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Introduction: To identify individuals with preclinical cognitive impairment, researchers
proposed the concept of objectively-defined subtle cognitive decline (Obj-SCD).
However, it is not clear whether Obj-SCD has characteristic brain function changes.
In this study, we aimed at exploring the changing pattern of brain function activity
in Obj-SCD individuals and the similarities and differences with mild cognitive
impairments (MCI).

Method: 37 healthy control individuals, 25 Obj-SCD individuals (with the impairment in
memory and language domain), and 28 aMCI individuals were included. Resting-state
fMRI and neuropsychological tests were performed. fALFF was used to reflect the local
functional activity and compared between groups. Finally, we analyzed the correlation
between the fALFF values of significantly changed regions and neuropsychological
performance.

Results: We found similar functional activity enhancements in some local brain regions
in the Obj-SCD and aMCI groups, including the left orbital part of the inferior frontal
gyrus and the left median cingulate and paracingulate gyri. However, some changes in
local functional activities of the Obj-SCD group showed different patterns from the aMCI
group. Compared with healthy control (HC), the Obj-SCD group showed increased local
functional activity in the right middle occipital gyrus, decreased local functional activity in
the left precuneus and the left inferior temporal gyrus. In the Obj-SCD group, in normal
band, the fALFF value of the right middle occipital gyrus was significantly negatively
correlated with Mini-Mental State Examination (MMSE) score (r = −0.450, p = 0.024) and
Animal Verbal Fluency Test (AFT) score (r = −0.402, p = 0.046); the left inferior temporal
gyrus was significantly positively correlated with MMSE score (r = 0.588, p = 0.002). In
slow-4 band, the fALFF value of the left precuneus was significantly positively correlated
with MMSE score (r = 0.468, p = 0.018) and AFT score (r = 0.600, p = 0.002). In the aMCI
group, the fALFF value of the left orbital part of the inferior frontal gyrus was significantly
positively correlated with Auditory Verbal Learning Test (AVLT) long delay cued recall
score (r = 0.506, p = 0.006).

Conclusion: The Obj-SCD group showed a unique changing pattern; the functional
changes of different brain regions have a close but different correlation with cognitive
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impairment, indicating that there may be a complex pathological basis inside. This
suggests that Obj-SCD may be a separate stage of cognitive decline before aMCI and
is helpful to the study of preclinical cognitive decline.

Keywords: objectively-defined subtle cognitive decline, mild cognitive impairment, function activity, resting-state
functional MRI, cognitive function

INTRODUCTION

In the study of preclinical Alzheimer’s disease (AD), some
researchers have proposed that there is another kind of
cognitive impairment in addition to SCD (subjective cognitive
dysfunction), namely Objectively-defined subtle cognitive
decline (Obj-SCD). In individuals with Obj-SCD, only
subtle cognitive decline can be objectively detected; they
have a roughly normal cognitive function and have no
memory decline complaints. Obj-SCD is defined using six
neuropsychological test indicators, including two memory
function indicators, two language function indicators,
and two attention/execution indicators. Memory function
indicators include: total score of Auditory Verbal Learning
Test (AVLT) 20-min free delayed recall and total score of
AVLT recognition language function indicators includes:
Animal Fluency (total score) and 30-item Boston Naming Test
(BNT; total score) attention/execution indicators includes:
Trail Making Test (TMT) A and Trail Making Test B (time
to completion). An individual is defined as Obj-SCD if they
meet the following conditions: (1) Does not meet the standards
of Mild cognitive impairments (MCI); and (2) In two of
the three different cognitive domains (memory, language,
attention/execution), only one indicator is impaired (>1 SD
below demographically adjusted mean; Thomas et al., 2018,
2020).

Currently, the studies on Obj-SCD are mainly focused on
preclinical AD. AD is considered a continuous process that
can be diagnosed before clinical symptoms appear (Dubois
et al., 2016). The National Institute on Aging and Alzheimer’s
Association (NIA-AA) divided AD’s cognitive decline procession
into six stages; Obj-SCD locates in the middle state between
normal cognitive function and mild cognitive impairment (MCI;
Jack et al., 2018). A 10-year longitudinal study based on the AD
Neuroimaging Initiative showed that individuals with Obj-SCD
progressed to MCI 2.5–3.4 times faster than the normal group
(Thomas et al., 2018). An arterial spin labeling MRI study
reported that compared with the normal cognitive function
group, the cerebral blood flow of the Obj-SCD participants
increased in the hippocampus and inferior parietal; compared
with the MCI group, the cerebral blood flow increased in the
hippocampus, inferior parietal, and inferior temporal (Thomas
et al., 2021). A longitudinal study for 4 years found that
Obj-SCD amyloid protein accumulated faster and showed faster
thinning of the internal olfactory cortex than the normal
group (Thomas et al., 2020). However, some researchers have
used Obj-SCD to describe the early cognitive decline stage
due to other causes, such as Parkinson’s dementia (PD).
A study of PD patients revealed that participants in the

Obj-SCD stage are more likely to progress to MCI due to
PD or dementia due to Parkinson’s disease within 5 years
(Jones et al., 2021).

