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Early initiation of antipsychotic treatment plays a crucial role in the management
of first-episode schizophrenia (FES) patients, significantly improving their
prognosis. However, limited attention has been given to the long-term effects
of antipsychotic drug therapy on FES patients. In this research, we examined the
changes in abnormal brain regions among FES patients undergoing long-term
treatment using a dynamic perspective. A total of 98 participants were included in
the data analysis, comprising 48 FES patients, 50 healthy controls, 22 patients
completed a follow-up period of more than 6 months with qualified data. We
processed resting-state fMRI data to calculate coefficient of variation of fractional
amplitude of low-frequency fluctuations (CVfALFF), which reflects the brain
regional activity stability. Data analysis was performed at baseline and after
long-term treatment. We observed that compared with HCs, patients at
baseline showed an elevated CVfALFF in the supramarginal gyrus (SMG),
parahippocampal gyrus (PHG), caudate, orbital part of inferior frontal gyrus
(IOG), insula, and inferior frontal gyrus (IFG). After long-term treatment, the
instability in SMG, PHG, caudate, IOG, insula and inferior IFG have
ameliorated. Additionally, there was a positive correlation between the
decrease in dfALFF in the SMG and the reduction in the SANS total score
following long-term treatment. In conclusion, FES patients exhibit unstable
regional activity in widespread brain regions at baseline, which can be
ameliorated with long-term treatment. Moreover, the extent of amelioration in
SMG instability is associated with the amelioration of negative symptoms.
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Introduction

Schizophrenia is a chronic and debilitating mental disorder associated with high
recurrence rates, which leads to a progressive decline in patients’ functioning (Kissling,
1991; Dixon et al., 1999; Van Os and Kapur, 2009). First-episode schizophrenia (FES) refers
to patients with an illness duration of less than 1.5 years (llison-Wright et al., 2008),
typically observed during adolescence (Mackrell and Lavender et al., 2004). Early treatment
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can lay a strong foundation for patients’ prognosis, even in the
presence of persistent symptoms (Tarcijonas and Sarpal, 2019). The
primary method of treatment for schizophrenia involves
antipsychotic drugs, which primarily target the dopamine
D2 receptor in the brain (Kapur and Mamo, 2003), assisting in
the restoration of abnormal brain areas and regulation of neural
network function among FES patients.

Numerous studies have demonstrated the regulatory effects of
antipsychotic drug therapy on brain function in patients. For
instance, drug therapy has been found to modulate the connectivity
of the default mode network (DMN) in individuals with schizophrenia
(Sambataro et al., 2010; Guo et al., 2017; Guo et al., 2018). Additionally,
evidence supports the improvement of connectivity in key brain regions
including the striatum, hippocampus, and anterior cingulate cortex
(Anticevic et al., 2015; Sarpal et al., 2015; Kraguljac et al., 2016b).
Antipsychotic drugs not only regulate large-scale functional network
abnormalities to some extent but also enhance the overall efficiency of
the patient’s brain (Hadley et al., 2016; Crossley et al., 2017). Overall,
these findings highlight the broad impact of antipsychotic drug therapy
on brain function and its potential to improve connectivity in patients
with schizophrenia.

However, the majority of studies in this field adopt a static
perspective when investigating the impact of drugs on abnormal
brain regions. It is important to note that the brain’s activity is
dynamic, constantly changing over time (Calhoun et al., 2014; Liao
et al., 2019). Consequently, time-averaged or static research
approaches offer limited insights. Prior investigations have also
examined the abnormal dynamic patterns of the brain in various
mental disorders, including schizophrenia (Duan et al., 2020b) and
major depressive disorder (Yang et al., 2022). As our understanding
of brain dynamics deepens, we can gain a clearer understanding of
the differences in brain activity among individuals with mental
disorders. Hence, it is imperative to employ a dynamic approach in
examining the potential impact of antipsychotic medication on
brain stability in order to address the existing knowledge gaps in
the relevant research domain.

Notably, most current research primarily focuses on the efficacy
of short-term antipsychotic drugs in addressing brain abnormalities
(Zeng et al., 2016; Zong et al., 2019). According to the available
literatures, only five studies have investigated the long-term effects
of antipsychotics on abnormal brain function in schizophrenia (Li
et al., 2016; Guo et al., 2017; Li et al., 2018; Deng et al., 2022). Clinical
guidelines around the world commonly recommend antipsychotic
treatment for FES patients for a minimum of 6–24 months to
achieve the desired therapeutic outcomes (Lehman et al., 2004;
Buchanan et al., 2010; Galletly et al., 2016; Crockford and
Addington, 2017). Therefore, it is of paramount importance to
investigate the effects of long-term antipsychotic drugs (over
6 months) on brain structure and function. Exploring the
effectiveness of long-term antipsychotic drugs on individuals with
brain abnormalities holds great value in demonstrating the
significance of maintenance therapy and providing novel insights
for drug development.

This study aims to investigate the effects of long-term
antipsychotic use on the brain regional activity stability of FES
patients. The fractional amplitude of low-frequency fluctuations
(fALFF) is a measure that focuses on regional fluctuations in brain
activity based on blood oxygen level dependent signals. The dynamic

fALFF (dfALFF) delineates the time-varying brain regional activity
maps across sliding-windows. The coefficient variation of dfALFF
(CVfALFF) reflects the brain regional activity stability across
sliding-windows. Here, we adopted the CVfALFF to examine the
effect of long-term antipsychotic therapy on the brain regional
activity stability of FES patients. Following established clinical
guidelines, we treated 48 FES patients for a duration of
6–24 months. Our study had three specific aims: 1) To identify
areas showing abnormal stability of regional activity at baseline in
FES and investigate their relationship with patients’ clinical
symptoms, 2) To explore the long-term effects of antipsychotics
on detected areas showing abnormal stability of regional activity in
patients, and 3) To examine the correlation between the changes of
regional activity stability in detected brain regions and the recovery
of clinical symptoms.

Materials and methods

Participants

There were 105 participants (52 patients with FES) from three
datasets: The Second Xiangya Hospital (Changsha, Hunan
Province, China, Dataset #1 and Dataset#2), and Queen Mary
Hospital, The University of Hong Kong (Hong Kong, China,
Dataset #3). Information for each dataset is presented in
Supplementary Table S1, and criteria for patient acceptance
and exclusion are presented in Supplementary Methods S1.
The Structured Clinical Interview of the DSM-IV-patient
version (SCID-P) was used to recruit patients with FES.
According to the previous studies (Anticevic et al., 2015b;
Zhang et al., 2021), the sources of different datasets were
included as covariates in further fMRI imaging data analysis.
The severity of the patient’s clinical symptoms is assessed using
the Scale for the Assessment of Positive Symptoms (SAPS)
(Andreasen et al., 1995) and the Scale for the Assessment of
Negative Symptoms (SANS) (Andreasen, 1989) by highly trained
psychiatrists. All participants completed clinical symptom and
resting-state fMRI measurements at baseline, with 24 patients
completing follow-up surveys after continuing treatment
for 6 months.

