, 2; number of acquisitions, 1]. The diffusion
weighting was isotropically distributed along 32 directions (𝑏
value, 1,000 s/mm2). In addition, a data set with no diffusion
weighting (𝑏 value, 0 s/mm2) was acquired. The total scan
time was 7min 17 s.

2.9. Analysis of Brain Structural Changes

2.9.1. Voxel-Based Morphometry Analysis of Regional Gray
Matter Changes. To examine the effects of the different types
of training interventions on the rGMV, we performed VBM
analyses on the T1-weighted structural images.

First, the T1-weighted images were processed with
SPM8 software (Wellcome Department of Cognitive Neurol-
ogy, London,UK; http://www.fil.ion.ucl.ac.uk/spm/software/
spm8/) with the Diffeomorphic Anatomical Registration
using Exponentiated Lie Algebra (DARTEL) [57] method in
MATLAB (The MathWorks, Inc., Natick, MA, USA). The
New Segmentation algorithm was applied to all T1-weighted
images both before and after the interventions to extract tis-
sue maps that corresponded to gray matter (GM), white mat-
ter (WM), and cerebrospinal fluid (CSF). To reduce the risk
of missegmenting irrelevant tissues, such as dura, into GM,
we used amodified graymatter tissue probabilitymap (TPM)
that was obtained by changing the values of the voxels of the
standard GM TPM in SPM8 with values less than 0.25 to
zero. The GM tissue images obtained were then subjected to
the DARTEL template creation tool. A study sample-specific
template and the nonlinear deformations that best aligned
the images with the template were obtained by iteratively
registering the imported images with their averages. The
DARTEL normalization tool was used to apply the estimated
deformations and spatially normalize the tissue images to
the template and then to the Montreal Neurological Institute
(MNI) standard space with a 12-parameter affine linear
transformation. The warped images were modulated by the
Jacobian determinants that were derived from the nonlinear
deformation parameters to compensate for individual local
volume deformations [58]. Then, all the warped and mod-
ulated GM images were smoothed by convolving a 12mm



Behavioural Neurology 7

full-width at half maximum isotropic Gaussian kernel.
Finally, the signal changes in the rGMV between the Pre and
Post images were computed at each voxel for each subject. In
this computation, we included only the voxels that showed
rGMV values >0.10 in both the Pre and Post images in order
to avoid possible partial volume effects around the tissue
borders.

The processed maps representing the rGMV changes
between the Pre and Post scans (rGMV Post − rGMV Pre)
were then forwarded to the whole-brain group level analysis.
Within each intervention group, we tested the rGMVchanges
(both positive and negative) with a general linear model (one
sample 𝑡-test with covariates). In addition, for each pair of
groups, we performed one-way analysis of covariance (two-
sample 𝑡-tests with covariates) in order to find the significant
differences in the ways that the rGMV changed between the
groups. In both types of tests, the mean-centered age, sex,
total graymatter volume in the Pre scan, and total intracranial
volume in the Pre scan were included in the model as
covariates. The statistical model estimation was performed
with SPM8, and the level of statistical significance was set at
𝑃 < 0.05 with family-wise error corrected for multiple com-
parisonswith the nonisotropic adjusted cluster level [59] with
an underlying voxel level of𝑃 < 0.001. For the correction, the
NS toolbox (http://fmri.wfubmc.edu/cms/software#NS) was
used. Nonisotropic adjusted cluster-size tests can and should
be applied when cluster-size tests are used for data that is
known to be nonstationary (in other words, not uniformly
smooth), just as is the case for VBM data [59].

2.9.2. Tract-Based Spatial Statistics on Diffusion Tensor Ima-
ges. The preprocessing and tract-based spatial statistics
(TBSS) analyses of the DTI data were performed with the
FSL software package (http://www.fmrib.ox.ac.uk/fsl/, Ver-
sion 5.0), according to the standard procedures described
previously in [39]. First, the DTI images of each subject and
each time point (Pre and Post) were prealigned with each
other in order to correct for eddy current, distortion, or head
motion. Then, the diffusion tensor was calculated and used
to obtain an FA map, and nonbrain voxels were excluded.
The obtained FA maps were subjected to noise reduction
by eroding exterior noise-susceptible voxels, aligned to the
FMRIB58 FA MNI standard-space image (1 × 1 × 1mm3)
by nonlinear registration and averaged to obtain a study-
specific mean FA image. A tract skeleton was generated from
the mean FA image, and it was thresholded for FA values
more than 0.2 in order to restrict further analysis to points
within the white matter that had been successfully aligned
across subjects. All individual FA maps were projected to the
thresholded mean FA skeleton, resulting in the skeletonized
FA data for each subject and time point.The projection to the
mean FA skeleton is the essence of the TBSS analysis to reduce
potential problems of misregistration as a source of false-
positive or false-negative results in the subsequent voxel-wise
cross-subject statistics [39].

In the same manner as the VBM analysis on the rGMV,
the changes in the projected FA signals between Pre and Post
(FA Post − FA Pre) were computed for each subject at each

voxel in the mean FA skeleton and subjected to statistical
tests of the effects of the interventions. We conducted a one-
sample test of the FA changes within each group and a two-
sample test of the differences in the FA changes between
each pair of two groups. Mean-centered age and sex were
included in the model as covariates. The statistical model
estimates were performed with permutation-based cross-
subject statistics [60] implemented as the Randomise Tool
in FSL. A total of 5,000 permutations were performed for
each contrast, and statistical inferences were made with the
threshold-free cluster enhancement (TFCE) [61] correction
for multiple comparisons. Fully corrected 𝑃 values less than
0.05 were considered significant.

2.10. Driving Safety Tests

2.10.1. Driving Aptitude Tests with a Simulator Test Unit.
Subjects were testedwith theCG400 driving aptitude test unit
(TKK 7020, Takei Scientific Instruments Co., Ltd., Niigata
City, Japan) [62].This computer-based driving ability test unit
has been licensed by theNational Police Agency in Japan, and
it has been installed inmany driving schools. It is widely used
as an evaluation system for the driving aptitude of elderly
people. The test unit is equipped with a cathode-ray tube
monitor, a steering wheel, an accelerator, and brake pedals,
and it is in accordance with the National Police Agency
System Guidelines [63]. It provides tests on the following
four types of tasks: simple response, selective response,
handling operation, and divided attention to multiple tasks.
Based on the performances of these tasks, the test unit
evaluates five-level grades on 14 driving-related aspects: (1)
speed of simple responses, (2) stability of simple responses,
(3) accuracy of selective responses, (4) speed of selective
responses, (5) stability of selective responses, (6) accuracy
of steering operations, (7) balance of steering operations,
(8) efficiency of steering operations, (9) divided attention
accuracy to the center of the visual field, (10) divided attention
speed to the center of the visual field, (11) divided attention
stability to the center of the visual field, (12) divided attention
accuracy to the peripheral visual field, (13) divided attention
speed to the peripheral visual field, and (14) divided attention
stability to the peripheral visual field.The total grade obtained
by summing up the 14 grades (max = 70) gives an integrated
evaluation of driving aptitude. The test took an average of
25min, including the explanations.

2.10.2. On-Road Evaluation by Driving School Instructors.
Subjects visited a local driving school and had a driving test
before and after the intervention period.The tests were sched-
uled on a day different from the days when the other parts of
the Pre/Post tests were conducted at our institute but within
a week before the start of each subject’s intervention period
(Pre) and within a week after the end of the intervention
period (Post). The tests were conducted during the daytime
but not on days with extremely badweather with limited view
or with snow cover on the roads.

The driving test was conducted in the training course
of the driving school. Subjects drove a 1.7 km route with
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Table 3: Unsafe driving actions checked in the on-road evaluation.

Scene Checked item Unsafe actions Count to evaluation
mapping

Right turn
Turn signal
Steering
Safety check
Safe speed

Fail/too late
Too tight/too loose/unstable
Fail/insufficient
Too fast

0 → 5,
1 → 4,
2-3 → 3,
4-5 → 2,
≥6 → 1

Left turn
Turn signal
Steering
Safety check
Safe speed

Fail/too late
Too loose/unstable/swinging opposite
Fail/insufficient/forgot to look back
Too fast

0 → 5,
1-2 → 4,
3-4 → 3,
5-6 → 2,
≥7 → 1

Passing blind intersection Fail to stop
Safety check

No slowing/going slow
Fail/insufficient

0 → 5,
1 → 4,
2 → 3,
3 → 2,
≥4 → 1

Intersection requiring stop
Fail to stop
Stop position
Safety check

No slowing/going slow
Intrusion into intersection/crossing stop
line
Fail/insufficient

0 → 5,
1 → 4,
2 → 3,
3 → 2,
≥4 → 1

Changing lanes
Signaling
Safety check
Steering

Fail/too late
Fail/insufficient
Abrupt

0 → 5,
1 → 4,
2-3 → 3,
4-5 → 2,
≥6 → 1

Passing beside a stopped car

Signaling
Safety check
Safe speed
Distance
Steering

Fail/too late
Fail to check front/fail to check
side/inattention
Too fast
Too close
Abrupt

0 → 5,
1 → 4,
2 → 3,
3 → 2,
≥4 → 1

Curve
Course
Safe speed
Safety check

Too inside/too outside
Too fast
Fail/insufficient

0 → 5,
1-2 → 4,
3-4 → 3,
5-6 → 2,
≥7 → 1

Other Priority at
intersection Miss

0 → 5,
1 → 4,
2 → 3,
3 → 2,
≥4 → 1

various safety check points three times, taking 20min in
total. One of the two driving instructors who acted as tester
was seated on the passenger seat during the test and silently
observed the driving behavior. The instructor counted the
risky actions made by the subject. The risky actions were
identified according to the 26 check items and classifications
listed in Table 3, and the counts were converted to a five-
level grade for each check item, resulting in a total grade of a
maximum of 130 for driving with no unsafe actions counted.

2.11. Analysis of Driving Safety Changes. The total grade given
by the driving aptitude test unit was analyzed in the same

manner as the cognitive composite measures: improvements
(Post − Pre) of the total grade were computed for each subject
and adjusted for age, sex, and Pre (baseline) total grades.
The within-group training effects on the improvements were
tested with the Wilcoxon signed-rank test (one-sided with
the alternative hypothesis being that the improvement is pos-
itive). The between-group differences in the improvements
were tested with the Wilcoxon rank-sum test (two-sided).

The total grade of the on-road driving safety test was
first adjusted for the effect of the testers (driving instructors).
Then, the data were subjected to the same within-group and
between-group analyses as the driving aptitude measure.
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Table 4: Summary of the changes in the cognitive function composites and the driving safety measures within each training group and the
statistical differences between the groups.

Group C (𝑛 = 12) Group P (𝑛 = 11) Group V (𝑛 = 12) P versus C V versus C V versus P
Mean SEM P value Mean SEM P value Mean SEM P value P value P value P value

Cognitive function composites
Processing speed 2.05 2.89 0.455 2.44 3.19 0.520 5.84 3.46 0.048 0.833 0.341 0.391
Executive function 1.58 4.63 0.455 2.58 4.98 0.520 5.23 3.16 0.076 0.786 0.786 0.786
Working memory 9.20 4.45 0.092 −7.86 7.09 0.926 7.47 3.78 0.048 0.156 0.713 0.156
COGSTAT 20.89 8.73 0.078 −0.67 8.62 0.621 10.53 6.76 0.076 0.354 0.413 0.413

Driving safety measures
Driving aptitude 2.48 0.74 0.015 0.85 0.90 0.520 4.33 1.08 0.015 0.219 0.219 0.112
On-road evaluation 1.42 1.43 0.255 1.03 1.45 0.525 3.64 1.31 0.040 0.695 0.567 0.567

SEM: standard error of the mean; COGSTAT: a composite measure of cognitive impairment.
Themeans and SEMs of each of the changes in themeasures were calculated from the differences in themeasure (Post − Pre) that were adjusted for age, sex, and
the Pre (baseline) score of the measure. The P values for each group show the significance of the improvements (Post − Pre > 0) obtained from the Wilcoxon
signed-rank tests (one-sided) and corrected by the Benjamini–Hochberg (BH) procedure to control the false discovery rate (FDR). The P values for each pair
of the groups were from the Wilcoxon rank-sum test (two-sided), which explored the significant group differences in the improvements of each measure with
a correction for multiple comparisons with the BH procedure in order to control the FDR.

3. Results

3.1. Performance Progress in the Training Tasks. As explained
in the Materials and Methods, the training tasks of Groups
V and P consisted of adaptive training in which the tempo
of the presentation of the stimuli (trials) was dynamically
adjusted according to the subject’s performance level. Hence,
the numbers of presented and correctly processed stimuli
worked as indicators of the performance progress of the
trained tasks. Subjects in both Groups V and P showed
sustained progress in the performances of the two training
tasks.

In Group C, we did not have an exact quantitative
evaluation of the improvements in the ability to perform the
training task because the crossword puzzle problem solved by
each subject differed day by day according to his/her progress.
However, the recordings of the time keepers confirmed that
all the subjects made progress so that their answer characters
were found more quickly and steadily.

3.2. Changes in Cognitive Function. To characterize the eff-
ects of each training intervention on cognitive function, we
conducted within-group tests of the improvements in the
composite measures of three cognitive domains (processing
speed, executive function, and workingmemory) as well as in
a composite measure of cognitive impairment (COGSTAT)
[5]. The changes in the composite scores (Post − Pre) were
adjusted for age, sex, and the Pre (baseline) score, and the
hypothesized improvements (Post − Pre > 0) were tested
using the one-sided Wilcoxon signed-rank test for each
group, with the BH procedure [56] employed to correct for
multiple comparisons.

Figure 2 and Table 4 show the summaries of the inter-
vention effects and their significance. Group V showed
significant improvements in the processing speed (𝑃 =
0.048) and working memory (𝑃 = 0.048) composites as
well as marginally significant improvements in the executive
function (𝑃 = 0.076) andCOGSTAT (𝑃 = 0.076) composites.

Group P showed no significant improvements in any of the
composites. Group C showed no significant improvements in
any of the composites, but marginally significant improve-
ments in the working memory (𝑃 = 0.092) and COGSTAT
(𝑃 = 0.078) composites.

In addition, we explored the intergroup differences in the
improvements in each cognitive domain with the two-sided
Wilcoxon rank-sum tests between each pair of groups, with
the BH procedure used for multiple comparison corrections.
The statistical tests found no significant intergroup differ-
ences for any of the cognitive composites (Table 4; Figure 2).

3.3. Changes in Brain Structure

3.3.1. Regional Gray Matter Volume Changes. With the VBM
analysis of the one-sample 𝑡-tests of the (Post − Pre) differ-
ences in the images in each training group, we found several
significant rGMV changes in each group. In Group V, signif-
icant rGMV increases were observed in the left orbitofrontal
cortex (OFC) adjacent to the inferior frontal gyrus (IFG;
𝑡 = 8.33, 𝑃 = 0.033; Figure 3(a)). In Group P, significant
rGMV increases were observed in the right middle frontal
gyrus (MFG; 𝑡 = 18.24, 𝑃 = 0.003) and the left superior
occipital gyrus (SOG; 𝑡 = 7.25, 𝑃 = 0.025; Figure 3(b)).
In Group C, significant rGMV increases were observed in
the left dorsolateral prefrontal cortex (DLPFC; 𝑡 = 8.70,
𝑃 = 0.033; Figure 3(c)) and significant rGMV decreases were
observed in the precuneus (𝑡 = 22.65, 𝑃 = 0.002), the medial
cerebellum (𝑡 = 12.10, 𝑃 = 0.002), and the right caudate
(𝑡 = 8.76, 𝑃 = 0.039; Figure 3(d)). No significant changes
were observed for the other within-group contrasts.

In addition, two-sample 𝑡-tests that compared the rGMVs
between the pairs of groups revealed that the rGMV increases
in the structures around the right caudate were significantly
larger in Group P than in Group C (Figure 4). No significant
differences in rGMV changes were observed for the other
between-group contrasts.

The summary of these rGMV changes is given in Table 5.
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Figure 2: Changes in the cognitive function composite scores in each training group. (a) Processing speed was evaluated as a composite of the
TrailMaking Test- (TMT-) A and Symbol-DigitModalities Test (SDMT)measures. (b) Executive function was evaluated as a composite of the
Frontal Assessment Battery (FAB), Word Fluency Test (WFT), and TMT-B test measures. (c) Working memory was evaluated as a composite
of the Spatial Span (SS), Benton Visual Retention Test (BVRT), and Auditory-Verbal Learning Test (AVLT)measures. (d) Composite measure
of cognitive impairment (COGSTAT) [5] was evaluated by combining the Block Design (BD), WFT, TMT-B, BVRT, Complex Figure Test-
(CFT-) Copy, CFT-Recall, AVLT, and Judgment of Line Orientation (JLO) scores. Score changes were adjusted for age, sex, and Pre (baseline)
scores. The error bars in the graphs show the standard errors of the mean (SEM) for the subjects in each group.

3.3.2. Fractional Anisotropy Changes in White Matter. TBSS
analysis was used to investigate the effects of the different
types of training on white matter integrity, and we conducted
one-sample tests of the FA changes (FA Post − FA Pre) within
each group. The significance of the permutation test was
corrected formultiple comparisonswith the TFCE correction
[61], and clusters determined by the threshold (1 − 𝑃)
> 0.95 (or equivalently 𝑃 < 0.05) on the corrected 𝑃-
maps were considered significant. The results of the TBSS
analysis revealed significant FA increases in white matter
tracts around the left intraparietal sulcus (IPS) and the left
precuneus of Group C (Figure 5; Table 6). No significant
increases or decreases of FA were observed in the other
training groups.

In addition, we conducted two-sample tests of the differ-
ences in the FA changes between each pair of groups, and we
found no significant differences in the FA changes.

3.4. Changes in Driving Safety Measures. The total grades
obtained from the driving aptitude test unit were analyzed
in the same way as the cognitive composite measures: the
(Post − Pre) total score changes were adjusted for age, sex,
and the Pre score, and the hypothesized improvements (Post
− Pre > 0) were tested with one-sided Wilcoxon signed-rank
tests for each group, with the BH correction used for multiple
comparisons. The total grades for the on-road driving safety
tests were analyzed with the same procedure after they had
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Table 5: Summary of regional gray matter volume changes detected by the voxel-based morphometry analysis.

Area MNI peak coordinates (mm)
𝑡 value Cluster

𝑥 𝑦 𝑧 Raw size (mm3) 𝑃 value
Increase (Post > Pre) in Group V

OFC/IFG L −24 26 −27 8.33 311 0.033
Increase (Post > Pre) in Group P

MFG R 33 45 3 18.24 807 0.003
SOG L −18 −78 21 7.25 358 0.025

Increase (Post > Pre) in Group C
DLPFC L −24 42 34 8.70 192 0.033

Decrease (Pre > Post) in Group C
Precuneus L −3 −66 39 22.65 6446 0.002
Cerebellum L −6 −78 −24 12.10 4516 0.002
Caudate R 14 −13 21 8.76 196 0.039

Larger increase in Group P compared with Group C
Extranuclear/caudate R 15 −6 −12 4.65 5670 0.032

MNI:MontrealNeurological Institute;OFC: orbitofrontal cortex; IFG: inferior frontal gyrus;MFG:middle frontal gyrus; SOG: superior occipital gyrus;DLPFC:
dorsolateral prefrontal cortex.
P values were family-wise error corrected for multiple comparisons with the nonisotropic adjusted cluster level [59] with an underlying voxel level of P < 0.001.
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Figure 3: Group V showed significant rGMV increases in the left inferior frontal gyrus (a). Group P showed significant rGMV increases in
the right middle frontal gyrus and the left superior occipital gyrus (b). Group C showed significant rGMV increases in the left dorsolateral
prefrontal cortex (c) and significant rGMV decreases in the precuneus, the medial cerebellum, and the right caudate (d).The colored clusters
show regions with rGMV changes that were significant with a family-wise error corrected 𝑃 < 0.05 at the nonisotropic adjusted cluster level
[59], with an underlying voxel level of 𝑃 < 0.001.
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Figure 4: Significant between-group difference in regional gray matter volume (rGMV) changes. (a) In the structures around the right
caudate, the rGMV changes were significantly different between Groups P and C. The colored cluster shows the region that exhibited
significant differences in rGMV change with family-wise error corrected 𝑃 < 0.05 at the nonisotropic adjusted cluster level [59] with an
underlying voxel level of 𝑃 < 0.001. (b) The average of rGMV changes in each group shows that the differences in the region were largely
because of the rGMV increases in Group P. The error bars in the graph show the 95% confidence intervals.

Table 6: White matter clusters in which tract-based spatial statistical analyses have shown significant increases in fractional anisotropy (FA)
after training in Group C.

Size (mm3) MAX (1 − P) MNI peak coordinates (mm) MNI COG coordinates (mm)
𝑥 𝑦 𝑧 𝑥 𝑦 𝑧

L 1107 0.970 −23 −59 37 −19.5 −57.4 38.4
L 283 0.961 −28 −34 18 −29.1 −41.2 17.2
L 119 0.959 −42 −45 9 −39.3 −44.0 13.8
L 51 0.964 −22 −59 29 −23.1 −57.7 27.5
L 1 0.950 −32 −48 26 −32.0 −48.0 26.0
L 1 0.951 −36 −51 −5 −36.0 −51.0 −5.0
The listed clusters were defined by threshold-free cluster enhancement-corrected (1 − P) > 0.95.
COG: center of gravity.

first been adjusted for the effects of the testers. Moreover,
the intergroup differences in the improvements in driving
aptitude and the on-road driving safety evaluations were also
tested in the same manner as the cognitive composites with
the two-sided Wilcoxon rank-sum test between each pair of
groups, with the BH procedure used for multiple comparison
corrections.

Figure 6 and Table 4 show the summaries of the interven-
tion effects on the driving safety measures. Group V showed
significant improvements in the driving aptitude (𝑃 = 0.015)

and on-road evaluation (𝑃 = 0.040). Group P showed no
significant improvements in either test. Group C showed
significant improvements in driving aptitude (𝑃 = 0.015) but
not in the on-road evaluation.The between-group differences
in the driving safety measures were not significant.

4. Discussion

The purpose of the present intervention study was twofold.
The first aim was to verify the effectiveness of the newly
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left posterior white matter. Gray: MNI152 T1 template image, green: intergroup average white matter skeleton, and red-yellow: voxels that
show threshold-free cluster enhancement-corrected significant (𝑃 < 0.05) increases in FA in Group C. Note that the images are displayed
according to radiological convention, with the right hemisphere on the left.
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Figure 6: Changes in driving safety measures in each training group. The measures are as follows: (a) the total grades obtained from the
driving aptitude test unit and (b) the total grades obtained from the on-road driving safety test. The score changes were adjusted for age, sex,
and Pre (baseline) scores. The error bars in the graphs show the standard errors of the mean (SEM) of the subjects in each group.

developed onboard cognitive training system in enhancing
the driving safety of elderly people as well as its effects on
related basic cognitive functions and neural plasticity. The
other aimwas to elucidate the diverse effects that the different
types of cognitive training exerted on cognitive functions,
brain structure, and driving safety by observing changes in
these aspects simultaneously. The results were generally in
accordance with these aims and the expectations. Group
V, who underwent onboard training, showed significant
improvements in the driving safety measures as well as sig-
nificant or marginally significant improvements in multiple
cognitive domains, supporting the expected beneficial effect
of the training. The MRI data analyses of neural plasticity
detected structural changes that seemed to be associated with

the different functional demands for each training task. In
the following sections, we discuss each aspect of the training-
induced changes in detail.

4.1. Changes in Cognitive Functions. Group V with the on-
board training showed significant improvements in the pro-
cessing speed and working memory composites as well as
marginally significant improvements in executive function.
These results were consistent with our expectations because
the training program focused exactly on these cognitive
domains which are relevant to driving safety [4], along with
visual processing and attention [6, 22].

