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Background: Subjective cognitive decline (SCD) and mild cognitive impairment (MCI) are 
neurodegenerative processing stages of Alzheimer’s disease (AD). Cognitive decline is thought to manifest 
in intrinsic brain activity changes, but research results yielded conflicting and few studies have explored the 
roles of brain regions in cognitive decline, and sensitivity of the cognitive field to changes in the altered 
intrinsic brain activity.
Methods: In this cross-sectional study, 158 elderly participants were recruited from the memory clinic of 
the First Affiliated Hospital of Nanjing Medical University from July 2019 to May 2021, and grouped into 
SCD (n=73), MCI (n=46), and normal controls (NC) (n=39). The amplitude of low-frequency fluctuation 
(ALFF) was calculated and evaluated among the groups. Then canonical correlation analysis (CCA) was 
conducted to investigate the associations between imaging outcomes and cognitive behaviors.
Results: Neuropsychological tests in different cognitive dimensions and ALFF values of the prefrontal, 
parietal, and temporal gyrus, were significantly different (P<0.05) among the three groups, with no 
appreciable decline in daily activity. The changes in intrinsic activities were closely related to the decline in 
cognitive function (R=0.73, P=0.002). ALFF values in the left middle occipital gyrus, right middle frontal 
gyrus, left superior frontal gyrus, left angular gyrus, and superior temporal gyrus played significant roles in 
the analysis, while the Montreal Cognitive Assessment (MoCA) and Auditory-Verbal Learning Test scores 
were found to be more sensitive to changes in ALFF values.
Conclusions: Spontaneous brain activity is a stable imaging biomarker of cognitive impairment. ALFF 
changes of the prefrontal, occipital, left angular, and temporal gyrus were sensitive to identifying cognitive 
decline, and the scores of the Auditory-Verbal Learning Test and MoCA could predict the abnormal intrinsic 
activities.
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Introduction

According to the China Population and Development 
Research Center, by the middle of the 21st century, the 
aging ratio of China will reach 34.6%, entering the process 
of severe aging (1). And it anticipates that Alzheimer’s 
disease (AD), one of the most common types of dementia in 
the elderly, will affect one in every 2–3 elderly people over 
85 years old by 2030 (2). In 2018, the National Institute 
of Aging and Alzheimer’s Association jointly revised the 
diagnostic criteria of AD, emphasized the continuity of 
disease, and suggested that the pathophysiological process 
had begun 15 to 20 years before the onset of dementia 
symptoms (3). The constant pathophysiological process 
of AD includes subjective cognitive decline (SCD), mild 
cognitive impairment (MCI), and the stage of dementia (3).  
Patients with MCI and SCD have significantly higher 
progression rate to AD compared to cognitive intact elderly 
(4-6). An early screening of individuals with a high-risk 
of AD in a timely and accurate manner, as well as an early 
cognitive intervention in those elderly, may significantly 
reduce the incidence of AD.

Neuroimaging technology could help in the early 
detection of brain structural and functional abnormalities 
before objective defects are identified (7-11). As a safe and 
non-invasive neuroimaging methodology, resting-state 
functional magnetic resonance imaging (rs-fMRI), measures 
the internal spontaneous activities of brain blood oxygen 
level-dependent signals without any external stimulus (12), 
which could accurately reflect the intrinsic physiological 
status of brain activity. As a result, rs-fMRI is frequently 
utilized to examine the neurophysiological mechanism and 
neural process of depression (13), schizophrenia (14), or 
cognitive impairment (15), and to identify the functional 
integrity of relative brain networks. Functional changes 
measured by rs-fMRI in the brain are independent of and 
more sensitive than changes in brain structure during the 
early stages of AD (8,11).

The amplitude of low-frequency fluctuation (ALFF), 
one of the most commonly used features of rs-fMRI (16), 
reflects the intensity of the spontaneous neural activities. 

ALFF abnormality was found to be a sensitive indicator 
of AD-related neurodegeneration, as reported in previous 
studies (9,15,17,18). Therefore, it was used to describe the 
physiology of AD and MCI and reveal the intrinsic network 
disruption. Neurodegeneration appears to progress over 
time in AD. For example, SCD exhibits structural and 
functional changes similar to those of AD and MCI (19,20). 
In previous MCI and AD studies, ALFF values were 
revealed to be altered in the frontal gyrus, paracentral gyrus, 
precuneus, and other brain regions (9,18). However, the 
continuous process of intrinsic activity from healthy aging 
to SCD and then further to MCI yielded contradictory 
results (11,17), and few studies have been performed to 
explore the possible brain regions that play dominant roles 
in the influence of brain internal activities on cognitive 
function and the neuropsychological tests which are 
sensitive to changes in brain activity.