Researchers track medication status every 2 months through
face-to-face interviews or phone calls. Conduct face-to-face
interviews with patients who visit the hospital on time every
2 months for follow-up. In addition, for patients undergoing
phone monitoring, we also attempt to contact the family
members or guardians of the patients monitoring their
medication treatment. In order to ensure that patients comply
with treatment, we focused on asking some questions during
medication monitoring process, such as daily drug dosage,
treatment effectiveness, and side effects of the drug. To mitigate
the effects of adjunctive therapies on patients’ brain function, we
excluded individuals who received electroconvulsive therapy (ECT)
and transcranial magnetic stimulation (TMS) treatments during the
follow-up period. Finally, a total of 28 patients withdrew during
follow-up. No significant difference in clinical symptom scores at the
baseline was found between the dropped-out patients and follow-up
patients (Supplementary Table S2). In addition, all patients are using
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second-generation antipsychotic drugs, and the dosage of the drugs
is determined by a professional psychiatrist (Supplementary
Methods S2). Conversion of drug dosage to chlorpromazine
equivalence for each patient (50–1,000 mg/day).

We recruited 53 age- and gender-matched healthy controls from
the local community using the SCID non-patient version for
screening, none of whom had a first-degree relative with
psychiatric disorders. We collected resting fMRI data from the
healthy controls that met the standards. All participants have
signed a voluntary informed consent form. The local ethics
committee at each data collection point reviewed and approved
the procedures and consent form.

Image data acquisition and preprocessing

In this study, the resting-fMRI data of all participants were
collected. During this process, participants need to maintain a flat
and stable body, be alert, keep their eyes and mouth tightly closed, and
try not to think of unnecessary thoughts. Soft earplugs and foam pads
were used to decrease scanner noise and head motion. The parameter
settings for both baseline and follow-up scans of each dataset are the
same. Subsequently, we used Statistical Parametric Mapping 12
(SPM12, http://www.fil.ion.ucl.ac.uk/spm) and Data Processing
Assistant for Resting-State fMRI (DPABI, http://www.rfmri.org/)
(Yan et al., 2016) for image preprocessing. Detailed information on
imaging parameters and preprocessing procedures for each clinical
center is listed in the Supplementary Methods S3.

The exclusion criteria for sample selection included: 1) Head
motions larger than a 2.5-mm translation or 2.5° rotation in any
direction. 2) The fMRI data failed to normalize to MNI space which
is visually inspected by an experienced data analyst. After quality
control, a total of 22 patients at follow-up, 48 patients at the baseline
and 50 HCs were included in the final analysis. Furthermore, head
movement scrubbing regression was used to eliminate the
confounding effect of subtle head movements (see Supplementary
Methods S3). After pre-processing, the images were entered into the
dfALFF calculation process.

DfALFF calculation

We used the sliding window method in the Dynamic Brain
Connectome (DynamicBC) toolbox to calculate dfALFF (Liao
et al., 2014). In an optimal scenario, the window should be
sufficiently large to enable a reliable estimation of fALFF and to
distinguish the lowest frequencies of interest in the signal, while
also being small enough to detect possible transient events of
interest (Leonardi and Van De Ville, 2015; Li et al., 2019). In order
to mitigate the risk of spurious fluctuations stemming from
window lengths shorter than the fmin, our window length
needs to exceed the threshold of 1/fmin, and fmin is the
minimum frequency of time series (Leonardi and Van De Ville,
2015). In this study, our fmin is 0.01 Hz, so we determined a
window length of 50 TRs (i.e., 100 s). In dataset #1, the time series
consisted of 240 TRs (480 s), and the window was shifted by 1 TR

FIGURE 1
The calculation steps of dfALFF. Note. fALFF, fractional amplitude of low frequency fluctuations; dfALFF, dynamic fractional Amplitude of Low
Frequency Fluctuations; FES, first-episode schizophrenia; TRs, repetition time.
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(2 s). The full-length time series was then divided into
191 windows for each subject. In dataset #2, the time series
consisted of 206 TRs (412 s), and the window was shifted by
1 TR (2 s). The full-length time series was then divided into
157 windows for each subject. In dataset #3, the time series
consisted of 240 TRs (480 s), and the window was shifted by
1 TR (2 s). The full-length time series was then divided into
191 windows for each subject. Finally, we obtained the fALFF
map corresponding to each sliding window and then calculated the
coefficient of variation of fALFF (CVfALFF) maps to capture the
stability of the brain regional activity. The calculation formula for
CVfALFF is as follows:

CVfALFF �
����������������(∑[ x − μ( )²) /N]√

∑x( ) /N
x represents the fALFF map for each sliding window, μ is the average
fALFF value across sliding windows, and N is the total number of
sliding windows.

The calculation steps are shown in Figure 1.

Statistical analysis

We used SPSS 19.0 to analyze the demographic and clinical
characteristics of the baseline group and HCs. We used the two-sample
t-test for continuous variable analysis, and the Chi-square analysis for
categorical variable analysis. The statistical threshold was set at p < 0.05.

Subsequently, we analyzed the fMRI data using
SPM12 software. To identify areas of the brain where CVfALFF
differed between HCs and patients, we used a two-sample t-test to
analyze baseline patients (n = 48) and HCs (n = 50) with age,
gender, education, and dataset location as covariates. The paired
t-test was then performed within baseline and follow-up patients
(n = 22), using the brain regions that differed from HCs at baseline
as mask, to determine longitudinal changes in follow-up patients
after treatment. After adjusting for false discovery rate (FDR) at
voxel levels, the significance level of the above comparisons was p <
0.05. Of note, we also used Pearson’s correlation analysis to explore
the correlation between changes in CVfALFF and changes in
clinical symptoms in patients.

Validation analysis

To verify the authenticity of the results, we reprocessed our
data adopting a window length of 30 TRs to obtain the
dfALFF again.

Results

Demographic and clinical characteristics

Table 1 shows the demographic and clinical characteristics of
the data, indicating that there were no significant differences in

TABLE 1 Demographic data and clinical data of participants.

Characteristic FES at the baseline N = 48 Healthy controls N = 50 Statistics (t/χ2)

Age (years) 23.33 ± 6.27 24.48 ± 5.67 −0.95

Sex (male: female) 17:21 23:27 1.06

Education (years) 12.79 ± 3.10 13.34 ± 2.02 −1.04

During of illness (months) 4.46 ± 3.80 -

duration of untreated psychosis (DUP) 4.09 ± 4.13 -

Clinical symptom scores

SAPS total scores 26.79 ± 14.79 -

SANS total scores 22.35 ± 16.20 -

Characteristic FES at follow-up N = 22 statistics (t/χ2)

T1 T2

CPZ equivalents (mg) — 210.35 ± 142.54

Average follow-up interval (months) 11.49 ± 3.82

Clinical symptom scores

SAPS total scores 23.19 ± 14.42 4.75 ± 8.03 a5.29***

SANS total scores 22.89 ± 16.43 11.95 ± 10.17 a3.40**

FES, first-episode schizophrenia patients; T1, time point at the baseline; T2, time point after treatment; DUP, duration of untreated psychosis; CPZ, chlorpromazine; SAPS, scale for the

assessment of positive symptoms; SANS, scale for the assessment of negative symptoms.
aPaired t-test in FES, patients between the baseline and follow-up.

