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Purpose: To explore the regions of aberrant spontaneous brain activity in asthma

patients and their potential impacts using the Percent amplitude of fluctuation

(PerAF) analysis method.

Patients and methods: In this study, a total of 31 bronchial asthma (BA) patients

were ultimately included, comprising 17 males and 14 females. Subsequently,

31 healthy control subjects (HCS) were recruited, consisting of 17 males and

14 females, and they were matched with the BA group based on age, sex, and

educational status. The PerAF analysis technique was employed to study the

differences in spontaneous brain activity between the two groups. The SPM12

toolkit was used to carry out a two sample t-test on the collected fMRI data, in

order to examine the differences in PerAF values between the asthma patients and

the healthy controls. We employed the Montreal Cognitive Assessment (MoCA)

scale and the Hamilton Depression Scale (HAMD) to evaluate the cognitive and

emotional states of the two groups. Pearson correlation analysis was utilized to

ascertain the relationship between changes in the PerAF values within specific

brain regions and cognitive as well as emotional conditions.

Results: Compared with the healthy control group, areas of the brain with

reduced PerAF in asthma patients included the inferior cerebellum, fusiform gyrus,

right inferior orbital frontal gyrus, left middle orbital frontal gyrus, left/right middle

frontal gyrus (MFG), dorsal lateral superior frontal gyrus (SFGdl), left superior

temporal gyrus (STG), precuneus, right inferior parietal lobule (IPL), and left/right

angular gyrus. BA patients exhibit mild cognitive impairments and a propensity

for emotional disturbances. Furthermore, the perAF values of the SFGdl region

are significantly positively correlated with the results of the MoCA cognitive

assessment, while negatively correlated with the HAMD evaluation.

Conclusion: Through the application of PerAF analysis methods, we discovered

that several brain regions in asthma patients that control the amplitude of

respiration, vision, memory, language, attention, and emotional control display

abnormal changes in intrinsic brain activity. This helps characterize the neural
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mechanisms behind cognitive, sensory, and motor function impairments in

asthma patients, providing valuable insights for potential therapeutic targets and

disease management strategies.
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asthma, PerAF, fMRI, brain activity, cognitive impairment

1 Introduction

Bronchial Asthma (BA) is a prevalent illnesses marked
by recurrent airway inflammation, increased bronchial
responsiveness, and variable airflow restriction (Papi et al., 2018). It
is usually associated with air pollution, allergens, microorganisms,
and RV virus infections (Miller et al., 2021). The latest nationwide
study shows that the prevalence of asthma in China is 4.2%,
affecting nearly 45.7 million Chinese adults, a quarter of whom
have airflow-limited asthma (Huang et al., 2019). According to
a meta-analysis, the incidence of BA among Chinese teenagers
(> 14 years old) and adults has grown since 2010 (Jiang et al.,
2023). Currently, less than 15% of BA patients are well controlled
(Castillo et al., 2017; Ding and Small, 2018). Another meta-analysis
on the relationship between BA and cognitive impairment shows
that BA patients perform worse in cognitive domains than healthy
controls, including spatial memory, visual and tactile motor tasks,
delayed recall, explicit memory, language, abstract reasoning, and
strategies for responding to changing environmental conditions
(Irani et al., 2017). Impaired cognitive function could potentially
be a significant determinant of the prognosis for BA. Cognitive
deficits can severely impact a patient’s ability to manage their own
disease, thereby increasing the risk of acute exacerbations. Research
indicates that cognitive impairment is related to the duration of BA
symptoms (Rhyou and Nam, 2021).

However, the exact pathogenesis of cognitive impairment in
BA patients is not fully understood, with hypoxemia, oxidative
stress, and chronic inflammatory responses potentially playing
significant roles. The brain is highly sensitive to hypoxia, and
chronic hypoxia inevitably leads to neuronal damage, subsequently
affecting brain structure and function, and resulting in cognitive
impairment (Ren et al., 2021; Rhyou and Nam, 2021). Apart from
the direct damage of hypoxia to neurons, the chronic airway
inflammation in BA can also induce the activation of neuroglia
and promote the expression of inflammatory factors, exacerbating
brain neuronal injury (Nair et al., 2022; Rosenkranz et al., 2022a).
Kroll et al. (2018) found that the poorer cognitive function in
BA patients was associated with decreased metabolites in the
hippocampus, such as N-acetylaspartate (NAA) and glutamate
(Glu). Rosenkranz et al. (2022a) found in a study that changes
occurred in glial fibrillary acidic protein (GFAP) and Neurofilament
light (NfL) in the plasma of BA patients, which reflect the extent
of neurodegeneration and inflammation in asthma patients. Bian
et al. (2018) discovered that the fractional anisotropy (FA) value
of the entire brain decreased, indicating abnormal white matter
integrity, and these change is related to cognitive impairment
and executive dysfunction. Furthermore, the volume of the

basal ganglia, amygdala, and hippocampus in asthma patients is
reduced, and these structural changes lead to worsening respiratory
discomfort and the occurrence of cognitive impairment (Kroll and
Ritz, 2023).

