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Abstract

Background: Individuals with subjective memory complaints (SMC) feature a higher risk of cognitive decline and
clinical progression of Alzheimer’s disease (AD). However, the pathological mechanism underlying SMC remains
unclear. We aimed to assess the intrinsic connectivity network and its relationship with AD-related pathologies in
SMC individuals.

Methods: We included 44 SMC individuals and 40 normal controls who underwent both resting-state functional
MRI and positron emission tomography (PET). Based on graph theory approaches, we detected local and global
functional connectivity across the whole brain by using degree centrality (DC) and eigenvector centrality (EC)
respectively. Additionally, we analyzed amyloid deposition and tauopathy via florbetapir-PET imaging and
cerebrospinal fluid (CSF) data. The voxel-wise two-sample T-test analysis was used to examine between-group
differences in the intrinsic functional network and cerebral amyloid deposition. Then, we correlated these network
metrics with pathological results.

Results: The SMC individuals showed higher DC in the bilateral hippocampus (HP) and left fusiform gyrus and
lower DC in the inferior parietal region than controls. Across all subjects, the DC of the bilateral HP and left fusiform
gyrus was positively associated with total tau and phosphorylated tau181. However, no significant between-group
difference existed in EC and cerebral amyloid deposition.

Conclusion: We found impaired local, but not global, intrinsic connectivity networks in SMC individuals. Given the
relationships between DC value and tau level, we hypothesized that functional changes in SMC individuals might
relate to pathological biomarkers.

Keywords: Subjective memory complaint, Functional connectivity, Graph theoretical analysis, Neuropathology,
Eigenvector centrality, Degree centrality

Background
Subjective memory complaint (SMC) refers to self-perceived
cognitive decline with normal objective cognitive perform-
ance [1]. Prior studies showed that SMC individuals might
precede amnestic mild cognitive impairments (aMCI) and
exhibit a high conversion risk of Alzheimer’s disease (AD)
[2]. Moreover, longitudinal studies noted that the risk for

SMC individuals to convert to MCI or AD is 4.5-6.5 times
higher than healthy aging individuals [3–7]. Therefore, SMC
might serve as the typical presymptomatic stage along the
AD continuum [1].
Recent neuroimaging studies found that SMC individ-

uals is accompanied by cortical atrophy [8, 9] and white
matter (WM) abnormalities [10] in AD-related regions,
such as the medial temporal lobe. Functionally, SMC indi-
viduals feature both functional connectivity and metabolic
alterations in the medial temporal and occipitoparietal re-
gions [11–15]. These results jointly suggested SMC as the
middle stage between MCI and normal controls (NC) and
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demonstrated that SMC might be among the earliest AD
clinical symptoms. Pathological changes may explain these
neuroimaging abnormalities. For example, autopsy studies
have found higher levels of amyloid-β deposits and tau
tangles in SMC individuals than healthy aging [16]. Fur-
ther, PET study found increased entorhinal cortical tauo-
pathy in SMC individuals and noted that tauopathy might
be the most suggestive sign of SMC [17]. Despite these
findings, the link between AD-related biomarkers and
functional changes in SMC individuals is unclear.
To cover this gap, we combined graph theoretical ap-

proaches based on resting-state functional MRI (rsfMRI)
and pathological biomarkers. By definition, graph theor-
etical centrality considers the brain as one vast network
and measures the overall importance of individual brain
regions. In the present study, we assessed two represen-
tative centrality metrics, degree centrality (DC) and
eigenvector centrality (EC), across the entire brain.
These metrics could capture the functional relationships
of a given voxel (node) within the entire connectivity
matrix of the brain (connectome). Specifically, DC is a
local metric, calculating the number of direct connec-
tions for a given node [18]. In other words, a higher DC
represents more direct connections with the node. In
contrast, EC is a global metric calculating both the num-
ber and the weight of the connections [19, 20]. A brain
region with a higher EC value means strong connection
with more nodes and with higher weighting (i.e., there is
a central role for the region in the whole-brain connec-
tome). Furthermore, we assessed amyloid deposition in a
voxel-wise manner and explored pathological changes in
SMC individuals. Additionally, we examined the possible
amyloid burden, neuronal death, and accumulation of
tangles based on cerebrospinal fluid (CSF) data [21] .
We aimed to explore the intrinsic functional network

and its corresponding pathologies in SMC individuals.
Based on previous studies, we hypothesized that SMC
individuals had more severe topological network impair-
ment and a higher pathological burden than controls, es-
pecially in regions susceptible to AD pathologies such as
the temporal and parietal lobes [22]. Moreover, aberrant
functional connectivity metrics might relate to patho-
logical change.