***p < 0.001; **p < 0.01.
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age, sex, and education between patients and HCs at baseline. The
mean duration of disease of the 48 FES patients was (4.46 ± 3.80)
months, including (4.09 ± 4.13) months without treatment, and

the total SAPS score at baseline was (26.79 ± 14.79) and total
SANS score was (22.35 ± 16.20). It can be seen that after
treatment, the total scores of SAPS and SANS in patients

TABLE 2 Abnormal dfALFF in FES patients at baseline compared to healthy controls.

Brain region MNI Cluster size T value Cohen’s d

X Y Z

FES > HCs

Right insula 42 12 −9 21 5.47 0.91

Right parahippocampal gyrus 33 −39 −9 12 5.37 0.89

Left cuneus −3 −87 12 16 4.76 0.79

Right inferior frontal gyrus 63 12 21 12 4.46 0.74

Left caudate −12 18 15 10 4.33 0.72

Right superior temporal gyrus 42 −18 −21 16 4.3 0.71

Right supramarginal gyrus 66 −36 27 10 4.09 0.68

Orbital part of inferior frontal gyrus 48 45 −9 12 3.91 0.65

Right superior frontal gyrus 0 39 39 12 3.9 0.65

Left cerebellar tonsil −9 −48 −33 12 3.71 0.61

FES < HCs

N/A — — — — — —

Abbreviations: dfALFF, dynamic fractional amplitude of low-frequency fluctuation; FES, first-episode schizophrenia; HCs, healthy controls.

FIGURE 2
Abnormal variation of activity at baseline and effects of long-term antipsychotic drugs on abnormal brain areas in FES patients. Note. FES, first-
episode schizophrenia; HC, healthy control; T1, time point at the baseline; T2, time point after treatment; dfALFF, dynamic fractional Amplitude of Low
Frequency Fluctuations; *p < 0.05 (corrected by FDR); PHG, parahippocampal gyrus; IFG, inferior frontal gyrus; STG, superior temporal gyrus; SMG,
supramarginal gyrus; IOG, orbital part of inferior frontal gyrus; SFG, superior frontal gyrus.
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significantly decreased. The average reduction in SAPS total score
was (18.81 ± 15.91), and the average reduction in SANS total
score was (10.95 ± 14.05) (both p < 0.001). The average follow-up
interval for patients is (11.49 ± 3.82) months. What’s more, a
total of 20 patients experienced a decline of more than 30% in
SAPS total scores and 17 patients experienced a decline of more
than 30% in SANS total scores after treatment
(Supplementary Table S3).

Abnormal dfALFF in the FES patients at
the baseline

At the baseline, compared with HCs, FEP patients showed
significant increased CVfALFF in the right insula (t = 5.47,
Cohen’s d = 0.91), right parahippocampal gyrus (PHG; t = 5.37,
Cohen’s d = 0.89), left cuneus (t = 4.76, Cohen’s d = 0.79), right
inferior frontal gyrus (IFG; t = 4.46, Cohen’s d = 0.74), left caudate (t =
4.33, Cohen’s d = 0.72), right superior temporal gyrus (STG; t = 4.3,
Cohen’s d = 0.71), right supramarginal gyrus (SMG; t = 4.09, Cohen’s
d = 0.68), orbital part of inferior frontal gyrus (IOG; t = 3.91, Cohen’s
d = 0.65), right superior frontal gyrus (SFG; t = 3.9, Cohen’s d = 0.65),
and left cerebellar tonsil (t = 3.71, Cohen’s d = 0.61). Details see
Table 2 and Figure 2. Notably, there were no regions showed
significant decreased CVfALFF in FEP patients compared with HCs.

As shown in Figure 3, in the correlation analysis at baseline,
we observed the CVfALFF of the SMG, caudate, and IFG was
positively correlated with SANS total scores (SMG, r = 0.428,
p = 0.003; caudate, r = 0.328, p = 0.026; IFG, r = 0.392,
p = 0.007).

Effect of antipsychotic treatment on
abnormal brain regions

As shown in Table 3 and Figure 2, after treatment, the abnormal
increased CVfALFF at baseline in the SMG (t = −4.93, Cohen’s d =
0.82), PHG (t = −4.75, Cohen’s d = 0.79), caudate (t = −3.59, Cohen’s
d = 0.59), IOG (t = −3.42, Cohen’s d = 0.57), insula (Cohen’s d =
0.57) and IFG (t = −2.97, Cohen’s d = 0.49) of the patients were
significantly reduced.

Due to the significant improvement in the SAPS and SANS total
scores of most patients after treatment, we conducted a Pearson’s
analysis to investigate the relationship between the reduction of
CVfALFF in these brain regions after medication and the
amelioration of clinical symptoms. As shown in Supplementary
Table S4 and Figure 3, the results showed that the amplitude of
changes in CVfALFF of the SMG (T2-T1) was positively correlated
with the amplitude of changes in SANS (T2-T1) (r = 0.56, p = 0.012).

Validation analysis

Our validation analysis using a window length of 30TRs also
showed similar results (Supplementary Tables S5, S6).

Discussion

To our knowledge, this study represents the first investigation using
CVfALFF indicators to examine the impact of long-term antipsychotics
on brain stability of regional activity in FES patients. We present two

FIGURE 3
The relationship between the decrease in SMG instability and the improvement of negative symptoms in FES patients after long-term treatment.
Note. SMG, supramarginal gyrus; IFG, inferior frontal gyrus; SANS, the Scale for the Assessment of Negative Symptoms; dfALFF, dynamic fractional
Amplitude of Low Frequency Fluctuations.
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key findings. Firstly, at baseline, compared with HCs, FES patients
exhibited increased CVfALFF across widespread regions that included
the insula, PHG, cuneus, IFG, caudate, STG, SMG, IOG, SFG, and
cerebellar tonsil. In these brain regions, we observed a positive
correlation between CVfALFF in SMG, Caudate, IFG and the total
score of SANS. Secondly, following long-term treatment, the heightened
CVfALFF in the SMG, PHG, caudate, IOG, insula and IFG showed
amelioration, and the amelioration in CVfALFF in the SMG after
treatment was also associated with the resolution of negative symptoms.

