:' frontiers Frontiers in Human Neuroscience

@ Check for updates

OPEN ACCESS

EDITED BY
Jiu Chen,
Nanjing University, China

REVIEWED BY
Thomas Bolton,

University of Geneva, Switzerland
Xinglin Zeng,

University of Maryland, United States

*CORRESPONDENCE
Yunfan Wu
wuyunfan2007@163.com
Guihua Jiang
GH jiang2002@163.com

These authors have contributed equally to
this work

RECEIVED 18 October 2024
ACCEPTED 24 March 2025
PUBLISHED 10 April 2025

CITATION

YuK, XuS, FuS, Hua K, YinY, Lei Q, Liu J,
Wu Y and Jiang G (2025) Early identification
of autism spectrum disorder in preschoolers
by static and dynamic amplitude of
low-frequency fluctuations features.

Front. Hum. Neurosci. 19:1513200.

doi: 10.3389/fnhum.2025.1513200

COPYRIGHT

© 2025 Yu, Xu, Fu, Hua, Yin, Lei, Liu, Wu and
Jiang. This is an open-access article
distributed under the terms of the Creative
Commons Attribution License (CC BY). The
use, distribution or reproduction in other
forums is permitted, provided the original
author(s) and the copyright owner(s) are
credited and that the original publication in
this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Human Neuroscience

TYPE Original Research
PUBLISHED 10 April 2025
pol 10.3389/fnhum.2025.1513200

Early identification of autism
spectrum disorder in
preschoolers by static and
dynamic amplitude of
low-frequency fluctuations
features

Kanghui Yu'?', Shoujun Xu®', Shishun Fu?, Kelei Hua?, Yi Yin?,
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Objectives: Early identification and timely intervention is critical for young
children with autism spectrum disorder (ASD). The current study aims to explore
potential disparities in static and dynamic intrinsic brain function in preschoolers
with ASD, and uncover underlying neural underpinnings that can be used for
facilitating the identification of ASD.

Materials and methods: Static and dynamic amplitude of low-frequency
fluctuations (ALFF) of 73 ASD preschoolers and 43 age-matched typically
developing individuals (TDs) were extracted and compared to identify differences
in intrinsic brain local connectivity associated with ASD. The dynamic ALFF
(dALFF) utilized a sliding window technique that integrates static ALFF (SALFF)
to gauge the variance of local brain activity over time. A receiver operating
characteristic (ROC) analysis was conducted to evaluate the potential diagnostic
capability of the sALFF and dALFF metrics in identifying ASD.

Results: Compared with TDs, ASD preschoolers exhibited lower levels of
SALFF in the left middle temporal gyrus, medial orbitofrontal cortex, precuneus
and reduced dALFF values in the left inferior orbitofrontal cortex, middle
temporal gyrus. ROC analysis indicated that sALFF and dALFF could distinguish
preschoolers with ASD from TDs with the areas under the curve (AUC) of 0.848
and 0.744 (p < 0.001), and their combination showed an increased accuracy
with the AUC of 0.866 (p < 0.001). Nevertheless, there were no linear correlation
between the ALFF values in children with ASD and clinical scales.

Conclusion: The findings suggest an association of regional left brain dysfunction
with ASD in preschoolers. The values of sALFF and dALFF, particularly in the
middle temporal gyrus, could act as possible indicators for the early detection
of ASD.
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autism spectrum disorder, preschooler, resting-state fMRI, static, dynamic, amplitude
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Introduction

Autism spectrum disorder (ASD) is a complex and heterogeneous
neurodevelopmental disease that originates in early childhood. It is
characterized by impaired social communication, repetitive
stereotyped behaviors and narrowed interests (American Psychiatric
Association, 2013). The rising prevalence of ASD (Hirota and King,
2023; Sun et al., 2019) poses a global public health issue and economic
burden to patients and their families (Xu S. et al., 2019). Global
Burden of Disease (GBD) statistics indicate that there are over
603,750 children under the age of 5 with ASD worldwide (Yi et al.,
2024). Therefore, early diagnosis and timely intervention for ASD, is
of great significance, especially for preschoolers with malleable
brain development.