Methods
Alzheimer’s disease neuroimaging and initiative
Data used in the preparation of this article were ob-
tained from the Alzheimer’s Disease Neuroimaging Ini-
tiative (ADNI) database (http://adni.loni.usc.edu). The
ADNI was initially launched in 2004 (ADNI-1), and add-
itional recruitment was made through ADNI-GO in
2009, ADNI-2 in 2010 and ADNI-3 in 2016. The pri-
mary goal of the ADNI has been to identify serial MRI,
PET, biomarkers and genetic characteristics that would

support the early detection and tracking of AD, and im-
prove clinical trial design. For up-to-date information,
see http://www.adni-info.org.

Study participants
This study was approved by the Institutional Review
Boards of all participating institutions, and informed
written consent was obtained from all participants at
each site. We included 44 SMC individuals and 40
well-matched normal controls (NC) from the ADNI
database (Additional file 1). All participants underwent
structural scans, rsfMRI scans, florbetapir PET amyloid
scans, and comprehensive neuropsychological assess-
ments at the same time point. The inclusion criteria for
NC included the following: (a) having an Mini-Mental
State Examination (MMSE) score between 24 and 30; (b)
having a clinical dementia rating (CDR) score of 0; (c)
having a normal Wechsler Memory Scale Logical Mem-
ory, WMS-LM, delay recall performance (in detail: ≥ 9
for subjects with 16 or more years of education; ≥ 5 for
subjects with 8–15 years of education; and ≥ 3 for 0–7
years of education); (d) non-clinical depression (geriatric
depression scale-15, GDS-15 score < 6) [23]; and (e)
non-demented.
The inclusion criteria for SMC individuals included

the following: (a) having a self-reported persistent mem-
ory decline assessed by using the Cognitive Change
Index (CCI; the total score from the first 12 items ≥ 16,
Additional file 1) [9]; (b) having a normal cognitive per-
formance (as for memory: having a normal WMS-LM
delay recall performance; as for general mental status:
having a normal MMSE (between 24 and 30) and a CDR
score of 0) [1].
We excluded subjects with the following manifesta-

tions: (a) significant medical, neurological, and psychi-
atric illness; (b) obvious head trauma history; (c) use of
non-AD-related medications known to influence cere-
bral function; (d) clinical depression; (e) alcohol or drug
abuse; (f ) left-handedness. After careful screening, we
excluded 14 SMC individuals (three subjects with abnor-
mal cognitive abilities, three subjects scanned with dif-
ferent rsfMRI acquisition parameters, six subjects with
amyloid-PET data missing, two subjects with excessive
head motion, Additional file 1) Table 1 shows the demo-
graphics of the included 44 SMC subjects and 40
well-matched NC subjects.

Neuropsychological and CSF data acquisition
All subjects underwent comprehensive neuropsycho-
logical tests, including assessment of general mental sta-
tus (Mini-Mental State Examination, MMSE) and other
cognitive domains, involving memory function (Auditory
Verbal Learning Test, AVLT; WMS-LM, immediate and
delayed memory), attention (Trail-Making Test part A,
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TMT-A), visuospatial function (Clock-Drawing Test,
CDT), executive function (Trail-Making Test part B,
TMT-B), and language ability (Boston Naming Test,
BNT). Moreover, we also used Everyday Cognition
(Ecog, Participant version and Informant version) to
assess the subjective and partner-based cognitive
complaints.

