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Abstract
Mood disorders are the most common mental disorders, affecting approximately 
350 million people globally. Recent studies have shown that neuroimmune 
interaction regulates mood disorders. Brain-derived neurotrophic factor (BDNF) 
and its precursor pro-BDNF, are involved in the neuroimmune crosstalk during 
the development of mood disorders. BDNF is implicated in the pathophysiology 
of psychiatric and neurological disorders especially in antidepressant pharmaco-
therapy. In this review, we describe the functions of BDNF/pro-BDNF signaling 
in the central nervous system in the context of mood disorders. In addition, we 
summarize the developments for BDNF and pro-BDNF functions in mood 
disorders. This review aims to provide new insights into the impact of 
neuroimmune interaction on mood disorders and reveal a new basis for further 
development of diagnostic targets and mood disorders.

Key Words: Brain-derived neurotrophic factor; pro-BDNF; Neural circuits; Neuroimmune; 
Mood disorders; Depression
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Core Tip: The neuroimmune crosstalk plays a crucial role in the regulation of mood 
disorders. Recent studies have shown that the brain-derived neurotrophic factor (BDNF) 
and its precursor pro-BDNF are cardinal regulators in the neuroimmune axis. However, 
the roles and potential mechanisms of BDNF/pro-BDNF signaling in the neuroimmune 
crosstalk in the context of mood disorders remain unexplored. In this review, we 
summarize recent studies on the role of BDNF/TrkB signaling and pro-BDNF/p75NTR 
signaling in the neuroimmune axis and how they influence the development of mood 
disorders.
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INTRODUCTION
Mood disorders are complex diseases characterized by mood depression and anhedonia. Depressive 
episodes, manic episodes, bipolar disorder, as well as persistent mood disorders are the typical 
symptoms. In addition, mood disorders are among the most common mental disorders in the world and 
major contributors to the global burden of disease[1,2]. In Europe, for example, the current burden is 
greater than that from 10 years ago despite the availability of reasonably effective pharmacological and 
psychological interventions[3]. Moreover, the World Health Organization in 2008 ranked major 
depression as the third cause of the disease burden worldwide and predicted that the disease will rank 
first by 2030[4]. Furthermore, various studies have shown the impact of depression, anxiety and stress 
on different systems including the cardiovascular and immune systems[5]. However, the mechanisms 
and pathogenesis of the syndrome still remain unclear. Although antidepressants were previously used 
extensively in the treatment of mood disorders, current forms of treatment are largely suboptimal. It is 
therefore urgent and necessary to explore novel therapeutic targets for the treatment of mood disorders.

Several theories have been put forward to explain mood disorders, including the neural circuit 
hypothesis, neurotransmitter hypothesis, hypothalamus-pituitary-adrenal (HPA) axis dysfunction, 
neurotrophic hypothesis and cytokine hypothesis[1]. Among them, neurotrophins, particularly brain-
derived neurotrophic factor (BDNF), are extensively studied for their role in mood disorders. 
Additionally, dysfunctions in BDNF and its precursor pro-BDNF in the central nervous system (CNS) 
are well known to play a critical role in the pathogenesis of mood disorders. However, it is still unclear 
whether peripheral BDNF can reflect changes in the levels of BDNF in the CNS. Moreover, recent 
studies have shown that there are changes in BDNF and pro-BDNF signaling in the immune cells of 
patients with depression[6]. Nonetheless, the exact mechanisms of BDNF/pro-BDNF in neuroimmune 
crosstalk are yet to be elucidated. The changes in BDNF/pro-BDNF signaling in the CNS and immune 
system suggest that this neurotrophin is a linker in neuroimmune crosstalk; an emerging topic that has 
gained popularity in the field of mood disorders.

INTRACELLULAR PROCESSING AND SIGNALING OF BDNF AND PRO-BDNF
BDNF is the second identified member of the neurotrophin family and the most widely distributed 
neurotrophin in the CNS as well as the peripheral nervous system[7]. Previous studies have reported 
that BDNF is expressed in neurons, astrocytes, Schwann cells, fibroblasts and possibly, smooth muscle 
cells[8]. In addition, regulation of BDNF processing is governed by complex regulatory mechanisms at 
the transcriptional, translational and posttranslational levels of gene expression[9]. The human BDNF 
gene is located on chromosome 11, region p13-14 and spans 70 kb. The gene has a complex structure as 
it consists of 11 exons (I-IX, plus Vh and VIIIh) in the 5′ end and nine functional promoters. The coding 
sequence resides in exon 9 and has eight upstream exons that encode promoters regulating regional and 
cell-type-specific expression[10]. Moreover, the BDNF protein is initially synthesized into pro-BDNF in 
the endoplasmic reticulum. Pro-BDNF is then subsequently cleaved by proconvertases/furin to 
generate either a 28-kDa truncated form (truncated BDNF) or the 13.5-kDa mature BDNF. Following 
this, the mature BDNF is stored in the dense-core vesicle and is secreted upon neuronal activation. 
Additionally, BDNF signaling plays a critical role in promoting neuronal survival, phenotypic differen-
tiation, axonal and dendritic growth and synapse formation[11,12].

BDNF function is mediated by two receptor systems, namely, TrkB and p75NTR (pan 75 neurotrophin 
receptor)[13]. Extensive research has shown that BDNF binds to its high-affinity receptor TrkB, causing 
the autophosphorylation of TrkB, subsequently activating the mitogen-activated protein kinase 
pathway, phospholipase C-γ pathway, phosphatidylinositol 3-kinase pathway and other signaling 
pathways. Additionally, BDNF-TrkB signaling affects the survival, development and function of 
neurons. They also promotes the formation of the dendritic spine, provides a structural basis for 
synapse formation and improves the transmission efficiency of synapses[14].

As the intermediate during the synthesis of BDNF, pro-BDNF can also be secreted outside the cells in 
different sites of the CNS, such as the cerebral cortex, cerebellum, substantia nigra, amygdala and 
hypothamalus[8]. In addition, pro-BDNF can be cleaved extracellularly into mature or truncated BDNF 
by matrix metalloproteinases/plasmin[12]. Pro-BDNF can also bind to its high affinity receptor, p75NTR 
with its co-receptor sortilin and exert an effect opposite to the biological function of mature BDNF, 
including neuronal apoptosis, pruning of axons and dendrites and long-term depression[13-15]. 

https://www.wjgnet.com/2220-3206/full/v12/i3/379.htm
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Therefore, it is important to discuss the roles of these two proteins involved in mood disorders. 
Moreover, activation of TrkB and p75NTR promotes and suppresses the growth of the dendritic spine, 
respectively. Therefore, cleavage of pro-BDNF may represent a new mechanism that controls the 
direction of BDNF regulation, i.e., synaptic potentiation or synaptic depression.

Several signaling pathways are activated following the binding of pro-neurotrophin to p75NTR. These 
signaling pathways which summarized in Figure 1 are mediated by the interaction of p75NTR to its 
adaptor proteins, including tumor necrosis factor receptor-associated factor 6, the neurotrophin 
receptor-interacting factor, melanoma-associated antigen (MAGE), neurotrophin receptor p75 
interacting MAGE homolog, Schwann cell factor 1, rho GDP dissociation inhibitor (RhoGDI) and other 
proteins[16]. Additionally, there are three major downstream pathways for p75NTR including nuclear 
factor (NF)- κB signaling, RhoGDI and the RhoA signaling, and Jun kinase signaling cascade. Notably, 
NF-κB is a transcription factor that can be activated by p75NTR but not via Trk receptors. Moreover, RIP2 
was previously shown to link p75NTR to the NF-κB pathway[17]. Activation of NF-κB also contributes to 
the NGF-dependent survival of developing sensory neurons, oligodendrocytes and Schwann cells[18-
21]. It mediates the NGF-dependent increase in the expression of the survival factor Bcl-xL and a 
survival pathway in PC12 cells[22]. RhoA causes the actin cytoskeleton to become rigid, which limits the 
mobility of the growth cone and inhibits neuronal elongation in the developing nervous system[23]. 
Recent evidence suggests that RhoA activity is regulated by the cytoplasmic domain of p75NTR[24]. 
Furthermore, the unbound state of p75NTR associates with RhoGDI, which subsequently interacts with 
RhoA and activates RhoA signaling[25]. It was also shown that neurotrophins inhibit the association 
between RhoGDI and p75NTR, thus suppressing the release of RhoA and promoting the elongation of the 
growth cone[26,27]. Additionally, pro-neurotrophin binds to p75NTR and activates the c-Jun N-terminal 
kinases (JNK) signaling pathway, causing apoptosis of developing neurons[28]. In contrast, TrkA can 
prevent p75NTR-mediated apoptosis induced by the JNK pathway[29].

ROLE OF BDNF/PRO-BDNF IN THE CNS IN DEPRESSION/BIPOLAR DISORDERS
The neurocircuits involved in regulating mood disorders include the hypothalamus, hippocampus, 
brain stem nuclei, temporal lobe, caudate, the anterior cingulate cortex (ACC), frontal cortex, basal 
forebrain, the extended amygdala, including the central nucleus of the amygdala (CeA) and medial 
nucleus of the amygdala (MeA), bed nucleus of the stria terminalis (BNST) and the shell of the nucleus 
accumbens (NAc)[11,30]. Clinical and experimental studies showed that depression may be driven by a 
dysregulated circuit function across multiple brain regions[31]. In addition, BDNF was also shown to be 
highly expressed in the cortex, hippocampus, limbic structures, cerebellum and the olfactory bulb[32]. 
Using specific antibodies against pro-BDNF, previous studies showed that pro-BDNF is widely and 
abundantly expressed throughout the adult brain. Moreover, experimental studies have shown that pro-
BDNF, in different brain regions, regulates depressive behaviors. A previous study also reported that 
pro-BDNF is upregulated in the hippocampus, neocortex, the medial prefrontal cortex (PFC) and 
brainstem of individuals with a depression-like phenotype[33]. In contrast, there was a decrease in the 
expression of pro-BDNF in the NAc of rats with learned helplessness. These studies therefore suggest 
that the association of BDNF and pro-BDNF with the mood status is dependent on the specific location 
and the neural circuitry.

Hippocampus
Existing evidence shows that the BDNF in the hippocampus plays an important role in the pathogenesis 
of depression[34]. First, previous studies reported that the expression of hippocampal BDNF declined in 
different depression models. For instance, chronic-stress-induced models of depression showed 
decreasing levels of BDNF in the hippocampus and antidepressant treatment upregulated the 
expression of BDNF and TrkB in the hippocampus of rats[35]. It was also shown that chronic 
unpredictable mild stress (CUMS) decreased the levels of BDNF in the hippocampus and PFC, but 
increased the levels of BDNF in the basolateral nucleus of the amygdala (BLA). On the contrary, the 
blood oxygen level-dependent (BOLD) activity was elevated in the hippocampus and PFC but reduced 
in the BLA after exposure to CUMS, indicating that the levels of BDNF were negatively correlated with 
BOLD activity in the WT CUMS-exposed mice[30]. Second, it was reported that various antidepressants 
can restore the downregulation of BDNF in the hippocampus. Notably, antidepressant drugs increased 
the expression of BDNF mRNA in the hippocampi of rats[36]. In addition, treatment with monoamine 
oxidase inhibitors increased the expression of BDNF in specific hippocampal subfields. Consistent with 
these results, it is reported that administration of leptin exerted antidepressant effects and increased the 
expression of BDNF in the hippocampus[37]. Third, it has been shown that impairment of hippocampal 
BDNF signaling produces certain depression-related behaviors and reduces the effect of the antide-
pressants[38]. Previous studies have shown that upregulating the levels of hippocampal BDNF 
produces antidepressant effects. In addition, it is reported that direct incorporation of BDNF in the 
hippocampus of rodents mimics antidepressant treatment[12]. Moreover, it was previously shown that 
peripheral administration of BDNF produces anxiolytic and antidepressant effects. Therefore, the 
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Figure 1 Role of brain-derived neurotrophic factor and pro-BDNF in neuroimmune crosstalk in mood disorders. Brain-derived neurotrophic 
factor (BDNF) or pro-BDNF can be stored in the dense-core vesicles and released upon neuronal activity. The released BDNF and pro-BDNF mainly bind to their high 
affinity receptors, TrkB and p75NTR, respectively and mediate the downstream signaling pathways. BDNF-TrkB signaling leads to neuronal survival, development and 
long-term potentiation. In contrast, pro-BDNF-p75NTR signaling mediates neuronal apoptosis, axonal pruning and long-term depression. BDNF: Brain-derived 
neurotrophic factor; NF-κB: Nuclear factor-κB.

downregulation of BDNF in the hippocampus contributes to the pathogenesis of depression.
Several mechanisms have been proposed to underlie the role of hippocampal BDNF in depression. It 

is well known that BDNF/TrkB signaling activates the cAMP-response element binding protein (CREB) 
cascade and that antidepressant treatment upregulates the cAMP-CREB cascade in the hippocampus
[39]. The activating cAMP-CREB signaling enhances the response to a tricyclic antidepressant. 
Therefore, downregulation of BDNF may inhibit downstream cAMP-CREB signaling and promote 
progression of mood disorders. In contrast, the inhibition of neurogenesis resulting from the reduced 
levels of BDNF may contribute to mood disorders, particularly depression. It is noteworthy that 
neurogenesis in adult animals is restricted to the subventricular zone of lateral ventricles and the 
dentate gyrus of the hippocampus. Furthermore, hippocampal neurogenesis is mediated by BDNF/ 
TrkB signaling and is sensitive to a variety of environmental stimuli, including exercise, enrichment and 
antidepressant treatment[40]. It has also been shown that chronic antidepressant treatment increases 
neurogenesis in the hippocampus of adult rodents. Moreover, the effects of antidepressants on 
neurogenesis are dependent on intact BDNF signaling through TrkB[36]. According to a previous study, 
mice lacking TrkB in hippocampal neural progenitor cells failed to exhibit antidepressant-induced 
proliferation and neurogenesis[41].

It has also been shown that the levels of pro-BDNF and its receptors are increased in the 
hippocampus of rats with depression[42]. In addition, pro-BDNF negatively regulates dendritic 
complexity and depresses synaptic transmission in the hippocampus. There was an increase in the levels 
of hippocampal pro-BDNF in carioca high-conditioned freezing (a model of anxiety disorder) rats[43]. 
Additionally, injection of anti-pro-BDNF antibodies through the intracerebroventricular and intraperi-
toneal routes reverses the stress-induced depressive behavior[44]. In the major depressive disorder 
(MDD), reductions in the levels of pro-BDNF are seen in the right but not the left hippocampus, with no 
changes in the dentate gyrus[45]. Furthermore, exposure to the water maze increases the levels of the 
pro-BDNF protein in the dorsal hippocampus although the levels decrease in the ventral hippocampus. 
A recent study by our research group also demonstrated that pro-BDNF was upregulated in the 
hippocampus of rats with a depression-like or anxiety-like phenotype[44]. Moreover, intra-hippocampal 
injection of pro-BDNF antibodies attenuated the depression-like and anxiety-like behaviors, suggesting 
that pro-BDNF, in the hippocampus, is a common mediator of anxiety and depression[44].

Hypothalamus
The hypothalamus is a vital neuroendocrine region that not only influences the neuroendocrine and 
immune systems but also is closely related to the pathogenesis of depression. Additionally, many 
preclinical and clinical studies have proven that certain depressive characteristics are associated with 
abnormities in the hypothalamus. For instance, neuroimaging and postmortem brain microscopy 
studies showed widespread anatomical changes, volume deficits and neuron pathological changes in 
the hypothalamus of individuals with depression[46]. It has also been shown that intracerebroven-
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tricular administration of BDNF in rats leads to an increase in the activity of the HPA axis[47]. 
According to previous studies, BDNF in the hypotha-lamus can regulate glucose and energy 
metabolism by acting directly on the hypotha-lamus. Moreover, a decrease in the levels of BDNF in 
hypothalamic nuclei may result in anorexia in rats[48,49]. It has been reported that trans-resveratrol 
increases the expression of BDNF in the frontal cortex, hippocampus and hypothalamus of rats with 
stroke, suggesting that BDNF protects neurons against cerebral ischemia[50].

PFC
The PFC is an important region of the brain that is involved in depression-like behavior. Previous 
studies reported that depressed suicide victims had low levels of BDNF in the hippocampus and PFC, 
especially in the ventromedial PFC[51]. Additionally, the antidepressant effects of ketamine were lost in 
mice lacking BDNF or TrkB or when the medial PFC was injected with anti-BDNF antibodies. Moreover, 
the chronic administration of different antidepressants such as escitalopram and fluoxetine is capable of 
increasing the levels of BDNF in the PFC of both rats and humans[52]. The mPFC-selective knockdown 
of BDNF showed diminished motivation but not impaired response-outcome learning[53].

ACC
The ACC is located in the medial subregion of the frontal lobe and is part of a neural system involved in 
motivating or energizing behavior and hierarchical reinforcement learning. It has been shown that there 
is a decrease in BDNF signaling in the subequal ACC of individuals with MDD[54]. Additionally, the 
Chaihu Shugan Powder significantly improves depressive behavior by increasing the mRNA expression 
levels of BDNF and TrkB in the hippocampus, amygdala and frontal lobe[55]. It is also reported that 
treatment with anti-pro-BDNF antibodies in the ACC restores the CUMS-induced decrease in the levels 
of BDNF mRNA in the cortex and hippocampus[56].

Midbrain
The midbrain, also known as the mesencephalon, is a region of the developing vertebrate brain that is 
composed of the tectum and tegmentum. The tectum makes up the rear portion of the midbrain and is 
composed of two paired rounded swellings, the superior and inferior colliculi. The tegmentum is 
located in front of the tectum. It consists of fiber tracts and three regions distinguished by their color, i.e., 
the red nucleus, the periaqueductal gray (PAG) and the substantia nigra[57]. It has been shown that the 
BDNF and TrkB receptors are enriched in the dorsal PAG of the rat midbrain, which is considered to be 
a key structure in the pathophysiology of panic disorder. In addition, BDNF/TrkB signaling in the 
dorsal PAG is implicated in the beneficial effects of antidepressants in panic disorder[58,59]. Moreover, 
chronic infusion of BDNF into the midbrain is reported to increase the neurotransmission of 5-hydroxy-
tryptamine (HT) and exert antidepressant effects in the learned helplessness and forced swim test 
depression models[60]. Moreover, direct administration of BDNF into the midbrain is sufficient to 
induce antidepressant-like behavior and neurogenesis[36]. A recent study also showed that BDNF-TrkB-
mTORC1 signaling in the ventral PAG is required for sustained antidepressant effects[61].

INTERACTION OF PRO-BDNF/BDNF WITH NEUROTRANSMITTERS IN MOOD 
DISORDERS
The monoamine hypothesis postulates that depression is primarily caused by imbalances in the 
neurotransmission of monoamines, namely dopamine (DA), serotonin (5-HT) or norepinephrine (NE)
[62]. In addition, numerous studies have suggested that BDNF signaling is closely associated with 
changes in the 5-HT and DA systems during the development and neuroplasticity of mood dysfunction.

5-HT system
Distinct effects of BDNF on the 5-HT system have been identified in depression. Notably, 5-HT is 
produced in the raphe nuclei of the brain stem region then spreads to terminal regions throughout the 
brain including the hypothalamus, cortex, hippocampus and amygdala. It also regulates a wide 
repertoire of functions such as behavior, cognition and mood[12,34]. Previous studies conducted on 
preschoolers have revealed a correlation between BDNF and 5-HT polymorphisms during brain 
development. The studies have also shown high levels of cortisol that could be a cause of depression. 
Additionally, the local administration of BDNF into the main cluster of the cell bodies of serotonergic 
neurons in the dorsal raphe nuclei (DRN) is reported to increase the length of dendrites and alter the 
electrophysiological activity of 5-HT neurons[63].

Infusion with BDNF results in hyperinnervation of 5-HT axons at the site of infusion in either the 
cerebral cortex or hippocampus. Moreover, BDNF has a profound effect on the sprouting of either intact 
5-HT or neurotoxin-lesioned neurons[62]. Reduced levels of BDNF in BDNF+/- mice also leads to 
decreased functional activity in the 5-HT1A receptor in the hippocampus and deficient 5-HT2A receptors 
in the PFC and DRN of the midbrain. In addition, BDNF/TrkB is an upstream regulator of the 5-HT2A 
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pathway[64]. It is also reported that hippocampal BDNF improves some specific behavioral 
impairments including anxiety and anhedonia in 5-HT4R KO mice[65].

Dopaminergic system
Depression is likely controlled by two interacting brain systems: the brain stress system HPA pathway 
and the brain reward system [ventral tegmental area-NAc (VTA-NAc) and VTA-PFC]. The VTA-NAc is 
the origin of dopaminergic neurons[12] and the dopaminergic VTA-NAc pathway is critical for reward 
and motivation. Notably, intrahippocampal infusion of BDNF produces antidepressant effects although 
it appears to play a prodepressive role in the VTA-NAc reward system. Additionally, many studies 
have shown that the levels of BDNF are increased in the VTA and NAc of depressed rats and mice 
although the levels are reduced in the hippocampus. Moreover, recent research has shown that intra-
VTA injections of BDNF lead to an increase in depression-like behavior in rats as revealed by the forced 
swim test. It has also been shown that chronic neonatal stress not only leads to long-term changes in the 
expression of BDNF in the VTA, but also causes depression-like behavior in adults. In addition, the 
increased levels of BDNF seem to disinhibit the VTA DA neurons since knocking down BDNF in VTA 
prevents social-defeat-induced cross-sensitization to amphetamine. Furthermore, BDNF activity is 
closely associated with the excitability of VTA-DA neurons[66]. Chronic optogenetic phasic stimulation 
of VTA DA neurons increases the levels of NAc-BDNF and exacerbates social avoidance. Additionally, 
blocking BDNF-TrkB signaling in the NAc and VTA prevents aggravation of social avoidance. 
Therefore, BDNF signaling in the VTA-NAc pathway is required for the development of the susceptible 
phenotype induced by chronic social stress.

NAc is located in the basal forebrain, rostral to the preoptic areas. In addition, neurons in NAc 
integrate reward-related dopaminergic signals as well as glutamatergic input from the PFC, 
hippocampus, amygdala and hypothalamus[38,67]. In NAc, BDNF is expressed in dopaminergic and 
excitatory neurons projecting to NAc. TrkB is expressed in neurons expressing both the dopamine D1 
and D2 receptors. Similar to VTA, it is reported that enhancing BDNF function in NAc can induce the 
behavioral changes associated with mood disorders, including anhedonia, anxiety and social interaction 
in rodents[38]. Moreover, inhibiting BDNF–TrkB signaling using dominant-negative TrkB-T1 in NAc, 
results in a dramatic antidepressant effect.

Moreover, previous research has enhanced basal dopaminergic and BDNF signaling to investigate 
their effects on behavioral changes. The results have shown significant comorbidity of substance 
dependence and depressive disorders[68]. However, the implication of pro-BDNF signaling in NAc on 
mood disorders is yet to be explored. Since the antidepressant effects on behavior despair are mediated 
by BDNF–TrkB signaling in the hippocampus, it is possible that pro-BDNF-p75NTR mechanisms are 
involved in the VTA-NAc-mediated anhedonic phenotype. Therefore, selective deletion of genes 
encoding receptor p75NTR in NAc may be helpful in explaining the specific role of pro-BDNF and 
mBDNF in depressive behaviors.

Glutamatergic and γ-aminobutyric acid systems
Pharmacological, genetic and postmortem evidence strongly suggests the involvement of synaptic 
dysfunction in affective disorders. Importantly, disorders are associated with a broad range of altered 
glutamatergic and glutamatergic and γ-aminobutyric acid (GABAergic) neurometabolism[69].

