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Altered static and dynamic intrinsic
brain activity patterns in type 2
diabetic patients
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Type 2 diabetes mellitus (T2DM) is a metabolic disorder characterized by chronic hyperglycemia
resulting from insulin secretion and/or resistance. This study investigated intrinsic brain activity
alterations using static and dynamic resting-state fMRI metrics in 65 T2DM patients versus 60 healthy
controls. We analyzed fractional amplitude of low-frequency fluctuations (fALFF), dynamic fALFF
(dfALFF) and dynamic functional stability(DFS). The T2DM group exhibited increased fALFF in the left
inferior temporal gyrus and left fusiform gyrus and decreased fALFF in the bilateral precuneus, medial
superior frontal gyrus, left inferior parietal lobule, and right supramarginal gyrus when compared with
health controls. The T2DM group also showed increased dfALFF in the bilateral precuneus, left inferior
parietal lobule, and right middle frontal gyrus. Moreover, the T2DM group exhibited decreased DFS

in the bilateral precuneus, supramarginal gyrus, and left middle frontal gyrus, while the left cuneus
showed increased dynamic stability. In the T2DM group, montreal cognitive assessment (MoCA)
scores correlated negatively with glycated hemoglobin A, (HbA, ) and fasting blood glucose (FBG),
and positively with right supramarginal gyrus acticity in both fALFF and DFS difference regions,
Multiple brain regions exhibiting fALFF and DFS alterations showed negative correlations with fasting
blood glucose and total cholesterol. These findings indicate that T2DM brain activity demonstrates a
distinctive “low-intensity, highly-fluctuating, and destabilized” pattern, suggesting complex neural
network dysfunction beyond simple functional suppression.
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Type 2 diabetes mellitus (T2DM) is a metabolic disorder characterized by chronic hyperglycemia, resulting from
insufficient insulin secretion and/or insulin resistance. The hyperglycemic state in T2DM not only accelerates
brain aging and promotes neurodegenerative changes!, but also progressively leads to a range of neurological
consequences from cognitive impairment to dementia, accompanied by various systemic complications. It
affects approximately 450 million adults worldwide, significantly impairing their quality of life?.

Blood oxygenation level dependent (BOLD) based neuroimaging biomarkers such as amplitude of low-
frequency fluctuation (ALFF), which reflects the intensity of spontaneous neuron fluctuations at low frequencies,
can be used to identify brain regions that show changes in intrinsic brain activity (IBA) in pathological states®.
ALFF is promising tools for early detection of subtle brain functional changes preceding macroscopic structural
neuropathology and behavioral symptoms and risk stratification in long-spanning neurodegenerative and
neuropsychological disorders*~”. However, ALFF is susceptible to physiological noise around the ventricles
while the ratio of the low-frequency power spectrum to the total power spectrum over the entire frequency
range (fractional ALFFE, fALFF) represents the low-frequency oscillations characterized by the inhibition of non-
specific signals in the ventricles had higher specificity and sensitivity of spontaneous neural activity in local
brain regions®. This technical refinement provides a more comprehensive characterization of functional brain
changes, establishing fALFF as a superior biomarker for neuropathological investigations.
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Emerging evidence demonstrates distinct fALFF patterns in neurological disorders compared to healthy
controls’~!%. Nevertheless, research on fALFF alterations in T2DM-related brain injury remains limited. Notable
findings include Bao et al.’s report of increased fALFF in the left superior temporal gyrus and the left auxiliary
motor area alongside decreased activity in the left anterior central gyrus and the left middle frontal gyrus in
T2DM group!®. Similarly, Li et al. observed elevated fALFF in bilateral hippocampus of T2DM patients may
represent an adaptive compensation mechanism for cognitive decline!”. Despite these insights, current studies
remain scarce and underpowered.

