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Purpose:

Materials and
Methods:

Results:

Conclusion:

To determine whether individuals with subjective cogni-
tive decline (SCD) exhibit functional and structural brain
alterations by using resting-state functional and structural
magnetic resonance (MR) imaging.

This study received institutional review board approval,
and all participants gave informed consent. Resting-state
functional MR imaging and structural MR imaging tech-
niques were used to measure amplitude of low-frequency
fluctuations (ALFF) and regional gray matter volume in
25 subjects with SCD (mean age, 65.52 years = 6.12)
and 61 control subjects (mean age, 64.11 years = 8.59).
Voxel-wise general linear model analyses were used to ex-
amine between-group differences in ALFF or in gray mat-
ter volume and to further determine the brain-behavioral
relationship.

Subjects with SCD exhibited higher ALFF values than
did control subjects in the bilateral inferior parietal lob-
ule (left: 0.44 £ 0.25 vs 0.27 £ 0.18, respectively; P =
.0003; right: 1.46 = 0.45 vs 1.10 = 0.37, respectively; P =
.0015), right inferior (0.45 = 0.15 vs 0.37 = 0.08, repec-
tively; P = .0106) and middle (1.03 = 0.32 vs 0.83 = 0.20,
respectively; P = .0008) occipital gyrus, right superior
temporal gyrus (0.11 = 0.07 vs 0.07 = 0.04, respectively;
P = .0016), and right cerebellum posterior lobe (0.51 =
0.27 vs 0.39 £ 0.15, respectively; P = .0010). In the SCD
group, significant correlations were found between Audi-
tory Verbal Learning Test recognition scores and ALFF in
the left inferior parietal lobe (r = —0.79, P < .001) and
between Auditory Verbal Learning Test immediate recall
scores and ALFF values in the right middle occipital gyrus
(r = —0.64, P = .002). Nonsignificant group differences
were found in gray matter volume (P > .05, corrected).

Individuals with SCD had altered spontaneous functional
activity, suggesting that resting-state functional MR imag-
ing may be a noninvasive method for characterizing SCD.

©RSNA, 2016
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ndividuals with subjective cognitive

decline (SCD) are elderly people

who self-report persistent decline
in cognitive capacity without measur-
able cognitive impairment according
to results of standard assessments (1).
Increasing evidence has suggested that
individuals with SCD exhibit a trend to-
ward a greater risk of cognitive decline
and the development of mild cognitive
impairment and Alzheimer disease
(AD) (1). Therefore, SCD may serve as
a clinical indicator for early detection
of AD (2) and may arouse growing re-
search interests.

Authors of previous brain imaging
studies have documented structural
and functional changes in individuals
with SCD. For example, several struc-
tural magnetic resonance (MR) imaging
studies showed that subjects with SCD
have a loss of gray matter (GM) volume
and/or concentration (the proportion
of GM relative to other tissues in a re-
gion) in the hippocampus (3,4), ento-
rhinal cortex (5), and frontotemporal
regions (4). However, there are a few
studies in which authors showed an ab-
sence of GM loss in patients with SCD

Advances in Knowledge

® Compared with control subjects,
individuals with subjective cogni-
tive decline (SCD) showed higher
amplitude of low-frequency fluc-
tuations (ALFF) in the bilateral
inferior parietal lobule, right in-
ferior and middle occipital gyri,
right superior temporal gyrus,
and right cerebellum posterior
lobe; there were no significant
differences in gray matter volume
between the groups (P > .03,
corrected).

® In the SCD group, significant cor-
relations were found between
auditory verbal learning test
score (immediate recall) and
ALFF values in the right middle
occipital gyrus (r = —0.636, P =
.002) and between auditory-ver-
bal learning test scores (recogni-
tion) and ALFF values in the left
inferior parietal lobe (r =
—0.788, P < .001).