Symptoms of BA can trigger specific neural pathways in the
brain, leading to changes in endocrine and emotional states,
thereby exacerbating symptoms. Research shows that inflammatory
mediators produced after inhaling allergens typically stimulate
airway nerve endings and activate the insula and anterior cingulate
cortex (Busse, 2012). This activation of neural circuits makes
the brain more susceptible to abnormal symptom perception,
leading to aberrant secretion of catecholamines and dopamine, and
further causing an increase in negative emotions and eosinophil
proliferation (Rosenkranz and Davidson, 2009; Rosenkranz et al.,
2012). Furthermore, sustained negative emotions can lead to
the onset of chronic stress. Further research has revealed that
chronic stress has been found to result in increased activity
in the mid-insular and perigenual anterior cingulate cortex
(PACC), which is associated with more severe airway inflammation
(Rosenkranz et al., 2016). Additionally, chronic stress can shift
the Th1 cell response toward a Th2 pattern, while reducing
the responsiveness to corticosteroids and compromising the
airway barrier, thereby enhancing allergic airway inflammation
(Busse, 2012). Moreover, chronic stress can also activate the
amygdala and upregulate the IL-1 pathway, thereby exacerbating
the inflammatory environment in the airways (Rosenkranz et al.,
2022b). Activation of specific neural circuits such as the ACC
and insula often precedes late-stage lung inflammation and
airflow obstruction, which can predict late-phase pulmonary
responses (Busse, 2012). Asthma sufferers’ altered brain structure
and function are attracting increased attention since they are
associated with cognitive deficits and symptom progression in these
patients.

According to earlier research, patients with BA show changes
in the brain’s functional networks, including the executive control
network (ECN), default mode network (DMN), salience network
(SN), visual network, and sensorimotor network (Li et al., 2018;
Wang et al., 2022; Zhang et al., 2022). These alterations in
functional networks can explain the abnormal clinical features
observed in asthma patients, including visual changes, attention
biases, abnormal respiratory sensations, and emotional regulation
disorders. However, most of these studies have primarily focused
on elucidating the overall dysfunction in the brain regions of
BA patients at the network level, overlooking the impact of
localized brain region alterations. On the other hand, a more
precise identification of localized brain dysfunction in patients
can aid in understanding the neural pathways associated with
disease progression. In the study of localized functional changes
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in BA patients’ brains, alterations in regional homogeneity
(ReHo) activity have been elucidated, including the temporal
and occipital lobes (Huang et al., 2021). In a multimodal rs-
fMRI study conducted by Li S. et al. (2020), it was found
that BA patients exhibited decreased amplitude of low-frequency
fluctuations (ALFF) in the angular gyrus and precuneus, while
ALFF in the temporal lobe showed an increase. The study
also revealed distinct changes in brain regions and network
functionality. These alterations in brain networks and regional
functions may potentially serve as underlying biomarkers for
cognitive impairment in BA.

However, approaches such as ReHo, amplitude of low-
frequency fluctuation (ALFF), and fractional ALFF (FALFF)
are easily influenced by physiological high-frequency noises
and arbitrary units, making their statistical analysis relatively
challenging (Ni et al., 2012). As a new method for observing
changes in brain activity, the percentage amplitude fluctuation
(PerAF) calculates the percentage of signal fluctuations at each
time point relative to the mean, and its results are not affected
by magnetic field inhomogeneity. PerAF is not affected by the
whole brain average or the amplitude fluctuation of specific
voxel frequencies. Furthermore, PerAF has better repeatability and
accuracy than ALFF and fALFF (Jia et al., 2020). Moreover, PerAF
is more sensitive than ALFF (Yu et al., 2019). Due to the reduction
of BOLD signal impact, PerAF surpasses ALFF in terms of scanner
reliability (Zhao et al., 2018). PerAF has been utilized in the study
of brain disorders and cognitive changes associated with obstructive
sleep apnea (Xie et al., 2022).