CSF biomarkers included amyloid-beta 1–42 (Aβ1-42),
total tau (t-tau), and phosphorylated tau at position 181
(p-tau181), measured by the fully automated Roche
Elecsys and Cobas e immunoassay analyzer system as
previously described [24]. Notably, not all subjects had
CSF sample since lumbar puncture is an invasive pro-
cedure. To ensure that pathology biomarkers accurately

Table 1 The demographic, cognitive and neuropathological information

Variables NC SMC T/χ2- value P value

Number 40 44

Demographic characteristics

Age, y, mean (SD) 75.10±5.39 73.78±5.81 1.08 0.28

Female, n (%) 22/18 24/20 0.002 0.57

Education (y), mean (SD) 16.70±2.39 16.66±2.60 0.08 0.94

Family, yes/no 23/17 14/30 7.28 0.03*

APOE 27/13 35/9 1.57 0.16

CSF

Aβ1–42 (pg/ml) 1389.89±755.77 1552.79±683.30 -0.75 0.46

T-Tau (pg/ml) 235.32±83.46 259.52±68.76 -1.05 0.30

P-Tau181 (pg/ml) 21.80±8.80 23.50±6.10 -0.73 0.47

Neuropsychiatric Scores

CCI 31.37±8.30

GDS 0.68±0.89 1.14±0.90 -2.36 0.02*

General mental status

MMSE 29.05±1.18 29.36±0.75 -1.44 0.15

Memory function

WMS-LM immediate 15.00±2.67 15.25±3.01 -0.39 0.70

WMS-LM delay 14.38±2.83 14.23±3.40 0.22 0.83

AVLT sum of trials 1–5 44.95±9.43 48.84±9.59 -1.86 0.07

AVLT30 7.18±4.14 8.88±4.18 -1.85 0.07

Attention

Log-transformed TMT-A 1.50±0.12 1.48±0.14 0.59 0.55

Decision-making function

Log-transformed TMT-B 1.79±0.16 1.84±0.17 -1.36 0.18

Language

BNT total 28.94±1.05 28.52±1.50 1.14 0.26

Category fluency 21.75±4.06 22.20±5.02 -0.45 0.65

Visuospatial processing

CDT 4.85±0.36 4.86±0.35 -0.18 0.86

Ecog PT: memory 1.53±0.41 1.94±0.60 -3.73 <0.001*

Ecog PT: global 1.35±0.26 1.55±0.38 -2.85 0.006*

Ecog Inf: memory 1.24±0.40 1.59±0.59 -3.18 0.002*

Ecog Inf: global 1.22±0.34 1.43±0.52 -2.15 0.03*

Data are presented as means ± standard deviations.
Abbreviation: SMC Significant Memory Complaint, NC Normal Controls, GDS Geriatric Depression Scale, MMSE Mini-Mental State Examination, WMS-LM Wechsler
Memory Scale Logical Memory, AVLT Auditory Verbal Learning Test, TMT Trail-Making Test, BNT Boston Naming Test, CDT Clock Drawing Test, E-Cog Measurement
of Everyday Cognition, PT patient-based, Inf Informant-based;
*p<0.05, significant difference between NC and SMC
Notably: The CSF data in Table 1 only represents the subjects who had CSF sample.
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reflected the functional profile, we only included CSF
samples at the same time as the rsfMRI acquisition
(Additional file 1). Thus, 19 out of 44 SMC individuals
and 28 out of 40 NC had CSF samples available.

MRI acquisition and pre-processing
We acquired the T1-weighted images using the following
parameters: repetition time (TR)=2300 ms; echo time
(TE)=2.98 ms; inversion time (TI)=900 ms; 170 sagittal
slices; within plane FOV=256 × 240 mm2; voxel size=1.1 ×
1.1×1.2 mm3; flip angle=9°; bandwidth=240 Hz/pix. The
rsfMRI images were obtained using an echo-planar im-
aging sequence with the following parameters: TR=3000
ms; TE=30 ms; the number of slices=48; slice thick-
ness=3.3 mm; spatial resolution=3.31×3.31×3.31 mm3. Ac-
cording to the scan protocol, all subjects were instructed
to open their eyes and keep at rest calmly during the scan.
We pre-processed all neuroimaging data using the Data