Amnestic MCI (aMCI) is a subtype of MCI (Petersen, 2011).
AMCI can remain stable or progress to AD; it may also develop
into other forms of dementia (Petersen et al., 2001; Caminiti et al.,
2018; Cerami et al., 2018; Curiel Cid et al., 2020). Individuals
with aMCI have objective memory disorders, subjective memory
complaints, and slightly impaired daily activities; all of the above
can be detected by neuropsychological tests.

AMCI individuals have two impaired indicators in the
memory function domain, therefore, there are similarities and
differences between memory function impaired Obj-SCD (single
memory function indicator and single another cognitive domain
indicator) and single-domain aMCI (only two indicators of
memory function are impaired). In terms of neuropsychological
performance, cognitive impairment of the single-domain aMCI
exists only in the memory domain and is severer than that
of Obj-SCD.

There are many core biomarkers used in the diagnosis
of cognitive impairment. The guidelines on AD proposed by
NIA-AA define the biomarkers for early diagnosis of AD as
A/T/N regimens, including Aβ42, total Tau, phosphorylated
Tau in cerebrospinal fluid, and the detected value of Aβ42 and
Tau by PET CT (Scheltens et al., 2016; Jack et al., 2018). The
abnormal accumulation of α-synuclein aggregates can be used
as a biomarker of some non-AD pathological dementia, such as
PD, dementia with Lewy bodies, and multiple system atrophy
(Manne et al., 2019). However, some of these biomarkers are
too expensive, and some can only be detected through invasive
tests; therefore, they are challenging to be popularized and
widely adopted.

This calls for the development of a relatively simple and
non-invasive method that is needed to detect early cognitive
impairment. MRI can be used to screen individuals at risk
of cognitive impairment (Dubois et al., 2016). In the various
research methods of MRI, Resting-state functional magnetic
resonance imaging (rs-fMRI) has been widely applied in
the study of cognitive decline (Pan et al., 2017; Bi et al.,
2020a,b; Moguilner et al., 2020). A functional connectivity study
showed that the normal cognitive individuals with amyloid
positive are characterized by decreased functional connectivity
between the medial temporal lobe and the anterior temporal
lobe system (Berron et al., 2020). Another study on default
mode network (DMN) connection found that the change of
functional connection mode in AD is mainly in the SLOW-4
and SLOW-5 bands; the change is frequency-dependent (Li
et al., 2017). However, functional connections can only reflect
the connection between different brain regions and cannot
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measure spontaneous activity intensity in a particular brain
region (Jia et al., 2020).

Therefore, there is a need for an indicator that reflects
the characteristics of local brain activity. The human brain
produces numerous oscillatory waves; low-frequency fluctuation
amplitude (ALFF) can reflect brain oscillatory activity’s local
characteristics (Zou et al., 2008). However, ALFF is easily
disturbed by physiological noise. Compared with ALFF,
fractional ALFF (fALFF) can reflect the relative contribution of
low-frequency fluctuations in a specific frequency band to the
whole detectable frequency range, and it is not easily affected by
noise (Zuo et al., 2010).

However, few studies on Obj-SCD based on fMRI have been
conducted so far. We speculate that the reason might be that
Obj-SCD is in the very early stage of cognitive decline, and
thus detection of minor pathological changes using conventional
fMRI methods is difficult. Therefore, we want to study the
change of fALFF in multiple frequency bands through frequency
division. We also included patients with aMCI in order to
understand the similarities and differences between the Obj-SCD
and the aMCI group.

This study mainly used fALFF to explore the changing
pattern of regional brain function activities of Obj-SCD
individuals in different frequency bands and explore the
similarities and differences of the patterns between Obj-SCD
and aMCI groups. We hypothesized that if Obj-SCD is indeed
a unique stage before aMCI, then the local neural activity
may have changes similar to aMCI, but some changes may
also be different from aMCI. Since Obj-SCD may be in the
pathological stage before aMCI, this difference may be related
to functional compensation. To prove this hypothesis, we
also analyzed the correlation between functional activity and
neuropsychological performance.

MATERIALS AND METHODS

Participants
In this study, 90 participants from local communities were
recruited, including 37 healthy control individuals, 25 Obj-SCD
individuals, and 28 aMCI individuals. Recruitment was carried
out through advertising from August 2018 to November 2019.

Participants in this study had to meet the following criteria:
(1) Chinese speakers; (2) have no history of disease that seriously
affects brain function, such as craniocerebral injury, brain tumor,
cerebral hemorrhage, cerebral infarction, and other systemic
diseases that affect brain function (such as vitamin B12 deficiency
and syphilis); (3) can complete neuropsychological tests, have no
severe hearing, and visual impairment; and (4) can complete the
examination of craniocerebral MRI.