Although pathological mechanisms of ASD remain elusive, it is
widely accepted that insufficient neuronal connections and disruption
of spontaneous neural activity contribute to ASD development
(Saxena et al., 2020). Moreover, ASD is distinguished by atypical
trajectories of brain maturation (Guo et al., 2017), which are linked
to varied neural development of brain anatomy, function, and
connectivity (Ecker et al., 2015). As an effective non-invasive brain
imaging technique, resting-state functional magnetic resonance
imaging (rs-fMRI) can capture spontaneous low-frequency
functional signals through blood oxygen level-dependent (BOLD)
responses, primarily reflecting brain activities through intrinsic
Previous rs-fMRI studies on ASD
predominantly focused on whole-brain functional connectivity (FC)

functional connections.

analysis, with varied findings on regional consistency and FC changes
in ASD (Di Martino et al., 2013; Wisniowiecka-Kowalnik and
Nowakowska, 2019). Unlike FC, which evaluates the synchronized
BOLD time series across specific brain regions or networks, the
amplitude of low-frequency fluctuations (ALFF) quantifies the
intensity of the BOLD signal in each voxel. It is capable of mirroring
the degree of neural activity that occurs spontaneously in particular
brain areas, possessing temporal constancy and test-retest
dependability (Kiiblbock et al., 2014; Zuo and Xing, 2014). Supekar
et al. (2013) revealed that, compared to TDs, children with ASD
showed increases of the mean global FC, accompanied by increased
mean ALFFE Li et al. (2021) found ALFF values in the cerebellar
region of adolescent ASD patients are significantly correlated with
some clinical features. Yue et al. (2022) conducted an ALFF and
regional homogeneity (ReHo) in prepubertal boys. Compared to the
TD group, the ASD group exhibited a reduced ALFF value in the left
inferior parietal lobule, along with decreased ReHo values in the left
lingual gyrus, left superior temporal gyrus, left occipital gyrus, and
right cuneus. Another study (Karavallil Achuthan et al., 2022) utilized
a combination of ALFF and fractional amplitude of low-frequency
fluctuation (fALFF) as a measurement method to compare intrinsic
brain activity between children with and without autism. Focusing
on seven large-scale brain networks that play a pivotal role in both
resting and task-related brain functions, they discovered that ALFF,
which partially involves social and affective cognitive regions,
increased in autism patients, while it decreased in regions including
key nodes of the default mode network (DMN). Most studies tend to
focus on a single age group or neglect developmental effects. Guo
et al. (2017) investigated the atypical developmental trajectory of
spontaneous brain activity in individuals with autism spectrum
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disorder across a broad age range. Their findings revealed that the
ALFF values in the precuneus and left occipital gyrus were
significantly reduced in the ASD group across all developmental
stages. Furthermore, the abnormal ALFF values were directly
correlated with social deficits in ASD, indicating that abnormal
spontaneous brain activity might be a potential mechanism
underlying social deficits in ASD.

Since the resting brain works as a dynamic system, exhibiting a
non-static spatiotemporal functional organization (James et al., 2019;
LiJ. et al,, 2018), researchers can obtain a landscape of fluctuation
pattern of brain activity amplitudes as time progresses. Consequently,
some scholars (Fu et al., 2018) introduced dynamic ALFF (dALFF)
that integrates static ALFF (SALFF) with the sliding window approach
to assess the variation of ALFF across different time intervals. It has
been broadly utilized to investigate pathological alterations in brain
activity of patients suffering from diverse neuropsychiatric disorders
(Karavallil Achuthan et al., 2022; Liang et al., 2023; Yang et al., 2022).
Prior investigations have demonstrated that the dynamic analysis of
brain function serves as a crucial approach for uncovering the origin
and development mechanisms of brain disorders (Cui et al., 2019;
Song et al., 2023; Zheng et al,, 2021; Zhu et al., 2024). Previous
research primarily concentrated on the static brain function of ASD,
overlooking the dynamic characteristics of spontaneous brain activity
in the temporal dimension. Recently, there have been sporadical
studies examining the dynamic changes in local brain activity among
ASD patients. For instance, Yue et al. (2023) combined with dALFF
and dynamic regional homogeneity (dReHo) methods, to investigate
the dynamic characteristics of regional neurological function in adult
ASD patients. The findings revealed a significant increase in dALFF
variability in the left middle occipital gyrus, left superior parietal
gyrus, left precuneus, left inferior temporal gyrus, and right inferior
frontal gyrus, orbital part among adult ASD patients. Another study
(Wu et al., 2023) also utilized dReHo and dALFF methods to explore
the disparities in dynamic brain activity between toddlers aged
1-3 years with ASD and language development delay (LDD), and
found that the dALFF values in the right MTG and right precuneus
were notably lower in the ASD group compared to the LDD group,
indicating smaller low-frequency fluctuation amplitudes in these
regions among ASD children, potentially linked to their language
processing deficits. However, the aforementioned researches are
confined to a single dynamic change and fail to simultaneously
analyze both dynamic and static indicators to compare their
similarities and differences.