(6,7). By using task-based functional
MR imaging, Rodda and colleagues (8)
reported that subjects with SCD ex-
hibited higher functional activation in
the left medial temporal, occipitopari-
etal, and medial frontal cortex during a
verbal episodic memory encoding task
compared with control subjects. In an-
other task-based functional MR imaging
study, they further proved that subjects
with SCD exhibited higher activation in
the left medial temporal lobe, bilateral
thalamus, and posterior cingulate dur-
ing a divided-attention task (9). Such
patterns are largely consistent with de-
creased activation previously shown in
patients with AD, suggesting a potential
compensatory mechanism in subjects
with SCD (9). These findings based on
brain imaging techniques provided in-
sights into the pathophysiologic mecha-
nisms of SCD. Despite these advances,
the previously mentioned studies were
mainly focused on single-modality imag-
ing data, providing limited information
about the potential brain alterations in
subjects with SCD. To our knowledge,
authors of few studies have reported
both structural and functional brain
changes in the same SCD group by us-
ing multimodal imaging techniques.

In this study, we used resting-state
functional MR imaging and structural
MR imaging techniques to examine
patterns of regional spontaneous brain
activity and GM morphology in sub-
jects with SCD and healthy control
subjects. Resting-state functional MR
imaging does not require specific task

Implication for Patient Care

B Higher intrinsic or spontaneous
brain activity measured by means
of resting-state functional MR
imaging was observed in individ-
uals with subjective cognitive
decline, indicating that there
might be a compensatory mecha-
nism in the early stage of
Alzheimer disease and that rest-
ing-state functional MR imaging
is an important technique for
detecting brain alterations in in-
dividuals with subjective cogni-
tive decline.

paradigms and can allow noninvasive
measurement of spontaneous or in-
trinsic brain activity. The amplitude of
low-frequency fluctuations (ALFF) was
chosen as a resting-state functional MR
imaging index that can capture regional
intensity of spontaneous fluctuations in
blood oxygenation level-dependent sig-
nals (10) and reflect the regional meta-
bolic level of glucose (11). Resting-state
functional MR imaging ALFF has been
applied to study functional abnormal-
ities of AD (12) and amnestic mild cog-
nitive impairment (13); however, the
finding of spontaneous functional brain
changes in patients with SCD has not
been well established in the literature.
In addition, in this study, voxel-based
morphologic analysis was performed to
detect loss of GM volume, which pro-
vides complementary information of
brain changes in patients with SCD. On
the basis of previous task-based func-
tional MR imaging and structural MR
imaging studies in patients with SCD
(8,9), we hypothesized that there is
higher spontaneous brain activity and
more GM alterations in individuals with
SCD compared with those in control
subjects. The purpose of this study was
to determine whether individuals with
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SCD exhibit functional and structural
brain alterations.

Materials and Methods

Participants

A total of 269 right-handed subjects
were enrolled from May 2011 to June
2014. Among them, 208 individuals
with memory concerns including AD,
mild cognitive impairment, and SCD
were recruited from the memory clinic
of the Neurology Department of Xuan-
Wu Hospital in Beijing, China, and 61
healthy control subjects were recruited
from the local community by means of
advertisement. A standardized clinical
evaluation protocol was used, including
a medical history interview, neurologic
examination, and a battery of neu-
ropsychological tests for all subjects.
The neuropsychological tests, which
included the Chinese version of the
Mini-Mental State Examination (14),
the Beijing version of Montreal Cogni-
tive Assessment (13), clinical dementia
rating, the auditory verbal learning test
(AVLT [16]), Hachinski ischemic scale,
Hamilton depression rating scale (17),
the Center for Epidemiologic Studies
depression scale (18), and Activities
of daily living scale were performed by
two authors (C.S. and Y.S., with 3 and
2 years of experience, respectively).
The inclusion criteria for SCD
(based on the research criteria for pre-
mild cognitive impairment SCD [1])
were as follows: (a) self-reported expe-
rience of persistent decline in memory
compared with a previous state (within
the past 5 years), which was further
confirmed further by informants; (b)
scores on both the Mini-Mental State
Examination and the Montreal Cogni-
tive Assessment that were within the
normal range (adjusted for age, sex,
and education); (c) a Clinical Dementia
Rating score of 0. The healthy control
subjects were volunteers without cogni-
tive decline concerns and whose neuro-
psychological tests scores were in nor-
mal range. Subjects were excluded if
they had any of the following: (a) history
of stroke, (b) depression, (¢) another
central nervous system disease that