Inclusion criteria of the healthy control (HC) group:
(1) Mini-Mental State Examination (MMSE) score (illiteracy >
19, 1–6 education years >22, more than six education years >
26; Katzman et al., 1988); (2) a Clinical Dementia Rating (CDR)
score = 0 (Morris, 1993); (3) Hamilton Depression Rating Scale
score of ≤12 (Worboys, 2013); (4) no memory complaints; and
(5) no evidence of memory loss provided by the observer.

Inclusion criteria of Obj-SCD group: (1) not meet Jak/Bondi
criteria for MCI (Bondi et al., 2014); and (2) have and only
have one impaired indicator (>1 SD below demographically
adjusted mean) in two different cognitive domains (memory,
language, attention/executive; Thomas et al., 2018, 2020).
Neuropsychological tests used to diagnose Obj-SCD were as
follows. Two measures of language: Animal Fluency (total score)
and 30-item BNT (total score), two scores from a measure of
attention/executive function: Trail Making Test, Parts A and B
(time to completion); two scores from a measure of memory:
Auditory Verbal Learning Test (AVLT) 20-min free delayed
recall and AVLT recognition. For the consistency of the cohort,
we included individuals with cognitive impairment in memory
and language domains.

Inclusion criteria of the aMCI group: (1) with evidence
of subjective memory complaints in the past year either
by themselves or from bystanders; (2) MMSE above cut-off
(>24/30); (3) objective memory impairment: two indicators of
AVLT (long–delay free recall and recognition of AVLT) lower
than the normal average of age correction >1 SD; (4) less than
one item in the Activity of Daily Living Scale (ADL) changed;
and (5) according to the NIA-AA criteria, there is no evidence of
dementia (Bondi et al., 2014).

Neuropsychological Tests
All the individuals participated in the following
neuropsychological tests: General cognitive function: MMSE
(total score: 30; Folstein et al., 1975).

Memory function: Auditory Verbal Learning Test (AVLT;
score: 12 per round, immediate recall score equals the sum of
the first, second, and third recall scores, recognition score: 24;
Zhao et al., 2015); Brief VisuospatialMemory Test (BVMT; score:
12 per round, immediate recall score equals the sum of the first,
second and third recall scores; Pliskin et al., 2020).

Language function: Animal Verbal Fluency Test (AFT; Zhao
et al., 2013a), BNT (total score: 30; Mack et al., 1992).

Executive function: Shape Trail Test (STT; Zhao et al.,
2013b), Stroop Test (total score: 24; Chen et al., 2019). For
cultural fairness, we use STT instead of TMT to evaluate
executive function.

Spatial Function: Judgment of Line Orientation (JLO; total
score: 30; Qualls et al., 2000).

Attention function: Digit Span Test (DST; forward score: 12;
backward score: 10; Johansson and Berg, 1989).

Functional Magnetic Resonance Imaging
MRI Data Acquisition
All Resting-state fMRI images were collected using a 3.0-
Tesla scanner (SIEMENS MAGNETOM Prisma 3.0 T, Siemens,
Erlangen, Germany). Before the scans, the participants were told
to close their eyes, stay relaxed, do not fall asleep, and move
as little as possible. The image is obtained through an echo
plane imaging sequence with the following parameters: repetition
time (TR)/echo time (TE), 800/37 ms, flip angle (FA), 52◦,
matrix size, 104 × 104, the field of view, 208 mm × 208 mm,
slice number, 72 slices, slice thickness, 2 mm, voxel size,
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2 mm × 2 mm × 2 mm. It took 404 s to get 488 slices
through scanning.

Imaging Data Processing
All functional imaging data were processed by Statistica
Parametric Mapping 12 (SPM12)1 and RESTplus2 toolkits.
The first 30 time points were discarded to stabilize the
magnetic field and make the participants adjust to the
environment. Then, the following preprocessing steps were
performed: realign the head motion (participants whose
head movement over 3 mm or more 3◦ had been excluded),
spatially normalized to the Montreal Neurological Institute
(MNI) space and resampled to 3 mm isotropic voxels,
remove linear and quadratic trends of the time-series
signals, regress out the sign (including white matter,
cerebrospinal fluid, global mean signal, and Friston-24 motion
parameters), the smoothing was done by Full Wave at Half
Maximum 6 mm.

The preprocessed data were imported into the RESTplus
toolkit and the fALFF in the normal band (0.01–0.08 Hz),
slow4 band (0.027–0.073 Hz), and slow5 band (0.01–0.027 Hz)
were calculated. For standardization, each voxel’s fALFF values
were divided by the global average fALFF values of all voxels in
the whole brain to obtain each participant’s mfALFF map.

Statistical Analysis
Demographic and neuropsychological test scores were analyzed
using SPSS (IBM SPSS Statistics, Version 26.0. IBM Corp.,
Armonk, NY, USA). The normality test of the data was
performed using the Shapiro—Wilke normality test. Mean
and the standard deviation was used to represent normally
distributed data. Median (quartile range) is used to represent
non-normally distributed data. Differences in age, education
years, sex, hypertension, diabetes, and hyperlipidemia were
analyzed using the Pearson chi-square test. ANOVA test
was used to analyze neuropsychological test scores that
fit the normal distribution between the three groups.
Nonparametric tests (the Kruskal-Wallis H test) were used
to analyze neuropsychological test scores that did not fit the
normal distribution between the three groups. Bonferroni’s
correction was used for multiple comparisons in posthoc
analysis. Spearman rank correlation analysis was used to analyze
the correlation between mfALLF and neuropsychological
test scores.