On the other hand, multiple studies have suggested that age has
a significant impact on ALFF values (Guo et al., 2017; Mei et al,,
2022). Recent investigations into the exploration of dynamic brain
activities in ASD mainly focused on toddlers or adult patients, with
varying results (Wu et al., 2023; Yue et al., 2023), while ALFF features
in preschoolers remain to be characterized. As far as we know, this
study is the first to apply SALFF and dALFF in a comparative study
between preschool children with ASD and those without. We aim to
identify ASD-specific ALFF features that could be used as potential
diagnostic biomarkers for ASD. These findings will offer novel
insights into neuroimaging processes related to social and language
difficulties, restricted interests and repetitive behaviors in
preschoolers with ASD, and facilitate early identification and
intervention of ASD.

frontiersin.org


https://doi.org/10.3389/fnhum.2025.1513200
https://www.frontiersin.org/journals/human-neuroscience
https://www.frontiersin.org

Yu et al.

Materials and methods
Participants

This study recruited 86 children with ASD and 54 age- and
sex-matched typically developing individuals (TDs). The study was
approved by the Ethics Committee at the Second Clinical Medical
College of Southern Medical University. It was in line with the
principles stated in the Helsinki Declaration and its subsequent
revisions or comparable ethical norms. Guardians of every participant
provided consent after having been comprehensively informed about
the aim of the study. The inclusion criteria were clearly defined: (1)
Han Chinese ethnicity; (2) aged 2-6 years; (3) right-handed boys or
girls; (4) no prior history of head trauma, mental and neurological
ailments (including epilepsy and Tourette syndrome), psychiatric
disorders (for example, childhood disintegrative disorder, obsessive-
compulsive disorder, Asperger’s syndrome, or selective mutism), or
genetic defects (such as Rett syndrome and Fragile X syndrome).
included

contraindications for MRI scanning, or use of antipsychotic

Exclusion criteria chronic  systemic  diseases,
medications for all participants. The final ASD group comprised 73
cases (a total of 13 cases were excluded, with 12 cases younger than
2 years old and 1 case older than 6 years old). Meanwhile, the control
group consisted of 43 individuals (a total of 11 cases were excluded,
including 10 cases younger than 2 years old and 1 case older than

6 years old).

Clinical assessment

Through clinical interviews, all patients satisfied the Diagnostic
and Statistical Manual of Mental Disorders, 5th Edition (DSM-V)
criteria for ASD and completed both the Autism Behavior Checklist
(ABC) (Krug et al., 1980) and the Childhood Autism Rating Scale
(CARS) (Schopler et al., 1980), which are the primary tools for
diagnosing and screening ASD in China. The ABC is filled out by the
parents of the subjects and is appropriate for individuals ranging from
8 months to 28 years, whereas the CARS is evaluated by qualified
psychologists and is intended for individuals who are 2 years old and
above. The Developmental Quotient (DQ) is a commonly used
indicator to test the neurodevelopment of preschoolers, which reflects
the social and psychological abilities of children. The DQ is assessed
using the Developmental Diagnosis Scale for 0- to 6-year-old children,
with a score of less than 70 indicating low development.

Image acquisition

Image acquisition is performed by experienced radiographers.
Prior to the scan, all subjects are orally administered or given an
enema of 0.5% chloral hydrate at a dose of 0.5 mL/kg (maximum dose
of 10 mL) to induce and maintain sedation. Throughout the scanning
process, each child requires a caregiver or guardian present.

MRI examinations are performed with a Siemens Skyra 3.0 T MRI
scanner, which has an eight-channel head coil, in the Department of
Radiology at Shenzhen Children’s Hospital. To reduce head movement
and operator noise, each participant is placed in a supine position,
supported by foam padding and fitted with headphones. The following
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are the rs-fMRI acquisition parameters: echo time (TE)/repetition
time (TR), 30 ms/2 s; slice thickness of 3.6 mm with a 0.72 mm gap;
field of view (FOV), 230 mm x 230 mm; flip angle, 90° matrix,
64 x 64; number of slices, 35. A total of 240 volumes are acquired
within 8 min. Meanwhile, the high-resolution T1-weighted structural
MRI images had the following parameters: 176 sagittal sections;
TR = 2,300 ms, TE = 2.25 ms, TT = 1900 ms; Flip angle, 8°; acquisition
matrix: 256 x 256, FOV: 256 x 256 mm, and layer thickness was
1 mm. Once the MRI scan is completed, the images of each participant
are examined to ensure that they fulfill the study’s criteria.