Conventional resting-state fMRI analyses typically assume static functional states by averaging signals across
entire time series. However, intrinsic brain activity exhibits dynamic temporal fluctuations that are essential
for functional integration and environmental adaptation'®. Sliding-window approaches enable quantification of
dynamic intrinsic brain activity indices, revealing time-dependent neural variations obscured by static analyses'.
Based on this principle, the temporal variability of the BOLD signal plays a key role in the realization of various
physiological functions of the nervous system. Dynamic fALFF (dfALFF) has been successfully applied across
diverse neurological conditions including diffuse axonal injury, disorders of consciousness, epilepsy, Alzheimer’s
disease, psychiatric disorders, subcortical ischemic vascular disease, and unilateral sudden sensorineural hearing
loss? 1113142021 "The brain dynamically integrates, coordinates, and responds to internal and external stimuli;
thus, maintaining the stability of neural activity and connectivity is essential for consciousness. However, when
certain brain regions are damaged by external factors and their stability is compromised, other unaffected
regions may attempt to compensate for the overall functional deficit by “overworking” or “altering their
operational mode™?2. The stability of voxel-based functional pattern highlights the inconsistency of the dynamic
functional connections over time in psychiatric diseases and amyotrophic lateral sclerosis??~2%. Pertinently, Li et
al. identified both decreased stability and increased variability in specific brain regions of T2DM patients?’, yet
dynamic functional stability(DFS) changes in T2DM-related cognitive impairment remain unexplored.

This study investigates static and dynamic brain activity alterations in T2DM through fALFF and dfALFF
analyses, with particular focus on DFS changes. Our work aims to elucidate novel mechanisms underlying
T2DM-associated cognitive impairment from a temporal dynamics perspective.

Materials and methods

Participants

Participants enrolled in this study through the Department of Endocrinology and Health Examination Center
at our hospital between November 2022 and January 2024. The study was approved by the Institutional Ethical
Committee of Central People’s Hospital of Zhanjiang, in compliance with the Declaration of Helsinki guidelines
(KY20220124-07). All participants provided informed consent before inclusion in the study.

The diagnosis of type 2 diabetes was conducted by an endocrinologist according to the American Diabetes
Association guidelines®. Healthy individuals underwent a thorough physical examinations. Exclusion criteria
were age lower than 18 years or higher than 65 years, presence of organic central nervous system diseases,
hypertension and cardiovascular complications, noticeable hearing or visual impairments, pregnant, or
breastfeeding, a history of mental illness, family history, severe head trauma, severe hypoglycemia, alcohol
dependence or substance abuse, consumption of contraceptives at the time of the study, and individuals with
contraindications for MRI. Demographic data, including gender, age, and education, were also collected. A total
of 65 patients with T2DM and 60 healthy controls (HCs) were enrolled in this study.

Laboratory testing
The biochemical indices of T2DM patients encompass glycated hemoglobin A, (HbA, ), fasting blood glucose
(FBG), triglyceride (TG), total cholesterol (T'C), and low-density lipoprotein (LDL) levels.

Cognitive testing
All participants completed a series of neuropsychological tests, including the montreal cognitive assessment
(MoCA)? and the digital span test (DST) with both forward and backward tasks?’. These tests required 5 to 10
min for completion.

MRI acquisition

MRI data were acquired on a 3.0T MRI scanner (SIGNA Pioneer, GE Healthcare) using a twenty-one-channel
phased array head coil. A set of routine imaging including axial T1-weighted, T2-weighted, and T2-fluid
attenuated inversion recovery (T2-FLAIR) were acquired to exclude structural brain lesions. Subsequently, rs-
fMRI (rs-fMRI parameters: flip angle =90.0°, bandwidth =250.0 kHz, TR =2000 ms, TE=30.0 ms, slices =48.0,
thickness = 3.0 mm, pixel size =3.0 x 3.0 X 3.0 mm?, FOV =256 x 256 mm?, and NEX = 1) and high-resolution T1-
weighted Brain volume image (3D-TI-BRAVO) (lip angle=12.0°, bandwidth =31.25 kHz, TR=7.8 ms, TE=3.1
ms, slices = 1024.0, thickness = 1.0 mm, pixel size=1.0 x 1.0 x 1.0 mm?, FOV =25.6 x 25.6 cm’, and NEX = 1) were
conducted.

Small-vessel disease assessment

Quantitative assessment of white matter degeneration and lacunar infarcts was conducted on T2-FLAIR
sequences using the age-related white matter changes (ARWMC) scale?. Participants with a score exceeding
2 were excluded from subsequent analyses. The scoring was performed independently by two experienced
radiologists who were blinded to the group assignment. Inter-rater discrepancies were resolved through
consensus review.
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Image processing
Resting-state fMRI data preprocessing was performed using SPM12 and DPABI toolkits implemented in
MATLAB. Processing steps included data format conversion, removal of the initial 10 time points, the time
correction, head movement correction, regression of covariates, spatial standardization, and ﬁlteringzg. The
preprocessing pipeline aimed to enhance image quality, reduce confounding factors, and prepare data for
subsequent analysis.