In FES patients, heightened instability was observed in
widespread brain regions, with similar findings reported in
patients with schizophrenia and major depressive disorder
(Braun et al., 2021; Yang et al., 2022; Wang et al., 2023). This
indicated the potential brain activity instability that patients with
severe mental disorders might possess. Several top-down approaches
based on statistical dynamic frameworks have been used to study
symptoms of schizophrenia, indicating that the generation of
cognitive, negative, and positive symptoms of schizophrenia may
be associated with the decreased signal-to-noise ratio and increased
statistical fluctuations in different brain cortical networks,
suggesting a close relationship between these symptoms and the
instability of the neurodynamic system (Loh et al., 2007; Rolls,
2021). These studies suggests that due to reasons such as decreased
NMDA receptor function, reduced neuronal spines, or decreased
GABA neurotransmission, the firing state of cortical neurons
becomes unstable or the firing rate decreases, leading to the
instability of the neurodynamic system. This is consistent with
the findings of our current study, where the severity of negative
symptoms is associated with increased instability in three areas.
Moreover, this variation is widely alleviated after long-term
treatment, which suggests that long-term treatment may stabilize
the firing state of cortical neurons in these cortical regions through
relevant pharmacological mechanisms.

The SMG, located around the terminal of the ascending branch
of the lateral sulcus, together with the angular gyrus, forms the
inferior parietal lobule. The functions involved in this region include
social cognition, working memory, and executive functions, among
others (Palaniyappan and Liddle, 2012). In schizophrenia, the

involvement of the inferior parietal lobe is associated with
various impairments, including sensory integration, body image,
self-concept, and executive function deficits (Torrey, 2007). In fMRI
studies of patients with schizophrenia, chronic schizophrenia
patients exhibit lower activity in the SMG during semantic
priming (Jeong and Kubicki, 2010) and reduced activation of the
SMG when facing negative semantic stimuli (Lee et al., 2019). A 6-
week study of risperidone treatment showed that the SMG was one
of the most prominent areas exhibiting reduced brain circuit
function compared to FES patients at baseline (Nelson et al.,
2020). Notably, the instability of SMG activity in this study was
positively correlated with the severity of negative symptoms in
patients, both at baseline and after long-term treatment. The
relationship between the SMG and negative symptoms needs
further exploration in the future.

The caudate is rich in DRD2 receptors and has been the focus of
research on the dopaminergic system in schizophrenia for decades.
In patients with schizophrenia, the caudate undergoes changes in
morphology and function (Buchsbaum et al., 2003; Wada et al.,
2012). Additionally, comprehensive genetic and transcriptional
analysis of the caudate in schizophrenia has revealed new genetic
associations and potential therapeutic targets related to dopamine
metabolism (Benjamin et al., 2022). It is noteworthy that research
has also shown increased activation of D1 receptors can ameliorate
the instability of brain neural networks by enhancing the synaptic
currents mediated by NMDA receptors (Loh et al., 2007), whichmay
be related to the alleviation of the instability of caudate activity after
long-term treatment in this study.

The insula plays a critical role in processing emotions and
sensory stimuli (Wylie KP and Tregellas JR, 2010). In patients
with schizophrenia, the functional connectivity between the
insula and several key regions is impaired and this impaired
functional connectivity may be a crucial factor in determining
the severity of the disease (Tian et al., 2019; Sheffield et al.,
2020). A 6-week antipsychotic treatment study on FES patients
revealed a significant increase in glutamate levels in the insula
following the treatment (Sonnenschein et al., 2022). Additionally,
another study demonstrated improvements in abnormal dynamic

TABLE 3 Effects of long-term atypical antipsychotic treatment on dfALFF in FES.

Brain region MNI Cluster size T value Cohen’s d

X Y Z

T2 < T1

Right supramarginal gyrus 60 −45 36 6 −4.93 0.82

Right parahippocampal gyrus 33 −39 −9 5 −4.75 0.79

Left caudate −15 21 15 5 −3.59 0.59

Orbital part of inferior frontal gyrus 48 54 −3 9 −3.42 0.57

Right insula 39 3 0 12 −3.42 0.57

Right inferior frontal gyrus 60 9 9 7 −2.97 0.49

T2 > T1

N/A — — — — — —

Abbreviations: T1, time point at the baseline; T2, time point after treatment.
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functional connectivity patterns in the insula after an 8-week
treatment with risperidone in FES patients (Duan et al., 2020b).
In this study, it was found that the abnormal patterns of dynamic
activity in the insula were also improved after long-term treatment
in FES patients, highlighting the pivotal role of the insula in both
short-term and long-term treatments.

The PHG is a crucial component of the limbic system, which has
been found to be associated with cognitive impairments in
individuals with schizophrenia (Schmitt and Falkai, 2023).
Research has consistently shown that the PHG are linked to
various cognitive functions, including processing speed, working
memory, and language learning in patients with schizophrenia
(Frith et al., 1991; Curtis et al., 2021; Guimond et al., 2016; van
Erp et al., 2018). Research has suggested that antipsychotic
medications can influence the PHG, potentially leading to
improvements in memory function for patients (Tamminga et al.,
2012). Long-term treatment with antipsychotic drugs has been
shown to alleviate the high levels of activity instability seen in
the PHG, highlighting the importance of this region in symptom
amelioration for FES patients.

The IOG is a part of the default mode network (DMN). In the
research of the neuropathology of schizophrenia, the DMN is
considered one of the most relevant systems (Dong et al., 2018).
Additionally, in patients with schizophrenia, the DMN is believed to
be associated with both negative and positive symptoms (Whitfield-
Gabrieli et al., 2009; Hare et al., 2019). It is worth noting that several
studies on short-term antipsychotic medication treatment have
found beneficial effects on DMN dysfunction (Zong et al., 2019;
Duan et al., 2020a). Based on the results of this experiment, it also
supplements the specific effects of long-term treatment on the DMN
in FES patients. Similar to other brain regions, the IFG also
undergoes changes following antipsychotic treatment, indicating
the potential underlying mechanisms of IFG in long-term therapy.

However, there are several limitations that should be
acknowledged in this study. Firstly, the follow-up patients were
not sampled at a standardized time point, resulting in a non-uniform
treatment duration for patients. This is due to the difficulty in
obtaining follow-up data on patients receiving long-term
antipsychotic treatment for an equivalent duration. Moreover,
most clinical guidelines recommend a maintenance therapy
duration of 6–24 months for relatively stable FES patients after
acute treatment. Therefore, this study enrolled patients who received
treatment for a duration within this range. It is advisable for future
research to adopt a more detailed design that standardizes the
treatment duration, as it would contribute to a more
comprehensive exploration of the impact of long-term treatment
on abnormal brain regions in FES patients. Secondly, the patients
were derived from three different datasets, with the majority of HCs
belonging to dataset #1. This disparity may introduce bias in the
results pertaining to HCs. To address this concern, we utilized the
scanning site as a covariate in order to mitigate any potential bias.
Finally, our study lacked consistent monitoring of healthy controls
over the same duration, potentially hindering our ability to mitigate
the influence of time effects.

In conclusion, this study is the first to explore the impact of long-
term medication on brain stability and successfully elucidates the
widespread areas of activity instability in FES patients at baseline, as
well as the improved stability in multiple brain regions following

long-term treatment. Furthermore, this study demonstrates the
association between abnormal dfALFF in the SMG and negative
symptoms. These findings provide new insights into the
mechanisms underlying the long-term treatment of FES patients.