Although PerAF has great potential in voxel-level analysis,
no research has been conducted to explore the spontaneous
brain activity of BA patients using PerAF. We speculate that BA
patients may exhibit abnormal oscillatory percentage amplitude,
and such changes could be associated with cognitive functional
alterations. Therefore, we attempted to preliminarily investigate
the brain regions with abnormal PerAF in BA patients, aiming to
provide more accurate pathological localization for BA patients
with comorbid cognitive impairments. Additionally, we further
analyzed the cognitive dysfunction associated with these regions
to supplement the understanding of BA patients with comorbid
cognitive impairments.

2 Materials and methods

2.1 Clinical data

In this study, a total of 31 bronchial asthma patients were
selected from the Jiangxi Provincial People’s Hospital. Additionally,
healthy participants were recruited from within Jiangxi Province,
and 31 healthy controls were ultimately included. Matching for age,
gender, and educational level was ensured among the two groups.
Prior to participating in the trial, every subject was given details
regarding the study’s aims and gave their informed consent. They
underwent MRI with the same imaging parameters.

The chosen asthma cohort fulfills these conditions: (1) Presence
of recurrent wheezing, with forced expiratory volume declining
over 20% within an hour; (2) Individuals are in a non-acute

phase of asthma. (3) No comorbidities with other respiratory
system diseases.

The selected HC group fulfills the following conditions: (1)
The blood relatives of these subjects show no record of asthma or
inherited diseases. (2) We’ve ensured that the BA group is virtually
the same in terms of gender, age, and educational attainment.

All participants conformed to the subsequent conditions:
(1) MRI scans revealed no clear structural anomalies in
the brain parenchyma. (2) There was no prior record of
psychiatric conditions, chronic illnesses, benign or malignant
growths, or cerebral infarctions. (3) No contraindications for
MRI examinations (e.g., pacemakers, cardiac stents). (4) No
history of alcoholism, drug addiction, or substance dependence.
(5) No claustrophobia and able to tolerate MRI examination.
(6) Not pregnant.

2.2 Neuropsychological assessment

To ensure the reliability of the measured results, this study
arranged for two professional psychologists to conduct the tests.
In our study, we employed the Montreal Cognitive Assessment
(MoCA) scale as a cognitive function measurement tool. The
MoCA demonstrates high sensitivity in detecting mild cognitive
impairment (MCI). It assesses visuospatial and executive functions,
naming, orientation, abstract thinking, attention, delayed recall,
language, and memory (Chen K. L. et al., 2016). The maximum
score on the scale is 30 points, with an additional point given if the
participant has an education level of ≤ 12 years. Scores between
18 and 26 indicate MCI (Nasreddine et al., 2005). Furthermore,
we utilized the 17-item Hamilton Depression Scale (HAMD-17)
to assess the emotional status of the two groups of participants
(Hamilton, 1960). The test results from this scale will provide a
basis for analyzing cognitive and emotional differences among the
subjects.

2.3 fMRI data acquisition

All magnetic resonance imaging (MRI) scans were conducted
at Jiangxi Provincial People’s Hospital. In this study, we used a Trio
3-Tesla MR scanner for the capture of MRI data. Participants were
guided to keep their eyes closed and maintain shallow breathing
naturally throughout the scanning duration. Functional data was
collected using the gradient-recalled echo-planar imaging (GRE-
EPI) sequence. A total of 176 structural images and 240 functional
images were collected. Standard scanning parameters were applied
according to a unified protocol, as shown in Table 1.

2.4 Data pre-processing

Initially, participant’s conventional MRI scans were assessed by
a pair of physicians to identify and exclude any individuals with
noticeable brain structural anomalies. Subsequently, the integrity
and quality of MRI data were verified utilizing the MRIcro software
suite to remove images with incomplete scan coverage, machine
artifacts, and significant metal artifacts. Finally, the BOLD data
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TABLE 1 The parameters for obtaining fMRI images.

