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Abstract

Objective: To explore the functional connectivity (FC) characteristics of the episodic
memory network (EMN) in amnestic mild cognitive impairment (aMCIl) patients with
different levels of executive function (EF).

Methods: This study included 76 participants from the Alzheimer’s Disease Neu-
roimaging Initiative database, comprising 23 healthy controls (HCs) and 53 aMClI
patients. Based on EF levels, aMCI patients were categorized into aMCI-highEF and
aMCl-lowEF groups. Cognitive function scores, pathological markers (cerebrospinal
fluid -amyloid, total tau protein, phosphorylated tau protein, AV45-PET, and FDG-
PET), and functional magnetic resonance imaging were collected and compared among
the three groups. Seed-based FC analysis was used to examine differences in the
EMN among the groups, and partial correlation analysis was employed to investi-
gate the relationship between changes in FC and cognitive function scores as well as
pathological markers.

Results: Compared to the aMCI-highEF group, the aMCI-lowEF group exhibited more
severe cognitive impairment, decreased cerebral glucose metabolism, and elevated
AV45 levels. Significant FC differences in the left superior temporal gyrus (STG) of
the EMN were observed among the three groups. Post hoc analysis revealed that the
aMCI-lowEF group had increased FC in the left STG compared to the HCs and aMClI-
highEF groups, with statistically significant differences. Correlation analysis showed
a significant negative correlation between the differences in FC in the left STG of
aMClI-highEF and aMCI-lowEF groups and Rey Auditory Verbal Learning Test forget-
ting scores. Receiver operator characteristic curve analysis indicated an area under the
curve of 0.741 for distinguishing between aMCI-highEF and aMCI-lowEF groups based
on FC of left STG, with a sensitivity of 0.808 and a specificity of 0.667.
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1 | INTRODUCTION

Amnestic mild cognitive impairment (aMCl), which serves as a prodro-
mal stage of Alzheimer’s disease (AD), is considered an intermediate
stage between normal aging and AD (W. Bai et al., 2022; Petersen et al.,
2014). The core characteristic of aMCl is a decline in episodic mem-
ory (EM) function, closely associated with disease progression (Cova
etal.,2017;Grandeetal.,2021; Yue et al., 2023). Statistics indicate that
approximately 10%-15% of aMClI patients convert to AD each year
(Jessenetal.,2014). Timely detection and early intervention are crucial
measures to delay the progression of aMCl to AD.

Increasingly, research reports non-amnestic changes in aMCl, espe-
cially executive function (EF) (Garcia-Garcia-Patino et al., 2020; Har-
ringtonetal.,, 2013). EF refers to the ability to plan, organize, implement
working memory, and switch between tasks. Harrington et al. (2013)
proposed that alterations in cerebrospinal fluid S-amyloid precede
memory impairment, leading to a decline in EF. Several studies have
found varying degrees of EF impairment in aMCl patients (Chow et al.,
2022; Gagliardi & Vannini, 2022; Xu et al., 2020). Previous studies sug-
gested that aMCl patients with EF deficiency constituted the high-risk
group for AD conversion (Tabert et al., 2006). Cerbone et al. (2022)
found that participants with lower EF composite scores and greater EM
severity at baseline predicted faster decline on dementia severity mea-
sures. Jung et al. (2020) have indicated that executive dysfunction in
the frontal lobe is an adverse prognostic indicator for aMCIl. aMCl with
executive dysfunction in the frontal lobe exhibits more severe base-
line cortical atrophy, suggesting a correlation between the presence
of frontal executive dysfunction and more severe neurodegeneration.
Van Dam et al. (2013) proposed that functional deficits in the ante-
rior cingulate cortex (ACC) lead to a decline in EF and may potentially
signify progression to AD. Yuan et al. (2016) highlighted EF as akey pre-
dictor for aMCI to AD conversion, with impaired EF exacerbating EM
defects and increasing the risk of progression to AD. Ye et al. (2021)
suggested that the EM defects in aMCl may be partially due to impaired
EF. However, the mechanism by which EF in aMCI patients affects EM
is not yet clear.

Resting-state functional magnetic resonance imaging (rs-fMRI) can
reflect the intrinsic functional connectivity (FC) within brain regions
and has been widely used in the study of the AD spectrum (Xue et al.,
2021; Zhong et al., 2022). While early neuropsychological research on
EM focused on the medial temporal lobe, particularly the crucial role
of the hippocampus, the emergence of whole-brain functional imaging
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Conclusion: aMCl-lowEF exhibits characteristic changes in FC within the EMN, pro-
viding theoretical support for the role of EF in mediating EMN alterations and,

consequently, impacting episodic memory function.
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has revealed that the EM process relies on highly interconnected neu-
ral circuits involving multiple brain networks and regions (Jeong et al.,
2015; Moscovitch et al., 2016). This interconnected system is referred
to as the EM network (EMN) (Liang et al., 2022; Shi et al., 2023). Multi-
ple studies have previously found varying degrees of EMN impairment
in the AD spectrum, which lead to cognitive decline (Cai et al., 2017;
Cassady et al,, 2021; Liang et al., 2022). Moreover, Ye et al. (2021)
found a correlation between EF and EMN (F. Bai et al., 2016). However,
whether EF influences EMN, thereby mediating EM function, remains
to be investigated.