It is noteworthy that decreased levels of GABA in the plasma, cerebrospinal fluid, prefrontal and 
occipital cortices and dorsal anterolateral PFC neurons have been reported in patients with MDD[70]. 
Additionally, the effect of BDNF on the plasticity of GABAergic neurons in the hippocampus has been 
widely investigated in neuropsychiatric disorders. Previous studies using transgenic mouse models 
have shown that the genes with a high level of BDNF dependency were Cort, Vgf, Sst, Tac1 and Npy. 
Those with intermediate BDNF dependency were Snap25 and Gad2 (Gad65) and those with little or no 
BDNF dependency were Gad1 (GAD67), Pvalb, Rgs4, Slc6a1, Calb2 and Gabra1[71]. BDNF regulates 
transmission at glutamatergic and GABAergic synapses through both pre- and postsynaptic 
mechanisms. In addition, BDNF promotes the release of GABA and increases the expression of cell 
membrane GABAA-R through the presynaptic tyrosine receptor kinase B[72]. It is also reported that 
postsynaptic BDNF promotes the expression and synaptic insertion of glutamate receptors. A previous 
study on promoter IV mutant BDNF (BDNF-KIV) mice uncovered the suppression of GABAergic 
transmission and an aberrant plasticity in the mPFC. This suggests that decreased activity-dependent 
transcription of BDNF results in altering synaptic function[73].

Additionally, previous studies have found a higher hippocampal mRNA expression of the GABAA-R 
subunit in the right hemisphere of rats. Intra-PFC infusion with allopregnanolone is also able to increase 
the gene expression of the γ2 GABAA-R subunit and BDNF in the right hemisphere of the same infused 
area, while bilateral injection increases the expression of BDNF in the hippocampus and PFC[53]. 
Moreover, deletion of the serotonin transporter induces neuroplastic impairments mediated by BDNF 
signaling in the spine and reduces the levels of GABAergic markers in both adulthood and during 
development[74]. Furthermore, the application of BDNF in the neocortical layer 2/3 rapidly suppresses 
GABAergic transmission through the release of endocannabinoids from the postsynaptic pyramidal 
cells, which act in a retrograde manner to suppress the release of presynaptic transmitters[75].



Zhao XP et al. Neuroimmune crosstalk through BDNF and pro-BDNF

WJP https://www.wjgnet.com 385 March 19, 2022 Volume 12 Issue 3

Several studies have shown that BDNF can also modulate the release and function of glutamatergic 
neurons. For example, a previous study showed that there was a decrease in the levels of the N-methyl-
D-aspartate (NMDA) receptor and GABAergic transmission in BDNFMet/Met mice in which the processing 
of BDNF was impaired[41]. It is also reported that BDNF-dependent synaptic plasticity is involved in 
the antidepressant effect of low-dose ketamine, a noncompetitive antagonist of the NMDA receptor. 
According to a previous study, ketamine enhances BDNF signaling and augments plasticity at 
excitatory synapses[76]. In addition, activation of TrkB modulates presynaptic glutamate release in 
hippocampus[77]. Overall, these studies strongly suggest the critical role of BDNF-dependent synaptic 
activity in the regulation of affective behaviors.

BDNF/PRO-BDNF AS MEDIATORS OF NEUROIMMUNE CROSSTALK IN MOOD 
DISORDERS
More recent studies have been conducted to explore the neuroimmune crosstalk in mood disorders[78]. 
The crosstalk includes the communication between the nervous and immune systems, the effects of 
neuroendocrine hormones on the immune system, the innervation of lymphoid organs and the 
regulatory effects of cytokines on the HPA axis[79]. In addition, it is reported that microglia (resident 
immune cells in the CNS) as well as astrocytes can secrete some soluble agents such as chemokines, 
cytokines and neurotrophic factors to regulate immune responses in the CNS, and are implicated in the 
pathogenesis of mood disorders. Moreover, the levels of pro-BDNF/BDNF in the blood or mononuclear 
cells are associated with mood disorders, suggesting that peripheral pro-BDNF/BDNF can be diagnostic 
markers of mood disorders.

Neurotrophins, inflammatory mediators and oxidative stress are three well studied circulating 
diagnostic markers of mood disorders[80,81]. BDNF can also be used to indicate the efficacy of psycho-
tropics. However, it is still debatable whether the levels of blood BDNF reflect the brain BDNF levels. In 
clinical studies, ELISA or western-blotting-based measurements of BDNF protein levels in body fluids 
or tissue samples are considered as potential proxies of brain function and associated diseases. Most 
clinical studies measure the levels of peripheral BDNF in saliva, serum, plasma, platelets and whole 
blood. The results show that peripheral blood BDNF appears to be a good indicator of brain BDNF 
levels. Additional studies have also corroborated that the levels of BDNF in whole blood and plasma are 
associated with the BDNF levels in the hippocampus[82].

A meta-analysis has shown that the levels of peripheral BDNF are equally reduced in patients with 
manic and depressive episodes[83]. In addition, previous studies have shown that there is a decrease in 
the levels of circulating BDNF in older and adolescent bipolar disorder patients in a euthymic state[84-
86]. Moreover, a preliminary study showed that patients with bipolar mania had lower levels of the 
BDNF protein and mRNA, compared to healthy controls[87]. However, these findings were not 
consistent across all the studies. For instance, a previous study reported that the levels of mature BDNF 
and the ratio BDNF/proBDNF were significantly higher in patients with BD[88]. It was shown that 
pediatric bipolar patients had significantly higher levels of BDNF mRNA after eight weeks of treatment
[89]. Moreover, a recent study reported that BD patients responsive to lithium had normal levels of 
serum BDNF[90]. Further research also revealed that lithium and valproic acid selectively activate the 
promoter IV of BDNF and trigger the respective downstream targets in neurons[91].

Pro-BDNF and its receptors, p75NTR and sortilin are upregulated in the serum of female patients with 
depression and positively correlated with depression scores[92]. Furthermore, the increased levels of 
pro-BDNF in the serum of patients with depression is reversed by long-term antidepressant treatment. 
It has been reported that the serum levels of BDNF in mood-stabilized bipolar disorder patients are 
significantly higher than those in healthy controls[93]. The serum levels of pro-BDNF in bipolar disorder 
patients are significantly lower than those in controls. These studies suggest that pro-BDNF/BDNF is 
closely related to the pathophysiology of bipolar disorder. However, further studies are required to 
explore how peripheral pro-BDNF/BDNF affects the pathogenesis of bipolar disorder.

Despite the close correlation between the levels of blood BDNF and various mood disorders, it is still 
unclear whether BDNF is able to cross the blood-brain barrier. While some studies argue that BDNF 
cannot directly traverse the blood-brain barrier, others indicate that BDNF is able to be transported[94,
95]. Moreover, a number of studies have reported on additional problems related to the poor half-life 
and rapid degradation of BDNF[94,95]. More importantly, BDNF and pro-BDNF are enriched in human 
platelets but are undetectable in mice because the BDNF gene is not expressed in mouse megaka-
ryocytes[96]. Therefore, it may be unrealistic to compare the peripheral BDNF levels in the mouse 
models of mood disorders with those of patients. Beyond the serum or plasma, peripheral BDNF/TrkB 
or pro-BDNF/p75NTR can be derived from immune cells.
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BDNF/TRKB AND PRO-BDNF/P75NTR SIGNALING DERIVED FROM IMMUNE CELLS IN 
MOOD DISORDERS
The hypotheses that inflammatory processes contribute to brain-related pathologies such as depressive 
disorders, has gained popularity particularly because of the activation of immune responses. Might it be 
possible that some immune cells such as nonspecific leukocytes and lymphocytes produce neurotrans-
mitters and neuropeptides? Notably, immune mediators often interact with neurotransmitter receptors 
and also modulate neural pathways[97]. In turn, neuropeptides trigger the release of proinflammatory 
mediators that may amplify or facilitate inflammation by enhancing vasodilation, blood flow, vascular 
leakiness and leukocyte trafficking to sites of inflammation.

Similarly, BDNF and TrkB are expressed and released from microglia/monocytes, T and B cells. The 
released BDNF is in turn believed to exert neurotrophic effects[98]. In the CNS, BDNF and TrkB are 
expressed in the microglia which are the resident macrophages within the brain parenchyma[2]. When 
the microglia are activated, they can induce Ca2+-response elements then bind to CREB and the calcium-
responsive factor to mediate BDNF transcription[99,100]. Additionally, the released BDNF from the 
microglia can bind to TrkB and this has been implicated in neuropathic pain. However, it is still unclear 
what role the BDNF in the microglia plays in mood disorders and this requires to be studied further.

In addition, more recent studies have shown that pro-BDNF and p75NTR are also expressed in 
monocytes, T and B cells and are upregulated in the different immune-mediated inflammatory cells 
(Figure 2)[101-103]. Previous research on septic mice also showed that pro-BDNF signaling contributes 
to the development of cognitive dysfunctions by interfering with the functions of immune cells[104]. 
Moreover, additional studies have shown that pro-BDNF and p75NTR are upregulated in patients with 
multiple sclerosis as well as in mouse models and this contributes to the dysfunction of immune cells, 
mediated by pro-BDNF-p75NTR-NF-κB signaling[105]. Our recent study showed that increased 
expression of proBDNF in M2-like monocytes may be highly associated with proinflammatory 
responses in the type-A aortic dissection disease[106]. Therefore, use of monoclonal antibodies against 
pro-BDNF may be a promising treatment to modulate the perturbed immune functions in the immune-
mediated inflammatory diseases[105].

It is also reported that there is an increase in the levels of pro-BDNF, p75NTR and sortilin in the 
peripheral blood mononuclear cells of patients with depression and this is associated with the severity 
of disease[92]. In addition, both pro-BDNF and p75NTR are significantly upregulated in the lymphocytes 
of MDD subjects[92]. An early study reported that systemic administration of anti-pro-BDNF antibodies 
attenuated the depression-like behavior in rats. Given that it is hard for antibodies to reach the brain 
through the intact blood–brain barrier, it is likely that the therapeutic effect of systemic treatment with 
anti-pro-BDNF antibodies may be realized by neutralizing the peripheral pro-BDNF. Furthermore, a 
recent study by our research group showed that there was an increase in the levels of pro-BDNF and 
p75NTR in the CD11b+ monocytes and macrophages in the intestinal laminar propria of mice under 
CUMS-induced depression[107].

Upregulation of pro-BDNF/p75NTR in monocytes/macrophage is closely related to the activation of 
proinflammatory cytokines and gastrointestinal immobility. Our recent study showed that treatment 
with fluoxetine can inhibit upregulation of pro-BDNF/p75NTR, cytokine activation and attenuate 
gastrointestinal immobility[107]. These results therefore indicate that pro-BDNF/p75 signaling may be 
involved in the gut-brain axis during depression. We also used a lipopolysaccharide-induced model of 
cognitive dysfunction in mice to show that there was an increase in the levels of pro-BDNF/p75NTR in 
CD4+ T lymphocytes in the meninges. There was also an increase in the levels of the tumor necrosis 
factor-, interleukin (IL)-1, IL-6 and interferon-. Additionally, systemic administration but not the 
intracerebroventricular injection of anti-pro-BDNF antibodies attenuated cognitive dysfunction and 
inhibited the activation of proinflammatory cytokines[108]. A recent study also revealed that pro-BDNF 
and p75NTR in monocytes played a role in neuroinflammation after chronic infection[109]. Therefore, pro-
BDNF/p75NTR signaling derived from immune cells may act as the inflammatory mediators to promote 
the interaction of neuroimmune during the development of depression or cognitive dysfunction.

CONCLUSION
BDNF/TrkB and pro-BDNF/p75NTR signaling pathways are widely expressed in different regions of 
brain. BDNF signaling exert different effects on mood disorders. In contrast, pro-BDNF/p75NTR 
signaling in CNS mainly promotes the development of mood disorders, such as depression and anxiety. 
Low levels of BDNF in circulation are negatively correlated with disease severity of depression. It 
should be noted, however, that BDNF is enriched in platelets and can be detected in human samples 
whereas BDNF is undetectable in the serum or platelets from mouse. This difference may limit the 
application of findings about BDNF/pro-BDNF signaling in mice to clinical practice. In contrast, pro-
BDNF/p75NTR signaling in immune cells is upregulated in patients with depression or depressive mice. 
Further studies should investigate the roles of pro-BDNF/p75NTR in the neuroimmune crosstalk during 
the pathogenesis of mood disorders.
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Figure 2 Intracellular signaling of pro-BDNF/brain-derived neurotrophic factor in the nervous system. Decreased levels of brain-derived 
neurotrophic factor (BDNF) are observed in most of the brain regions and contribute to the pathogenesis of mood disorders by interacting with different 
neurotransmitters. Pro-BDNF signaling is increased in the hippocampus and is implicated in anxiety-like behavior and depression. Moreover, there is an increase in 
pro-BDNF signaling in immune cells and this is correlated with disease activity in depression. Upregulated pro-BDNF signaling in immune cells may promote disease 
progression probably through interfering with the function of immune cells or directly acting on the neurons after being released from the microglia. Central nervous 
system dysfunction during mood disorders may also affect the immune functions and induce gastrointestinal immobility. CNS: Central nervous system; PFC: 
Prefrontal cortex; NAC: Nucleus accumbens; VTA: Ventral tegmental area; BDNF: Brain-derived neurotrophic factor; LH: Lateral hypothalamus.
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Abstract
Depression is a serious medical condition and is a leading cause of disability 
worldwide. Current depression diagnostics and assessment has significant 
limitations due to heterogeneity of clinical presentations, lack of objective 
assessments, and assessments that rely on patients' perceptions, memory, and 
recall. Digital phenotyping (DP), especially assessments conducted using mobile 
health technologies, has the potential to greatly improve accuracy of depression 
diagnostics by generating objectively measurable endophenotypes. DP includes 
two primary sources of digital data generated using ecological momentary 
assessments (EMA), assessments conducted in real-time, in subjects' natural 
environment. This includes active EMA, data that require active input by the 
subject, and passive EMA or passive sensing, data passively and automatically 
collected from subjects' personal digital devices. The raw data is then analyzed 
using machine learning algorithms to identify behavioral patterns that correlate 
with patients' clinical status. Preliminary investigations have also shown that 
linguistic and behavioral clues from social media data and data extracted from the 
electronic medical records can be used to predict depression status. These other 
sources of data and recent advances in telepsychiatry can further enhance DP of 
the depressed patients. Success of DP endeavors depends on critical contributions 
from both psychiatric and engineering disciplines. The current review integrates 
important perspectives from both disciplines and discusses parameters for 
successful interdisciplinary collaborations. A clinically-relevant model for 
incorporating DP in clinical setting is presented. This model, based on investig-
ations conducted by our group, delineates development of a depression predic-
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tion system and its integration in clinical setting to enhance depression diagnostics and inform the 
clinical decision making process. Benefits, challenges, and opportunities pertaining to clinical 
integration of DP of depression diagnostics are discussed from interdisciplinary perspectives.

Key Words: Digital phenotyping; Depression; Ecological momentary assessment; Telepsychiatry; Passive 
sensing; Smart phone

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: There are systematic/quantitative reviews and meta-analyses of digital phenotyping (DP) in 
depression available in literature. These reviews are primarily published by engineering groups and 
provide limited psychiatric perspective, especially clinical relevance and clinical integration. The current 
review presents an overview of digital phenotyping of depression diagnostics and assessment from both 
psychiatric and engineering perspective. The overview includes major advances in the field of DP of 
depression diagnostics, including active and passive ecological momentary assessment, DP using data 
from social media, and DP using data from electronic medical records. We briefly discuss investigations 
conducted by our group and present a model for clinical integration of DP informed by those investig-
ations conducted by our group. Finally, we discuss benefits, challenges, and opportunities pertaining to 
clinical integration of DP of depression diagnostics from an interdisciplinary perspective.

Citation: Kamath J, Leon Barriera R, Jain N, Keisari E, Wang B. Digital phenotyping in depression diagnostics: 
Integrating psychiatric and engineering perspectives. World J Psychiatry 2022; 12(3): 393-409
URL: https://www.wjgnet.com/2220-3206/full/v12/i3/393.htm
DOI: https://dx.doi.org/10.5498/wjp.v12.i3.393

INTRODUCTION
Major depressive disorder (MDD) is a common, serious, and debilitating illness affecting all ages; 
children and adolescents, adults, and elderly[1]. It affects more than 264 million people worldwide and 
is associated with significant morbidity, increased mortality due to high suicide risk, diminished 
functioning, and poor quality of life[1,2].

In 2017, the worldwide prevalence of MDD was estimated to be at 4.4% globally[2]. The lifetime risk 
of depression was much higher (15%-18%)[2]. Consistent with this high risk, in terms of disease burden, 
MDD represented the third highest cause of Years Lived with Disability (YLD) globally[3]. In the United 
Sates (US), MDD accounted for 3.7% of all US adjusted disability years with significant economic 
burden and societal costs[4,5]. The National Survey on Drug and Health (NSDUH) conducted in 2017 
found that an estimated 17.3 million or 7.1% of US adults have experienced at least one major depressive 
episode[4].

Similar to other fields of medicine, there has been a strong impetus in psychiatry to personalize 
depression assessment and treatment[6,7]. However, despite decades of research, few clinically relevant 
biomarkers, genetic variations or clinical characteristics have been identified that can aid in depression 
diagnosis and treatment[6,7]. Advances in digital technologies provide an exciting opportunity to 
personalize depression care[8]. Smart phones with their digital sensors and increasingly advanced 
computing capabilities have the potential to serve as “human sensors” by capturing granular changes in 
behavioral patterns[8,9]. Electronic medical records can gather large amounts of data across multiple 
disciplines of medicine, generate personalized patient reports, and seamlessly transfer data between 
large health care systems. Telepsychiatry can help us reach patients in real-time and conduct 
assessments in their natural settings. Integration and application of these technologies has the potential 
to significantly advance and personalize depression care.

Several recent systematic reviews of digital technologies and their application in depression care are 
available in literature[9-12]. These reviews are focused on either clinical or engineering/technical 
aspects of digital phenotyping technologies in depression care[9-12]. The objective of the current review 
is to integrate, evaluate, and synthesize evidence-informed literature from both clinical and engineering 
perspectives. The goal is to present a clinically-relevant, evidence informed review beneficial to 
clinicians, engineers, and researchers from diverse disciplines. Another goal is to help advance 
multidisciplinary collaborations with clear clinical objectives. We will summarize gaps, challenges, and 
opportunities from clinical, engineering, and legal perspectives. Finally, informed by investigations 
conducted by our research group[13-16], we will present a model for integration of digital phenotyping 
technologies in clinical setting to improve depression care.

https://www.wjgnet.com/2220-3206/full/v12/i3/393.htm
https://dx.doi.org/10.5498/wjp.v12.i3.393
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DEPRESSION DIAGNOSIS AND ASSESSMENT: CURRENT STANDARD OF CARE
MDD is a heterogeneous disorder with potentially diverse and multifactorial presentations[17,18]. 
Decades of research has shown that depression is the result of a complex interplay between genetic and 
environmental vulnerabilities initiating a cascade of neurobiological changes in diverse bodily systems
[19,20]. Diagnosis of MDD includes confirmation of symptomatic threshold, patient distress, and 
functional impairment as a result of depression symptoms[21]. Diagnosis also involves ruling out 
medical, psychiatric, and substance use disorders that may present with depression symptomatology
[21]. Two major taxonomies available for diagnosing depressive disorders include American Psychiatric 
Association’s The Diagnostic and Statistical Manual of Mental Disorders (5th edition; [DSM-5]) and 
World Health Organization’s The International Statistical Classification of Diseases and Related Health 
Problems (11th edition; [ICD-11])[21,22]. Diagnostic criteria for MDD are same in both classifications. 
Depression is characterized by two primary symptoms; depressed mood and loss of pleasure or interest 
lasting at least 2 weeks[21,22]. To meet the threshold for a Major Depressive Episode (MDE), these core 
symptoms should be accompanied by at least four more symptoms (for a total of at least five) as noted 
in Table 1[21,22]. Additionally, significant distress and measurable negative impact on functioning are 
required for a depression diagnosis (Table 1)[21,22]). Symptoms of depression can be grouped into three 
major categories; psychological or emotional, neurovegetative, and neurocognitive (Figure 1)[23]. 
Psychological symptoms are primarily subjective in nature i.e., they depend on a patient’s experience 
and their perception of these symptoms. It can be argued that psychological symptoms (e.g., 
anhedonia/Lack of interest or pleasure) have behavioral consequences and lead to a change in 
functioning. Neurovegetative and neurocognitive symptoms are objective in nature and have 
measurable behavioral manifestations with subsequent impact on functioning. Patient reporting of 
subjective symptoms is inherently based on their experience and perception of these symptoms. This 
subjective vs. objective nature of depression symptoms with discussion of their direct or indirect 
behavioral manifestation and impact on functioning is critical to digital phenotyping in depression 
diagnostics. This distinction has a direct clinical relevance for application of digital phenotyping 
diagnostics in real-world clinical settings.

Patient self-rated and clinician-rated depression questionnaires are frequently used in screening and 
diagnosis of MDD[24,25]. Commonly used patient self-rated instruments include the 9-item Patient 
Health Questionnaire (PHQ-9), the Beck Depression Inventory (BDI), the 16-item Quick Inventory of 
Depression Symptomatology-Self Rated (QIDS16-SR), and the Center for Epidemiologic Studies 
Depression Scale (CES-D)[24,26]. In real world clinical settings, self-rated instruments are used more 
frequently than clinician-administered instruments as they are easier to administer and demand fewer 
resources[27]. These instruments also play a critical role in the continuum of depression care and help 
personalize patient care.

Limitations of current depression diagnosis and assessment
The DSM of Mental Disorders (DSM-5) endeavors to categorize psychiatric symptomatology into 
specific disorders[21]. Despite evidence supporting such categorization, DSM-based diagnosis of 
depression remains subjective, as it relies upon patient report, clinician observation, and clinical 
judgment. In real world settings, clinicians struggle with the limitations of DSM-based diagnosis due to 
heterogeneity of patient presentations not fully captured by DSM criteria[28]. Limitations of DSM-based 
depression diagnosis and assessment are further exacerbated by challenges in clinical setting such as 
brief (15 to 20 minutes) patient visits with limited time for clinical assessments, and complexity of 
patient presentations with multiple comorbidities[29]. Administration of depression rating scales can 
add some objectivity to clinical assessments. However, evidence indicates that few clinicians use rating 
scales in their clinical practice[30]. This is due to several reasons, including lack of adequate resources to 
administer such scales[30]. Furthermore, the rating scales rely on a patient’s memory and capture a 
narrow spectrum of a patient’s overall mental state[31]. A major DSM criterion for depression diagnosis 
is two weeks of persistent symptomatology[21]. Evidence suggests that patient reports during clinical 
encounters may be largely influenced by their symptoms during the days leading up to the clinical 
encounter[31]. Due to their reliance on patient recall, clinical assessments may fail to fully capture the 
severity of the neurovegetative and neurocognitive symptoms of depression (e.g., fatigue, sleep 
disturbances, concentration)[31,32]. Current clinical assessments also fail to capture functional impact of 
depression, a core criterion (criterion B) for depression diagnosis[31,33]. These assessments provide a 
cross-sectional evaluation of a patient’s mental state as they are administered infrequently, usually 
every 4 to 6 weeks during the patient’s clinic visit.