Therefore, the present study aimed to investigate the 
altered intrinsic brain activities in the neurodegenerative 
processing phases of AD and to explore the brain regions 
playing more important roles in cognitive decline, as 
well as the cognitive field which is more sensitive to 
changes in the altered intrinsic brain activity. To achieve 
these goals, we first measured the ALFF of each subject 
through rs-fMRI and compared the differences among 
NC, SCD, and MCI patients; secondly, we determined 
the behavioral significance of these altered brain 
activities. Canonical correlation analysis (CCA) was 
performed on the ALFF values of the altered regions 
with neuropsychological tests of the three groups. We 
present this article in accordance with the STROBE 
reporting checklist (available at https://qims.amegroups.
com/article/view/10.21037/qims-23-808/rc).

Methods

Subjects

This cross-sectional study was conducted in accordance 
with the Declaration of Helsinki (as revised in 2013). The 
study was approved by the Ethics Committee of the First 
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Affiliated Hospital of Nanjing Medical University (No. 
2019-SR-015), and informed consent was taken from 
all the patients. Besides, the study was registered at the 
Chinese Clinical Trial Registry (ChiCTR1800015052). One 
hundred and seventy-one patients were recruited from the 
memory clinic of the First Affiliated Hospital of Nanjing 
Medical University from July 2019 to May 2021. Fifty 
demographically similar healthy volunteers were enrolled 
via advertisements in the local area. Elder individuals 
were recruited if they satisfied the following criteria: (I) 
age between 55 and 85 years old; (II) junior high school 
education or above; (III) no history of stroke, cerebral 
hemorrhage, brain tumor, head trauma, or Parkinson’s 
disease, and no history of alcohol and drug addiction; (IV) 
no serious diseases such as cardiovascular, cerebrovascular, 
liver and kidney dysfunction; (V) no blindness, deafness and 
other conditions that cannot cooperate with the cognitive 
function examination; (VI) have not used drugs to improve 
cognitive function or other drugs to improve cerebral 
blood circulation in the past two months. According to the 
recommendations for SCD and MCI diagnosis in China 
(6,21,22), participants were divided into SCD, MCI, and 
normal controls (NC) groups. All participants were right-
handed and fluent in Chinese.

Neuropsychological tests

Clinical Dementia Rating (23), Hachinski Ischemic 
Score  (24) ,  and Mini-Mental  State  Examinat ion 
(MMSE) (25) were first evaluated to exclude patients 
with vascular cognitive impairment and dementia. Then, 
neuropsychological tests covering three cognitive domains 
were evaluated to complete the diagnosis: (I) memory 
assessed by Auditory-Verbal Learning Test-Huashan 
version (AVLT-H) (26), and the test scores of the AVLT-H 
are as follows: (i) AVLT-N1/N2/N3, number of the correct 
responses given in the first/second/third consecutive trial; 
(ii) AVLT-N4, number of words answered correctly in the 
short-term delayed free recall; (iii) AVLT-N5, number of 
words answered correctly in the long-term delayed free 
recall; (iv) AVLT-N6, number of words responded correctly 
with category-cued recall; (v) AVLT-N7, number of words 
responded correctly in the recognition test; (II) executive 
function assessed by trail-making test (TMT) (27) parts 
A and B; and (III) language function assessed by Animal 
fluency test (AFT) (28) and Boston Naming Test (BNT) (29). 
Further cognitive function tests and daily life evaluations 
including the Montreal Cognitive Assessment (MoCA), the 

logical memory subtest of the Wechsler Memory Scale-
Revised (WMS-RLM) (30,31), the forward and backward 
Digit Span Task (DST) (32), the Symbol Digit Modalities 
Test (SDMT) (33), and the 36-item short-form health 
survey (SF-36) (34) were also conducted.

Exclusion and Inclusion criteria

We focused on SCD and MCI patients who were at high 
risk for AD. Therefore, participants with dementia were 
excluded: (I) diagnosis of vascular dementia, with Hachinski 
Ischemic Score more than 4; (II) diagnosis of dementia, 
with the score of Clinical Dementia Rating more than 1 or 
MMSE less than 24.

MCI was defined as the initial stage of cognitive 
impairment, which is more serious than normal age-
related cognitive decline, but not enough to cause serious 
damage to activities of daily living (35). The participants 
were considered to have MCI if they met at least one of the 
following criteria: (I) impaired score, defined as >1 standard 
deviation (SD) below the age-corrected normative means, 
on both scores for at least one cognitive domain (memory, 
executive function, or language); (II) one impaired score, 
defined as >1 SD below the age-corrected normative mean, 
in each of the three cognitive domains (memory, executive 
function, or language). The normative means used in this 
study were taken and summarized from previous studies in 
the Chinese population (26,35).