Data availability statement

The raw data supporting the conclusion of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by the Medical
Ethics Committee of the Second Xiangya Hospital, Central South
University. The studies were conducted in accordance with the local
legislation and institutional requirements. Written informed
consent for participation in this study was provided by the
participants’ legal guardians/next of kin.

Author contributions

MZ: Data curation, Formal Analysis, Methodology,
Writing–original draft, Writing–review and editing,
Conceptualization, Investigation, Software. ZL: Funding
acquisition, Project administration, Resources, Supervision,
Writing–review and editing. FW: Investigation, Supervision,
Validation, Visualization, Writing–review and editing. JuY:
Investigation, Supervision, Validation, Visualization,
Writing–review and editing. EC: Data curation, Supervision,
Validation, Visualization, Writing–review and editing. EL: Data
curation, Supervision, Validation, Visualization, Writing–review
and editing. GW: Data curation, Funding acquisition,
Supervision, Validation, Visualization, Writing–review and
editing. JiY: Conceptualization, Formal Analysis, Funding
acquisition, Investigation, Project administration, Resources,
Writing–original draft, Writing–review and editing.

Funding

The author(s) declare that financial support was received for the
research, authorship, and/or publication of this article. This work
was supported by grants from the National Natural Science
Foundation of China (82071506 to ZL; 82201663 to JiY), the
Scientific Research Program of Hunan Provincial Health
Commission, China (B202303095947 to JiY), Natural Science
Foundation of Changsha City (kq2208322 to GW) and the
Scientific Research Launch Project for new employees of the
Second Xiangya Hospital of Central South University to JiY.

Acknowledgments

We would like to thank all participants for their time and
cooperation.

Frontiers in Pharmacology frontiersin.org08

Zhong et al. 10.3389/fphar.2024.1387123

https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2024.1387123


Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fphar.2024.1387123/
full#supplementary-material

References

Andreasen, N. C. (1989). The scale for the assessment of negative symptoms (SANS):
conceptual and theoretical foundations. Br. J. Psychiatry Suppl. 7, 49–52. doi:10.1192/
s0007125000291496

Andreasen, N. C., Arndt, D., Flaum, M., and Nopoulos, P. (1995). Correlational
studies of the scale for the assessment of negative symptoms and the scale for the
assessment of positive symptoms: an overview and update. Psychopathology 28, 7–17.
doi:10.1159/000284894

Anticevic, A., Haut, K., Murray, J. D., Repovs, G., Yang, G. J., Diehl, C., et al. (2015b).
Association of thalamic dysconnectivity and conversion to psychosis in youth and
young adults at elevated clinical risk. JAMA Psychiatry 72 (9), 882–891. doi:10.1001/
jamapsychiatry.2015.0566

Anticevic, A., Hu, X., Xiao, Y., Hu, J., Li, F., Bi, F., et al. (2015). Early-course
unmedicated schizophrenia patients exhibit elevated prefrontal connectivity associated
with longitudinal change. J. Neurosci. 35, 267–286. [PubMed: 25568120]. doi:10.1523/
JNEUROSCI.2310-14.2015

Benjamin, K. J. M., Chen, Q., Jaffe, A. E., Stolz, J. M., Collado-Torres, L., Huuki-
Myers, L. A., et al. (2022). Analysis of the caudate nucleus transcriptome in individuals
with schizophrenia highlights effects of antipsychotics and new risk genes. Nat.
Neurosci. 25 (11), 1559–1568. Epub 2022 Nov 1. PMID: 36319771; PMCID:
PMC10599288. doi:10.1038/s41593-022-01182-7

Braun, U., Harneit, A., Pergola, G., Menara, T., Schäfer, A., Betzel, R. F., et al. (2021). Brain
network dynamics during working memory are modulated by dopamine and diminished in
schizophrenia. Nat. Commun. 12 (1), 3478. doi:10.1038/s41467-021-23694-9

Buchanan, R. W., Kreyenbuhl, J., Kelly, D. L., Noel, J. M., Boggs, D. L., Fischer, B. A.,
et al. (2010). The 2009 schizophrenia PORT psychopharmacological treatment
recommendations and summary statements. Schizophr. Bull. 36 (1), 71–93. doi:10.
1093/schbul/sbp116

Buchsbaum,M. S., Shihabuddin, L., Brickman, A. M., Miozzo, R., Prikryl, R., Shaw, R.,
et al. (2003). Caudate and putamen volumes in good and poor outcome patients with
schizophrenia. Schizophr. Res. 64 (1), 53–62. PMID: 14511801. doi:10.1016/s0920-
9964(02)00526-1

Calhoun, V. D., Miller, R., Pearlson, G., and Adali, T. (2014). The chronnectome:
time-varying connectivity networks as the next frontier in fMRI data discovery. Neuron
84 (2), 262–274. doi:10.1016/j.neuron.2014.10.015

Crockford, D. A. D., and Addington, D. (2017). Canadian schizophrenia guidelines:
schizophrenia and other psychotic disorders with coexisting substance use disorders.
Can. J. Psychiatry 62, 624–634. doi:10.1177/0706743717720196

Crossley, N. A., Marques, T. R., Taylor, H., Chaddock, C., Dell’Acqua, F., Reinders, A.
A., et al. (2017). Connectomic correlates of response to treatment in first-episode
psychosis. Brain 140 (2), 487–496. Epub 2016 Dec 21. PMID: 28007987; PMCID:
PMC5841056. doi:10.1093/brain/aww297

Deng, M., Liu, Z., Shen, Y., Cao, H., Zhang, M., Xi, C., et al. (2022). Treatment effect of
long-term antipsychotics on default-mode network dysfunction in drug-naïve patients
with first-episode schizophrenia: a longitudinal study. Front. Pharmacol. 13, 833518.
PMID: 35685640; PMCID: PMC9171718. doi:10.3389/fphar.2022.833518

Dixon, L., Postrado, L., Delahanty, J., Fischer, P. J., and Lehman, A. (1999). The
association of medical comorbidity in schizophrenia with poor physical and mental
health. J. Of Nerv. Ment. Dis. 187 (8), 496–502. doi:10.1097/00005053-199908000-00006

Dong, D., Wang, Y., Chang, X., Luo, C., and Yao, D. (2018). Dysfunction of large-scale
brain networks in schizophrenia: a meta-analysis of resting-state functional
connectivity. Schizophr. Bull. 44 (1), 168–181. PMID: 28338943; PMCID:
PMC5767956. doi:10.1093/schbul/sbx034

Duan, X., Hu, M., Huang, X., Dong, X., Zong, X., He, C., et al. (2020a). Effects of
risperidone monotherapy on the default-mode network in antipsychotic-naïve first-
episode schizophrenia: posteromedial cortex heterogeneity and relationship with the
symptom improvements. Schizophr. Res. 218:201–208. doi:10.1016/j.schres.2020.01.001