Data preprocessing

The DPABI software! (Yan et al., 2016) and the SPM12 software
package, which run on the MATLAB R2016a platform (MathWorks
Inc., Natick, MA, USA), were utilized for preprocessing the rs-fMRI
data. The primary stages involved in the preprocessing of rs-fMRI data
included: (1) eliminating the initial 10 time points to ensure the
acquisition of stable scans; (2) slice-time correction; (3) motion
correction: participants with a maximum displacement greater than
2 mm and angular motion greater than 2° throughout the fMRI scan
were excluded to minimize the impact of head motion; the average
framewise displacement (FD) was taken as the head motion
parameter, and participants whose FD exceeded 0.5 were excluded
(Jenkinson et al., 2002); (4) normalization of all functional image data
related to subjects to the Montreal Neurological Institute (MNI) space,
along with resampling the images to a voxel size of
3 mm x 3 mm x 3 mm (Fonov et al., 2011); (5) elimination of linear
trends; (6) regression of 24 head motion parameters, global signals,
white matter and cerebrospinal fluid signals; (7) application of band-
pass filtering (0.01-0.08 Hz). To enhance the signal-to-noise ratio, a
Gaussian filter with a full width at half maximum of 6 mm was
employed to smooth the fMRI data. Finally, both sALFF and dALFF

were computed at the voxel level.

Static and dynamic ALFF computation

ALFF mainly functions to depict the resting-state functional
activity within each brain voxel. Following standardization, the time
series data of fMRI is transformed into the frequency domain using
a Fast Fourier transform. Then, sALFF values are calculated using
the mean square root of the power spectrum at frequencies ranging
from 0.01 to 0.08 Hz (Yu-Feng et al., 2007). The dALFF is
determined through the sliding window approach using the DPABI
software. Window length is critical for calculating resting-state
dynamics. In this study, by using a window length of 50 TRs (100 s)
and a step size of 5 TRs (10 s), optimal parameters were established,
which achieved a balance between seizing reliable dynamics and
ensuring stable correlations among the regions involved in the
dALFF calculation (Cui et al., 2019; Ma et al., 2020; Song et al.,
2023). In each window, ALFF maps are calculated, and the variance
among these maps throughout all windows serves as an indicator of

1 http://rfmri.org/dpabi
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dynamics. To quantitatively assess and contrast the dynamic features
of dALFF over time, we measured the variance of the ALFF maps
using standard deviation (SD) to evaluate the temporal variability
of the brain activity amplitude. Subsequently, both the sALFF and
dALFF maps are standardized to z-scores and subjected to
smoothing using a Gaussian kernel with a full-width at half-
maximum (FWHM) of 6 mm to facilitate further statistical
evaluation.

Statistical analysis and correlation analysis

The clinical data were analyzed statistically with IBM SPSS
Statistics 25, and differences were regarded as significant when
p <0.05. With age, DQ and FD as covariates, a two-sample t-test was
applied to compare the estimation values of SALFF and dALFF were
compared between children with ASD and TDs. After the Gaussian
Random Field (GRF) correction was applied, with a voxel-level
p<0.001 (two-tailed) and a cluster-level p <0.05 (two-tailed),
statistical significance was achieved. Additionally, Pearson correlation
analysis was conducted to examine the associations between sALFF
or dALFF values and CARS, ABC.

In addition, by using binary logistic regression, the predictive
probabilities of SALFF and dALFF values in abnormal brain regions
as well as their combination for diagnosing ASD were determined. In
the step of the logistic regression step, we incorporated age, DQ and
FD as covariates to eliminate the potential influence factors, Receiver
operating characteristic (ROC) curves were adopted to evaluate the
predictive accuracy of SALFF dALFF and their combination, which
was quantified by the area under the curve (AUC). The mean sALFF
and dALFF values for all voxels that differed significantly were
extracted separately. ROC curves were constructed using abnormal
sALFF and dALFF as features. An AUC that exceeds 0.9 signifies
outstanding diagnostic effectiveness, while a range between 0.7 and
0.9 reflects good diagnostic capability. An AUC falling between 0.5
and 0.7 denotes inadequate diagnostic performance, and any value at
or below 0.5 suggests no diagnostic utility (Niu et al., 2023).

Results
Demographics of participants

Table 1 details the participants’ demographics and clinical scale
scores of the ASD and TD groups. No notable discrepancies in gender
(p=0.521) age (p =0.712) or head motion (p = 0.065) were found
between the two groups. The DQ value was lower in the ASD group
than the TD group (p < 0.001), which aligns with the diagnosis for
ASD. The values for CARS and ABC are not available in the TD group.

Difference of sALFF and dALFF between
ASD and TD groups

Compared to the TD group, children with ASD exhibited a
marked reduction in sALFF within the left medial orbitofrontal cortex
(mOFC), the left middle temporal gyrus (MTG), and the left
precuneus (PCu) (Table 2 and Figure 1), while decreased dALFF was
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TABLE 1 Demographic and clinical characteristics of participants.