Self-reported questionnaires (22) in line with the 
suggestions of the SCD Initiative Working Group (6) were 
used to discriminate SCD from NC. The inclusion criteria 
for SCD were as follows: (I) self-experienced persistent 
decline in memory rather than other domains of cognition 
for more than 6 months; (II) concerns related to SCD 
and feeling of deteriorating performance compared to 
the same age-group individuals; and (III) performance on 
standardized cognitive tests with age, gender, and education 
adjusted norms, i.e., without meeting the diagnostic criteria 
for MCI or dementia.

In addition, the inclusion criteria for the NC group were 
as follows: (I) not fulfilling the diagnosis of SCD or MCI; and 
(II) no complaints of cognitive impairment or memory loss.

MRI acquisition

MRI images were collected with a 3.0T-MR scanner 
(Discovery 750 W, GE Healthcare, Chicago, IL, USA) 
using a standard 24-channel head coil. The subjects were 
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required to keep their eyes closed and stay still, awake, and 
relaxed. Earplugs were used to reduce scan noise, and foam 
pads were inserted into the gap to reduce head movements 
as well as to avoid artifacts. 3D high-resolution BRAVO 
imaging based on a fast rotating gradient echo sequence 
was used to obtain T1 weighted MR images (scanning 
parameters: field of view =256×256 mm2, repetition time 
=8.5 ms, echo time =3.2 ms, inversion time =450 ms, flip 
angle =12°, number of layers =188, layer thickness =1 mm,  
and acquisition matrix =256×256), excluding intracranial 
organic lesions. The echo planar imaging-based fMRI 
imaging was applied to collect functional images (scanning 
parameter: field of view =224×224 mm2, repetition  
time =2,000 ms, echo time =30 ms, flip angle =90°, number 
of layers =33, layer thickness =3.5 mm and matrix =64×64, 
and 240 phases). The total scanning time was less than  
15 minutes.

Image data pre-processing

T1 weighted images were manually evaluated by an 
experienced neurologist and a radiologist for quality 
control. The standard preprocessing steps were performed 
via the Data Processing Assistant for Resting-state fMRI 
(DPABI, V6.1, SCR_010501), which included removing 
the first ten images, slice-timing, realignment, and spatial 
normalization. Functional images were smoothed with 
6-mm full-width at half-maximum Gaussian kernel. The 
co-registered functional images were then transformed 
and normalized into the Montreal Neurological Institute 
(MNI) template with 3×3×3 mm3 resolution. Subjects who 
had excessive head motion (>2.0 mm translation and/or 2.0˚ 
rotation) were excluded for further analysis. Finally, imaging 
covariates were regressed using a least squares approach and 
a Friston 24-parameter linear transformation.

After pre-processing, the conventional ALFF was 
calculated as the average square root of the power spectrum 
across 0.01–0.08 Hz at each voxel. Then, the ALFF of each 
voxel was divided by the global mean ALFF to normalize 
the global effects.

Statistical analysis

Statistical analysis was performed using SPSS Version 
25.0 (IBM Corp., Armonk, NY, USA). Demographic and 
neuropsychological scores were compared among the three 
groups. One-way analysis of variance (ANOVA) was applied 
to test the age differences, chi-square tests were used for 

gender and comorbidities, and nonparametric test was used 
for education. Basic cognitive scores and basic health status 
were also compared among the three groups. The level of 
statistical significance was set at P<0.05 (two-tailed).

The difference in ALFF was evaluated among the three 
groups using one-way ANOVA with age as a covariate based 
on DPASF software. Multiple comparison correction was 
performed using the Gaussian random field (GRF) method 
by setting P<0.001 at the voxel level and P<0.05 at the 
cluster level. Brain areas that survived the GRF correlation 
were used for the following post-hoc analysis to identify 
the difference between MCI vs. NC, MCI vs. SCD, and 
SCD vs. NC (voxel-level P<0.001, cluster level P<0.05). A 
statistical level of P<0.05 was considered significant.

Brain activity associations with cognitive behavior

CCA, a multivariate statistical approach, was conducted to 
investigate the associations between imaging measures and 
behaviors (36). Specifically, CCA finds a linear combination 
of brain activity that is maximally correlated with a linear 
combination of cognitive behavior variables, as defined in 
Y * A = U ~ V = X * B, where Y is the set of brain measures, 
X is the set of cognitive behaviors, A and B are the linear 
weights for X and Y, respectively, and U and V are the 
canonical variate pair. The canonical correlation between 
U and V is defended as the canonical correlation. The 
canonical loadings indicate the importance of the variables 
of the observations, in this case, instinct brain activity 
(denoted as Y) and cognitive behavior (denoted as X).