Therefore, according to EF, aMCI patients were divided into aMCI-
highEF and aMCI-lowEF groups. The aims of this current study are to
investigate changes in FC of EMN between three groups from three
aspects: clinical manifestation, pathophysiology, and neuroimaging.
The relationship between changes in the FC of the EMN and cognitive
function was further studied. We hypothesized that there are differ-
ent altered FC of EMN between aMCI-highEF and aMClI-lowEF groups,
and changes of the aMCI-lowEF group exhibit more significant changes
resembling the pathological patterns observed in AD.

2 | MATERIALS AND METHODS

2.1 | Participants

The research data used for our study were sourced from the pub-
lic database of Alzheimer’s Disease Neuroimaging Initiative (ADNI)
(http://adni.loni.usc.edu). In our investigation, a total of 146 patients
with aMCI at baseline were enrolled. First, the EF composite score
for 146 aMCI patients was calculated using the EF calculation model
provided on the ADNI website. This model comprises tests including
categorical fluency, trail-making test parts A and B, digit symbol substi-
tution test, digit span backward, and clock drawing (Gupta et al., 2020).
In the present study, the mean of EF scores was 0.48, with a standard
deviation (SD) of 0.95. Participants with a score higher than one SD
above the mean EF score were classified as aMCI-highEF, while those
with a score lower than one SD below the mean EF score were clas-
sified as aMClI-lowEF (W. Liu et al., 2021). After excluding 93 aMClI
participants, 27 aMCI-highEF and 26 aMCI-lowEF participants were
retained. Subsequently, 25 HCs were randomly included, with two
individuals removed due to excessive head motion (cumulative trans-

lation or rotation > 3.0 mm or 3.0°), resulting in a final inclusion of 23
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HCs. Ethical approval for the ADNI study was granted by the institu-
tional review committees of all participating institutions. Participants
or authorized representatives provided written informed consent.

2.2 | Pathological sample acquisition

The cerebrospinal fluid levels of B-amyloid protein (Ag), total tau pro-
tein (t-tau), phosphorylated tau protein (p-tau), FDG-PET data, and
AV45-PET data were obtained from the ADNI website (http://adni.loni.
usc.edu). The details regarding processing methods were provided in

Supporting Information.

2.3 | MRI data acquisition
Detailed scanning information can be obtained from the ADNI website

(http://adni.loni.usc.edu).

2.4 | Functional data preprocessing

Preprocessing of fMRI data was performed using Data Processing and
Analysis for Brain Imaging (DPABI, http://rfmri.org/DPABI) software in
MATLAB 2019a (http://www.mathworks.com/products/matlab/). The

preprocessing steps were provided in Supporting Information.

2.5 | FC analysis

A seed-based FC analysis was performed to explore the alternation
of SMN. According to a previous study, 8 mm spherical regions of
interest centered in the left hippocampus (montreal neurological insti-
tute space: —25, —15, —20) were created (Martersteck et al., 2020).
Individual mean time series were extracted based on the coregis-
tered seed region as the reference time series, and then a voxel-wise
cross-correlation analysis was carried out between the seed region
and the whole brain within the gray matter (GM) mask. Fisher’s r-to-
z transformation was used to improve the normality of the correlation

coefficients.

2.6 | Statistical analysis
Statistical Package for the Social Sciences (SPSS) software, version 22.0
(IBM), was employed for statistical analysis. The analysis of variance
(ANOVA) and the chi-square test were utilized to compare demograph-
ics, neurocognitive scales, and pathological index among the three
groups: aMCl-highEF, aMCI-lowEF, and HC. Bonferroni correction was
applied for post hoc comparisons, and a p value of <.05 was considered
statistically significant.

A one-way ANOVA analysis was performed to compare the differ-

ences in FC of EMN after controlling for the influence of age, gender,

and education level. Nonparametric permutation tests with threshold-
free cluster enhancement (TFCE) and family-wise error (FWE) cor-
rection were employed for multiple comparisons. Clusters size > 50
voxels (1350 mm3) and p-value < .05 after 1000 random permutations
were considered statistically significant. Subsequently, a two-sample
t-test was conducted using the brain regions that showed significant
differences in covariance analysis, with significance defined as p < .05
(TFCE-FWE correction) and cluster size > 50 voxels (1350 mm3).

Correlation analyses were performed in SPSS, investigating rela-
tionships between altered FC and cognitive function, adjusting for
age, sex, and years of education as covariates (Bonferroni corrected,
p <.05).

Receiver operating characteristic (ROC) curve analysis was carried
out using SPSS 22.0 to assess the sensitivity and specificity of the
altered FC in differentiating aMCI-highEF from aMClI-lowEF.