DIGITAL PHENOTYPING IN DEPRESSION
Digital Phenotyping is defined as "moment-to-moment quantification of the individual-level human 
phenotype in situ using data collected from personal digital devices"[34,35]. DP has the potential to 
greatly improve the accuracy of depression diagnosis and assessment by adding much needed 
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Table 1 Summary of major depressive disorder criteria

Five (or more) of the following symptoms present for at least 2 wk period

Depressed mood

Anhedonia i.e., diminished interest or pleasure

Weight loss or weight gain

Sleep disturbances (insomnia or hypersomnia)

Psychomotor agitation or retardation

Fatigue

Feelings of worthlessness or excessive inappropriate guilt

Cognitive difficulties

Suicidal thoughts and/or behaviors

Other Criteria: 

Symptoms cause clinically significant distress or functional impairment 

Symptoms are not better explained by other psychiatric or medical diagnosis 

Figure 1 Depression symptomatology.

objectivity to the process. By generating objectively measurable endophenotypes, it can serve as a 
behavioral biomarker to personalize depression care[34,35]. The generated phenotype provides an 
ecological and continuous representation of a patient’s physical, emotional, behavioral, social, and 
cognitive activities in real-time[35,36]. At present, DP relies on two primary sources of data, active and 
passive data, generated by Ecological Momentary Assessments (EMA) conducted using personal digital 
devices. Active EMA consist of data reported directly by the user, and passive EMA consists of data 
automatically collected from digital devices and platforms[9,11,37]. The digital devices that currently 
serve as DP sources include smart phones, wearable sensors, and data collected from human-computer 
interactions[9,37]. DP in depression diagnostics involves a multistep process[38,39]. The first step 
involves obtaining signals from the digital devices to generate raw data. Once the data is collected, the 
goal is to find patterns that correlate with patient’s clinical status. This step involves use of machine 
learning algorithms to find predictive behavioral features from the raw data sets. The final step is to 
integrate the features and electronic self-reports (active EMA) to generate an ecological, continuous, and 
personalized digital phenotype of the patients that can enhance depression diagnostics and assessment 
in clinical setting[38,39].
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ECOLOGICAL MOMENTARY ASSESSMENT IN DEPRESSION DIAGNOSTICS
EMA involve repeated sampling of an individual’s behaviors and experiences in real-time, in the 
person's natural environment[40]. EMA conducted digitally as part of DP in depression diagnostics 
strives to minimize recall bias seen with assessments conducted in clinical settings[9,11]. In addition, it 
seeks to maximize ecological validity and allows the investigation of processes that influence behavior 
in real world settings[9,11]. As mentioned earlier, EMA can be categorized into active and passive EMA
[9,11]. Any data or assessments that need active input by participants falls under Active EMA (e.g., 
electronic assessments using depression questionnaires). Passive EMA includes any data or assessments 
collected passively (i.e., without participant’s active input)[9,11].

Table 2 delineates depression symptomatology and major categories of active and passive EMA used 
to measure these symptoms. 'Subjective symptoms' such as depressed mood, guilt/negative beliefs, and 
suicidality can be primarily measured using active EMA such as depression questionnaires. ‘Subjective 
symptoms with direct behavioral manifestations’ such as anhedonia and concentration difficulties can 
be measured using both active and passive EMA. Similarly, both active and passive EMA measurements 
play an important role in evaluation of ‘objective symptoms with subjective patient experiences’ such as 
psychomotor agitation or retardation and appetite. Finally, ‘objective symptoms with direct behavioral 
manifestations’ such as fatigue and sleep are primarily measured using passive EMA. As shown in 
Figure 2, active EMA such as self-report questionnaires can be used to measure depression symptoms, 
distress due to these symptoms, and their impact on functioning, while passive EMA can significantly 
contribute to the assessments of objective behavioral manifestations such as neurovegetative symptoms 
and impact on functioning.

Active EMA 
In active EMA, patients are prompted to enter information into their electronic devices at specific time 
intervals based on the type of assessment conducted[9,11]. A variety of standardized and non-
standardized questionnaires can be used, allowing researchers to collect a varied amount of information 
from patients in real-time, in their natural environments[9,11].

Standardized assessments used in active EMA are generally self-report and self-administered 
questionnaires[9,11]. These assessments are validated to assess symptoms of depression[9,11]. Some 
examples of standardized assessments that have been used in EMA studies include: Patient Health 
Questionnaire (PHQ-9), Hamilton Depression Rating Scale (HDRS), Quick Inventory of Depressive 
Symptomatology (QIDS), and Beck Depression Inventory (BDI)[9,11]. While these depression 
assessment questionnaires are the same as those conducted in-person during a clinic visit, the major 
difference is that the active EMA are conducted in real-time, in participants’ natural environment, and 
can be conducted more frequently to minimize recall bias[9,11]. Active EMA can be used for screening 
or to guide treatments based on depression status[41]. When used with passive EMA (passive sensing), 
they are frequently used as ‘ground truth’ to develop machine learning models[11,14]. In mobile health 
(mHealth) studies, these are administered at baseline and then at specific intervals (e.g., PHQ-9 
administered bi-weekly, QIDS administered weekly)[13,14].

Non-standardized assessments used in active EMA usually lack validation studies supporting their 
use in depression diagnosis or monitoring. However, they may provide important clinical information 
and leverage mHealth technology to conduct brief assessments in real-time and in the patients’ natural 
environment[11,13]. Examples include general questions about mood, anxiety, sleep time and quality, 
medication adherence, medication tolerability, and physical activity[11,13]. Information gathered using 
these assessments can be combined with passive EMA data to improve detection of depressive sympto-
matology[11,14]. For example, studies have shown negative correlation between self-reported mood and 
the amount of time the phone screen was on and the percentage of social and entertainment apps used 
by the participant[11]. These assessments can be used for daily monitoring of symptoms[11,13]. The 
frequency of their administration varies between studies depending on the assessment and the study 
objective[11,13].

Several studies have highlighted the issue of recall bias with self-report depression questionnaires 
conducted every 4 to 6 week during patients’ clinic visits[9,11]. Evidence indicates that patients with 
depression tend to judge their symptoms to be more severe or remember negative experiences more 
prominently when asked to recall them retrospectively[9,42]. Active EMA via mobile devices allows the 
collection of information in real-time, minimizing recall bias[9,11,42]. Obtaining this information in real-
time also allows clinicians to put variations of mood in patients’ situational and social context. This may 
reveal subtle patterns of emotional expression that would otherwise be missed by traditional depression 
assessments[43]. Daily monitoring of mood may improve patients’ insight in their illness and allows 
them to become active participants in their treatment[11,43]. This may help them recognize patterns in 
their mood changes or negative feelings, triggers that lead to these changes, and help them examine if 
their coping strategies were effective[43]. Active EMA can also be used to monitor suicidal ideation, a 
critical aspect in depression management. One study found that 58% of their participants logged 
suicidal ideation during EMA assessment but denied it on retrospective review[44].
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Table 2 Depression symptoms, ecological momentary assessment active, and ecological momentary assessment passive

Depression symptoms

Depressed mood. anhedonia

Fatigue, sleep disturbances (insomnia or hypersomnia)

Psychomotor agitation or retardation, cognitive difficulties 

Appetite problems

Guilt/negative beliefs

Suicidal thoughts/behaviors 

EMA active

Standardized assessments

Self-report depression questionnaires (e.g., PHQ-9)

Non-standardized assessments

Daily mood, anxiety, sleep ratings

Acoustic and paralinguistic information with audio sampling e.g., voice intonation

EMA passive (behavioral feature categories, features, and sensors used)

Physical activity and sleep

Activity time-accelerometer

Inactivity-accelerometer, GPS

Distance-accelerometer, GPS

Movement duration and speed-GPS

Sleep duration, latency, efficiency-fitbit, accelerometer

Location

Home stay-GPS

Location clusters and variance-GPS

Entropy-GPS

Circadian rhythm-GPS

Social communication

Call duration/frequency, missed calls, number of conversations-call log

Sms text (incoming and outgoing)-sms text message log

Device

Social media engagement, social media app usage

Screen active duration and frequency

Social media engagement duration/frequency-app usage

Response time notification

Computer-keyboard interactions

EMA: Ecological momentary assessment; GPS: Global positioning system; PHQ-9: Patient Health Questionnaire-9.

Active EMA includes alternate ways to assess affect and cognition using samples collected from 
patients[45]. Analyses of acoustic samples have identified acoustic cues that can predict individuals’ 
emotions and affective state[46]. This includes features such as prosodic features, spectral-based 
features, and glottal features[46].

Passive EMA
Passive sensing using smart phones and wearables can capture multiple dimensions of human behavior. 
Studies conducted in patients with depression have provided preliminary evidence of feasibility and 
efficacy of using passive sensing data for clinical inferences[9-11]. Passive sensing can capture and 
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Figure 2 Depression diagnosis and ecological momentary assessment.

monitor behavioral correlates of all three clusters of depression symptomatology: psychological, 
neurovegetative, and neurocognitive. However, it is especially useful to capture the neurovegetative 
and neurocognitive symptoms (e.g., fatigue, sleep, concentration), as these symptoms have direct impact 
on behavior and functioning[13,14]. Several studies have shown consistent and statistically significant 
correlations between objective behavioral features collected via mobile phones and wearable devices 
and depressive symptomatology[9,10,14].

The process of passive sensing involves collecting raw and continuous data from multiple sensors 
present in mobile phones and wearable devices such as a Fitbit[13,14]. These include sensors such as the 
accelerometer, Global Positioning System sensor (GPS), light sensor, and microphone[9,10]. Data is also 
gathered on device analytics such as call logs, Short Message Service (SMS) texting patterns, and device 
activity[9,10]. Behavioral features are extracted from the raw data. The features are expected to capture 
behaviors, such as location clusters captured by GPS reflecting the number of locations visited by the 
individual. In patients with depression, behavioral features capture changes in behavior as a reflection 
of depression status and severity. The features are grouped into specific categories as correlates of 
depression symptomatology (e.g., reduced activity and decreased number of locations visited by the 
individual may be reflective of anhedonia and fatigue)[9,10].

Table 2 describes categories of behavioral features, their correlates in depression symptomatology, 
and features that have shown consistent and statistically significant correlations with depression 
symptoms[9,10]. In studies conducted in non-clinical samples, features home stay (more time at home) and 
screen active duration (longer phone usage) showed consistent positive correlations with depression 
symptomatology[9,10]. In the same sample, features that showed consistent negative correlations with 
depression symptoms include amount of vigorous activity, location variance, and distance covered[9,10]. In 
clinical samples, features that showed consistent positive correlations with mood symptoms include 
screen active duration and incoming call frequency and duration (amount of time spent by the individual on 
incoming calls)[9,10]. Features that showed consistent negative correlations with depression symptoms 
in clinical samples include the amount of visible cell towers (reflecting mobility), SMS text messages received, 
and outgoing call frequency and duration[9,10]. Recently, our group developed techniques to identify 
Internet usage sessions (i.e., time periods when a user is online)[15]. A novel set of features were 
extracted based on usage sessions from the Internet traffic meta-data[15]. Machine learning models 
developed using these features were successfully able to predict depression status of the participants
[15].

In addition to the analyses of acoustic samples provided by patients, passively gathered acoustics 
samples (from patients’ digital devices) have also been used to predict patients’ affective state[45]. 
Studies have shown that participants’ affective state and cognitive traits can be predicted using alternate 
methods, such as language analyses and human-computer interactions[45,47].

Challenges and limitations of active and passive EMA 
For both active and passive EMA, the degree of patients’ technical knowledge can be a critical factor 
affecting compliance. Technical problems and inappropriate operating systems have been cited as 
among the most common reasons for participant drop out in EMA studies[41,42]. For active EMA, this 
may include technical issues with data entry and uploading of data. For passive EMA, it usually 
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involves uploading of passive sensory data to the servers[41,42].
Assessments conducted in active EMA can become inconvenient and burdensome for participants

[11]. This can lead to non-compliance. Studies have found that patient compliance with assessments 
decreases with time depending on their content and frequency of administration[9,11]. The need for 
active data entry may deter patients from adopting active EMA[37]. The standardized assessments 
administered electronically on a weekly or bi-weekly basis (e.g., PHQ-9) can be conducted more 
frequently than in-office settings but still suffer from a similar recall-bias due to the duration they cover
[9,11,42]. Although, one might argue that this recall bias is much less compared to their administration 
in office settings (usually every 4-6 week) due the higher frequency of their electronic administration. 
From a research perspective, daily mood monitoring can serve as a type of intervention, confounding 
the study design. Studies have shown that daily symptom recording, without any other direct 
treatment/intervention, improved symptoms of depression[11].

For passive EMA, other major technological challenges include battery drainage concerns reported by 
participants due to passive sensing on their mobile devices[48,49]. Studies have reported lack of sensor 
precision affecting data analyses (e.g., inaccurate location data)[48,49]. Another major issue is missing 
sensory data[15,50,51]. As an example, the energy management system on a phone may turn off GPS 
when the battery level is low. In addition, it is well known that GPS does not perform well in certain 
common environments (e.g., indoors), where it either fails to collect data or collects data with large 
errors[15]. Other challenges include heterogeneous data collection from different sensing devices[52,
53]. As an example, because of the different operating systems and the specific sensors used by Android 
and iOS, the two predominant smart phone platforms, the methods of data collection on these two 
platforms differ substantially. Consequently, the behavioral parameters derived from the different 
sources of sensing data exhibit significant differences[52,53]. The large volume of collected data may 
present a challenge for secure storage, statistical analysis, and clinical application[48]. Other techno-
logical challenges include data security and privacy, in particular, when the data needs to be shared 
with clinician’s office[13,48].

Depression questionnaires and clinical interviews are used as ‘ground truth’ to find correlations with 
passive sensory data and to develop machine learning models[9,10]. A major limitation of this approach 
is the fact that the ‘ground truth’ (i.e., the questionnaires and interviews) is still subjective. This may 
change over time as we gather larger amounts of data leading to better machine learning models based 
on passive sensory data. However, what if there is a significant discrepancy between active EMA (i.e., 
patients’ perception of their symptoms) and passive EMA (i.e., objective behavioral data gathered by 
sensors on their mobile devices and analyzed using machine learning models)? In clinical settings, such 
a discrepancy may pose a challenge for clinicians with their decision-making process.

Privacy, legal, and ethical challenges 
Digital phenotyping technologies have the potential to revolutionize mental health research and clinical 
care. However, they also present ethical, legal, privacy, and regulatory challenges[54]. A key initial 
consideration when developing and subsequently implementing digital depression assessment techno-
logies is that of consent and, specifically, of informed consent, a key bioethics principal[55]. Participants 
agreeing to digital phenotyping in research or clinical settings should understand the risks and benefits 
of any monitoring hardware or software, or of any subsequent intervention. Ethical constituents of 
informed consent include sharing information with the patient, assessing decisional capacity of the 
patient, and examining a patient’s voluntarism[56]. For many of these technologies, a clinician must 
assess a participant’s understanding of the scope and granularity of data being collected. Since there is a 
broad range of technology literacy in the general public and few participants will have a full 
understanding of the data they are sharing or of its potential uses, the informed aspect of informed 
consent is ever more crucial[55,57]. One must also ensure that participants understand that consent is an 
ongoing process and can be withdrawn at any time.

Data privacy and protection are also key issues. When acquiring data, there must be adequate 
encryption to ensure data is securely transmitted from the source (e.g., a smartphone) to a storage device 
(e.g., servers). Once data is collected, there must be clear guidelines as to who can access this data and 
for what purpose. Storing data then becomes one of the biggest issues due to the scope and nature of 
data that is collected. Even with safeguards in place, data breaches are common in healthcare settings
[55,57]. Another salient feature of data is that of ownership. Key questions to consider that largely 
remain unanswered are: Who owns the data created? What can be done with the data in the future? 
Who can profit from the data? As data collection moves from requiring user input (active EMA) to 
collecting passive data (passive EMA), the security and privacy challenge of bystanders, who do not 
provide consent, comes into play[57].

Once the ethical, security, and privacy concerns are managed, those who implement the various 
mHealth modalities must consider their liability. Liability can stem from failure to act on information (
e.g., suicidal ideation), errors that stem from malfunction of apps, misunderstanding or misinter-
pretation of information by patients[58]. In the studies by our group[13,14], a study clinician is on call at 
all times to act on suicidal ideation that is entered into the study app when participants completed their 
weekly depression questionnaires. When these apps evolve to use more passive data and are ultimately 
predictive, what happens when the software predicts there is a risk of suicide? When must a clinician 
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act? At what level would the risk of suicide have to be for the information to be actionable? Moving 
forward, these issues must be carefully addressed, both from patient safety and provider liability 
perspectives.

INTEGRATING ACTIVE AND PASSIVE EMA
Depression symptomatology includes both subjective and objective symptoms. Psychological symptoms 
such as depressed mood, guilt and negative beliefs, and suicidality are subjective in nature (i.e., these 
symptoms depend on patients’ subjective experience and perception of their status). Assessment of 
these symptoms requires clinical interview and/or use of depression questionnaires. Similarly, patient’s 
distress due to depression (criterion B), a required criterion, is also subjective and requires clinical 
assessment. Active EMA may be necessary to fully evaluate these subjective symptoms and criteria. One 
may argue that behavioral and functional consequences of these symptoms can be captured using 
passive EMA, providing a more comprehensive assessment of these symptoms.

Neurovegetative and neurocognitive symptoms such as fatigue, sleep disturbances, psychomotor 
agitation/retardation, and concentration difficulties are objective symptoms with direct behavioral 
manifestations. Active EMA using interview and depression questionnaires may provide assessment of 
these symptoms based on patient perception of these symptoms but may fail to capture the actual 
behavioral manifestations. Similarly, functional impairment, another essential criterion (criterion B) for 
depression diagnosis, can be more fully captured using passive EMA. Similar to the subjective 
symptoms, patients’ own assessment and perception of their status assessed using clinical interview and 
depression questionnaires (active EMA) can provide a more comprehensive assessment of objective 
symptoms. In summary, at present time, utilization of both active and passive EMA may be necessary to 
generate a more comprehensive digital phenotype of the patient[13].

LifeRhythm: Integration of active and passive EMA to predict depression symptomatology
Our group, in a 4-year project funded by the National Science Foundation, demonstrated successful 
prediction of depression symptomatology integrating active and passive EMA (Figure 3). The 
LifeRhythm project involved a two-phase study conducted in college age participants with depression, in 
comparison with a control group without depression diagnosis[14-16,52]. In Phase I of the project, a 
smart phone application, LifeRhythm, was developed to passively collect sensory data (location, activity, 
social interaction) for both Android and iOS, the two predominant smartphone platforms. Feature 
extraction techniques were developed to extract behavioral features from the sensory data as correlates 
of depression symptomatology and machine-learning models were developed to predict self-report 
depression questionnaire scores and depression status. These techniques and prediction models were 
then validated and refined in Phase II of the study. In Phase II, wristbands (Fitbit devices) were added 
to the sensory diagnostics for characterizing specific behavioral features (e.g., sleep disturbances and 
activity level). A total of 182 participants were recruited in this two-phase study and were followed over 
an 8 month study period. Three sets of data were collected during participant’s study participation: 
sensory data collected by the LifeRhythm app (EMA passive), self-report depression questionnaire 
completed electronically by the participant every two weeks (EMA active), and clinical assessments 
conducted by a study clinician. Study findings demonstrated that passive sensory data (EMA passive) 
predicted self-report depression scores and depression status per clinical interview conducted by the 
study clinician[14-16,52]. Notably, integration of passive sensing (EMA passive) and self-report 
depression scores (EMA active) showed better prediction power compared to passive or active EMA 
alone.

DepWatch: Integrating active and passive EMA in clinical setting to predict treatment response
At present, we are investigating development of a depression prediction system, DepWatch, and its 
integration in clinical setting to inform the clinical decision making process (Figure 4). This 4-year 
project, funded by the National Institute of Mental Health, builds on the findings and insights gained 
from the LifeRhythm project[13]. It includes two study phases. The objective of Phase I is to develop 
machine learning models to predict response or lack of response to antidepressant treatment, when 
patients meeting a specific threshold for depression symptoms undergo adjustments to their antide-
pressant medication regimen. Similar to the LifeRhythm project, passive sensory data (EMA passive) is 
collected using the app developed by our team for both Android and iOS platforms. Active EMA 
conducted electronically include daily self-report mood and anxiety ratings, weekly self-report 
depression questionnaire, weekly self-report medication safety and tolerability assessments, and other 
clinical information collected at baseline. Participants also undergo monthly clinical assessments 
conducted by a study clinician to assess their depression status and their response/non-response to 
antidepressant treatment compared to their baseline status. A total of 250 participants meeting a specific 
threshold for depression severity and starting or adjusting antidepressant treatment are currently being 
enrolled in the Phase I. Machine learning models will be developed using passive and active EMA data. 
DepWatch, an automatic data collection, analytic, and prediction system will be developed based on the 
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Figure 3 LifeRhythm: Integration of active and passive ecological momentary assessment to predict depression. Adapted from Ware et al[86] 
with permission from the Association for Computing Machinery (ACM) Citation: Ware S, Yue C, Morillo R, Lu J, Shang C, Kamath J, Bamis A, Bi J, Russell A, Wang 
B. Large-scale Automatic Depression Screening Using Meta-data from WiFi Infrastructure. Proceedings of the ACM on Interactive, Mobile, Wearable and Ubiquitous 
Technologies 2018; 2: 1-27. Copyright © The Association for Computing Machinery (ACM).

Figure 4 DepWatch: Integrating active and passive ecological momentary assessment in clinical setting. Adapted from Kamath et al[13] an 
open access article distributed under the Creative Commons Attribution 4.0 International License (http://creativecommons.org/licenses/by/4.0/) with permission from 
the J Psychiatr Brain Sci (JPBS). Citation: Kamath J, Bi J, Russell A, Wang B. Grant Report on SCH: Personalized Depression Treatment Supported by Mobile 
Sensor Analytics. J Psychiatr Brain Sci 2020; 5: e200010. Copyright © The J Psychiatr Brain Sci (JPBS).

machine learning algorithms developed in Phase I and other relevant clinical information. In Phase II, 
the DepWatch prediction system will be investigated for its usefulness and applications as a clinical 
support system in the real-world clinical setting, compared to standard of care. Three clinicians will use 
DepWatch to support their clinical decision making process for their patients. A total of 128 participants 
under care of the three participating clinicians will be enrolled in Phase II[13].

http://creativecommons.org/licenses/by/4.0/
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PREDICTING DEPRESSION STATUS USING OTHER DIGITAL TOOLS
Predicting depression status using social media
Preliminary investigations are exploring behavioral and linguistic cues from social media data to predict 
depression status. Data can be extracted from a variety of social platforms including popular sites such 
as Twitter, Facebook, Instagram, and Reddit[59,60]. These investigations have used several 
variables/features of interest in social media data that may predict depression status. These include 
Language analyses (e.g., length, characteristics of the posts), Emotion and Cognition analyses (e.g., affect 
and intensity of posts reflecting anxiety or anger), Behavior analyses (e.g., posting frequency, interaction 
with others on the platform), Demographics analyses (e.g., age, gender inferred using computational 
techniques), and Image analysis (e.g., visual information from the images posted)[59]. Machine learning 
and statistical modeling are applied to the extracted data to develop and validate algorithms to predict 
depression status[59,60]. At present, the major limitation of this promising area of research includes the 
“ground truth” definition of depression and the methods used to identify and operationalize depression 
status[59]. Some studies have demonstrated strong construct validity by using evidence-based and 
clinically-relevant practices to define depression (e.g., use of depression questionnaire or use of ICD-10 
diagnostic codes)[59,61]. Despite these current limitations, data mining from social media has a 
promising future in digital phenotyping. This innovative tool, in conjunction with EMA, can be used to 
augment digital phenotyping in depression diagnostics.

Predicting depression status using EMR 
Digital phenotyping of depression status can be enhanced by using extracted data from EMRs[60,62]. 
Studies conducted to date have primarily utilized features (extracted from EMR) interdependent with 
depression diagnosis to predict clinical depression. Such features include depression billing codes, 
medication information, and structured and unstructured notes containing explicit diagnostic 
information. Computational methods, such as natural language processing (NLP), have been developed 
to extract data from narrative clinical notes in EMR. NPL is an automated method of extracting and 
processing text into meaningful concepts based on a set of rules[63]. Recent studies have used non-
psychiatric features in EMR and have applied machine learning approaches to the extracted data to 
predict depression status[62]. These EMR data extraction techniques can be used in conjunction with 
EMA to improve depression diagnostics as part of digital phenotyping strategy.

TELEPSYCHIATRY
The use of teleconferencing technology in psychiatry dates back to the 1950s, when the Nebraska 
Psychiatric Institute started using teleconferencing to provide group therapy, consultation-liaison 
services, and medical student training[64]. Initial research focused mainly on increasing access to care in 
remote geographical areas and comparing the efficacy of video visits with in-person visits[65]. Growth 
of telepsychiatry was slow and patchy until recently. This was primarily due to technological challenges 
and usability issues, lack of willingness among healthcare professionals to modify well-established 
routines (e.g., face to face interactions), lack of financial resources, and lack of organizational innovation
[66,67]. For decades, telepsychiatry was considered effective and feasible, but not desirable.