The results of Group P, who showed no significant
improvements in either of the cognitive domains, were less
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expected. From the shared basic design of the on-PC training
of Group P and the onboard training of Group V, we assumed
that the involvement of processing speed, executive control,
andworkingmemory functions would be at the same level. In
addition, the performance changes in the trained tasks were
also similar between the two groups. Therefore, we did not
anticipate the qualitative differences in the training effects of
Groups V and P on these basic cognitive function domains.
One interpretation of these results is that cognitive training
can have greater effects if it also involves bodily performance,
which the onboard training contained but the on-PC training
lacked. This interpretation was consistent with the results of
studies that have shownpositive effects of aerobic exercise [16,
18, 19, 64] or even very mild physical activity [65] and effects
of the combination of cognition and aerobic training [20] on
cognitive functions and neural plasticity. Another possible
explanation is that the differences in the ease of operation
(or the familiarity to the user interface) and the resultant
differences in the comfort,motivation, and engagement in the
task caused differences in the transfer effects of the training
to cognitive functions. For example, the speed of processing
training, which has been reported to have an enhancing effect
on cognitive and daily functions [8–11], uses a PC with a
touch screen instead of a computer mouse and thus makes
the training more intuitive and easier, particularly for those
who are not familiar with the computer mouse operation. Yet
another possible explanation is that our subjects had higher
baseline functioning and thus relatively lower sensitivity to
training. Studies have observed stronger training effects for
participants with relatively poor performance at baseline,
suggesting that those with reduced functioning were likely
to receive greater benefit from training [8, 11]. In either case,
the results indicated an advantageous effect of implementing
cognitive training onboard, at least for elderly drivers.

Group C trained to solve crossword puzzles showed
marginally significant improvements in the workingmemory
as well as the COGSTAT composites.These results seemed to
support the findings of previous reports that daily intellectual
activity, such as puzzle solving, has beneficial effects on
cognitive function in the healthy elderly [23–26]. We also
noted the possibility that the training setting for Group C
in this study, which required concentrated effort to solve the
puzzles within the limited time frame of 20min, may have
entailed larger effects than solving such puzzles as a daily
habitual activity [27]. The observation that the crossword
puzzle training had marginal effects on working memory
as well as on the COGSTAT, which combined memory-
related test measures such as CFT-Recall, AVLT, and BVRT,
was understandable because of the nature of the task. The
number crossword puzzle used in the training required the
memorization and retrieval of various types of information,
such as the available characters to fill in the squares, the
characters already filled in that work as constraints to make
meaningful words, and the possible choices and hypotheses
in parallel.

4.2. Structural Changes in the Brain. GroupV showed signifi-
cant rGMV increases in the leftOFC adjacent to the IFG.This

region has been frequently implicated in sensory integration,
the processing of affectively salient stimuli, reward predic-
tion, and decision making [66]. These findings may support
the speculation that the onboard training task successfully
elicited motivated engagement, leading to better transfer
effects for a wide range of cognitive domains. In contrast, it
has been reported that the rGMVs of the bilateral OFC are
negatively correlated with individual differences in impulsiv-
ity, suggesting the region’s contribution to executive function
[67]. In addition, gray matter volumes in the bilateral IFG
have been reported to positively correlate with individual
differences in processing speed in healthy elderly [68]. The
observed rGMV increases may have reflected improvements
in these functions.

The regions that showed significant rGMV increases in
Group Pmay correspond to the functional processes required
by the training task. For example, the left SOGwas involved in
the visual processing of stimuli, and the rightMFG integrated
the bottom-up processing with the top-down control [69].
Although the direct intergroup comparison did not show
significant differences, the different patterns of the rGMV
changes between Groups V and P suggested that the two
groups may have engaged in the training in different ways,
despite similarity in the basic task design.

Group C showed the widest range of neural plasticity
that was largely reasonable considering the nature of the
training task and its observed effects on working memory.
The leftDLPFC, which showed significant rGMV increases in
Group C, constitutes the frontoparietal network essential for
working memory [70–72]. The significant FA increase in the
white matter tracts around the left IPS and the left precuneus
that was revealed by the TBSS analysis was consistent with
previous findings that working memory training induces sig-
nificant FA increases in younger adults [38]. In addition, it has
been reported that the FA values in the sameWM region pos-
itively correlate with processing speed [73]. Interestingly, the
regions that showed significant rGMV decreases, including
the precuneus, the medial cerebellum, and the right caudate,
have also been reported to be involved in working memory
[74–76]. Recent findings, although largely in younger cohorts,
have suggested that, in certain cases, rGMV decreases rather
than increases are associated with increased cognitive and
behavioral functions [31, 33, 77]. Therefore, it is possible that
these rGMV decreases also reflected the training-induced
cognitive enhancements. Another possible explanation for
the observed rGMV decreases may be attributed to age-
induced shrinkage. In this context, it has been reported that
the cerebellum and caudate are susceptible to age effects [78]
but that the precuneus is less affected by age [79]. Considering
the intervention period of 2 months, it is not likely that all
the observed rGMV decreases in Group C were caused by an
aging effect. Further studies are needed to clarify this point.

4.3. Changes in Driving Safety. Group V showed significant
improvements in both of the driving safety measures, the
driving aptitude test, and the on-road evaluation. These
results indicated that the onboard cognitive training system
indeed had a transfer effect on the ability to drive safely. In
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contrast, Group P did not show significant improvements in
either of the measures. These results were consistent with
our initial hypothesis that the differences in the driving-
related factors of the training tasks, such as the required
field of view for the processing of stimuli and the motor
control involving distributed body parts, would make the
onboard training more effective than the on-PC training.
Another explanation is that the training effects on the basic
cognitive domains of processing speed, executive function,
and working memory, which were significant only in Group
V, were transferred to driving safety. This interpretation
may again explain the discrepancy from the studies which
showed that driving safety improvements could be driven
with computer only methods [8–11]: our subjects in Group P
who lacked significant training effects on the basic cognitive
functions, possibly due to the difficulty of operation as
discussed above, may also have lacked the transfer effects to
driving safety.Note that all the subjectswere daily driverswho
reportedly owned a car and who drove more than three times
a week on an average. Therefore, it is not likely that simple
contact with the driving environment in Group V induced
the difference. Either way, the results again suggested the
advantage of an onboard training system over a general (on-
PC) training of a similar type.

Group C showed significant improvements in the driving
aptitude measures but not in the on-road driving safety eval-
uation. This can also be interpreted in terms of the difficulty
of the far-transfer effect. From its purpose as an aptitude
evaluation system, the driving aptitude test continuously
poses situations with high cognitive demands, and thus, the
improvements in the general cognitive function domains
would have better benefitted the evaluation. In comparison,
the on-road evaluations involved more factors specific to
the domain of driving. It has been repeatedly reported that
the far-transfer effects from training to a task with less
similarity are harder to achieve than the near-transfer effects
from training to a task with larger overlap in the underlying
processes, especially for older adults [80–85]. Therefore, the
effects of crossword training on working memory and other
cognitive functions may have been better transferred to the
“nearer” driving aptitude tests and not to the “farther” on-
road evaluations.

4.4. Limitations. The major limitation of this study was the
small sample size, which was mainly because of the relatively
limited resources for the requirements of isolation in order
to prevent interactions between the subjects, supervision,
and control in the training intervention. Consequently, we
had only limited results from the intergroup analyses, which
would have beenmore conclusive if they had been significant,
compared with the within-group results reported in the
present study.Therefore, a possible future direction would be
to replicate and extend the results of the present study with a
larger sample and less strict (more casually controlled) trial
design. One might argue that another way to establish the
intergroup effects is by introducing a no-intervention control
group. However, this would be less helpful because com-
parisons with a no-intervention control cannot dissociate

the confounding effects from participation in the trial itself.
In addition, we explored the direct association between the
cognitive enhancements, neural plasticity, and the changes
in driving safety with correlational analyses, as has been
reported in a cross-sectional study [86]; however, we did not
find any significant relationships (not shown in this paper).
To determine if this was due to insufficient statistical power
or if this originated from the complexity of the relationships
of cognitive function through the substrate to the driving
behavior [7], a study with a larger sample is required.

Another remaining issue is the maintenance of the train-
ing effects. How long are the effects of the training sustained
once the training is terminated? How effective is the addition
of booster training and what is the best timing [87, 88]?
Additional follow-up studies are required to answer these
questions.

4.5. Real-World Applicability of the Onboard Cognitive Train-
ing. As described in theMaterials andMethods, the onboard
cognitive training system was developed with the expec-
tations that it can be utilized by the elderly daily drivers
easily and continuously in a natural extension of daily driving
activities and can facilitate the transfer of training effects
to actual driving situations. The obtained results generally
supported the usefulness of the onboard training.

Regarding the installation of the onboard system, it can be
largely covered by existing or commonly available equipment.
The training programs can be implemented on a smartphone
or on a computer of an automotive navigation system. The
information of the steering wheel and brake pedal can be
collected through a standardized vehicle network bus, which
has been equipped in most of modern cars. Audio speakers
are also equipped in most of cars. Although the LED lights
and their controller need to be newly introduced, they are
relatively inexpensive. In total, we expect that the onboard
training program can provide a viable option for enhancing
elderly drivers’ safety in real life.

5. Conclusions

To the best of our knowledge, this is the first study to
simultaneously investigate the possible effects of different
types of cognitive training on cognitive enhancement, neural
plasticity, and changes in driving safety. The results showing
improvements in cognitive functions and driving safety veri-
fied the effectiveness of the onboard training system that we
developed and suggested that implementing a training system
in the car facilitates enhancements of driving safety. However,
the results of the behavioral improvements induced by
crossword puzzle training, which had less apparent relevance
to driving, also implied potential usefulness. Combined with
the neural plasticity results from the structural analyses of
the MRI data, these different types of training can contribute
to driving safety through different underlying mechanisms.
Thus, one future direction worth exploring is a multimodal
training approach [89] that combines these different types of
training. Despite the limitations discussed above, we believe
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that the reported results and implications provide useful
insights for future studies on the enhancements of driving
safety and broad daily activities of elderly people.
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The study has investigated the effect of isoflavone attenuates the caspase-1 and caspase-3 level in cell model of Parkinsonism.
The subjects were PC12 cells. They were randomly divided into six groups: control, MPP+ (250 𝜇mol/L), isoflavone (10 𝜇M),
isoflavone (10𝜇M) +MPP+ (250 𝜇mol/L), Z-YVAD-CHO (10 nM) +MPP+ group, and Z-DEVD-CHO (10 nM) +MPP+ group. Cell
viability was measured by MTT methods; the content of tyrosine hydroxylase was measured by immunocytochemistry method of
avidinbiotin peroxidase complex; apoptosis ratio wasmeasured by flow cytometry.The results showed that cell viability in theMPP+
groupwas lower than in all other five groups.There was no difference in cell viability between isoflavone +MPP+ and control group.
Optical density of TH positive cells in isoflavone group was higher than in control, isoflavone +MPP+, andMPP+ only groups.The
apoptosis ratio in the isoflavone + MPP+ group and control group and the Z-YVAD-CHO + MPP+ and Z-DEVD-CHO + MPP+
group was similar, which was lower than in the MPP+ group. The lowest apoptosis ratio was found in the isoflavone only group.

1. Introduction

Isoflavone is one of ingredients from soybean. Studies [1–
3] have showed that isoflavone has some effect of estrogen
and has many potential clinical implications with mecha-
nism of action, especially in the treatment and prevention
of diabetes, cardiovascular diseases, cancer, osteoporosis,
and neuroprotection. Our previous study [4] indicated that
estrogen had the protective effect to cell model of Parkinson’s
disease, but estrogen perhaps brings some side effects and
restricts its use on clinical, so many researchers are looking
for better substitute for estrogen, which not only has the
effect of estrogen, but also has no side effect of it; fortunately
researchers found plant-estrogen [1]. Isoflavone is one of
the plant estrogens which has the same effect. And in this
study, we use the cell model of Parkinson’s disease to study
whether isoflavone has the protective effect and explores

themechanism.More andmore evidences indicate that apop-
tosis is the basic mechanism of neuron degeneration [5]. The
active metabolic outcome of 1-methyl-4-phenylpyridinium
(MPP+), MPTP could induce the apoptosis of PC12 cells
[5, 6]. There are many studies indicating that [7, 8] MPP+
could induce apoptosis transmitted by caspase [9]. In this
study, we observed the influence of isoflavone on cell model
of Parkinsonism and how the caspase-1 and caspase-3 play a
role in the course of injury induced by MPP+ in PC12 cells,
in order to explore the protective mechanism of isoflavone to
Parkinson’s disease.

2. Materials and Methods

2.1. Cell Culture. PC12 cells were cultured at 37∘C in
RPMI 1640 media supplemented with 10% FCS, 2mM of
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L-glutamine, 100 IU/mL of penicillin, and 100 𝜇g/mL of
streptomycin in a humidified atmosphere of 5% carbon
dioxide in room air. The dispersed cells were plated onto
collagen-coated 96-well plates at a density of 3 × 104 cells/well
and were cultured under various combinations of times and
drug regimens.

The cultured cells were divided into six groups: control
(vehicle), MPP+ (250 𝜇mol/L) only, isoflavone (10 𝜇M) +
MPP+ (250 𝜇mol/L) group, isoflavone (10 𝜇M) only group, Z-
YVAD-CHO (10mM) + MPP+ group, and Z-DEVD-CHO
(10mM) + MPP+ group. (Z-YVAD-CHO is the inhibitor
of caspase-1; Z-DEVD-CHO is the inhibitor of caspase-3.)
Using the method reported by Christis Chinopiulos and Vera
Adam-Vizi, as we have reported in our previous work [6], the
PC12 cells in theMPP+ groupwere treatedwith 250𝜇mol/L of
MPP+, inducing apoptosis similar to that seen in Parkinson’s
disease. In the isoflavone group, cells were cultured with
isoflavone at a concentration of 10 𝜇M.

2.2. Thiazolyl Blue Tetrazolium Bromide (MTT) Assay of Cell
Viability. After the PC12 cells were treated with MPP+ solu-
tion (5mg/mL, Sigma) and different dose of isoflavone (0,
5 𝜇M, 10 𝜇M, 50𝜇M). Incubation at 37∘C for 4 h, formazan
cuystal was dissolved in 100 𝜇l dimethyl sulfoxide (DMSO),
and MTT reduction was measured at 570 nm using a DG-
3022AELISAplate reader. Control values were taken as 100%,
and experimental values were taken as a percentage decrease
in MTT reduction. The cell viability and metabolite were
evaluated by A570.

2.3. Immunocytochemistry of Tyrosine Hydroxylase (TH). This
was performed to assess the levels of catecholamine biosyn-
thesis in the PC12 cells. Sections were incubated with 0.3%
Triton X-100 in PBS for 1 h at room temperature and then
incubated with goat anti-rat THmonoclonal antibody (1 : 250
dilutions in 0.01mmol/L phosphate buffer saline, PH 7.4),
was added overnight at 4∘C. Slides were then incubated
with biotinylated rabbit anti-goat IgG and SABC-reagent
for 30min at 37∘C. Subsequently, the cells were processed
with 50 ul of 3,3-diaminobenzidine (DAB) solution (Sigma).
Cells were stained with hematoxylin and dehydrated with
ethanol. Under a microscope, cells with dark brown color
are considered as positive expression of tyrosine hydroxylase
(TH), while light purple is considered as the negative.

2.4. Western Blot for Caspase-1 and Caspase-3. Cells were
harvested by mechanical scraping into 4∘C PBS solution,
and add the cell lysis buffer into cells then centrifugate at
12000 g for 5min. then acquired the upper as protein. Protein
concentrations were determined by the BioRad protein assay.
Thirty micrograms of protein was loaded per well onto 8%
SDS-PAGE gel. Protein extracts were electrophoresed and
transferred to a PVDF membrane. The membranes were
blocked in 5%milkwithout fat and incubated in primary anti-
body for caspase-1 (1 : 2000, Sigma) and caspase-3 (1 : 2000,
Sigma) and 𝛽-actin (1 : 2000, Sigma). The membranes were
then washed in TBS plus 0.1% Tween-20 and incubated with
HRP-conjugated secondary antibody, followed by another

Table 1: MTT assay of cell viability and optical density of TH
positive PC12 cells.

Group Cell viability
Optical density
of TH positive
PC12 cells

Control 0.49 ± 0.11 0.22 ± 0.07
MPP+ 0.30 ± 0.07∗∗ 0.10 ± 0.03∗∗

I (isoflavone) 0.61 ± 0.17∗ 0.46 ± 0.06∗

I + MPP+ 0.56 ± 0.16 0.24 ± 0.04
Z-YVAD-CHO +MPP+ 0.59 ± 0.17∗∗∗ 0.22 ± 0.05∗∗∗

Z-DEVD-CHO +MPP+ 0.60 ± 0.11∗∗∗ 0.23 ± 0.02∗∗∗
∗

𝑃 < 0.05 compared with isoflavone + MPP+; ∗∗𝑃 < 0.05 compared with
control; ∗∗∗𝑃 < 0.05 compared with MPP+.

wash.Themembranes were then developedwith ECL reagent
and exposed on film.

2.5. Detection of Apoptotic Cells by Flow Cytometry. The
apoptosis rate of endothelial cells was measured by DNA
flow cytometry and DNA electrophoresis (Table 2). Annexin
V binding was assessed using bivariate flow cytometry, and
cell staining was evaluated with fluorescein isothiocyanate-
(FITC-) labelled Annexin V (green fluorescence), simultane-
ously with dye exclusion of propidium iodide (PI) (negative
for red fluorescence). In each group, the total cells and the
surviving cells were also counted in five and the mean values
were derived.

2.6. Statistical Analysis. Data were expressed as means ± SD.
Statistical analysis of the data for multiple comparison was
performed by ANOVA. For single comparison, Student’s 𝑡-
test was used. Categorical datawere analyzedwithChi-square
test. 𝑃 < 0.05 was considered statistically significant.

3. Results

3.1. Cell Viability. As shown in Figure 1, cell viability in I
(10 𝜇M) groupwas higher than others, so we choose I (10𝜇M)
as the effective dose.

As shown in Table 1, cell viability in MPP+ group was
lower than in control (𝑃 < 0.05), isoflavone + MPP+ (𝑃 <
0.01), Z-YVAD-CHO + MPP+, and Z-DEVD-CHO + MPP+
groups (𝑃 < 0.05). There was no significant difference in the
cell viability between isoflavone + MPP+ and control group
(𝑃 > 0.05).

3.2. Apoptosis and the Average Absorbency of TH Positive PC12
Cells. The TH positive cells were stained in brown color.
The unstained nuclei in the TH positive cells were large and
were rounded, with an empty appearance (Figure 2).The cells
treatedwith isoflavonewere larger than the cells in the control
orMPP+ group, andmost isoflavone-treated cells hadneuritis
(Figure 2). Some very small and round cells were detected in
the MPP+ group (Figure 2).

Optical density in the TH positive cells in the isoflavone
groupwas higher than in the control (0.46±0.06 versus 0.22±
0.07,𝑃 < 0.05), the isoflavone +MPP+ (0.24±0.04,𝑃 < 0.05),
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Table 2: Apoptosis rate (%) of PC12 cells.

Group Apoptosis rate (%) Necrosis rate (%) Alive rate (%)
Control 31.3 ± 3.6 3.6 ± 0.3 65.1 ± 4.3
MPP+ 63.5 ± 3.1∗∗ 4.3 ± 0.4 32.2 ± 3.4
Isoflavone (I) 11.5 ± 2.8∗ 0.8 ± 0.2 87.7 ± 3.8
I + MPP+ 33.6 ± 3.7 5.1 ± 1.6 61.3 ± 5.6
Z-YVAD-CHO +MPP+ 34.2 ± 1.8∗∗∗ 3.8 ± 0.7 61.0 ± 4.1
Z-DEVD-CHO +MPP+ 35.6 ± 2.5∗∗∗ 4.0 ± 0.2 60.4 ± 3.7
∗

𝑃 < 0.05 compared with isoflavone + MPP+; ∗∗𝑃 < 0.05 compared with Control; ∗∗∗𝑃 < 0.05 compared with MPP+.

and the MPP+ only group (0.10 ± 0.03, 𝑃 < 0.05). There was
no significant difference between the control and isoflavone
+ MPP+ group (𝑃 < 0.05).

The apoptosis ratio in isoflavone + MPP+ (33.6%) group
and control group (31.3%) and the Z-YVAD-CHO + MPP+
(34.2%) and Z-DEVD-CHO + MPP+ group (35.6%) was
similar (𝑃 > 0.05, Table 1), whichwas lower than in theMPP+
group (63.5%) (𝑃 < 0.05, Table 1). The lowest apoptosis ratio
was found in the isoflavone only group (11.5%, 𝑃 < 0.05,
Table 1).

3.3. Level of Caspase-1 and Caspase-3 Protein. The levels of
protein of caspase-1 and caspase-3 are higher in MPP+ group
than in control (𝑃 < 0.05), isoflavone + MPP+ (𝑃 < 0.01), Z-
YVAD-CHO + MPP+, and Z-DEVD-CHO + MPP+ groups
(𝑃 < 0.05). There was no significant difference between
isoflavone + MPP+ and control group (𝑃 > 0.05).

4. Discussion

The loss of dopamine-producing nerve cells in the substantia
of themidbrain is themain pathological characteristics of PD
[10]. A study found that the loss of midbrain neurons was
positively related to caspase-3 positive neurons when using
immunohistochemistry method for autopsy in PD patients

[11].The levels of caspase-1 and caspase-3 were elevated in the
dopaminergic neurons of the substantia compact part which
were degenerative [12]. In a mouse model of subchronic PD
made by MPTP, the activation of caspase-3 reached the peak
in the first two days, but the loss of dopaminergic neurons
was not obvious until the seventh day [12].

The previous study suggested that caspase activation was
the early stage signal of dopaminergic neurons in the process
of apoptosis. In this study, we add MPP+ to PC12 cells and
induced cell apoptosis model similar to neuron damage in
PD. We have observed the influence of the isoflavone and
caspase-1 and caspase-3 inhibitors on PC12 cell apoptosis.
There is no statistically significant difference in cell viability,
apoptosis rate, and TH optical density between the isoflavone
+ MPP+ (𝑃 < 0.01), Z-YVAD-CHO + MPP+, and Z-DEVD-
CHO +MPP+ groups (𝑃 < 0.05) and control group cells, but
the MPP+ group is lower than all the other groups, and the
isoflavone group is higher than all the other groups. Caspase-
1 and caspase-3 protein level is higher inMPP+ group than all
the other groups, and the isoflavone group is lower than all
the other groups. There is no significant difference between
MPP+ + isoflavone group and caspase inhibitors + MPP+
group and MPP+ group on the cell activity, TH optical
density, apoptosis rate, and caspase-1 and caspase-3 protein
level. Caspase inhibitors group’s cell activity and TH optical
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density are significantly elevated, but the apoptosis rate is
significantly reduced. This result coincides with the previous
study [13]. The interleukin-1 beta protease family in the
Mammals and ced-3 gene production which control nema-
todes apoptosis are highly conserved. The family protein has
cysteine protein enzymes and aspartate specific enzymes, also
named cysteine aspirate specific protease caspase. Numerous
studies indicate that caspase mediates neuron’s apoptosis in
the neural degenerative disease, but the enzyme can save
neurons’s death process in the apoptosis stimulation process.
Caspase-1 and caspase-3 are the two of 14 caspase family
members, which have close relationship with the apoptosis
[14]. Caspase-3 is the ced-3 related cysteine protease, which
is heterodimer, made by the 28 kD proenzyme’s zymolysis,
composing 17 and 12 kd subunits. It is the key enzyme in
the early stage activation and directly mediates the effect of
apoptosis in the downstream. Caspase-3 is called “apoptosis
executives” as the most direct gene on regulating apopto-
sis. MPP+ can activate apoptosis cascade reaction, reduce
the mitochondrial membrane potential, accelerate tumor
necrosis factor (TNF) transcript, and activate caspase-3 to
open holes in the mitochondrial membrane, enhancing its
permeability, which eventually lead to dopaminergic neuron’s
apoptosis. So we tentatively put forward that isoflavone and
caspase inhibitors can prevent cell death and Isoflavone may
play the role similar to caspase inhibitors in protecting and
directly suppresses “apoptosis executives” activities, which
effectively resist apoptosis’s occurring [15]. So the result
may be due to the fact that isoflavone suppressed MPP+-
induced apoptosis in PC12 cells. The apoptosis suppression
is associated with suppressing caspase-1 and caspase-3.