RESTplus toolkit was used in the statistical analysis of
image data. To accurately display the similarities and differences
between the three groups, we conducted ANOVA analysis on
the mFalff diagrams of the three groups, the threshold was
set to 0.05, and a binary mask was obtained to limit the
range of comparison between the groups. Multiple comparison
corrections were performed using the false discovery rate (FDR)
for the comparison between groups. Since multiple comparisons
were involved, the FDR correction threshold was set to 0.017 to
reduce the false-positive rate.

1http://www.fil.ion.ucl.ac.uk/spm/software/spm12/
2http://restfmri.net/forum/restplus

The mfALFF values of the significant clusters were extracted
and correlated with neuropsychological tests by Spearman
rank analysis.

RESULTS

Demographic Data and
Neuropsychological Performances
There were no statistical differences in age, sex, and education
years among the three groups. There were no statistical
differences in hypertension (24.3% in HC group, 40.0% in SCD
group, 32.1% in aMCI group), hypercholesterolemia (8.1% in HC
group, 16.0% in SCD group, 10.7% in aMCI group), and diabetes
(13.5% in HC group, 20.0% in SCD group, 14.3% in aMCI group)
among the three groups (Table 1).

All the Obj-SCD individuals included in the study showed
impairment of a single neuropsychological test indicator of
memory function and language function. Compared with HC
group, Obj-SCD group had worse performance in MMSE [27
(26, 29) vs. 29 (28, 30)], AVLT immediate [13 (8, 16) vs. 18 (15.5,
20.5)], AVLT short delay free recall [4 (2, 6) vs. 6 (5, 8)], AVLT
long delay free recall [3 (2, 4) vs. 6 (5, 8)], AVLT long delay cued
recall [3 (2, 4) vs. 6 (5, 7.5)], BVMT recognition [12 (10, 12) vs.
12 (12, 12)], AFT [15 (13, 17) vs. 19 (18.5, 21)], and BNT [23 (20,
24) vs. 26 (24, 27); Table 1].

Compared with HC group, aMCI group had worse
performance in MMSE [27 (26, 28) vs. 29 (28, 30)], AVLT
immediate [12 (11, 14) vs. 18 (15.5, 20.5)], AVLT short delay
free recall [3 (2, 2.75) vs. 6 (5, 8)], AVLT long delay free recall [2
(1, 3) vs. 6 (5, 8)], AVLT long delay cued recall [2 (2, 3) vs. 6 (5,
7.5)], AVLT recognition [18 (14.25, 20.75)], BVMT 6th recall [4
(4, 4) vs. 5 (5, 6)], BVMT recognition [12 (10, 12) vs. 12 (12, 12)],
AFT [16 (14, 17.75) vs. 19 (18.5, 21)], BNT [23 (21.25, 26) vs. 26
(24, 27)], STT-A total time [52.5 (39.25, 61.25) vs. 40 (34, 51)],
Stroop test B [23 (20, 24) vs. 24 (23, 24)], and DST sequence [7
(5, 8) vs. 8 (7.5, 8.5); Table 1].

Compared with the Obj-SCD group, the aMCI group had
worse performance in BVMT 6th recall [4 (4, 4) vs. 5 (4, 6);
Table 1].

Regional Functional Activity
The Obj-SCD Group Compared with the HC Group
In the normal band, compared with the HC group, the Obj-SCD
group showed increased fALFF in the left orbital part of inferior
frontal gyrus, the right middle occipital gyrus, cerebellar vermis;
decreased fALFF in the left inferior temporal gyrus (Two-tailed
t-test; FDR p < 0.017, k > 10 voxels; Table 2, Figure 1).

In the slow-4 band, compared with the HC group, the
Obj-SCD group showed increased fALFF in the left median
cingulate and paracingulate gyri; decreased fALFF in the left
inferior temporal gyrus, and the left precuneus (Two-tailed t-test;
FDR p < 0.017, k > 10 voxels; Table 2, Figure 1).

In the slow-5 band, compared with the HC group, the
Obj-SCD group showed increased fALFF in the right middle
occipital gyrus, caudate nucleus, and cerebellar vermis (Two-
tailed t-test; FDR p < 0.017, k > 10 voxels; Table 2, Figure 1).
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TABLE 1 | Demographic data and neuropsychological tests between groups.