Results

Demographics and neuropsychological tests

A total of 221 Han Chinese subjects were enrolled in 
this study, of whom 178 met the inclusion criteria and 
completed the baseline assessments. Thirty-nine NC, 
73 SCD, and 46 MCI were enrolled in this study after 
excluding subjects with poor cooperation, refusing to sign the 
written consent or loss of contact. Finally, 36 NC, 72 SCD,  
and 44 MCI were included in the ALFF analysis after 
restricting head motion to less than 2.0 mm or 2.0 degrees 
(Figure 1). Demographic characteristics are presented in 
Table 1. Demographic characteristics were balanced in 
gender, education years, and comorbidities among the three 
groups (P>0.05). There are differences in age distribution 
among the three groups (P=0.035), mainly due to the 
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significant age difference between SCD and NC (P=0.010).
Participants’ cognitive behaviors are summarized in 

Table 2. Global cognition assessed using MMSE and 
MoCA and neuropsychological tests in other cognitive 
fields was statistically significant among the three groups 

(P<0.05). Bonferroni post-hoc test was applied to explore the 
difference between MCI/NC, SCD/NC, and MCI/SCD 
(Table 2). Comparisons confirmed the poorer performance 
of MCI than NC in MMSE, MoCA, BNT, AFT, delayed 
recall (AVLT-N5), recognition (AVLT-N7), TMT A&B, 

Participants meets the recruitment requirements 
from local communities between July 2019 to 
May 2021 (n=221)

Participants meet the inclusion criteria (n=178)

Participants included and signed the written 
consent (n=158)

• Included in ALFF analysis 
(n=44)

• Excluded because of 
head movement or poor 
registration (n=2)

• Included in ALFF analysis 
(n=72)

• Excluded because of 
head movement or poor 
registration (n=1)

• Included in ALFF 
analysis (n=36)

• Excluded because of 
head movement or poor 
registration (n=3)

Mild cognitive 
impaiment (n=46)

Subjective cognitive 
decline (n=73)

Normal cognition  
(n=39)

Excluded (n=43)
• Neurological diseases which may impair 

cognition (n=36)
• With medical treatments which impact 

cognition (n=5)
• With severe hearing loss (n=1) or vision 

loss (n=1)

Excluded (n=20) 
• Lost contact or no reply (n=11)
• Refused to sign the written consent (n=9)

• Unable to travel (n=5)
• Moving to another place (n=2)
• Short of time (n=2)

Figure 1 The flow diagram of the research shows the experimental process of this article which includes the recruitment process, grouping 
process, and subsequent data analysis. ALFF, amplitude of low-frequency fluctuation.

Table 1 Demographics information

Characteristics NC (n=36) SCD (n=72) MCI (n=44) F/χ2 P

Female†, n (%) 15 (41.7) 47 (65.3) 24 (54.5) 5.550 0.062

Age (years)†, mean (SD) 71.72 (6.497) 67.93 (7.362) 69.46 (7.225) 3.416 0.035

Education years†, M [Q1, Q3] 12 [12, 16] 12 [12, 14] 12 [9, 15] 3.685 0.158

High blood pressure‡, n (%) 19 (52.8) 32 (44.4) 23 (52.3) 0.986 0.611

Diabetes†, n (%) 6 (16.7) 11 (15.3) 11 (25.0) 1.814 0.404

Demographic characteristics were balanced comorbidities in gender, education years, and comorbidities among the three groups (P>0.05). 
There are differences in age distribution among the three groups (P=0.035). †, nonparametric test was applied in non-normally distributed 
continuous data; ‡, high blood pressure is defined as systolic blood pressure >140 mmHg or diastolic blood pressure >90 mmHg. NC, 
normal control; SCD, subjective cognitive decline; MCI, mild cognitive impairment; SD, standard deviation; m, median; Q1, first quartile; 
Q3, third quartile.
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WMS-RLM, SDMT, DST, and other cognitive subitems 
(AVLT-N2, AVLT-N3, AVLT-N4, and AVLT-N6) (37) 
(adjusted P<0.05). SCD performed worse than NC in 
MMSE, MoCA, BNT, AFT, TMT A, WMS-RLM, 
SDMT, DST, and other cognitive subitems (AVLT-N3 and 
AVLT-N6) (adjusted P<0.05). Meanwhile, MCI performed 
poorer than SCD in AFT, delayed recall (AVLT-N5), 
recognition (AVLT-N7), TMT A&B, DST, SDMT, and 
other cognitive subitems (AVLT-N1, AVLT-N3, AVLT-N4, 

and AVLT-N6) (adjusted P<0.05). Overall, compared with 
NC, the cognitive function of MCI and SCD decreased, 
and MCI performed the worst.