Calculation of fALFF and DfALFF

The fALFF and dfALFF were computed using the Data Processing Assistant for Resting-State fMRI toolkit
(DPARSF) and the Temporal Dynamic Analysis (Volume-based) toolkits within DPABI. Frequency filtering
(0.01-0.1 Hz bandpass) was applied post-calculation®. Sliding-window analysis was used to calculated the
temporal dynamic characteristics of fALFE, dfALFF, using a window width = 64 s and a sliding step length = 4
s. To further validate the robustness and reliability of the dfALFF results, we conducted additional verification
analyses using different parameter settings (window length = 50 s, step size = 4 s).

Calculation of dynamic functional stability

DFS calculated was performed using volumetric-based stability analysis toolkit in DPABI. DFS for each voxel in
the brain was defined as the consistency of changes in dynamic functional connectivity (DFC) over time with
the entire brain. We computed DFC using a sliding time window approach applied to consecutive data segments,
with a window width of 64 s and a step size of 4 s. The analysis used a voxel-to-brain area approach, a method
validated for its accuracy in previous studies*!. Brain structure was segmented into 200 regions using Craddock’s
200 template®!. Fisherz transform was used to improve the normality of the Kendall consistency coefficient
(KCC) and all rs-MRI metric maps were smoothed (FWHM = 6 mm) to enhance the signal-to-noise ratio.

Statistical analysis
Statistical analysis was conducted using SPSS Statistics(IBM, SPSS, version 25). An independent two-sample
t-test or Mann-Whitney test was employed for continuous variables in a normal or non-normal distribution.
Categorical variables were compared using the X? test. The significance level was set at P<0.05. A two-sample
t-test in DPABI software was employed to compare rs-MRI index images between the two groups using the built-
in BrainMask (61 x 73 x61) as a template, covariates including gender, age, education, and average head motion
parameters, and Gaussian random field (GRF) correction. Voxel p-value was set to <0.001 and cluster p-value
was set to <0.05. Statistically significant cluster volumes, peak MNI coordinates, and T-values were recorded
based on the automated anatomical labeling (AAL) partition template. Subsequently, average parameter values
of statistically significant clusters were extracted for further correlation analysis.

Partial correlation analysis was employed to determine the correlation between MoCA scores, clinical
measurements, and the mean parameter values of the significant clusters in the T2DM group. A significance
level of P<0.05 was considered statistically significant.

Results

Demographics, clinical measurements, and cognitive testing

No significant differences were observed in gender, age, and education between the two groups while the T2DM
group demonstrated significantly lower MoCA scores compared to the HC group (Table 1).

Differences in fALFF between T2DM and HCs

Following correction for multiple comparisons using the GRF method, the T2DM group exhibited increased
fALFF in the left inferior temporal gyrus and left fusiform gyrus and decreased fALFF in the bilateral precuneus,
medial superior frontal gyrus, left inferior parietal lobule, and right supramarginal gyrus when compared with
health control (Table 2; Figs. 1 and 2).

T2DM (n=65) HC (n=60) Statistics | P value
Age (years) 51.35+£9.90 50.88+7.16 t=0.302 0.763
Sex (female/male) | 22/43 26/34 x2=1.187 | 0.276
Education (years) | 12.00(9.00515.00) | 12.00(9.00;12.00) | z=-1.516 | 0.130
HbAlc (%) 8.65(7.17;10.38) N/A N/A N/A
FBG (mmol/L) 7.80(6.85;10.45) N/A N/A N/A
TG (mmol/L) 1.97(1.01;2.58) N/A N/A N/A
TC (mmol/L) 5.19(4.21;6.29) N/A N/A N/A
LDL (mmol/L) 3.06(2.53;4.01) N/A N/A N/A
MoCA 26.00(24.00;27.00) | 27.00(26.00;28.00) | z=-4.030 | <0.001*
DST(forward) 8.00(8.00;9.00) 8.00(7.00;9.00) z=-0.695 | 0.487
DST(inverse) 4.00(3.00;5.00) 4.00(3.00;4.00) 2=-0.933 | 0.351