208 patients had memory

61 volunteers without
memaory concerns

decline concerns

v

| All subjects underwent a standardized clinical evaluation

118 patients diagnosed

i with MCl/dementia

27 patients had stroke
history (HIS>4, excluded)

A 4
No subjects were
excluded based on the
exclusion criteria

—»| depression (HAMD>24 or
CES-D>21, excluded)

38 patients diagnosed with

v

ALL subjects underwent resting-state functional and
structural MR imaging. None were excluded

v

| SCD (n=25)

H Healthy control subjects (n=61) |

Figure 1:

Flowchart shows selection of subjects. MCI = mild cognitive

impairment, CDR = Clinical Dementia Rating, HIS = Hachinski Ischemic Scale,
HAMD = Hamilton depression rating scale, CES-D = Center for Epidemiologic

Studies Depression Scale.

causes cognitive decline (eg, brain tu-
mor, Parkinson disease, encephalitis or
epilepsy), (d) other diseases that cause
cognitive decline (eg, thyroid dysfunc-
tion, severe anemia, syphilis, or HIV),
(e) history of psychosis or congenital
mental growth retardation, or (f) trau-
matic brain injury. The diagnosis was
performed by experienced neurologists
(Y.Han, H.Y.L., and Y.X.L., with 28,
12, and 8 years of experience, respec-
tively). Details of the enrollment process
are shown in a flowchart of the study
(Fig 1). After collecting the data of all
the subjects, we followed up the SCD
and control subjects from June 2014 to
December 2015. None of the subjects
with SCD showed progression to mild
cognitive impairment or AD, and the
control subjects did not show progres-
sion to SCD during this time.

Data Acquisition

All of the participants were imaged
with a 3-T MR imager (Magnetom So-
nata; Siemens, Erlangen, Germany).
Foam pads and headphones were used
to minimize head movement and im-
ager noise. Functional images were

collected axially by using an echo-pla-
nar imaging sequence: repetition time
msec/echo time msec, 2000/40; flip
angle, 90°; field of view, 240 X 240
2; matrix, 64 X 64; number of sec-
tions, 28; section thickness, 4 mm;
voxel size, 3.75 X 3.75 X 4 mm?; gap,
1 mm; and bandwidth, 2232 Hz per
pixel. Before undergoing imaging, the
subjects were instructed to keep their
eyes closed but not fall asleep, to re-
lax their minds, and to move as little as
possible during imaging. The sequence
lasted for 478 seconds and thus in-
cluded 239 functional volumes for each
subject. Three-dimensional T1-weight-
ed magnetization-prepared rapid gradi-
ent-echo sagittal images also were ob-
tained by using the following sequence:
1900/2.2; flip angle, 9°; inversion time,
900 msec; field of view, 256 X 256 mm?;
matrix, 256 X 256; number of sections,
176; section thickness, 1 mm; and voxel
size, 1 X 1 X 1 mm?.

mimny

Data Preprocessing

All data were processed by one author
(Z.J.D., with 6 years of experience
in both resting-state functional MR
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imaging and structural MR imaging).
Image preprocessing was performed by
using software (Statistical Parametric
Mapping [http://www.fil.ion.ucl.ac.uk/
spm[ and Data Processing Assistant for
Resting-State Functional MR Imaging
[DPARSF] [19]). For imager stabiliza-
tion and to allow the participants to
adapt to the environment, the first 10
volumes were discarded. The remain-
ing functional sequences were first cor-
rected for timing differences and mo-
tion effects. None of the subjects were
excluded on the basis of the criterion of
more than 3 mm of translation or 3° of
rotation in any direction. Next, the in-
dividual structural images (T1-weighted
magnetization-prepared rapid gradient-
echo images) were coregistered to the
mean functional image after motion
correction by using a linear transforma-
tion (20). The transformed structural
images were then segmented into GM,
white matter, and cerebrospinal fluid by
using a unified segmentation algorithm
(21). The motion-corrected functional
volumes were spatially normalized to
Montreal Neurologic Institute space
and resampled to 3-mm isotropic voxels
by using the normalization parameters
estimated during unified segmentation.
After a linear trend of the time course
was removed, a band-pass filter (0.01-
0.08 Hz) was applied. Finally, nuisance
signals (including Friston 24-head mo-
tion parameters [22], the mean global
signal, and the white matter and cere-
brospinal fluid signals) were extracted
and regressed out from the data to
reduce the effects of nonneuronal sig-
nals. The resultant residual time series
were used for further analyses. Given
that the removal of global brain signal
may discard the information of baseline
neuronal activity (23), we reanalyzed
the resting-state functional MR imaging
data without removing the mean global
signal.