Processing Assistant and Resting-State FMRI (DPARSF;
www.rfmri.org/DPASFA) [25] based on the platform of
Statistical Parametric Mapping 8 (SPM8; www.fil.ion.ucl.a-
c.uk/spm) [26]. First, we discarded the first ten image vol-
umes of rsfMRI scans for the signal equilibrium and
subject’s adaptation to the scanning noise. Then, we cor-
rected the remaining 130 images for timing differences
and head motion [27]. Here, we discarded the image data
with more than 2.5 mm maximum displacement in any of
the x, y, or z directions or 2.5° of any angular motion. Sub-
sequently, based on rigid-body transformation, we
co-registered T1-weighted images to the mean rsfMRI
image and spatially normalized these images to the
Montreal Neurological Institute (MNI) standard space.
The standardized image was subsequently re-sampled into
3 mm × 3 mm × 3 mm cubic voxel. Then, we performed a
detrend and filter procedure (0.01 Hz < f < 0.08 Hz) to re-
move the bias from the high-frequency physiological noise
and the low-frequency drift. Finally, we scrubbed the data
to reduce motion-related artifacts by using a framewise
displacement (FD) threshold of 0.5, deleting one time
point before and two time points after “bad” time points
[28]. To remove residual effects of motion and other
non-neuronal factors, we corrected covariates including
24 head motion parameters and signals of white matter
and CSF signal. Moreover, considering the possible effect
of autocorrelation in fMRI time series, we additionally
performed pre-whitening [29, 30] in the pre-processing by
using FSL (Additional file 1).

Centrality metrics
For each subject, we computed Pearson’s correlations
between the time series of all pairs within the whole
brain to produce the functional connectivity matrix. The
procedure constrained by the gray matter mask gener-
ated by setting a threshold of 0.3 on the mean gray

matter probability map. Then, we calculated the DC and
EC metrics in a voxel-wise manner to quantify the local
and global brain network integrity (Additional file 1)
[18]. In detail, we calculated DC by counting, for each
voxel, the number of voxels it was connected to at a
threshold of r ≥ 0.25. More details regarding DC processing
are available in the literature [18, 31–34]. On the other hand,
we calculated EC by counting the weighted number of cor-
relations based on fast ECM (fECM) toolbox [31, 35, 36].
Then, all DC and EC maps underwent smoothing with full
width at half maximum with a Gaussian kernel of 6 mm × 6
mm × 6 mm and Fisher’s Z transformation.

PET acquisition and pre-processing
We downloaded amyloid PET data from LONI in the
most fully pre-processed format (series description in
LONI Advanced Search: “AV45 Coreg, Avg, Std Img and
Vox Siz, Uniform Resolution”). Subsequently, we core-
gistered the T1-weighted image to the mean amyloid
PET image and spatially normalized these images to the
Montreal Neurological Institute (MNI) space. A stan-
dardized image was subsequently re-sampled into 3 mm
× 3 mm × 3 mm cubic voxel. Finally, each amyloid PET
image was normalized to the whole cerebellum to create
standardized uptake value ratio (SUVR) images.

Statistical analyses
We analyzed the demographic data using the chi-squared
test for categorical data and t-test for continuous data
(SPSS version 19.0). Then, we examined the neuroimaging
metric differences (including DC, EC, and SUVR images)
between the SMC and NC groups in a voxel-wise manner
based on REST software (www.restfmri.net). In detail, we
performed a two-sample t-test with age, gender, education,
and GDS as the covariates, by setting the statistical thresh-
old at P<0.001 and cluster size > ten voxels (uncorrected).
We defined regions showing significant differences be-

tween groups as the region of interest (ROIs) and ex-
tracted the mean features (DC, EC, and SUVR values)
from them. Then, based on Spearman’s correlation, we
correlated these neuroimaging metrics with neuropatho-
logical and neuropsychological results. To reduce the se-
lection bias, we extended the CSF data and repeated the
correlation analyses (Additional file 1).
Moreover, to examine the stability of our results across

time, we selected a subgroup of SMC individuals with
both baseline and follow-up data from our original SMC
subjects and repeated our analysis (Additional file 1).

Results
Demographic and neuropsychological data
Descriptive data are presented as the mean ± standard
deviation for continuous variables and percentage for di-
chotomous variables. The SMC individuals matched well
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with NC for age, gender, education, and APOE status.
However, the SMC individuals showed higher GDS than
the NC individuals. Regarding the cognitive performance
and mean FD value (micromotion index), no significant dif-
ference existed between groups (Table 1, Additional file 1).
Moreover, SMC individuals had greater self-based/infor-
mant-based complaints than NC individuals in memory
and global state.

Centrality metrics
The SMC individuals showed higher DC in the bilateral
hippocampus (HP) and left fusiform gyrus and lower DC
in the right inferior parietal region than NC individuals.
However, no significant differences in EC existed be-
tween groups (Fig. 1 and Table 2). Moreover, we adopted
different statistical thresholds to explore the stability of
our results (Additional file 1).