Duan, X., Hu, M., Huang, X., Su, C., Zong, X., Dong, X., et al. (2020b). Effect of
risperidone monotherapy on dynamic functional connectivity of insular subdivisions in
treatment-naive, first-episode schizophrenia. Schizophr. Bull. 46(3):650–660. doi:10.
1093/schbul/sbz087

Frith, C. D., Friston, K. J., Liddle, P. F., and Frackowiak, R. S. (1991). A PET study of
word finding. Neuropsychologia 29 (12), 1137–1148. doi:10.1016/0028-3932(91)
90029-8

Galletly, C., Castle, D., Dark, F., Humberstone, V., Jablensky, A., Killackey, E., et al.
(2016). Royal Australian and New Zealand college of psychiatrists clinical practice
guidelines for the management of schizophrenia and related disorders. Aust. N. Z.
J. Psychiatry 50 (5), 410–472. doi:10.1177/0004867416641195

Guimond, S., Chakravarty, M. M., Bergeron-Gagnon, L., Patel, R., and &Lepage, M.
(2016). Verbal memory impairments in schizophrenia associated with cortical thinning.
Neuroimage Clin. 11, 20–29. doi:10.1016/j.nicl.2015.12.010

Guo, W., Liu, F., Chen, J., Wu, R., Li, L., Zhang, Z., et al. (2017). Olanzapine
modulation of long- and short-range functional connectivity in the resting brain in a
sample of patients with schizophrenia. Eur. Neuropsychopharmacol. 27 (1), 48–58.
doi:10.1016/j.euroneuro.2016.11.002

Guo, W., Liu, F., Chen, J., Wu, R., Li, L., Zhang, Z., et al. (2018). Treatment effects of
olanzapine on homotopic connectivity in drug-free schizophrenia at rest.World J. Biol.
Psychiatry 19, S106–S114. doi:10.1080/15622975.2017.1346280

Hadley, J. A., Kraguljac, N. V., White, D. M., Ver Hoef, L., Tabora, J., and Lahti, A. C.
(2016). Change in brain network topology as a function of treatment response in
schizophrenia: a longitudinal resting-state fMRI study using graph theory.
NPJ Schizophr. 2, 16014. PMID: 27336056; PMCID: PMC4898893. doi:10.1038/
npjschz.2016.14

Hare, S. M., Ford, J. M., Mathalon, D. H., Damaraju, E., Bustillo, J., Belger, A., et al.
(2019). Salience-default mode functional network connectivity linked to positive and
negative symptoms of schizophrenia. Schizophr. Bull. 45 (4), 892–901. Erratum in:
Schizophr Bull. 2019 Oct 24;45(6):1382. PMID: 30169884; PMCID: PMC6581131.
doi:10.1093/schbul/sby112

Jeong, B., and Kubicki, M. (2010). Reduced task-related suppression during
semantic repetition priming in schizophrenia. Psychiatry Res. 181 (2), 114–120.
Epub 2010 Jan 18. PMID: 20083395; PMCID: PMC2814888. doi:10.1016/j.
pscychresns.2009.09.005

Kapur, S., and Mamo, D. (2003). Half a century of antipsychotics and still a central
role for dopamine D2 receptors. Prog. Neuropsychopharmacol. Biol. Psychiatry 27,
1081–1090. [PubMed: 14642968]. doi:10.1016/j.pnpbp.2003.09.004

Kissling, W. (1991). The current unsatisfactory state of relapse prevention in
schizophrenic psychoses-suggestions for improvement. Clin. Neuropharmacol. 14
(Suppl. 2), S33–S44.

Kraguljac, N. V., White, D. M., Hadley, N., Hadley, J. A., Ver Hoef, L., Davis, E., et al.
(2016b). Aberrant hippocampal connectivity in unmedicated patients with
schizophrenia and effects of antipsychotic medication: a longitudinal resting state
functional mri study. Schizophr. Bull. 42, 1046–1055. [PubMed: 26873890]. doi:10.1093/
schbul/sbv228

Lee, S. W., Jeong, B., Park, J. I., Chung, G. H., Lee, H. J., Cui, Y., et al. (2019). Alteration
of semantic networks during swear words processing in schizophrenia. Clin.
Psychopharmacol. Neurosci. 17 (1), 64–73. PMID: 30690941; PMCID: PMC6361040.
doi:10.9758/cpn.2019.17.1.64

Lehman, A. F., Lieberman, J. A., Dixon, L. B., McGlashan, T. H., Miller, A. L., Perkins,
D. O., et al. (2004). Practice guideline for the treatment of patients with schizophrenia,
second edition. Am. J. Psychiatry 161 (2), 1–56.

Leonardi, N., and Van De Ville, D. (2015). On spurious and real fluctuations of
dynamic functional connectivity during rest. NeuroImage 104, 430–436. doi:10.1016/j.
neuroimage.2014.09.007

Frontiers in Pharmacology frontiersin.org09

Zhong et al. 10.3389/fphar.2024.1387123

https://www.frontiersin.org/articles/10.3389/fphar.2024.1387123/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fphar.2024.1387123/full#supplementary-material
https://doi.org/10.1192/s0007125000291496
https://doi.org/10.1192/s0007125000291496
https://doi.org/10.1159/000284894
https://doi.org/10.1001/jamapsychiatry.2015.0566
https://doi.org/10.1001/jamapsychiatry.2015.0566
https://doi.org/10.1523/JNEUROSCI.2310-14.2015
https://doi.org/10.1523/JNEUROSCI.2310-14.2015
https://doi.org/10.1038/s41593-022-01182-7
https://doi.org/10.1038/s41467-021-23694-9
https://doi.org/10.1093/schbul/sbp116
https://doi.org/10.1093/schbul/sbp116
https://doi.org/10.1016/s0920-9964(02)00526-1
https://doi.org/10.1016/s0920-9964(02)00526-1
https://doi.org/10.1016/j.neuron.2014.10.015
https://doi.org/10.1177/0706743717720196
https://doi.org/10.1093/brain/aww297
https://doi.org/10.3389/fphar.2022.833518
https://doi.org/10.1097/00005053-199908000-00006
https://doi.org/10.1093/schbul/sbx034
https://doi.org/10.1016/j.schres.2020.01.001
https://doi.org/10.1093/schbul/sbz087
https://doi.org/10.1093/schbul/sbz087
https://doi.org/10.1016/0028-3932(91)90029-8
https://doi.org/10.1016/0028-3932(91)90029-8
https://doi.org/10.1177/0004867416641195
https://doi.org/10.1016/j.nicl.2015.12.010
https://doi.org/10.1016/j.euroneuro.2016.11.002
https://doi.org/10.1080/15622975.2017.1346280
https://doi.org/10.1038/npjschz.2016.14
https://doi.org/10.1038/npjschz.2016.14
https://doi.org/10.1093/schbul/sby112
https://doi.org/10.1016/j.pscychresns.2009.09.005
https://doi.org/10.1016/j.pscychresns.2009.09.005
https://doi.org/10.1016/j.pnpbp.2003.09.004
https://doi.org/10.1093/schbul/sbv228
https://doi.org/10.1093/schbul/sbv228
https://doi.org/10.9758/cpn.2019.17.1.64
https://doi.org/10.1016/j.neuroimage.2014.09.007
https://doi.org/10.1016/j.neuroimage.2014.09.007
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2024.1387123