3 | RESULTS

3.1 | Demographic and neurocognitive
characteristics

Table 1 presents the data of demographic, neurocognitive, and patho-
logical characteristics of all participants, including aMCIl-highEF,
aMCl-lowEF and HC. Compared to HCs, aMCI-highEF exhibited
reduced scores on the Mini-Mental State Examination (MMSE) and
immediate recall of the Rey Auditory Verbal Learning Test (RAVLT).
Compared to HCs, aMCl-lowEF had higher age and lower educa-
tion levels. They also demonstrated significantly decreased scores
on MMSE, Montreal Cognitive Assessment (MoCA), and immedi-
ate recall and learning scores of RAVLT, along with a significant
increase in the RAVLT forgetting ratio. When comparing aMCl-lowEF
to aMCI-highEF, aMClI-lowEF showed significantly lower education
levels, MMSE scores, MoCA scores, immediate recall and learning
scores of RAVLT, as well as FDG levels. Additionally, AV45 levels were
significantly higher in the low executive function aMCI group (p < .05).

3.2 | FC analysis

The results of ANOVA among the three groups indicated a significant
difference in FC in the left superior temporal gyrus (STG) after control-
ling for age, gender, and education level. Further pairwise comparisons
revealed that, compared to both the HCs and aMCI-highEF group, the
aMCIl-lowEF group exhibited increased FC in the left STG (TFCE-FWE

correction, p < .05, cluster size > 50 voxels) (Table 2; Figure 1).

3.3 | Correlation analysis

The correlation analysis indicated a significant negative correlation
between the differences in FC in the left STG and the RAVLT forgetting
score (r=-0.374, p =.007) (Figure 2).
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TABLE 1 Demographics and clinical and pathology data of three groups, including amnestic mild cognitive impairment (aMCl) with higher
executive function (EF), aMCl with lower EF, and healthy control (HC).
aMCI-highEF (27) aMCI-lowEF (26) HC (23) F/t (x?) p values

Age 69.652 +7.80 74.265 + 6.89* 69.087 +5.63 4.322 0172
Gender (male/female) 16/11 10/16 7/16 4596 .100
Education level (years) 17.04 +2.26 14.85 + 2.52* /** 16.91+1.53 8.280 0012
MMSE 28.89 + 1.19*** 26.19 +2.30/*** 29.30+1.15 26.747 <.0012b¢
MoCA 25.69 +1.67 19.60 +4.14**/** 27.04 +2.27 46.057 <.001%
ADNI-EF 1.916 +0.37 —0.839 +0.28"**/*** 1.172 +0.83 189.644 00120
RAVLT-immediate 42.63 +5.54™ 31.04 + 10.87** /*** 50.65+10.43 28.468 <.0072b¢
RAVLT-learning 5.81+2.02 412 +2.78%/* 6.04 +2.60 4.595 .013%
RAVLT-forgetting 4.96+2.82 3.92+2.30 3.17+3.26 2.588 .082
RAVLT-percentage forgetting 45.17 +26.85 56.47 +33.75** 28.80+31.35 4.979 .009?
AB 1042.46 +259.32 1027.83 + 355.36 0.076 .941
t-tau 262.583 +65.23 274.57 +91.36 0.277 .786
p-tau 24.21+5.83 2605+ 11.21 0.366 .720
FDG 1.30+0.95 1.21+0.15 2.220 .031
AV45 1.09+0.15 1.27+£0.27 2.143 .043

Note: Numbers are given as means + standard deviation, SD unless stated otherwise. Values for age derived from ANOVA; gender from chi-square test; and
all clinical measures from ANOVA and two-sample t test.

Abbreviations: Ag, f-amyloid; aMCI-highEF, amnestic mild cognitive impairment with higher executive function; aMCl-lowEF, amnestic mild cognitive impair-
ment with lower executive function; FDG, fluorodeoxyglucose; MMSE, Mini-Mental State Examination; MoCA, Montreal Cognitive Assessment; p-tau,
phosphorylated tau protein; RAVLT, Rey Auditory Verbal Learning Test; t-tau, total tau protein.

2Post hoc analyses showed a significantly group difference between aMCI-lowEF and HC

bPost hoc analyses showed a significantly group difference between aMCl-highEF and aMCl-lowEF.

“Post hoc analyses showed a significantly group difference between aMCI-highEF and HC.

*p <.05;"p <.01; and ***p <.001.

TABLE 2 Thedifference of functional connectivity in episodic memory network across three groups.

Peak MNI coordinate

Region X y z F/t Cluster number
ANOVA
L superior temporal gyrus -54 15 -15 8.903 78

aMCI-lowEF versus HC

L superior temporal gyrus -39 12 -9 3.6231 58
aMCI-lowEF versus aMCI-highEF
L superior temporal gyrus -54 12 -24 3.7066 58

Note: The x, y, and z coordinates are the primary peak locations in the MNI space. Cluster size >19 voxels in ANOVA analysis, p < .05, TFCE-FWE corrected.
Cluster size >50 voxels in post hoc test, p < .05, TFCE-FWE corrected.

Abbreviations: aMCI-highEF, amnestic mild cognitive impairment with higher executive function; aMCl-lowEF, amnestic mild cognitive impairment with lower
executive function; MNI, montreal neurological institute; ANOVA, analysis of variance; HC, healthy control; L, left.

3.4 | ROC analysis 4 | DISCUSSION

The area under the curve (AUC) for the differences in FC in the left STG
in discriminating between the aMCI-highEF group and aMCI-lowEF
group was 0.741, with a sensitivity of 0.808 and a specificity of 0.667
(Figure 3).