PET and CSF data
The voxel-wise comparison of SUVR images showed no
significant difference between the SMC and NC groups.

No significant differences in CSF biomarkers existed
between groups (Table 1).

Correlation analyses
Across groups, the DC value of bilateral HP and left fu-
siform gyrus was positively related with T-tau and
P-tau181. Specifically, the DC value of the left HP was re-
lated to T-tau and P-tau181 (r=0.32, P<0.05; r=0.37,
P<0.05, respectively); the DC value of the right HP was
related to T-tau and P-tau181 (r=0.47, P<0.05; r=0.45,
P<0.05, respectively); the DC value of the left fusiform
gyrus was related to T-tau and P-tau181 (r=0.39, P<0.05;
r=0.40, P<0.05, respectively) (Fig. 2). More information
is provided in Additional file 1.

Discussion
Our study initially combined rsfMRI and pathological
data to explore the intrinsic functional network and its
possible pathological mechanism in SMC individuals.
Based on centrality analyses, we found that the SMC in-
dividuals showed both impairment and compensation in
the default mode network (DMN) at the local level

Fig. 1 Shows the DC differences between SMC individuals and controls. SMC individuals showed higher DC (hot color) in the bilateral HP, left fusiform gyrus
and lower DC (cold color) in the right inferior parietal region than controls (P<0.001, cluster size > 10 voxels, uncorrected, covariates including age, gender,
education and geriatric depression scale). Abbreviations: DC degree centrality, SMC subjective memory complaint, HP hippocampus, IPG inferior parietal region
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(reflected by DC) but not at the global level (reflected by
EC). Moreover, the links between the DC value and CSF
tau level in the temporal regions suggested that the
functional alternation in SMC individuals may result
from tau-related pathologies.
SMC is at a stage of mild neuronal damage but still

with sufficient functional compensation [37]. This stage
may reflect the first effects of AD pathology on cognitive
functioning between full compensation and the very first
decline. Here, we found no difference in EC between
groups, which suggested that SMC individuals have rela-
tively intact global connectivity. This result was in line

with the work of Wang et al. which reported similar glo-
bal efficiency in SMC individuals and NC by examining
the white matter connectivity network [38]. On the
other hand, we found that the SMC individuals displayed
increased DC in the medial temporal region (MTL, in-
cluding the HP and fusiform gyrus) and decreased DC
in the inferior parietal gyrus (IPG), suggesting aberrant
local connectivity in the DMN. Another functional study
came to similar conclusions, reporting that DMN func-
tion was alternated in SMC individuals and proposed it
as the early AD-related connectivity failure [39]. More-
over, one study also reported reduced parietal activation
while increased HP activation [40] in normal aging,
demonstrating that successful memory encoding re-
quires the coordination of neural activity in hippocampal
and parietal regions. Accordingly, we hypothesized that
reduced functional activity in the inferior parietal gyrus
might indicate network deficiency, but increased activity
in MTL might compensate for decreased memory in
SMC individuals.
Supporting evidence for our hypothesis also comes