HC (n = 37) OBJ-SCD (n = 25) aMCI (n = 28) Test statistic

Age (year)(1) 63.86 ± 8.250 64.12 ± 6.978 65.71 ± 6.895 0.531
Sex (Male/Female)(2) 15/22 11/14 13/15 0.231
Edu years (year)(1) 12.11 ± 3.422 10.84 ± 2.511 12.19 ± 3.163 1.575
Hypertension(2) 24.3% 40.0% 32.1% 1.731
Hypercholesterolemia(2) 8.1% 16.0% 10.7% 0.947
Diabetes(2) 13.5% 20.0% 14.3% 0.528
General cognitive function

MMSE(3) 29 (28, 30) 27 (26, 29)∗ 27 (26, 28)∗ 16.268
Memory function

AVLT immediate recall(3) 18 (15.5, 20.5) 13 (8, 16)∗∗ 12 (11, 14)∗∗ 34.144
AVLT short delay free recall(3) 6 (5, 8) 4 (2, 6)∗∗ 3 (2, 2.75)∗∗ 39.854
AVLT long delay free recall(3) 6 (4.5, 7.5) 3 (2, 4)∗∗ 2 (1, 3)∗∗ 45.121
AVLT long delay cued recall(3) 6 (5, 7.5) 3 (2, 4)∗∗ 2 (2, 3)∗∗ 47.269
AVLT recognition(3) 22 (21, 23) 21 (19, 23) 18 (16, 18.75)∗∗ 52.679
BVMT immediate recall(3) 22 (16.5, 26) 14 (11, 25) 18 (14.25, 20.75) 7.646
BVMT 4th recall(3) 10 (7.5, 11.5) 8 (6, 10) 8 (5.25, 10) 6.806
BVMT 5th recall(3) 10 (8, 11.5) 8 (6, 11) 8 (5.25, 10) 7.100
BVMT 6th recall(3) 5 (5, 6) 5 (4, 6) 4 (4, 4) ∗∗,† 17.112
BVMT recognition(3) 12 (12, 12) 12 (10, 12)∗ 12 (10, 12)∗∗ 15.652

Language function
AFT(3) 19 (18.5, 21.0) 15 (13, 17)∗∗ 16 (14, 17.75)∗∗ 27.372
BNT(3) 26 (24, 27) 23 (20, 24)∗∗ 23 (21.25, 26)∗ 16.866

Executive function
STT-A total time (second)(3) 40 (34, 51) 48 (41.5, 53) 52.5 (39.25, 61.25)∗ 9.335
STT-B total time (second)(3) 113 (89, 137) 124 (107.5, 153) 127.5 (109.25, 171.00) 3.570
Stroop test A(3) 24 (24, 24) 24 (24, 24) 24 (24, 24) 2.107
Stroop test B(3) 24 (23, 24) 24 (23, 24) 23 (20, 24)∗ 10.893

Spatial Function
JLO(1) 21.2 ± 5.04 19.79 ± 4.872 21.4 ± 4.32 1.526

Attention function
DST sequence(3) 8 (7.5, 8.5) 8 (7, 8) 7 (5, 8)∗ 8.213
DST reverse(3) 5 (4, 6) 5 (4, 6) 4.5 (4, 5) 3.519

(1)ANOVA test; (2)Chi-square test; (3)Kruskal–Wallis H-test; ∗compared with HC group, p < 0.05; ∗∗compared with HC group, p < 0.001; †compared with Obj-SCD group, p < 0.05.
MMSE, mini-mental state examination; AVLT, auditory verbal learning test; BVMT, brief visuospatial memory test; AFT, animal verbal fluency test; BNT, boston naming test; STT, shape
trail test; JLO, judgment of line orientation; DST, digit span test. Bonferroni correction for post-hoc analysis.

The aMCI Group Compared with the HC Group
In the normal band, compared with the HC group, the
aMCI group showed increased fALFF in the left orbital part
of the inferior frontal gyrus, bilateral median cingulate, and
paracingulate gyri (Two-tailed t-test; FDR p < 0.001, k >
10 voxels; Table 2, Figure 2).

In the slow-5 band, compared with the HC group, the aMCI
group showed increased fALFF in the right median cingulate
and paracingulate gyri (Two-tailed t-test; FDR p < 0.001, k >
10 voxels; Table 2, Figure 2).

The Obj-SCD Group Compared with the aMCI Group
In the normal band, compared with the aMCI group, the
Obj-SCD group showed increased fALFF in the right middle
occipital gyrus (Two-tailed t-test; FDR p < 0.017, k > 10 voxels;
Table 2, Figure 2).

Correlation Analysis
In the Obj-SCD group, in normal band, the fALFF value of
the right middle occipital gyrus was significantly negatively
correlated with MMSE score (r = −0.450, p = 0.024) and AFT
score (r = −0.402, p = 0.046; Figure 3); the left inferior temporal
gyrus was significantly positively correlated with MMSE score
(r = 0.588, p = 0.002). In slow-4 band, the fALFF value of

the left precuneus was significantly positively correlated with
MMSE score (r = 0.468, p = 0.018) and AFT score (r = 0.600,
p = 0.002; Figure 3).