This study was the first to explore changes in the EMN based on differ-
ent levels of EF. Several key findings have emerged from this research:
first, aMCI patients with severe EF impairment exhibited more pro-
nounced damage to the EMN, and this impairment was significantly
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FIGURE 1

Brain regions exhibiting significant differences in functional connectivity in episodic memory network. (a) Brain regions showing

significant differences in functional connectivity in the episodic memory network across three groups, including amnestic mild cognitive
impairment with higher executive function (aMCI-highEF), amnestic mild cognitive impairment with lower executive function (aMCl-lowEF), and
healthy control (HC) (threshold-free cluster enhancement with family-wise error [TFCE-FWE] corrected, p < .05, the cluster size > 50 voxels). (b)
Brain region showing significant differences in functional connectivity in the episodic memory network between aMCl-lowEF and HC (TFCE-FWE
corrected, cluster size > 50, p < .05). (c) Brain region showing significant differences in functional connectivity in the episodic memory network

between aMCl-lowEF and aMCI-highEF (TFCE-FWE corrected, cluster size > 50, p <.05).

3r r=-0.374, p=0.007
2
E=] e aMClI-lowEF
‘é’) 1f aMClI-highEF
2
=
Y
>
é .
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205 0.0 0.5 1.0 15
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FIGURE 2 Brainregions exhibiting significant differences in
functional connectivity in episodic memory network and the
correlation with cognitive function. aMCI-highEF, amnestic mild
cognitive impairment with higher executive function; aMCl-lowEF,
amnestic mild cognitive impairment with lower executive function;
L-STG, left superior temporal gyrus; RAVLT, Rey Auditory Verbal
Learning Test.

correlated with EM. Second, alterations in FC in the left STG con-
tributed to distinguishing aMCl patients with different levels of EF. This
study validated the interaction between EF and EM, providing crucial
insights for a deeper understanding of the pathological mechanisms
underlying aMCI.

EF is consistently associated with EM performance in both child-
hood and old age (Dias et al., 2018). Previous researchers have

L-STG
Reference

7

e
o

Sensitivity

14
=

0.2

0.0
0.8 1.0

0.4 0.6
1-Specificity

FIGURE 3 Diagnosis and differentiation of amnestic mild
cognitive impairment with higher executive function (aMCl-highEF)
and amnestic mild cognitive impairment with lower executive function
(aMCl-lowEF) based on receiver operating characteristic (ROC)
analysis. L-STG, left superior temporal gyrus.

proposed the “EF decline hypothesis,” suggesting that aging is not the
core factor leading to memory decline; instead, EF also plays a crucial
role (Lee et al., 2012; Salthouse et al., 2003). Studies suggest that the
impact of aging on memory may result from the selective decline of
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specific EF (Yeetal., 2021). Individuals with aMCl also experience vary-
ing degrees of decline in EF, and impaired EF is correlated with a high
progression rate from aMClto AD (Aretoulietal., 2013; Xu et al., 2020).
It is currently unclear whether the loss of EM and the decline in EF
in aMCl patients are independent or interacting factors. The present
study found that aMCI-lowEF group showed significant differences in
MMSE, MoCA, and partial RAVLT scores compared to HC group/ aMClI-
highEF group. This indicated that the overall cognitive function and
EM function were more severely impaired in the aMCI-lowEF group.
This further confirmed that different levels of EF impact EM function
inaMCI.

Previous research suggested that changes in cerebrospinal fluid A3
precede the decline in EF before memory impairment. This aligned with
the deposition of extracellular amyloid first appearing in the basal part
of the same cortical areas before involving the hippocampus (Harring-
ton et al., 2013). Consistent with previous studies, this research found
an increase in AV45 in the aMCl-lowEF group compared to the aMCl-
highEF group. AV45 is a PET-based measure of brain AS levels, and the
decrease in AV45 validates a more pronounced Ag deposition in aMCl
with low EF (Tideman et al., 2022; Yoon et al., 2019). Furthermore,
the current study found a decrease in FDG in the aMCl-lowEF group
compared to the aMCI-highEF group. This was also consistent with the
fact that EF, combined with regional cerebral glucose metabolism, has
high predictability for conversion from normal to MCl or AD dementia
(Ewers et al., 2013). However, in this study, there were no significant
differences in cerebrospinal fluid AB, t-tau, and p-tau proteins between
the high and low EF aMCI groups, possibly due to the relatively small
sample size.

In this study, there were no significant changes in the EMN of aMClI-
highEF suggesting that the integrity of EF may contribute to preserving
the integrity of the EMN in aMCI. In contrast, aMCl-lowEF showed
a significant increase in FC in the left STG compared to both aMCI-
highEF and HCs. This further indicates that impaired EF affects the FC
of the EMN. The STG is a crucial brain region in the default mode net-
work, playing a key role in extracting meaningful language features and
serving as a primary encoding center for temporal information (Jack-
sonetal.,, 2018; L. Liuetal.,, 2023; Xue et al., 2019). Hanggi et al. (2011)
found that the gray matter volume of the left STG has high sensitivity
and specificity (92.3%/84.7%) in distinguishing between AD and aMClI.