Functional ALFF Analyses

To measure regional spontaneous brain
activity, we computed the ALFF (10)
in a voxel-wise manner. For a given
voxel, the residual time series was first
converted to the frequency domain by
using a fast-Fourier transform. The

square root of the power spectrum was
computed and then averaged through-
out 0.01-0.08 Hz. This averaged square
root was defined as the ALFF. For
each subject, we obtained an individ-
ual ALFF map, which was further spa-
tially smoothed with a Gaussian kernel
(full width at half maximum, 4 mm).
These procedures were performed with
a resting-state functional MR imaging
data-analysis toolkit (REST, http://rest.
restfmri.net) (24).

Structural Voxel-based Morphometric
Analyses

To determine the spatial pattern of
GM loss in patients with SCD, we per-
formed a voxel-based morphometric
analysis of the structural images (25).
Jacobian modulation was applied to the
segmented GM images in the Montreal
Neurologic Institute space, which were
obtained by using the unified segmenta-
tion algorithm as described previously.
After this, a spatial smoothing proce-
dure with a Gaussian kernel (full width
at half maximum, 10 mm) was per-
formed on the modulated GM images.
Finally, for each subject, we obtained a
smoothed GM volumetric map.

Statistical Analyses

We used two-sample two-tailed t tests
to detect the group differences between
patients with SCD and control subjects
in age, education level, and neuropsy-
chological tests scores, and we used a
two-tailed Pearson x? test to compare
group differences in sex.

To examine between-group differ-
ences in either ALFF or GM volume, a
voxel-wise general linear model analysis
was performed with age, sex, and edu-
cation level as covariates. The complete
general linear model was formulated as:

Y= 8, +BIX‘/gl'oup + B, x V,
+ By X Vo + By X Vi

ge

where Y is a dependent variable (ALFF
or GM volume), ng”p is the difference
in values between groups, V,  is the
difference in age, V__is the difference
in values between the sexes, V , is the
difference in values for education level,

and B,-B, are parameters that must be

estimated. The statistical significance
threshold was set at a height thresh-
old P value of less than .05 and clus-
ter size greater than 2160 mm? for the
ALFF analyses and a height threshold
P value of less than .05 and a cluster
size greater than 8360 mm? for the GM
volume analyses, both of which cor-
responded to a corrected P value of
less than .05. These statistical analyses
were confined within the GM mask
(size: 1588923 mm?) that was gener-
ated by thresholding (a threshold of
0.2) of the mean GM probability map
of all of the subjects. Corrections for
multiple comparisons were performed
with Monte Carlo simulations (26) by
using the AFNI AlphaSim program
(http://afni.nimh.nih.gov/pub/dist/doc/
manual/AlphaSim.pdf).

To determine the relationships
between ALFF (or GM volume) and
verbal episodic memory performance
(AVLT-immediate recall, AVLI-delayed
recall, and AVLI-recognition), a voxel-
based general linear model analysis
was conducted in the SCD group within
the regions showing significant group
differences in ALFF (or GM volume),
with age, sex, and education level as
covariates. Multiple comparisons were
again corrected byusing Monte Carlo
simulations.