With the COVID-19 pandemic of 2020, there was a paradigm shift. The personnel and financial 
barriers to the use of telepsychiatry were removed overnight, and practices across the United States 
transitioned to telehealth. The number of telehealth visits increased by 50% over the first quarter of 
2020, compared with the same period in 2019[68].

The efficacy of telepsychiatry has been well established over the past few decades[69,70]. Multiple 
reviews have analyzed studies of various telepsychiatry outcomes, including feasibility, adherence, 
clinical outcomes, and cost. One review of 22 controlled studies concluded that telepsychiatry could 
adequately perform all functions of management of mental illness, including monitoring, surveillance, 
mental health promotion, mental illness prevention, and biopsychosocial treatment programs, more 
efficiently and as well as or more effectively than in-person care[71]. Other reviews have reported 
similar results[72,73].

Telepsychiatry: Challenges and opportunities
Challenges of widespread, successful adoption of telepsychiatry practice can be divided into systemic 
challenges and personnel challenges. Systemic challenges include federal and state licensure and 
reimbursement policies that restrict the use of telepsychiatry, platform and internet bandwidth issues, 
availability of leadership support, and the “digital divide”, which describes a lack of reliable 
device/internet access in underserved populations. Personnel challenges include a lack of clinician 
training and support, fear of technology amongst both patients and providers, physical and cognitive 
disabilities that limit the use of technology, patient safety issues, and provider concern that telepsy-
chiatry does not provide the same range and depth of data that is provided in an in-person encounter
[74,75].
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One way to address this concern about the lack of personal interaction with the patient is to integrate 
EMA and DP based approaches with telepsychiatry visits. Incorporating both passive and active EMA 
data with the information available to the clinician might not only address the concern about the 
availability of “real time” patient data to the clinician, it may also augment and improve the clinician’s 
ability to accurately assess the neurovegetative symptoms of depression such as sleep and activity. In a 
study by Moore et al, sixty-seven older adults completed paper-and-pencil measures of mindfulness, 
depression, and anxiety along with two weeks of identical items reported during ambulatory 
monitoring via EMA before and after participation in a randomized trial of Mindfulness-Based Stress 
Reduction (MBSR). EMA measures of depression substantially outperformed paper-and-pencil 
measures with the same items[76].

Passive and active EMA may improve the clinician’s ability to predict and diagnose depression in 
underdiagnosed subgroups such as older adults[77]. Incorporating active EMA approaches more 
frequently may allow clinicians to increase engagement with an isolated, depressed patient. Combining 
EMA with telepsychiatry may improve access to care for patients with anergia/amotivation, and offers 
the opportunity to provide rapid interventions based on activity data[78].

CLINICAL INTEGRATION OF DIGITAL PHENOTYPING
The therapeutic alliance between patients and their provider is the cornerstone of depression care. It is 
well established that a strong therapeutic relationship is a robust predictor for treatment response across 
all therapeutic interventions, including pharmacological interventions[79]. The current model of clinical 
care has a significant negative impact on this therapeutic relationship due to brief medication 
management visits, fragmentation of care, limited contact between patients and their clinicians, and lack 
of meaningful monitoring in between patients’ clinic visits. One of the objectives of integrating DP into 
clinical care is to enhance the therapeutic relationship between patients and their providers[80]. A 
digital connection between patients and their providers and monitoring via active and passive EMA in 
between patients’ clinic visits can reinforce the therapeutic relationship[80]. The other major objective of 
using DP is to improve accuracy and clinical relevance of diagnostic assessment. As noted earlier, 
depression assessment should evaluate three major areas: depression symptoms, patient distress, and 
impact on functioning. Current clinical assessment focuses primarily on patient symptoms and distress. 
Digital data can enhance assessment of symptoms and distress (e.g., use of active EMA in-between 
visits). More importantly, digital data, specifically passive EMA, can greatly enhance clinical 
assessments by providing objective data on behavioral consequences of symptoms/distress with its 
impact on functioning. As shown in Figure 5, DP and other digital tools can be incorporated into clinical 
practice at multiple stages of depression diagnostics and management. Initial patient evaluation (in-
person) can be improved using patient specific data gathered from EMR using machine learning 
algorithms. Active and passive EMA can provide continuous monitoring in between patient visits and 
inform patient-provider discussion and assessment during in-person or virtual visits. These digital and 
in-person interactions between patients and their providers can increase patients’ engagement in their 
care and support shared decision-making. Use of virtual telepsychiatry visits interspersed by in-person 
visits can help increase frequency of patient-provider contact, further strengthening the therapeutic 
relationship.

MACHINE LEARNING AND FUTURE OF DIGITAL PHENOTYPING
Current diagnostic systems, DSM-5 and ICD-11, were originally conceived using careful observations of 
symptoms by expert clinicians[21]. These taxonomies are useful for grouping individuals into broad 
diagnostic categories but it is becoming increasingly evident that the diagnostic categories lack neurobi-
ological validity as well as clinical predictability[81]. It is also becoming evident that these diagnostic 
categories are spectrum disorders with heterogeneous clinical presentations and diverse underlying 
etiological and pathophysiological factors[81]. The current ‘best-possible’ evidence-informed treatment 
choices are successful only in limited number of patients partially due to this heterogeneity of clinical 
presentations with diverse underlying pathophysiology[82]. To address this critical gap, the National 
Institute of Mental Health (NIMH) launched a research initiative called the Research Domain Criteria 
(RDoC) project[83]. The RDoC initiative, a translational program, intends to synergistically integrate 
self-reports, neuropsychological tests, brain measurements, and genetic profiles to create precision 
medicine in psychiatry[83]. Machine learning approaches offer a rich set of tools towards achieving the 
goal of endophenotype modelling proposed by the RDoC initiative[84]. Machine learning models 
developed for the field of psychiatry are typically supervised machine learning models that employ a 
two-step process: training and testing. The collected data is divided into training and testing datasets. A 
learning algorithm is first fitted on the training dataset to train the model. The ‘trained’ model is then 
empirically evaluated by testing it on the testing dataset[84]. This two-step approach is consistent with 
the ‘precision psychiatry’ objectives of the RDoC initiative[83,84]. Data gathered from diverse 
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Figure 5 Hybrid clinical care model: Integration of in-person and digital care. EMA: Ecological momentray assessment; EMR: Electronic medical 
record.

retrospective and prospective datasets (e.g., genetic profiles, neuroimaging, EMR, active and passive 
EMA data) can be integrated and analyzed using machine learning approaches to generate objectively 
measurable and clinically predictable endophenotypes. The models generated can then be validated in a 
new set of patients to predict clinical outcomes including treatment outcomes. The machine learning 
approaches can translate complex discoveries into clinically relevant predictions bringing us closer to 
the goal of precision psychiatry.

CONCLUSION
If we are to fulfill the promise of DP in depression diagnostics, it is critical that teams of psychiatric and 
engineering researchers work together to address the numerous challenges we have described. All 
investigations and digital tools under development should be scrutinized for their clinical relevance and 
real-world applicability. Investigations in the field of DP, to date, are spearheaded primarily by 
engineers with limited involvement of psychiatric researchers. This is problematic because, at present, 
clinical acumen of psychiatric clinicians play a central role in depression diagnosis, assessment, and 
management. The purportedly objective measures (e.g., depression questionnaires) are important tools, 
yet remain subjective in nature and play a limited secondary role in clinical settings. The field of DP 
needs to draw upon the experience and expertise of psychiatric clinicians as ‘ground truth’ combined 
with depression questionnaires. It is essential to include psychiatric investigators who have background 
and expertise in clinical care and clinical research into the research team. A major role of clinical invest-
igators as part of the research team would be to assess clinical relevance of digital tools under 
development compared to the standard of clinical care.

Once the digital tools show promise in predicting depression status as assessed by the ‘ground truth’ 
(clinical judgment and depression questionnaires), the next step would be to challenge the subjectivity 
of the ‘ground truth’ by focusing on a different, objectively measurable outcome. As noted earlier, 
depression questionnaires and clinician interview are fundamentally subjective as they rely on patients’ 
memory/perception and on clinicians’ clinical judgment. In comparison, change in functioning with its 
behavioral manifestations may be a better and a more objective ‘ground truth’. In clinical setting, change 
in functioning is considered an important marker of depression status as it reflects depression 
symptoms, distress, and is associated with objective behavioral consequences. Furthermore, change in 
functioning with its behavioral consequences can be quantified objectively using DP tools. In the past 
decade, depression research has been striving towards ‘remission’ as an outcome[85,86]. This goal of 
achieving remission is directly related to patients’ functional improvement. DP may provide us with 
objective tools to measure both remission and functional improvement.

In conclusion, we live in a time when most of the global population carry smart phones in their 
pockets and broadband access is rapidly increasing even in remote areas. DP based on smart phones 
and other digital tools can significantly enhance depression diagnostics. Objective continuous 
measurement of behavioral manifestations of depression using patients’ own devices can provide 
clinically useful markers. Such ‘behavioral biomarkers’ can be used to refine diagnostic processes and 
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management. These objective markers (passive EMA) combined with assessments conducted in 
patients’ milieu (active EMA) and strengthened therapeutic relationship and monitoring due to 
continuous digital connection between patients and their providers can help us move closer to the goal 
of personalized and patient-centered care.
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Abstract
BACKGROUND 
Oxidative stress results in the production of excess reactive oxygen species (ROS) 
and triggers hippocampal neuronal damage as well as occupies a key role in the 
pathological mechanisms of neurodegenerative disorders such as Alzheimer’s 
disease (AD). A recent study confirmed that magnesium had an inhibitory effect 
against oxidative stress-related malondialdehyde in vitro. However, whether 
Magnesium-L-threonate (MgT) is capable of suppressing oxidative stress damage 
in amyloid β (Aβ)25-35-treated HT22 cells and the AD mouse model still remains to 
be investigated.

AIM 

https://www.f6publishing.com
https://dx.doi.org/10.5498/wjp.v12.i3.410
mailto:liujun6@mail.sysu.edu.cn


Xiong Y et al. Neuroprotective effect of magnesium-L-threonate

WJP https://www.wjgnet.com 411 March 19, 2022 Volume 12 Issue 3

To explore the neuroprotective effect of MgT against oxidative stress injury in vitro and in vivo, and 
investigate the mechanism.

METHODS 
Aβ25-35-induced HT22 cells were preconditioned with MgT for 12 h. APPswe/PS1dE9 (APP/PS1) 
mice were orally administered with MgT daily for 3 mo. After MgT treatment, the viability of 
Aβ25-35-treated HT22 cells was determined via conducting cell counting kit-8 test and the cognition 
of APP/PS1 mice was measured through the Morris Water Maze. Flow cytometry experiments 
were applied to assess the ROS levels of HT22 cells and measure the apoptosis rate of HT22 cells or 
hippocampal neurons. Expression of B-cell lymphoma 2 (Bcl-2), Bcl-2-associated X (Bax), hypoxia-
inducible factor (HIF)-1α, NADPH oxidase (NOX) 4, Aβ1-42 and phosphatidylinositol-3-kinase 
(PI3K)/protein kinase B (Akt) pathway proteins was quantified by Western blot.

RESULTS 
In vitro data confirmed that Aβ25–35-induced HT22 cells had a significantly lower cell viability, 
higher ROS level and higher apoptosis rates compared with those of control cells (all P < 0.001). 
MgT prevented the Aβ25-35-triggered oxidative stress damage by elevating viability and decreasing 
ROS formation and apoptosis of HT22 cells (all P < 0.001). APP/PS1 mice exhibited worse 
cognitive performance and higher apoptosis rate of hippocampal neurons than wild-type (WT) 
mice (all P < 0.01). Meanwhile, significant higher expression of Aβ1-42 and NOX4 proteins was 
detected in APP/PS1 mice than those of WT mice (both P < 0.01). MgT also ameliorated the 
cognitive deficit, suppressed the apoptosis of hippocampal neuron and downregulated the 
expression of Aβ1-42 and NOX4 proteins in APP/PS1 mouse (all P < 0.05). Moreover, MgT 
intervention significantly downregulated HIF-1α and Bax, upregulated Bcl-2 and activated the 
PI3K/Akt pathway both in vitro and in vivo (all P < 0.05).

CONCLUSION 
MgT exhibits neuroprotective effects against oxidative stress and hippocampal neuronal apoptosis 
in Aβ25-35-treated HT22 cells and APP/PS1 mice.

Key Words: Alzheimer’s disease; Magnesium; Neuroprotective effect; Oxidative stress; Hippocampal; 
Neuronal apoptosis

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The dysfunction of oxidative stress is considered to stimulate the production of reactive oxygen 
species and induce hippocampal neuron damage which are the significant hallmarks of neurodegenerative 
diseases such as Alzheimer’s disease. Recent studies have explored the in vitro anti-malondialdehyde 
effect of magnesium. However, the potential neuroprotective effect of Magnesium-L-threonate (MgT) 
against oxidative stress remains to be explored. Our study demonstrated that MgT exhibited neuropro-
tective effects on suppressing oxidative stress and hippocampal neuronal apoptosis in vitro and in vivo, 
suggesting the promising therapeutic potential of MgT in oxidative stress-associated neurodegenerative 
disorders.

Citation: Xiong Y, Ruan YT, Zhao J, Yang YW, Chen LP, Mai YR, Yu Q, Cao ZY, Liu FF, Liao W, Liu J. 
Magnesium-L-threonate exhibited a neuroprotective effect against oxidative stress damage in HT22 cells and 
Alzheimer’s disease mouse model. World J Psychiatry 2022; 12(3): 410-424
URL: https://www.wjgnet.com/2220-3206/full/v12/i3/410.htm
DOI: https://dx.doi.org/10.5498/wjp.v12.i3.410

INTRODUCTION
As a progressive neurodegenerative disease, Alzheimer’s disease (AD) occupies most cases of dementia, 
and it is clinically characterized by the deterioration of cognitive ability and brings a massive burden on 
AD patients’ survival quality and social medical cost[1]. Although the pathological mechanism of AD is 
still incompletely elucidated, it was reported that oxidative stress occupied a key role in the pathogenic 
mechanism of this disease[2]. Numerous researches indicated that oxidative stress was a vital issue 
during the development of the neurodegenerative diseases, including AD, amyotrophic lateral sclerosis 
and so on. Oxidative stress could also accelerate amyloid β (Aβ) aggregation and induce neuronal 
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apoptosis in the brain tissues, especially in the hippocampus[3-7]. Hence, the exploration of antiox-
idative stress agents suggests a promising therapeutic option for achieving a neuroprotective effect 
against neurodegenerative diseases associated with hippocampal neuronal damage.

Magnesium is one of the essential cations in the intracellular environment and is only second to 
potassium in concentration. Magnesium is involved in the synthesis of many enzymes that are 
important in various biological processes[8]. The concentration of brain magnesium is decreased in AD 
patients when compared with control subjects[9]. Based on this finding, recent research has assessed the 
application of the novel magnesium compound Magnesium-L-threonate (MgT), which increases brain 
magnesium concentration after oral administration, for ameliorating AD-associated pathological 
changes[10-12]. Although MgT exhibits a protective effect against synaptic damage in an AD mouse 
model[11], its effects on oxidative stress and hippocampal neuronal damage remain unexplored. It has 
been recently confirmed that magnesium has an inhibitory effect against oxidative-stress-related 
malondialdehyde (MDA) in vitro[13,14]; therefore, it has become of interest to investigate whether MgT 
is capable of suppressing oxidative stress damage in vivo. Therefore, this research explored the potential 
protective effects of MgT against oxidative stress and neuronal injury in Aβ25-35-treated HT22 cells and in 
APPswe/PS1dE9 (APP/PS1) mouse hippocampus.

For the in vitro experiment, in order to evaluate the capacity of MgT against Aβ25-35-triggered oxidative 
stress and neuronal damage and explore the related mechanism, HT22 cell was chosen as the cell model, 
and it is well known as the immortalized murine hippocampal neuron[15]. We also explored the in vivo 
potential neuroprotective effects of MgT against oxidative stress, Aβ production and hippocampal 
neuronal damage in APP/PS1 mouse, a typical animal model of AD[16].

MATERIALS AND METHODS
Experimental materials
MgT was acquired from Macklin (Shanghai, China); Aβ25-35 was purchased from MedChemExpress LLC 
(New Jersey, USA); The cell counting kit-8 (CCK-8) detection kit was provided from APExBIO 
Technology LLC (Houston, USA); A fluorescein isothiocyanate-annexin V/propidium iodide apoptosis 
agent was obtained from BD (New Jersey, USA); A reactive oxygen species (ROS) testing kit was 
supplied from Beyotime Biotechnology (Shanghai, China); The antibodies were purchased from Cell 
Signaling Technology (Danvers, USA), BioLegend (San Diego, USA) and Abcam (Cambridge, USA); The 
rest of experimental materials were bought from Thermo Fisher Scientific (Waltham, USA), CWBIO 
(Beijing, China) and Gibco (New York, USA).

HT22 cell culture and drug administration
Based on the previously described method, HT22 cell culture and differentiation procedures were 
carried out[17,18]. Briefly, HT22 cell was cultured in the normal cell culture medium and then differen-
tiated in N2 supplement-containing neurobasal medium for 1 d prior to drug administrations. 
According to the previous research[19], when it was exposed to 40 μmol/L Aβ25-35 for 1 d, the viability of 
HT22 cell would significantly decrease. Therefore, this study chose 40 μmol/L as the appropriate 
concentration of Aβ25-35 administration. Before Aβ25-35 treatment, the dilution of Aβ25-35 was carried out by 
using sterile saline and then it was kept at 37°C for 7 d for peptide pre-aging, as reported previously
[19]. In order to investigate whether MgT could be applied to inhibit the oxidative stress damage 
triggered by Aβ25-35 administration, HT22 cell was preconditioned with or without 50 μmol/L MgT for 
12 h prior to be processed with 40 μmol/L Aβ25-35 for 1 d.

Cell viability detection
The viability was assessed via the CCK-8 experiment for HT22 cell exposed to Aβ25-35 and MgT. Briefly, 
after different drug treatments for the three groups, each well of HT22 cells was incubated with 10 μL 
CCK-8 and the absorbance value was acquired at 450 nm by using an absorbance reader (California, 
USA).

Quantitative assessment of ROS production
Total intracellular ROS generation was detected using an oxidation-sensitive fluorogenic dichloro-
dihydro-fluorescein diacetate (DCFH-DA) probe and further quantified with flow cytometry, as 
described previously[20]. Briefly, after drug administration, HT22 cells were washed and reacted with 
10 μmol/L DCFH-DA probe during this experiment procedure. The cell samples were collected and 
finally detected using the flow cytometer (BD, USA). The percentages of DCFH-DA labeled cells 
represented the intracellular ROS level.

Mice and drug administrations
APP/PS1 male mice and wild-type (WT) litter-mate male mice were acquired from the Nanjing 
Biomedical Research Institute of Nanjing University (Nanjing, China). The animal experiment received 



Xiong Y et al. Neuroprotective effect of magnesium-L-threonate

WJP https://www.wjgnet.com 413 March 19, 2022 Volume 12 Issue 3

the approbation from the local animal ethical and welfare committee. All protocols were designed to 
minimize discomfort or pain to the mice. The mice were housed in a specific-pathogen-free environment 
(23 ± 1 °C, 12 h/12 h light/dark, 50% humidity) with free access to water and food.

In the animal experiment procedure, 6-mo-old mice weighing 33-35 g were set as three groups (three 
mice per group): MgT-treated APP/PS1 mice (registered as ‘TG + MgT group’), control APP/PS1 mice 
(TG group) and control WT mice (WT group). MgT-treated mice received daily administration of MgT 
(910 mg/kg/d) via drinking water for 3 mo on the basis of the previously described method[11]. The 
remaining mice (TG and WT groups) were treated with drinking water. After drug treatment, mice were 
used for the Morris Water Maze test and then killed under deep anesthesia (intraperitoneal injection, 
150 mg/kg pentobarbital sodium) to collect the hippocampal tissues for further biochemical investig-
ations.

Morris water maze test
All mice were behaviorally tested for cognitive ability using the Morris water maze after 3 mo of 
treatments with or without MgT, as previously described[1]. At the beginning, each mouse was 
pretrained in this water maze with the visible platform for 1 d. Subsequently, all mice received the 
hidden platform training for 5 d (4 trails per day, 90 s per trial). For each trail, the mice were released 
from four starting quadrant positions in a different order and swam for 90 s. If the exploration time of 
mouse was less than 90 s, the trails would stop and the time to find the hidden platform was recognized 
as escape latency. If the mouse missed the setting time, it would be guided to arrive in the platform and 
the escape latency of 90 s was recorded. For each mouse, before the statistical analysis was carried out, 
the escape latencies of four trails were averaged. Finally, the platform was taken out and the mice were 
tested on a 90 s probe test at 24 h after the hidden platform training. After each trail, mice should be 
dried with a clean towel and put on an electric blanket to keep their body warm. For each mouse, the 
latency to arrive in the removed platform, the percentage of the time spent in the target quadrant (the 
quadrant where the platform was previously settled) and the number of times crossed the target 
position (the previous location of the platform) were measured during the probe test.

Apoptosis detection
A fluorescein isothiocyanate-annexin V/propidium iodide testing agent was utilized to measure the 
apoptosis rate of HT22 cells. After drug administration, HT22 cells were washed, trypsin digested and 
incubated with this testing agent before flow cytometry. The allophycocyanin-annexin V/propidium 
iodide kit was also applied to assess the apoptosis rate of hippocampal neurons. After isolation of the 
hippocampal tissue, a single cell suspension was prepared, stained with anti-NeuN antibody, followed 
by appropriate Alexa-Fluor-488-conjugated secondary antibody, and finally detected with this kit for 
flow cytometric examination.

Western blotting
The proteins in HT22 cells or hippocampal tissue were quantified, probed with a series of specific 
primary antibodies and visualized with a Digital Imaging machine (Gel Logic, Rochester, New York, 
USA). The relative protein density was quantified as previously described[21]. The involved primary 
antibodies were diluted to 1:1000, except for glyceraldehyde-3-phosphate dehydrogenase (GAPDH) 
(1:2000).

Statistical analysis
Significance was measured using one-way analysis of variance with Fisher’s least significant difference 
tests for multiple comparison using Prism 6 software (Graphpad, San Diego, CA, USA). For each group, 
data were shown as mean ± SE and P < 0.05 indicated significant differences.

RESULTS
MgT attenuated cytotoxicity in the Aβ25-35-treated HT22 cell
As demonstrated in Figure 1, Aβ25-35-exposed cells showed obvious lower cell viability than control cells 
(P < 0.001). Compared with Aβ25-35-exposed cells, the viability of MgT-Aβ25-35-exposed cells was obviously 
elevated (P < 0.001). Thus, all data of the CCK8 test illustrated that the pretreatment with MgT inhibited 
the cytotoxicity in the Aβ25-35-exposed HT22 cell model.

MgT suppressed ROS generation and hypoxia-inducible factor-1α overexpression in Aβ25–35-treated 
HT22 cell
Intracellular ROS level measured by the DCFH-DA test exhibited an obvious increase in Aβ25-35-adminis-
trated cells vs control cells (P < 0.001). Compared with Aβ25-35-treated cells, the ROS level was 
remarkably decreased in MgT-Aβ25-35-treated cells (P < 0.001) (Figure 2A and B). As indicated in 
Figure 2C and D, hypoxia-inducible factor (HIF)-1α protein expression was increased in the Aβ25-35-
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Figure 1 Magnesium-L-threonate administration inhibited the cytotoxicity in the amyloid β25-35-administrated HT22 cells. n = 3. cP < 0.001 vs 
former group. Aβ: Amyloid β; MgT: Magnesium-L-threonate.

exposed HT22 cells (P < 0.001), which was effectively downregulated by MgT treatment (P < 0.01).

MgT inhibited the apoptosis and regulated the expression of apoptotic-related proteins in the Aβ25-35-
treated HT22 cell
The effects of MgT treatment in regulating apoptosis and apoptotic-associated proteins expression were 
also measured, aiming to further assess the neuroprotective effect of MgT against neuronal damage in 
the Aβ25-35-treated HT22 cell. As displayed in Figure 3A and B, Aβ25-35-administrated group owned a 
higher apoptosis rate of HT22 cells than control group (P < 0.001), and the apoptosis rate was obviously 
reduced after MgT intervention (P < 0.001). What’s more, the Aβ25-35-administrated group had a lower B-
cell lymphoma 2 (Bcl-2) protein (an anti-apoptotic molecule[22]) expression level and a higher Bcl-2-
associated X (Bax) protein (a pro-apoptotic molecule[23]) expression level than control group (both P < 
0.001), while MgT treatment effectively promoted Bcl-2 expression (P < 0.001) and blocked Bax 
expression (P < 0.01) (Figure 3C-E).