ALFF results

The ALFF values were quantified at each voxel for all 
MCI, SCD, and normal participants (Figure 2). There were 
significant group differences among these three groups on 

Table 2 The basic neuropsychological scale of NC, SCD, and MCI

Variables NC (n=36) SCD (n=72) MCI (n=44) F/χ2 (P)
Absolute difference (P value)

MCI vs. NC§ SCD vs. NC§ MCI vs. SCD§

MMSE 29 [28, 30] 27 [26, 28] 27 [26, 28] 24.638 (<0.001)† 4.775 (<0.001) 3.969 (<0.001) 1.375 (0.508)

MoCA 27 [27, 28] 23 [21, 25] 22 [19, 24] 57.146 (<0.001)† 7.231 (<0.001) 6.132 (<0.001) 1.951 (0.153)

BNT 26 [22, 27] 23 [21, 26] 22 [18, 24] 18.205 (<0.001)† 4.260 (<0.001) 2.768 (0.017) 2.050 (0.121)

AFT 21 [18, 24] 17 [14, 20] 14 [11, 18] 32.382 (<0.001)† 5.668 (<0.001) 3.837 (<0.001) 2.564 (0.031)

AVLT

N5 4 [3, 6] 4 [3, 6] 2 [0, 4] 29.180 (<0.001)† 4.498 (<0.001) 0.343 (1.000) 4.917 (<0.001)

N7 22 [21, 23] 21 [20, 22] 18 [16, 20] 36.602 (<0.001)† 5.834 (<0.001) 2.258 (0.072) 4.443 (<0.001)

N1 4 [3, 5] 4 [3, 4] 3 [2, 4] 9.850 (0.007) † 3.023 (0.008) 1.142 (0.253) 2.325 (0.060)

N2 6 [5, 8] 5 [5, 7] 4 [3, 5] 30.062 (<0.001)† 5.229 (<0.001) 1.823 (0.205) 4.182 (<0.001)

N3 8 [6, 9] 7 [6, 8] 6 [4, 6] 29.370 (<0.001)† 5.333 (<0.001) 2.433 (0.045) 3.658 (0.001)

N4 6 [4, 7] 5 [3, 6] 3 [1, 4] 34.718 (<0.001)† 5.492 (<0.001) 1.594 (0.333) 4.733 (<0.001)

N6 5 [4, 7] 4 [2, 6] 2 [1, 3] 36.022 (<0.001)† 5.865 (<0.001) 2.506 (0.037) 4.203 (<0.001)

TMT_A 52.5  
[44.3, 69.0]

65.0  
[54.5, 80.5]

82.5  
[62.0, 100.3]

24.573 (<0.001)† 4.944 (<0.001) 2.697 (0.021) 2.915 (0.011)

TMT_B 142.5  
[108.3, 175.3]

169.0  
[134.0, 196.0]

221.5  
[182.8, 261.5]

36.671 (<0.001)† 5.859 (<0.001) 2.298 (0.065) 4.416 (<0.001)

WMS-RLM 18 [15, 23] 13 [8, 18] 11 [6, 16] 25.116 (<0.001)† 4.867 (<0.001) 3.816 (<0.001) 1.761 (0.235)

DST 18.0 (3.0) 15.5 (3.3) 15.1 (3.2) 8.906 (<0.001)‡ −2.947 (<0.001) −2.375 (0.001) −0.572 (0.764)

SDMT 40.6 (11.0) 32.0 (9.8) 27.3 (8.9) 17.285 (<0.001)‡ −13.341 (<0.001) −8.583 (<0.001) −4.758 (0.019)

SF-36 123 [115, 134] 119 [111, 125] 117 [102, 131] 3.690 (0.158)† – – –

Global cognition assessed using MMSE and MoCA and neuropsychological tests in other cognitive fields was statistically significant 
among the three groups (P<0.001). Comparisons confirmed the poorer performance of MCI than SCD and NC participants in BNT, 
AFT, six subitems of AVLT, TMT A&B, WMS-RLM, SDMT, DST, and SF-36 (P<0.001). There are also significant differences among 
the three groups for the first immediate recall (AVLT-N1) (F=9.850, P=0.007). The worst cognitive performance was observed in MCI, 
with intermediate cognitive performance in SCD, and the best cognitive performance in NC. Data are shown as mean (SD) or median 
(Q1, Q3). †, nonparametric test was applied in non-normally distributed continuous data; ‡, one-way ANOVA was applied in normally 
distributed continuous data; §, Bonferroni correction was used in post-hoc comparisons across the three groups. NC, normal control; 
SCD, subjective cognitive decline; MCI, mild cognitive impairment; MMSE, Mini-Mental State Examination; MoCA, Montreal Cognitive 
Assessment; BNT, Boston Naming Test; AFT, Animal fluency test; AVLT, Auditory-Verbal Learning Test; TMT_A, trail-making test, part A; 
TMT_B, trail-making test, part B; WMS-RLM, Wechsler Memory Scale-Revised; DST, the forward and backward Digit Span Task; SDMT, 
Symbol Digit Modalities Test; SF-36, the 36-item short-form health survey; SD, standard deviation; Q1, first quartile; Q3, third quartile.
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the ALFF values in the orbital region of right inferior frontal 
gyrus (Frontal_Inf_Orb_2_R), opercular part of the right 
inferior frontal gyrus (Frontal_Inf_Oper_R), right middle 
frontal gyrus (Frontal_Mid_2_R), left superior frontal gyrus 
(Frontal_Sup_2_L), left superior parietal gyrus (Parietal_
Sup_L), right superior parietal gyrus (Parietal_Sup_R), 
left middle occipital gyrus (Occipital_Mid_L), left superior 
temporal gyrus (Temporal_Sup_L), left angular (Angular_
L), left precentral gyrus (Precentral_L), right precentral 
gyrus (Precentral_R), left postcentral gyrus (Postcentral_
L), and right supramarginal gyrus (SupraMarginal_R) (GRF 
correction, voxel P<0.001, cluster P<0.01). The clusters with 
significant differences among the three groups are shown 
in Figure 2A and Figure S1. The corresponding anatomical 
location, cluster voxels, MNI coordinates, intensity of the 
significance, and automated anatomical labeling (AAL) 
partition of these clusters were labeled (Table 3).