from studies using different modalities. The inferior

Table 2 Results of degree centrality differences between SMC
individuals and NC

Brain regions Cluter-size Coordinates (MNI) Peak intensity

X Y Z

R Hippocampus 23 27 -3 -24 3.89

L Hippocampus 11 -30 -18 -21 4.12

L Fusiform 16 -27 -45 -18 4.02

R Inferior parietal region 13 54 -21 27 -4.21

Fig. 2 Shows the association between tau and DC value. Across groups, the DC value of the bilateral HP and left fusiform gyrus was positively associated
with the T-tau and P-tau181 levels. a DC value of left HP related to T-tau (r=0.32, P<0.05); b DC value of left HP related to P-tau181 (r=0.37, P<0.05); c DC value
of right HP related to T-tau (r=0.47, P<0.05); d DC value of right HP related to P-tau181 (r=0.45, P<0.05); e DC value of left fusiform gyrus related to T-tau
(r=0.39, P<0.05); f the DC value of left fusiform gyrus related to P-tau181 (r=0.40, P<0.05). The scatter plot diagram displays the 95% confidence band of the
best-fit line. Abbreviations: DC degree centrality, HP hippocampus, T-tau total tau, P-tau181 phosphorylated tau; the unit of CSF: (pg/ml)
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parietal region, as a functional core of the DMN, is vul-
nerable to functional connectivity breakdown in AD pa-
tients [32, 41]. Similar results can also be found in white
matter network studies, demonstrating decreased nodal
strength in the parietal region in SMC individuals [38, 42].
Moreover, early suffering from decreased glucose meta-
bolic rates in the inferior parietal lobe in SMC individuals
may help explain these connectivity abnormalities. [11].
Therefore, we proposed that the inferior parietal region is
the primary target of functional decrease in SMC individ-
uals which may further lead to cognition decline. Mean-
while, we observed that MTL exhibited increased function
at the local level, which may help maintain cognitive per-
formance in SMC individuals. Similarly, several memory
encoding-related fMRI studies found increased activation
in the MTL in SMC individuals [13, 14, 43], suggesting
that this region may be involved in memory compensation
[14]. Additionally, one white matter connectivity study re-
ported impaired WM microstructure and integrity in
MTL in SMC individuals [44]. Previous literature has hy-
pothesized that before a global connectivity failure, brain
regions with high activity could reflect an attempted com-
pensation of early pathophysiological processes [45, 46].
Combined with the correlation between tau level and
functional connectivity in the MTL, we proposed that the
hyperconnectivity in SMC individuals is a result of brain
plasticity after damage to the neural system. Conclusively,
we hypothesized that both functional impairment and
compensation simultaneously existed in SMC individuals,
and such a functional pattern works jointly to maintain
normal cognition in SMC individuals.
Regarding the pathological results, we did not observe

significant amyloid differences between the SMC and
NC groups. However, correlation analyses showed the
links between MTL DC value and CSF tau level in all
subjects. One possible explanation is that tau-mediated
neuronal dysfunction [47, 48], but not amyloid burden is
the initial pathology in SMC individuals. Some PET
studies supported this interpretation to some extent
[49–52]. Specifically, the SMC individuals tend to suffer
tau pathology accumulation early in the MTL, in regions
involved in memory function [17, 53–56]. In addition,
Risacher et al. [57] reported that olfactory identification
was more related to tauopathy than amyloid deposition
in individuals with SMC. Another explanation is that the
SMC group consists of a heterogeneous population [58].
Here, we included SMC individuals according to the frame-
work and tried to meet the plus criteria [1]. Evidence such
as informant-based complaints provides additional predict-
ive ability for the progression to dementia in SMC individ-
uals [59]. Notably, apart from AD-related pathologies,
other neuropsychiatric factors such as depression or anxiety
may also contribute to SMC [60–64]. These symptoms
may also be manifestations of preclinical AD and can

further lead to increases in amyloid formation and tau ac-
cumulation [65, 66] at the early stage of AD and could con-
stitute a risk factor for subsequent dementia [67]. In our
study, SMC individuals had a higher depression score (but
within the clinically normal range), which was controlled to
eliminate its possible effect according to the framework [1].
Considering the mixed function of subthreshold symptoms
and pathologies, we still inferred that these possible mixed
factors might affect the results to some extent.
There exist several limitations in our study. First, the

sample size was relatively small, which reduced the stat-
istical power. Future studies with larger sample sizes are
required. Second, the SMC group is a heterogeneous
group, easily resulted from other neuropsychological fac-
tors apart from AD-related pathologies. Future studies
should consider these neuropsychiatric factors associated
with SMC [58]. Moreover, the pathological ATN classifi-
cation can help to define the SMC due to AD and
should be used in the further analysis [68, 69]. Third,
some CSF data are missing, which may lead to a selec-
tion bias. We performed a complementary correlation
analysis based on extended CSF, which may support the
stability of our findings to some extent. However, further
studies with larger CSF sample sizes are urgent.

Conclusion
We found an impaired local, but not global, intrinsic
functional network in SMC individuals, mainly involving
the DMN. We hypothesized that the co-existence of
functional impairment and compensation helped keep
the normal cognitive in SMC individuals. Moreover, our
results suggested that functional changes in SMC indi-
viduals may result from tau-related pathologies.

Additional file

Additional file 1: Flow chart of subjects inclusion. Details regarding CCI.
Analysis based on extended CSF data. Analysis based on data after pre-
whitening. Details regarding DC and EC calculation. Analysis based on
the follow-up data. Head motion parameters of SMC individuals and NC.
Results under different thresholds. (DOCX 1176 kb)
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