MgT restored downregulated phosphatidylinositol-3-kinase (PI3K)/protein kinase B (Akt) signaling 
pathway in Aβ25-35-exposed HT22 cell
The effects of MgT administration on regulating PI3K/Akt pathway, which was a classical pathway 
related to cell apoptosis[24], were also detected. As shown in Figure 4, Aβ25-35-exposed cells showed 
lower ratios of phosphorylated (p)-PI3K/PI3K and p-Akt/Akt than control cells (both P < 0.001). After 
MgT administration, these two ratios were significantly upregulated (both P < 0.001).

MgT ameliorated impaired cognition of AD mouse
The behavioral performance was recorded with the Morris water maze method to assess the effect of 
MgT intervention against memory deficit in AD mouse. Compared with WT group, TG group exhibited 
prolonged escape latency, while the escape latency was shortened in the TG + MgT group vs TG group 
(Figure 5A). The number of platform crossings and the percentage of target quadrant exploration time 
were significantly decreased in the TG group vs WT group (both P < 0.01), while these two cognitive 
scores were increased after MgT administration (crossings, P < 0.01; target quadrant exploration time; P 
< 0.05) (Figure 5B–D). The TG group had a longer latency to locate the removed platform than WT 
group (P < 0.001), and the latency was shorter in the TG + MgT group vs TG group (P < 0.01) 
(Figure 5E). Nevertheless, no obvious differences regarding the swimming speed and body weight were 
discovered among all groups (Figure 5F and G).

MgT suppressed hippocampal Aβ1–42, HIF-1α and NADPH oxidase (NOX)4 protein expression in AD 
mouse
Compared with WT group, elevated expression of HIF-1α, NOX4 (a reliable marker of oxidative stress
[25,26]) and Aβ1–42 proteins was seen in the TG group (HIF-1α and Aβ1–42, P < 0.001; NOX4, P < 0.01), 
while these indexes were all decreased in the TG + MgT group vs TG group (all P < 0.01) (Figure 6).

MgT prevented hippocampal neuronal apoptosis and regulated apoptosis-associated protein 
expression in AD mouse
The effects of MgT administration in ameliorating neuronal apoptosis and regulating the expression of 
apoptotic-associated proteins were also examined to further demonstrate the neuroprotective effect of 
MgT on APP/PS1 mouse hippocampus. As listed in Figure 7A and B, the apoptosis rate of hippocampal 
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Figure 2 Magnesium-L-threonate treatment suppressed the elevated reactive oxygen species level and hypoxia-inducible factor-1α 
protein expression in the amyloid β25-35-exposed HT22 cells. A, B: The percentages of dichloro-dihydro-fluorescein diacetate positive cells of each group; 
C: Protein band images of hypoxia-inducible factor (HIF)-1α and glyceraldehyde-3-phosphate dehydrogenase of each group; D: The HIF-1α protein expression level 
of each group. n = 3. aP < 0.05, bP < 0.01, cP < 0.001 vs former group. Aβ: Amyloid β; MgT: Magnesium-L-threonate; HIF: hypoxia-inducible factor; DCFH-DA: 
dichloro-dihydro-fluorescein diacetate; GAPDH: glyceraldehyde-3-phosphate dehydrogenase.

neuron was elevated in the TG group vs WT group (P < 0.01), while TG + MgT group had a significant 
lower apoptosis rate than TG group (P < 0.01). Moreover, the downregulation of Bcl-2 expression and 
the upregulation of Bax expression were noticed in TG group vs WT group (both P < 0.001), while MgT 
treatment promoted Bcl-2 expression (P < 0.01) and suppressed Bax expression (P < 0.001) (Figure 7C-E).

MgT activated the PI3K/Akt pathway in AD mouse
The effect of MgT administration on the PI3K/Akt pathway was also detected in the in vivo experiment 
of this study. As shown in Figure 8, p-PI3K/PI3K and p-Akt/Akt ratios were reduced in TG group vs 
WT group (both P < 0.001), while these two ratios were obviously elevated after MgT administration (p-
PI3K/PI3K ratio, P < 0.05; p-Akt/Akt ratio, P < 0.001).
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Figure 3 Magnesium-L-threonate administration prevented the apoptosis and regulated the apoptotic-associated proteins expression in 
the amyloid β25-35-administrated HT22 cells. A, B: The apoptosis rate of each group; C: Protein band images of B-cell lymphoma 2 (Bcl-2), Bcl-2-associated X 
(Bax) and glyceraldehyde-3-phosphate dehydrogenase in each group; D: The Bcl-2 protein expression level of each group; E: The Bax protein expression level of 
each group. n = 3. aP < 0.05, bP < 0.01, cP < 0.001 vs former group. Aβ: Amyloid β; MgT: Magnesium-L-threonate; Bcl-2: B-cell lymphoma 2; Bax: Bcl-2-associated X; 
GAPDH: glyceraldehyde-3-phosphate dehydrogenase.

DISCUSSION
It was demonstrated that oxidative stress could trigger neuronal damage in the hippocampus tissues of 
the brain, which is the vital pathological mechanism of neurodegenerative diseases, including AD[27]. 
Recently, the findings of the in vitro study certified that extracellular magnesium concentration could act 
as a regulator that effectively influenced the level of MDA, a pathological marker closely associated with 
oxidative stress damage[13,14]. Several researches indicated that MgT could elevate the level of brain 
magnesium via oral administration[10,12]. Therefore, this research attempted to validate the effects of 
MgT against oxidative stress and neuronal damage in the Aβ25-35-treated HT22 cell and the hippocampus 
of APP/PS1 mouse, and investigated the involved mechanism.

Growing evidences have proved that during the pathological progression of neurogenerative disease, 
such as AD, abnormal oxidative stress resulted in the generation of ROS and hippocampal neuronal 
apoptosis thus leading to the deterioration of brain function[27,28]. The in vitro experiment part of this 
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Figure 4 Magnesium-L-threonate treatment suppressed the downregulation of phosphatidylinositol-3-kinase/protein kinase B pathway in 
the amyloid β25-35-exposed HT22 cells. A: Protein band images of phosphorylated (p)-phosphatidylinositol-3-kinase (PI3K), PI3K, p-protein kinase B (Akt), Akt 
and glyceraldehyde-3-phosphate dehydrogenase of each group; B: The p-PI3K/PI3K ratio of each group; C: The p-Akt/Akt ratio of each group. n = 3. aP < 0.05, bP < 
0.01, cP < 0.001 vs former group. Aβ: Amyloid β; MgT: Magnesium-L-threonate; PI3K: phosphatidylinositol-3-kinase; Akt: protein kinase B; GAPDH: glyceraldehyde-
3-phosphate dehydrogenase.

study, oxidative stress, was detected by assessing the ROS level and cell apoptosis was detected by 
measuring the apoptosis rate and quantifying the expression of apoptosis-associated proteins. The in 
vitro data revealed that MgT remarkably blocked the oxidative stressors Aβ25-35-induced[28] oxidative 
damage and apoptosis in the HT22 cells as proved by the elevation of cell viability, the reduction of ROS 
generation, the decrease of apoptosis rate and Bax expression, and the upregulation of Bcl-2 expression 
after MgT administration. In line with these in vitro results, the in vivo data confirmed the suppressive 
effect of MgT treatment against oxidative stress-triggered hippocampal neuronal damage via downregu-
lating the expression level of the oxidative stress marker NOX4 protein and inhibiting the apoptosis of 
the hippocampal neuron in the AD mouse model. Additionally, it has been confirmed that the increased 
ROS induced by oxidative stress can lead to abnormal production of Aβ which can worsen the 
pathological process of AD[29]. In our in vivo study, the measurement of Aβ1–42 expression by western 
blotting confirmed the inhibitory effect of MgT against Aβ production in the AD mouse model.

Numerous researches verified the key role of HIF-1α in the mediation of oxygen homeostasis within 
the cellular environment. A close relationship was discovered between HIF-1α level and oxygen 
balance: HIF-1α level remained low under the physiological situation while it was significantly elevated 
under the hypoxia condition[30,31]. Moreover, recent study revealed that the high glucose-triggered 
oxidative stress accelerated Aβ aggregation via the regulation of the ROS/HIF-1α mechanism in vitro, 
which supported a strong relationship between ROS and HIF-1α, and that the crosstalk between the two 
could deteriorate the Aβ production under abnormal oxidative stress condition[32]. Another research 
also indicated the crosstalk between HIF-1α and ROS in RAW 264.7 cell model[33]. Therefore, the effect 
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Figure 5 Magnesium-L-threonate administration prevented the memory deficit of APPswe/PS1dE9 mouse. A: The escape latency of each group; 
B: The swimming track explored the removed platform of each group; C: The number of platform crossings of each group; D: The percentage of the time spent in the 
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target quadrant of each group; E: The latency located the removed platform of each group; F: The swimming speed of each group; G: The body weight of each group. 
n = 3. aP < 0.05, bP < 0.01, cP < 0.001 vs former group. MgT: Magnesium-L-threonate; TG: APPswe/PS1dE9 mice group; WT: Wild-type mice group.

Figure 6 Magnesium-L-threonate treatment prevented the upregulation of amyloid β1-42, hypoxia-inducible factor-1α and NADPH oxidase 4 
proteins in APPswe/PS1dE9 mouse hippocampus. A: Protein band images of hypoxia-inducible factor (HIF)-1α, NADPH oxidase (NOX) 4, amyloid β (Aβ)1-

42 and glyceraldehyde-3-phosphate dehydrogenase of each group; B: The HIF-1α protein expression of each group; C: The NOX4 protein expression of each group; 
D: The Aβ1-42 protein expression of each group. n = 3. aP < 0.05, bP < 0.01, cP < 0.001 vs former group. MgT: Magnesium-L-threonate; TG: APPswe/PS1dE9 mice 
group; WT: Wild-type mice group; Aβ: Amyloid β; HIF: hypoxia-inducible factor; NOX: NADPH oxidase; GAPDH: glyceraldehyde-3-phosphate dehydrogenase.

of MgT administration on HIF-1α expression was also investigated. The observations from in vivo and in 
vitro investigations indicated that MgT significantly suppressed the HIF-1α overexpression in Aβ25-35-
treated HT22 cells and APP/PS1 mice.

PI3K/Akt pathway is an important cellular pathway occupying a pivotal role in the mediation of cell 
apoptosis[34]. A recent study demonstrated that Rotundifuran-induced ROS production could lead to 
cell apoptosis via suppressing the PI3K/Akt pathway in the cervical cancer cell model[35]. Another 
study also showed that inhibition of apoptosis was correlated with the ROS-mediated PI3K/Akt 
pathway in a streptozotocin-treated INS-1 cell model[24]. Based on the above findings, dysregulation of 
the PI3K/Akt signaling pathway supports the relationship between oxidative stress and apoptosis. The 
present experimental procedure also detected the effect of MgT administration on the PI3K/Akt 
pathway. According to the results from Western blotting, the PI3K/Akt pathways were downregulated 
in Aβ25-35-administrated HT22 cells and APP/PS1 mice, which were restored by MgT administration.

In light of the findings that MgT administration exhibited neuroprotective effects against oxidative 
stress and hippocampal neuronal apoptosis in this AD mouse model, which were the vital pathological 
mechanisms underlying the cognitive deficit of AD[3,36], the cognitive ability of MgT-treated APP/PS1 
mouse was measured. In this experiment, the results acquired from the Morris water maze test 
confirmed that MgT treatment ameliorated the cognitive deficit in this AD animal model, but the further 
mechanism underlying the memory protective effect of MgT needs to be further investigated.
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Figure 7 Magnesium-L-threonate administration regulated the neuronal apoptosis and mediated the expression of apoptotic-related 
proteins in APPswe/PS1dE9 mouse hippocampus. A, B: The apoptosis rate of hippocampal neuron of each group; C: Protein band images of B-cell 
lymphoma 2 (Bcl-2), Bcl-2-associated X (Bax) and glyceraldehyde-3-phosphate dehydrogenase of each group; D: The Bcl-2 protein expression level of each group; 
E: The Bax protein expression level of each group. n = 3. aP < 0.05, bP < 0.01, cP < 0.001 vs former group. MgT: Magnesium-L-threonate; TG: APPswe/PS1dE9 mice 
group; WT: Wild-type mice group; Bcl-2: B-cell lymphoma 2; Bax: Bcl-2-associated X; GAPDH: glyceraldehyde-3-phosphate dehydrogenase.

There are several limitations in this experiment. In this study, APP/PS1 mice were applied as the 
animal model of AD. Although this animal model was a typical and common model of AD and it could 
be employed to mimic the cognitive impairment and pathological changes of AD[16], it might not reflect 
all types of this disease. Therefore, it is necessary to conduct further explorations to validate the above-
mentioned effects of MgT on other types of Alzheimer’s disease, animal models of other neurodegen-
erative diseases and clinical trials.

CONCLUSION
It can be demonstrated in this study that MgT intervention has neuroprotective effects against oxidative 
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Figure 8 Magnesium-L-threonate treatment activated the phosphatidylinositol-3-kinase/protein kinase B pathway in APPswe/PS1dE9 
mouse hippocampus. A: Protein band images of phosphorylated (p)-phosphatidylinositol-3-kinase (PI3K), PI3K, p-protein kinase B (Akt), Akt and glyceraldehyde-
3-phosphate dehydrogenase of each group; B: The p-PI3K/PI3K ratio of each group; C: The p-Akt/Akt ratio of each group. n = 3. aP < 0.05, bP < 0.01, cP < 0.001 vs 
former group. MgT: Magnesium-L-threonate; PI3K: phosphatidylinositol-3-kinase; Akt: protein kinase B; GAPDH: glyceraldehyde-3-phosphate dehydrogenase; WT: 
Wild-type mice group; TG: APPswe/PS1dE9 mice group.

stress and hippocampal neuronal damage in Aβ25–35-treated HT22 cells and AD mouse model. Our study 
suggests a promising therapeutic agent for the amelioration of oxidative stress and hippocampal 
neuronal damage-associated neurodegenerative disorders.

ARTICLE HIGHLIGHTS
Research background
The increasing prevalence of Alzheimer’s disease (AD) in the elderly population has posed a huge 
financial and medical burden on the society. Effective methods to block the progression of the cognitive 
deterioration in AD patients are urgently required. As oxidative stress accounts for a pivotal role in the 
pathological mechanism of neurodegenerative diseases, including AD, anti-oxidative stress treatments 
may provide a promising therapeutic direction. Recent study had explored the anti-malondialdehyde 
effect of magnesium in vitro, however the potential anti-oxidative stress damage effect of Magnesium-L-
threonate (MgT) still remains to be verified.

Research motivation
This research investigated the suppressive effect of MgT against oxidative stress injury, thus developing 
a therapeutic reference basis for the future explorations.
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Research objectives
This research aimed to determine the neuroprotective effect of MgT against oxidative stress damage and 
explore the related mechanism which may bring a research foundation for the feasibility of MgT.

Research methods
As the cell and animal models, amyloid β (Aβ)25-35-treated HT22 cells and APPswe/PS1dE9 (APP/PS1) 
mice were treated with MgT administration. After the MgT administration, cell counting kit-8 detection 
was applied to analysis the viability of HT22 cells and the Morris Water Maze test was used to record 
the cognition of APP/PS1 mice. Reactive oxygen species (ROS) production of HT22 cells and cell 
apoptosis of both models were all quantified by using the flow cytometry assay. The expression of 
hypoxia-inducible factor (HIF)-1α, NADPH oxidase (NOX) 4, Aβ1-42, B-cell lymphoma 2 (Bcl-2), Bcl-2-
associated X (Bax) and phosphatidylinositol-3-kinase (PI3K)/protein kinase B (Akt) pathway proteins 
was quantified by Western blotting.

Research results
MgT effectively suppressed the HT22 cellular injury triggered by Aβ25-35-induced oxidative stress by 
elevating the viability, blocking the ROS formation and downregulating HIF-1α. MgT significantly 
ameliorated the impaired cognitive performance of APP/PS1 mouse and inhibited the upregulation of 
Aβ1-42, NOX4 and HIF-1α protein expression. In addition, MgT obviously suppressed the cell apoptosis, 
regulated apoptotic-related proteins and upregulated the PI3K/Akt pathway in both models. In future 
research, further explorations are required to confirm the above-mentioned effects of MgT in more 
disease models.

Research conclusions
This study demonstrates the protective effect of MgT against oxidative stress injury in Aβ25-35-treated 
HT22 cells and APP/PS1 mice.

Research perspectives
This study provides a promising therapeutic agent to ameliorate the oxidative stress damage-associated 
neurodegenerative diseases. More investigations to demonstrate this effect of MgT on other types of 
Alzheimer’s disease, in vivo models of other neurodegenerative diseases and clinical experiments are 
required in further research.
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Abstract
BACKGROUND 
In children and adolescents compared to adults, clinical high-risk of psychosis 
(CHR) criteria and symptoms are more prevalent but less psychosis-predictive 
and less clinically relevant. Based on high rates of non-converters to psychosis, 
especially in children and adolescents, it was suggested that CHR criteria were: 
(1) Pluripotential; (2) A transdiagnostic risk factor; and (3) Simply a severity 
marker of mental disorders rather than specifically psychosis-predictive. If any of 
these three alternative explanatory models were true, their prevalence should 
differ between persons with and without mental disorders, and their severity 
should be associated with functional impairment as a measure of severity.
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AIM 
To compare the prevalence and severity of CHR criteria/symptoms in children and adolescents of 
the community and inpatients.

METHODS 
In the mainly cross-sectional examinations, 8–17-year-old community subjects (n = 233) randomly 
chosen from the population register of the Swiss Canton Bern, and inpatients (n = 306) with 
primary diagnosis of attention-deficit/hyperactivity disorder (n = 86), eating disorder (n = 97), 
anxiety including obsessive–compulsive disorder (n = 94), or autism spectrum disorder (n = 29), 
not clinically suspected to develop psychosis, were examined for CHR symptoms/criteria. Positive 
items of the Structured Interview for Psychosis-Risk Syndromes (SIPS) were used to assess the 
symptomatic ultra-high-risk criteria, and the Schizophrenia Proneness Instrument, Child and 
Youth version (SPI-CY) was used to assess the 14 basic symptoms relevant to basic symptom 
criteria. We examined group differences in frequency and severity of CHR symptoms/criteria 
using χ2 tests and nonparametric tests with Cramer’s V and Rosenthal’s r as effect sizes, and their 
association with functioning using correlation analyses.

RESULTS 
The 7.3% prevalence rate of CHR criteria in community subjects did not differ significantly from 
the 9.5% rate in inpatients. Frequency and severity of CHR criteria never differed between the 
community and the four inpatient groups, while the frequency and severity of CHR symptoms 
differed only minimally. Group differences were found in only four CHR symptoms: 
suspiciousness/persecutory ideas of the SIPS [χ2 (4) = 9.425; P = 0.051, Cramer’s V = 0.132; and Z = -
4.281, P < 0.001; Rosenthal’s r = 0.184], and thought pressure [χ2 (4) = 11.019; P = 0.026, Cramer’s V = 
0.143; and Z = -2.639, P = 0.008; Rosenthal’s r = 0.114], derealization [χ2 (4) = 32.380; P < 0.001, 
Cramer’s V = 0.245; and Z = -3.924, P < 0.001; Rosenthal’s r = 0.169] and visual perception 
disturbances [χ2 (4) = 10.652; P = 0.031, Cramer’s V = 0.141; and Z = -2.822, P = 0.005; Rosenthal’s r = 
0.122] of the SPI-CY. These were consistent with a transdiagnostic risk factor or dimension, i.e., 
displayed higher frequency and severity in inpatients, in particular in those with eating, 
anxiety/obsessive–compulsive and autism spectrum disorders. Low functioning, however, was at 
most weakly related to the severity of CHR criteria/symptoms, with the highest correlation 
yielded for suspiciousness/persecutory ideas (Kendall’s tau = -0.172, P < 0.001).

CONCLUSION 
The lack of systematic differences between inpatients and community subjects does not support 
suggestions that CHR criteria/symptoms are pluripotential or transdiagnostic syndromes, or 
merely markers of symptom severity.

Key Words: Psychotic disorders; Risk assessment; Minors; Community; Inpatients; Psychosocial functioning
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Core tip: Clinical high-risk of psychosis (CHR) criteria and symptoms are more prevalent but less 
psychosis-predictive and clinically relevant in minors compared to adults, and, therefore, alternatively 
proposed as pluripotential, transdiagnostic risk factors, or severity markers of mental disorders. If any of 
these explanatory models were true, their prevalence should differ between 8–17-year-old community 
subjects (n = 233) and inpatients (n = 306), included in our study, and their severity should be associated 
with psychosocial functioning. Yet, CHR criteria and symptoms hardly differed between groups and were 
at most weakly associated with functioning. Consequently, our study did not support any alternative 
explanatory model of CHR criteria.
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INTRODUCTION
Delays in treatment of beginning or first psychosis in children and adolescents
Psychotic disorders are severe mental disorders with often chronic course that incur high costs and 
burden to both society and affected patients[1-4]. Since the 1980s, multiple retrospective studies 
reported an association of a negative outcome of first-episode psychosis with a longer duration of 
untreated – or rather, inadequately treated – first-episode psychosis, as well as with untreated illness, 
i.e., the untreated duration of both the initial prodrome and first-episode psychosis[5-8]. These negative 
effects of the duration of untreated psychosis or of untreated illness also occurred when patients had 
sought professional help for mental problems early but were not recognized as suffering from psychotic 
symptoms or a developing psychotic disorder[9]. Consequently, patients were treated for other, 
apparently more predominant complaints, frequently depressive or anxiety disorders[9]. Such delays in 
providing adequate treatment were further prolonged when the psychosis and/or the prodrome had an 
early onset in childhood and adolescence, that is, before age of 18 years[5,10,11]. This possibly explains 
the assumed inherent more negative course of early-onset compared to adult-onset psychoses[11]. 
Potential explanations of the longer duration of untreated psychosis and of untreated illness in children 
and adolescents with a psychotic disorder include the masking of the emergence of a psychotic disorder 
by other comorbid conditions such as substance abuse, depressive and anxiety syndromes, and a higher 
risk to overlook positive symptoms – especially if parents and primary care providers assume that the 
adolescents’ symptoms are the expression of a sort of adolescent crisis[11-13]. Additionally, insufficient 
awareness and training of the general and mental health network (pediatricians, general physicians, 
school psychologists, and child and adolescent psychiatrists) might result in failures to adequately and 
routinely assess psychotic symptomatology in adolescents[12]. Finally, the greater frequency of 
insidious-onset illness trajectories[10-12] may further impede a timely detection. Thus, it was concluded 
that children and adolescents with developing, or already manifest, psychotic disorders would require 
specific early detection strategies to reduce duration of untreated psychosis and of untreated illness, in 
order to improve long-term outcomes[12,13].

Early detection of psychosis – the clinical high-risk approach 
Based on findings regarding the negative effects of extended duration of untreated psychosis and of 
untreated illness, and the need to specifically intervene earlier in the course of illness, clinical high-risk 
for psychosis (CHR) criteria were gradually developed and initially validated in adult patient samples 
within the 1990s[14-17].

The two dominant current CHR approaches are the ultra-high-risk (UHR) approach developed to 
detect psychosis in the year before the onset of the first episode[16,17] and the basic symptom approach 
developed to detect signs of emerging psychosis as early as possible[14,15,18]. The UHR approach 
(Table 1) consists of three criteria, of which only the attenuated psychotic symptoms (APS) syndrome 
and the brief intermittent psychotic symptoms (BIPS) syndrome demonstrated sufficient psychosis-
predictive validity in meta-analyses[19,20]. The third criterion, combining genetic risk and functional 
deterioration, was not uniquely related to an elevated psychosis risk[19,20].