The correlational analysis in this study revealed a significant neg-
ative correlation between the FC of the left STG and the forgetting
score of the RAVLT. As EM declined, the FC of the left STG increased,
suggesting a potential compensatory mechanism. The result proved
that the left STG is a shared substrate for auditory short-term mem-
ory and speech comprehension (Leff et al., 2009). Yue et al. also found
alterations in the amplitude of low frequency fluctuation in the STG of
aMCl patients, positively correlated with MoCA scores, proposing that
abnormalities in the STG might be related to dysfunction across mul-
tiple cognitive domains, consistent with the findings of this study (Yue
et al.,, 2023). Furthermore, ROC analysis demonstrated that the FC of
the left STG contributes to distinguishing aMCI with different levels of
EF. This further confirms the interaction between EF and EM. There-

fore, the left STG may serve as a significant biological marker for aMClI,

WANG ET AL.

offering new insights into targeting for early intervention. In summary,
this study explored the differences in EMN at various levels of pathol-
ogy, cognition, and imaging. It was confirmed that EF mediates the
EMN in individuals with aMCI, thereby impacting the EM in aMCI. This
finding holds significant implications for enhancing our understand-
ing of the pathological mechanisms underlying AD conversion, clinical
prediction of AD conversion, and early intervention strategies.

4.1 | Limitations

This study had some limitations. First, the data for this research were
derived from the ADNI database, primarily representing European
and American populations. Due to differences in genetic backgrounds,
lifestyles, and environmental factors, the generalizability of the results
to other regions may be limited. Therefore, further validation was
needed to determine the applicability of the findings to different races
with AD. Second, the sample size in this study was relatively small,
potentially affecting statistical power, increasing the risk of type Il
errors, and reducing generalizability. To mitigate potential sample size
effects, rigorous correction methods were employed in the present
study. Additionally, longitudinal studies will be conducted in the future
to track and follow up on individuals with aMClI, allowing for a more
comprehensive examination of the evolution of EF in aMCI patients
transitioning to AD. This will enhance our understanding of the role EF

plays in AD progression.

5 | CONCLUSIONS

In summary, this study confirmed characteristic changes in the FC of
the EMN in aMCl with impaired EF, which was significantly correlated
with EM. This provided theoretical support for the notion that EF medi-
ates the EMN, thereby influencing EM. Additionally, the study revealed
a more pronounced deposition of pathological markers in individuals
with impaired EF, suggesting that the level of EF may serve as an effec-
tive biomarker for predicting the progression of AD. In conclusion, a
multimodal approach integrating EF levels, EMN changes, and patho-
logical features holds significant value in predicting the outcomes of
aMCl.

AUTHOR CONTRIBUTIONS

Chao Wang, Rukun Cheng, Lin Qiu, and Haifeng Liu designed the study.
Chao Wang, Rukun Cheng, Wenhao Yang, Lin Qiu, and Haifeng Liu col-
lected the data. Chao Wang, Rukun Cheng, Lin Qiu, and Haifeng Liu

analyzed the data and prepared the manuscript.

ACKNOWLEDGMENTS

Data collection and sharing for this project was funded by the
Alzheimer’s Disease Neuroimaging Initiative (ADNI; National Insti-
tutes of Health Grant U01 AG024904) and DOD ADNI (Department
of Defense award number W81XWH-12-2-0012). ADNI is funded by

the National Institute on Aging, the National Institute of Biomedical



WANG ET AL.

Brain and Behavior

Imaging and Bioengineering, and through generous contributions
from the following: AbbVie; Alzheimer’s Association; Alzheimer’s
Drug Discovery Foundation; Araclon Biotech; BioClinica, Inc.; Biogen;
Bristol-Myers Squibb Company; CereSpir, Inc.; Cogstate; Eisai Inc.; Elan
Pharmaceuticals, Inc.; Eli Lilly and Company; Eurolmmun; F. Hoffmann-
La Roche Ltd. and its affiliated company Genentech, Inc.; Fujirebio; GE
Healthcare; IXICO Ltd.; Janssen Alzheimer Immunotherapy Research
& Development, LLC.; Johnson & Johnson Pharmaceutical Research
& Development LLC.; Lumosity; Lundbeck; Merck & Co., Inc.; Meso
Scale Diagnostics, LLC.; NeuroRx Research; Neurotrack Technologies;
Novartis Pharmaceuticals Corporation; Pfizer Inc.; Piramal Imaging;
Servier; Takeda Pharmaceutical Company; and Transition Therapeu-
tics. The Canadian Institutes of Health Research is providing funds
to support ADNI clinical sites in Canada. Private sector contributions
are facilitated by the Foundation for the National Institutes of Health
(www.fnih.org). The grantee organization is the Northern California
Institute for Research and Education, and the study is coordinated by
the Alzheimer’s Therapeutic Research Institute at the University of
Southern California. ADNI data are disseminated by the Laboratory

for Neurolmaging at the University of Southern California.

CONFLICT OF INTEREST STATEMENT

The authors declare no conflicts of interest.

DATA AVAILABILITY STATEMENT

Data used in preparation of this article were obtained from the
Alzheimer’s Disease Neuroimaging Initiative (ADNI) database
(adni.loni.usc.edu).