MRI scanning
parameters

Structural
images

Functional
images

Matrix size 256 × 256 64 × 64

Field of view 250 × 250 mm 220 × 220 mm

Echo time 2.26 ms 30 ms

Repetition time 1900 ms 2000 ms

Slice thickness 1.0 mm 4.0 mm

Slice gap 0.5 mm 1.2 mm

Flip angle 9◦ 90◦

underwent pre-processing. In this study, we utilized the upgraded
rs-fMRI tool (DPARSFA 4.0)1 software for data processing. The
pre-processing steps included: (1) Convert the format to the
neuroimaging Informatics Technology Initiative (NIFTI) format
that stores 3 or 4 dimensional images for subsequent processing.
(2) The initial 20 s of imagery for each participant were discarded
at the commencement of the scan. (3) We employed the interleaved
scanning to reconcile discrepancies in the timing of image capture
across different layers. (4) Rigid Transformation was utilized to
correct for any head movements that exceed 1.5 millimeters or
1.5 degrees in any direction. (5) Functional and structural images
are aligned and segmented, with the gray matter component
undergoing spatial normalization using the Montreal Neurological
Institute (MNI) coordinate system. Resample all voxel units to
3 mm × 3 mm × 3 mm. (6) In order to maintain the inherent
resolution, we applied isotropic Gaussian smoothing with a full-
width half-height (FWHH) value of 6 mm to the images and
removed linear drift to eliminate the interference of noise signals
related to the instrument. (7) Confounding covariates including
white matter, cerebrospinal fluid, whole brain signal, and Friston
24 head movement parameters were regressed using multivariate
regression. (8) The low-frequency component of the BOLD signal
was obtained using a band-pass filter (0.01–0.08 Hz). The RESTplus
V1.2 software package was used for calculating the whole-brain
average PerAF, which involves measuring the PerAF value by
assessing the ratio of BOLD signal strength at individual time
point against the average BOLD signal strength throughout the
complete time series.

2.5 Statistical analysis

We utilized SPSS version 27.0 to evaluate the general
physiological characteristics, cognition, and psychological scales
of both groups. The two-sample t-test was used to determine if
there were significant differences. In the analysis of the PerAF
differences between the two groups, we also used a two-sample
t-test, considering age, education level, and head movement as
covariates. A Gaussian random field (GRF) correction was applied
(two-tailed, with a significance threshold at the voxel level of
P < 0.001 and at the cluster level of P < 0.05).

1 http://rfmri.org/DPARSF

Using the functionality to Extract ROI signals in RESTPlus,
brain regions with statistical differences are determined, with peak
coordinates as the center and a 6 mm radius to define the ROI.
Pearson correlation analysis is performed on the PerAF values of
the ROI and clinical cognitive assessments.

3 Results

3.1 Demographic statistics and clinical
scales

In this study, there were no significant distinctions in age,
gender, weight, or BMI between the BA and HC groups (P > 0.05).
The data are presented as mean ± SD. The duration of asthma was
27.15 ± 6.19 years. The HAMD scores for the BA group and the
HC group are 8.87 ± 2.99 and 5.94 ± 1.33, respectively, while the
MoCA scores for the BA group and the HC group are 22.24 ± 1.88
and 28.92 ± 1.64, respectively. The BA group shows mild cognitive
impairment and emotional changes. Please refer to Table 2 for
detailed results.

3.2 Differences in PerAF

Compared to the healthy control group, the regions with
decreased PerAF values include the inferior cerebellum, fusiform
gyrus, right orbital inferior frontal gyrus, left orbital middle
frontal gyrus, left/right middle frontal gyrus, dorsolateral superior
frontal gyrus, left superior temporal gyrus, precuneus, right inferior
parietal lobule, left/right angular gyrus (Figure 1 and Table 3).

3.3 Correlation analysis

The results indicate that in BA patients, the perAF value of
SFGdl is significantly positively correlated with Moca cognitive
assessment (r = 0.8697, p < 0.0001), and significantly negatively
correlated with HAMD assessment (r = −0.7966, p < 0.0001).
The perAF values of other brain regions showed no significant
correlation with the neuropsychological assessments (Figure 2).

TABLE 2 Demographics and clinical measurements by group.

Conditions BA HC t P-value

Male/female 17/14 17/14 N/A 1

Age (years) 52.43 ± 4.3 52.25 ± 4.17 0.167 0.868

Education (years) 12.70 ± 1.33 12.82 ± 1.41 −0.345 0.732

Weight (kg) 64.41 ± 5.14 63.11 ± 4.69 1.040 0.302

BMI (kg/m2) 22.76 ± 2.80 21.93 ± 2.83 1.161 0.250

Duration of asthma 27.15 ± 6.19 N/A N/A N/A

HAMD score 8.87 ± 2.99 5.94 ± 1.33 4.985 <0.001

MoCA score 22.24 ± 1.88 28.92 ± 1.64 −14.908 <0.001

BA group, bronchial asthma group; HC group, healthy control group; BMI, Body Mass Index;
HAMD, Hamilton Depression Scale; MoCA, Montreal Cognitive Assessment; P > 0.05.
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FIGURE 1

The spatial distribution maps of PerAF values for the BA group (A) and HC group (B). (C,D) The brain regions with disparate PerAF values are
observed in two groups. (p < 0.05 for GRF voxel, p < 0.05 for clustering, double tailed); (D) The corner number of the image shows the coordinates
of the relevant MNI space; The yellow and red areas in the legend indicate an increase in the brain area of PerAF; Blue area: Refers to the brain area
where PerAF decreases; L: Left; R: Right.