The basic symptom approach (Table 1) consists of two partly symptomatically overlapping criteria: 
Cognitive Disturbances (COGDIS) and Cognitive–Perceptive Basic Symptoms (COPER), of which 
COPER thus far did not demonstrate sufficient evidence in terms of sufficient number of studies[19].

Consequently, within the framework of the Guidance Project of the European Psychiatric Association 
(EPA), the APS and BIPS syndromes of the UHR approach and COGDIS of the basic symptom approach 
(henceforth: EPA criteria) were recommended for alternative use in the early detection of psychosis in 
the clinic[19]. While both the UHR and the basic symptom approach – irrespective of each other – 
performed equally well in predicting conversion to psychosis within 6 months to 2 years, at which time 
they were associated with a conversion rate of 20%–30%, the basic symptom criteria were associated 
with significantly higher conversion rates at longer observation times compared to the UHR criteria[19].

In clinical samples, however, CHR criteria were associated with a significantly lower risk of 
conversion to psychosis in children and adolescents compared to adults[19,21]. Furthermore, in the 
community, children and adolescents reported CHR symptoms and criteria more frequently compared 
to adults[22,23]. These findings suggested that APS and BIPS may be less clinically relevant below the 
age threshold of 16 years, while perceptual and cognitive basic symptoms may be less clinically relevant 
below the age threshold of 18 and 23 years, respectively [22,23].

Taken together, these findings emphasize a need to account for developmental aspects in the early 
detection of psychosis[12,13] and to improve the specificity of the CHR approach by adding other 
predictors, for example, in a stepwise manner[24].

Alternative explanatory models of clinical high-risk states
In light of the moderate conversion rates and an undisputed need for further improvement of CHR 
criteria as well as the reported various nonpsychotic outcomes of CHR patients[25,26], it was also 
argued that CHR criteria, in particular the APS and BIPS syndromes, would not be specific to the 
development of psychosis[27-30]. Rather, it was argued that these would represent a pluripotent 
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Table 1 Clinical high-risk criteria: (1) Ultra-high risk criteria in the definition of the criteria of psychosis-risk syndromes of the 
structured interview for Psychosis-Risk Syndromes, Structured Interview for Psychosis-Risk Syndromes[43] and (2) the basic 
symptom criteria in the definition of the Schizophrenia Proneness Instrument, Child and Youth version[44]

(1) Ultra-high risk criteria
Brief intermittent psychotic symptom (BIPS) syndrome

At least 1 of the following SIPS positive items scored 6 "severe and psychotic"

P1 Unusual thought content/delusional ideas

P2 Suspiciousness/persecutory ideas

P3 Grandiose ideas

P4 Perceptual abnormalities/hallucinations

P5 Disorganized communication

Symptoms reached a psychotic level of intensity in the past 3 mo

Present for at least several minutes per day at a frequency of at least once per month but less than required for rating of a conversion to psychosis, i.e., less 
than at least 1 h per day at an average frequency of 4 d/wk over 1 mo

Attenuated positive symptom (APS) syndrome

At least 1 of the 5 SIPS positive items (see above) scored 3 “moderate” to 5 “severe but not psychotic”

Symptoms have begun within the past year or currently rate one or more scale points higher compared to 12 mo ago

Symptoms have occurred at an average frequency of at least once per week in the past month

Genetic risk and functional deterioration syndrome

Patient meets criteria for schizotypal personality disorder according to SIPS

Patient has first-degree relative with a psychotic disorder

Patient has experienced at least 30% drop in the Global Assessment of Functioning score over the last month compared to 12 mo ago

[1 and 3] or [2 and 3] or all are met

(2) Basic symptom criteria

A general requirement for basic symptoms is that they deviate from what is considered the ‘normal’ self and, thus, have not always been present in the 
same severity

Cognitive–perceptive basic symptoms (COPER)

At least 1 of the following basic symptoms scored 3 “weekly occurrences” to 6 “daily occurrences” within the past 3 mo: thought interference; thought 
perseveration; thought pressure; thought blockages1; disturbance of receptive speech; decreased ability to discriminate between ideas and perception, 
fantasy and true memories; unstable ideas of reference; derealization; visual perception disturbances (excl. hypersensitivity to light or blurred vision); 
acoustic perception disturbances (excl. hypersensitivity to sounds); first occurrence ≥ 12 mo ago

Cognitive disturbances (COGDIS)

At least 2 of the following basic symptoms scored 3 “weekly occurrences” to 6 “daily occurrences” within the past 3 mo: inability to divide attention; 
thought interference; thought pressure; thought blockages1; disturbance of receptive speech; disturbance of expressive speech; unstable ideas of reference; 
disturbances of abstract thinking1; captivation of attention by details of the visual field

1Assessable only from age of 13 yr onwards.

syndrome[27,28], a transdiagnostic risk factor[29], a transdiagnostic dimension of psychopathology[30], 
or merely a marker for the severity of nonpsychotic states[30]. Despite them frequently being used in 
synonym[29], pluripotential and transdiagnostic relate to different concepts.

Being derived from biology and initially applied to (embryonic) cells, pluripotent is defined as “not 
fixed as to potential development”, and used to describe precursor cells that are only found in early 
embryonic states[31]. Thus, translated to psychiatric disorders, a pluripotential syndrome would be the 
first diagnostically neutral stage of potentially more severe psychopathology, which only later would 
acquire a degree of diagnostic specificity[27,28]. In this case, similar to embryonic pluripotent cells, a 
CHR state would completely transform into another disorder in that it would not be recognizable 
anymore. Examples are APS that will not be detectable once they have been transformed into frank 
psychotic symptoms, i.e., after the conversion to psychosis.

In contrast, transdiagnostic risk factors would be distributed across the community and would be 
present in various disorders, in which they would still be assessable, and mediate the association 
between environmental exposures and disorders[32]. Similarly, a transdiagnostic dimension of psycho-
pathology may be present in various disorders but not at all or only in very mild subclinical forms in the 
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community outside states of mental ill health. In these cases, CHR symptoms would develop in the 
wake of other mental problems.

Lastly, a severity marker of psychopathology would be generally present in mental disorders, in 
which it would be most pronounced or frequent in those with severe mental disorders and/or most 
functional impairment due to their mental problems. Furthermore, it would be more frequent in acute 
states of illness compared to (partly) remitted states. In this case, CHR symptoms and criteria should be 
increasingly present with declining functioning.

Mental problems in childhood and adolescence often lack continuity into adulthood[33] and 
specificity for mental disorders[34], and frequently present as insidious onset of disorders, initially with 
mild forms of mental problems[12,35]. Consequently, children and adolescents represent an excellent 
age group to study the nature of symptoms and syndromes, such as CHR symptoms and criteria[36], 
and in particular, to study which of the three alternative models best fits the data.

Study aims
The aim of this study was to examine which of these alternative explanatory models of CHR criteria and 
symptoms – pluripotential syndrome, transdiagnostic risk factor/dimension, and severity marker – best 
fits the data of an age group in which CHR criteria and symptoms are likely the least psychosis-specific
[19,21]. To that end, we cross-sectionally studied the frequency of CHR criteria and symptoms in an 
8–17-year-old randomly recruited sample of the Swiss community and in 8–17-year-old inpatients 
whose main diagnosis was a disorder that, earlier, had been longitudinally associated with an elevated 
risk to develop psychosis in adulthood[36,37] (Supplementary Table 1). The three alternative expla-
natory models were associated with in the following differential premises: (1) In the case of the CHR 
criteria and symptoms acting as a pluripotential syndrome, these should not be detectable after the 
onset of severe mental disorder, i.e., after their transformation in a diagnostically specific disorder in the 
inpatient group. Rather, CHR criteria and symptoms should still be detectable as a potential precursor 
state in the community subjects of that roughly a third must be expected to develop a mental disorder in 
their lifetime[39]. Consequently, if CHR criteria and symptoms would be more frequent in community 
subjects compared to inpatients, then they are likely pluripotential; (2) In the case of CHR criteria and 
symptoms representing a transdiagnostic risk factor or dimension, they would be expected to 
accumulate in the extreme range of persons with mental disorders. Thus, if CHR criteria and symptoms 
would be more frequent in the inpatients compared to community subjects, then they likely represent a 
transdiagnostic risk factor or dimension; and (3) Lastly, in the case of CHR criteria and symptoms being 
a severity marker of psychopathology, they should be associated with illness severity and, relatedly, the 
degree of functional impairment. Consequently, if CHR criteria and symptoms would show a significant 
negative correlation with functioning, then they likely represent a severity marker of psychopathology.

MATERIALS AND METHODS
Sample description
We recruited the samples as part of the multicenter naturalistic ‘Bi-national Evaluation of At-Risk 
Symptoms in children and adolescents’ (BEARS-Kid) study between September 2013 and December 
2017. Recruitment of inpatients took place at the Child and Adolescent Psychiatric Departments of the 
Universities of Bern, Switzerland, Zurich, Switzerland, and Cologne, Germany; recruitment of 
community subjects was exclusively carried out in Bern. General inclusion criteria were: age between 
8.0 and 17.9 years, and sufficient language skills in German or English. General exclusion criteria were: 
past or present diagnosis of a psychotic disorder; current antipsychotic medication; a clinical indication 
of an IQ ≤ 70; presence of disturbance due to the direct physiological effects of a general medical 
condition or of substance use; and clinical suspicion of an emerging psychosis and, consequently, 
consultation of the local early detection service. Because co-occurrence of mental disorders is rather the 
rule than the exception in patients with mental disorders, in clinical as well as in community samples
[40,41], we did not use (co-) morbidities with mental disorders as an exclusion criterion in either the 
inpatient and community sample in order not to limit representativeness.

For the recruitment of a representative community sample, the Agency for Informatics and 
Organization of the Canton Bern randomly drew a sample (including addresses) stratified for age and 
sex from the population register of the city of Bern and its urban hinterland (approximately 200 000 
residents). Subsequently, we searched directories and the Internet for telephone numbers. The 
availability of a working telephone number served as an eligibility criterion in this group. We 
established first contact by an information letter, personally addressing each potential participant and 
his/her parents. Next, we contacted parents and/or their children by telephone, informed them in 
detail, and asked them to give written informed consent and assent. In children below age 16.0 years, 
we contacted parents first. Nine hundred and eighty persons were drawn from the register, for 176 of 
them, we could not ascertain a working telephone number, and 41 persons were drawn twice. Of the 
remaining 763 persons, 234 agreed to participate, yet one person later on withdrew consent. A total of 
353 did not agree to participate, mainly for lack of interest (35.6%) or time (35.9%). We excluded 52 
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persons because they had reached 18 years old by the time contact was made (53.9%), had moved away 
from the greater Bern area (32.7%), or lacked the ability to participate in the study for language or 
physical health reasons (13.5%). With 124 persons, all attempts (at least 40) to reach them on the 
telephone remained fruitless. Thus, according to the standard definitions of the American Association 
for Public Opinion Research[42], the contact rate was 82.7%, the cooperation rate was 39.9%, the refusal 
rate was 49.2%, and the response rate was 32.6%.

The inpatient sample was recruited in all three participating centers during their inpatient stay or 
during their subsequent day clinic stay; seven inpatients (2.3%) had been strongly advised to undergo 
inpatient treatment but had refused. For inclusion, the main diagnosis according to the 4th edition of the 
Diagnostic and Statistical Manual of Mental Disorders, DMS-IV[38] had to be one for which Rubino et al
[37] had reported at least a 2.5 times increased prevalence of subsequent schizophrenia (Supple
mentary Table S1): attention deficit hyperactivity disorder (ADHD) (inattentive, hyperactive and 
impulsive subtype); anxiety disorders (social and severe specific phobia, mainly school phobia); 
obsessive–compulsive disorder; and eating disorder (anorexia and bulimia nervosa). Additionally, we 
included patients with Asperger’s syndrome, which had not been considered by Rubino et al[37] but has 
been recognized explicitly as a developmental disorder with an increased risk of psychotic episodes in 
young adulthood in DSM-IV[38]. We recruited 539 inpatients, 97 with eating disorders, 86 with ADHD, 
94 with anxiety and obsessive–compulsive disorders, and 29 with Asperger’s syndrome.

We followed up 423 subjects (78.5%) after 1 year; 243 inpatients, 23 (9.5%) with a CHR criterion at 
baseline; and 180 community subjects, 15 (8.3%) with a CHR criterion at baseline. A total of 331 subjects 
(61.4%) participated in the 2-year follow-up; 189 inpatients, 16 (8.5%) with a CHR criterion at baseline, 
and 142 community subjects, 10 (7.0%) with a CHR criterion at baseline.

Clinical high-risk assessments
We used well-established semistructured interview assessments to assess CHR criteria and symptoms, 
which had demonstrated good inter-rater reliability in trained raters[43-45]. The Structured Interview 
for Psychosis-Risk Syndromes (SIPS)[43], including a revised version of the Global Assessment of 
Functioning scale, was carried out for the evaluation of the five APS and BIPS (Table 1) as well as the 
genetic risk and functional decline criterion of the UHR criteria in the SIPS definition of the Criteria of 
Psychosis-Risk Syndromes (COPS) (Table 1). The five criteria-relevant positive items of the SIPS are 
syndromally rated for psychopathological severity on a seven-point Likert scale, ranging from 0 (not 
present) to 6 (severe and psychotic). In doing so, APS are defined by any SIPS positive item with a score 
between 3 and 5, and BIPS by any SIPS positive item with a score of 6. We rated a SIPS-positive item as 
present when its score was 3–6. We calculated the sum score of the five positive items across all scores 
(0–6) as a severity estimate of symptomatic UHR criteria.

We used the Schizophrenia Proneness Instrument, Child and Youth version, SPI-CY[44,45] for the 
evaluation of the 14 basic symptoms included in COPER and COGDIS (Table 2). Basic symptoms were 
rated for their severity according to their frequency of occurrence on a seven-point Likert scale, ranging 
from 0 (not present) to 6 (present daily). We rated basic symptoms as present when their score was 1–6. 
We calculated the sum scores of the nine basic symptoms included in COGDIS and of the 10 basic 
symptoms included in COPER as a severity estimate of COGDIS and COPER, respectively.

Basic symptoms included in COPER and COGDIS differ from APS/BIPS as defined by a score of 3 on 
the SIPS-positive items by the more immediate insight into basic symptoms that results from the lack of 
externalization or of their consideration of possibly being meaningful, and from the immediate control 
of these[14,15,44,45]. Thus, other than in attenuated hallucinations or illusions (SIPS positive item P4), 
which are at least briefly perceived as true perceptions of existence, real stimuli [43], in perceptual basic 
symptoms, the misperceived real object or sound is not considered as a true change of the stimulus for 
even a split-second[44]. Rather, the insight into the pathological nature of the misperceptions of features 
of a real object or sound is immediate and complete, and thus, contrary to APS, perceptual basic 
symptoms are not puzzling to the degree that they are considered to indicate a meaningful change in 
the surroundings[43], apart from a change in one’s own mental processes[44]. With this, perceptual 
basic symptoms rate 1–2 in the SIPS positive item P4, i.e., as sensitivity or perceptual changes that are 
noticed but not considered to be significant in terms of what is going on in the world[43]. Furthermore, 
cognitive basic symptoms are not related to thought content and, consequently, are not rated as any 
unusual thought content or attenuated delusional idea on SIPS positive items P1–P3. Additionally, for 
their immediate recognition as unusual, commonly brief disruptions in normal thought processing[44], 
cognitive basic symptoms rarely impair the individual’s own way of structuring and verbally 
presenting thoughts in terms of conceptual disorganization (SIPS positive item P5), i.e., by talking about 
irrelevant topics or going off track to a degree that is unusual to the individual[43]. Moreover, the basic 
symptoms derealization and unstable idea of reference are only “as if” feelings with full reality testing and 
no (temporary) consideration as realistic ideas or of meaningfulness[44]; thus, they differ from 
attenuated nihilistic ideas or attenuated ideas of reference that are scored at APS-level in the SIPS 
positive item P1 – or in P2, if the idea of reference has a paranoid touch[43]. Finally, impaired discrim-
ination between ideas and perception in terms of basic symptoms always occurs with real stimuli or 
memories of real events that are briefly considered as possible phantasies[44]; thus, it does not even 
briefly introduce unusual ideas as required for an attenuated delusion[43] and, for this reason, also rates 

https://f6publishing.blob.core.windows.net/5f1d78fb-1e6e-4757-8209-1cde755dbe2e/WJP-12-425-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/5f1d78fb-1e6e-4757-8209-1cde755dbe2e/WJP-12-425-supplementary-material.pdf


Schultze-Lutter F et al. CHR criteria in children and adolescents

WJP https://www.wjgnet.com 431 March 19, 2022 Volume 12 Issue 3

Table 2 Sociodemographic and clinical characteristics of the sample (n = 539)

Inpatients (n = 306) Community subjects (n = 
233) Statistics; effect size

Age: mean ± SD (Median) 14.4 ± 2.5 (14.9) 13.0 ± 2.9 (12.9) U = 26032.5, cP < 0.001: r = 0.231

Sex: n (%) male 133 (43.5) 102 (43.8) χ² (1) = 0.013, P = 0.908; V = 0.005

Migration background1: n (%) 52 (17.0) 64 (27.5) χ² (1) = 8.593, bP = 0.003; V = 0.126

Graduated from school: n (%) 28 (9.2) 15 (6.4) χ² (1) = 1.326, P = 0.250; V = 0.050

Current school class (n = 491): mean ± SD 7.5 ± 2.5 (8) 6.2 ± 2.6 (6) U = 20894.5, cP < 0.001; r = 0.253

Family history of psychotic disorder: n (%) 4 (1.3) 1 (0.4) χ² (1) = 1.105, Pexact = 0.396, V = 
0.045

Any lifetime nonpsychotic axis-I disorder2: n (%) 306 (100) 22 (9.4) χ² (1) = 455.368, cP < 0.001; V = 
0.919

Any present nonpsychotic axis-I disorder2: n (%) 306 (100) 13 (5.6) χ² (1) = 488.187, cP < 0.001; V = 
0.952

Number present axis-I disorders2: mean ± SD (Median) 1.5 ± 0.7 (1) 0.1 ± 0.3 (0) U = 1499.5, cP < 0.001; r = 0.883

Any present depressive disorder: n (%) 55 (18.0) 0 χ² (1) = 46.638, cP < 0.001; V = 
0.294

Any present manic episode3: n (%) 0 1 (0.4) χ² (1) = 1.316, P = 0.251; V = 0.049

Any present anxiety disorder2: n (%) 68 (22.2) 2 (0.9) χ² (1) = 53.426, cP < 0.001; V = 
0.315

Any present obsessive–compulsive disorder: n (%) 35 (11.4) 1 (0.4) χ² (1) = 25.720, cP < 0.001; V = 
0.218

Any present adjustment disorder: n (%) 3 (1.0) 0 χ² (1) = 2.297, P = 0.262; V = 0.065

Any present eating disorder: n (%) 98 (32.0) 0 χ² (1) = 91.203, cP < 0.001; V = 
0.411

Any present somatoform disorder: n (%) 4 (1.3) 0 χ² (1) = 3.069, P = 0.137; V = 0.075

Any present substance use disorder: n (%) 4 (1.3) 2 (0.9) χ² (1) = 0.242, P = 0.623; V = 0.021

Any present tic disorder: n (%) 9 (2.9) 0 χ² (1) = 6.969, bP = 0.008; V = 0.114

Any present attention deficit hyperactivity disorder: n 
(%)

103 (33.7) 7 (3.0) χ² (1) = 76.532, cP < 0.001; V = 
0.377

Any present conduct disorder: n (%) 18 (5.9) 2 (0.9) χ² (1) = 9.345, bP = 0.002; V = 0.132

Any present developmental disorder: n (%) 31 (10.1) 0 χ² (1) = 25.045, cP < 0.001; V = 
0.216

Global Assessment of Functioning score (0-100): mean ± 
SD (Median)

52.3 ± 8.8 (53) 81.0 ± 10.0 (85) U = 1516.0, cP < 0.001; r = 0.819

SOFAS (0-100): mean ± SD (Median) 60.0 ± 11.0 (60) 84.3 ± 7.9 (88) U = 3001.5, cP < 0.001; r = 0.786

1defined by first or second nationality other than the country of residence;
2does not include simple specific phobias of objects with little functional relevance but includes severe specific phobias such as school phobia;
3no participant met criteria of a bipolar disorder at baseline. SOFAS: Social and Occupational Functioning Assessment Scale[42]. V: Cramer’s V; r: 
Rosenthal’s r: 0.1 = weak effect; 0.3 = moderate effect; 0.5 = strong effect.

at most 2 on the SIPS positive item P1.

Assessments of mental disorders and functioning 
We used the Mini-International Neuropsychiatric Interview for Children and Adolescents, M.I.N.I. KID
[46] for the assessment of past and present mental disorders according to the DSM-IV, including past 
and present affective or nonaffective psychotic disorders that served as exclusion criterion. The M.I.N.I. 
KID had demonstrated good construct validity with other interview assessments of DSM-IV disorders 
and expert diagnoses as well as good inter-rater and test–retest reliability[46].

We estimated symptom-independent current and highest-within-last-12-mo global levels of 
psychosocial functioning using the Social and Occupational Functioning Assessment Scale (SOFAS) of 
DSM-IV[38]. We used SOFAS scores to define functioning in the analyses of the correlation between 
severity of mental disorders and CHR symptoms and criteria.
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Assessment procedure and quality assurance
We conducted the baseline assessments of inpatients in the clinic, and community participants could 
choose between being assessed in the clinic or at their homes, mostly choosing the latter. Thus, we could 
not blind raters to the group assignment. Therefore, in order to avoid systematic assessment bias due to 
this nonblinding of groups, interviewers were restricted to the assessment of either the inpatient or the 
community sample. Interviewers were clinical psychologists who had received an intensive training for 
about 3 months, especially in the semistructured context-dependent personalized assessment of CHR 
symptoms and mental disorders, in order to achieve a ≥ 95% concordance rate with the trainers (in all 
instances the first or the last author). Only when an interviewer had achieved this level of agreement 
with the experts, they were allowed to conduct interviews independently. We had chosen the 
concordance rate over Cohen’s kappa, because kappa is dependent on the prevalence of an event[47] 
and tends to decrease when a response/event is rare or very frequent. Thus, because low prevalence 
rates were expected for the community sample in particular, we chose the concordance rate to define the 
minimum inter-rater reliability[48,49]. In the training, we paid close attention not only to the validity 
and reliability of positive ratings but also to those of negative ratings, i.e., to not jump to a negative 
rating at the first negation of a symptom. Weekly supervision of symptom ratings performed by the first 
or last author further ensured excellent, valid and reliable data quality across centers.

At 1- and 2-year follow-ups, we interviewed participants for CHR symptoms and criteria as well as 
conversion to psychosis using the SPI-CY, SIPS and psychoses section of the M.I.N.I. KID. Potential 
conversions were also discussed in the weekly supervisions.

Data analysis
We used SPSS version 24 for all analyses that the first and last author, both trained in biostatistics, 
conducted. We compared frequency rates of CHR symptoms and criteria between groups by χ² test or 
Fisher’s exact tests in case of expected cell frequencies below n = 5 in 2 × 2 tables. Standardized residuals 
were used to detect significantly deviating cell frequencies of standardized residuals ≥|1.96|; the effect 
size was calculated using Cramer’s V.

We compared the severity of the ordinal CHR symptoms and criteria as well as the ordinal level of 
functioning as assessed with the SOFAS, which were all non-normally distributed (Kolmo-
gorov–Smirnov test: all P < 0.001), between groups using Kruskal–Wallis with post-hoc Mann–Whitney 
U tests; the effect size of the Mann–Whitney U tests was calculated using Rosenthal’s r.

We analyzed the correlations between severity of CHR symptoms and criteria, and functioning using 
Kendall’s tau, which controls for tied pairs, and, additionally, using partial correlation analyses with 
group as the control variable.