Recent research indicates that [8, 16] caspase inhibitors
can not only restrain cell death, but also save axonal loss
and the reduction of 3H take-in. Caspase inhibitors may
make neurons immortal, but it is not effective for its func-
tional recovery. But because the synthetic caspase inhibitors
cannot go through blood brain barrier, so limit its clinic
application. But numerous studies have shown that isoflavone
can protect nerve by changing cell survival, axon extension,
and enhancing neurotransmitter transmitting, which reflects
obvious superiority [12, 13]. The wide application and safety
of plant-based estrogens provide good prospect for estrogen
in the clinical treatment of PD.Wehave to point out that there
is a long way to study the effect and mechanism further.
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Transcranial magnetic stimulation (TMS) is a noninvasive brain stimulation technique with potential to improve memory. Mild
cognitive impairment (MCI), which still lacks a specific therapy, is a clinical syndrome associated with increased risk of dementia.
This study aims to assess the effects of high-frequency repetitive TMS (HF rTMS) on everydaymemory of the elderly withMCI.We
conducted a double-blinded randomized sham-controlled trial using rTMS over the left dorsolateral prefrontal cortex (DLPFC).
Thirty-four elderly outpatients meeting Petersen’s MCI criteria were randomly assigned to receive 10 sessions of either active TMS
or sham, 10Hz rTMS at 110% of motor threshold, 2,000 pulses per session. Neuropsychological assessment at baseline, after the
last session (10th) and at one-month follow-up, was applied. ANOVA on the primary efficacy measure, the Rivermead Behavioural
Memory Test, revealed a significant group-by-time interaction (𝑝 = 0.05), favoring the active group. The improvement was kept
after one month. Other neuropsychological tests were heterogeneous. rTMS at 10Hz enhanced everyday memory in elderly with
MCI after 10 sessions. These findings suggest that rTMS might be effective as a therapy for MCI and probably a tool to delay
deterioration.

1. Introduction

Mild cognitive impairment (MCI) is an intermediary status
between normal aging and very early dementia [1], wherein
individuals have subjective cognitive deficits and objective
memory impairment, without affecting their daily activities
[2].

MCI is not necessarily a prodrome of Alzheimer’s disease
(AD), although evidence suggests that patients with the
amnesic subtype (a-MCI) are likely to progress toAD [1, 3–7].

Episodic memory decline is the most frequent impairment
in patients who will progress to AD (MCI due to AD)
[8, 9]. Patients with MCI typically show impairment in
delayed recall [10]. A combination of multivariate episodic
memory tests increases the prediction of AD converters
and identifies the profile associated with each MCI subtype
[11]. Likewise, everyday memory, which includes episodic
memory, is impaired [12]. Difficulties in episodicmemory are
common in healthy aging [13], and studies revealed that the
RivermeadBehaviouralMemoryTest (RBMT), a brief battery
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test for everyday memory, is able of differentiate between
individuals with MCI, AD, and healthy controls [12, 14].

Even though some older adults perform as well as young
adults [15], memory processing declines with senescence,
particularly in episodic memory tasks, which involve encod-
ing and retrieval of information. Episodic memory processes
is dependent on the integrity of the medial temporal lobe
and the interaction with lateral prefrontal cortex (PFC) [13,
16]. The posterior parietal cortex is also involved in this
network [3, 4, 17]. Imaging studies have evidenced that
neural activity reductions occur primarily in the left PFC
and temporooccipital regions during encoding, and right
PFC was important for retrieval [18–21]. This rationale is
clinically consistent with the HERA (hemispheric encod-
ing/retrieval asymmetry) model, which predicts that the
younger adults’ left PFC specializes in encoding and the
right PFC specializes in retrieval [15, 18, 19, 21]. In normal
aging, PFC activation tends to be less asymmetric during
memory tasks, as indicated by the HAROLD (hemispheric
asymmetry reduction in older adults) model. Cabeza et al.
[15] compared PFC activity in younger adults and in low-
/high-performing older adults during memory tasks using
PET and fMRI. The results suggest that low-performing
older adults recruited a similar network as young adults but
used it inefficiently, whereas high-performing older adults
counteracted age-related neural decline through a plastic
reorganization of neurocognitive networks.

Such cognitive deficits, even mild, cause great distress to
the elderly with MCI, who feel that their autonomy, inde-
pendence, and ability to lead high-quality lives are negatively
affected. These impairments are often considered the most
debilitating aspect of aging [22].

Transcranial magnetic stimulation (TMS) emerges as a
therapeutic tool with clinical benefits in neurological and
psychiatric diseases. The method is based on generating
a rapidly variable magnetic field over the scalp in awake
subjects, which induces a transitory electric current in the
cortical surface and modulating neuronal function directly
underneath the coil, and in connected brain regions [23–25].
Repetitive TMS (rTMS) at low frequencies (<1 Hz) reduce
cortical excitability, whereas high-frequency rTMS (>1 Hz)
facilitates neuronal excitability [26, 27].

Thereby, TMS fulfills an important contribution for
studying mechanisms of cognitive function and behavioral
plasticity in the human brain [28]. As rTMS can interfere
transiently with cortical processing [29], change in behavioral
and cognitive performances occurs conversely. Repetitive
TMS (rTMS) promote modulation of cortical circuits by
inducing changes in synaptic plasticity and reorganization of
the cortex, modulating neuronal activity beyond the stimu-
lation period [30–32]. The after-effects of repeated sessions
may outlast for days and evenweeks [4, 33]. Evidence suggests
that off-line rTMS might outlast the stimulation period by
synaptic LTP and LTD mechanisms [34–36], even at brain
sites distant from those stimulated [18, 37].

HF rTMS induces upregulation of N-methyl-D-
aspartate (NMDA) receptor activity and increases gamma-
aminobutyric acid (GABA) mediated inhibition [38, 39].
rTMS might reach other neuronal processes, such as genetic

and protein regulation, and circuit-level patterns, such as
network oscillations [40] and changes in neural signaling
by triggering the activation of neuromodulators, such as
acetylcholine, dopamine, norepinephrine, and serotonin
[41]. Moreover, rTMS also leads to nonneuronal processes,
such as changes in blood flow [40, 42]. Brain derived
neurotrophic factor (BDNF) is part of the neural signals
for synaptic plasticity [34, 43]. It is, however, unclear by
which mechanism rTMS induces lasting effects on the brain.
Nevertheless, such effects are often described as LTD- or
LTP-like, respectively, long-term depression and potentiation
[30].

With regard to TMS and memory studies, Turriziani et
al. [18] reported improvement in recognitionmemory (verbal
and nonverbal) performance after online LF rTMS over right
DLPFC of healthy and MCI individuals. Manenti et al. [19]
studied the effect of onlineHF rTMS (20Hz, 90%MT) during
encoding or retrieval of associated and nonassociated word
pairs. A predominance of left DLPFC over right DLPFC was
observed in the low-performing elderly. The same research
group [44] conducted a trial with young subjects, using
online HF rTMS (10Hz, 90% MT) during retrieval phase of
a face-naming task (episodic memory retrieval). The results
suggest a recruitment of left DLPFC during retrieval without
using retrieval strategies, whereas there is a shift to the right
DLPFC if retrieval strategies were needed. Solé-Padullés et
al. [45] combined functional magnetic resonance imaging
(MRI) and off-line HF rTMS (5Hz, 80% MT) of the left
and right DLPFC before memory tasks, improving learning
of face-name associations in the elderly with memory dys-
function, with increased metabolic activation of the right
DLPFC. However, an angled active coil was used in the sham
condition [46, 47], and a double-cone coil was used. Rossi et
al. [48] compared the effect of online HF rTMS to the right
and leftDLPFC (20Hz, 90%MT) on visuospatial recognition
memory of subjects <45 and >50 years old. They reported a
greater interference of rTMS to the right DLPFC compared
to to the left DLPFC, in younger subjects. This asymmetry
is progressively vanished as the age increases. The bilateral
interference effects found in the older group corroborates this
reasoning and HAROLD model, which the neural retrieval
correlates modify along aging as a compensatory functioning
of the DLPFC in elders for episodic memory performance.

A recent article [34] reviewed studies on TMS as diag-
nostic and as therapeutic tool in patients with MCI and AD,
suggesting that rTMS can improve or restore several impaired
cognitive functions in AD and MCI.

Manenti et al. [49] conducted a systematic review on
studies of TMS and episodic memory addressing young and
elderly adults and subjects with memory dysfunction. They
report that, despite numerous studies on the role of the
DLPFC in episodic memory, there are many studies also
demonstrating the involvement of a more distributed neural
network, sustaining this function involving the temporal
lobes and parietal cortices. For example, Cotelli et al. [3], in a
single-case report, applied sessions of HF rTMS (20Hz, 100%
MT) to the left parietal cortex of one male patient with a-
MCI, in 10 consecutive days. The observed improvement on
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associationmemory tasks persisted significantly for 24 weeks
after stimulation.

Finally, [50] conducted a systematic review on cognitive
effects of HF rTMS studies and its potential long-term
effects. The authors included only off-line rTMS studies
using more than a single rTMS session. Baseline subjects
diagnoses addressed young and older subjects, clinical (neu-
rologic/psychiatric) or not. They verified that HF rTMS (10–
20Hz) is most likely to cause significant cognitive improve-
ment when applied over the left DLPFC, within a range of
10–15 successive sessions and an individual 80–110% MT.

In the present study, we used several neuropsychological
measures, including a very sensitive measure of everyday
memory (RBMT). We firstly aimed to investigate whether
HF rTMS over the left DLPFC improve everyday memory
of elderly patients with MCI and, secondly, to evaluate the
effects of rTMS in executive functions. We have chosen the
left DLPFC as the target area based on previous rTMS and
functional neuroimaging studies of memory in healthy and
in MCI patients. To date, there has been no randomized
controlled double-blind study in this population.

2. Materials and Methods

2.1. Inclusion Criteria. Thirty-four elderly subjects, both
sexes, age ranging between 60 and 74 years, with education
level ≥ 4 years, meeting clinical/neuropsychological criteria
forMCI for at least one year, were recruited from the commu-
nity, through media advertisements, between October 2010
and June 2011.

The study protocol was approved by the Local Ethics
Committee and all subjects signed informed-consent forms
before enrolling in the trial and registering at Clinicaltri-
als.gov NCT01292382.

2.1.1. Screening Tests: Part I. In the first step of the screening
(part I), we used the Montreal Cognitive Assessment test
(MoCA test) [51], the Clinical Dementia Rating (CDR) Scale
[28], the 15-item Geriatric Dementia Scale (GDS-15) [52],
the 17-itemHamilton Depression (HAMD-17) Scale [53], and
the14-itemHamiltonAnxiety (HAMA-14) Scale [54]. GDS-15
is a diagnostic assessment and evaluates depressive symptoms
in the elderly. The HAMD-17 scale is not a diagnostic instru-
ment but quantifies the severity of depression, comprising
somatic and psychological parameters, and allows a follow-
up of the patient. We use the two scales for screening
due to their different approaches of the depressive disorder,
often underestimated in a geriatric clinical evaluation. The
respective cut-off points for the tests and scales are in Table 1.

2.1.2. Screening Tests: Part II. Thesecond step of the screening
(part II) included lab tests, cerebral MRI scan, and neuropsy-
chological evaluation.

(1) Lab Tests. Lab tests were performed for clinical screening
in order to detect and exclude clinical secondary causes
of dementia or cognitive deficits, such as hypothyroidism,
SIDA, vitamin B12 and folate deficiency, excessive alcohol

Table 1: Screening tests for MCI cut-off points.

Screening battery Cut-off scores
MoCA Test1 ≤24
CDR2 =0
GDS-153 <5
HAMD-174 <7
HAMA-145 <8
1MoCA test: Montreal Cognitive Assessment test; 2CDR: Clinical Dementia
Rating; 3GDS-15: 15-Item Geriatric Dementia Scale; 4HAMD-17: 17-Item
Hamilton Depression Scale; 5HAMA-14: 14-Item Hamilton Anxiety Scale.

consumption, syphilis, and risk factors for cardiovascular
disease, such as atherosclerosis and diabetes.The results were
required to be normal: complete blood count (CBC), thyroid-
stimulating hormone (TSH), T3, T4, folic acid, vitamin B12,
albumin, total cholesterol, HDL/LDL, triglycerides, alanine
transaminase (ALT), aspartate transaminase (AST), gamma-
glutamyl transferase (GGT), sodium, potassium, urea, creati-
nine, fasting glucose, VDRL, and ELISA anti-HIV test.

(2) Brain MRI Scan. All the patients were examined through
brain MRI scans, analyzed by two experts MD. MRI based
exclusion criteria were evidence of focal or lacunar ischemia,
expansive brain tumors, and hydrocephalus. Changes related
to normal aging, such as foci of rare nonspecific gliosis, were
accepted. All participants had ischemic score Hachinski <7
(original) and <5 (modified by Loeb).

(3) Neuropsychological Examination. Next, a neuropsycholog-
ical and functional activity battery was applied as inclusion
and outcome criteria: IQCODE, Informant Questionnaire on
CognitiveDecline in the Elderly [55]; B-ADL, BayerActivities
of Daily Living Scale [56].

Memory Tests. (1) MMSE, Minimental State Examination
[57], an effective 11-question test used as a screening instru-
ment to separate patients with cognitive impairment from
those without it and (2) RBMT, the Rivermead Behavioural
Memory Test [58], a brief test battery to assess everyday
memory, with high level of ecological validity and good
correlation with traditional episodic memory, were carried
out [59, 60]. The RBMT consists of 12 subtests each of which
addresses an important aspect of everydaymemory function,
mimicking daily life situations, recalling the first and last
names; immediate and delayed recalling of a route, of a short
story, and of a message (remembering to pick up an envelope
and place it in a specific place); remembering to retrieve a
personal belonging at the end of the examination and to
ask for an appointment when an alarm sounds; immediate
and delayed recalling of photographs of people, and nine
questions about time and spatial orientation. (3) Logical
memory (LM) I and II subtests of Wechsler Memory Scale
[61], to measure encoding, retrieval, and logical memory
ability were carried out. In LM I subtest, two short stories
are presented and the examinee is asked to retell each one
from memory immediately after hearing it. On the other
hand, in LM II the delayed condition assesses long-term
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narrative memory with free recall and recognition tasks;
(4) RAVLT, Rey Auditory-Verbal Learning Test [62–64], to
evaluate short-term auditory-verbal memory, rate of learn-
ing, learning, and retrieval was carried out. Subjects repeat
lists of 15 unrelated words over five different trials and then
again after 30 minutes. From Wechsler Adult Intelligence
Scale III [65], we applied two working memory subtests [66]:
(1) letter-number sequencing test, where the participant is
presented with a series of numbers and letters in random
order and is instructed to repeat back letters and numbers
combinations, first numbers in ascending order and then
letters in alphabetical order [66] and (2) digit span, where
the examinee repeats in direct and reverse order two series
of three and two digits, respectively, read by the examiner.
Executive function tests (frontal lobe tasks) were carried
out. (1) Trail Making Test (TMT) A/B [67–70], to evaluate
psychomotor speed, focus, visual search, mental flexibility,
and sequencing, was carried out. In TMT-A, participants
are asked to draw lines sequentially connecting 25 encircled
numbers; task requirements are similar for TMT-B except for
the fact that the person must differentiate between numbers
and letters.The score represents the amount of time required,
in seconds, to complete each task. (2) Verbal fluency tests,
FAS and animal naming [71], to assess, respectively, the mea-
sure of total number of words generated in oneminute for the
letters F, A, and S (phonemic fluency) and of animal names
(semantic fluency) were carried out; (3) Victoria Stroop Test
[72] involves three trials. Three cards are presented in the
same sequence and the examinee is instructed to read or call
out the color name as quickly as possible. First, in the “word
trial,” the subject reads words of color names (e.g., red and
blue) printed in black ink; secondly, in the “color trial,” they
identify colors (e.g., rectangles printed in red or blue). Finally,
in the “color-word” response inhibition trial, they must name
the color in which a word is presented, while ignoring the
printed word.

All the scores were adjusted according to age, gender,
and education level, and the tests were administered in
accordance with the standard procedures.

2.2. Exclusion Criteria. The exclusion criteria are listed as
follows: psychiatric disorders (except remitted depression ≥
12 months) and alcohol and/or drug abuse, according to
SCID-P [73], neurological conditions, severe uncontrolled
organic disease, use of pacemaker, history of seizures, history
of major head trauma, history of neurosurgery, and cerebral
metallic artifacts.

2.3. TMS Procedures. Participants were randomly assigned
in a double-blind condition to receive either active or sham
rTMS. Randomization was performed through a random
number generator (http://www.random.org) by a third-party
investigator. Patients and rater were blinded to patients’
treatment.

We used a high-speed magnetic stimulator (MagPro
X100, MagVenture A/S, Farum, Denmark) with a figure-of-
eight coil.

We used for the sham group a placebo coil, with a
mechanical outline and sound level (click) identical to the
active one. The placebo coil’s magnetic shield provides a field
reduction of approximately 90% [46, 74]. The motor thresh-
old (MT) for each patient was determined by contraction
of the right abductor of pollicis brevis muscle of the thumb,
following the method described by Wassermann et al. [75].

rTMSwas applied over the leftDLPFCat the point located
approximately 5 cm in a parasagittal plane parallel to the
point of maximum stimulation of the short abductor of the
thumb, with the lowest possible intensity in five of ten stimuli.

Subjects assigned to the active group received 10Hz rTMS
at 110% of MT, each train lasting 5 seconds, with 25-second
intervals (2,000 pulses/day) for 10 consecutive weekdays.The
sham group received the same protocol using a placebo coil.

At the end of the study period, after blinding was
removed, the shampatientswere given the option of receiving
active rTMS treatment.

Security and side effects scales were assessed through
a questionnaire as well as clinical evaluation, based on the
most frequent adverse effects of TMS by The Safety of TMS
Consensus Group [33].

2.4. BlindCondition. Patients and team raterswere blinded to
the assignment condition; however, for technical reasons, the
clinicianswho administered the rTMSwere not.The raterwas
an experienced neuropsychologist, blinded to the treatment
status and with no contact with the treatment team.

After completing the sessions, patients were asked what
treatment they thought they received and why.

A lab researcher (C. G. M.) generated and concealed the
randomallocation sequence, and a secretary (S. L. F.) enrolled
and assigned participants to interventions. The effectiveness
of the blinding was assessed after the follow-up period.

2.5. Efficacy Variables. Theprimary outcome variable was the
RBMT, for assessing everyday memory.

The secondary efficacy outcome variables were other
neuropsychological domains assessments.

2.6. Statistical Analysis. Statistical analysis was performed by
the SPSS v. 14 (Statistical Package for the Social Sciences,
Chicago, IL, 2005). The Kolmogorov-Smirnov test was con-
ducted to assess whether continuous variables followed a
normal distribution. Statistical significance for all analyses
was set to 𝛼 = 5%.

Descriptive statistical analysis was performed for demo-
graphics: contingency tables for categorical variables (gender,
comorbidity, marital status, and education level) and descrip-
tive measures (mean and standard deviation) for continuous
variables (age). The Fisher’s exact test was used to verify
the association of categorical variables. A Student’s 𝑡-test
was used to compare the mean of continuous normally
distributed variables of both groups; the Mann-Whitney-
Wilcoxon test was used when the variables did not follow a
normal distribution. Two-way analysis of variance (ANOVA)
for repeated measures compared group and time effect, as
compared to the normal distribution of the data or residues.
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Table 2: Study structure timing.

(T-2) = screening part I
Clinical and demographic data
MoCA test1, CDR2, and GDS-153

HAMD-174 and HAMA-145

Signed informed-consent forms
(T-1) = screening part II

IQCODE6 and B-ADL7

Lab blood sample analysis
Brain MRI/Hachinsky Ischemic Score
SCID DSM-IV8

Randomization
(T0) = 1st cognitive assessment battery§ (baseline)

1st rTMS session
Collateral effects scale

(T1) = 10th rTMS session
2nd cognitive assessment batery
Collateral effects scale

(T2) = one month after T1
3rd cognitive assessment battery
IQCODE and B-ADL

1MoCA test: Montreal Cognitive Assessment test; 2CDR: Clinical Dementia
Rating; 3GDS-15: 15-Item Geriatric Dementia Scale; 4HAMD-17: 17-Item
Hamilton Depression Scale; 5HAMA-14: 14-item Hamilton Anxiety Scale;
6IQCODE: Informant Questionnaire on Cognitive Decline in the Elderly;
7B-ADL: Bayer Activities of Daily Living Scale; 8SCID-DSM-IV: Structured
Clinical Interview for DSM-IV Axis I Disorders-Diagnostic and Statistical
Manual of Mental Disorders, fourth edition. §Cognitive assessment bat-
tery: MMSE: Minimental State Examination; RBMT: Rivermead Behavioral
Memory Test; WMS: Wechsler Memory Scale; WAIS: Wechsler Adult Intel-
ligence Scale; RAVLT: Rey Auditory-Verbal Learning Test; Stroop: Stroop
Color-Word Interference Test; Trail Making Test A/B.

The blind control was evaluated by Cohen’s kappa coefficient
of agreement to assess patients’ views of whether or not they
belonged to a given group.

2.7. Flow Chart. Table 2 shows the overall structure of this
study.

3. Results

3.1. Subjects. Out of 109 screened subjects, 73 did not fulfill
the enrollment criteria. Among the 36 subjects left, 17 were
randomly assigned to the active group and 19 to the sham
group. In the active group, two drop-out subjects, after the
first session, were excluded due to inability to follow the
protocol. Therefore, 34 subjects entered the treatment phase
(Figure 1). Among them, 31were classified as a-MCI and three
as nonamnesic-MCI (two in the sham group and one in the
active group).

Causes of exclusion are listed in Table 3.
In the first step of the screening phase, no statistically sig-

nificant difference was observed among the selected subjects
(Table 4). There were no diagnostic cases of late life depres-
sion, nor present depression, excluded by various validated

Table 3: Causes of exclusion in the screening phase.

Excluded 𝑛 Percentage
MoCA1

> 26 7 9.59%
Education level <4 years 2 2.74%
Depressive symptoms (GDS-152 > 5) 25 34.25%
Effective bipolar disorder (SCID-DSM IV3) 7 9.59%
Anxiety 10 13.70%
Alcoholism 5 6.85%
Chronic benzodiazepine use 1 1.37%
Sleep disorders 4 5.48%
Epilepsy 4 5.48%
History of traumatic brain injury 2 2.74%
Cerebral MRI4 disorders 15 20.55%
Normal pressure hydrocephalus 2 2.74%
Lacunar infarct/ischemic stroke 8 10.96%
Frontoparietal meningioma 1 1.37%
Cerebellar cyst 1 1.37%
Neurocysticercosis 1 1.37%
Frontal granuloma 1 1.37%
Hemorrhagic lesion 1 1.37%
Frontal lobe atrophy 1 1.37%

Mild AD5 3 4.11%
Parkinson disease 3 4.11%
Frontotemporal dementia 1 1.37%
1MoCA: Montreal Cognitive Assessment; 2GDS-15: 15-items Geriatric
Depression Scale; 3SCID: Structured Clinical Interview for Axis I Disorders-
Diagnostic and StatisticalManual ofMental Disorders, fourth edition; 4MRI:
magnetic resonance imaging; 5AD: Alzheimer’s disease.

Table 4: Subjects screening: part I.

Test/scale
Active rTMS

n = 15
(mean ± SD∗)

Sham
n = 19

(mean ± SD)
p-value∗∗

MoCA1 24.5 ± 1.8 24.2 ± 2.3 0.605
GDS-152 1.7 ± 1.7 1.4 ± 1.3 0.559
HAMD-173 1.7 ± 2.1 1.5 ± 2.1 0.781
HAMA-144 1.7 ± 1.1 1.4 ± 1.5 0.532
∗SD: standard deviation; ∗∗Student’s t-test. 1MoCA: Montreal Cognitive
Assessment; 2GDS-15: 15-item Geriatric Depression Scale; 3HAMD–17, 17-
item Hamilton Depression Scale; 4HAMA–14, 14-item Hamilton Anxiety
Scale.

tests in preliminary evaluation, such as GDS, HAMD-17, and
SCID DSM-IV.

Clinical and demographic characteristics were also simi-
lar in both groups, as seen in Table 5. At baseline, groups were
homogeneous in terms of neuropsychological examination,
except for digit span (𝑝 = 0.040).

3.2. Blind Integrity. An assessment of the effectiveness of the
blinding revealed that most patients did not guess correctly,
when asked to which group they believed they were assigned.
The Kappa coefficient was equal to 0.190, which indicates a
low correlation and blind integrity.
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Enrollment
screening

n = 109

Excluded
(unmet eligibility criteria)

Allocation

n = 36

n = 17 n = 19

n = 19

n = 19

n = 15

n = 15

Drop out
(refused to continue)

n = 2

T1
T1

rTMS

rTMS

rTMS

Sham

Sham

Sham
T2 T2

T0 T0

n = 73

Figure 1: Flow diagram of referred and enrolled patients.