TABLE 3 Brain areas where the BA and HC groups have different perAF values.

Cluster Regions Side Voxels MNI T-value (Peak
intensity)

x z y

1 Inferior cerebellum R 13 39 −72 −42 −3.3063

2 Fusiform gyrus L 12 −33 −9 −27 −3.5388

3 Inferior orbital frontal gyrus R 14 51 42 −9 −3.2396

4 Middle orbital frontal gyrus L 16 −3 51 −6 −3.5019

5 Superior temporal gyrus L 11 −51 −18 0 −3.5193

6 Middle frontal gyrus R 16 39 51 12 −3.4391

7 Middle frontal gyrus L 17 −39 42 18 −3.0945

8 Angular gyrus L 17 −42 −63 33 −4.2443

9 Angular gyrus R 25 51 −42 24 −4.3858

10 Dorsal lateral superior Frontal gyrus R 20 30 48 36 −4.3165

11 Precuneus L 13 −3 −81 45 −3.8876

12 Inferior parietal lobule R 15 45 −54 51 −3.4457

Gaussian random field theory (P < 0.05, cluster > 10 voxels, GRF corrected) was used to multiple comparisons. MNI, Montreal neurological institute.

4 Discussion

PerAF has been applied in the study of various neurogenic
diseases and is a new, more reliable method compared to ALFF,
ReHo, and DC. This method reduces the influence of BOLD signals
and units. In this study, we used the PerAF method for the first
time to explore the activity changes in several brain regions of
asthma patients. The results indicated that compared to HC, the
PerAF values in the inferior cerebellum, fusiform gyrus, right

orbital inferior frontal gyrus, left orbital middle frontal gyrus,
left/right middle frontal gyrus, dorsolateral superior frontal gyrus,
left superior temporal gyrus, precuneus, right inferior parietal
lobule, left/right angular gyrus in BA patients decreased. However,
we did not find brain regions where the PerAF value of BA patients
increased. In addition, this study demonstrates a significant positive
correlation between the perAF value of the SFGdl and the Moca
cognitive assessment, while showing a negative correlation with the
HAMD evaluation. There was no significant correlation observed
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FIGURE 2

(A) Correlation between MoCA scores in BA patients and PerAF signal values. (B) Correlation between HAMD scores in BA patients and PerAF signal
values. Abbreviations: MoCA, Montreal Cognitive Assessment; HAMD, Hamilton Depression; PerAF, Percentage of Amplitude Fluctuation; BA,
Bronchial Asthma.

between perAF value in other brain regions and the neurocognitive
assessments, suggesting a possible functional compensation in
these brain regions. This study found that the BA group showed
mild cognitive impairment and emotional changes.

The cerebellum, located in the posterior cranial fossa of the
brain, plays an important role in maintaining posture, ensuring
balanced gait, and controlling voluntary, precise movements
(Stoodley and Schmahmann, 2010). Hypoxia is a common
factor causing cerebellar damage (Koeppen, 2018). Li H. et al.
(2020) found functional connectivity changes in the cerebellum
in people suffering from COPD. The cerebellum is linked to
neurotransmitter synthesis because it is an essential region for
the production of nitric oxide (NO) (Mayer, 1994; Rodrigo et al.,
2004). Furthermore, abnormal NO levels can also impede the
development of oligodendrocytes in the cerebellum, which may
explain the motor problems observed in patients with persistent
chronic hypoxia (Barradas et al., 2016). Obstructive sleep apnea
(OSA) is also distinguished by repeated airway blockage and
intermittent hypoxia, and these patients usually have reduced
cerebellar blood flow (CBF). This may be due to elevated end-tidal
carbon dioxide (PECO2) levels, leading to impaired vasodilation
and inadequate local perfusion, further worsening respiratory
sensation and motor coordination (Yadav et al., 2013). The
cerebellum, on the other hand, is associated with communication,
executive capability, cognitive capability, and mood regulation in
addition to physical balance and movement (Yu et al., 2021).
Moreover, the abnormalities in structure and function of the
cerebellum have been shown to be associated with the occurrence of
negative emotional experience among individuals with Parkinson’s
disease (Ma et al., 2018). In our study, the decreased PerAF
values in the cerebellum of asthma patients may be associated
with respiratory irregularities, decreased executive function, mood
regulation disorders, and cognitive deficits. This aligns with our
research that the scores for HAMD and MoCA in the asthma group
also indicate that they may have mild cognitive impairments and
emotional abnormalities. However, the association between these
abnormal presentations and the reduced value of cerebellar PerAF
needs further investigation for confirmation.