To not decrease the sensitivity to detect group differences and, thus, to support one of the alternative 
explanatory models of the CHR state, we did not adjust for multiple testing. Although such an 
adjustment of the alpha level would have greatly reduced the type I error, i.e., the false rejection of a 
true null hypothesis, the detection of meaningful small to moderate group differences would have 
become unlikely[50]. Thus, in light of this, the nonadjustment of alpha was regarded as a more conser-
vative testing of the alternative models. Additionally, testing for group differences in CHR criteria and 
symptoms independently (weak testing criterion[50]), the power of the study, the ability to correctly 
reject a false null hypothesis assuming group equality, can be assumed to be independent of the 
multiple testing[50]. At a given alpha of 0.05, a sample size of n = 539 in two or five groups, and an 
assumed small to medium effect of 0.2, G*Power version 3.1. estimated the power of the different group 
comparisons of frequency or severity of CHR criteria and symptoms between 0.911 and 0.997.

RESULTS
Group characteristics
Inpatients and community subjects did not differ in distribution of sex, family history of psychotic 
disorder, or number of those already graduated from school (Table 2). However, inpatients were 
slightly older and, when still at school, attended a higher school class. Furthermore, we detected a small 
effect of migration background with higher frequency in the community sample. Unsurprisingly, we 
detected strong group effects for clinical variables, demonstrating that, compared to community 
subjects, inpatients suffered more frequently from mental disorders and had a lower level of functioning 
(Table 2).

Group differences in frequency of CHR symptoms and criteria
Neither inpatients nor community subjects reported any BIPS. Furthermore, the genetic risk and 
functional decline syndrome was rare and only occurred in two inpatients, without reaching a level of 
significance (Table 3). Also, we detected only at most weak and nonsignificant group effects with 
respect to all other single or combined CHR criteria, which, overall, were reported by < 10% of both 
samples (Table 3). In doing so, the most frequent CHR criterion was COPER (Table 3). We found similar 



Schultze-Lutter F et al. CHR criteria in children and adolescents

WJP https://www.wjgnet.com 433 March 19, 2022 Volume 12 Issue 3

Table 3 Frequency of clinical high-risk criteria in the two groups (n = 539)

Inpatients (n = 306) Community subjects (n = 233) χ² test; Cramer’s V

BIPS syndrome: n (%) 0 0 -- 

APS syndrome: n (%) 7 (2.3) 5 (2.1) χ² (1) = 0.012; P = 0.912, V = 0.005

Genetic risk and functional decline 
syndrome: n (%)

2 (0.6) 0 χ² (1) = 1.529; Pexact = 0.508, V = 0.053

COGDIS: n (%) 10 (3.3) 4 (1.7) χ² (1) = 1.258; P = 0.262, V = 0.048 

COPER: n (%) 21 (6.9) 10 (4.3) χ² (1) = 1.613; P = 0.204, V = 0.055

Any 1 of 5 CHR criteria: n (%) 29 (9.5) 17 (7.3) χ² (1) = 0.806; P = 0.369, V = 0.039

Any 1 of 3 EPA criteria: n (%) 15 (4.9) 9 (3.9) χ² (1) = 0.336; P = 0.562, V = 0.025

No CHR criterion: n (%) 277 (90.5) 216 (92.7)

Only genetic risk and functional decline: n 
(%)

2 (0.7) 0

Only COPER: n (%) 12 (3.9) 8 (3.4)

Only COGDIS: n (%) 2 (0.7) 2 (0.9)

COPER and COGDIS: n (%) 6 (2.0) 2 (0.9)

Only APS: n (%) 4 (1.3) 5 (2.1)

APS and COPER: n (%) 1 (0.3) 0

APS, COPER and COGDIS: n (%) 2 (0.7) 0

χ² (7) = 5.676; P = 0.578, V = 0.103

BIPS: Brief intermittent psychotic symptoms; APS: Attenuated psychotic symptoms; COGDIS: Cognitive Disturbances; COPER: Cognitive–Perceptive Basic 
Symptoms; EPA: European Psychiatric Association. V: Cramer’s V: 0.1 = weak effect; 0.3 = moderate effect; 0.5 = strong effect.

results when we compared frequencies of CHR criteria across the different inpatient groups and 
community subjects (Table 4); thus, these results did not indicate that CHR criteria were especially 
associated with any of the four diagnostic categories.

Between inpatients and community subjects, we detected differences of weak effect size with respect 
to CHR symptoms for only three basic symptoms, two of them only included in COPER 
(Supplementary Table 2): (1) Pressure of thought (8.5% in inpatients vs 3.0% in community subjects; 
Cramer’s V = 0.113, yet, all standardized residuals < |1.96|); (2) Derealization (11.4% in inpatients vs 
2.6% in community subjects; Cramer’s V = 0.165, both standardized residuals of symptom present 
>|1.96|), and (3) Visual perception disturbances (11.4% in inpatients vs 4.7% in community subjects; 
Cramer’s V = 0.119, standardized residuals of symptom present in community subjects >|1.96|).

When we considered the different diagnostic categories, we found some additional, yet unsystematic 
group differences - often only at single cell level in terms of a significant standardized residual (Tables 5 
and 6). The strongest, near moderate group effect yielded for derealization, which showed an increased 
prevalence in eating disorders, and anxiety and obsessive-compulsive disorders, and a decreased 
prevalence in community subjects (Table 5). All other effect sizes of group comparisons with at least one 
significant standardized residual of any cell were only small (Tables 5 and 6). Visual perception 
disturbances were again significantly less frequent in community subjects (Table 5). Thought pressure and 
impaired discrimination between ideas and true memories, and phantasy were only more prevalent in anxiety 
and obsessive-compulsive disorders, thought interference and captivation of attention in Asperger’s 
syndrome, and unstable ideas of reference in eating disorders (Table 5). With regard to APS, unusual 
thought content / delusional ideas (SIPS positive item P1) were most frequent in anxiety and obsessive-
compulsive disorders (Table 6), which was mainly due to frequent report of thought insertion and 
broadcasting as well as unusual, somatic and nihilistic ideas at attenuated level. Furthermore, patients with 
Asperger’s syndrome most frequently reported suspiciousness/persecutory ideas (SIPS positive item P2), 
mainly attenuated ideas of being redlined or observed (Table 6). Of all CHR symptoms, both inpatients and 
community subjects most frequently reported perceptual abnormalities/hallucinations (SIPS positive item 
P4) (Table 6).

Group differences in severity of CHR symptoms and criteria
The severity of CHR criteria and symptoms hardly differed between inpatients and community subjects 
(Table 7). Only the sum score of the ten basic symptoms of COPER, the single basic symptoms thought 
pressure, derealization and visual perception disturbances as well as the SIPS positive item suspiciousness/ 
persecutory ideas (P2) were significantly more severe in inpatients (Table 7). Again, more indications of 
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Table 4 Frequency of clinical high-risk criteria in the four diagnostic subsamples and the community sample (n = 539)

ED (n = 97) ADHD (n = 86) AnxD and OCD 
(n = 94) ASS (n = 29) Community subjects 

(n = 233) χ² test; Cramer’s V

APS syndrome: n (%) 4 (4.1) 0 3 (3.2) 0 5 (2.1) χ² (4) = 4.632; P = 0.327, 
V = 0.093 

Genetic risk and 
functional decline 
syndrome: n (%)

0 1 (1.2) 1 (1.1) 0 0 χ² (4) = 4.016; P = 0.404, 
V = 0.086 

COGDIS: n (%) 4 (4.1) 2 (2.3) 4 (4.3) 0 4 (1.7) χ² (4) = 3.427; P = 0.489, 
V = 0.080

COPER: n (%) 9 (9.3) 3 (3.5) 8 (8.5) 1 (3.4) 10 (4.3) χ² (4) = 5.558; P = 0.235, 
V = 0.102

Any 1 of 5 CHR criteria: n 
(%)

11 (11.3) 5 (5.8) 12 (12.8) 1 (3.4) 17 (7.3) χ² (4) = 5.369; P = 0.252, 
V = 0.100

Any 1 of 3 EPA criteria: n 
(%)

7 (7.2) 2 (2.3) 6 (6.4) 0 9 (3.9) χ² (4) = 5.022; P = 0.285, 
V = 0.097

No CHR criterion: n (%) 86 (88.7) 81 (94.2)1 82 (87.2) 28 (96.6) 216 (92.7)

Only genetic risk and 
functional decline: n (%)

0 1 (1.2) 1 (1.1) 0 0

Only COPER: n (%) 4 (4.1) 2 (2.3) 5 (5.3) 1 (3.4) 8 (3.4) 1

Only COGDIS: n (%) 0 1 (1.2) 1 1 (1.1) 0 2 (0.9)

COPER and COGDIS: n 
(%)

3 (3.1) 1 (1.2) 2 (2.1) 0 2 (0.9)

Only APS: n (%) 2 (2.1) 0 2 (2.1) 0 5 (2.1)

APS and COPER: n (%) 1 (1.0) 0 0 0 0

APS, COPER and 
COGDIS: n (%)

1 (1.0) 0 1 (1.1)1 0 0

χ² (28) = 20.675; P = 
0.839, V = 0.098

1Indicates that 1 subject of this category converted to psychosis within 2 years. No brief intermittent psychotic symptoms (BIPS) criteria met. ED: Eating 
disorder; ADHD: attention-deficit hyperactivity disorder; AnxD and OCD: anxiety disorder, including obsessive-compulsive disorder; ASS: Asperger’s 
syndrome; APS: attenuated psychotic symptoms; COGDIS: Cognitive Disturbances; COPER: Cognitive-Perceptive Basic Symptoms: EPA: European 
Psychiatric Association; CHR: Clinical high-risk. V: Cramer’s V: 0.1 = weak effect; 0.3 = moderate effect; 0.5 = strong effect.

group differences were globally indicated when diagnostic groups were analyzed separately in 
Kruskal–Wallis tests (Table 8). The sum scores of SIPS positive items and of the basic symptoms of 
COPER, the basic symptoms captivation of attention by details of the visual field, thought pressure, dereal-
ization and visual perception disturbances as well as the SIPS positive items unusual thought 
content/delusional ideas (P1) and suspiciousness/persecutory ideas (P2) significantly differed between groups 
(Table 8). Mann–Whitney tests of these variables (Supplementary Table 3) revealed that the severity of 
the basic symptoms of COPER was higher in eating disorders than in both ADHD and community 
subjects, higher in anxiety and obsessive–compulsive disorders than in ADHD and community subjects, 
and more pronounced in Asperger’s syndrome compared to community subjects. The severity scores of 
the five SIPS positive items and of unusual thought content/delusional ideas (P1) were significantly higher 
in anxiety and obsessive-compulsive disorders compared to eating disorders, ADHD and community 
subjects. Captivation of attention by details of the visual field was significantly more pronounced in 
Asperger’s syndrome compared to eating disorders, but less pronounced in Asperger’s syndrome 
compared to ADHD; furthermore, it was more severe in anxiety and obsessive–compulsive disorders 
compared to community subjects. Thought pressure only differed between eating disorders and 
community subjects, with higher score in the former. Severity ratings of derealization were higher in 
eating disorders than in community subjects, and higher in anxiety and obsessive-compulsive disorders 
compared to both ADHD and community subjects. Visual perception disturbances scored higher in eating 
disorders, anxiety and obsessive–compulsive disorders, and Asperger’s syndrome than in community 
subjects. Finally, ratings of suspiciousness/persecutory ideas (SIPS positive item P2) were higher in eating 
disorders than in community subjects, higher in anxiety and obsessive–compulsive disorders compared 
to community subjects as well as to ADHD, in which it was higher than in Asperger’s syndrome; 
further, they were more severe in Asperger’s syndrome compared to community subjects.

https://f6publishing.blob.core.windows.net/5f1d78fb-1e6e-4757-8209-1cde755dbe2e/WJP-12-425-supplementary-material.pdf
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Table 5 Frequency of criteria-relevant basic symptoms in the four diagnostic subsamples and the community sample (n = 539)

ED (n = 97) ADHD (n = 86) AnxD and OCD 
(n = 94) ASS (n = 29) Community subjects 

(n = 233) χ² test; Cramer’s V

Inability to divide attention: n 
(%)

1 (1.0) 0 2 (2.1) 0 0 χ² (4) = 6.534; P = 0.163, 
V = 0.101 

Captivation of attention: n (%) 0 0 1 (1.1) 2 (6.9) 4 (1.7) χ² (4) = 9.855; aP = 
0.043, V = 0.135 

Disturbance of abstract thinking1: 
n (%)

0 0 0 0 2 (1.3) χ² (4) = 3.129; P = 0.536, 
V = 0.088 

Disturbance of expressive 
speech: n (%)

5 (5.2) 3 (3.5) 5 (5.3) 2 (6.9) 15 (5.6) χ² (4) = 0.752; P = 0.945, 
V = 0.037 

Disturbance of receptive speech: 
n (%)

1 (1.0) 1 (1.2) 3 (3.2) 0 1 (0.4) χ² (4) = 5.013; P = 0.286, 
V = 0.096 

Thought interference: n (%) 2 (2.0) 1 (1.2) 3 (3.2) 3 (10.3) 5 (2.1) χ² (4) = 8.009; P = 0.091, 
V = 0.122 

Thought blockages1: n (%) 9 (10.0) 5 (11.1) 8 (9.2) 2 (9.1) 13 (8.3) χ² (4) = 0.403; P = 0.982, 
V = 0.032 

Thought pressure: n (%) 8 (8.2) 4 (4.7) 11 (11.7) 3 (10.3) 7 (3.0) χ² (4) = 11.019; aP = 
0.026, V = 0.143 

Unstable ideas of reference: n (%) 3 (3.1) 0 1 (1.1) 0 1 (0.4) χ² (4) = 6.673; P = 0.154, 
V = 0.111 

Thought perseveration: n (%) 0 2 (2.3) 3 (3.2) 1 (3.4) 3 (1.3) χ² (4) = 3.964; P = 0.411, 
V = 0.086 

Impaired discrimination between 
true memories and phantasy: n 
(%)

1 (1.0) 1 (1.2) 6 (6.4) 0 7 (3.0) χ² (4) = 7.310; P = 0.120, 
V = 0.116 

Derealization: n (%) 17 (17.5) 2 (2.3) 14 (14.9) 2 (6.9) 6 (2.6) χ² (4) = 32.380; cP < 
0.001, V = 0.245 

Visual perception disturbances: n 
(%)

13 (13.4) 7 (8.1) 10 (10.6) 5 (17.2) 11 (4.7) χ² (4) = 10.652; aP = 
0.031, V = 0.141 

Acoustic perception 
disturbances: n (%)

12 (12.4) 6 (7.1) 10 (10.6) 2 (6.9) 17 (7.3) χ² (4) = 3.063; P = 0.547, 
V = 0.075 

1Assessable only from age of 13 years onwards, thus only calculated on n = 404. ED: Eating disorder; ADHD: Attention-deficit hyperactivity disorder; 
AnxD and OCD: anxiety disorder, including obsessive-compulsive disorder; ASS: Asperger’s syndrome. In bold, cells with standardized residuals ≥ 
|1.96|. This equals significant deviation from the expected cell frequency. V: Cramer’s V: 0.1 = weak effect; 0.3 = moderate effect; 0.5 = strong effect.

Association of functioning with CHR symptoms and criteria 
In both bivariate and partial correlation analyses, correlations between functioning and severity of CHR 
criteria and symptoms were at most of small effect size.

In simple bivariate correlation analyses between functioning, i.e., SOFAS scores, and severity of CHR 
criteria and symptoms, we detected few significant correlations of small effect size with the sum score of 
COPER (tau = -0.140, P < 0.001), the sum score of SIPS positive items (tau = -0.113, P < 0.001), the SIPS 
positive items suspiciousness/persecutory ideas (P2: tau = -0.172, P < 0.001), perceptual abnormalities/hallucin-
ations (P4; tau = -0.112, P = 0.001), and disorganized communication (P5; tau = -0.076, P = 0.034) as well as 
the basic symptoms thought pressure (tau = -0.078, P = 0.028), derealization (tau = -0.116, P = 0.001), and 
visual (tau = -0.096, P = 0.007) and acoustic perception disturbances (tau = -0.073, P = 0.040). All of these 
four basic symptoms are part of COPER; only thought pressure is also part of COGDIS. For the severity of 
COGDIS and other CHR symptoms, the correlations with functioning were between tau = -0.065 (P = 
0.056) for thought interference and tau = 0.018 (P = 0.614) for disturbances of abstract thinking.

When group was controlled for in partial correlation analyses, the correlations between functioning 
and the sum score of COPER (r = -0.087, P = 0.044), the sum score of SIPS positive items (r = -0.164, P < 
0.001), the SIPS positive items suspiciousness/persecutory ideas (P2; r = -0.120, P = 0.005), perceptual 
abnormalities/hallucinations (P4; r = -0.165, P < 0.001), and disorganized communication (P5; r = -0.126, P = 
0.003) remained, and in the case of SIPS items, became even slightly more pronounced. Contrary to this, 
none of the single basic symptoms with a significant correlation with functioning in bivariate analyses 
was again significant when group was controlled for. Rather, thought inference (r = -0.102, P = 0.019) and 
disturbances of expressive speech (r = -0.094, P = 0.030) became significant. The remaining correlations with 
functioning were between r = -0.078 (P = 0.071) for acoustic perception disturbances and r = 0.019 (P = 
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Table 6 Frequency of brief intermittent and attenuated psychotic symptoms in the four diagnostic subsamples and the community 
sample (n = 539)

ED (n = 97) ADHD (n = 
86)

AnxD and 
OCD (n = 94)

ASS (n = 
29)

Community 
subjects (n = 233) χ² test; Cramer’s V

P1: Unusual thought 
content/delusional ideas: n(%)

6 (6.2) 4 (4.7) 14 (14.9)1 4 (13.8) 13 (5.6) χ² (4) = 11.391; aP = 
0.023, V = 0.145

P2: Suspiciousness/persecutory ideas: 
n(%) 

2 (2.1) 1 (1.2) 4 (4.3) 3 (10.3)2 4 (1.7) χ² (4) = 9.425; P = 
0.051, V = 0.132

P3: Grandiose ideas: n(%) 0 0 0 0 1 (0.4) χ² (4) = 1.316; P = 
0.859, V = 0.049

P4: Perceptual abnormalities/hallucin-
ations: n(%)

14 (14.2) 20 (23.3) 22 (23.4) 8 (27.6) 54 (23.2) χ² (4) = 4.150; P = 
0.368, V = 0.088

P5: Disorganized communication: n(%) 0 0 0 0 1 (0.4) χ² (4) = 1.316; P = 
0.859, V = 0.049

1most frequent in AnxD and OCD: thought insertion and broadcasting; unusual, somatic and nihilistic idea;
2most frequent in ASS: ideas of being redlined or observed (common rating). In bold, cells with standard residuals ≥ |1.96|. This equals a significant 
deviation (less or more) from the expected cell frequency. ED: Eating disorder; ADHD: Attention-deficit hyperactivity disorder; AnxD and OCD: Anxiety 
disorder, including obsessive-compulsive disorder; ASS: Asperger’s syndrome. V: Cramer’s V: 0.1 = weak effect; 0.3 = moderate effect; 0.5 = strong effect.

0.666) for thought perseveration.

Conversion to psychosis
Altogether, four had developed a psychosis within 2 years (i.e., 0.7% of the whole sample and 1.2% of 
the 2-year follow-up sample). Only one of the converters had not met a CHR criterion at baseline 
(Table 4). Three conversions had occurred in the inpatient sample, including the one without CHR 
criteria at baseline, and one in the community subjects (Table 4), in a female without any mental 
disorder at baseline. Thus, with regard to the total baseline sample (n = 539), the 2-year conversion rate 
in subjects without CHR criteria was 0.2% and the 2-year conversion rate in subjects with CHR criteria 
was 6.5% (χ2

(1) = 22.807, Fisher’s exact P = 0.002; Cramer’s V = 0.206). With regard to the 2-year follow-up 
sample (n = 331), these numbers were 0.3% and 11.5% (χ2

(1) = 25.220, Fisher’s exact P = 0.002; Cramer’s V 
= 0.276).

DISCUSSION
In light of the relevant nonconversion rates in CHR samples, in particular in UHR samples[19,20], and 
their various outcomes[25,26], it has been suggested that CHR criteria might better be regarded as a 
pluripotent syndrome, or a transdiagnostic risk or severity marker[27-30]. If either of these were true, 
relevant and systematic differences in the frequency and severity of CHR criteria and symptoms 
between patients with severe mental illness requiring inpatient treatment and community subjects 
should be present. We examined this in two child and adolescent samples of the BEARS-Kid study with 
respect to both the UHR and the basic symptom approach.

We had chosen this age group because higher nonconversion rates compared to adult samples were 
reported for this group[19,21], and because CHR symptoms and criteria were shown to be more 
prevalent and less clinically relevant in children and adolescents[22,23,51-53]. Consequently, we 
expected that CHR symptoms and criteria would most likely show characteristics indicative of a 
pluripotent syndrome, of a transdiagnostic risk factor or of a severity marker in this age group.

Age and the CHR state
Both community and clinical studies on the effect of age on CHR symptoms and criteria indicated an 
age threshold around age of 16 years for APS and BIPS, with perceptual APS/BIPS being more 
prevalent below this age and all APS/BIPS being less clinically relevant[22,23,51,53]. For perceptual and 
cognitive basic symptoms, the age thresholds for prevalence and clinical significance were around age 
of 18 and 23 years, respectively[23,52]. Thus, all participants were at an age below the threshold 
suggested for basic symptoms, while the suggested age threshold for APS/BIPS was within the age 
range of our sample. Consequently, the observed group difference in age could have biased the overall 
older inpatient group towards reporting a lower number of APS/BIPS compared to the younger 
community sample; consequently, hiding relevant group effects. Therefore, were repeated the analyses 
of APS/BIPS in the age group below the suggested age threshold; i.e., with 8- to 15-year-old (
Supplementary Tables 4–6), which led to comparable results.

https://f6publishing.blob.core.windows.net/5f1d78fb-1e6e-4757-8209-1cde755dbe2e/WJP-12-425-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/5f1d78fb-1e6e-4757-8209-1cde755dbe2e/WJP-12-425-supplementary-material.pdf
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Table 7 Severity of clinical high-risk criteria and symptoms (mean  SD, median) in inpatients and the community sample (n = 539)

Inpatients (n = 
306)

Community subjects (n = 
233) 

Mann–Whitney U; 
Rosenthal’s r

Sum score of SIPS positive items 2.5 ± 2.5, 2 2.1 ± 2.3, 1 Z = -1.852, P = 0.064; r = 0.080

Sum score of 9 basic symptoms of COGDIS 0.8 ± 2.5, 0 0.4 ± 1.2, 0 Z = -1.125, P = 0.260, r = 0.048

Sum score of 10 basic symptoms of COPER 1.6 ± 3.6, 0 0.6 ± 1.7, 0 Z = -3.852, cP < 0.001; r = 0.166

P1: Unusual thought content / delusional ideas 0.9 ± 1.0, 1 0.8 ± 0.9, 1 Z = -1.341, P = 0.180; r = 0.058

P2: Suspiciousness / persecutory ideas 0.4 ± 0.8, 0 0.2 ± 0.6, 0 Z = -4.281, cP < 0.001; r = 0.184

P3: Grandiose ideas 0.1 ± 0.3, 0 0.1 ± 0.4, 0 Z = -0.426, P = 0.670; r = 0.018

P4: Perceptual abnormalities / hallucinations 1.0 ± 1.4, 0 1.0 ± 1.2, 0 Z = -1.119, P = 0.263; r = 0.048

P5: Disorganized communication 0.1 ± 0.3, 0 0.1 ± 0.3, 0 Z = -0.397, P = 0.691; r = 0.017

Inability to divide attention 0.1 ± 0.5, 0 0 Z = -1.514, P = 0.130; r = 0.065

Captivation of attention 0.0 ± 0.2, 0 0.0 ± 0.3, 0 Z = -0.757, P = 0.449; r = 0.033

Disturbance of expressive speech 0.2 ± 0.8, 0 0.1 ± 0.4, 0 Z = -0.268, P = 0.789; r = 0.012

Disturbance of abstract thinking1 0 0.0 ± 0.1, 0 Z = -1.622, P = 0.105; r = 0.070

Thought interference 0.1 ± 0.6, 0 0.1 ± 0.4, 0 Z = -0.591, P = 0.555; r = 0.025

Thought blockages1 0.2 ± 0.8, 0 0.1 ± 0.6, 0 Z = -1.044, P = 0.297; r = 0.045

Thought pressure 0.2 ± 0.9, 0 0.1 ± 0.5, 0 Z = -2.639, bP = 0.008; r = 0.114

Disturbance of receptive speech 0.0 ± 0.3, 0 0.0 ± 0.1, 0 Z = -1.324, P = 0.185; r = 0.057

Unstable ideas of reference 0.0 ± 0.2, 0 0.0 ± 0.2, 0 Z = -1.046, P = 0.296; r = 0.045

Impaired discrimination between ideas/true memories and 
phantasy

0.1 ± 0.6, 0 0.0 ± 0.3, 0 Z = -0.230, P = 0.818; r = 0.010

Thought perseveration 0.0 ± 0.3, 0 0.0 ± 0.2, 0 Z = -0.607, P = 0.544; r = 0.026

Derealization 0.4 ± 1,1, 0 0.0 ± 0.2, 0 Z = -3.924, cP < 0.001.; r = 0.169

Visual perception disturbances 0.3 ± 1.1, 0 0.1 ± 0.4, 0 Z = -2.822, bP = 0.005; r = 0.122

Acoustic perception disturbances 0.2 ± 0.9, 0 0.2 ± 0.8, 0 Z = -1.014, P = 0.311; r = 0.044

1Assessable only from age of 13 years onwards, thus only calculated on n = 404.
r: Rosenthal’s r: 0.1 = weak effect; 0.3 = moderate effect; 0.5 = strong effect.