In the aMCI group, the fALFF value of the left orbital
part of the inferior frontal gyrus was significantly positively
correlated with AVLT long delay cued recall score (r = 0.506,
p = 0.006; Figure 3).

DISCUSSION

In the stage of Obj-SCD, the neuropsychological decline includes
two cognitive domains but is limited to one indicator of each
domain. In the next stage of dementia progression, such as
MCI, although cognitive impairment is aggravated, it may only
be manifested in a single cognitive domain. Therefore, we
speculate that the pathological characteristics of Obj-SCD may
lead to a unique changing pattern, which is both similar and
different from the next stage. Since the impairment in different
cognitive domains will show different brain function activity
changes, we made some efforts to select the cohort. For the
Obj-SCD group, we chose individuals with impairments only
in the memory domain and language domain, which is also
the most common Obj-SCD individual. For MCI individuals,
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TABLE 2 | Regions with changed functional activity (fALLF) between groups.

Normal band Slow-4 band Slow-5 band

CLUSTER (AAL) Volume
(voxels)

CLUSTER (AAL) Volume
(voxels)

CLUSTER (AAL) Volume
(voxels)

OBJ-SCD vs. HC Cluster 1 total: 13 Cluster 1 total: 12 Cluster 1 total: 11
Peak (MNI): −18 21 −24
Peak t: 4.4407

Peak (MNI): −57 −63 −12
Peak t: −4.1945

Peak (MNI): 0 −54 3
Peak t: 4.6911

Frontal_Inf_Orb_L 10 Temporal_Inf_L 6 Vermis_4_5 11

Cluster 2 total: 13 Cluster 2 total: 10 Cluster 2 total: 11
Peak (MNI): −57 −66 −6
Peak t: −4.4341

Peak (MNI): −12 0 42
Peak t: 3.9132

Peak (MNI): 30 −72 15
Peak t: 4.0551

Temporal_Inf_L 4 Cingulum_Mid_L 6 White Matter 11
Occipital_Mid_R 4

Cluster 3 total: 10 Cluster 3 total: 19 Cluster 3 total: 13
Peak (MNI): 0 −57 3
Peak t: 4.5502

Peak (MNI): −9 −51 75
Peak t: −4.6652

Peak (MNI): −18 12 21
Peak t: 5.4060

Vermis_4_5 8 Precuneus_L 18 Caudate_L 4

Cluster 4 total: 23
Peak (MNI): 30 −72 15
Peak t: 3.9545
White Matter 23
Occipital_Mid_R 10

Cluster 5 total: 11
Peak (MNI): 30 −69 24
Peak t: 4.5089
Occipital_Mid_R 8

aMCI vs. HC Cluster 1 total: 10 Cluster 1 total: 13
Peak (MNI): −18 21 −21
Peak t: 4.1979

Peak (MNI): 6 12 33
Peak t: 4.8347

Frontal_Inf_Orb_L 8 Cingulum_Mid_R 10

Cluster 2 total: 14
Peak (MNI): 6 9 33
Peak t: 4.4992
Cingulum_MID_R 13

Cluster 3 total: 13
Peak (mni):-12 0 36
Peak t: 4.7156
Cingulum_MID_L 7

OBJ-SCD vs. aMCI Cluster 1 total: 14
Peak (MNI): 30 −78 12
Peak t: 3.5639
Occipital_MID_R 8

AAL, anatomical automatic labeling; MNI, montreal neurological institute; fractional low-frequency fluctuation amplitude (ALFF).

we chose a subgroup with only memory domain impairment,
the aMCI group. The common feature of these two groups
is the impairment of memory function. The difference lies in
the degree of impairment, and the Obj-SCD group also has a
slight impairment of language function. By comparing with HC
and aMCI groups, we explored the functional activity changing
pattern in Obj-SCD individuals. We performed correlation
analysis between significant brain regions’ functional activities
and neuropsychological test scores in order to verify this pattern.

Similar Pattern Between the Obj-SCD and
aMCI Groups
Compared with the HC group, we found similar functional
activity enhancements in some local brain regions in the
Obj-SCD and aMCI groups, including the left orbital part of

the inferior frontal gyrus and the left median cingulate and
paracingulate gyri.

The frontal lobe may be an essential area of cognitive
maintenance associated with AD (Zeng et al., 2019). In terms
of cognitive function, it may be involved in episodic memory
and working memory (de Chastelaine et al., 2011; Matthews,
2015). Current evidence suggests that the orbitofrontal cortex is
associated with memory impairment in AD and frontotemporal
dementia (Liu et al., 2021). As an important node of working
memory, the orbitofrontal gyrus may play an essential role in
integrating and coordinating working memory maintenance,
execution, and monitoring (Badre, 2008; Barbey et al., 2011;
Costers et al., 2020). The cerebral accumulation of Aβ and
the following neurovascular dysfunction were considered the
most crucial pathogenesis of cognitive decline and dementia

Frontiers in Aging Neuroscience | www.frontiersin.org 6 June 2021 | Volume 13 | Article 684918

https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/journals/aging-neuroscience#articles