Variables ~ ASD(n=73) TD(n=43) p-value
Gender (B/G) 57/16 33/10 0.521*
Age (years) 3.32+0.97 3.39+0.81 0.712*
Mean FD 0.051 £ 0.028 0.041 £ 0.021 0.065%
DQ 56.44 + 5.87 86.37 +5.87 0.000
ABC 55.64 +£9.48

CARS 3542 +£2.99

Values are presented as mean + standard deviation. ASD, Autism spectrum disorder; HC,
healthy control; B, boy; G, girl; FD, framewise displacement; DQ, Developmental Quotient;
ABC, Autism Behavior Checklist; CARS, Childhood Autism Rating Scale.

*The p-value was obtained with a chi-squared test.

“The p-value was obtained with a two-sample t-test.

detected in the left inferior orbitofrontal cortex (iIOFC) and the left
MTG (Table 2 and Figure 2).

Correlation between ALFF and clinical
scales and ROC curve analysis of ALFF
values

No notable correlation was found between sALFF or dALFF
values in the left mOFC, left MTG, left PCu, left iOFC and the ABC/
CARS scores in children with ASD (r = 0.095, p = 0.434; r = 0.000,
p=0.999; r=0.063, p=0.606; r=-0.006, p=0.962; r=-0.040,
p=0.745; r=-0.128, p=0.290; r=0.057, p=0.638; r=10.080,
p=0.513; r=-0.001, p=0.996; r=0.113, p = 0.351) (Table 3 and
Figures 3A-]). Then, ROC curve analysis was performed to evaluate
the predictive efficiency of sSALFF and dALFF. Results showed that the
AUCs of sALFF and dALFF in abnormal brain regions for diagnosing
ASD were 0.848 (p < 0.001, 95% CI: 0.781-0.916) and 0.744 (p < 0.001,
95% CI: 0.660-0.827), respectively. When sALFF and dALFF were
combined, the AUC reached 0.866 (p < 0.001, 95% CI: 0.803-0.930)
(Figure 4).

Discussion

Our study revealed that preschool children diagnosed with ASD
exhibit reduced sALFF and/or dALFF in the left OFC, MTG, and PCu,
in comparison to healthy controls. ROC analysis suggests a good
discriminating ability of sSALFF and dALFF in identifying ASD, where
their combination showed a better efficiency. Although no correlation
between sALFF or dALFF and their clinical scales was revealed, these
results offer a deeper understanding of ASD-associated brain
dysfunction in preschool children, which highlights the crucial role of
MTG in the pathogenesis of ASD. Since most abnormal ALFF values
are detected in the left hemisphere, the dominant side of included
children, lateralization-related problems play an important role in the
progression of ASD.

Our results showed that the left MTG in ASD group exhibited
lower static and dynamic ALFF values. This supports the notion that
MTG is crucial for brain functions in ASD patients. The MTG, which
is responsible for “social brain” network, has often been associated
with ASD across multiple studies (Amaral et al., 2008; Ogawa et al.,
2019; Pelphrey and Carter, 2008; Sato et al., 2017). While MTG is
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TABLE 2 Differences of sALFF and dALFF between ASD and TD groups.

Indices Cluster size

Brain regions

Peak MNI coordinates

10.3389/fnhum.2025.1513200

T-values

Y

Static L mOFC 18 —6 45 —-12 Frontal_Med_Orb_L —5.5049
ALFF LMTG 17 —54 -30 6 Temporal_Mid _L —4.9527

L PCu 26 0 —66 36 Precuneus _L —4.5912
Dynamic LiOFC 140 27 21 —15 Frontal_Inf Orb_L —4.5047
ALFF LMTG 228 —63 =30 3 Temporal _Mid_L —5.2261

L, left; ALFE, amplitude of low frequency fluctuations; MNI, Montreal Neurological Institute; AAL, anatomical automatic labeling; mOFC, medial orbitofrontal cortex; MTG, middle temporal
gyrus; PCu, precuneus; iOFC, inferior orbitofrontal cortex.
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Significant sALFF differences between ASD children and TDs. A two-sample t-test was conducted to evaluate the sALFF values in children with ASD
compared to TDs. Markedly decreased sALFF in left medial orbitofrontal cortex, left middle temporal gyrus and left precuneus were found in children
with ASD (blue colors). X, Y, and Z stand for the coordinates of main peak positions of the abnormal brain region in the Montreal Institute (MNI) space.
Distributions of sALFF [if Figure 1 legend; or dALFF, if Figure 2 legend] values for ASD children and TDs are shown on the right for all significant clusters,
***p < 0.001. L, left; mOFC, medial orbitofrontal cortex; MTG, middle temporal gyrus; PCu, precuneus.