The present study included 235 sub-
jects with SCD (mean age, 65.52 years
+ 6.12) and 61 healthy control sub-
jects (mean age, 64.11 years * 8.59).
Table 1 summarizes the participants’
demographic characteristics and neu-
ropsychological test results. No signif-
icant differences were found (P > 0.1
for all) in age, sex, education level, and
Mini-Mental State Examination and
Montreal Cognitive Assessment scores
between the SCD and control subjects.
There were significant group differ-
ences in AVLT-immediate recall, AVLI-
delayed recall and AVLI-recognition
(all, P < 0.004).

Individuals in the SCD group had
higher ALFF values than did those in
the control group in the bilateral infe-
rior parietal lobule (left: 0.44 = 0.25
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Table 1

Demographic and Neuropsychological Tests of SCD and Healthy Control Groups

Demographics and Tests Patients with SCD (n=25)  Control Subjects (n=61)  PValue
Age (y) 65.52 = 6.12 64.11 = 8.59 .460
Sex* .907

Male 14 35

Female 1 26
Education 10.64 = 4.10 11.30 = 4.90 .557
Mini-Mental State Examination scores ~ 27.68 = 1.49 28.33 = 2.09 163
Montreal Cognitive Assessment scores ~ 26.36 =+ 2.29 26.67 * 2.69 .612
AVLT, immediate recall scores 7.52 +=1.78 9.41 =1.71 <.001
AVLT, delayed recall scores 7.76 = 1.83 10.33 = 2.80 <.001
AVLT, recognition scores 10.60 = 1.96 12.16 = 2.30 .004

Note.—Unless otherwise indicated, data are presented as means =+ standard deviation.

* Data are number of patients.

vs 0.27 £ 0.18, respectively; P = .0003;
right: 1.46 = 0.45 vs 1.10 = 0.37, re-
spectively; P = .0015), right inferior
occipital gyrus (0.45 = 0.15 vs 0.37
* 0.08, respectively; P = .0106), right
middle occipital gyrus (1.03 = 0.32 vs
0.83 = 0.20, respectively; P = .0008),
right superior temporal gyrus (0.11 =+
0.07 vs 0.07 = 0.04, respectively; P =
.0016), and right cerebellum posterior
lobe (0.51 = 0.27 vs 0.39 = 0.15, re-
spectively; P = .0010) (Fig 2, Table 2).
No lower ALFF was detected for the
SCD group compared with control sub-
ject group. When we omitted the global
signal regression in the preprocessing
of resting-state functional MR imaging
data, we found that all of the results
were preserved except for those in the
right superior temporal gyrus (Fig E1
[online]). There were no significant
differences between the groups in GM
volume after correction for multiple
comparisons. In the SCD group, there
were significant negative correlations
between AVLI-recognition and ALFF
values of the left inferior parietal lobule
(r = —0.788, P < .001, corrected) and
between AVLI-immediate recall and
ALFF values in the right middle occip-
ital gyrus (r = —0.636, P = .002, cor-
rected) (Fig 3).

These current results suggest that, com-
pared with control subjects, subjects

with SCD present with many regions
of altered brain function but not struc-
ture. Subjects with SCD had higher
ALFF values primarily in the bilateral
inferior parietal lobule, right middle
occipital gyrus, right inferior occipital
gyrus, right superior temporal gyri, and
right posterior lobe of the cerebellum,
whereas there was no significant differ-
ence between groups in GM volume.
Moreover, the alterations of ALFF in
the left inferior parietal lobule and
right middle occipital gyrus of the SCD
group significantly correlated with ver-
bal episodic memory scores. By using
resting-state functional MR imaging,
we observed higher spontaneous brain
activity in individuals with SCD, indi-
cating a possible compensatory mecha-
nism in the early stage of AD. Also, our
study results indicate that resting-state
functional MR imaging is an important
technique for detecting brain alter-
ations in patients with SCD.

The bilateral inferior parietal lob-
ular regions are known as the major
sites in the default-mode network and
have been found to exhibit a breakdown
of functional connectivity in patients
with AD (27). Previous resting-state
functional MR imaging studies have
shown higher ALFF values in the left
inferior parietal lobule of amnestic sub-
jects with mild cognitive impairment
(28) and lower ALFF values in the infe-
rior parietal lobule of patients with AD
(29) compared with control subjects.