Cui et al. Changing Function Activity of Obj-SCD

FIGURE 1 | Local functional change pattern of Obj-SCD group. The Obj-SCD group compared with the HC group. (A) In the normal band, fALFF increased in the
left orbital part of inferior frontal gyrus, the right middle occipital gyrus, cerebellar vermis; decreased fALFF in the left inferior temporal gyrus (Two-tailed t-test; FDR
p < 0.017, k > 10 voxels). (B) In the slow-4 band, fALFF increased in the left median cingulate and paracingulate gyri; decreased in the left inferior temporal gyrus
and the left precuneus (Two-tailed t-test; FDR p < 0.017, k > 10 voxels). (C) In the slow-5 band, fALFF increased in the right middle occipital gyrus, caudate nucleus,
and cerebellar vermis (Two-tailed t-test; FDR p < 0.017, k > 10 voxels). The numbers in brackets are voxels of significant clusters. Labels of significant clusters are
defined with the AAL (Anatomical Automatic Labeling) atlas. Abbreviations: Obj-SCD, objectively-defined subtle cognitive decline; fALFF, low-frequency fluctuation
amplitude (ALFF); HC, healthy control; FDR, false discovery rate.

FIGURE 2 | Local functional change pattern of aMCI group. (A) In the normal band, compared with the HC group, the aMCI group showed increased fALFF in the
left orbital part of the inferior frontal gyrus, bilateral median cingulate, and paracingulate gyri (Two-tailed t-test; FDR p < 0.001, k > 10 voxels). (B) In the slow-5 band,
compared with the HC group, the aMCI group showed increased fALFF in the right median cingulate and paracingulate gyri (Two-tailed t-test; FDR p < 0.001, k >
10 voxels). (C) In the normal band, compared with the Obj-SCD group, the aMCI group showed decreased fALFF in the right middle occipital gyrus (Two-tailed
t-test; FDR p < 0.017, k > 10 voxels). The numbers in brackets are voxels of significant clusters. Labels of significant clusters are defined with the AAL (Anatomical
Automatic Labeling) atlas. Abbreviation: aMCI, amnestic MCI.

(Scheltens et al., 2016; Lim et al., 2018; Parodi-Rullán et al.,
2020). Researchers (Hua et al., 2019) used arteriolar cerebral
blood volume to explore the relationship between cerebral blood
flow, APOE alleles, and Aβ accumulation in patients with MCI

and found an increased blood volume in the orbitofrontal
gyrus. Furthermore, they found the arteriolar cerebral blood
volume in the orbitofrontal gyrus is closely related to local
Aβ burden and APOE4; it also can predict cognitive decline
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FIGURE 3 | Correlation between local functional activity and neuropsychological performance. (A) In the Obj-SCD group, in the normal band, the fALFF value of the
right middle occipital gyrus was significantly negatively correlated with the MMSE score and AFT score; the left inferior temporal gyrus was significantly positively
correlated with the MMSE score. In the slow-4 band, the fALFF value of the left precuneus was significantly positively correlated with the MMSE and AFT scores. (B)
In the aMCI group, the fALFF value of the left orbital part of the inferior frontal gyrus was significantly positively correlated with AVLT 6th recall score. ∗p < 0.05.
Abbreviations: AFT, Animal Verbal Fluency Test; AVLT, Auditory Verbal Learning Test; MMSE, Mini-Mental State Examination.

within 2 years. Our study also found a similar increased local
functional activity in the orbitofrontal gyrus in both Obj-SCD
and aMCI groups, consistent with the increase of local blood flow
in this area. This enhancement of functional activity may be a
compensatory response to early cognitive decline. Considering
the role of the orbitofrontal cortex in attention and impulsivity
(Bari et al., 2020), it may also be a manifestation of nerve
recruitment disorder.

The cingulate cortex is an essential structure in the human
brain’s medial side, which plays a vital role in cognitive, motor,
emotional, and other functional activities. According to the
structure and function, the cingulate can be subdivided into
several parts, in which the middle cingulate cortex is considered
to be related to the function of the Frontoparietal Network
(Vincent et al., 2008; Gilmore et al., 2015; Caruana et al.,
2018). Specifically, the middle cingulate cortex is associated with
emotion, behavior, motor, and somatosensory function; and has
a close functional connection with prefrontal, premotor, and
primary motor networks (Oane et al., 2020). Compared with the
elderly with MCI, the elderly with normal cognition had a better
connection between themiddle cingulate and the superior frontal
gyrus, frontal eye field, orbitofrontal cortex (Cera et al., 2019).
Our study found increased functional activity on the middle
cingulate cortex in Obj-SCD and aMCI groups, which may be

intrinsically associated with the increased functional activity of
the orbitofrontal cortex.

Different Pattern Between the Obj-SCD
and aMCI Groups
Some changes in local functional activities of the Obj-SCD group
showed different patterns from the aMCI group. Compared
with HC, the Obj-SCD group showed increased local functional
activity in the right middle occipital gyrus, decreased local
functional activity in the left precuneus and the left inferior
temporal gyrus.