closely associated with language, emotion, and social cognition, its
alteration is significantly correlated with ASD (Xu J. et al,, 2019).
Similarly, reduced regional connectivity in right MTG is revealed in
high-functioning adults with ASD (Itahashi et al., 2015). Although
these studies emphasized the functional abnormalities in MTG, their
conclusions significantly varied. For example, an increased ALFF
value in right MTG is detected in low-functioning boys with ASD (Li
G. etal,, 2018), which is different from our findings. The discrepancy
may be due to the fact that our study reported a difference in left
MTG, which is distinct from right MTG as they reported. Moreover,
the age, gender, sample sizes, IQ or ASD symptomatology, and
investigation methods may result in different conclusions.

MTG is also an essential component of the semantic system
located in the Wernicke region. It primarily facilitates semantic
expression, serves as a storage site for lexical items (Hickok, 2012) and
plays a key part in processing auditory information and
comprehending language (Sugimoto et al., 2023). Specifically, the left
MTG aids the left inferior frontal gyrus in comprehending semantics

Frontiers in Human Neuroscience

and accessing lexical details, participating in the selection of items
according to their linguistic significance (Ogawa et al., 2019). Our
research identified a decreased ALFF value in the left MTG in ASD
group, aligning with earlier research indicating that ALFF is reduced
in the left MTG and left inferior frontal gyrus in preschool-aged boys
with ASD (Lan et al.,, 2021). This finding may indicate that the
language functions of the MTG in individuals with ASD become more
lateralized to the left hemisphere. Supporting this viewpoint, Xu
J. et al. (2019) suggest that the left MTG is more actively involved in
diverse cognitive activities linked to language processing and the
acquisition of non-abstract semantic information compared to its
right counterpart, thereby allowing the left MTG to convey semantic
meanings more efficiently and thoroughly. Overall, these findings
indicate that the reduced ALFF in the left MTG of preschoolers with
ASD may be closely related to their core symptom, the impaired social
interaction and language communication.

We also observed a reduction of sSALFF in the left mOFC, as well
as a decrease of dALFF in the left iOFC, suggesting a lowered level of
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MTG, middle temporal gyrus.
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Significant sALFF differences between ASD children and TDs. A two-sample t-test was conducted to evaluate dALFF values in children with ASD
compared to TDs. Markedly decreased dALFF in left inferior orbitofrontal cortex and left middle temporal gyrus were found in children with ASD (blue
colors). X, Y, and Z stand for the coordinates of main peak positions of the abnormal brain region in the Montreal Institute (MNI) space. The ROI signal
values for altered regional brain regions between ASD children and TDs is shown on the right, ***p < 0.001. L, left; iOFC, inferior orbitofrontal cortex;
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TABLE 3 Correlation analyses between ALFF and clinical scales.

LmOFC LMTG LPCu

r 0.095 0.063 —0.040 0.057 —0.001
ABC P 0.434 0.606 0.745 0.638 0.996
CARS r 0.000 —0.006 —0.128 0.080 0.113
P 0.999 0.962 0.290 0.513 0.351

L, left; SALFE, static amplitude of low frequency fluctuations; dALFF, dynamic amplitude of
low frequency fluctuations; ABC, Autism Behavior Checklist; CARS, Childhood Autism
Rating Scale, mOFC, medial orbitofrontal cortex; MTG, middle temporal gyrus; PCu,
precuneus; iOFC, inferior orbitofrontal cortex.

intrinsic neural activity in these two areas in preschool patients with
ASD. Both the mOFC and iOFC are part of the orbitofrontal cortex
(OFC), which is a part of the prefrontal cortex (PFC)—an area
notably involved in ASD—playing an essential role in social
behaviors, including emotional regulation, task execution, social
cognition and decision making (Liu et al., 2020; Rempel-Clower,
2007; Rudebeck and Rich, 2018). In particular, the mOFC is linked
to complex emotions and the processing of rewards and punishments,
both crucial for social interactions (Kandilarova et al., 2019). Prior
study has validated that individuals with ASD display both anatomical
(Zielinski et al., 2014) and functional (Green et al., 2015) changes in
the OFC. Damage to this area can lead to symptoms associated with
ASD, such as rigidity, obsessive-compulsive behaviors, anxiety, and
social indifference (Girgis et al., 2007). An fMRI investigation
involving adolescents with ASD indicated a link between diminished
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activation of the OFC and atypical reward-related decision making
(Carlisi et al., 2017). Echoing our results, this implies that individuals
with ASD might begin to modify their reward processing during
childhood, which impacts their capability to assess values and leads
to repetitive and stereotypic behaviors (McAlonan et al., 2002; Lan
et al.,, 2021). In contrast to our results, Yue et al. (2023) noted a
significant increased dALFF within the iOFC in adults with ASD. This
discrepancy may be due to the different age of the target population,
where dALFF is lower in autistic children compared to adults.
Another investigation using the ABIDE database (Karavallil
Achuthan et al., 2022) also found that ASD children displayed higher
ALFF values across various regions, particularly in the right OFC. The
ABIDE database includes samples from multiple centers and diverse
scanning conditions, which may lead to discrepant findings. In
summary, taking into account the time-dependent fluctuations of
neuronal activity, our research suggests that the functional changes
in the OFC among individuals with ASD deserve more
thorough exploration.