Thus, we speculate that the inferior
parietal lobule may exhibit dynamic
changes in spontaneous activity during
the progression of AD, and the findings
of higher inferior parietal lobule ALFF
values in patients with SCD may indi-
cate a compensatory mechanism in the
early stage of this disease. In addition,
higher ALFF values also were found in
the middle occipital gyrus, inferior oc-
cipital gyrus, superior temporal gyri,
and cerebellum in the SCD group. Ab-
normal spontaneous brain activity in
these regions has been reported previ-
ously when amnestic subjects with mild
cognitive impairment were compared
with control subjects (13,30). Our find-
ings suggest that the regions showing
SCD-related changes in ALFF also were
related to those exhibiting functional
disruptions in patients with AD and/
or mild cognitive impairment. Thus, we
speculate that, throughout the course
of AD progression, alterations in spon-
taneous brain activity in these regions
may represent a compensatory mecha-
nism in individuals with SCD.
Although  functional alterations
were present in patients with SCD,
we did not observe significant group
differences in GM volume. The finding
of structural MR imaging was largely
consistent with the results of previous
studies (6,7). One possible explanation
for these results is that neuronal dys-
function may precede neuronal atrophy
and death in the progression of AD, ac-
cording to the model of the temporal
ordering of AD abnormalities (31). By
combining structural MR imaging and
positron emission tomography (PET),
authors of a previous study of AD pro-
vided empirical support that hypome-
tabolism largely exceeds GM atrophy in
several brain regions (32). Our results
of combined resting-state functional
MR imaging and structural MR imaging
provide further support the idea that
functional alterations might occur be-
fore structural atrophy in patients with
SCD. Collectively, these works raise the
possibility that, compared with struc-
tural MR imaging that captures GM
morphometry, resting-state functional
MR imaging might be a more sensitive
imaging technique for detecting brain
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Fitted ALFF

07 Lett Right ' Right = Right = Right = Right
IPL MOG PLC/TG IPL/SPG STG I0G/MOG
FG

Figure 2: A, Zvalue statistical difference maps in ALFF values between SCD
(top two images on left) and healthy control subject (top two images on right). 7
-value cortical surfaces were mapped by using the BrainNet Viewer (http.//www.
nitre.org/projects/bnv/) (35). B, Bar graphs demonstrate fitted ALFF values at the
peak voxel showing ALFF differences between groups. FG = fusiform gyrus, /0G
= inferior occipital gyrus, /PL = inferior parietal lobule, /TG = inferior temporal
gyrus, MOG = middle occipital gyrus, PLC = posterior lobe of the cerebellum, SPG
= superior parietal gyrus, STG = superior temporal gyrus.

alterations in patients with preclinical
AD. Nonetheless, results of structural
MR imaging studies have been incon-
sistent, with some authors (3-5) find-
ing loss of GM volume in individuals
with SCD. The inconsistencies among
these structural MR imaging stud-
ies could have occurred because SCD
is an inchoate and long period in the
progression of disease and authors of

different studies may have collected the
data with different SCD stages. On the
other hand, the nonsignificant results
may have been limited by the small
sample size. Therefore, it would be
important to recruit more participants
with SCD to validate these results in

the future.
In the current study, although
we observed significant differences

between groups in AVLI-immediate
recall, AVLI-delayed recall and AVLI-
recognition scores, the performance of
subjects with SCD on the AVLT was still
within the age-adjusted normal range
(16). This finding was compatible with
the notion that subtle cognitive deficits
may be present in subjects with SCD
(33). These indicate that individuals
with SCD may adopt compensatory
strategies that involve increased func-
tional activity in several brain regions
to maintain the normal performance
in verbal episodic memory in the early
stage of disease. However, the specific
neural basis of this mechanism is still
poorly understood. A possible explana-
tion for this observation is that the neu-
ral compensation initiates the first at-
tempts to maintain the impaired neural
reserve and then recruits alternate neu-
ral networks to improve function (34).
Consistent with the speculation, we
found significant negative correlations
between AVLI-recognition and regional
ALFF values in the left inferior parie-
tal lobule and between AVLT-immediate
recall and regional ALFF values in the
right middle occipital gyrus.

