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To the Editor: Auditory verbal hallucination (AVH) is As language and speech are specific to human beings, no

defined as the hearing of voices in the absence of any small animalmodel is available for the assessment of AVHs;

external auditory stimulus.[1-3] Most AVH content is
related to the experiencer, and these events usually cause
serious distress. AVHs can occur in patients with a broad
range of mental disorders and neurological diseases, such
as schizophrenia, bipolar disorder (BP), major depressive
disorder (MDD), post-traumatic stress disorder (PTSD),
borderline personality disorder (BPD), and in healthy
individuals.[2-4] They are most prevalent in schizophrenic
patients, affecting more than 70% of this population.
Beyond schizophrenia, up to 46% of patients with BPD,
11.3% to 62.8% of persons with BP, 5.4% to 40.6% of
those with MDD, and 4.2% of individuals in the general
population experience AVHs.[1-4]

Given its broad prevalence, AVH can be misdiagnosed and
mistreated in the early stage, increasing the occurrence of
side effects and enhancing affected individuals’ physical
and mental suffering. AVH can also increase the risks of
violence, suicidal behavior, and self-mutilation in affected
patients. Hence, a means to facilitate early, precise
diagnosis and treatment is urgently needed.[5-7]

Many scholars have emphasized the urgent need to explore
thepathological features ofAVHs (especially those common
and specific to different subject categories) using multiple
techniques and to identify precise treatment targets.[8,9]
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due to the complexity and human specificity of AVH, it can
be studied only in living experiencers.

Currently, we can depend only on new techniques in
neuroscience to explore the pathological features
and specific therapeutic targets of AVH in individuals
with different disorders from multiple perspectives.[8,9]

Multi-disciplinary research approaches, such as those
combining genomics with human connectome techniques,
are needed.[8,9]

In the last 3 years, many notable scholars have emphasized
the importance of multi-modal and multi-disciplinary
approaches to the exploration of AVH and its treatment in
subjects with different mental disorders, particularly the
early features of AVH in those with schizophrenia.[8,9]

Using the full network of mutually interacting brain states
and causal reasoning software, AVHs have been linked to
abnormal activity in salience network components in
patients with schizophrenia.[8,9] A study employing non-
trend analysis revealed brain functional connectivity
changes after treatment with clozapine in schizophrenic
patients with AVHs.[8,9] Using linear support vector
machines, the characteristics of AVHs in patients with
schizophrenia have been explored with functional magnetic
resonance imaging.[8,9] Electroencephalography (EEG) and
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diffusion tensor imaginghave shown changes in the gamma-
band synchronization and anisotropy of stimulated white

are also needed to identify alterations in neuroimaging
features that accompany AVH treatment progress, which

Chinese Medical Journal 2019;132(17) www.cmj.org

138
matter in the auditory cortices of schizophrenic patients
experiencing AVHs.[10] Moreover, AVHs were associated
with specific dysfunctions in the default-mode and lan-
guage-processing networks in such patients.[11] In a recent
study,Mallikarjun et al[12] found thatAVHs inpatientswith
first-episode schizophrenia were correlated strongly with
abnormal functioning of the salience network. Recently,
Chen et al[13] demonstrated the presence of theta wave
alterations in patients with AVHs. According to EEG-based
studies, healthy individuals with AHVs are more likely to
perform abnormal self-generated vocalization.[14] Overall,
neuroimaging studies suggest that the human connectome
method is useful for the identification of AVH pathological
features and potential treatment targets in patients with
schizophrenia, and thatmachine learning techniques (which
reveal cognition patterns) can be used to establish predictive
models for AVHs in subjects with various mental disorders.

At the same time, researchers have identified specific genes
associated with AVH. Forkhead-box protein 2 (FOXP2)[15]

has been reported to confer susceptibility to AVHs in
patients with schizophrenia. The catechol-O-methyltrans-
ferase (COMT) and neuregulin 1 (NRG1) genes have been
reported to influence the effects of AVH treatment in these
patients.[16] Taken together, these findings suggest that
AVHs are associated to some extent with genetic features.
The intrinsic pathological features of AVHs may be
elucidated on the genetic level. With the development of
high-throughput and gene sequencing technology, neural
circuits and brain networks have been shown to be regulated
by gene networks (including RNA) in patients with
mental disorders and in healthy individuals.[17] These
studies provide important clues for the exploration of
common and specific neuroimaging-genetic co-alteration
features among those with mental disorders and healthy
individuals.[17]

Pattern recognition methods have been used to establish
predictive models for some diseases, and have enabled the
achievement of many better effects.[18,19] For example, Yin
et al[19] developed a novel method for AVH pattern
recognition in schizophrenic patients, with 73.9% specifici-
ty. Findings of such research support the use of pattern
recognition to establish a predictive model for AVH
development in individuals with different mental disorders.