3.3. Tolerability and Safety. rTMS at 10Hz with 110% of the
MT was safe and well tolerated. A zero value presented in
almost all cells of the side effects precludes any statistical
analysis beyond a descriptive one. Side effects were mild
and transient prevailing in the active group. However, a
gradual reduction in side effects was observed throughout the
sessions (see Table 6).

3.4. Outcome Variables. Four neuropsychological tests
showed heterogeneous statistical improvement along time
(Table 7).

The primary outcome variable RBMT was statistically
higher in the active group after the 10th session and after one-
month follow-up (Figure 2).

Although final scores of the logical memory II were sim-
ilar, initial values for the sham group indicate a significance
favoring them (Figure 3).

Figure 4 shows initial improvement in letter-number
sequencing test for the sham group (T0-T1). Nevertheless,
the gain for the active group at T2 did not show a significant
difference at the end of follow-up (T2).

In TMT-B, an initial improvement in the sham group
was showed as well as, conversely, a later improvement in

the active rTMSgroup (T1-T2).Nodefinitive effectwas shown
in either group from basal to last evaluation (Figure 5).

Transient improvement was observed in the sham group
in verbal fluency/animal naming, at T2. However, the final
scores were similar in both groups and quite heterogeneous
in T0 (Figure 6).

4. Discussion

We report improvement in everydaymemory after 10 sessions
of HF rTMS, in a double-blind, randomized sham-controlled
study. The duration of the improvement persisted at least for
30 days after the last rTMS session, assessed by the RBMT.
This is the first randomized, controlled, double-blind study
on early and late after-effects of rTMSon everydaymemory of
the elderly with MCI. This result suggests a sustained gain in
episodic memory. The RBMT aids to identify compensatory
strategies and to design specific neuropsychological rehabil-
itation programs. As the tasks mimic daily life situations,
RMBT analyses individuals’ tasks performances and how
memory impairment affects everyday activities [76].

Nevertheless, others memory tests, logical memory (LM)
II and letter-number sequencing (LNS) exhibited different
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Table 5: Demographic data.

Features
Active
rTMS
(n = 15)

Sham
(n = 19) p-value

Age, years (mean ± SD) 65.1 ± 3.5 65.2 ± 4.1 0.9541

Gender, n (%) 0.7242

Male 6 (40.0) 6 (31.6)
Female 9 (60.0) 13 (68.4)

Education level, years
(mean ± SD) 15.1 ± 4.4 12.4 ± 4.7 0.0941

Marital status, n (%) 0.9092

Married 8 (53.3) 8 (42.1)
Single 2 (13.3) 4 (21.1)
Widow 3 (20.0) 4 (21.1)
Divorced 2 (13.3) 3 (15.8)

Residence 0.0532

Living alone, n (%) 1 (67) 7 (36.8)
Living with family, n (%) 14 (93.3) 12 (63.2)

Professional activities, n (%) 0.2882

Not retired 7 (46.7) 5 (26.3)
Retired 8 (53.3) 14 (73.7)

Physical activity, n (%)
(≥twice a week, ≥1 year) 9 (60.0) 12 (63.2) >0.9992

Comorbidities, n (%)
Hypertension 9 (60.0) 5 (26.3) 0.0802

Diabetes mellitus 2 (10.5) 2 (13.3) >0.9992

Dyslipidemia 9 (60.0) 9 (47.4) 0.5102

Thyroid disease 7 (46.7) 4 (21.1) 0.1512

Osteoporosis 3 (20.0) 5 (26.3) >0.9992

Tobacco consumption 1 (6.7) 1 (5.3) >0.9992

Neoplasia 1 (6.7) 2 (1.5) >0.9992

SD: standard deviation; 1Student’s t-test; 2Fisher’s test.

Table 6: Side effects after rTMS sessions.

# Sessions∗ 1 5 10
Side effects§ Group 𝑛 (%) 𝑛 (%) 𝑛 (%)

Headache Active rTMS 5 (33.3) 4 (26.7) 1 (5.3)
Sham 5 (33.3) 0 (0) 0 (0)

Cervical pain Active rTMS 0 (0) 0 (0) 0 (0)
Sham 1 (5.3) 0 (0) 0 (0)

Scalp pain Active rTMS 5 (33.3) 2 (13.3) 2 (13.3)
Sham 1 (5.3) 1 (5.3) 0 (0)

Burning scalp Active rTMS 0 (0) 0 (0) 0 (0)
Sham 1 (5.3) 0 (0) 0 (0)

Concentration
difficulties

Active rTMS 0 (0) 0 (0) 0 (0)
Sham 0 (0) 0 (0) 0 (0)

§Symptoms related to rTMS application; ∗side effects after the 1st, 5th, and
10th rTMS sessions, respectively.

outcomes. Sham group improvement in LM II is probably
due a tendency to different baseline scores between both
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Figure 2: Comparison of RBMT means scores in T0, T1, and T2.
Two-way ANOVA for repeatedmeasures. Timing of procedures: T0:
baseline cognitive assessment and 1st rTMS; T1: 10th rTMS session
and 2nd cognitive assessment; T2: 30 days after T1 and 3rd cognitive
assessment. Student’s 𝑡-test for comparison of rTMS versus sham
basal means, 𝑝 = 0.292.
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Figure 3: Comparison of logical memory II means scores in T0,
T1, and T2. Two-way ANOVA for repeated measures. Timing of
procedures: T0: baseline cognitive assessment and 1st rTMS; T1: 10th
rTMS session and 2nd cognitive assessment; T2: 30 days after T1 and
3rd cognitive assessment. Student’s 𝑡-test for comparison of rTMS
versus sham basal means, 𝑝 = 0.087.

groups. A gain in the score of the active group in T2 is
noted and can suggest a lag practice effect compared to that
which may occur in sham group. In LNS test, we have an
improvement of sham group at T1 and impairment at T2.
Conversely, active group performance suggested a temporary
deterioration soon after rTMS protocol (T1), followed by lag
amelioration at T2.
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Table 7: Comparison of the statistically significant neuropsychological outcomes.

T0 T1 T2 p-value§

Mean SD Mean SD Mean SD T0 × T1 T1 × T2 T0 × T2

RBMT
Active rTMS 20.87 2.10 22.60 1.68 22.87 1.36
Sham 21.58 1.77 22.16 1.57 22.11 1.29
Group effect 0.042∗ 0.593 0.029∗

Logical memory II
(delayed)

Active rTMS 21.87 6.40 21.67 6.79 25.47 6.56
Sham 17.58 7.50 22.68 6.44 26.89 6.81
Group effect 0.033∗ 0.821 0.002∗

Letter-number
sequencing test

Active rTMS 10.20 2.08 9.80 1.74 10.87 2.36
Sham 9.16 2.57 9.74 2.08 9.32 2.79
Group effect 0.130 0.039∗ 0.489

Trail making test B
Active rTMS 99.13 29.26 107.13 47.87 95.40 31.58
Sham 110.89 49.31 93.79 30.84 107.32 46.45
Group effect 0.036∗ 0.023∗ 0.988

Verbal
fluency/animal
naming

Active rTMS 18.47 4.49 18.00 5.66 18.80 5.65
Sham 15.95 3.66 17.58 4.69 19.00 5.08
Group effect 0.095 0.613 0.029∗

§Analysis performed with two-way ANOVA for repeated measures (p > 0.05); ∗statistically significant group effect; SD: standard deviation; timing of
procedures: T0: baseline cognitive assessment before 1st rTMS; T1: 2nd cognitive assessment (after 10th rTMS session); T2: 3rd cognitive assessment (30 days
after T1).
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13.00 Comparison of means letter-number sequencing
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0 5 10 15 20 25 30 35 40
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T0 T1 T2

Sham

T1 × T2
p = 0.039

Figure 4: Comparison of letter-number sequencing means scores
in T0, T1, and T2. Two-way ANOVA for repeated measures. Timing
of procedures: T0: baseline cognitive assessment and 1st rTMS; T1:
10th rTMS session and 2nd cognitive assessment; T2: 30 days after
T1 and 3rd cognitive assessment. Student’s 𝑡-test for comparison of
rTMS versus sham basal means, 𝑝 = 0.211.

Concerning the two frontal tasks, TMT-B and the verbal
fluency test animal naming, the results showed some dis-
crepancies. In TMT-B, there was an initial impairment in the
active TMS group, followed by a great improvement after a
month. Conversely, in animal naming test, the sham group
had a gain and then impairment at the last evaluation, but
the improvement of sham group may be due a tendency to
statistical difference between baseline scores, which should
require a larger sample to better define the result.
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Figure 5: Comparison of Trail Making Test B means scores in T0,
T1, and T2. Two-way ANOVA for repeated measures. Timing of
procedures: T0: baseline cognitive assessment and 1st rTMS; T1:
10th rTMS session and 2nd cognitive assessment; T2: 30 days after
T1 and 3rd cognitive assessment. Mann-Whitney-Wilcoxon test for
comparison of rTMS versus sham basal means, 𝑝 = 0.986.

Anyway, this raises the possibility that the rTMS could
have, at least in a short term, some negative effect on
some performances. Even if most of the TMS findings show
considerable variability, genetic factors can be argued. The
presence of BDNF-Val66Met polymorphism could influ-
ence the protein synthesis, affecting cortical reactivity with
decreased experience-dependent plasticity induced by rTMS.
Thereby, this genetic variation in the normal population can
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Figure 6: Comparison of semantic verbal fluency/animal naming
means scores in T0, T1, and T2. Two-way ANOVA for repeated
measures. Timing of procedures: T0: baseline cognitive assessment
and 1st rTMS; T1: 10th rTMS session and 2nd cognitive assessment;
T2: 30 days after T1 and 3rd cognitive assessment. Student’s 𝑡-test for
comparison of rTMS versus sham basal means, 𝑝 = 0.081.

produce significant differences in the after-effects of rTMS
protocols [34, 43]. Koch et al. investigated the correlation
between motor cortical plasticity (with TMS) and the levels
of Ab, total tau (t-Tau), and phosphorylated tau detected in
cerebrospinal fluid (CSF) of patients with AD.They identified
that higher CSF t-Tau levels were associated with a stronger
inhibition of the MEPs, suggesting that also CSF t-Tau
modulates excitatory activity and may alter mechanisms of
cortical plasticity. In one study of HF rTMS to bilateral PFC
of patientswith depression, Loo et al. [77] found an individual
temporary deterioration in executive function/planning in
the HF rTMS; two years later, the same group manifested a
selective deterioration in the retention of verbalmaterial [78].

One of the strengths of our study is its ecological validity.
The patients recruited actively sought healthcare for memory
disturbance in the community, through the media (radio and
newspapers) and ads in the subway and buses, even by referral
of fellow physicians or participants themselves.

Some peculiarities about rTMS efficacy in elderly popu-
lations are consistent with our data. It is well described that
there is a better response to higher frequencies and intensity
pulses rTMS, which should be explained by the greater
prefrontal atrophy in the elderly. Due to cerebral atrophy,
the distance from the skull to the PFC increases with age in
greater proportion than themotor cortex [34, 79–82]. So, also,
longer treatment protocols may be more effective [42, 83].
Moreover, patients tend to reach a greater improvement than
healthy participants [50].

The duration of off-line rTMS after-effects in cognitive
performance seems to indicate that longer trains induce
longer-lasting andmore robust effects, and rTMS parameters
used in this study were consistent with those recommended
on the induction of long-term cognitive effects (off-line
paradigm) after more than one session of HF rTMS [30, 84].

Besides distant activations via neural pathways projec-
tions from the target of stimulation, the length of action
of rTMS also depends on the rTMS “dose,” that is, the
intensity of stimulation [37], which is directly related to the
interindividual resting motor threshold.

Specific particularities influencing the interpretation of
the results should be considered. First, due to the presence
of a continuum of memory impairment from normal aging
to MCI [85], the problem of high heterogeneity within our
sample might be an important issue. Second, the “5 cm
rule,” presents many limitations [86–88]. Third, we did not
use different versions of RBMT, possibly introducing a bias
although the practice effect is also present in all neuropsycho-
logical batteries. Finally, a selection bias may have occurred,
due a diagnostic revision in a consensus meeting with the
neuropsychology team. The initial goal was a sample of
patients with a-MCI, that is, MCI subtype which is most
susceptible to conversion to AD [1]. However, to keep the
randomization, we maintained the three patients (9%) with
nonamnesic MCI.

Interventional therapies studies for improving cognitive
skills are of paramount importance and are likely to have a
great impact on public health. The growing proportion of
older people and the length of life increase through the world
rapidly. Such issue requires the development of interventions
to improve well-being, social engagement, and independence
for ageing people [89].

There is a great interest in neuromodulation by rTMS
due the persistence of after-effects induced by LTP mech-
anism [27, 30, 34, 37, 90–92]. LTP is an increase in the
synaptic strength that could last for days or even weeks
and months. Once induced and expressed, LTP is divided
in two forms: early-LTP (E-LTP) and late-LTP (L- LTP). E-
LTP is an increase in synaptic strength that persists for 30–
60 minutes after induction, depending on modifications of
existing proteins, for example, protein phosphorylation. L-
LTP could last for hours, days, or even weeks and includes
other mechanisms like changes in gene expression and the
synthesis of proteins [30]. The duration of rTMS after-effect
is proportional to the length of stimulation [84].

Most studies on healthy aging are focused on prevention.
rTMS can be viewed as a tool for cognitive enhancement of
the elderly with MCI, reversing or compensating cognitive
deficits [4, 93] and improving quality of life. rTMS may
interact synergistically with cognitive training to lead to even
greater neurocognitive enhancement [93–95]. The elderly
might benefit from cognitive rehabilitation with rTMS as an
add-on instrument in cognitive training programs of a variety
of neurological and cognitive disorders [96].

5. Conclusion

In conclusion, this study suggests that 10 consecutive sessions
or HF rTMS to the left DLPFC at 10Hz in the elderly with
MCI selectively improve everyday memory. The improve-
ment was sustained for at least a month. rTMS may be a
promising useful tool for interventional single (or combined)
therapy for individuals with MCI or with memory decline.
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Further research is necessary to replicate these findings with
larger sample size and also to investigate rTMS combined
with other cognitive training therapies.
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[76] S. Bolló-Gasol, G. Piñol-Ripoll, J. C. Cejudo-Bolivar, A.
Llorente-Vizcaino, and H. Peraita-Adrados, “Ecological assess-
ment of mild cognitive impairment and Alzheimer disease
using the Rivermead Behavioural Memory Test,” Neurologı́a,
vol. 29, no. 6, pp. 339–345, 2013.

[77] C. K. Loo, P. Sachdev, H. Elsayed et al., “Effects of a 2- to 4-week
course of repetitive Transcranial Magnetic Stimulation (rTMS)
on neuropsychologic functioning, electroencephalogram, and
auditory threshold in depressed patients,” Biological Psychiatry,
vol. 49, no. 7, pp. 615–623, 2001.

[78] C. K. Loo, P. B. Mitchell, V. M. Croker et al., “Double-
blind controlled investigation of bilateral prefrontal transcra-
nial magnetic stimulation for the treatment of resistant major
depression,” Psychological Medicine, vol. 33, no. 1, pp. 33–40,
2003.

[79] Z. Nahas, X. Li, F. A. Kozel et al., “Safety and benefits of
distance-adjusted prefrontal transcranial magnetic stimulation
in depressed patients 55–75 years of age: a pilot study,” Depres-
sion and Anxiety, vol. 19, no. 4, pp. 249–256, 2004, Erratum in: F.
R. Daro, B. B. Bellini, Z. H. Nahas, D. E. Bohning, M. S. George,
M. A. Marcolin, Depression and Anxiety, vol. 27, no. 1, p. 90,
2010.

[80] M. G. Stokes, C. D. Chambers, I. C. Gould et al., “Distance-
adjusted motor threshold for transcranial magnetic stimula-
tion,” Clinical Neurophysiology, vol. 118, no. 7, pp. 1617–1625,
2007.

[81] F. R. Daro, B. B. Bellini, Z. H. Nahas, D. E. Bohning,
M. S. George, and M. A. Marcolin, “Safety and benefits of
distance-adjusted prefrontal transcranial magnetic stimulation
in depressed patients 55–75 years of age: a pilot study,” Depres-
sion and Anxiety, vol. 27, no. 1, p. 90, 2010, Erratum.

[82] Z. Nahas, X. Li, F. A. Kozel et al., “Safety and benefits of
distance-adjusted prefrontal transcranial magnetic stimulation
in depressed patients 55–75 years of age: a pilot study,” Depres-
sion and Anxiety, vol. 19, no. 4, pp. 249–256, 2004, Erratum to
Depression and Anxiety, vol. 27, no. 1, p. 90, 2010.

[83] P. G. Janicak, S. M. Dowd, B. Martis et al., “Repetitive transcra-
nial magnetic stimulation versus electroconvulsive therapy for
major depression: preliminary results of a randomized trial,”
Biological Psychiatry, vol. 51, no. 8, pp. 659–667, 2002.
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[90] M. Gangitano, A. Valero-Cabré, J. M. Tormos, F.M.Mottaghy, J.
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Background. Alzheimer’s disease (AD) patients have a poor response to the voices of caregivers. After administration of donepezil,
caregivers often find that patients respond more frequently, whereas they had previously pretended to be “deaf.” We investigated
whether auditory selective attention is associated with response to donepezil.Methods.The subjects were40 AD patients, 20 elderly
healthy controls (HCs), and 15 young HCs. Pure tone audiometry was conducted and an original Auditory Selective Attention
(ASA) test was performed with a MoCA vigilance test. Reassessment of the AD group was performed after donepezil treatment for
3 months. Results.Hearing level of the AD group was the same as that of the elderly HC group. However, ASA test scores decreased
in the AD group and were correlated with the vigilance test scores. Donepezil responders (MMSE 3+) also showed improvement
on the ASA test. At baseline, the responders had higher vigilance and lower ASA test scores. Conclusion. Contrary to the common
view, AD patients had a similar level of hearing ability to healthy elderly. Auditory attention was impaired in AD patients, which
suggests that unnecessary sounds should be avoided in nursing homes. Auditory selective attention is associated with response to
donepezil in AD.

1. Introduction

Patients with Alzheimer’s disease (AD) often respond poorly
to the voices of family members or caregivers at home and in
outpatient clinics and nursing homes. Speaking loudly to the
patients is not always successful and this places a burden on
caregivers. Alternatively, hearing lossmay be considered to be
part of the “normal aging” process andmay not be thought to
be important by caregivers. Reports on the positive effects of
psychosocial intervention [1] indicate that music is common
at nursing homes and clinics [2]; however, the appropriate
loudness for patients is unclear.

After administration of cholinesterase inhibitors (ChEIs)
such as donepezil, family members, and caregivers often find
that AD patients became more responsive to their voices.
They may feel that the patient had previously pretended
to be “deaf.” Clinical studies of the effect of donepezil
[3–5] show that psychomotor attention or mental speed
is activated through increased cerebral blood flow in the

frontal lobes. However, to date, there is no evidence that
hearing impairment (an ear problem) is present in addition to
auditory attention disability (a brain problem) in AD patients
or whether hearing impairment itself improves after ChEI
administration.

Not all AD patients have a good response to ChEIs; 26–
63% reported to be responders [6]. We have shown that
good responders can be predicted by positron emission
tomography (DNP-PET) in a study using [11C] donepezil [7].
However, DNP-PET requires use of specific instruments at
research centers and a more clinically practical method for
prediction of responders is needed.

In the current study, we hypothesized that (1) hearing
ability in AD patients is impaired compared with healthy
controls, (2) auditory attention is also deteriorated, and (3)
drug responders can be detected by cognitive tests assessing
auditory selective attention. Several reports have examined
visual selective attention [8, 9], but auditory selective atten-
tion has not been fully investigated in AD patients. Thus, we
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Table 1: Demographics of the study population.

𝑛 Age Men/women Education
Young HC 15 35.7 8/7 14.5
Elderly HC 20 75.5 7/13 9.0
AD 40 79.5 16/24 8.7
(AD follow-up) 15 77.8 5/10 8.8
Means are shown for age and educational level (years).
HC: healthy control, MMSE: minimental state examination, and AD:
Alzheimer’s disease.

developed an original auditory selective attention (ASA) task
as part of the study.

2. Methods

2.1. Patients. The subjects were consecutive outpatients with
characteristics consistent with the following entry and exclu-
sion criteria. All were outpatients at the memory clinic of
the SKIP Center, an integrated institute for stroke, dementia,
and bed-confinement prevention in Tajiri, Miyagi prefecture,
northern Japan [10]. Two neurologists, one psychiatrist, one
laryngologist, and one ophthalmologist work at the center.

The entry criteria were (1) probable AD based on the
NINCDS-ADRDA criteria [11] and (2) a minimental state
examination (MMSE) [12] score ≥9 to ensure understanding
of instructions. The exclusion criteria were (1) the presence
of cerebrovascular diseases shown by MRI (1.5 T), (2) the
presence of laryngological diseases as diagnosed by a laryn-
gologist, and (3) previous administration of donepezil or
another ChEI. An elderly healthy control (HC) group was
recruited from age-matched caregivers of the AD patients
and a young HC group was formed from staff members at
the SKIP Center as well as from volunteers. They showed
no cognitive impairment based on the clinical observations.
The exclusion criteria were (1) the presence of laryngological
diseases as diagnosed by a laryngologist and (2) previous
administration of donepezil or another ChEI.

Demographics of the study population were shown in
Table 1.

2.2. Sample Size Determination. In the present study, the
pre-and postadministration were calculated to be 14.3 cases,
which was based on the power calculation. The rate of
occurrence of improvement for donepezil group was 0.5.The
error protection was 0.05 and power was 0.8.The sample size
of donepezil administration adjusted to 15 cases. Finally, 40
AD patients, 20 elderly HCs, and 15 young HCs participated
in the study; 15 AD patients from among the 40 patients also
agreed to participate in the reassessment after the donepezil
treatment (see below). This was a clinical study using the
consecutive outpatients; all patients completed the study. For
the 25 patients (40minus 15) not participated in the follow-up
study, 6 did not tolerate donepezil administration due to side
effects, 8 did not want to be testedwith audiometry again, and
11 wanted to take other drugs due to economical reasons.

The period of this study was from July 2013 to June 2014.
Written informed consent was obtained from all HC adults

and from the patients themselves, togetherwith their families.
This study was approved by the Ethical Committee of Tohoku
University Graduate School of Medicine.

2.3. Assessments. All assessments below were performed
blindly to the condition of the study.

2.3.1. Pure Tone Audiometry. Pure tone audiometry, includ-
ing air conduction thresholds at 0.125–8 kHz and bone
conduction thresholds at 0.5–4 kHz, was performed using a
GN Resound Orbiter 922 version 2 audiometer, according to
ISO 8253-1 [13], using Telephonics TDH-39 earphones and a
Radio Ear B71 bone conductor in a sound-attenuating booth
complying with standards specified in ISO 8253-2 [14].

2.3.2. Auditory Selective Attention (ASA) Test. To prepare a
valid assessment tool, we made a preliminary assessment
of the loudness in a hall of a typical nursing home with a
television. The loudness was found to be 60–65 dB. When
group activities such as exercisewere performed, the loudness
increased to 70–80 dB. Thus, the noise level was set at 60 dB
and 70 dB (see below).

Patients were seated in front of a computer screen and
were asked to push a button immediately after hearing a target
voice among the noise. The noise was made by summing 10
women’s voices reading aloud newspapers at normal speed.
The target sentence “please push the button” was spoken by
another woman and was presented during the noise. The
target sentence was presented 15 times during 270 s of noise.

In a preliminary experiment in which the noise and target
voice were presented at the same loudness of 60 dB, we found
that all patients were able to respond correctly. Then, in
Condition 1, the target voice and noise were presented at
55 dB and 60 dB, respectively. In Condition 2, these levels
were 70 dB and 65 dB, respectively.

2.3.3. Vigilance Test (Modified MoCA-J). A modified version
of the vigilance test of the Montreal Cognitive Assessment
(MoCA) [15] was used as an auditory selective attention test.
The original vigilance test uses one kana “A” as the target,
whereas we used “Shi,” “U,” and “Ke.”These three sounds were
each presented 11 times; thus, the scores ranged from 0 to 33.

2.3.4. Questionnaire on Auditory Attention in Daily LIFE
(Auditory ADL). We prepared an original questionnaire as
follows.

(a) Response to one’s own name being called:

(1) How does the patient respond to his/her name
being called at silence?

(2) How does the patient respond to his/her name
being called when a TV or radio is turned on?

(3) How does the patient respond to his/her name
being called under other voice?