This research further identified a decline in sSALFF within the left
PCu. PCu is essential for advanced cognitive abilities, such as episodic
memory, social cognition, consciousness, theory of mind, and self-
reflection (Broyd et al., 2009; Raichle, 2015; Zhang and Li, 2012). A
variety of neuroimaging investigations have suggested both structural
and functional irregularities in PCu of ASD patients (Cavanna and
Trimble, 2006; Assaf et al., 2010; Schneider et al., 2013; Valk et al.,
2015). Previous studies have drawn different conclusions when
evaluating the role of ALFF in ASD in subjects of different ages. For
example, ALFF values of the right PCu are decreased in young
children with ASD (Wu et al., 2023), while the dALFF value in the left
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FIGURE 3
The correlations between sALFF (A—=F) or dALFF (G—J) values and the ABC/CARS scores in the ASD group. No notable correlation was found. L, left;
mOFC, medial orbitofrontal cortex; MTG, middle temporal gyrus; PCu, precuneus; iOFC, inferior orbitofrontal cortex.

PCu of adult patients with ASD showed a significant increase and
exhibited a positive correlation with social emotional scores as well as
total scores from the Autism Diagnostic Observation Schedule
(ADOS) (Yue et al., 2023). This difference might arise from factors
such as age, developmental stage, cognitive skills, and social

capabilities of the participants. On the other hand, the PCu serves as

an essential hub within the default mode network (DMN) of the
human brain. ALFF in DMN areas has been implicated as a crucial
predictor of social functioning (Guo et al., 2017; Utevsky et al., 2014).
Reduced spontaneous activity in crucial regions of DMN may affect
functional connectivity, which could, in turn, influence social
processing in individuals with ASD. Our research indicated that
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children diagnosed with ASD exhibited lower sALFF levels in the PCu
in comparison to TDs. This observation aligns with earlier studies
highlighting the importance of the PCu in social cognition and
underscore the crucial role of DMN in ASD development (Supekar
et al., 2013; Padmanabhan et al., 2017).

To sum up, this study comprehensively elucidates the

neurophysiological mechanisms behind all core symptoms of ASD
(social impairment, language impairment, and stereotyped behavior)
through the abnormal spontaneous brain activity identified by using
static and dynamic ALFE Previous studies have utilized various
analysis methods of rs-fMRI, either relying on a single indicator or
solely from a static or dynamic perspective, to investigate the potential
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FIGURE 4

Receiver operating characteristic curves of SALFF or dALFF and their
combination for identifying ASD. The areas under the curve (AUCs)
for sALFF and dALFF values were 0.848 and0.744, respectively; and
the AUC for their combination was 0.866. sALFF, static ALFF; dALFF,
dynamic ALFF.

neurophysiological mechanisms underlying the core symptoms of
ASD. Itahashi et al. (2015) employed a graph theory framework
integrating fALFF analysis in high-functioning ASD populations,
specifically highlighting that disrupted local connectivity in the MTG
constitutes a key neural substrate underlying social impairments. Guo
et al. (2017) discovered that the ALFF value in the right PCu
significantly decreased across all age groups, suggesting that abnormal
spontaneous brain activity may serve as a potential mechanism
underlying social deficits. Lan et al. (2021) utilized the ReHo method
and found that the ReHo values in language-related brain regions,
including the left MTG, were reduced in preschool boys. However, the
fALFE, ALFF or ReHo index was deemed singular and unreliable,
emphasizing the mechanisms involved in social deficits or language
development disorders. Two recent studies have applied the methods
of dALFF and dReHo to investigate the neurophysiological
mechanisms underlying ASD symptoms in both adults and toddlers,
focusing on dynamic local brain activity. The former study reported a
significant increase in dALFF variability in the left PCu and the right
inferior frontal orbital region, with the temporal variability of dALFF
in the left PCu positively correlating with scores of social
communication ability, thereby underscoring the critical role of
precuneus abnormalities in social deficits. The latter study found that
the dALFF values in the right MTG and right PCu of the ASD group
were significantly lower than those in the LDD group, indicating that
the reduced ALFF values in these regions are associated with deficits
in language processing.