Table 1. Demographic data, clinical biochemical indicators and neuropsychological result of all subjects.
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MNI
coordinates
Indicator Cluster | X |Y |Z | Voxels | t-value | Brain regions
Temporal_Inf L
1 -33 -6 | -30 | 324 5.3376
Fusiform_L
Precuneus_R
2 9 -66 | 39 | 562 -5.3437
Precuneus_L
fALFF
3 -57 | -51 |33 | 401 -6.3223 | Parietal_Inf_L
4 42 | -60 |18 | 525 -5.9321 | Supra_Marginal_R
Frontal_Sup_Medial_L
5 21 |39 |36 |937 -6.0788

Frontal_Sup_Medial_R
1 -33 | -75 |33 |214 4.3562 | Parietal_Inf L
24 |36 |39 |249 5.1002 | Frontal_Mid_R

Dynamic fALFF

Precuneus_L

3 -9 [-51 {30 |653 4.9648
Precuneus_R
Precuneus_R
1 9 -39 |33 [552 -5.5626
Precuneus_L
2 -45 (21 |36 |335 -5.4834 | Frontal_Mid_L
Dynamic stability
3 -3 | -81 (42 |39 5.855 Cuneus_L
4 66 | -39 |27 |213 -6.0001 | Supra_Marginal R
5 -63 | -42 | 33 168 -6.1574 SupranarginaLL

Table 2. Differences in fALFF, DfALFF and dynamic stability between T2DM and HCs.

Differences in DfALFF and DFS between T2DM and HCs

The T2DM group exhibited increased dfALFF in four clusters compared to the HC group. These clusters
encompassed the bilateral precuneus, left inferior parietal lobule, and right middle frontal gyrus (Table 2; Fig. 1).
The T2DM group exhibited decreased DFS in five clusters compared to the HC group, including the bilateral
precuneus, supramarginal gyrus, and left middle frontal gyrus. Conversely, increased DFS was observed in the
left cuneus (Table 2; Fig. 1).

To further validate the robustness and reliability of the results, we conducted additional verification analyses
using different parameter settings (window length=50 s, step size=4 s). The results demonstrated that the
location of the peak MNI coordinate and its corresponding cluster remained consistent, although the cluster size
showed slight variations (Supplementary Tables 1 and Supplementary Fig. 1).

Partial correlation analysis

In the T2DM group, MoCA score exhibited negative correlations with glycated hemoglobin A, (HbA, ) and
FBG, respectively (Fig. 3). MoCA scores were positively correlated with the right supramarginal gyrus both in
regions where fALFF differences were observed and where DFS differences were detected (Fig. 4). Furthermore,
in the T2DM group, regions exhibiting fALFF differences including the bilateral precuneus, medial superior
frontal gyrus, left inferior parietal lobule and right supramarginal gyrus showed negative correlations with FBG
and TC (Figs. 4 and 5). Similarly, regions with DFS differences namely the bilateral precuneus, supramarginal
gyrus and left middle frontal gyrus were also negatively correlated with FBG and TC (Figs. 4 and 5).

Discussion

Our study demonstrated altered spontaneous intrinsic brain activity in T2DM patients under static conditions,
characterized by elevated fALFF in the left inferior temporal gyrus and left fusiform gyrus and decreased activity
in the bilateral precuneus, medial superior frontal gyrus, left inferior parietal lobule, and right supramarginal
gyrus. As a validated biomarker, fALFF sensitively reflects both enhancement and suppression of spontaneous
neural activity through increased or decreased values, respectively®!%-17.

It is noteworthy that the brain regions exhibiting altered spontaneous neural activity in T2DM substantially
overlap with the default mode network (DMN). As a core network active during rest and internal cognitive
processes, the DMN plays crucial roles in higher-order cognitive functions such as contextual decision-making,
working memory, and social cognition®’. Reduced DMN activity is associated with cognitive impairment and
slower response to social stimuli, as evidenced by multimodal neuroimaging studies**-*. Our data revealed
decreased fALFF values in several regions of the DMN, including the bilateral precuneus, bilateral medial
superior frontal gyrus, left inferior parietal lobule, and right supramarginal gyrus. These reductions were
significantly negatively correlated with FBG levels. Consistent with these neural alterations, T2DM patients
showed lower MoCA scores compared to the control group, and reduced fALFF in the right supramarginal gyrus
was associated with MoCA decline in T2DM. These findings suggest that hyperglycemia may impair cognitive
function in T2DM through dysfunction of critical neural circuits within the DMN.