(4) How does the patient respond to his/her name
being called in a waiting room at a hospital?
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(b) Listening to other people talk under conditions:

(1) How does the patient respond to other people
talk at silence?

(2) How does the patient respond to other people
talk when a TV or radio is turned on?

(3) How does the patient respond to other people
talk under other voice?

(4) How does the patient respond to other people
talk in a waiting room at a hospital?

The answers were scored as follows: 1, an immediate
reaction; 2, two repetitions of the question are needed; 3, three
or more repetitions are needed; and 4, another stimulation is
needed, such as tapping of the shoulder. The best score was
8 (a score of 1 for each question) and the worst score was 32
(a score of 4 for each question). There was perfect test-retest
reliability for the same caregivers.

3. Analyses

All analyses below were performed blindly to the condition
of the study. All analyses below used the patients’ age and
educational level as covariance. Time between the onset
of dementia and treatment initiation was not considered,
since the information of dementia onset was variable due to
families.

3.1. Cross-Sectional Group Analysis. Differences among the
young HC, elderly HC, and AD groups were analyzed using
one-way analysis of variance (ANOVA).

3.2. Clinical Validity of the ASA Test. The ASA test was
repeated for 20 patients at 2-week intervals for assessing test-
retest reliability. The ASA test was clinically validated using
the MoCA vigilance test and the questionnaire on auditory
attention in daily life.

3.3. Longitudinal Analysis after Donepezil Administration in
the AD Group. After assessments at baseline, 5mg/day of
donepezil was administered to the AD patients. In Japan,
donepezil administration begins with 3mg/day and keeps
with 5mg/day. After three months, 15 patients agreed to
participate in the reassessment to evaluate the effect of
donepezil.

3.4. Predicting Donepezil Responders. Donepezil responders
were defined as patients with an increase in MMSE score
≥3 after treatment. We defined an “improved case” as that
showed three or more increment in MMSE score, and all
of the remaining cases were defined as an “unimproved
case.” The improvement of MMSE was three points or more
increase because it has been defined as limitation of aberrant
changes in many clinical trials [16].

Combinations among the MMSE, ASA, and vigilance
tests were examined to find a method for identification of
responders at baseline.
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Figure 1: Hearing level of three groups. HC: healthy control; AD:
Alzheimer’s disease. There is a significant group effect (one-way
ANOVA, 𝑃 < 0.01). A post hoc test indicated the group differences
(∗𝑃 < 0.05).

4. Results

4.1. Cross-Sectional Group Analysis. As shown in Figure 1,
the hearing level in the AD group was about the same as
that in the elderly HC group, and both were significantly
impaired compared to that of the youngHC group.Themean
hearing thresholds in all 3 groups did not exceed 20 dB HL at
any frequency between 0.125 and 2 kHz in any ear. A mean
threshold elevation at 3–8 kHz, not greater than 50 dB HL
in any ear, was found in all three groups. There were no
significant between-group differences in hearing threshold
levels at any frequency or in any ear, and no significant
interaural differences; thus mean results for the right-left ears
were used.

Ability on the ASA test decreased from the young HC
to elderly HC group and then to the AD group, but the
difference between the elderly HC and AD groups was not
significant for the 70 dB condition (Figure 2). ASA test scores
had no significant correlation with MMSE scores for the
60 dB (Spearman 𝑟 = −0.12) and 70 dB (𝑟 = −0.31)
conditions.

4.2. Clinical Validity of the ASA Test. Repetition of the ASA
test for 20 patients at 2-week intervals showed good test-retest
reliability. ASA test scores were significantly correlated with
vigilance test scores for the 60 dB condition (𝑟 = −0.61, 𝑃 <
0.01), but not for the 70 dB condition (𝑟 = 0.43), and were
also significantly correlated with the questionnaire scores.

4.3. Longitudinal Analysis after Donepezil Administration
for the AD Group. Changes in variables after donepezil
treatmentare shown in Table 2. Donepezil responders (𝑛 = 6
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Figure 2: ASA task results under the 60 db (a) and 70 db (b) conditions for three groups. HC: healthy control; AD: Alzheimer’s disease.There
is a significant group effect (one-way ANOVA, 𝑃 < 0.01) for both conditions. A post hoc test indicated the group differences (∗𝑃 < 0.05).
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Figure 3: Vigilance (MoCA) and ASA task. ASA: auditory selective
attention.The horizontal line shows the ASA task (60 db) scores and
the vertical line indicates the vigilance test scores. For both tests,
higher scores mean better performances. There was a significant
Spearman’s correlation (Rs = 0.611, 𝑃 < 0.01) between the scores.
Double circles mean donepezil responders.

versus 9 nonresponders) were defined as patients for whom
MMSE scores increased by ≥3 after treatment. Responders
had improved ASA (60 dB condition) and questionnaire
scores, but no significant changes in hearing level and
vigilance test scores.

4.4. Predicting Donepezil Responders. Figure 3 illustrates the
relationship of ASA test and vigilance test scores (plotted
as double circles) with response to donepezil. At baseline,
donepezil responders had higher scores on the vigilance test
and lower scores on the ASA test.

5. Discussion

In performing the study, we hypothesized that (1) hearing
ability in AD patients is impaired compared with healthy
controls, (2) auditory attention is deteriorated, and (3)
responders to donepezil can be detected by cognitive tests
of auditory attention. Our findings support the second and
third hypotheses, but contrary to general belief, AD patients
showed normal hearing ability, and thus the first hypothesis
was not proved. Before discussing the results, we address
some methodological issues.

5.1. Methodological Issues. We found good test-retest relia-
bility for the ASA test. This test was also clinically validated
by the MoCA vigilance test and the questionnaire. Other
attention tests such as the dichotic digits test [17] may have
been more appropriate, but the time limitation for dementia
patients prevented use of sophisticated neuropsychological
tests. A similar reason has been given for the incomplete per-
formance of functional neuroimaging. The external validity
was not considered; that is, the results of this study cannot
be extrapolated to patients with a MMSE score <9. Also,
the small populations and short follow-up period with losses
of follow-up were limitations. Despite these limitations, we
consider that the results allow a better understanding of the
neurophysiology in AD and treatment for patients.

5.2. Hearing Ability and Auditory Attention. In contrast to
a common perception, AD patients had the same level of
hearing ability as that of healthy elderly controls. Thus,
caregivers should be instructed that AD patients do not have
impaired hearing ability. Instead, auditory attention may be
impaired in a noisy environment, and unnecessarily sounds
should be avoided in a nursing home for AD patients.

The Baltimore Longitudinal Study of Aging examined
whether hearing loss is associated with incident AD [18].
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Table 2: Changes after donepezil treatment.

MMSE (30) Hearing level (dB) ASA task Vigilance test (33) Auditory ADL (8–36)
60 dB (15) 70 dB (15)

Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post
Responders 16.5 22.5∗ 18.8 19.4 6.5 11.5∗ 5.5 6.5∗ 32.5 33.5∗ 10.5 8.5∗

Nonresponders 15.8 16.4 17.5 18.5 6.4 6.8 5.6 5.7 31.5 30.8 9.8 10.4
MMSE: minimental state examination, ASA: auditory selective attention, ADL: activities of daily living. Parentheses indicate the maximum scores and shown
are the means.
Asterisks indicated significant increase after donepezil treatment (Mann-Whitney test; 𝑃 < 0.05).

Compared with normal hearing, the risk of incident AD
increased with baseline hearing loss (HR 1.20 per 10 dB of
hearing loss), which suggests that hearing loss is indepen-
dently associated with dementia. Whether hearing loss is a
marker for early-stage dementia or is actually a modifiable
risk factor for dementia deserves further study.

To clarify the mechanism of the central auditory dys-
function in AD, Gates et al. [19] examined 313 volunteers
from the Adult Changes in Thought surveillance cohort
with adequate peripheral hearing. The composite executive
function score was found to be significantly associated with
each central auditory measure, and the Trail Making Test
B was most strongly associated with auditory outcomes. In
elderly persons, reduced executive function is associated with
central auditory processing, but not with primary auditory
functions. This suggests that central presbycusis and execu-
tive dysfunction may result from similar neurodegenerative
processes.

5.3. Identification of Donepezil Responders. Three ChEIs
(donepezil, galantamine, and rivastigmine) are used in AD.
All are symptomatic, rather than curative, and the choice
of each drug mainly depends on clinicians’ experiences.
Evidence-based drug choice is likely to improve outcomes,
but clinically practical methods of predicting drug respon-
ders have not been established.The frontal association cortex
was found to be activated in a cocktail party condition using
functionalMRI [20] and donepezil treatment increases blood
flow in the frontal lobe [3–5]. Our results (Figure 3) show
that donepezil responders had higher scores on a vigilance
test and lower scores on the ASA task before treatment. This
suggests that those with higher “simple auditory attention”
but lower “complex” auditory selective attention have a
residual capacity to be stimulated by the drug, so as to
increase “complex” attention. Some of these responders were
previously assessed by donepezil PET [7] and were found to
have higher acetylcholinesterase activities (data not shown).

The combination of a MoCA-J vigilance test and the
auditory selective attention task at baseline may allow detec-
tion of probable donepezil responders, who could then be
administered donepezil, with nonresponders treated with
other ChEIs. The acetylcholine concentration after donepezil
treatment has been found to be higher than that after
treatment with other ChEIs [21]. Thus, attention ability may
be improved more by donepezil compared to galantamine or
rivastigmine. A further study is needed for direct comparison
of these three drugs.

Being able to predict treatment response prior to ini-
tiation of the treatment is certainly useful, but an ethical
comment should be made about which treatment should
be given to those patients who “a priori” are not meant
to respond to treatment. The results in this study may
predict responders to donepezil, but the responses to other
ChEIs such as galantamine or memantine were beyond our
consideration. Earlier detected nonresponders to donepezil
may be promoted to be treated with other drugs.

5.4. Importance of Earlier Detection and Treatment. In this
research field, a typical agricultural area of northern Japan,
quite a few people still consider that “dementia is not a
disease, but due to aging,” or “preventable by interventions
such as exercise.” These misunderstandings easily prevented
them from consulting doctors earlier and thus come to the
memory clinic after their symptoms significantly progressed.
I hope that the original questionnaire on auditory attention
in daily life (Auditory ADL) helps people to detect early
symptoms of AD and promote earlier treatment. Better
auditory attention is considered to reduce social isolation and
depression, and this could have on caregivers’ burden, as they
would feel listened to.

Conflict of Interests

The authors declare that there is no conflict of interests
regarding the publication of this paper.

References

[1] M. Meguro, M. Kasai, K. Akanuma, H. Ishii, S. Yamaguchi,
and K. Meguro, “Comprehensive approach of donepezil and
psychosocial interventions on cognitive function and quality of
life for Alzheimer’s disease: the Osaki-Tajiri Project,” Age and
Ageing, vol. 37, no. 4, pp. 469–473, 2008.

[2] S. Yamaguchi, K. Akanuma, Y. Hatayama, M. Otera, and K.
Meguro, “Singing therapy can be effective for a patient with
severe nonfluent aphasia,” International Journal of Rehabilita-
tion Research, vol. 35, no. 1, pp. 78–81, 2012.

[3] S. Shimizu, H. Hanyu, T. Iwamoto, K. Koizumi, and K. Abe,
“SPECT follow-up study of cerebral blood flow changes during
Donepezil therapy in patients with Alzheimer’s disease,” Journal
of Neuroimaging, vol. 16, no. 1, pp. 16–23, 2006.

[4] T. Yoshida, S. Ha-Kawa, M. Yoshimura, K. Nobuhara, T.
Kinoshita, and S. Sawada, “Effectiveness of treatment with
donepezil hydrochloride and changes in regional cerebral blood



6 Behavioural Neurology

flow in patients with Alzheimer’s disease,” Annals of Nuclear
Medicine, vol. 21, no. 5, pp. 257–265, 2007.

[5] M. Tateno, S. Kobayashi, K. Utsumi, H. Morii, and K. Fujii,
“Quantitative analysis of the effects of donepezil on regional
cerebral blood flow in Alzheimer’s disease by using an auto-
mated program, 3DSRT,”Neuroradiology, vol. 50, no. 8, pp. 723–
727, 2008.

[6] A. Burns, A. Yeates, L. Akintade et al., “Defining treatment
response to donepezil in Alzheimer’s disease: responder anal-
ysis of patient-level data from randomized, placebo-controlled
studies,” Drugs and Aging, vol. 25, no. 8, pp. 707–714, 2008.

[7] M. Kasuya, K. Meguro, N. Okamura et al., “Greater respon-
siveness to donepezil in alzheimer patients with higher levels
of acetylcholinesterase based on attention task scores and
a donepezil PET Study,” Alzheimer Disease and Associated
Disorders, vol. 26, no. 2, pp. 113–118, 2012.

[8] M. Kasai, K. Meguro, R. Hashimoto, J. Ishizaki, A. Yamadori,
and E. Mori, “Non-verbal learning is impaired in very mild
Alzheimer’s disease (CDR 0.5): normative data from the
learning version of the Rey-Osterrieth Complex Figure Test,”
Psychiatry and Clinical Neurosciences, vol. 60, no. 2, pp. 139–146,
2006.

[9] M. Kasai, J. Ishizaki, H. Ishii, S. Yamaguchi, A. Yamadori, and
K. Meguro, “Normative data on Benton Visual Form Discrim-
ination Test for older adults and impaired scores in Clinical
Dementia Rating 0.5 participants: community-based study.The
Osaki-Tajiri project,” Psychiatry and Clinical Neurosciences, vol.
63, no. 1, pp. 9–16, 2009.

[10] K.Meguro,H. Ishii, S. Yamaguchi et al., “Prevalence of dementia
and dementing diseases in Japan: the Tajiri Project,” Archives of
Neurology, vol. 59, no. 7, pp. 1109–1114, 2002.

[11] G. McKhann, D. Drachman, and M. Folstein, “Clinical diagno-
sis ofAlzheimer’s disease: report of theNINCDS-ADRDAWork
Group under the auspices of Department of Health andHuman
Services Task Force on Alzheimer’s Disease,”Neurology, vol. 34,
no. 7, pp. 939–944, 1984.

[12] M. F. Folstein, S. E. Folstein, and P. R. McHugh, “‘Mini-mental
state’. A practical method for grading the cognitive state of
patients for the clinician,” Journal of Psychiatric Research, vol.
12, pp. 189–198, 1975.

[13] ISO. ISO 8253-1: 1989, “Acoustics-audiometric test methods-
part 1: basic pure tone air and bone conduction threshold
audiometry,” 1989.

[14] ISO, “Acoustics-audiometric test methods—part 2: sound field
audiometry with pure tone and narrowband test signals,” Tech.
Rep. ISO 8253-2:1992, 1992.

[15] Z. S. Nasreddine, N. A. Phillips, V. Bédirian et al., “The Mon-
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The research literature has begun to demonstrate associations between personal strengths and enhanced psychosocial functioning
of dementia caregivers, but these relationships have not been examined in the context of dementia caregivers in Latin America.The
present study examined whether personal strengths, including resilience, optimism, and sense of coherence, were associated with
mental and physical health related quality of life (HRQOL) in 130 dementia caregivers inMexico andArgentina. Structural equation
modeling found that the personal strengths collectively accounted for 58.4% of the variance in caregiver mental HRQOL, and
resilience, sense of coherence, and optimism each had unique effects. In comparison, the personal strengths together accounted for
8.9% of the variance in caregiver physical HRQOL, and only sense of coherence yielded a unique effect.These results underscore the
need to construct and disseminate empirically supported interventions based in part on important personal strengths, particularly
sense of coherence, for this underrepresented group.

1. Introduction

Dementia is a progressive chronic illness that causes changes
in the brain resulting in global cognitive and intellectual
decline, memory deficits, and significant impairments in
daily functioning [1]. An estimated 35.6 million people,
primarily those 65 years and older, are currently living with
dementia [2], with global rates expected to exceed 115.4 mil-
lion by 2050 [3, 4]. The global costs of dementia care in 2010
were $604 million and will rise substantially in accordance
with the increasing projected number of diagnoses [4]. The
later stage dementia often requires inpatient care [5, 6], but
it is common for an individual with dementia to require
some degree of caregiving over the course of the disease. The
majority of older individuals with dementia receive assistance
from their spouse or adult children [7, 8]. In the United States

alone, 15 million informal caregivers (e.g., family members
and friends) provide care for individuals with dementia, and
over 50% of these are residential caregivers living in the same
household as the patient [3]. Although caregiving is some-
times divided among several family members or friends, the
majority of care is typically provided by one individual [9].

Caregiving for individuals with dementia can be par-
ticularly burdensome due to the myriad needs and symp-
toms associated with the condition [10]. Dementia often
begins with mild memory problems, language difficulties,
and impairments with activities of daily living [11]. Behavioral
symptoms can include unintentional wandering, repetitive
questioning, shadowing, aggressiveness, sleep disorders, and
hoarding [12, 13]. Many individuals with dementia also
develop neuropsychiatric symptoms [1, 13, 14] such as depres-
sion, verbal and physical agitation, and anxiety and in
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the later stages can develop more severe symptoms such as
delusions, hallucinations, and disinhibition [1, 15, 16]. These
symptoms often become so severe in the later stages that they
result in hospitalization [5, 6].

Because of these symptoms, caregiving for an individual
with dementia is often seen as more stressful than caregiving
for other elderly populations with serious disabilities, such
as physical impairments [17]. Research has identified associ-
ations between symptoms of dementia and reduced caregiver
mental health, including anger, burden, anxiety, depression,
guilt, and worry [18, 19]. Physical health problems related to
caregiving, such as decreased immune system functioning
[20], hypertension [21], cardiovascular disease [22], and
sleep problems [23] are also common. Social functioning
problems include relationship challenges [24], greater family
dysfunction [25], feelings of isolation, and inadequate social
support [26].

Health-related quality of life (HRQOL) has been shown
to be reduced in dementia caregivers [27–29]. HRQOL
integrates physical health, psychological functioning, social
relationships, personal beliefs, and perceptions of health-
related events into a cumulative construct tapping an indi-
vidual’s overall well-being [30, 31]. Research has begun to
investigate HRQOL in dementia caregivers from Colombia
[32]. When compared to a control group, it was found that
dementia caregivers in Colombia scored significantly poorer
on each subscale of the SF36, indicating notably lower overall
HRQOL for these individuals.

Despite the reduced mental health and HRQOL shown
in dementia caregivers, many also report a variety of positive
experiences related to caregiving and exhibit little distress
[33]. Resilience—effective coping and adaptation when faced
with loss, hardship, or adversity [34]—has been identified as
a protective factor against caregiver stress [35, 36]. Similarly,
optimism—a general positive outlook on life [37]—has been
associated with improved dementia caregiver mental health
[9, 38]. Sense of coherence is an individual’s orientation
towards handling stress, namely, the degree to which an
individual believes that he or she can comprehend, manage,
and make meaning of a challenging life event [39]. SOC has
been noted in dementia caregivers, namely, related to the level
of caregiver burden experienced [40].

Overall, the extant literature suggests that personal
strengths are associated with improved dementia caregiver
psychosocial functioning. Yet, no research has investigated
whether these protective factors are associated with caregiver
mental and physical HRQOL, and by extension these poten-
tial associations have not been examined among dementia
caregivers in Latin America. Considering that the estimated
prevalence rates of dementia in Latin Americamatch to those
in developed countries [41], a need to examine dementia
care in Latin America is clear. The purpose the current study
was to examine whether resilience, optimism, and sense of
coherence are associated with mental and physical HRQOL
in dementia caregivers from Argentina and Mexico. It is
hypothesized that these personal strengths will be positively
associated with both mental and physical HRQOL.

2. Method

2.1. Participants. Participants for the present study were
dementia caregivers from Argentina (𝑛 = 110) and Mexico
(𝑛 = 20). Participants were recruited from two sites:
Centro de Enseñanza Técnica y Superior University in Baja
California, Mexico, and Instituto de Neurosciencias de San
Lucas in Rosario, Argentina. Caregivers were defined as
individuals providing daily care for an individual diagnosed
with dementia. Inclusion criteria were that caregivers had to
be 18 years of age or older, identify as the primary caregiver of
the personwith dementia, have provided care for at least three
months, bewell-informed regarding the patient’smedical and
family history, and have no history of serious psychiatric or
neurological disorders.

The majority of the caregiver sample (77.7%) was female.
Most of the participants were married (76.9%); 12.3% were
single; 4.6% divorced; 0.8% civil union; 0.8% separated;
and 0.8% widowed. The majority of the caregivers were
family caregivers, but nearly 5% of the sample included
nonfamilial caregivers. Specifically, almost equal parts of
the sample were the spouse (43.8%) or child (43.1%) of
the individual with dementia, 7.7% aunt or uncle, 2.3%
“other,” 1.5% professional caregiver, 0.8% parent, and 0.8%
friend. The mean age of caregivers was 56.84 years (SD =
13.18). Participants had provided care for an average of 46.94
months (SD = 26.66), and the average weekly time spent
caregiving was 68.48 hours (SD = 30.64). Caregiver level
of education included incomplete primary school (1.5%),
completed primary (14.6%), incomplete baccalaureate (3.1%),
complete baccalaureate (37.7%), incomplete technical school
(1.5%), complete technical school (3.8%), incomplete univer-
sity (3.1%), complete university (30.8%), and postgraduate
(3.8%). In regard to household income, 0.8% earned less than
minimum wage, 50.7% one to three times minimum wage,
24.6% four to five times, and 23.8% more than five times
minimum wage.

2.2. Measures

2.2.1. Short FormHealth Survey (SF-36). ASpanish version of
SF-36 [42] validated on a Colombian sample [43] was used to
assess eight domains of overall HRQOL: physical function-
ing, social functioning, physical role-limitations, emotional
role-limitations, general health, mental health, pain, and
vitality. SF-36 subscale scores range from0 to 100, with higher
scores indicating greater perceived HRQOL. On the SF-36,
HRQOL can be broken down into two general factors by
calculating the means of mental HRQOL (e.g., vitality, social
functioning, mental health, emotional role-limitations) and
physical HRQOL (e.g., physical functioning, physical role-
limitations, pain, general health; [42]). The instrument has
demonstrated adequate internal consistency, with Cronbach’s
alphas generally above 0.85 [44]. The SF-36 has been used
extensively in Latin America with previous research on
caregivers of individuals with neurological conditions such
as multiple sclerosis [45], traumatic brain injury [46], and
dementia [47].
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2.2.2. Resilience Scale for Adults (RSA). TheRSA [48, 49] was
used to assess caregiver resilience. The scale is comprised of
36 items utilizing a seven-item Likert scale with five subscales
that include personal competence, social competence, family
coherence, social support, and personal structure. Each sub-
scale demonstrated adequate internal reliability (0.90, 0.83,
0.87, 0.83, and 0.67, resp.) in the original validation [49].
Example items include “I believe in my own abilities” and
“Believing in myself helps me to overcome difficult times.”

2.2.3. Sense of Coherence Scale (SOC). The SOC [50], val-
idated for Spanish speakers [51], was used to assess sense
of coherence. The scale is comprised of 13 items utilizing a
seven-point Likert scale and has a three-subscale structure
including meaningfulness, comprehensibility, and manage-
ability. Cronbach’s alphas have ranged from 0.70 to 0.95 in
127 studies [52]. Example items included “Do you have the
feeling that you really do not care about what is going on
around you?” and “Do you have the feeling that you are in
an unfamiliar situation and do not know what to do?”

2.2.4. Life Orientation Scale-Revised (LOT-R). The LOT-R
[53] assessed caregiver dispositional optimism. The scale is
comprised of 10 items utilizing a four-item Likert scale with
one total score. The original instrument has demonstrated
adequate internal consistency with Cronbach’s alpha of .82
[53]. Example items included “In uncertain times, I usually
expect the best” and “I do not get upset too easily.”

2.3. Procedure. Participants at Centro de Enseñanza Técnica
y Superior University in Baja California, Mexico, were
recruited by word of mouth, flyers, and telephone contact
utilizing a list of numbers generated from the Alzheimer’s
Foundation of Baja California. Although three caregiver
participants were administered the measures on site at the
Alzheimer’s Foundation, 85% of the participants were admin-
istered the measures via telephone. Participants at Instituto
de Neurociencias de San Lucas in Rosario, Argentina, were
recruited during routine visits to the attending neurol-
ogist. Caregivers were administered the measures during
the appointment. Informed consent was obtained from all
participants, and the data were collected in accordance with
Institutional Review Board Approval at each facility.