The post-hoc two-sample analyses showed that patients 
with MCI exhibited significantly higher ALFF values in 

Postcentral_L, Precentral_R, and Parietal_Sup_R, as well 
as lower ALFF values in Angular_L and Precentral_L, 
compared with SCD (P<0.001, GRF corrected). Relative 
to NC, MCI had significantly higher ALFF values in 
Precentral_R, Frontal_Inf_Oper_R, Frontal_Mid_2_R, 
Parietal_Sup_R, and Postcentral_L, and significantly lower 
ALFF values in Frontal_Inf_Orb_2_R, SupraMarginal_R, 
and Occipital_Mid_L (P<0.001, GRF corrected). In addition, 
compared with NC, SCD patients significantly showed 
higher ALFF values in Frontal_Inf_Oper_R, Frontal_Mid_2_
R, left precuneus (Precuneus_L), left middle temporal 
gyrus (Temporal_Mid_L), and Parietal_Sup_L, with lower 
ALFF values in Frontal_Inf_Orb_2_R, Frontal_Sup_2_L, 
SupraMarginal_R, left middle occipital gyrus (Occipital_
Mid_L) (P<0.001, GRF corrected) (Figures S2-S4).

Correlation between ALFFs and neuropsychological tests

CCA indicated a significant correlation between intrinsic 
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Figure 2 ANOVA results of ALFF among NC, SCD, and MCI (voxel P<0.001, cluster P<0.05, GRF corrected). (A) Brain regions showed 
different amplitudes of low-frequency fluctuations among the three groups. There were significant differences among the three groups on 
the ALFF values in the Frontal_Inf_Orb_2_R, Frontal_Inf_Oper_R, Frontal_Mid_2_R, Frontal_Sup_2_L, Parietal_Sup_2_L, Parietal_Sup_
R, Occipital_Mid_L, Temporal_Sup_L, Angular_L, Precentral_L, Precentral_R, Postcentral_L, and SupraMarginal_R (GRF correction, 
voxel P<0.001, cluster P<0.01). The color bar signifies the F value of the ANOVA analysis with P<0.001 and corrected for cluster level at 
P<0.05 using GRF theory. (B) The ANOVA results of ALFF values of significantly different brain regions among NC, SCD, and MCI. ALFF, 
amplitude of low-frequency fluctuation; SCD, subjective cognitive decline; MCI, mild cognitive impairment; Frontal_Inf_Orb_2_R, orbital 
region of right inferior frontal gyrus; Temporal_Sup_L, left superior temporal gyrus; Occipital_Mid_L, left middle occipital gyrus; Frontal_Inf_
Oper_R, opercular part of the right inferior frontal gyrus; Angular_L, left angular; Precentral_L, left precentral gyrus; SupraMarginal_R, right 
supramarginal gyrus; Frontal_Mid_2_R, right middle frontal gyrus; Postcentral_L, left postcentral gyrus; Precentral_R, right precentral gyrus; 
Precuneus_L, left precuneus; Parietal_Sup_R, right superior parietal gyrus; Frontal_Sup_2_L, left superior frontal gyrus; Postcentral_L, left 
postcentral gyrus; ANOVA, analysis of variance; NC, normal control;  GRF, Gaussian random field.
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brain activity and behavior tests (R=0.73, P=0.002). As 
shown in Figure 3, the brain activities of the right middle 
frontal gyrus, left middle occipital gyrus, left superior 
frontal gyrus, left angular, and left superior temporal gyrus 
are more important in neuropsychological tests. The scores 
of MoCA, AVLT-N5, AVLT-N1, AVLT-N2, and AVLT-N3 
are important in intrinsic brain activity.

Discussion

AD is the most common neurodegenerative disease of 
the elderly, which seriously affects the elderly’s cognition 
and independent self-care while its long course and severe 
disability bring a heavy burden to families and society (2,38). 
Both MCI and SCD elderlies have a higher progression rate 
of AD compared to normal individuals (4,5). It is important 
to recognize high-risk populations of AD and treat them 
timely and actively in the early preclinical stage. The 
purpose of this study was to explore the internal activity 

changes of subjects at high-risk of AD and find out the 
potential biomarkers of cognitive decline in these special 
populations, as well as more sensitive neuropsychological 
tests.