ORCID
Haifeng Liu " https://orcid.org/0009-0002-5432-9568
PEER REVIEW

The peer review history for this article is available at https://publons.
com/publon/10.1002/brb3.3601.

REFERENCES

Aretouli, E., Tsilidis, K. K., & Brandt, J. (2013). Four-year outcome of
mild cognitive impairment: The contribution of executive dysfunction.
Neuropsychology, 27(1), 95-106.

Bai, F, Yuan, Y., Yu, H., & Zhang, Z. (2016). Plastic modulation of episodic
memory networks in the aging brain with cognitive decline. Behavioural
Brain Research, 308, 38-45.

Bai, W.,, Chen, P, Cai, H., Zhang, Q, Su, Z., Cheung, T, Jackson, T,, Sha, S., &
Xiang, Y. T. (2022). Worldwide prevalence of mild cognitive impairment
among community dwellers aged 50 years and older: A meta-analysis
and systematic review of epidemiology studies. Age and Ageing, 51(8),
afac173.

Cai, S., Chong, T, Peng, Y., Shen, W., Li, J., von Deneen, K. M., & Huang, L., &
Alzheimer’s Disease Neuroimaging Initiative. (2017). Altered functional
brain networks in amnestic mild cognitive impairment: A resting-state
fMRI study. Brain Imaging and Behavior, 11(3), 619-631.

Cassady, K. E., Adams, J. N., Chen, X., Maass, A., Harrison, T. M., Landau,
S., Baker, S., & Jagust, W. (2021). Alzheimer’s pathology is associated
with dedifferentiation of intrinsic functional memory networks in aging.
Cerebral Cortex, 31(10),4781-4793.

WILEY-®

Cerbone, B., Massman, P. J., Kulesz, P. A, Woods, S. P, & York, M. K. (2022).
Predictors of rate of cognitive decline in patients with amnestic mild
cognitive impairment. The Clinical Neuropsychologist, 36(1), 138-164.

Chow, R., Rabi, R, Paracha, S., Vasquez, B. P, Hasher, L., Alain, C., &
Anderson, N. D. (2022). Reaction time intraindividual variability reveals
inhibitory deficits in single- and multiple-domain amnestic mild cognitive
impairment. The Journals of Gerontology. Series B, Psychological Sciences
and Social Sciences, 77(1), 71-83.

Cova, I, Grande, G., Cucumo, V., Ghiretti, R., Maggiore, L., Galimberti, D.,
Scarpini, E., Mariani, C., & Pomati, S. (2017). Self-awareness for mem-
ory impairment in amnestic mild cognitive impairment: A longitudinal
study. American Journal of Alzheimer’s Disease and Other Dementias, 32(7),
401-407.

Dias, B. F,, Rezende, L. O., Malloy-Diniz, L. F,, & Paula, J. J. (2018). Rela-
tionship between visuospatial episodic memory, processing speed and
executive function: Are they stable over a lifespan? Arquivos de Neuro-
Psiquiatria, 76(2), 89-92.

Ewers, M., Brendel, M., Rizk-Jackson, A., Rominger, A., Bartenstein, P,
Schuff, N., & Weiner, M. W., & Alzheimer’s Disease Neuroimaging
Initiative (ADNI). (2013). Reduced FDG-PET brain metabolism and exec-
utive function predict clinical progression in elderly healthy subjects.
Neurolmage. Clinical, 4, 45-52.

Gagliardi, G., & Vannini, P. (2022). Episodic memory impairment mediates
the loss of awareness in mild cognitive impairment. Frontiers in Aging
Neuroscience, 13,802501.

Garcia-Garcia-Patino, R., Benito-Ledn, J., Mitchell, A. J., Pastorino-Mellado,
D., Garcia Garcia, R, Ladera-Fernandez, V., Vicente-Villardon, J. L., Perea-
Bartolomé, M. V., & Cacho, J. (2020). Memory and executive dysfunction
predict complex activities of daily living impairment in amnestic multi-
domain mild cognitive impairment. Journal of Alzheimer’s Disease, 75(3),
1061-1069.

Grande, X., Berron, D., Maass, A., Bainbridge, W. A., & Dizel, E. (2021).
Content-specific vulnerability of recent episodic memories in
Alzheimer’s disease. Neuropsychologia, 160, 107976.

Gupta, A., Kennedy, K., Perales-Puchalt, J., Drew, D., Beddhu, S., Sarnak,
M., & Burns, J., & Alzheimer’s Disease Neuroimaging Initiative. (2020).
Mild-moderate CKD is not associated with cognitive impairment in older
adults in the Alzheimer’s disease neuroimaging initiative cohort. PLoS
One, 15(10),e0239871.

Hanggi, J., Streffer, J., Jancke, L., & Hock, C. (2011). Volumes of lateral tem-
poral and parietal structures distinguish between healthy aging, mild
cognitive impairment, and Alzheimer’s disease. Journal of Alzheimer’s
Disease, 26(4),719-734.

Harrington, M. G., Chiang, J., Pogoda, J. M., Gomez, M., Thomas, K., Marion,
S. D., Miller, K. J., Siddarth, P, Yi, X.,, Zhou, F, Lee, S., Arakaki, X.,
Cowan, R. P, Tran, T., Charleswell, C., Ross, B. D., & Fonteh, A. N. (2013).
Executive function changes before memory in preclinical Alzheimer’s
pathology: A prospective, cross-sectional, case control study. PLoS One,
8(11),e79378.