The fusiform gyrus is located at the bottom of the junction
between the occipital and temporal lobes (Parise et al., 2014). It is
a crucial part of the ventral stream in the visual pathway, primarily
involved in tasks such as object naming, memory, face perception,
and visual stimulus processing (Koh, 2022; Reindl et al., 2022).
Previous reports have suggested that facial processing deficits can
lead to increased susceptibility to negative emotional reactions in
children with Autism Spectrum Disorder (ASD) (Apicella et al.,
2013). A study on anorexia patients revealed that the right fusiform
gyrus under positive emotional impact could enhance the BOLD
response during facial expression processing (Fonville et al., 2014).
Another resting-state fMRI study demonstrated a reduced regional
homogeneity (ReHo) in the fusiform gyrus of COPD patients,
which was positively correlated with attention (Zeng et al., 2022).
Here, we observed a decrease in the PerAF of the fusiform gyrus in
patients with asthma, which might affect their social experiences as
well as drug recognition.

The Orbitofrontal Cortex (OFC) is located on the ventral
surface of the frontal lobe (Fine and Hayden, 2022). It has
a paramount function in the interpretation of sensory input,
and forming advanced emotional and social intelligence, thereby
facilitating decision-making, updating of knowledge, and memory
retention (Wallis, 2007). The OFC chiefly influences purposeful
actions via the rewarding aspects of reinforcers and correlates
with subjective emotional experiences; when OFC is impaired,
patients use the inability to perceive changes in physical state
as a warning cue to control unwanted behavior, while ceasing
to perform in response to incentive or punishment predictions
and reducing purposeful actions (Rudebeck and Rich, 2018; Rolls,
2019). Abnormalities within the OFC are observed in a range of
mental diseases, such as bipolar condition (Ferguson and Gao,
2018), depression (Lai, 2021), anxiety conditions (Kirlic et al.,
2017), obsessive-compulsive syndrome (Nakao et al., 2014), social
interaction problems (Evans et al., 2004), and conditions involving
drug misuse Stoeckel et al. (2015) demonstrated a correlation
between the OFC and the habituation of breathlessness perception
in asthma patients. Herigstad et al. (2017) also found that the
OFC played a part in the heightened sensitivity of dyspnea in
patients with COPD who were participating in breathing therapy.
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In our study, we observed a decreased perAF value in the
OFC of asthma patients, which may affect patients’ treatment
compliance, awareness of symptoms, and their ability to perceive
their own bodily states, thereby increasing the risk of acute asthma
exacerbations.

The Dorsolateral Superior Frontal Gyrus (SFGdl) belongs to
the upper region of the dorsolateral prefrontal cortex (dlPFC),
and it is highly interconnected with other structures in the
PFC (Li et al., 2013). It participates in activities of advanced
cognitive functions such as visual processing (Alagapan et al.,
2019), mood regulation (Wang et al., 2019) (Johnstone et al.,
2007), attention distribution, cognitive control tasks (Hu et al.,
2022), somatic balance control (Chen et al., 2023) and the plan
for sequential behavior (Mansouri et al., 2007), acting as a key
node in the frontoparietal network (FPN). Among people with
negative emotional distress, the dorsolateral prefrontal cortex
(DLPFC) mediates cognitive control and prioritizes the processing
of negative stimuli (Lee et al., 2007). Previous evidence suggests
that executive functions improve after transcranial stimulation of
the left DLPFC in patients with depression (Boggio et al., 2007).
Additionally, the DLPFC probably be associated with lower levels of
oxygen saturation (Chen J. et al., 2016). Research also indicates that
the superior frontal gyrus may be related to changes in respiratory
amplitude (Wu X. et al., 2021). Furthermore, another study found
a strong correlation between the volume of the right DLPFC and
visual imagery ability, suggesting that abnormalities in this region
may lead to visual constructional deficits (Chen J. et al., 2016).
Similarly, obsessive-compulsive disorder (OCD) has been closely
associated with abnormal activity in the dlPFC (Nakao et al., 2014).
We speculate that changes in perAF in this region could not only
further disrupt the respiratory rhythm in asthma but also affect
patients’ ability to carry out daily activities, including the execution
of asthma control plans. It is important to note that functional
deficits in this area may lead to diminished inhibition of emotional
disturbances in cognitive tasks, as well as compulsive drug-seeking
behavior might emerge. Because visual construction defects and
working memory impairments could lead to a decrease in the
ability of BA patients to identify medications. In our study, we
observed a significant correlation between the values of PerAF in
the SFGdl and the scores on the neurocognitive assessment scale.
Consequently, the PerAF values in the SFGdl could serve as a
potential neurobiological biomarker for delineating cognitive and
emotional states in individuals with BA.