2.4. Statistical Analyses. Two multiple regression analy-
ses were conducted to examine which caregiver personal
strengths (e.g., resilience, sense of coherence, and optimism)
were associated with two aspects of HRQOL (e.g., physical
HRQOL,mental HRQOL).These regressions were computed
usingAMOS 16.0 [54] in order to derive latent variables when
possible which tend to be more accurate construct estimates
than manifest variables. Because the sample size in the
current study (𝑛 = 130) was below the sample size of 200 rec-
ommended for conducting structural equation modeling in
rehabilitation research [55], estimates of fit were not reported
or interpreted, as they would likely be inaccurate. Instead,
standardized beta weights for the independent variables and
the amount of variance explained in the dependent variables
were the primary focus.

In each regression, the three personal strengths were
entered simultaneously as independent variables, and the
dependent variable was either physical or mental HRQOL.
The latent variables in the models included resilience (made
up of the five subscales of the RSA), sense of coherence (made
up of the three subscales of the SOC), mental HRQOL (made
up of the SF-36 subscales of Vitality, Social Functioning,
Mental Health, and Role Limitations-Emotional), and phys-
ical HRQOL (made up of the SF-36 subscales of Physical
Functioning, Role Limitations-Physical, Pain, and General
Health). Optimism was the only manifest independent vari-
able (comprised of the LOT-R total score). A correlation
matrix of all manifest indices of the primary constructs in the
current study was then computed using SPSS 21.0.

3. Results

3.1. Descriptive Statistics. Themeans of themanifest variables
for mental HRQOL were as follows: vitality M = 55.15, SD =
12.53, range = 10.00–100.00; social functioningM = 78.65, SD
= 18.87, range = 25.00–100.00; role-emotional M = 63.08, SD
= 44.75, range = 00.00–100.00; and mental health M = 56.43,
SD = 13.2, range = 16.00–100.00. The means of the manifest
variables for physical HRQOL were as follows: general health
M = 72.50, SD = 21.28, range = 15.00–100.00; bodily pain
M = 88.17, SD = 18.06, range = 22.50–100.00; role-physical
M = 61.63, SD = 46.88, range = 00.00–100.00; and physical
functioning M = 88.15, SD = 19.25, range = 00.00–100.00.

The resilience variable means included personal compe-
tence (M = 55.47, SD = 8.20, range = 37.00–70.00), social
competence (M = 40.72, SD = 5.30, range = 23.00–49.00),
family coherence (M = 39.15, SD = 7.21, range = 21.00–
49.00), social support (M = 48.41, SD = 5.67, range = 24.00–
56.00), and personal structure (M = 24.24, SD = 2.78, range =
12.00–28.00). The means for the sense of coherence variable
included meaningfulness (M = 22.83, SD = 3.76, range =
7.00–28.00), comprehensibility (M = 25.68, SD = 4.85, range
= 10.00–34.00), and manageability (M = 20.61, SD = 4.22,
range = 8.00–28.00). The mean for optimism was 17.26 (SD =
2.96) with a range of 7.00–24.00 and higher scores indicating
greater dispositional optimism.

3.2. Regressions with Personal Strengths and HRQOL. In the
first regression (Figure 1), the personal strengths collectively
accounted for 58.4% of the variance in caregiver mental
HRQOL. Resilience (𝛽 = −.255,𝑃 < .039), sense of coherence
(𝛽 = .704, 𝑃 < .001), and optimism (𝛽 = .319, 𝑃 < .002) were
significantly and independently associated with caregiver
mental HRQOL. In the second regression (Figure 2), the per-
sonal strengths together accounted for 8.9% of the variance
in caregiver physical HRQOL. Sense of coherence (𝛽 = .298,
𝑃 < .028) was significantly and independently associated
with caregiver physical HRQOL, while resilience (𝛽 = −.125,
𝑃 = .342) and optimism (𝛽 = .097, 𝑃 = .378) were not.

3.3. Bivariate Correlations among Personal Strengths and
HRQOL. A bivariate correlation matrix was then created
among all manifest indices of the primary constructs in
the current study (Table 1). All personal strengths were
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Resilience

Optimism
Mental

HRQOL

SOC

0.47

0.40

0.32

0.35 0.70

−0.26

Figure 1:Note. SOC = sense of coherence; HRQOL = health related
quality of life.

Resilience

Optimism
Physical
HRQOL

SOC

0.48

0.41

0.10

0.350.30

−0.12

Figure 2:Note. SOC = sense of coherence; HRQOL = health related
quality of life.

significantly related to each other, and mental and physical
HRQOL were highly correlated. All personal strengths were
positively associated with mental HRQOL, but only sense of
coherence was positively correlated with physical HRQOL.

4. Discussion

The extant literature has begun to demonstrate associa-
tions between personal strengths and enhanced psychosocial
functioning of dementia caregivers [36], but these relation-
ships have not been examined in the context of dementia
caregivers in Latin America. To attend to this gap in the
research, the present study examined whether resilience,
optimism, and sense of coherence (SOC) were associated
with mental and physical HRQOL in dementia caregivers in
Mexico and Argentina. Bivariate correlations and multiple

Table 1: Correlations among personal strengths and HRQOL.

1 2 3 4 5
(1) Physical HRQOL — — — — —
(2) Mental HRQOL .693∗∗∗ — — — —
(3) Resilience .126 .224∗∗ — — —
(4) Sense of coherence .258∗∗ .499∗∗∗ .411∗∗∗ — —
(5) Optimism .116 .283∗∗∗ .482∗∗∗ .317∗∗∗ —
Note: ∗𝑃 < .05; ∗∗𝑃 < .01; ∗∗∗𝑃 < .001.

regressions generally supported the hypothesis that these per-
sonal strengths would be associated with caregiver HRQOL,
although the effect was substantially stronger for mental
HRQOL than physical HRQOL.

In the two multiple regressions, SOC was independently
associated with both mental and physical HRQOL. Accord-
ing to Antonovsky’s [56] salutogenic theory and empirical
findings in a variety of samples focusing on the relationship
between SOC and HRQOL [52], SOC may act as an internal
resource augmenting control over one’s life and health.
Positive appraisals of the meaningfulness, comprehensibility,
and manageability of dementia caregiving challenges in the
current study may have acted as psychological resources to
bolster healthy behaviors and increase positive affect, each
related to greater mental and physical health [57, 58]. Latino
caregivers often derive meaning from caregiving [59], so it
is not surprising that SOC was associated with both com-
ponents of HRQOL. It could be interpreted that individuals
who value caregivingmay alsomake positive appraisals of the
meaningfulness of challenging events and engage in healthy
behaviors surrounding those events, thus maintaining their
mental and physical HRQOL. Future treatments focusing on
SOC and caregiving values may be efficacious in increasing
HRQOL among Latin American caregivers.

The finding that dementia caregiver resilience was
independently associated with mental HRQOL is in line
with previous dementia caregiver studies conducted in the
United States, which have demonstrated associations between
resilience and increasedmental health in dementia caregivers
[35, 36, 60]. Resilience is considered to act as a protective
factor by increasing the quality of caregiver coping andoverall
adaptation to difficulties related to caregiving [34]. It could
be inferred that a similar pathway to better mental health
occurs in dementia caregivers in Latin America. Among
other personal strengths, future intervention research would
benefit from focusing on dementia caregiver resilience in
Latin America in order to augment caregiver coping and
mental health.

The finding that optimism was independently associated
with dementia caregiver mental HRQOL also conforms to
previous findings on dementia caregivers in North America
[61]. The positive expectancies caregivers place on coping
options and subsequent outcomes are thought to increase
caregivers’ perceptions of available coping techniques [62,
63]. These positive expectancies and effects on mental health
are likely also present for dementia caregivers in Latin
America. Cognitive behavioral interventions that improve
the optimism of dementia caregivers in this region may
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diversify the number of coping strategies they have available
and improve their mental HRQOL.

Perhaps the most notable finding was that these personal
strengths accounted for over six times the variance in mental
HRQOL as physical HRQOL. Despite the evidence for salu-
tary independent associations between resilience and opti-
mism with mental HRQOL, these independent associations
did not emerge with physical HRQOL.This finding generally
conforms to that from previous research in other geriatric
and rehabilitation populations showing that resilience [64]
and optimism [65] are associated with mental HRQOL, but
not with physical HRQOL. Caregiving for family members
with a health condition is valued in Latino cultures [66],
and increased informal care predisposes family members to
a myriad of physical caregiving burdens [17]. It is possible
that positive psychological resources do not protect against
the direct physical responsibilities of caregiving (e.g., patient
surveillance, physical care, and lack of sleep) as strongly as
they do mental HRQOL.

The findings of the present study suggest that HRQOL in
dementia caregivers may benefit from interventions focusing
on the role of personal strengths. There is much evidence
to suggest that interventions for dementia caregivers have
positive psychosocial effects for caregivers and individu-
als with dementia [67, 68]. Effects for caregivers include
increased overall mental health and greater caregiver skill
competencies, while individuals with dementia have been
found to benefit through increasedmental health and delayed
admission for inpatient services [69].

Considering the central role of SOC in caregiver HRQOL
in the present study, interventions for dementia caregivers
in Latin America may benefit from strengthening caregivers’
positive appraisals of the meaningfulness, comprehensibility,
andmanageability of caregiving activities. Previous dementia
caregiver research in developed nations has demonstrated
associations between dementia caregivers’ HRQOL and SOC
[40, 70], and a base of dementia caregiver research in Latin
America has demonstrated associations between HRQOL
and other important caregiving outcomes such as mental
health [47].

A coping skills training program is a common component
of interventions to reduce caregiver burden [68]. A variety
of intervention studies have shown positive changes in
SOC in diverse patient populations after meaning-focused
treatments [71–73]. Clinicians may support dementia care-
givers by examining caregivers’ appraisals of the meaning-
fulness, comprehensibility, and manageability of challenging
caregiving experiences and by reinforcing the importance
of the psychosocial facets in caregivers’ overall well-being.
Developing treatments around these areas may have positive
outcomes for the overall HRQOL of dementia caregivers in
Latin America.

4.1. Limitations and Future Directions. Although the findings
have implications for clinical practice in Latin America,
the present study has several limitations and, as a result,
directions for future research. The cross-sectional design of
the study provides baseline evidence to examine the potential
influence of personal strengths on caregiver HRQOL but

does not allow for an examination of how these factors
may influence caregiver HRQOL over time. Future studies
would benefit from collecting longitudinal data in order to
better demonstrate how caregiver strengths and HRQOL
change over the course of caregiving. Second, specific clinical
characteristics of the participants with dementia could not be
gathered within the scope of the study. Clinical expressions,
such as behavioral and cognitive functioning, of the partici-
pants with dementia could have provided greater information
regarding caregiver stress. Specifically, the clinical features
may have demonstrated moderating relations in which type
and level of functioning may have held differing associations
with caregiver stress. Future studies examining this topic
would benefit from gathering a wider range of clinical data of
the participants with dementia. Third, the study would have
benefitted from examining the manner in which the personal
strengths influence caregiverHRQOL. A larger sample would
have allowed for more sophisticated analyses to examine
possible meditational pathways from which the personal
strengths and caregiver HRQOL may interact. Experimental
designs would also provide evidence for causality in the rela-
tionship between personal strengths and caregiver HRQOL.
Fourth, the study benefited from samples in two areas of Latin
America; however, this cannot be considered representative
of dementia caregivers in other regions of Latin America.
Sampling from more diverse settings would provide a more
accurate picture of findings from this study.

Despite these limitations, the results of the present study
are notable due to the dearth of research on the personal
strengths and HRQOL of dementia caregivers in Latin
America. The results supported the hypothesis that personal
strengths would be associated with mental and physical
HRQOL in dementia caregivers from Latin America. These
results underscore the need to construct and disseminate
empirically supported interventions based in part on impor-
tant personal strengths, such as meaning-focused treatments
pertaining to SOC [71–73], for this underrepresented group.
Improving the HRQOL of caregivers is expected to have
a variety of positive effects, not only for the caregiver, but
also for the quality of care they provide to individuals with
dementia.
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Objective. To study the Tree-Drawing Test in a group of demented patients and compare it with a group ofmild cognitively impaired
patients (MCI) and controls.Methods. Consecutive outpatients were classified as affected by dementia (Alzheimer’s disease (AD),
frontotemporal dementia (FTD), and vascular dementia (VD)) or byMCI. Patients and controls underwent the Tree-Drawing Test
and MMSE. Results. 118 AD, 19 FTD, 46 VD, and 132 MCI patients and 90 controls were enrolled. AD patients draw trees globally
smaller than other patients and controls. FTD patients draw trees with a wider space occupation than AD and MCI patients but
smaller than controls as well as VDpatients. Trees drawn byMCI patients are intermediate in size betweenADpatients and controls.
The trunk-to-crown ratio of trees drawn by cognitive impaired patients is greater than controls while the tree size-relative-to-page
space index is significantly smaller.The tree size-relative-to-page space index of trees drawnbyADpatients is smaller than that of the
other cognitively impaired patients. Tree height and the trunk-to-crown ratio are independent predictors of cognitive impairment.
Conclusions. Trees drawn by cognitively impaired patients are different from those drawn by healthy subjects with a progressive
differentiation from mild to more relevant degrees of cognitive impairment.

1. Introduction

The Tree-Drawing Test (TDT, Koch’s Baum Test) is a pro-
jective psychological examination often used for assessing
personality in the developmental age [1]. Its easiness of
administration makes it a useful tool to express self-image
and emotional states with relatively little resistance. TDT has
beenwidely studied in schizophrenic patients showing a good
capacity to distinguish pathological condition from normal
condition [2–4]. Few studies have reportedTDT in the elderly
and in cognitively impaired patients suggesting it as a useful
tool to assess mental functions in these groups [5–10]. To
evaluate TDT differences between different types of cognitive
deterioration, we studied TDT in a group of Alzheimer’s
disease (AD), frontotemporal dementia (FTD), and vascular
dementia (VD) patients and compared it with a group ofmild
cognitive impairment (MCI) patients and controls.

2. Patients and Methods

We evaluated consecutive outpatients referred over a year’s
period by their relatives and physicians or who spontaneously
presented themselves to the Cognitive Disorders Center of
IRCCS Istituto delle Scienze Neurologiche of Bologna and
to the Cognitive Disorders Center of the General Hospital
of Imola, Italy. All subjects gave their informed consent to
the study according to the Declaration of Helsinki. Patients
were classified as demented or not according to DSM-IV-TR
criteria [11]. Classification of dementia (AD, FTD, and VD)
and diagnosis ofMCI were based on the international criteria
[12–15]. A group of controls, matched for age and education,
was selected among relatives of patients.

All patients and controls were requested to draw a tree on
anA4-sizedwhite paper sheetwith a pencil. Instructionswere
as follows: “Draw a tree, as you like.” No limits of time were
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Table 1: Clinical data of patients and controls.

AD FTD VD MCI Controls
𝑛 = 118 𝑛 = 19 𝑛 = 46 𝑛 = 132 𝑛 = 90

Age
(years) 76.73 ± 5.12 73.16 ± 7.87 77.2 ± 4.86 76.12 ± 5.65 75.11 ± 8.71

Sex
(male/female) 34/84 10/9 24/22 60/72 32/58

Education
(years) 5.61 ± 3.1 6 ± 2.66 5.85 ± 3.04 5.6 ± 3.15 6.69 ± 3.18

Dominance
(right/left) 116/2 19/0 46/0 125/7 85/5

Disease duration
(years) 2.17 ± 0.99 1.84 ± 0.83 2.17 ± 0.85 1.36 ± 0.54 —
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Figure 1: The Tree-Drawing Test: measurement of the height and
width of crown, roots, and trunk.

given. The tree drawn was evaluated qualitatively (presence
of crown, roots, branches, leaves, and flowers; types of trunk-
end-opening, i.e., the top-end of the trunk, closed, opened,
or wider than trunk) and quantitatively (height and width
of trunk, crown, roots, and the trunk’s tilt). The qualitative
analysis of trunks, crowns, and branches included also the
characterization of the shape (single or double lines for
trunk and branches; open or closed crown). Heights and
widths were obtained directly in millimeter units according
to the criteria shown in Figure 1. Trunk’s tilt was obtained
in degrees by means of a goniometer. The trunk-to-crown
ratio ((trunk height/crown height) × 10), the crown ratio
(crown width/crown height), and the tree size-relative-to-
page space index ((tree height × tree width)/(paper sheet
height × paper sheet width)) were calculated. Mini Mental
State Examination (MMSE) [16] was administered to patients
and controls by an examiner blind to patient’s diagnosis
and TDT results. MMSE score was corrected for age and
education according to Italian standardizations [17, 18].

Data were analyzed using the SPSS statistical analysis
software, version 21.0. We performed a descriptive analysis
of the various parameters of the patient groups; the com-
parisons of variables of various groups of the patients were
obtained employing the multivariate general linear model
with Bonferroni’s correction with the significance level set
at 𝑃 = 0.05 and sex, age, education, and disease duration
as covariates. In addition, multiple linear regression analyses
with forward variable selection were used to investigate
predictors of cognitive impairment.

3. Results

118 AD patients, 19 FTD, 46 VD, 132 MCI, and 90 controls
were enrolled. Mean age, education, sex distribution, and
disease duration of each group are listed in Table 1.

3.1. Qualitative Analysis. Qualitative characteristics of trees
drawn by patients and controls are listed in Table 2. No
significant differences emerge among groups.

3.2. Quantitative Analysis. Overall considering heights and
widths of trunks, crowns, and roots of trees drawnby patients,
significant differences emerge (Table 3). AD patients draw
trees different from controls with respect to all variables,
except crown ratio and tilt; trees drawn by AD patients
are also globally smaller with respect to the other patients,
demented or with MCI (Figure 2). FTD patients draw trees
with a wider space occupation than AD andMCI but smaller
than controls as well as VD patients because of reduced
crown dimensions. Trees drawn by MCI patients are globally
smaller than those drawn by controls and intermediate in
size compared to those drawn by AD patients and healthy
subjects.

The trunk-to-crown ratio of trees drawn by demented
and MCI patients is greater than controls while the tree size-
relative-to-page space index is significantly smaller. Further-
more, the tree size-relative-to-page space index of trees drawn
by AD patients is smaller than that of the other cognitively
impaired patients, demented or withMCI.The same index of
trees drawn by FTD patients differs from AD and MCI but
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Table 2: Qualitative characteristics of trees.

AD FTD VD MCI Controls
𝑛 (%) 𝑛 (%) 𝑛 (%) 𝑛 (%) 𝑛 (%)

Trunk shape
(s: single line, d: double line)

s: 23 (19%)
d: 95 (81%)

s: 2 (11%)
d: 17 (89%)

s: 8 (17%)
d: 38 (83%)

s: 11 (9%)
d: 121 (91%)

s: 5 (6%)
d: 85 (94%)

Trunk end opening
(0: top of the trunk closed,
1: top of the trunk opened,
2: top of the trunk wider than
trunk)

0: 102 (86%)
1: 12 (10%)
2: 4 (4%)

0: 19 (100%)
1: 0 (0%)
2: 0 (0%)

0: 43 (93%)
1: 2 (4%)
2: 1 (3%)

0: 124 (94%)
1: 8 (6%)
2: 0 (0%)

0: 82 (91%)
1: 7 (8%)
2: 1 (1%)

Crown shape
(o: open, c: closed, n: not done)

o: 86 (73%)
c: 29 (25%)
n: 3 (2%)

o: 12 (63%)
c: 7 (37%)

o: 33 (72%)
c: 13 (28%)

o: 106 (80%)
c: 26 (20%)

o: 53 (59%)
c: 37 (41%)

Branches shape
(s: single line, d: double line, n:
not done)

s: 84 (71%)
d: 3 (3%)
n: 31 (26%)

s: 11 (58%)
d: 1 (5%)
n: 5 (37%)

s: 30 (65%)
d: 5 (11%)
n: 11 (24%)

s: 101 (77%)
d: 5 (4%)
n: 26 (19%)

s: 53 (59%)
d: 13 (14%)
n: 24 (27%)

Leaves 24 (20%) 5 (26%) 9 (20%) 41 (31%) 28 (31%)
Flowers 0 0 2 (4%) 6 (5%) 4 (4%)

not from VD patients. The crown ratio of trees drawn by VD
patients is significantly greater than controls.

Multiple linear regression model with forward variable
selection includes, as independent predictors of cognitive
impairment, the variables of tree height and trunk-to-crown
ratio.

4. Discussion

TDT has been analyzed in the elderly and in cognitively
impaired patients [5–10]. Authors overall find that elderly,
and mostly cognitively impaired patients, draw small size
trees of bad forms [7, 8] with a drawing space progressively
smaller from normal to demented level [6]. In general, they
do not distinguish different types of dementia, except for
the Alzheimer type [5], and suggest TDT as a useful tool to
evaluate mental functions of the elderly [7–10].

In our sample, cognitively impaired patients draw trees
smaller with respect to healthy subjects. Trees drawn by AD
patients in particular are significantly smaller with respect to
trees drawn by other cognitively impaired patients, demented
or MCI, and by controls. With respect to controls, AD
patients draw smaller poorly detailed trees with an increased
trunk-to-crown ratio and a reduced tree size-relative-to-page
space index, that is, with a smaller crown and with a reduced
space occupation. MCI patients draw trees intermediate in
size between AD patients and healthy subjects suggesting a
sort of progression from mild to greater degrees of cognitive
impairment. Different tree dimensions with respect to con-
trols in AD andMCI patients are related both to an increasing
of the trunk-to-crown ratio and to a reduction of the tree size-
relative-to-page space index, which is to a prevalence of the
trunk with respect to the crown of the tree and to a global
reduced space occupation. FTD patients differ from AD and
MCI for the tree size-relative-to-page space index: they draw,
in fact, trees bigger than AD and MCI patients but smaller

than controls. Conversely, this significant difference does not
exist between FTD and VD patients.

Globally, the trunk-to-crown ratio and the tree size-
relative-to-page space index distinguish cognitively impaired
patients, demented or not, from controls and the tree size-
relative-to-page space index distinguishes also FTD patients
fromADandMCI patients. Furthermore, the total tree height
and the trunk-to-crown ratio are predictors of cognitive
impairment in our patient sample.

The trunk-to-crown ratio is known to be inversely
correlated to the development of linguistic abilities and
abstract thinking during the course of the development [1,
19, 20]. Similarly, our patients show a trunk-to-crown ratio
significantly greater with respect to controls with an increase
from MCI patients to demented patients suggesting that
linguistic abilities and abstract thinking gradually deteriorate
with the worsening of cognitive functions. Furthermore, the
reduction of the total tree size in demented andMCI patients
could also be explained by the progressive impairment
of constructional praxis and visuospatial functions along
the course of cognitive deterioration. Finally, considering
the progressive tree size reduction in cognitively impaired
patients as an expression of a lower self-consciousness [1], a
sort of personality regression could be speculated.

In adults, TDT had been also studied in psychiatric
patients (eating disorders and schizophrenia) [2–4, 21].
Patients with eating disorders draw mostly smaller trees than
controls, both in the total size and in the width of the trunk
[21]. In schizophrenics, tree is small too and the trunk and the
branches are mostly of single line type [3, 4].

So both psychiatric and cognitively impaired patients
equally tend to draw smaller and bad formed trees than
healthy individuals. However, some characteristics are dif-
ferent between the two groups such as the top-end of the
trunk which is generally closed in healthy individuals and
in cognitively impaired patients while it is typically opened
in schizophrenics [3, 22, 23], possibly indicating a confusion
between self and nonself [1].
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(a) D 74 yrs, AD (b) C 80 yrs, AD

(c) C 71 yrs, MCI (d) D 72 yrs, control

Figure 2: Examples of trees drawn by AD ((a) and (b)) and MCI (c) patients and controls (d).

Our data should be further confirmed in a wider patient
sample selected according to advanced criteria of Alzheimer’s
disease and supported by biomarkers results and advanced
neuroimaging techniques.