Jackson, R. L., Bajada, C. J,, Rice, G. E., Cloutman, L. L., & Lambon Ralph, M.
A. (2018). An emergent functional parcellation of the temporal cortex.
Neuroimage, 170, 385-399.

Jeong, W., Chung, C. K., & Kim, J. S. (2015). Episodic memory in aspects of
large-scale brain networks. Frontiers in Human Neuroscience, 9, 454.

Jessen, F., Wolfsgruber, S., Wiese, B., Bickel, H., Mosch, E., Kaduszkiewicz,
H., Pentzek, M., Riedel-Heller, S. G., Luck, T, Fuchs, A., Weyerer, S.,
Werle, J., van den Bussche, H., Scherer, M., Maier, W., & Wagner, M.,
& German Study on Aging, Cognition and Dementia in Primary Care
Patients. (2014). AD dementia risk in late MCI, in early MCI, and in sub-
jective memory impairment. Alzheimer’s & Dementia: The Journal of the
Alzheimer’s Association, 10(1), 76-83.

Jung, Y. H,, Park, S., Jang, H., Cho, S. H., Kim, S. J,, Kim, J. P, Kim, S. T,,
Na, D. L., Seo, S. W., & Kim, H. J. (2020). Frontal-executive dysfunction
affects dementia conversion in patients with amnestic mild cognitive
impairment. Scientific Reports, 10(1), 772.


http://www.fnih.org
https://orcid.org/0009-0002-5432-9568
https://orcid.org/0009-0002-5432-9568
https://publons.com/publon/10.1002/brb3.3601
https://publons.com/publon/10.1002/brb3.3601

. Brain and Behavior
* | WILEY [Open ccess3

Lee, T., Crawford, J. D., Henry, J. D., Trollor, J. N., Kochan, N. A.,, Wright, M.
J., Ames, D., Brodaty, H., & Sachdev, P. S. (2012). Mediating effects of
processing speed and executive functions in age-related differences in
episodic memory performance: A cross-validation study. Neuropsychol-
ogy, 26(6),776-784.

Leff, A. P, Schofield, T. M., Crinion, J. T,, Seghier, M. L., Grogan, A., Green,
D. W., & Price, C. J. (2009). The left superior temporal gyrus is a shared
substrate for auditory short-term memory and speech comprehension:
Evidence from 210 patients with stroke. Brain: A Journal of Neurology,
132(12),3401-3410.

Liang, X., Yuan, Q. Xue, C,, Qi, W., Ge, H., Yan, Z,, Chen, S., Song, Y., Wu,
H., Xiao, C., & Chen, J. (2022). Convergent functional changes of the
episodic memory impairment in mild cognitive impairment: An ALE
meta-analysis. Frontiers in Aging Neuroscience, 14, 919859.

Liu, L., Liu, D., Guo, T., Schwieter, J. W., & Liu, H. (2023). The right supe-
rior temporal gyrus plays a role in semantic-rule learning: Evidence
supporting a reinforcement learning model. Neuroimage, 282, 120393.

Liu, W, Liu, L., Cheng, X, Ge, H., Hu, G., Xue, C., Qi, W., Xu, W,, Chen, S.,
Gao, R, Rao, J., & Chen, J. (2021). Functional integrity of executive con-
trol network contributed to retained executive abilities in mild cognitive
impairment. Frontiers in Aging Neuroscience, 13,710172.

Martersteck, A., Sridhar, J., Rader, B., Coventry, C., Parrish, T., Mesulam,
M. M., & Rogalski, E. (2020). Differential neurocognitive network per-
turbation in amnestic and aphasic Alzheimer disease. Neurology, 94(7),
e699-e704.

Moscovitch, M., Cabeza, R., Winocur, G., & Nadel, L. (2016). Episodic mem-
ory and beyond: The hippocampus and neocortex in transformation.
Annual Review of Psychology, 67, 105-134.

Petersen, R. C., Caracciolo, B., Brayne, C., Gauthier, S., Jelic, V., & Fratiglioni,
L. (2014). Mild cognitive impairment: A concept in evolution. Journal of
Internal Medicine, 275(3), 214-228.

Salthouse, T. A., Atkinson, T. M., & Berish, D. E. (2003). Executive functioning
as a potential mediator of age-related cognitive decline in normal adults.
Journal of Experimental Psychology: General, 132(4), 566-594.

Shi, Y., Wang, Z., Chen, P,, Cheng, P, Zhao, K., Zhang, H., Shu, H., Gu, L., Gao,
L., Wang, Q.,, Zhang, H., Xie, C., Liu, Y., & Zhang, Z., & Alzheimer’s Disease
Neuroimaging Initiative. (2023). Episodic memory-related imaging fea-
tures as valuable biomarkers for the diagnosis of Alzheimer’s disease:
A multicenter study based on machine learning. Biological Psychiatry:
Cognitive Neuroscience and Neuroimaging, 8(2), 171-180.