The Middle Frontal Gyrus (MFG), located between the superior
and inferior frontal sulci, plays a vital role in top-down control
of visual attention processing. It mediates the reorientation of
attention from ongoing endogenous attention processes to new
task-relevant external stimuli, thereby acting as a key component
of the dorsal and ventral attention networks (Japee et al., 2015).
Tafazoli et al. (2013) found that children with attention deficit
hyperactivity disorder (ADHD) exhibit MFG deficits, which lead
to reduced expression of energy metabolites such as creatine
and result in attention impairments. In a study investigating
highly myopic patients using voxel-wise degree centrality (DC),
a decrease in DC values in the MFG was associated with visual
spatial processing and working memory deficits (Hu et al.,
2018). Furthermore, the MFG is associated with emergency
awareness, which involves recognizing and learning fear stimuli
and eliciting conditioned responses, making it crucial for adapting

to environmental changes (Knight et al., 2004; Klucken et al.,
2009). Additionally, the MFG is involved in language switching
through top-down selection inhibition mechanisms (Sierpowska
et al., 2018). In our study, we observed a decrease in PerAF
values in the MFG. This change in the region could be associated
with impaired attention redirection in asthma patients, as well as
induce deficits in emergency awareness, reducing their motivation
to promptly address symptoms.

The Superior Temporal Gyrus (STG) is situated between
the lateral sulcus and the superior temporal sulcus. It primarily
handles auditory processing and language comprehension, but also
contributes to self-emotional experience and the interpretation of
facial cues (Bhaya-Grossman and Chang, 2022). Previous research
has shown that cortical volume in the STG has been linked
to cognitive abilities including motor skills, attention, and the
rate at which information is handled (Achiron et al., 2013). The
Wernicke’s area, an important rear region of the STG is the auditory
speech center, and abnormalities in this area often result in a
lack of meaningful speaking (Javed et al., 2023). In a magnetic
resonance imaging study of 21 individuals with social anxiety
disorder, it was found that they often have smaller volumes in
the STG, and this population tends to receive negative feedback
from social interactions (Atmaca et al., 2021). Similarly, another
study that conducted brain morphological analysis using MRI
in individuals with schizophrenia found similar results (Bandeira
et al., 2021). In our study, we discovered that asthma patients had
a lower PerAF in the STG. The STG may be implicated in the
identification of asthma-related sounds, such as wheezing and rapid
breathing. However, asthma patient’s exhibit reduced sensitivity
to these auditory stimuli, resulting in a weakened perception of
respiratory symptoms. We speculate that long-term incoherent
speech expression may also lead to social anxiety in asthma patients,
and this is an aspect that caregivers should be aware of in the
long-term management of chronic asthma.