Patients with T2DM exhibit reduced spontaneous neural activity in multiple brain regions, primarily
associated with insulin resistance, hyperglycemic toxicity, and vascular injury. Insulin resistance impairs cerebral
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fALFF

Dynamic fALFF

Dynamic stability

Fig. 1. A 64-s window and a 4-s step size were used to compute the temporal dynamic properties. Compared
with the control group, T2DM patients showed significant differences in brain regions regarding the three
metrics: fALFE, dynamic fALFF, and dynamic stability.

glucose utilization, leading to neuronal energy deficiency and suppressed electrical activity®. Hyperglycemia
promotes the formation of advanced glycation end products (AGEs), which trigger inflammatory pathways
and damage mitochondria and cell membranes®”. T2DM also compromises vascular endothelial function,
reduces nitric oxide release, and results in thickening of the microvascular basement membrane, capillary
rarefaction, and decreased cerebral blood flow®®. Neurotransmitter dysregulation is also involved, exemplified
by decreased choline acetyltransferase activity impairing learning and memory, and dysregulation of the
glutamate/GABA system leading to neuronal apoptosis and loss of network synchrony®. Furthermore, studies
have indicated that hyperinsulinemia induced by T2DM may promote the deposition of amyloid-beta (Af)
and the hyperphosphorylation of Tau protein, thereby exacerbating the pathological progression of Alzheimer’s
disease (AD). This study also identified increased fALFF values in the left inferior temporal gyrus and left
fusiform gyrus, suggesting possible compensatory mechanisms. These may include functional activation of
higher-order visual and cognitive regions following partial neural damage, or overactivity in insulin receptor-
dense areas to counteract energy deficit!!. Abnormal vascular regulation and neurovascular uncoupling may
also contribute to signal alterations*?. These findings highlight the complexity of cerebral functional alterations
in T2DM, indicating that heterogeneous patterns of neural activity may emerge across different brain regions
and disease stages. Further longitudinal studies are needed to clarify the predictive value of these changes for
cognitive decline.

From a dynamic perspective, bilateral precuneus, left inferior parietal lobule, and right middle frontal gyrus
exhibit increased variability in spontaneous brain activity. It is noteworthy that these regions with high variability
spatially correspond to those demonstrating reduced static activity. Elevated dfALFF in a brain region indicates
its inability to maintain stable neural activity. We propose that this high dynamic variability may reflect a state of
decompensation following compensatory efforts. Chronic hyperglycemia in T2DM causes prolonged impairment
and suppression of certain brain regions. When exposed to various external stimuli, brain areas with reduced
fALFF may enhance their dynamic flexibility and variability to effectively compensate and rapidly stabilize the
functionally compromised regions. However, such compensation is not always effective or stable. In some brain
regions with decreased fALFF, increased dfALFF may indicate inefficient, unstable, or even disruptive inputs or
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fALFF

Dynamic fALFF

Dynamic stability

Fig. 2. 3D renderings: there are significant differences in the three indicators of fALFE, dynamic fALFF and
dynamic stability in the brain regions of T2DM patients.

modulation from other areas. Rather than providing effective compensation, these maladaptive interactions may
introduce additional fluctuations**. Furthermore, significantly lower MoCA scores in T2DM patients compared
to controls highlight the inadequacy of this adaptation in maintaining overall cognitive function.

Additionally, a decrease in DFS reflects a failure in the overall regulation of network function and an
impairment in the coordination of information across regions, which is essential for conscious processing. Our
findings align with emerging evidence indicating that temporal instability in functional hierarchy contributes
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Fig. 3. In the T2DM group, MoCA score exhibited negative correlations with HbA, and FBG (A, B),
respectively. MoCA scores were positively correlated with the right supramarginal gyrus both in regions where
fALFF differences were observed and where DFS differences were detected (C, D).

to cognitive fragmentation in neuropsychiatric disorders?»*, suggesting shared pathophysiological pathways

between diabetes and primary neurodegenerative diseases. In our T2DM cohort, decreased DFS was observed in
the bilateral precuneus, supramarginal gyrus, and left middle frontal gyrus, and these reductions were negatively
correlated with FBG levels. Concurrently, DES values in the right supramarginal gyrus were positively correlated
with MoCA scores. This decline in dynamic stability corresponds clinically to fluctuating and impaired cognitive
function in T2DM patients. Notably, static, dynamic, and DFS analyses revealed abnormalities in overlapping
brain regions among our T2DM participants. In summary, the observed decrease in static fALFF coupled
with reduced dynamic stability in certain brain regions among T2DM patients suggests a state of functional
destabilization, where neural activity is characterized not only by diminished average intensity but also by
impaired stability and coordination. This reflects that the cerebral impact of T2DM extends beyond mere
“reduced function,” pointing rather to widespread dysregulation and disorganization within neural networks.