In this study, we scrutinized the differences in 
neuropsychological tests and ALFF values among the three 
groups and found that the MCI and SCD groups performed 
significantly different on several behavioral tests and ALFF 
values compared with NC. The elderly’s global cognitive 
function, memory, language, and executive function 
all decreased significantly as the cognitive impairment 
progressed from healthy aging to MCI, but their activities of 
daily living did not significantly deteriorate. Also, the ALFF 
values of the prefrontal, parietal, and temporal lobes, as well 
as other related important brain regions, were significantly 
different from those of the healthy elderly, indicating that 
the changes in intrinsic activities were closely related to 
the decline in cognitive function in patients with MCI and 
SCD. These findings confirmed that the alteration of ALFF 

Table 3 Brain areas with significant variance differences among the three groups

Regions Clusters Voxels
Peak MNI coordinate

Peak intensity
X Y Z

Frontal_Inf_Orb_2_R 23 54 30 −3 13.1006

Temporal_Mid_L 13 −45 −45 12 13.1393

Occipital_Mid_L 34 −39 −87 27 34.8036

Frontal_Inf_Oper_R 42 48 9 21 20.5463

Angular_L 16 −51 −54 24 15.1053

Precentral_L 10 −45 9 33 10.4635

SupraMarginal_R 19 60 −48 27 12.9526

Frontal_Mid_2_R 17 33 30 36 14.0897

Postcentral_L 15 −36 −27 42 14.4983

Precentral_R 13 33 −15 45 14.8993

Precuneus_L 27 −15 −66 54 14.1771

Parietal_Sup_R 17 21 −63 57 13.6942

Frontal_Sup_2_L 21 −18 12 54 23.3586

Postcentral_L 14 −48 −27 57 9.2403

The corresponding anatomical location, cluster voxels, MNI coordinates, intensity of the significance, and AAL partition of these clusters 
of different brain regions with different ALFF values between NC/SCD/MCI groups (GRF correction, voxel P<0.001, cluster P<0.01). MNI, 
Montreal Neurological Institute; Frontal_Inf_Orb_2_R, orbital region of right inferior frontal gyrus; Temporal_Mid_L, left middle temporal 
gyrus; Occipital_Mid_L, left middle occipital gyrus; Frontal_Inf_Oper_R, opercular part of the right inferior frontal gyrus; Angular_L, left 
angular; Precentral_L, left precentral gyrus; SupraMarginal_R, right supramarginal gyrus; Frontal_Mid_2_R, right middle frontal gyrus; 
Postcentral_L, left postcentral gyrus; Precentral_R, right precentral gyrus; Precuneus_L, left precuneus; Parietal_Sup_R, right superior 
parietal gyrus; Frontal_Sup_2_L, left superior frontal gyrus; Postcentral_L, left postcentral gyrus; AAL, automated anatomical labeling.
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values indicates cognitive impairment in elder people, in 
accordance with previous studies (9,11,15).

By further analyzing the ALFF values with neuropsychological 
tests, we discovered a significant correlation (R=0.73) 
between behavior tests and intrinsic brain activity. In 
addition, the ALFF values in the right middle frontal gyrus, 
left superior frontal gyrus, left middle occipital gyrus, left 
angular, and left superior temporal gyrus all play significant 
roles in the connection, indicating that intrinsic activities in 
these areas have greater impacts on cognitive impairment.

According to previous research, higher left frontal 
cortex-hub connectivity was partially responsible for 
higher resilience against cognitive impairment in the early 
stages of AD (37), and AD had a smaller regional volume 
of gray matter in the occipital cortex and frontal gyrus 
than non-AD (38,39), indicating that abnormal instinct 
activity and structural changes in the prefrontal cortex 
and occipital cortex reduce cognitive control. Similarly in 
our study, the prefrontal cortex and occipital cortex, as the 
most correlated brain regions in CCA, play an important 
role in the cognitive control and coordinated processing 
of multiple regions. Additionally, the occipital lobe is in 
charge of processing and integrating visual information 
into cognition. A previous study using PET revealed a 