Li, F., Lui, S., Yao, L., Hu, J., Lv, P., Huang, X., et al. (2016). Longitudinal changes in
resting-state cerebral activity in patients with first-episode schizophrenia: a 1-year
follow-up functional mr imaging study. Radiology 279 (3), 867–875. doi:10.1148/radiol.
2015151334

Li, J., Duan, X., Cui, Q., Chen, H., and Liao, W. (2019). More than just statics:
temporal dynamics of intrinsic brain activity predicts the suicidal ideation in depressed
patients. Psychol. Med. 49 (5), 852–860. doi:10.1017/S0033291718001502

Li, M., Deng, W., Das, T., Li, Y., Zhao, L., Ma, X., et al. (2018). Neural substrate of
unrelenting negative symptoms in schizophrenia: a longitudinal RestingState fMRI
study. Eur. Arch. Psychiatry Clin. Neurosci. 268 (7), 641–651. doi:10.1007/s00406-017-
0851-5

Liao, W., Li, J., Ji, G. J., Wu, G. R., Long, Z., Xu, Q., et al. (2019). Endless fluctuations:
temporal dynamics of the amplitude of low frequency fluctuations. IEEE Trans. Med.
Imaging 38, 2523–2532. [Epub ahead of print]. doi:10.1109/TMI.2019.2904555

Liao, W., Wu, G. R., Xu, Q., Ji, G. J., Zhang, Z., Zang, Y. F., et al. (2014). DynamicBC: a
MATLAB toolbox for dynamic brain connectome analysis. Brain Connect. 4, 780–790.
doi:10.1089/brain.2014.0253

llison-Wright, I., Glahn, D. C., Laird, A. R., et al. (2008). The anatomy of firstepisode
and chronic schizophrenia: an anatomical likelihood estimation meta-analysis. Am. J.
Psychiatry 165, 1015–1022. doi:10.1176/appi.ajp.2008.07101562

Loh, M., Rolls, E. T., and Deco, G. (2007). A dynamical systems hypothesis of
schizophrenia. PLoS Comput. Biol. 3 (11), e228. PMID: 17997599; PMCID:
PMC2065887. doi:10.1371/journal.pcbi.0030228

Mackrell, L., and Lavender, T. (2004). Peer relationships in adolescents experiencing a
first episode of psychosis. J. Ment. Health 13 (5), 467–479. doi:10.1080/
09638230400006775

Nelson, E. A., Kraguljac, N. V., White, D. M., Jindal, R. D., Shin, A. L., and Lahti, A. C.
(2020). A prospective longitudinal investigation of cortical thickness and gyrification in
schizophrenia. Can. J. Psychiatry 65 (6), 381–391. Epub 2020 Feb 5. PMID: 32022594;
PMCID: PMC7265602. doi:10.1177/0706743720904598

Palaniyappan, L., and Liddle, P. F. (2012). Dissociable morphometric differences of
the inferior parietal lobule in schizophrenia. Eur. Arch. Psychiatry Clin. Neurosci. 262
(7), 579–587. Epub 2012 Mar 28. PMID: 22454243. doi:10.1007/s00406-012-0314-y

Rolls, E. T. (2021). Attractor cortical neurodynamics, schizophrenia, and depression.
Transl. Psychiatry 11 (1), 215. PMID: 33846293; PMCID: PMC8041760. doi:10.1038/
s41398-021-01333-7

Sambataro, F., Blasi, G., Fazio, L., Caforio, G., Taurisano, P., Romano, R., et al. (2010).
Treatment with olanzapine is associated with modulation of the default mode network
in patients with Schizophrenia. Neuropsychopharmacology 35 (4), 904–912. Epub
2009 Dec 2. PMID: 19956088; PMCID: PMC3055362. doi:10.1038/npp.2009.192

Sarpal, D. K., Robinson, D. G., Lencz, T., Argyelan, M., Ikuta, T., Karlsgodt, K., et al.
(2015). Antipsychotic treatment and functional connectivity of the striatum in first-
episode schizophrenia. JAMA Psychiatry 72 (1), 5–13. PMID: 25372846; PMCID:
PMC4286512. doi:10.1001/jamapsychiatry.2014.1734

Schmitt, A., and Falkai, P. (2023). Cellular pathology in the limbic system in
schizophrenia. Eur. Arch. Psychiatry Clin. Neurosci. 273 (6), 1207–1208. PMID:
37542559; PMCID: PMC10449720. doi:10.1007/s00406-023-01659-x

Sheffield, J. M., Rogers, B. P., Blackford, J. U., Heckers, S., and Woodward, N. D. (2020).
Insula functional connectivity in schizophrenia. Schizophr. Res. 220, 69–77. Epub 2020 Apr
16. PMID: 32307263; PMCID: PMC7322763. doi:10.1016/j.schres.2020.03.068

Sonnenschein, S. F., Mayeli, A., Yushmanov, V. E., Blazer, A., Calabro, F. J., Perica, M.,
et al. (2022). A longitudinal investigation of GABA, glutamate, and glutamine across the
insula during antipsychotic treatment of first-episode schizophrenia. Schizophr. Res.
248, 98–106. Epub 2022 Aug 24. PMID: 36029656; PMCID: PMC10018530. doi:10.
1016/j.schres.2022.08.008

Tamminga, C. A., Thomas, B. P., Chin, R., Mihalakos, P., Youens, K., Wagner, A. D.,
et al. (2012). Hippocampal novelty activations in schizophrenia: disease and medication
effects. Schizophr. Res. 138 (2-3), 157–163. Epub 2012 Apr 3. PMID: 22480957. doi:10.
1016/j.schres.2012.03.019

Tarcijonas, G., and Sarpal, D. K. (2019). Neuroimaging markers of antipsychotic
treatment response in schizophrenia: an overview of magnetic resonance imaging
studies. Neurobiol. Of Dis. 131, 104209. doi:10.1016/j.nbd.2018.06.021

Tian, Y., Zalesky, A., Bousman, C., Everall, I., and Pantelis, C. (2019). Insula
functional connectivity in schizophrenia: subregions, gradients, and symptoms. Biol.
Psychiatry Cogn. Neurosci. Neuroimaging 4 (4), 399–408. Epub 2018 Dec 13. PMID:
30691966. doi:10.1016/j.bpsc.2018.12.003