In conclusion, we think that TDT could be a useful tool
for orienting cognitive impairment diagnosis and it could
be an easy test to be administered by general practitioners
and in specialized outpatient clinics. Furthermore, it could
be included in extensive neuropsychological batteries explor-
ing cognitive functions of cognitively impaired patients to
attempt a possible and simple approach to the study of normal
and pathological aging.
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We compared specific (i.e., associatedwith a unique time and space) and general (i.e., extended or repeated events) autobiographical
memories (AbM) in Alzheimer’s disease (AD). The comparison aims at investigating the relationship between these two
components of AbM across the lifespan and the volume of cerebral regions of interest within the temporal lobe. We hypothesized
that the ability to elicit specific memories would correlate with hippocampal volume, whereas evoking general memories would
be related to lateral temporal lobe. AbM was assessed using the modified Crovitz test in 18 patients with early AD and 18 matched
controls. The proportions of total memories—supposed to reflect the ability to produce general memories—and specific memories
retrieved were compared between ADpatients and controls. Correlations toMRI volumes of temporal cortex were tested.We found
different temporal patterns for specific and general memories in AD patients, with (i) relatively spared general memories, according
to a temporal gradient that preserved remote memories, predominantly associated with right lateral temporal cortex volume. (ii)
Conversely, the retrieval of specific AbMs was impaired for all life periods and correlated with bilateral hippocampal volumes. Our
results highlight a shift from an initially episodic to a semantic nature of AbMs during AD, where the abstracted form of memories
remains.

1. Introduction

Autobiographical memory, which includes both episodic
memories and memories belonging to personal semantics,
allows a person to remember their personal past recollections
and is important for the construction process of personal
identity [1]. In its episodic component, autobiographical
memory (AbM) refers to personal events that a person
is able to reexperience in a unique and detailed spatial

and temporal context. This mental time travel requires
autonoetic awareness, which consists of the conscious state
that accompanies the experience of remembering [2, 3]. For
example, remembering in detail a unique event that took
place on a specific afternoon in a precise place during one’s
vacation. Conversely, personal semantic memory (PS; [4])
refers to non-event-based general knowledge about one’s
life or autobiographical facts and is associated with noetic
awareness, that is, the conscious state that accompanies the
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experience of knowing or familiarity, for example, knowing
that one has been on vacation in a general place during a
grossly-defined time period, knowing the name or birthday
of a relative. Conway and colleagues [1, 5] have also suggested
the existence of a third type of qualitatively different auto-
biographical memories (AbMs), “general” AbMs, consisting
of events that are summaries of repeated events or events
extended in time or both. For example, the memory of
an entire week of vacation or vacation repeated several
times in the same place. Aside from their lack of contextual
specificity, these memories also differ from specific AbMs
by their recollective qualities, being associated with more
conceptual and less contextual details. This type of memories
constitutes an abstracted version of memories and stand
as an intermediate level between personal knowledge and
specific AbMs into the hierarchical AbM model described
by Conway (the Self Memory System; [6]). In this model,
general memories are supposed to be more easily accessible
to retrieval and would be the preferred level of entry into
episodicAbMs.Additionally to the existence of general AbMs
in young and healthy subjects (e.g., [7]), studies of AbM
during normal ageing (e.g., [8–10]), emotional disorders
[11], and neurological disorders such as Alzheimer’s disease
(AD; e.g., [12, 13]) have suggested that memories that were
initially strictly episodic or “specific” may lose their contex-
tual details and become “semanticized” or “general.” While
general memories have only recently been individualized and
considered as cognitively distinct from specific memories,
some authors tend to assimilate them to PS [14, 15], whereas
others clearly contrast them from such personal knowledge
that is not confined to a particular time or place [16] or even
analyze them using the same phenomenological approach
than for specific AbMs [17]. As opposed to the traditional
episodic/semantic dichotomy [2], generalmemories illustrate
the overlap between the two components as far as such
memories can be considered as an intermediate state on a
contextual continuum between specific contextualized and
semantic decontextualized memories [18–20]. Concordant
with this view, an interdependence between sematic and
episodic components was emphasized, namely, regarding
AbM, specific memories influence the retrieval of semantic
knowledge [21], while general memories constitute the basis
from which complex and detailed specific memories are
constructed and retrieved [5].Moreover, semantic knowledge
stands as an integral component of specific AbMs, as well as
contextual details [1, 10, 22].

Some case studies on retrograde amnesia (e.g., [23, 24])
have suggested that the episodic and semantic components
of autobiographical memory have separate neural substrates
within the temporal lobes, namely, the lateral temporal
neocortex for PS and the medial temporal lobe (MTL) for
episodic AbM (review in [25]). Similarly, neurodegenerative
diseases involving different lesion patterns in the temporal
lobe such as AD and semantic dementia were compared in
terms of performances in AbM and PS, confirming different
patterns of deficit (e.g., [13, 26–29]), namely, relatively pre-
served performance in PS for the remote periods in AD and
in episodic AbM for the recent period in SD. Some studies
of AbM have been conducted over the lifespan, showing a

temporal gradient with greater impairment for recent events
in AD (e.g., [4, 30–32]). Moreover, the qualitative analysis of
remote episodic AbM indicated a loss of contextual details
with a pattern of altered specific and preserved general AbMs,
accompanied by a shift from autonoetic to noetic awareness,
both inAD [12, 13, 33, 34] and amnesicmild cognitive impair-
ment [35, 36]. When taking into account specific memories
alone, several studies showed that deficit was ungraded in
AD, suggesting that the gradient observed in previous studies
was due to the production of general memories [12, 13, 27, 34,
37]. Since AD pathological processes are typically localized
in the MTL and to a lesser extend in the lateral temporal
neocortex during the early stages of the disease [38], these
results suggest that the retrieval of specific memories relies
on the MTL no matter how old the AbMs are. Gilboa et
al. [39] carried out a neuroimaging study using volumetric
analysis and confirmed the anatomical dissociation between
AbM and PS within the temporal lobes and documented the
dependence of AbM on the MTL region independent of the
retention interval. More recently, we confirmed these results
with regard to the hippocampal involvement, analyzing the
raw scores on the Modified Crovitz Test (MCT) in a voxel-
based morphometry (VBM) study [40]. These observations
would rather support the multiple trace theory (MTT; [41,
42]) than the standard consolidation theory (SCT, [43]).
According to the SCT, declarative memory representations
within the neocortex would become stable and independent
from MTL structures. Conversely, the MTT suggests that it
is the case only for semantic memories, whereas episodic
memory retrieval would depend on theMTL for the duration
of their existence. The more recent “transformation” theory
[44, 45] contrasts the existence of specific and general mem-
ories, suggesting that specific memories remain dependent
on the hippocampus and that a schematic version with few
contextual details would develop in the neocortex as time
progresses. Comparing the two categories of memories in a
population presenting with MTL lesion could provide the
clinical setting to test whether general AbMs are supported
by the hippocampus to the same extent as specific AbMs or
by other anatomical substrates. Such a study was conducted
by St-Laurent et al. [17] in a population of patients with
temporal lobe epilepsy, using the Autobiographical Interview
[10]. In those patients, the two categories of memories were
similarly impaired in terms of “internal” details, suggesting
that the recollection of sensory perceptual aspects, but not
temporal, specificity relies on the MTL. By contrast, the
story elements of the episodes and gist information were
preserved, suggesting that this component relies on extra-
MTL structures, namely, the lateral temporal neocortex.

The anatomical substrates of the different components of
memories have been inconsistently explored with functional
imaging studies in healthy subjects. Specific AbM has been
extensively explored and associated with a complex neural
network [22, 46] including the medial and ventrolateral
prefrontal, medial and lateral temporal cortices, the tem-
poroparietal junction, and retrosplenial/posterior cingulate
cortices. Among the few fMRI studies which have focused on
PS, Maguire and colleagues [47, 48] showed a greater acti-
vation of the medial prefrontal cortex, retrosplenial cortex,
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temporal pole, and temporoparietal junction when contrast-
ing personal with general knowledge. Nevertheless, PS and
general semantic memory’s activations overlapped in lateral
temporal and medial prefrontal regions, suggesting that PS
could be considered as a subdomain of semantic memory
(review in [20]). Conversely, the few fMRI studies focusing
on general AbMs [16, 48–51] showed that they differed from
PS insofar they engaged MTL activity. These studies [16, 48–
51] suggested a similarity between general and specific AbMs,
highlighting a shared and widely distributed network, likely
due to perceptual details and contextual information entailed
in both categories of memories in healthy subjects (review
in [20]). It is worth noting that the activity of some cerebral
regions wouldmore particularly depend on the level of speci-
ficity. For instance, in some studies [16, 48–51], the medial
prefrontal cortex, the parietal cortex (precuneus), and MTL
were engaged to a greater extent for the retrieval of specific
than general AbMs (review in [20]). Regarding the MTL,
Holland et al. [16] suggested that the difference between the
two networks depends on the phase of memory formation,
with the prefrontal cortex and the MTL being particularly
engaged during the construction phase of specific memories.
Moreover, the different involvement was related in this study
to the specificity of the memories in terms of spatiotemporal
context rather than on the richness of details. Conversely,
Addis et al. [49] also found hippocampal involvement during
the retrieval of general events, which was related to the
richness of episodic detail but not to temporal specificity.
Regarding the lateral temporal neocortex, activations are
usually found in both conditions, notably because semantic
representations permeate AbMs, even in their specific form
[22]. However, the lateral temporal neocortex is globally
involved to a greater extent during the retrieval of general
versus specificmemories, likely reflecting greater engagement
of semantic processing for general AbMs [16, 48, 49]. In the
same vein, older adults, who produce a higher proportion
of general memories, engage the lateral temporal neocortex
more than younger adults during episodicAbMretrieval [47].
Taken together, the results of studies performed in healthy
subjects tend to contrast general memories and PS and
associate the former with the episodic component of AbM
[20]. Nevertheless, general memories in healthy subjects
differ from those produced by patients with MTL lesion and
it might also be the case for their anatomical substrates.
Indeed, in healthy subjects, general memories usually consist
of repeated events that are associated with perceptual and
contextual information, a process that is flawed in patients
with MTL lesion [12, 13, 17, 27, 34, 37]. Thus, a correlational
approach in patients with neurodegenerative disease such
as AD may capture the core anatomical substrates of the
abstracted form of memories that may still exist during the
early stages of the disease. To our knowledge, no neuroimag-
ing study has yet tackled comparisons between specific and
general AbMs in AD, whereas the general component might
be critical in AD. General memories not only stand as a
transition between episodic autonoetic and semantic noetic
memories, they might also support personal identity during
the progression of the disease [30].

In the present study, we carried out an investigation on
AbM over the lifespan in patients with early AD, comparing
them with healthy elderly people, using the Modified Crovitz
Test (MCT; [26]). We also investigated the neuroanatomical
correlates of the two components of AbM by means of a
volumetric analysis of temporal regions of interest. The aims
of the present study were (i) to compare the distribution
of specific versus general AbMs across the lifespan in AD
patients compared with healthy elderly controls and (ii) to
study the relationship between the specific and general com-
ponents of AbM and regional volumes of the hippocampus
and the lateral temporal neocortex. Tracking the anatomical
substrates of general versus specific memories among two
regions of the temporal lobe classically associated with
episodic and semantic memory, respectively, we wished to
explore whether the abstracted forms of AbMs are rather
associated with the semantic or episodic components of
memory. Given that general memories are “semanticized”
due to the loss of episodic detail in AD [12, 13, 33, 34],
we were expecting a similar pattern of performances than
that obtained for PS, that is, relatively spared in the early
stages of AD and temporally graded [27, 39]. Moreover,
we hypothesized that general AbMs would be supported by
anatomical substrates shared with PS, namely, that the ability
to provide general AbMs would be related to lateral temporal
lobe volume [39]. Conversely, we hypothesized that specific
AbMswould be deficient over the lifespan and correlatedwith
hippocampal volume [39, 40].

2. Materials and Methods

2.1. Participants. Eighteen French AD patients, aged 67 to
85 years, were recruited through the Neuropsychology Unit
in the Service of Neurology at the University Hospital of
Strasbourg. A diagnosis of probable AD was made according
to the criteria of the NINCDS-ADRDA [52] and more recent
criteria [53–55]. Each patient disclosed a history of progres-
sive cognitive decline and showed objective impairment of
episodic memory with no cueing-related improvement (Free
and Cued Selective Reminding Test, [56]), either isolated or
associated with other cognitive changes (visuospatial abili-
ties, praxia, language, etc.). All patients had evidence of MTL
atrophy [57], using MRI and assessed visually by a senior
neurologist (FB). A subset of twelve underwent SPECT exam-
ination, which revealed a typical pattern of reduced perfusion
in the MTL and parietal regions. Eleven patients underwent
cerebrospinal fluid (CSF) biomarkers testing and displayed
abnormal results with a combination of low amyloı̈dAbeta1–
42 concentrations (<500 ng/L), increased total tau concentra-
tions (>500 ng/L), and increased phospho-tau concentrations
(>60 ng/L). We excluded patients who disclosed a history
or symptoms of major depression (Geriatric Depression
Scale’s score > 6, [58]), cerebrovascular disease, abnormal
physical neurological examination, or any other possible
causes of dementia. All patients were being treated with one
or two AD-specific drugs (acetylcholine esterase inhibitor or
acetylcholine esterase inhibitor and memantine). The stage
of the disease was mild cognitive impairment (MCI) due
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to AD or “prodromal” AD in 9 patients, according to the
criteria proposed by Albert et al. [55] or Dubois et al. [53],
with preserved social functioning and instrumental activities
of daily living, that is, with a Clinical Dementia Rating
score of 0.5 (CDR, [59]). All these patients had CSF analysis
confirming the existence of AD pathology and evolve into a
typical AD dementia during their follow-up.The 9 remaining
patients had mild dementia with a CDR score of 1. The
patients’mean score on theMMSEwas 24.3 (SD 2.8). A subset
of 15 patients (8 withMCI due to AD and 7 with mild stage of
AD) underwent a high resolution MRI scan (3 Tesla), within
six months from neuropsychological testing.

Eighteen healthy elderly subjects matched for gender, age
distribution, education level, and handedness (see Table 1
for demographic details of the two groups and statistical
comparison) were also tested. For inclusion, subjects had to
be free of depression (GDS score > 6), central neurological
disease, cognitive complaints, or restriction of daily activities
(CDR = 0) and without abnormal neurological examinations.

2.2. Cognitive Assessment

2.2.1. Anterograde Memory Assessment. Among a larger cog-
nitive assessment, anterograde memory was measured using
the Verbal Paired Associates test [60]. With exception of one
patient, whose hypoacusia prevented the auditory assessment
of the test, patients had a mean score of 9.0 (SD 4.2). Control
subjects had normal performances, with a mean score of 18
(SD 1.7).

2.2.2. Specific AbM Task. A French version [61] of the MCT
[26] was used to assess AbM. Participants were asked to
produce detailed and specific recollections in response to 6
specific cues (e.g., letter, train, surprise, etc.), each prompted
five times in order to elicit memories from five periods of life
(“0–9 years,” “10–29 years,” “30–59 years,” 60 to current age
minus 1 year—referred to as “after 60 years”—and “previous
year”; e.g., “Could you recall an event that happened in
relation to a train before you turned 9”). Presentation of the
words and time periods were randomized and no time-limit
was set. A second cue was given for each possible response
before considering that a participant had no memory. The
cue was provided as a mean of helping the patient to elicit
a memory, and memories not related to the cue word were
also taken into account. Similarly, when the memory did
not match with the proposed period, it was taken into
account for the corresponding period until a number of six
memories were obtained for a given period of time. The
participants were encouraged to recall as many details as
possible about the spatiotemporal context, perceptual details
and their emotional state, and incomplete responses were
probed with further questions (e.g., “Tell me more.”; “Do you
remember where and when it took place?”; “Do you remem-
ber other details, e.g., visual details?”; “what did you think
or feel ?”). Memories were subsequently scored on a 5-point
specificity scale andwere divided into five different categories
depending: 0, absence of response; 1, semantic facts related
to the target word; 2, poorly detailed generic or repeated

events; 3, detailed generic or repeated events; 4, poorly
detailed specific events; 5, richly detailed specific events.
Only memories of events associated with a unique spatial
and temporal context were considered as episodic (“specific”)
and scored 4 or 5 depending on their level of perceptual
details, while other memories were considered “general” (see
examples in Table 2). Thirty memories per participant were
thus prompted for recollection, with a maximum possible
score of 150. Half of these memories were scored by two
different raters (NP and LM) with an interrater agreement
coefficient of 0.84 using the Krippendorf ’s alpha test. For the
patients the complete assessment was administered in one or
two sessions, depending on the patient’s fatigability. When
necessary, breakswere offered to avoid fatigue. For all patients
except two, a relative was present during the autobiographical
assessment, allowing the examiner to check for accuracy of
the memories.

2.3. Temporal Lobe Volumetry Study. A subgroup of 15
patients underwent a high resolution MRI scan, within
six months of neuropsychological testing. High resolution
anatomical images were obtained with a General Electric
SIGNA HDx MR 3T MRI (Milwaukee, USA) using a Fast
Spoiled Gradient Echo sequence (TR = 7.2ms, TE = 2.3ms,
flip angle = 20∘, FOV = 22 cm, matrix = 256 × 256, 176 slices
of 1mm).

Lateral temporal cortex volumes were extracted in the left
and the right hemisphere according to the following subre-
gions: superior temporal gyrus, inferior temporal region—
includingmiddle and inferior temporal gyrus—and temporal
pole (see Figure 1(a)). This cortical parcellation was done for
each patient using a multiatlas label propagation approach.
The image processing pipeline consisted of the following
steps: (1) a skull-stripping step [62] was performed with the
Freesurfer image analysis suite, freely available for down-
load online (http://surfer.nmr.mgh.harvard.edu); (2) each
MR image was given B0 nonuniformity correction (using
Freesurfer) and ITK-based histogram matching using an
arbitrarily chosen patient image as a reference histogram; (3)
a set of 16 anatomically annotated images (obtained from
the NIREP project, http://www.nirep.org) was registered in
a nonlinear way on each patient image [63] using the ANTs
software (http://www.picsl.upenn.edu/ANTS); (4) cortical
labels were fused [64] using the simultaneous truth and
performance level estimation (STAPLE); (5) final cortical
parcellation was obtained by fusing logical and estimated
labels using STAPLE and the gray matter mask obtained with
the Freesurfer image analysis suite.

Hippocampal volume, as well as the total gray mat-
ter volume (TGM), was investigated using the subcortical
labeling method [65] provided in the freesurfer software
(http://surfer.nmr.mgh.harvard.edu/; see Figure 1(b)).

2.4. Statistical Analysis. Intergroup comparisons were tested
using Student’s 𝑡-test for quantitative demographic charac-
teristics (age distribution and education level). With regard
to the MCT, which was primarily designed to elicit specific
memories, we broke up the participants’ responses into two
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Table 1: Comparison of the general data for the two groups (F: female; M: male; L: left; R: right; SD: standard deviation).

𝑁 Sex ratio (F/M) Mean age (SD) in years Mean education level
(SD) in years

Hand dominance
ratio (L/R)

Control group 18 4/14 73.67 (5.37) 13.17 (3.01) 1/17
Patient group 18 4/14 77.17 (6.42) 12.17 (6.68) 1/17

Statistical analysis — — 𝑡[34] = 1.17
𝑃 = 0.08

𝑡[34] = −1.05
𝑃 = 0.3 —

Table 2: Examples of scoring on the MCT.

MCT score Contextual specificity Examples (Cue-word proposed)

(5) Richly detailed specific
events +

Boat: I was in Alger for professional reasons, and I had to take the plane to go to
Casablanca. In the waiting room, I was intrigued because a lot of people spoke
Russian. I asked repeatedly the policemen to confirm that the plane was really going
to Casablanca. I finally boarded the plane, it was an Illyushin. Once seated in the
cabin, my neighbor, who was an Algerian, finally revealed to me that the plane was
actually going to Moscow! I was afraid of not being able to go out of the plane
anymore and to leave for Russia. . . but I finally managed to leave the cabin and to
join the right flight . . . I was around 58, it must have been in September, it was still
very warm . . . I was there on my own.

(4) Poorly detailed specific
events +

Damaged: At the age of 10, one day of September, 1943, Strasbourg was bombarded
by the Germans.The weather was warm and clear. My parents’ house was next to the
river Ill. Suddenly, we saw bombs falling everywhere. . . “What happens?” Neudorf
had already been bombarded and we understood rapidly what was currently going
on. Houses all around us collapsed. We went to take refuge in the basement. I was
scared. . . I was with my parents and there were also neighbors, it seem to remember.

(3) Detailed generic or
repeated events −

Train: When I was 9, the family acquired a black Citroën. Since then, we used to go
regularly to the valley of X to picnic. My father usually set off to pick mushrooms
and stayed for hours. . .My mother had to call him back shouting so that he could
hear her and return. Meanwhile, my sister, my mother and I used to pick
blackberries. My mother used to cooked blackberries in all possible and
unimaginable ways. . . Now, I cannot eat them anymore.

(2) Poorly detailed generic
or repeated events −

Happy: When I was 3 years old, my parents settled down in Strasbourg, and we lived
next to a childless couple. The husband was a doctor. His wife, X, liked me very
much and often took care of me.

(1) Semantic facts −
Letter: In Alsace at that time, before going to the school, we went to the
“Kindergarten”

Temporal neocortical segmentation:

T. pole = temporal pole

= superior temporal gyrusSup. T. g.

Sup. T. g.

= inferior temporal regionInf. T. reg.

Inf. T. reg. T.
pole

(a)

Hippocampal segmentation

(b)

Figure 1: Regional segmentation for the temporal cortex (a) and for the hippocampus (b).
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categories: “specific responses” (i.e., memories scored 4 and
5) and “total responses” (i.e., memories scored 2 to 5), the
latter reflecting the ability to elicit “general responses.” This
was decided owing to the type of neuroimaging analysis,
which was a correlational analysis between volumetric and
behavioral data, not a functional analysis. With such a corre-
lational design, the number of “general responses” instead of
“total responses” would not reflect meaningful clinical data
concerning the ability to produce general responses. Indeed,
the milder AD patients would produce more specific and
consequently less generalmemories than patientswith amore
pronounced deficit, even though they would likely be able
to elicit a general version (i.e., less detailed) of the specific
memories, according to the previously described pattern of
altered AbM in AD (See paragraph 2 of the introduction).
For instance, a patient able to produce 30 “total responses”
including 15 “specific responses” and 15 “general responses”
would have been able to produce 30 “general memories”.
Conversely, as general memories are produced consecutively
to the lack of specific responses, AD patients with more
pronounced deficit would produce a higher proportion of
general memories. For instance, a patient producing 21
“total responses” including only 2 “specific responses” and 19
“general responses” would have a higher number of “general
responses” than the milder patient, whereas his true ability to
produce general memories would be inferior. Therefore, the
“total responses” category rather than the “general responses”
is suited for correlational analyses.The results were expressed
in terms of “rates” in percent, relative to the number of
possible responses (scored 0 to 5) for the two categories,
namely, 6 per participant for each period of life and 30
over the entire lifespan. ANOVAs were performed in order
to compare mean rates of responses obtained in these two
categories, as a function of the different periods of life, both
within and between the two population groups. In order to
control for possible violations of the homogeneity of variance
associated with analysis of binary data summarized as per-
centages, an arcsine transformation was performed on the
rates of memories and statistical tests were conducted using
the transformed data. After transformation of data, normality
of the distribution was verified (Kolmogorov-Smirnov test)
and post hoc analyses were performed (Newman-Keuls test).

To investigate the relationships between AbM perfor-
mance and anterograde memory in AD patients, we per-
formed analyses using Pearson’s correlation test between rates
of total or specific responses produced during the MCT and
scores on the Verbal Paired Associates. Correlations were
tested over the global lifespan then independently for each
period of life.

Correlation analyses between the different brain volumes
and behavioral data were carried out using a general linear
model with age and total gray matter volume (TGM) as
nuisance covariates with the “statsmodels python module”
(http://statsmodels.sourceforge.net). Corrections for multi-
ple analyses were performed when testing the different
periods of life or the different lateral temporal subregions,
using a statistical threshold of 𝑃 = 0.01.

3. Results

3.1. AbM Performances on the MCT. For both groups, mean
rates of responses on the MCT obtained for each category
are shown for the five periods of life (“total responses” and
“specific responses” are shown in Figures 2 and 3, resp.).

3.1.1. Intergroup Comparisons on the MCT

Rates of Total Responses (Memories Scored 2 to 5/30). Statisti-
cal analyses revealed that ADpatients gave significantly fewer
total responses over the lifespan than controls in response to
the MCT cue-words (𝐹

[1,34]
= 30.22; 𝑃 < 0.001). ANOVAs

showed a significant period effect (𝐹
[4,136]
= 11.89;𝑃 < 0.001)

and a significant group × period interaction (𝐹
[4,136]
= 4.9;

𝑃 < 0.001). Post hoc analysis indicated that AD patients
exhibited significantly fewer total responses than controls for
the three more recent periods of life (𝑃 < 0.001 for the
“previous year” and “after 60 years” periods and𝑃 = 0.005 for
the “30–59 years” period). Other comparisons did not reveal
significant differences between the groups.