Tabert, M. H., Manly, J. J,, Liu, X,, Pelton, G. H., Rosenblum, S., Jacobs, M.,
Zamora, D., Goodkind, M., Bell, K., Stern, Y., & Devanand, D. P. (2006).
Neuropsychological prediction of conversion to Alzheimer disease in
patients with mild cognitive impairment. Archives of General Psychiatry,
63(8), 916-924.

Tideman, P, Stomrud, E., Leuzy, A., Mattsson-Carlgren, N., Palmqvist, S.,
& Hansson, O., & Alzheimer’s Disease Neuroimaging Initiative. (2022).
Association of g-amyloid accumulation with executive function in adults
with unimpaired cognition. Neurology, 98(15),e1525-e1533.

Van Dam, N. T, Sano, M., Mitsis, E. M., Grossman, H. T., Gu, X., Park, Y., Hof, P.
R., & Fan, J. (2013). Functional neural correlates of attentional deficits in
amnestic mild cognitive impairment. PLoS One, 8(1), e54035.

WANG ET AL.

Open Access

Xu, W., Chen, S., Xue, C, Hu, G, Ma, W, Qi, W, Lin, X,, & Chen, J.
(2020). Functional MRI-specific alterations in executive control network
in mild cognitive impairment: An ALE meta-analysis. Frontiers in Aging
Neuroscience, 12,578863.

Xue, C,, Sun, H,, Yue, Y., Wang, S., Qi, W,, Hu, G,, Ge, H., Yuan, Q. Rao, J.,
Tian, L., Xiao, C., & Chen, J. (2021). Structural and functional disruption
of salience network in distinguishing subjective cognitive decline and
amnestic mild cognitive impairment. ACS Chemical Neuroscience, 12(8),
1384-1394.

Xue, C., Yuan, B, Yue, Y., Xu, J, Wang, S., Wu, M., Ji, N., Zhou, X., Zhao,
Y., Rao, J., Yang, W., Xiao, C., & Chen, J. (2019). Distinct disruptive pat-
terns of default mode subnetwork connectivity across the spectrum of
preclinical Alzheimer’s disease. Frontiers in Aging Neuroscience, 11, 307.

Ye, Q. Chen, H,, Liu, R,, Qin, R, Luo, C,, Li, M., Xu, Y., Zhao, H., & Bai, F.
(2021). Lateralized contributions of medial prefrontal cortex network
to episodic memory deficits in subjects with amnestic mild cognitive
impairment. Frontiers in Aging Neuroscience, 13,756241.

Yoon, H. J,, Kim, S. G, Kim, S. H., Choo, I. L. H., Park, S. H., & Seo, E. H., &
Alzheimer’s Disease Neuroimaging Initiative. (2019). Distinct neural cor-
relates of executive function by amyloid positivity and associations with
clinical progression in mild cognitive impairment. Yonsei Medical Journal,
60(10), 935-943.

Yuan, B.,Chen, J., Gong, L., Shu, H., Liao, W., Wang, Z., Liu, D., Xie, C., & Zhang,
Z.(2016). Mediation of episodic memory performance by the executive
function network in patients with amnestic mild cognitive impairment: A
resting-state functional MRI study. Oncotarget, 7(40), 64711-64725.

Yue, J., Han, S. W,, Liu, X., Wang, S., Zhao, W. W.,, Cai, L. N., Cao, D. N., Mah, J.
Z.,Hou, Y., Cui, X, Wang, Y., Chen, L., Li, A, Li, X. L., Yang, G., & Zhang, Q.
(2023). Functional brain activity in patients with amnestic mild cognitive
impairment: An rs-fMRI study. Frontiers in Neurology, 14, 1244696.

Zhong, X., Chen, B., Hou, L., Wang, Q., Liu, M,, Yang, M., Zhang, M., Zhou,
H., Wu, Z,, Zhang, S., Lin, G., & Ning, Y. (2022). Shared and specific
dynamics of brain activity and connectivity in amnestic and nonamnes-
tic mild cognitive impairment. CNS Neuroscience & Therapeutics, 28(12),
2053-2065.

SUPPORTING INFORMATION
Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: Wang, C., Cheng, R., Yang, W., Qiu, L.,
Liu, H., & the Alzheimer’s Disease Neuroimaging Initiative.
(2024). Episodic memory network characteristics in patients
with amnestic mild cognitive impairment accompanied by
executive function impairment. Brain and Behavior, 14,e3601.
https://doi.org/10.1002/brb3.3601


https://doi.org/10.1002/brb3.3601

	Episodic memory network characteristics in patients with amnestic mild cognitive impairment accompanied by executive function impairment
	Abstract
	1 | INTRODUCTION
	2 | MATERIALS AND METHODS
	2.1 | Participants
	2.2 | Pathological sample acquisition
	2.3 | MRI data acquisition
	2.4 | Functional data preprocessing
	2.5 | FC analysis
	2.6 | Statistical analysis

	3 | RESULTS
	3.1 | Demographic and neurocognitive characteristics
	3.2 | FC analysis
	3.3 | Correlation analysis
	3.4 | ROC analysis

	4 | DISCUSSION
	4.1 | Limitations

	5 | CONCLUSIONS
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	ORCID
	PEER REVIEW

	REFERENCES
	SUPPORTING INFORMATION