Our analysis revealed decreased DFS in the bilateral precuneus, supramarginal gyrus, and left middle frontal
gyrus, alongside increased DFS in the left cuneus. Highly interconnected high-order association cortices, such
as the DMN, exhibit enhanced temporal stability to facilitate sustained multimodal integration, whereas lower-
order sensorimotor regions demonstrate greater dynamic flexibility to adapt to rapidly changing environmental
demands?®*. Previous studies have shown that ruminative states are characterized by reduced stability in the DMN
and increased stability in the frontoparietal network (FPN) compared to baseline conditions*. This network-
specific reorganization of stability aligns with established transdiagnostic patterns wherein distinct psychiatric
disorders exhibit unique DFS profiles across functional networks*®. Our findings extend this paradigm to diabetic
encephalopathy by revealing distinct alterations in DFS: the “functional failure” of advanced brain regions may
compel lower-order regions to compensate through “overworking” or “shifting operational modes” in an attempt
to maintain overall neural function. While previous articles solely analyzed alterations in dynamic functional
connectivity in T2DM?, our study incorporates both static and dynamic analyses, with a particular focus on
temporal variability metrics, such as dfALFF and DFS, offers a novel perspective for understanding functional
changes in the T2DM brain. These metrics may capture early neural destabilization more sensitively, potentially
even before significant changes in static fALFF become apparent.

Neuroimaging-metabolic correlation analyses revealed that regional alterations in fALFF and DFS are
associated with both glycemic control and TC levels, which represents a significant and valuable finding.
Previous studies have suggested that elevated total cholesterol exacerbates brain network dysfunction in T2DM
patients through multiple pathways including vascular, inflammatory, and cellular mechanisms, synergizing
with hyperglycemia to reduce neural activity intensity and stability’’. However, our study did not identify a
mediating role of TC in diabetic cognitive impairment, which warrants further detailed investigation into this
finding.

Several limitations should be noted in our study. Firstly, it is a cross-sectional design, our study needs a
lager T2DM cohort including longitudinal follow-ups to confirm the changes of both fALFF, dALFF and DFS.
Secondly, gender effect needs to be explored in a larger T2DM groups. Third, although gender was incorporated
as a covariate in our analysis, whether there are differences in alterations of brain function between male and
female patients remains undetermined. Future studies will aim to conduct analyses with better gender matching.
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Fig. 4. In the T2DM group, regions exhibiting fALFF differences including the bilateral precuneus, medial
superior frontal gyrus, left inferior parietal lobule and right supramarginal gyrus showed negative correlations
with FBG (A, B,C, D). Similarly, regions with DFS differences namely the bilateral precuneus, supramarginal
gyrus and left middle frontal gyrus were also negatively correlated with FBG (E, EG, H).
Fourth, the types of anti-diabetic medications taken by patients were inconsistent, and whether this has an
impact on cerebral function remains to be explored.
In summary, patients with T2DM exhibit a characteristic pattern of brain activity described as “low-
intensity, high-fluctuation, and destabilized” This reveals that cerebral impairment in T2DM extends beyond
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Fig. 5. In the T2DM group, regions exhibiting fALFF differences including the bilateral precuneus, medial
superior frontal gyrus, left inferior parietal lobule and right supramarginal gyrus showed negative correlations
with TC (A, B,C, D). Similarly, regions with DFS differences namely the bilateral precuneus, supramarginal
gyrus and left middle frontal gyrus were also negatively correlated with TC (E, EG, H).
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simple functional suppression, reflecting instead a more complex state of neural network dysfunction and
decompensation. Such intrinsic neural instability likely underlies the cognitive fluctuations and decline in
executive function observed in these patients.

Data availability
The datasets used and/or analysed during the current study available from the corresponding author on reason-
able request.
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