Torrey, E. F. (2007). Schizophrenia and the inferior parietal lobule. Schizophr. Res.
97 (1-3), 215–225. Epub 2007 Sep 12. PMID: 17851044. doi:10.1016/j.schres.2007.
08.023

van Erp, T. G. M., Walton, E., Hibar, D. P., Schmaal, L., Jiang, W., Glahn, D. C., et al.
(2018). Cortical brain abnormalities in 4474 individuals with schizophrenia and
5098 control subjects via the enhancing neuro imaging genetics through meta
analysis (ENIGMA) Consortium. Biol. Psychiatry 84 (9), 644–654. doi:10.1016/j.
biopsych.2018.04.023

Van Os, J., and Kapur, S. (2009). Schizophrenia. Lancet 374 (9690), 635–645. doi:10.
1016/S0140-6736(09)60995-8

Wada, A., Kunii, Y., Ikemoto, K., Yang, Q., Hino, M., Matsumoto, J., et al. (2012).
Increased ratio of calcineurin immunoreactive neurons in the caudate nucleus of
patients with schizophrenia. Prog. Neuropsychopharmacol. Biol. Psychiatry 37 (1),
8–14. Epub 2012 Jan 20. PMID: 22285318. doi:10.1016/j.pnpbp.2012.01.005

Wang, F., Liu, Z., Ford, S. D., Deng, M., Zhang, W., Yang, J., et al. (2023). Aberrant
brain dynamics in schizophrenia during working memory task: evidence from a
replication functional MRI study. Schizophr. Bull. 50, 96–106. Epub ahead of print.
PMID: 37018464. doi:10.1093/schbul/sbad032

Whitfield-Gabrieli, S., Thermenos, H.W., Milanovic, S., Tsuang, M. T., Faraone, S. V.,
McCarley, R. W., et al. (2009). Hyperactivity and hyperconnectivity of the default
network in schizophrenia and in first-degree relatives of persons with schizophrenia.
Proc. Natl. Acad. Sci. U. S. A. 106 (4), 1279–1284. Epub 2009 Jan 21. Erratum in: Proc
Natl Acad Sci U S A. 2009 Mar 17;106(11):4572. PMID: 19164577; PMCID:
PMC2633557. doi:10.1073/pnas.0809141106

Wylie, K. P., and Tregellas, J. R. (2010). The role of the insula in schizophrenia.
Schizophr. Res. 123 (2-3), 93–104. Epub 2010 Sep 15. PMID: 20832997; PMCID:
PMC2957503. doi:10.1016/j.schres.2010.08.027

Yan, C. G., Wang, X. D., Zuo, X. N., and Zang, Y. F. (2016). DPABI: data processing
and analysis for (Resting-State) brain imaging. Neuroinformatics 14 (3), 339–351.
doi:10.1007/s12021-016-9299-4

Yang, J., Liu, Z., Tao, H., Cheng, Y., Fan, Z., Sun, F., et al. (2022). Aberrant brain
dynamics in major depressive disorder with suicidal ideation. J. Affect Disord. 314,
263–270. Epub 2022 Jul 22. PMID: 35878840. doi:10.1016/j.jad.2022.07.043

Zeng, B., Ardekani, B. A., Tang, Y., Zhang, T., Zhao, S., Cui, H., et al. (2016).
Abnormal white matter microstructure in drug-naive first episode schizophrenia
patients before and after eight weeks of antipsychotic treatment. Schizophr. Res. 172
(1-3), 1–8. doi:10.1016/j.schres.2016.01.051

Zhang, M., Palaniyappan, L., Deng, M., Zhang, W., Pan, Y., Fan, Z., et al. (2021).
Abnormal thalamocortical circuit in adolescents with early-onset schizophrenia. J. Am.
Acad. Child. Adolesc. Psychiatry 60 (4), 479–489. doi:10.1016/j.jaac.2020.07.903

Zong, X., Hu, M., Pantazatos, S. P., Mann, J. J., Wang, G., Liao, Y., et al. (2019). A
dissociation in effects of risperidone monotherapy on functional and anatomical
connectivity within the default mode network. Schizophr. Bull. 45 (6), 1309–1318.
PMID: 30508134; PMCID: PMC6811838. doi:10.1093/schbul/sby175

Frontiers in Pharmacology frontiersin.org10

Zhong et al. 10.3389/fphar.2024.1387123

https://doi.org/10.1148/radiol.2015151334
https://doi.org/10.1148/radiol.2015151334
https://doi.org/10.1017/S0033291718001502
https://doi.org/10.1007/s00406-017-0851-5
https://doi.org/10.1007/s00406-017-0851-5
https://doi.org/10.1109/TMI.2019.2904555
https://doi.org/10.1089/brain.2014.0253
https://doi.org/10.1176/appi.ajp.2008.07101562
https://doi.org/10.1371/journal.pcbi.0030228
https://doi.org/10.1080/09638230400006775
https://doi.org/10.1080/09638230400006775
https://doi.org/10.1177/0706743720904598
https://doi.org/10.1007/s00406-012-0314-y
https://doi.org/10.1038/s41398-021-01333-7
https://doi.org/10.1038/s41398-021-01333-7
https://doi.org/10.1038/npp.2009.192
https://doi.org/10.1001/jamapsychiatry.2014.1734
https://doi.org/10.1007/s00406-023-01659-x
https://doi.org/10.1016/j.schres.2020.03.068
https://doi.org/10.1016/j.schres.2022.08.008
https://doi.org/10.1016/j.schres.2022.08.008
https://doi.org/10.1016/j.schres.2012.03.019
https://doi.org/10.1016/j.schres.2012.03.019
https://doi.org/10.1016/j.nbd.2018.06.021
https://doi.org/10.1016/j.bpsc.2018.12.003
https://doi.org/10.1016/j.schres.2007.08.023
https://doi.org/10.1016/j.schres.2007.08.023
https://doi.org/10.1016/j.biopsych.2018.04.023
https://doi.org/10.1016/j.biopsych.2018.04.023
https://doi.org/10.1016/S0140-6736(09)60995-8
https://doi.org/10.1016/S0140-6736(09)60995-8
https://doi.org/10.1016/j.pnpbp.2012.01.005
https://doi.org/10.1093/schbul/sbad032
https://doi.org/10.1073/pnas.0809141106
https://doi.org/10.1016/j.schres.2010.08.027
https://doi.org/10.1007/s12021-016-9299-4
https://doi.org/10.1016/j.jad.2022.07.043
https://doi.org/10.1016/j.schres.2016.01.051
https://doi.org/10.1016/j.jaac.2020.07.903
https://doi.org/10.1093/schbul/sby175
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2024.1387123

	Effects of long-term antipsychotic medication on brain instability in first-episode schizophrenia patients: a resting-state ...
	Introduction
	Materials and methods
	Participants
	Image data acquisition and preprocessing
	DfALFF calculation
	Statistical analysis
	Validation analysis

	Results
	Demographic and clinical characteristics
	Abnormal dfALFF in the FES patients at the baseline
	Effect of antipsychotic treatment on abnormal brain regions
	Validation analysis

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	Supplementary material
	References