Importantly, our study suggested that every brain region
exhibiting abnormal ALFF values was located in the left hemisphere,
indicating a potential predisposition toward left hemisphere
dysfunction in preschoolers with ASD. A previous study using DTI
that focused on children with ASD (Yin et al., 2021) identified a
notable reduction in the integrity of white matter fiber tracts in the
left hemisphere of preschoolers with ASD, which was thought to
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be reflected in unusual daily behaviors. This finding reinforces our
conclusions from the standpoint of structural MRI. Abnormal
lateralization of ALFF might reveal unusual brain development
patterns in autistic children. The left and right brain hemispheres
demonstrate functional specialization, where the left hemisphere is
chiefly involved in language and logical reasoning, whereas the right
hemisphere plays a greater role in spatial awareness and emotional
processing. In children with autism, atypical lateralization may
hinder the
related symptoms.

maturation of these functions, leading to

Regarding the differences in brain regions observed in the results
obtained from the analysis using SALFF and dALFF methods in this
study, it stems from the fact that they elucidate the abnormalities in
spontaneous brain activity among ASD patients from distinct
perspectives. Generally, sSALFF reflected the cumulative effect of
spontaneous brain activity over a certain period, whereas dALFF
captured the instantaneous changes in spontaneous brain activity (Ma
etal., 2020). Furthermore, we employed the mean values of sSALFF and
dALFF as features for identifying ASD by ROC analysis. AUC values
for sALFF and dALFF were 0.848 and 0.744, respectively, and the
AUC of their combination reached 0.866. As a result, the use of SALFF
and dALFF could provide detailed and complementary imaging
insights to elucidate localized spontaneous alterations in brain
functionality among individuals with ASD.

In this research, we did not find a notable relationship between
ALFF values and clinical assessments (ABC and CARS), which is in
line with findings from earlier studies (Li G. et al., 2018; Wu et al,,
2023). One possible rationale is that the preschool children with
ASD participating in our research were quite young, so that the score
of ABC (Krug et al., 1980) provided by parents and CARS (Schopler
et al., 1980) evaluated by clinicians could be subjective. Exploring
alternative methodologies or utilizing updated clinical scales might
yield more informative data. The Autism Diagnostic Interview-
Revised (ADI-R) and the Second Edition of the Autism Diagnostic
Observation Schedule (ADOS-2) are the diagnostic criteria most
frequently used for identifying ASD, with sensitivities recorded at
80% (95% CI, 79-82%) and 91% (95% CI, 90-92%), respectively
(Hirota and King, 2023). Additional studies are needed to explore
the correlation between ALFF and results from behavioral as well as
neuropsychological assessments, and expand the array of
psychometric variables incorporated in the research, to deepen our
understanding of the clinical implications tied to alterations in ALFE.

Our investigation acknowledges a number of limitations. Firstly,
there is the issue of sample size. As our study focuses on preschool
children with ASD aged 2-6 years, the collected sample size is
relatively limited. We plan to expand our case cohort in subsequent
research and conduct gender-stratified analyses when warranted.
Secondly, the elevated comorbidity rates associated with ASD,
including depression, attention deficit hyperactivity disorder
(ADHD), and anxiety, might limit the generalizability of the
findings. Thirdly, the ways to determine the optimal duration for
brain activity dynamics remain ambiguous, which continues to
spark debate regarding the selection of a better window length.
Finally, this investigation based solely on resting-state fMRI
(rs-fMRI) data has inherent methodological constraints. In future
studies, we aim to integrate task-based fMRI or multimodal
neuroimaging methods when feasible. Additionally, we plan to
leverage advanced machine learning and deep learning technologies
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to optimize brain parameter features derived from different
analytical approaches. This comprehensive strategy will enhance
our understanding of the underlying neural mechanisms of ASD
and further improve the
ASD identification.

diagnostic accuracy of early

Conclusion

In the current study, we employed SALFF and dALFF to
investigate the aberrant spontaneous brain activity in children with
ASD. The results revealed a decrease in ALFF values across various
brain areas, including left MTG, left iOFC, left mOFC, and left PCu,
which indicates a possible leftward shift of abnormal brain regions in
preschoolers with ASD. These changes could potentially act as
biological indicators for the early detection of ASD, emphasizing the
crucial impact of impaired left MTG on ASD progression. Our
findings suggest that analyzing static and dynamic ALFF may yield
important insights into the neurophysiological mechanisms
underlying ASD and ALFF may become a biomarker for identifying
ASD at an early stage.
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