The precuneus is anatomically located above the occipital
lobe and on the inside of the parietal cortex, is a key area of
the Default Mode Network (DMN) (Fletcher et al., 1995). It
plays a major role in various highly integrated activities such
as visual attention, spatial image imagination, episodic recall
extraction, and self-related information processing, which are
critical for the development of self-consciousness (Rosemann and
Rauschecker, 2022). Furthermore, it assists in simulating non-self-
representations from a third-person perspective, that is, the ability
to understand relevant behaviors through the intentions of others,
which contributes to successful social interactions (Cavanna and
Trimble, 2006). Previous studies have indicated that precuneus
impairments are present in various working memory and attention-
related dysfunction, including Alzheimer’s illnesses (Miners et al.,
2016), autism (Kitamura et al., 2021), ADHD (Lukito et al.,
2020), schizophrenia (Li et al., 2021), and depression (Szymkowicz
et al., 2017). An fMRI study on regional or network-level brain
function changes in Social Anxiety Disorder (SAD) revealed that
the precuneus was associated with SAD-related abnormal dread
and evasion, as well as the formation of negative emotions
(Yuan et al., 2018). Zhang et al. found that the precuneus may
be involved in rating respiratory difficulties in COPD patients
(Herigstad et al., 2015). We hypothesize that this is primarily due
to the influence of the precuneus on internal self-representations
of respiratory difficulties. Several previous studies investigating
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brain network alterations in asthma have also found abnormal
activity in the precuneus, but these discussions have mostly been
at the network level, which may not precisely elucidate the
impact of regional functional changes on symptoms (Li S. et al.,
2020; Zhu et al., 2023). Changes in the precuneus may affect
the ability of patients to attend to and process visual spatial
cues related to asthma management, such as remembering how
to use medication or recognizing the need for self-medication,
while also affecting normal social interactions. The impact of
the precuneus on BA should be emphasized in future studies.
Notably, we observed a decrease in PerAF in the inferior
parietal lobule (IPL) in our study. Located below the intraparietal
sulcus, the IPL is involved in somatic perception, reading
comprehension, computation, knowledge extraction, cognitive
control, and movement orientation. It is also one of the main brain
regions in the DMN (Wu Y. J. et al., 2021). The IPL appears to
be pivotal in reacting to new and noteworthy stimuli, which forms
the basis for reconfiguring task goals related to prominent objects
(Singh-Curry and Husain, 2009). The IPL-mediated endogenous
processes have high predictive value for the accuracy and utilization
of cue information in spatial attentional control (Sapir et al., 2005).
Furthermore, second language learning relies on the functional
plasticity of the IPL itself (Barbeau et al., 2017). IPL damage can
cause significant cognitive problems including as agnosia, memory
decline, and aphasia (Ardila, 2020; Humphreys et al., 2021; Sakurai
et al., 2021). In addition, damage to the Inferior Parietal Lobule
(IPL) can also cause functional disability of limbs (Singh-Curry
and Husain, 2009). Liu et al. (2014) found a reduction in the
right IPL activity in Alzheimer’s disease (AD) patients, which
correlated positively with impaired attention. Similarly, Yu et al.
(2021) observed a decrease in the ALFF value of the IPL in COPD
patients, suggesting that the IPL region could serve as one of the
diagnostic indicators. However, intriguingly, prior fMRI research
on asthma discovered enhanced functional activity in the IPL
region (Li et al., 2018; Wu Y. J. et al., 2021). This variation could
be attributable to different study parameters and the inclusion of
patients at different stages of disease progression. During the initial
phases of asthma, cognitive deficits are relatively mild, and there
may be compensatory mechanisms at play. Despite perAF has high
reproducibility and is less affected by sampling bias, the differences
in the related results still need to be further explored. In light of this,
we propose that the observed decrease in perAF in the BA patients
may indicate abnormalities in their attention control, somatic
perception, movement, and learning abilities, thereby affecting
their overall management of the disease. We consider the IPL to
be a crucial region in the neural regulation of BA patients.

As a key region of the Default Mode Network (DMN),
functional abnormalities in the Inferior Parietal Lobule (IPL)
and the precuneus could lead to changes in the overall network
cooperation. The DMN exhibits persistent activity when the brain is
at rest, playing a significant role in maintaining consciousness and
emotional cognition (Gonen et al., 2020). Unfortunately, no one
has yet analyzed how asthma affects the DMN. Numerous studies
to date have observed changes in the functional connectivity of the
DMN in patients with Bronchial Asthma (BA), and preliminarily
explored the connection between these changes and emotional
and cognitive impairments (Li et al., 2018; Li S. et al., 2020).
We believe that besides the inhibition of DMN activation by
hypoxia itself, other network changes such as interruptions in the

switching process between the Default Mode Network (DMN)
and the Frontoparietal Network (FPN) mediated by the Salience
Network (SN) (Chiong et al., 2013). Moreover, previous studies
have shown a significant correlation between sleep quality and
DMN function, and patients with BA often have a certain degree
of sleep disorders (Wang et al., 2015; Reiter et al., 2022). These
changes may be important factors causing a decrease in DMN
activity due to asthma. Based on this, further research is needed
in the future to clarify the mechanism of asthma’s impact on DMN,
providing direction for potential targets to improve abnormalities
in the DMN.

4.1 Insufficient at present

This study requires some improvements. Firstly, it is necessary
to refine the categorization of asthma subjects and expand the
number of participants to improve the accuracy of experimental
results. Secondly, our cross-sectional study cannot reflect the
progression of asthma. Subsequent research should focus
on longitudinal evaluations to investigate the relevant brain
structural changes in asthma patients before and after treatment.
Additionally, it is critical to continue developing and validating
classification and diagnostic models to provide theoretical evidence
for the effectiveness of clinical treatment plans. Furthermore,
In our study, we neglected to analyze the relationship between
PerAF values in asthma patients and clinical symptoms, such
as respiratory capacity, breathlessness scores, and variations
in neurocognitive domains. To further investigate particular
biological indicators of asthma, future studies can incorporate
multimodal neuroimaging techniques.

5 Conclusion

In conclusion, our study, utilizing the PerAF analysis
method, demonstrates that asthma patients exhibit significant
intrinsic brain activity alterations in multiple cortical regions
involved in respiratory control, vision, memory, language,
attention, and emotion control when compared to the healthy
control group. These findings contribute to characterizing the
neurobiological mechanisms underlying cognitive, sensory,
and motor impairments in asthma patients, and provide
valuable insights for potential therapeutic targets and disease
management strategies.
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