Rates of Specific Responses (Memories Scored 4-5/30). AD
patients recollected significantly fewer specific responses
than controls (𝐹

[1,34]
= 49.34; 𝑃 < 0.001). ANOVAs showed

a significant period effect (𝐹
[4,136]
= 14.51; 𝑃 < 0.001) and

a significant group × period interaction (𝐹
[4,136]
= 2.38; 𝑃 =

0.05). Post hoc analysis revealed that AD patients performed
worse than controls over the whole lifespan (𝑃 = 0.03 for
the “0–9 years” period, 𝑃 < 0.001 for the “10–29 years,” “30–
59 years,” and “after 60 years” periods and for the “previous
year”).

3.1.2. Interperiod within Group Comparisons on the MCT

In the Healthy Control Group. Post hoc analysis revealed no
significant differences when comparing mean rates of total
responses between one period and another. However, there
were significantly fewer specific responses for the “0–9 years”
period than for the “10–29 years” (𝑃 < 0.001), and “30–59
years” periods (𝑃 = 0.004).Themean rate of specific responses
was significantly higher in the “10–29 years” period compared
with the remaining periods (𝑃 < 0.001 for the “0–9 years” and
“previous year” periods, and𝑃 = 0.002 for the period “after 60
years”) except for the period “30–59 years” (𝑃 = 0.68). Other
comparisons did not reveal significant differences between
mean rates.

In the AD Group. Post hoc analysis revealed that mean rates
of total responses were significantly inferior for the “previous
year” period as compared with the three first periods (i.e., the
“0–9 years,” “10–29 years,” and “30–59 years” periods, 𝑃 <
0.001 in every case). It was also the case for the period “after
60 years” compared with the two first periods (𝑃 = 0.005 for
the “0–9 years” period and 𝑃 < 0.001 for the “10–29 years”
period). The mean rate of specific responses was significantly
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Table 3: Correlations in AD patients between the rates of specific
autobiographical events or the rates of total memories on the
MCT, and anterograde memory performances on the Verbal Paired
Associates, over the lifespan and independently for each period of
life (Bold and ∗ indicate significant correlations with 𝑃 < 0.05, and
∗∗ with 𝑃 < 0.01).

Rates of responses on
the MCT

Total responses and
verbal paired

associates (𝑁 = 18)

Specific episodic
events and verbal
paired associates

(𝑁 = 18)
𝑃 𝑅 𝑃 𝑅

Over the lifespan 0.01∗ 0.59 0.001∗∗ 0.71
“0–9 years” 0.18 0.34 0.17 0.35
“10–29 years” 0.11 0.40 0.006∗∗ 0.64
“30–59 years” 0.27 0.28 0.007∗∗ 0.62
“after 60 years” 0.04∗ 0.49 0.003∗∗ 0.67
“previous year” 0.01∗ 0.59 0.1 0.41

higher in the “10–29 years” period as compared with the
“previous year” only (𝑃 < 0.001). Other comparisons did not
reveal significant differences between mean rates.

3.2. Correlation Analyses between AbM and Anterograde
Memory Performance. Correlations between the two AbM
category scores and scores on anterograde memory (Verbal
Paired Associates) in the AD group were tested (shown in
Table 3). A significant correlation was obtained between the
rates of responses on the MCT over the lifespan and scores
on the Verbal Paired Associates test for the category of total
responses (𝑁 = 18; 𝑅 = 0.59; 𝑃 = 0.01) and for the
category of specific responses (𝑁 = 18; 𝑅 = 0.71; 𝑃 =
0.001). Interestingly, correlations also existed between the
scores on theVerbal PairedAssociates and the rates of specific
responses independently for the “10-29 years” period (𝑁 =
18; 𝑅 = 0.64; 𝑃 = 0.006), “30–59 years” period (𝑁 = 18;
𝑅 = 0.39; 𝑃 = 0.007), and “after 60 years” period (𝑁 = 18;
𝑅 = 0.67; 𝑃 = 0.003). It was also the case with the rate of
total response for the “previous year” (𝑁 = 18; 𝑅 = 0.59;
𝑃 = 0.01) and the “after 60 years” period (𝑁 = 18; 𝑅 = 0.49;
𝑃 = 0.04). This last correlation did not remain significant
after correction for multiple analysis due to the five periods
of life, using a threshold of 𝑃 = 0.01.

3.3. Correlation Analyses between AbM and Brain Regional
Volumetry. Correlations between the two AbM category
scores with hippocampal and lateral temporal neocortex
volumes were tested on 15 AD patients, taking age and TGM
volume as nuisance covariates. Table 4 shows the results of the
correlation analyses using the global cortical volume of these
regions, scatterplots for the significant correlations are shown
in Figures 4 and 5.

3.3.1. Correlations with Hippocampal Volume. For scores
over the global lifespan, there were correlations between the
hippocampal volume and the rate of specific responses on the
MCT for both sides (𝑃 = 0.03, 𝑟 = 0.56 on the left; 𝑃 = 0.02,

Table 4:Analysis shows correlations inADpatients between rates of
specific autobiographical events or total memories over the lifespan
on the MCT and the regional volume of the hippocampus and
temporal neocortex, including age and TGM volume as nuisance
covariates (Bold and ∗ indicate significant correlations).

Rates of responses on
the MCT over the
lifespan

Hippocampus
(𝑁 = 15)

Temporal neocx
(𝑁 = 15)

Left Right Left Right

Total responses 𝑃 = 0.20 𝑃 = 0.07 𝑃 = 0.12 𝑃 = 0.03∗

𝑟 = 0.28 𝑟 = 0.46 𝑟 = 0.37 𝑟 = 0.55
Specific episodic
events

𝑃 = 0.03∗ 𝑃 = 0.02∗ 𝑃 = 0.30 𝑃 = 0.17
𝑟 = 0.56 𝑟 = 0.60 𝑟 = 0.17 𝑟 = 0.30

𝑟 = 0.60 on the right; see Figure 4), whereas it was not the
case for the rate of total responses (𝑃 = 0.20, 𝑟 = 0.28 on the
left and 𝑃 = 0.07, 𝑟 = 0.46 on the right). Independently per
period of life, a significant correlation was also found between
the rate of specific responses and the bilateral hippocampal
volume for the three intermediate period of life, that is, “10–
29 years”, “30–59 years” and “after 60 years” periods (𝑃 =
0.03 and 𝑟 = 0.53, 𝑃 = 0.02 and 𝑟 = 0.57, 𝑃 = 0.008,
and 𝑟 = 0.65, resp. on the left; 𝑃 = 0.02 and 𝑟 = 0.58,
𝑃 = 0.009 and 𝑟 = 0.64, 𝑃 = 0.007, and 𝑟 = 0.66, resp. on
the right). Interestingly, the rate of total responses was also
correlated with right hippocampal volume for the “previous
year” (𝑃 = 0.03 and 𝑟 = 0.52). Note that only results with
𝑃 ≤ 0.01 should be taken into account after correction for
multiple analysis due to the five periods of life. Overall, these
results are coherent with those obtained using the scores on
the Verbal Paired Associates, since they were correlated with
both the left (𝑃 = 0.001 and 𝑟 = 0.75) and the right (𝑃 = 0.01
and 𝑟 = 0.63) hippocampal volumes.

3.3.2. Correlations with Lateral Temporal Neocortical Volume.
For scores over the global lifespan, we found correlations
between global lateral temporal neocortical volume and the
rate of total responses on theMCT for the right side (𝑃 = 0.03,
𝑟 = 0.55; see Figure 5), but not the left (𝑃 = 0.12, 𝑟 = 0.37),
which was not the case for the rates of specific responses
(𝑃 = 0.17, 𝑟 = 0.30 on the right and 𝑃 = 0.30, 𝑟 = 0.17
on the left). When the analyses where tested on the basis of
the temporal subregions, as it is shown in Figure 6, we found a
significant correlation between the rates of total responses on
the MCT and the volume of the superior temporal gyrus on
the left (𝑃 = 0.03, 𝑟 = 0.54) and on the right (𝑃 = 0.01, 𝑟 =
0.62). Only the correlation obtained with the right superior
temporal region would remain significant after correction for
multiple analysis due to the presence of three subregions on
each side.

4. Discussion

In the present study, we sought to investigate the distinct
pattern of specific and general (reflected by the rate of
“total responses”) AbMs deficit in AD and the underly-
ing neuroanatomical correlates within the temporal lobes.
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We have documented (i) impaired total AbMs following a
temporal gradient which spares remote memories, resulting
from preserved remote general memories, while retrieval
of specific AbMs was impaired for all life periods; (ii) a
correlation between total AbMs and the volume of the right
lateral temporal neocortex (superior temporal gyrus), which
suggests that this structure plays a key role in the ability to
provide general memories in AD; (iii) correlations between
specific AbMs and anterograde memory scores, and bilateral
hippocampal volume.

Regarding total AbMs across the lifespan in AD (see
Figure 2), a temporal gradient appears with more impaired
memories seen with shorter retention intervals, in agreement
with the majority of studies on AbM in AD patients [4, 13,
26, 30–34, 66–68]. The better performances in AbM for the
most remote periods relative to the recent one, result from the
production of “general” memories, compensating the lack of
specific AbMs, whose pattern of deficit appeared ungraded
in the AD patients (see Figure 3 and paragraph 3 of the
discussion). Overall, the AD patients produce relatively more
general memories than the controls, because memories that
were originally episodic have lost their contextual specificity
and their level of episodic detail and have become “general”
(e.g., [12, 13]). Nevertheless, the healthy controls cannot be
thought as being less capable than the patients to produce
general memories, since they would most likely be able
to produce a general version of their specific AbMs. This
would also be the case for AD patients with milder AbM
deficit that are still able to produce some specific memories.
Therefore, the rate of total responses was considered to
reflect the ability to produce general AbMs in our study. Our
volumetric correlation analyses indicate that these memories
(i.e., the rate of “total responses”) are associated with the
lateral temporal neocortex (superior temporal gyrus). The
implication of the temporal neocortex for PS (review in [20])
has already been demonstrated [39, 47, 48] and is widely
agreed for general semantics (e.g., [69], review in [70]). The
temporally graded retrograde amnesia for general memories
in our study and for PS in Gilboa et al.’s study [39] likely
reflects the progression of AD within the lateral temporal
neocortex. The superior temporal gyrus seems particularly
involved for general memories in our study, prominently on
the right hemisphere, whereas only a trend was found on the
left side after correction for multiple analysis. The superior
temporal gyrus was included in both anterior and posterior
temporal regions defined by Gilboa et al. [39], as being
associated with PS bilaterally, prominently on the left side.
In fMRI studies conducted in healthy subjects, the activation
of the lateral temporal cortex sustaining general memories
was also identified by Holland et al. [16] in the left superior
and middle temporal gyri (BA 21/22) and by Addis et al. in
the right inferior temporal gyrus [49]. While it is difficult
to account for the inconsistencies regarding the temporal
subregion involved in the different studies and to carry out
a direct comparison between general memories and PS or
between correlational and functional imaging, our results
suggest that general memories share common anatomical
substrates with semantic memory.
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Figure 2: Mean and standard deviation for the rates of total
responses (number of memories scored (2 to 5)/30) on the MCT
for AD patients and healthy controls in the five periods of life
(∗significant intergroup comparison after post hoc analysis). The
rates of specific (scored 4 and 5) and general responses (scored 2
and 3) among the total responses are indicated in black and dark
gray for the AD patients, and in white and light gray for the controls,
respectively.

Regarding the implication of the hippocampus in the
retrieval of general AbMs, we found a deficit in total
responses for the most recent period of life, which likely
results from an additional encoding and/or consolidation
deficit secondary to hippocampal dysfunction. Indeed, the
anterograde memory deficit, which was previously well-
documented with respect to “laboratory” memory in AD
(e.g., [71]), would not spare real-life events. This hypothesis
was corroborated by the positive correlation between the
MCT rate of total responses for the “recent year” period
and scores on the Verbal Paired Associates test (review in
[72]) and finally by the fact that both scores were correlated
with the hippocampal volume. We found no correlation
between the rate of total memories and hippocampal vol-
umes, for the remaining life periods or the global lifespan, as
opposed to what was found for the rate of specific memories
(see paragraph 3 of the discussion). However, hippocampal
activity was observed during the retrieval of general events
in fMRI studies involving healthy subjects [16, 49]. The
qualitative difference in terms of perceptual and contextual
details between general memories produced by AD patients
and those elicited by healthy subjects might explain the
inconsistency in hippocampal implication. Indeed, if general
memories are defined as summaries of repeated events or
events that extended in time, healthy subjects cannot prevent
themselves from remembering a single instance associated
with the general event during an fMRI task [20]. Moreover,
general events in healthy subjects entail perceptual details,
the level of which was related to hippocampal engagement in
Addis et al.’s study [49], rather than the temporal specificity
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of the memory. Conversely in AD patients, from AbMs
that were initially episodic only remains a framework of
semantic knowledge devoid of perceptual and contextual
detail [12, 13, 33, 34], which seems supported by extrahip-
pocampal structures such as the lateral temporal neocortex
[17]. However, we acknowledge that the MCT is based on
a qualitative scoring, and the fact that the perceptual and
contextual aspects of the recollection were not quantitatively
scored might have masked potential correlations with the
hippocampal volumes. Finally, the different nature of func-
tional versus correlational analyses might also explain the
different hippocampal implication, since fMRI studies reveal
finer cerebral activations than correlational analyses. Overall,
even though general AbMs share common characteristics
(perceptual details, contextual information, first person per-
spective) with episodic memory [20] and constitute the pre-
ferred entry level into specific AbMs [6] in healthy subjects,
our results suggest that, in AD patients, general memories
are preferentially—rather than exclusively—supported by the
lateral temporal neocortex, reflecting the semantic nature of
the gist of AbMs that is more resilient to the disease.

When taking into account specific memories (scored 4
and 5), an ungraded deficit appears in AD patients as com-
pared with controls, that is, for all the lifespan (see Figure 3).
More particularly, healthy controls produced more instances
of specific episodic AbMs for the “10–29 years” period than
for the rest of the lifespan, which is consistent with the “rem-
iniscence bump” described during normal ageing in previous
studies [73]. This effect is interpreted, in the self-narrative
theory [73], as a modulation of encoding and storage of
“self-defining” event memories from adolescence and early
adulthood that are more easily accessible. Importantly, in our
study, AD patients did not elicit significantly more specific
episodic memories for this young adulthood period relative
to other life periods, except for the latest period of life.Within
the control group, lower scores were observed for the “0–
9 years” period as compared with subsequent periods in
the controls. This was previously described during normal
ageing as “childhood amnesia” [73] and is thought to reflect
the inability to encode information in an episodic modality
[3, 74, 75].This effect also disappeared in the patients since the
AbMdeficit was observed for all the lifespan. Lastly, impaired
encoding and/or consolidation processes account for the
lower scores in the most recent period of life, in parallel with
what mentioned above for general memories (paragraph 2
of the discussion). Differently stated, the pattern of extended
retrograde amnesia and the absence of a reminiscence bump
effect in the AD group are compatible with the ungraded
AbM retrieval deficit found in previous studies involving
AD patients when considering strictly episodic memories
solely [12, 13, 27, 37]. Irish et al. [35] found similar results
in amnestic mild cognitive impairment, suggesting that this
alteration exists at the earliest stages of the disease, even
though these patients were not confirmed to be AD patients
with amyloid markers. Comparing two different interview
methods in AD (the Autobiographical Interview [10] and
the Autobiographical Memory Interview [4]), Barnabe et al.
[68] demonstrated that the nature of the AbM test impacts
the pattern of findings, the temporal gradient being brought
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Figure 3: Mean and standard deviation for the rates of specific
responses (number of memories scored (4 and 5)/30) on the MCT
for AD patients and healthy controls in the five periods of life
(∗significant intergroup comparison after post hoc analysis).

out by fewer periods and masked by fewer memories per
period. Even though our test entailed a rather large number of
periods, which might have favored the absence of a temporal
gradient, the fact that six memories per life period were
collected should have had the opposite effect. Not only was
the deficit in specific AbMs ungraded in our study, but it also
correlated with anterograde memory scores, as was the case
in previous studies [12, 39], suggesting the implication of the
MTL. Moreover, this correlation existed independently for
the three intermediate periods in our study. In line with our
previous work in VBM [40] and with Gilboa et al.’s [39], we
were able to relate the deficit of specific events to bilateral
hippocampal atrophy. This was also the case independently
for the three intermediate periods, that is, for an extended
retention interval, though only at the level of a trend for the
“10–29 years” period after correction for multiple analyses.
Note that no correlation was found for the first period likely
because the deficit of specific AbMs for this period is due
to the “childhood amnesia,” rather than to a retrieval deficit
explained by atrophy. Conversely, no correlation was found
with the lateral temporal neocortex (see paragraph 4 for
further discussion). In other words, our study supports the
existence of an extended deficit of specific AbMs prominently
due to hippocampal atrophy within the temporal lobe in AD.

Because direct comparison with fMRI studies in healthy
subjects is limited by major methodological differences, we
will exert caution concerning the further extrapolation of our
results to normal functioning and discussion of the different
theories of consolidation. Nevertheless, our results suggest
that within the temporal lobe, the retrieval of specific mem-
ories would prominently and extensively depend on the hip-
pocampus, while a general versionwould exist independently
in the neocortex. Together with previous correlational studies
in AD [39, 40] and with fMRI studies performed in healthy
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elderly subjects (e.g., [76–78]), these results support theMTT
[41, 42], which posits that the retrieval of episodic memories
would depend on theMTL for the duration of their existence.
Conversely, in the SCT [43], a correlation would have been
expected between the deficit of AbMs and the neocortical
volume, independent of the category “general” and “specific.”
Namely, we found no correlation between the rate of specific
memories and the volume of the temporal neocortex, con-
trary to what was observed for the general memories. Our
results seem to be eloquent when considering Winocur et
al.’s transformation theory [44, 45]. Indeed, the authors not

only postulate an extensive dependence of episodic AbMs
retrieval on the hippocampus but additionally implicate the
neocortex in the ability to provide a schematic version of
recollections. Though, according to this theory, interplay is
supposed to exist between the two categories of memories,
which we acknowledge was not possible to illustrate in our
study given the binary classification of memories. Indeed,
rather than considering the twomemory systems in isolation,
theorists tend to consider that the semantic and episodic
components of memory are inter-dependent, namely, with
the association of episodic details to general AbMs and the
implication of semantic knowledge during the retrieval of
specific AbMs [18, 19]. Besides, the temporal neocortex is
frequently activated in fMRI studies during the retrieval
of specific events, likely reflecting the semantic component
entailed in AbMs [19, 20, 22]. The fact that we found no
correlation between the rate of specific memories and the
lateral temporal neocortex might be explained by method-
ological differences between functional and correlational
approaches, as was previously discussed (see paragraph 2 of
the discussion). Moreover, given our hypothesis, our study
focused only on the temporal lobe, but the neuroanatomical
substrates of AbM are more complex, extending beyond
the temporal lobe, as revealed by fMRI studies in healthy
subjects [9, 22]. Therefore, other neocortical regions also
affected by AD would likely be involved when analyzing the
whole brain, such as the posterior cingulate cortex [79], the
retrosplenial cortex, the precuneus, the anterior cingulate
cortex, the ventromedial prefrontal cortex [40]. Overall, our
findings should not be considered as supporting the exclusive
but rather the preferential implication of the hippocampus
for specific AbMs within the temporal lobe, similarly to the
implication of the lateral temporal neocortex for general
AbMs (see paragraph 2 of the discussion). Whether general
memories stand as a transition step on a continuum between
episodic and semantic memory [18–20], they might be closer
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Figure 6: Correlations in AD patients between rates of specific or total responses over the lifespan on the MCT, and the volume of the
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to the episodic end of the continuum in healthy subjects.
This suggestion is based on common characteristics such as
perceptual and contextual information [20] and the fact that
they constitute the preferred entry level into specific AbMs
[6]. During the early stages of AD, general memories would
undergo a shift towards the semantic end of the continuum.

The present study has several limitations. Firstly, our
sample size was relatively small, preventing stratification into
two sub-groups (“MCI due to AD” and “mild AD”) and
revealing some correlations only at the level of a trend.
Secondly, because we carried out a correlation approach, we
endeavored to study the ability to produce general memories
by using the rate of total responses, whereas an fMRI
study would have allowed observing the cerebral regions
directly associated with the retrieval of general memories.
Additionally, the fact that we used a region of interest analysis
has limited our findings to the temporal lobe, whereas other
regions also affected by AD would have likely been involved.
A further limitation is that the MCT was not originally
conceived for the assessment of generalmemories [16], which
then stand as a substitute for the lack of episodic memories.
Finally, amore precise scoringmethod including a structured
specific probing could have allowed distinguishing between
different qualitative aspects of the recollection such as the
specificity in time and place versus number of episodic details
recollected. In particular, constraining our analysis to the
rate of memories classified in each category rather than to
quantitatively scoring the episodic and semantic information
included in the memories (e.g., “internal” and “external”
details with the Autobiographical interview [10]) prevented

us from demonstrating the existence of a subtler transition
from one category to another in AD.

5. Conclusion

In the present study, we have characterized AbM deficit
during the early stages of AD (i) on the basis of a reliable
number of recollections, (ii) in patients whose diagnosis
was based on stringent criteria [53–55], (iii) distinguishing
between specific and general (i.e., “total”) AbMs, (iv) with
regard to cerebral volume in regions of interest. We were
able to confirm different temporal patterns of AbM deficits in
AD: specific AbMs were impaired for an extended retention
interval secondary to hippocampal deficit, whereas preserved
general (i.e., “total”) AbMs followed a temporal gradient
sparing remote periods of life and relying on the temporal
neocortex. Our results suggest a shift from an initially
episodic to a semantic nature of AbMs during early AD,
where the remains of memories consist of a framework of
knowledge devoid of episodic detail.
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“Autobiographical memory deficits in Alzheimer’s disease,”
Journal of Alzheimer’s Disease, vol. 27, no. 3, pp. 567–574, 2011.

[30] D. R. Addis and L. J. Tippett, “Memory ofmyself: autobiograph-
ical memory and identity in Alzheimer’s disease,”Memory, vol.
12, no. 1, pp. 56–74, 2004.

[31] T. Leyhe, S. Müller, M. Milian, G. W. Eschweiler, and R.
Saur, “Impairment of episodic and semantic autobiographical
memory in patients with mild cognitive impairment and early
Alzheimer’s disease,”Neuropsychologia, vol. 47, no. 12, pp. 2464–
2469, 2009.

[32] J. D. W. Greene, J. R. Hodges, and A. D. Baddeley, “Autobi-
ographical memory and executive function in early dementia
of Alzheimer type,” Neuropsychologia, vol. 33, no. 12, pp. 1647–
1670, 1995.

[33] A.Moses, V. Culpin, C. Lowe, andC.McWilliam, “Overgeneral-
ity of autobiographical memory in Alzheimer’s disease,” British
Journal of Clinical Psychology, vol. 43, no. 4, pp. 377–386, 2004.

[34] M. Irish, B. A. Lawlor, S. M. O’Mara, and R. F. Coen, “Impaired
capacity for autonoetic reliving during autobiographical event
recall in mild Alzheimer’s disease,” Cortex, vol. 47, no. 2, pp.
236–249, 2011.

[35] M. Irish, B. A. Lawlor, S. M. Omara, and R. F. Coen, “Exploring
the recollective experience during autobiographical memory
retrieval in amnestic mild cognitive impairment,” Journal of the
International Neuropsychological Society, vol. 16, no. 3, pp. 546–
555, 2010.

[36] M. Donix, C. Brons, L. Jurjanz, K. Poettrich, P. Winiecki, and
V. A. Holthoff, “Overgenerality of autobiographical memory
in people with amnestic mild cognitive impairment and early
Alzheimer’s disease,” Archives of Clinical Neuropsychology, vol.
25, no. 1, pp. 22–27, 2010.

[37] G. Sartori, B. E. Snitz, L. Sorcinelli, and I. Daum, “Remote
memory in advanced Alzheimer’s disease,” Archives of Clinical
Neuropsychology, vol. 19, no. 6, pp. 779–789, 2004.

[38] H. Braak and E. Braak, “Neuropathological stageing of
Alzheimer-related changes,” Acta Neuropathologica, vol. 82, no.
4, pp. 239–259, 1991.

[39] A. Gilboa, J. Ramirez, S. Köhler, R. Westmacott, S. E. Black,
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