Our study had several limitations.
First, the results were limited by the
small sample size. Considering that our
data were from an ongoing research
project, further analyses with more par-
ticipants with SCD should be conducted.
Second, we did not include information
on the biomarkers of AD (such as am-
yloid deposition) for the subjects with
SCD. Thus, we could not determine if
the symptoms of SCD were related to
AD. Future studies that combine PET
with multimodal MR imaging techniques
would be important to elucidate the
pathophysiologic mechanisms of the
functional alterations in patients with
SCD. Third, in this study we only col-
lected data on verbal episodic memory
performance for subjects with SCD. It
would be important to include more
cognitive tests (eg, executive function)
to fully evaluate the brain-behavioral re-
lationship in patients with SCD. Finally,
the present study was cross-sectional. A
longitudinal design would be very help-
ful to determine whether the profiles of
increased functional activity identified in
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Table 2

Regions Showing Significant ALFF Differences between the SCD and Control Groups

MNI Coordinates (mm)

Brodmann Fitted ALFF Value,

Brain Regions Area* Volume (mmd) X y z Fitted ALFF value, SCD* Control Subjects* Z-score
Left inferior parietal lobule 7/40 5508 -33 —72 48 0.44 = 0.25 0.27 £ 0.18 3.587
Right middle occipital gyrus 19/39 4266 42 —72 24 1.03 = 0.32 0.83 = 0.20 3.333
Right posterior lobe of cerebellum, inferior 37 13878 0 =72 —45 0.51 = 0.27 0.39 = 0.15 3.291

temporal gyrus, and fusiform gyrus
Right inferior pariental lobule, and 40/7 4401 39 —51 54 1.46 = 0.45 1.10 £ 0.37 3.172
superior parietal gyrus
Right superior temporal gyrus 4 2700 45 -30 6 0.11 £ 0.07 0.07 = 0.04 3.159
Right inferior occipital gyrus and middle 18 2457 24 —-102 3 0.45 = 0.15 0.37 = 0.08 2.556

occipital gyrus

*The numbers in the Brodmann Area column indicate the corresponding Brodmann sub-areas. MNI = Montreal Neurologic Institute.

* Fitted ALFF value for SCD = mean = standard deviation of fitted ALFF value in SCD group of peak voxel showing ALFF differences between the two groups.
+ Fitted ALFF value for healthy control subjects = mean = standard deviation of fitted ALFF value in healthy control group of peak voxel showing ALFF differences between the two groups.
§ Z-score = statistical value of peak voxel showing ALFF differences between the two groups

-4 Z Value 0

Fitted ALFF of left IPL

Fitted ALFF of right MOG

4.0
r=-0.788
3.5
25
1 '55 8 11 14
AVLT - recognition
1.0

r=-0,636

3 6 9 12
AVLT - immediate recall

Figure 3: Relationships between cognitive performance and ALFF values in
the SCD group. A, Brain surface map shows relationship of AVLT-recognition
scores and ALFF. Scatterplot shows correlation between ALFF value of left
inferior parietal lobule (/PL) and AVLT-recognition scores. B, Brain surface map
shows correlations between AVLT-immediate recall and ALFFs in middle oc-
cipital gyrus (MOG) in patient with SCD. Scatterplot shows correlation between
ALFF value of the right middle occipital gyrus and AVLT-immediate recall scores.

the individuals with SCD could be used
to predict the development of objective
memory decline and whether they are
related to the subsequent risk for de-
cline and dementia status.

In summary, although individuals
with SCD did not show GM loss in our
study, they showed functional alter-
ations of spontaneous or intrinsic brain
activity, and these alterations were

correlated with episodic memory per-
formance. These results suggest that
resting-state functional MR imaging is
a sensitive imaging technique for cap-
turing brain alterations in individuals
with SCD.
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