significant increase in metabolism in the MCI group’s 
inferior occipital gyrus (39). Moreover, compared with NC, 
the SCD group exhibited increased local functional activity 
in the right middle occipital gyrus, which significantly 
negatively correlated with the MMSE and AFT scores (40).  
It implies that the increase in local functional activity in the 
occipital gyrus is a compensatory manifestation of general 
cognitive and language dysfunction and is related to the 
progression of the condition. In this study, the increased 
activity of the left angular gyrus also accounts for a large 
proportion of the changes in local brain activity, with 
high importance and weight. The angular gyrus, part of 
the default network, which is thought to be suppressed 
in AD (41), is involved in many cognitive tasks, including 
semantic processing, spatial cognition, memory retrieval, 
attention, and word reading and understanding (42,43). 
It is also thought to play a significant role in cognitive 
dysfunction caused by neurodegenerative diseases. 
Therefore, the abnormal local activity of the angular 
gyrus may at least partially be the cause of the decline in 
cognitive impairment scores on neuropsychological tests. 
Furthermore, a randomized controlled trial suggested that 
repetitive transcranial magnetic stimulation could improve 
cognitive function by improving the local activities of the 
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prefrontal lobe and angular gyrus in MCI patients, further 
demonstrating the important role of these brain regions in 
cognitive function (44). The temporal gyrus collaborates 
with the hippocampus complex to create episodic memory 
and working memory and responds to anticipation (45,46). 
Previous research found that cognitive apathy is related 
to higher connectivity between the temporal gyrus and 
hypothalamic (47) in AD compared with MCI, which may 
reflect functionally compensatory processes in link with 
apathy. This also indicates the important role of intrinsic 
activity in the temporal lobe in cognitive decline, consistent 
with our results.

However, there is not any significant group difference 
among these three groups on the ALFF values in the 
hippocampus, and the intrinsic activity of the hippocampus 
did not appear to play a significant role in cognitive 
impairment in the further CCA, which is quite different 
from previous studies that believed hippocampal dysfunction 
represented a typical etiological marker of age-related 
cognitive decline and emotional processing dysfunction 
(48-51). This may be due to the study’s preference for 
local activation levels over local volume changes and the 
peculiarities of the connections between different regions of 
the brain.

MoCA and AVLT scores were also found to be 
more sensitive to ALFF changes in the CCA analysis. 
The screening tool MoCA is superior to MMSE in the 
identification of MCI for overall cognitive function (52) 
and reflects cognitive reserve more sensitively (53). Among 
MCI patients with lacunar infarctions, MoCA scores 
showed a relatively weak correlation with the ALFF values 
in the medial frontal gyrus (54). Therefore, it is suggested 
that MoCA is more sensitive to determining the change in 
ALFF value and early cognitive decline. Also, AVLT is often 
used to assess memory, an important domain of cognitive 
function (55,56). In our study, the scores of AVLT-N1, 
AVLT-N2, and AVLT-N3, reflecting short-term memory, 
and the scores of AVLT-N5, reflecting delayed recall, were 
sensitive to ALFF changes. It is possible to think of the 
AVLT-N1, AVLT-N2, and AVLT-N3 as a voice loop because 
they include both short-term acoustic storage of sound 
input and word repetition. In addition, the AVLT-N5 is a 
significant predictor of MCI-to-AD conversion, providing 
the best values in predicting MCI outcomes (26), which is 
consistent with our results that the scores of AVLT-N5 show 
a trend of gradual deterioration with cognitive decline. The 
previous study showed that the involvement of the bilateral 
supramarginal gyrus in auditory-vocal integration (57), 

and the left supramarginal gyrus is specifically engaged in 
the detection of changes in phonological units (58), which 
is a significantly different area among the three groups. 
Furthermore, significantly positive correlations were 
observed between changes in response accuracy assessed by a 
short memorized test of letters and numbers and the changes 
in ALFF of the inferior frontal gyrus and supramarginal 
gyrus after repetitive transcranial magnetic stimulation (59). 
Taken together, short-term memory generated by auditory 
stimulation as well as working memory are more accurate for 
the evaluation of cognitive impairment and help identify early 
local brain activity abnormalities in cognitive impairment 
patients.

Limitations

There are several limitations in the present study. First, 
the sample size is relatively moderate, resulting in 
insufficient sensitivity of the results. In addition, we did 
not follow-up these participants on their progression of 
cognitive status longitudinally and thus could not further 
clarify the changes of ALFF during cognitive progression. 
Additionally, compared to ALFF, investigations have 
shown that fractional ALFF (fALFF) may greatly increase 
the sensitivity and specificity in identifying localized 
spontaneous brain activity (16,60). Therefore, further 
studies involving a more comprehensive population 
and using more advanced research methods should be 
conducted to accurately explore the changes in brain 
function during the development of AD.

Conclusions

In conclusion, this preliminary study provides evidence for 
changes in ALFF of the prefrontal, parietal lobe, temporal 
lobe, and other related important brain regions among MCI 
and SCD patients and NC, and associations between ALFF 
values for abnormal brain areas and cognitive performance 
in the elderly. Therefore, spontaneous brain activity may 
be a novel imaging biomarker of cognitive impairment. In 
addition, the changes in ALFF of the prefrontal, occipital 
gyrus, and the left angular were sensitive to identifying 
cognitive impairment, and the scores of AVLT and MoCA 
could predict the intrinsic activity of abnormal brain areas.
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