In the elderly with normal cognition, the connection between
the occipital lobe and the posterior cingulate and precuneus
is related to the tau protein, which may change in preclinical
cognitive impairment (Quevenco et al., 2020). In patients with
subjective cognitive decline, white matter damage across the
frontal and occipital lobes was also found; this track is thought
to be related to the gray matter damage such as the medial
prefrontal cortex and posterior cingulate cortex in the early stage
of AD (Luo et al., 2019). The close connection between the
occipital lobe and the frontal lobe is consistent with finding
abnormal functional activity in both the orbitofrontal cortex
and the occipital cortex in our study. In people with normal
cognition with Aβ deposition, it can be observed that the content
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of cerebrospinal fluid Progranulin is related to the thickening
of the occipital cortex and cognitive decline; this result reflects
that the neuroinflammatory reaction in the preclinical stage of
Alzheimer’s disease may cause the compensatory performance
in the occipital lobe (Batzu et al., 2020). Similarly, in individuals
with subjective cognitive decline, an increase in the volume of
occipital gray matter related to Aβ protein load was also found,
and this structural change was associated with the aggravation of
cognitive function symptoms (Valech et al., 2019).

Recent studies have shown that the temporal lobe is one of
the critical areas of pathological changes in multiple types of
dementia (Mak et al., 2020; Sanchez et al., 2021). In preclinical
AD, tau protein deposition and Aβ burden in the inferior
temporal gyrus is related to cognitive performance, mainly
memory function (Schultz et al., 2018; Norton et al., 2020; Scott
et al., 2020; Vila-Castelar et al., 2020). Tau accumulation in this
area may be associated with hippocampal hyperactivity, which is
not associated with Aβ (Huijbers et al., 2019). It is worth noting
that in the normal elderly without Aβ deposition and in the
elderly with cognitive impairment caused by small vessel disease,
the lower functional connection of the inferior temporal gyrus is
also related to the accumulation of tau protein (Franzmeier et al.,
2019; Rabin et al., 2019). In addition, in normal older adults, the
accumulation of tau protein in the inferior temporal gyrus is also
associated with progressive thinning of the cortex in many brain
regions, especially in the temporal lobe and parietal lobe (LaPoint
et al., 2017). Therefore, the inferior temporal gyrus might be a
susceptible region of detection of cognitive impaired risks.

In these studies, the changes in brain structure and functional
activities are similar to our results of local functional changes
observed in our research and may be related to pathological
markers. However, considering that no relevant pathological
marker detection was performed in our study, our results should
still be interpreted with caution and cannot be directly explained
by pathological changes.

The Association Between Changing
Pattern With Cognitive Function
in Obj-SCD Group
In this study, the Obj-SCD group showed a unique changing
pattern compared to the aMCI group. We analyzed the
correlation between the functional activity of the significant
brain regions found in the pattern and neuropsychological tests’
performance and found intimate associations.

The fALFF value of the right middle occipital gyrus was
increased in the Obj-SCD group and was significantly negatively
correlated with MMSE score and AFT score. These results
suggested that the increase of local functional activity in this
area may be related to the progression of the disease and
may be a compensatory manifestation of general cognitive
and language dysfunction. The functional activity of the left
inferior temporal gyrus was positively correlated with the
MMSE score, suggesting that the functional dysfunction was
related to general cognitive function. The functional activity of
the left precuneus was positively correlated with MMSE and
AFT scores, suggesting that its dysfunction was related to the

decline of general cognitive function and language function. The
correlation between these brain regions and specific cognitive
functions is consistent with previous studies. The abnormal
brain areas of the Obj-SCD group are distributed in a relatively
wide area, and there are differences between their correlations
with different cognitive impairments. We speculate that it might
because the internal pathological basis of Obj-SCD individuals is
complicated. We also speculate that if the progress of different
damage areas is inconsistent, Obj-SCD individuals’ outcomes
may differ, but this speculation needs further follow-up studies
to confirm.

Additionally, although the functional activity of the left orbital
part of the inferior frontal gyrus changed in both the Obj-SCD
and aMCI groups, only in the aMCI group the functional activity
was positively correlated with AVLT long delay cued recall score.
This can be attributed to the fact that the memory-binding
impairment in the aMCI group is more severe than that in the
Obj-SCD group.

CONCLUSION

Obj-SCD individuals have a widely distributed pattern of local
functional activity changes, and this changing pattern has some
similarities with aMCI to a certain extent. However, there were
also some differences. In this pattern, the functional changes of
different brain regions have a close but different correlation with
cognitive impairment, suggesting that there may be a complex
pathological basis inside. This suggests that Obj-SCD may be a
separate stage of cognitive decline before aMCI and is helpful to
the study of preclinical cognitive decline.

LIMITATIONS

The study still had some limitations. First, the sample size
is not enough, resulting in insufficient sensitivity of the
results. Second, there is no biomarker examination to explore
the pathological mechanism. Therefore, the results should be
interpreted with caution.
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