Thus, several important discoveries have been made in
AVH-related research in the past 2 years. Previous studies
have laid a solid foundation and provided new clues for the
exploration of AVH features from neuroimaging and
genetics perspectives. However, additional efforts are
needed to elucidate the characteristics of this disorder at
the micro- andmacro-scales (from genetic to neuroimaging
features). Cohort studies are needed to dynamically
characterize the pathological features of AVH develop-
ment and disease trajectory in persons with different
mental disorders and healthy individuals. The exploration
of dynamic neuroimaging and genetic features of AVHs in
healthy individuals can provide especially important
information that contributes to our understanding of the
pathological mechanism of this disorder. Cohort studies
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will aid the establishment of specific treatment targets for
patients with different mental disorders. The application of
pattern recognition based on identified neuroimaging-
genetic co-alterations can contribute to the establishment
of a model which can provide an objective index to help
clinical doctors increase the rate of early and accurate
AVH diagnosis and develop precise treatment strategies.

We propose the following pathway for future AVH
research, with two main components. First, researchers
should examine subjects with first-episode untreated
schizophrenia, BP, PTSD, BPD, and MDD, and healthy
individuals experiencing first AVH episodes, using high-
throughput sequencing techniques (central in genomics)[17]

and human connectome techniques[17] to identify common
and specific neuroimaging-genetic co-alteration features of
AVHs, which could guide the development of specific
treatment strategies. Given that the content, type, and
effects of AVHs can vary significantly among mental
disorders,[1-4] researchers should distinguish the neuroim-
aging-genetic co-alteration features of AVHs in terms of
characteristics shared by, and specific to, schizophrenia,
BP, PTSD, BPD, and MDD. Many studies have confirmed
that the combined use of these techniques provides
important information in neuroscience research.[17]

Second, based on the data on AVH features acquired in
such work, researchers should adopt machine learning
techniques to identify qualitative factors enabling early
diagnosis and to establish predictive models for treatment
outcomes in individuals with different mental disorders.
Using advanced pattern recognition, these classifiers and
the predictive model can be integrated into a single logic
algorithm model. The use of such modeling is a current
trend in psychiatric research.[19]

The first novel aspect of the proposed research pathway is
that it is based on the hypotheses, inspired by previous
findings, that common and specific pathological features of
AVHs will be found among subjects with different mental
disorders and healthy individuals, and that neuroimaging-
genetic co-alterations can form the basis of the development
of a relatively stable and accurate index. In patients with
AVHs, neuroimaging-genetic co-alteration may reflect
intrinsic genetic/genomic features, neuropathological
(endophenotype) features, and/or clinical manifestations
(phenotypes). Brain abnormality (the endophenotype)
may serve as a “bridge” between endogenous genomic
differences and exogenous clinical features, regulated by
specific genes and associated with the clinical manifestation
of AVH in different subjects. This “bridge” can be detected
using current technologies and can be used as a visual
biomarker reflecting the relationships among the endoge-
nous and exogenous features and the therapeutic target
[Figure 1]. The identification of an abnormal “bridge” can
provide evidence for early diagnosis, before an AVH
episode, and enable prediction of the treatment outcome.

The second novel aspect of the proposed pathway is the
performance of a large cohort study with a 2-year follow-
up period from the first AVH episode, involving the
combined use of machine learning, genomic, and brain
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Figure 1: Potential pathological features (genetic, neurological, and clinical) in subjects experiencing AVHs. We propose the hypothesis of “pathological feature bridge of AVHs.” Patients with
different diagnostic types of AVHs all have “pathological features bridge of AVHs.” This diagnostic specific “bridge” is comprised of three parts: endogenous genitic features, brain featurs regulated
by genetic features, and clinical features of AVHs. The left end of “bridge” is endogenous genetic features, the middle part of “bridge” is brain features, and the right end of “bridge” is clinical
features of AVHs. From left to right, the susceptibility to AVHs, which is determined by the endogenous genes, combined with early environmental factors lead to the gradual change of brain
features (including structural and functional features) in the development of an individual, which eventually develops AVHs with different clinical features. AVHs: Auditory verbal hallucinations.

Figure 2: Integrated classification and predictive model based mainly on neuroimaging-genetic co-alteration features. We speculate that there are some common and specific
characteristics influenced by neuroimaging-genetic basis and environmental factors in AVHs with different diagnostic types. These common and specific characteristics can provide
information for early qualitative diagnosis and characterize the therapeutic targets of diseases. The common and specific neuroimaging-genetic features, as well as their dynamic change
mode, can be investigated in AVHs with different diseases for the first episode through high-throughput sequencing and brain connectome. Based on the information, the early accurate
diagnosis and treatment prediction model can be established and validated by pattern recognition technology. This prediction model can be applied in clinical practice to assist clinicians to
identify the type as well as the prognosis of AVHs in the early stage, thus help clinicians optimize the treatment in the early stage. AVHs: Auditory verbal hallucinations.
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connectome methods, as well as consideration of subjects’
sociodemographic characteristics and treatment outcomes,

7. Toh WL, Thomas N, Rossell SL. Auditory verbal hallucinations in
bipolar disorder (BD) and major depressive disorder (MDD): a
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to establish a model for early diagnosis and treatment
outcome prediction in different subject groups. The
examination of dynamic alterations in AVHs (plastic
changes in neuroimaging-genetic co-alteration features)
with therapy in different subjects will also enable the
identification of specific treatment targets. The resulting
integrated model can aid the exploration of precise
therapeutic strategies according to potential disease-
specific targets [Figure 2].[20] Limited by our knowledge,
this proposed pathwaymay have some flaws, and we invite
international scholars to help us improve the concept and
design appropriate studies to test it.
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