Compared to adult samples, group differences indicative of a potential pluripotent or transdiagnostic 
nature of CHR symptoms and criteria should be even more obvious in children and adolescents below 
these age thresholds. Yet, overall, our results revealed only few group differences of small effect size in 
frequency and severity of CHR symptoms and no group differences in frequency of CHR criteria. 
Additionally, at most weak associations were found between CHR symptoms or sum scores of 
symptoms with level of psychosocial functioning as a proxy measure of severity of mental ill health.

The CHR state as a pluripotent syndrome
Being derived from biology and commonly applied to describe a property of cells, pluripotent (from 
“pluri”: several, and “potent”: being able) describes the property of immature or stem cells that are 
capable of giving rise to several different cell types, into which they transform[31,54]. When extended to 
psychiatry, a pluripotential syndrome would be the first, diagnostically indistinct expression of any 
developing more severe psychopathology, which only later may acquire a degree of diagnostic 
specificity[27,28]. In doing so, similar to pluripotent cells, a pluripotent mental state would be 
completely absorbed in the final, manifest mental state or disorder. Thus, if they were pluripotent, CHR 
criteria and symptoms would no longer be detectable in patients with manifest mental disorders; i.e., 
after their transformation into a diagnostically specific disorder. Yet, they might already be detectable in 
healthy persons who might be at risk of developing a mental disorder in future, such as children and 
adolescents of the community, of whom a third can be expected to develop a mental disorder in their 
lifetime[39]. Thus, from a pluripotent point of view, we expected a higher rate of CHR criteria and 
symptoms in community subjects compared to inpatients.
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Table 8 Severity of clinical high-risk criteria and symptoms (mean ± SD, median) in the four diagnostic subsamples and the community 
sample (N = 539)

ED (n = 
97)

ADHD (n = 
86)

AnxD and 
OCD (n = 94)

ASS (n = 
29)

Community 
subjects (n = 233)

Kruskal–Wallis  (results of post hoc 
Mann–Whitney tests)

Sum score of SIPS positive 
items

2.1 ± 
2.4, 1

2.0 ± 2.1, 1 3.1 ± 2.6, 2 3.3 ± 3.3, 
2

2.1 ± 2.3, 1 χ² (4) = 18.866, cP = 0.001  (AnxD and OCD>ED 
= ADHD = GPS)

Sum score of COGDIS 0.8 ± 
2.1, 0

0.5 ± 1.7, 0 1.2 ± 3.5, 0 0.7 ± 1.7, 
0

0.4 ± 1.2, 0 χ² (4) = 7.692, P = 0.104

Sum score of COPER 1.8 ± 
3.6, 0

1.1 ± 3.3, 0 2.2 ± 4.2, 0 1.1 ± 1.7, 
0

0.6 ± 1.7, 0 χ² (4) = 26.988, cP < 0.001 (ED = AnxD and OCD 
= ASS > GPS; AnxD and OCD = ED > ADHD)

P1: Unusual thought 
content 

0.8 ± 
0.9, 1

0.7 ± 0.9, 1 1.2 ± 1.1, 1 1.2 ± 1.3, 
1

0.8 ± 0.9, 1 χ² (4) = 12.397, aP = 0.015 (AnxD and OCD > ED 
= ADHD = GPS)

P2: Suspicious-
ness/persecutory ideas 

0.4 ± 
0.8, 0

0.2 ± 0.6, 0 0.5 ± 0.9, 0 0.7 ± 1.1, 
0

0.2 ± 0.6, 0 χ² (4) = 30.502, cP < 0.001  (ASS = AnxD and 
OCD = ED > GPS; AnxD and OCD = ASS > 
ADHD)

P3: Grandiose ideas 0.1 ± 
0.3, 0

0.1 ± 0.2, 0 0.2 ± 0.5, 0 0.1 ± 0.3, 
0

0.1 ± 0.4, 0 χ² (4) = 4.029, P = 0.402 

P4: Perceptual 
abnormalities 

0.8 ± 
1.3, 0

1.0 ± 1.5, 0 1.2 ± 1.4, 1 1.3 ± 1.6, 
1

1.0 ± 1.2, 0 χ² (4) = 6.391, P = 0.172

P5: Disorganized 
communication

0.0 ± 
0.2, 0

0.0 ± 0.2, 0 0.1 ± 0.4, 0 0.1 ± 0.3, 
0

0.1 ± 0.3, 0 χ² (4) = 3.129, P = 0.539

Inability to divide 
attention

0.0 ± 
0.4, 0

0 0.1 ± 0.9, 0 0 0 χ² (4) = 6.537, P = 0.163

Captivation of attention 0 0 0.0 ± 0.2, 0 0.1 ± 0.4, 
0

0.0 ± 0.3, 0 χ² (4) = 9.749, aP = 0.045 (ASS > ED = ADHD) 

Disturbance of expressive 
speech

0.2 ± 
0.9, 0

0.1 ± 0.6, 0 0.2 ± 1.0, 0 0.1 ± 0.4, 
0

0.1 ± 0.4, 0 χ² (4) = 0.675, P = 0.954

Disturbance of abstract 
thinking1

0 0 0 0 0.0 ± 0.1, 0 χ² (4) = 2.632, P = 0.621

Thought interference 0.1 ± 
0.5, 0

0.1 ± 0.5, 0 0.1 ± 0.6, 0 0.3 ± 1.0, 
0

0.1 ± 0.4, 0 χ² (4) = 7.912, P = 0.095

Thought blockages1 0.2 ± 
0.8, 0

0.2 ± 0.9, 0 0.3 ± 1.0, 0 0.1 ± 0.4, 
0

0.1 ± 0.6, 0 χ² (4) = 2.048, P = 0.727

Thought pressure 0.3 ± 
0.9, 0

0.1 ± 0.6, 0 0.4 ± 1.2, 0 0.1 ± 0.4, 
0

0.1 ± 0.5, 0 χ² (4) = 10.944, aP = 0.027 (ED = AnxD and OCD 
> GPS)

Disturbance of receptive 
speech

0.0 ± 
0.1, 0

0.0 ± 0.2, 0 0.1 ± 0.5, 0 0 0.0 ± 0.07, 0 χ² (4) = 5.047, P = 0. 283

Unstable ideas of reference 0.1 ± 
0.3, 0

0 0.0 ± 0.1, 0 0 0.0 ± 0.2, 0 χ² (4) = 6.643, P = 0.156

Impaired discrimination 
between

0.0 ± 
0.3, 0

0.1 ± 0.7, 0 0.2 ± 0.7, 0 0 0.0 ± 0.3, 0 χ² (4) = 7.344, P = 0.119

Thought perseveration 0 0.1 ± 0.4, 0 0.1 ± 0.4, 0 0.0 ± 0.1, 
0

0.0 ± 0.2, 0 χ² (4) = 3.954, P = 0.412

Derealization 0.4 ± 
1.1, 0

0.1 ± 0.7, 0 0.6 ± 1.5, 0 0.2 ± 0.7, 
0

0.0 ± 0.2, 0 χ² (4) = 32.930, cP < 0.001 (ED = AnxD and OCD 
> ADHD = GPS)

Visual perception 
disturbances

0.4 ± 
1.2, 0

0.3 ± 1.2, 0 0.3 ± 1.0, 0 0.3 ± 0.7, 
0

0.1 ± 0.4, 0 χ² (4) = 10.764, aP = 0.029 (ED = AnxD and OCD 
= ASS > GPS)

Acoustic perception 
disturbances

0.3 ± 
1.0, 0

0.2 ± 0.7, 0 0.3 ± 1.0, 0 0.1 ± 0.3, 
0

0.2 ± 0.8, 0 χ² (4) = 3.227, P = 0.521 

1assessable only from age of 13 years onwards, thus only calculated on n = 404. ED: Eating disorder; ADHD: Attention-deficit hyperactivity disorder; AnxD 
and OCD: Anxiety disorder, including obsessive-compulsive disorder; ASS: Asperger’s syndrome; GPS: community subjects.

Contrary to this expectation, we found no global pattern of differences in CHR criteria between 
inpatients and community subjects, and the four group differences in the prevalence of CHR symptoms; 
i.e., in suspiciousness/persecutory ideas, thought pressure, derealization and visual perception disturbances, 
pointed towards a slightly higher rather than lower prevalence in inpatients. This lack of support for 
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assuming pluripotency of the UHR criteria specifically, is in line with results of the longitudinal data of 
two North American CHR studies[55]. Comparing outcome of help-seeking patients with and without 
UHR criteria, these studies detected no group differences in rates of new emergence of nonpsychotic 
disorders, thus not supporting diagnostic pluripotency of the UHR states[55]. Furthermore, the authors 
noted that the persistence of the generally frequent baseline comorbidities to UHR states would not 
qualify as support for assuming pluripotency of UHR states, even when only the UHR state is remitted 
at baseline[55]. Indeed, the above definition of a pluripotent state would rule out the concurrent 
presence of both the pluripotent state and its assumed outcome.

The missing empirical support for regarding the CHR state as a pluripotent syndrome is somewhat 
unsurprising in light of the frequent indistinct use of the term pluripotential for states that were equaled 
to earliest, unspecific mental states of mental disorders[31]. Yet, in models of developing psychosis, 
these earliest and unspecific states are commonly distinguished from the more specific CHR states[10,
18,56]. Then again, pluripotent states or trajectories have been equated to transdiagnostic ones[30] 
despite their considerably differing assumptions with regard to the course of their constituting 
symptoms – transformation and, thus, forever vanishing of pluripotential states and symptoms versus 
maintenance or even increase of transdiagnostic symptoms.

The CHR state as a general transdiagnostic risk factor 
In contrast to a pluripotent state, a transdiagnostic risk factor as well as a transdiagnostic dimension of 
psychopathology would still be present in various mental disorders[32], while they would be present in 
the community to a clearly lesser degree or not at all outside states of mental ill health. Thus, if CHR 
criteria and symptoms would represent a transdiagnostic risk factor or a transdiagnostic psychopatho-
logical dimension, they should accumulate in the extreme range of persons with mental disorders and, 
hence, should be more frequent or severe in inpatients compared to community subjects. Indeed, a large 
body of research indicates that so-called psychotic-like experiences, commonly assessed by self-report 
questionnaires or fully-standardized lay-person interviews, can be measured in the community, in 
which they are linked to the presence of non-psychotic disorder, particularly common mental disorder
[28,57]. Thus, it was argued that psychotic-like experiences are transdiagnostic phenomena that, among 
others, also predict greater illness severity[57].

In our analyses, these assumptions were not supported for CHR criteria. The prevalence rates of CHR 
criteria did not differ between the community subjects (7.3%) and the inpatient sample (8.2%). Yet, both 
rates were higher than the 2.4% rate of clinician-assessed CHR criteria in young adults of the 
community aged 16–40 years[58]. In line with earlier findings[22,23], this indicates an effect of age 
across broader age ranges but not within children and adolescents. This lack of support for a transdia-
gnostic model of CHR criteria is likely related to the differences in assessments and definition. Studies 
on psychotic-like experiences commonly do not use CHR instruments for the assessment of APS/BIPS 
by trained clinicians in semi-structured interviews, which makes such psychotic-like experiences a poor 
and invalid proxy of APS that overestimates the presence of APS by far[59-62]. Furthermore, studies on 
psychotic-like experiences commonly disregard the onset/worsening and frequency requirements of 
CHR criteria[62] (Table 1).

With regard to CHR symptoms and irrespective of these additional requirements, we found some 
group differences in frequency and severity, in particular with respect to the severity of some single 
CHR symptoms. Yet, these findings were mostly unsystematically and randomly distributed, except for 
the UHR-relevant APS suspiciousness/persecutory ideas, the two COPER-relevant basic symptoms dereal-
ization and visual perception disturbances, and the COPER- and COGDIS-relevant basic symptom thought 
pressure. These four CHR symptoms were more frequent and severe in inpatients, in particular in eating 
disorders, and anxiety and obsessive–compulsive disorders; additionally, the paranoid APS was more 
frequent and severe in autism-spectrum disorder. Thus, they may be the most likely candidates of all 
CHR symptoms for transdiagnostic risk factors or a transdiagnostic psychopathological dimension.

Suspiciousness/persecutory ideas (P2) of the SIPS in terms of APS/BIPS include symptoms ranging from 
a general lack of trust in and suspiciousness of others, as well as vague ideas of threat or that others do 
not mean well to more concrete ideas of being followed, observed or in danger and paranoid ideas of 
reference[43]. Their severity can range from ideas still being doubted to various degrees and not 
significantly impeding behavior, to holding these ideas with absolute conviction, resulting in significant 
impact on behavior[43]. Social fears related to one’s own possibly inadequate or embarrassing behavior 
(but not to the negative intentions of others) were not scored here. In adolescents, ideas of reference that 
exclusively involved peers and the idea that they might think or talk badly about the patient/subject 
were also not rated, as the critical comparison with peers is a common phenomenon in adolescents’ 
identity formation and, consequently, as these ideas are possibly related to lower levels of self-esteem
[63,64].

In our study, the paranoid APS was most frequent and severe in anxiety, obsessive–compulsive, and 
in autism-spectrum disorders. This is in line with reports that paranoia is not specific to psychosis but 
occurs in a wide range of disorders[65] and also frequently in community samples of adolescents[65,
66]. In particular, paranoia was significantly positively associated with anxiety but not autistic 
symptoms, and negatively associated with symptoms of ADHD[63]. The latter is also in line with our 
finding that none of the ADHD patients reported paranoid APS. Other studies have linked autistic traits 
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and psychotic-like experiences, including paranoia, in the adult community[67] and reported similarly 
high levels of paranoia in psychotic and autism-spectrum disorders[68]. In contrast to psychotic 
disorders in which paranoia was based upon victimization, suspicion, and threat of harm, in autism-
spectrum disorders, paranoia was based less upon these but more so upon social cynicism[68]. Yet, 
certain (developing) personality accentuations or disorders that involve paranoia and suspiciousness, in 
particular paranoid, schizotypal and borderline personality[69,70], might have contributed our findings. 
However, for the ongoing personality development in this age group, we had not assessed these in our 
study on children and adolescents.

Of the basic symptoms, thought pressure that is part of both COPER and COGDIS was more frequent 
and severe in inpatients, particularly in anxiety and obsessive–compulsive disorders. Thought pressure 
involves the subjective occurrence of a great number of thematically unrelated and often unrecognized, 
fragmented thoughts whose (dis)appearance is hard to control[44]. Thereby, thought pressure is distinct 
from intrusive thoughts of obsessive–compulsive disorder that involve a certain topic. Furthermore, in 
their assessment, the occurrence within states of extreme emotional arousal, such as in panic attacks, has 
to be excluded[44]. Thus, this finding is not explained by phenomenological similarities between thought 
pressure and cognitive symptoms in anxiety and obsessive–compulsive disorders. Yet, these similar 
cognitive symptoms might signal a general liability to difficulties in suppressing irrelevant or 
inadequate thoughts that, as suggested for intrusive thoughts, might be related to altered functional 
connectivity in the temporal gyri[71]. More qualitative and basic research into the link between thought 
pressure and anxiety and obsessive–compulsive disorders is clearly needed.

Visual perception disturbances include various, often fleeting misperceptions of real visible objects 
including oneself and other persons that are immediately recognized as false perceptions, and are not 
even for a split-second considered as changes in the outside world[44]. As with all basic symptoms, they 
have to have started at a certain point in life[44] and thus, contrary to schizotypy-related perceptual 
aberrations, have no trait characteristic[15,72,73]. Furthermore, they must be unrelated to a somatic 
condition or substance use[44]. As outlined above in the section “Assessments”, they rate on the SIPS 
below the APS-relevant range with a score of 2[43,44,73]. Examples of visual perception disturbances 
include changes in the perception of the color or color intensity of objects, in the perception and 
estimation of the size of, or distance to objects, and in the shape of objects, as well as perceptions that 
resemble floaters or flashes of light in the vision as known, for example, from auras of migraine, retinal 
detachment or optic neuritis[44]. Therefore, they are different from unformed attenuated or frank visual 
hallucinations that are not perceived as “in the eye” but are located – at least initially – in the outside 
world[43,73]. Despite being a part of COPER, visual perception disturbances were found to be on the 
periphery of a network of symptoms of psychosis in an adult patient sample[74]. Such a peripheral 
position was also found for the depression items of the SIPS and of the Positive And Negative 
Syndrome Scale[75], though at the opposite side of the network, likely indicating that these symptoms 
are less specific to psychosis. Thus, visual perception disturbances that longitudinally had been 
significantly linked to the development of psychosis in adults[14] might be a more general expression of 
severe mental problems in childhood and early adolescence. This view is supported by reports that 
visual hallucinations were more frequent in children and adolescents with psychosis compared to adult 
psychosis patients[76], and that attenuated and transient hallucinations as well as perceptual 
disturbances were more frequent and less clinically relevant in children and adolescents[22,23], who 
likely grow out of them over time due to progressing neurocognitive and brain maturation[52].

Derealization is defined by an alienation from the surrounding and/or the experience of the external 
environment as unfamiliar, with other people appearing as if only acting a role and the world appearing 
as if being two-dimensional or a stage set in the presence of knowledge of its reality[44]. It often co-
occurs with more frequent depersonalization experiences; and together, they might form a syndrome in 
itself[77-79]. Both are part of the definition of panic disorders[77,78] and are therefore not rated as basic 
symptoms when exclusively occurring within a panic attack. Thus, as in thought pressure, our finding of 
increased derealization in anxiety and obsessive–compulsive disorders is not explained by this 
phenomenological overlap. Yet, as personality disorders had not been assessed in this study, we did not 
exclude their possible occurrence as part of a developing Borderline or schizotypal personality 
accentuation or disorder[78]. Depersonalization and, to a lesser degree, derealization are frequent 
phenomena in the general population with higher rates in psychiatric patients, in particular those with 
affective and anxiety disorders[77,78]. Derealization and depersonalization might have partly different 
neurobiological underpinnings[80]; and only derealization was found to be predictive of future psychosis 
and, thus included into COPER[14]. However, in line with our current findings, studies reported that 
both derealization and depersonalization might be responses to strong emotions, such as embarrassment, 
or might be attempts at coping, in particular in affective and anxiety disorders[81]. Additionally, one 
study on bulimia reported a link between threatening stimuli and dissociative states, in particular 
derealization, in which it was assumed to fulfill a similar function as binge eating itself; i.e., lowering 
awareness of generalized threat and negative self-esteem[82]. Thus, the increased prevalence and 
severity of derealization in patients with eating disorders, and anxiety and obsessive–compulsive 
disorders might be related to their propensity to perceive high emotional arousal, especially threat.
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Derealization and visual perception disturbances are only part of the basic symptom criterion COPER 
(Table 1) that is likely less specific but more sensitive compared to COGDIS[15]. Although not more 
frequent, our analyses revealed that COPER was more severe in inpatients, in particular those with 
eating disorders, and anxiety and obsessive–compulsive disorders. Therefore, the inclusion of dereal-
ization and visual perception disturbances in COPER in addition to that of thought pressure might have 
conveyed the higher severity, though not frequency of COPER in inpatients, in particular in eating, 
autism-spectrum, and anxiety and obsessive–compulsive disorders.

The CHR state as a general transdiagnostic severity marker
A transdiagnostic severity marker of psychopathology would be expected to be generally present in 
mental disorders and to be most pronounced in those with severe mental disorders and, relatedly, in 
those with most severe functional impairment due to their mental problems. Thus, the severity and 
likelihood of presence of CHR criteria and symptoms would be expected to significantly increase with 
decreasing psychosocial functioning as a proxy measure of illness severity. As already discussed, CHR 
symptoms and criteria differed only to a minimal degree in their prevalence between inpatients and 
community subjects, in whom they were also rare. They hardly exceeded 10% in inpatients, except for 
derealization and visual perception disturbances (both 11.4%) and perceptual abnormalities/hallucinations (P4) 
that were present in 20.9% of inpatients but also in 23.4% of community subjects. Furthermore, CHR 
symptoms and criteria demonstrated an association with psychosocial functioning, the proxy severity 
measure. However, this association was, at most, of small effect size even when becoming significant. 
This finding indicates that CHR criteria and symptoms would be poor transdiagnostic severity markers 
of mental problems; at least when psychosocial functioning is used as a proxy measure.

With regard to basic symptoms, only COPER became significant in both bivariate and partial group-
controlled correlation analyses, showing a small maximum effect of Tau = -0.140. Significant single basic 
symptoms differed between the two types of analyses. In doing so, thought pressure, derealization, and 
visual and acoustic perception disturbances became significant in bivariate, and thought inference and 
disturbances of expressive speech became significant in partial analyses, in no case exceeding tau = -0.116. 
Of these six symptoms, all but disturbances of expressive speech are part of COPER, while only thought 
pressure and interference as well as disturbances of expressive speech are part of COGDIS. Since thought 
pressure, derealization, and visual perception disturbances showed significant group differences, this strong 
group effect may mostly explain their association with functioning in bivariate correlation that, 
consequently, was strongly reduced in partial correlations.

Results on the APS syndrome and single APS were more consistent. In both bivariate and partial 
correlation analyses, the sum score of SIPS positive items as well as the single SIPS positive items 
suspiciousness/persecutory ideas (P2), perceptual abnormalities/hallucinations (P4), and disorganized 
communication (P5) were significantly negatively correlated with psychosocial functioning. Yet, as in 
basic symptoms, these correlations were only of weak effect size and did not exceed r = -0.165 
(respectively r = -0.201 in 8–15-year-olds) in perceptual abnormalities/hallucinations (P4). This is in line with 
a recent community study, whose n = 211 participants had been 11-13 years old at baseline[84]. Authors 
reported an association between psychotic experiences assessed with the Schedule for Affective 
Disorders and Schizophrenia for School-aged Children (K-SADS[83]) and poorer functioning[84]. 
Furthermore, n = 86 (40.8%) and n = 56 (26.5%) participated in the first and second follow-up at age 
14–16 years and 17–21 years, respectively[84]. Participants with psychotic experiences at baseline had 
persistently poorer global functioning throughout adolescence and into early adulthood. As in our 
cross-sectional results, this effect was above and beyond what was explained by presence of a mental 
disorder, suggesting an underlying vulnerability which extends beyond diagnosable mental disorder
[84]. Unfortunately, the authors did not report effect sizes and did not distinguish between the different 
psychotic experiences. Therefore, it remains unclear if these associations were also of only small effect 
size and if they were mainly driven by similar (attenuated) psychotic symptoms.

In our study, only the comparably frequent and, (regarding content) heterogeneous SIPS positive 
item unusual thought content/delusional ideas and the extremely rare SIPS positive item grandiose ideas 
were not significantly related to functioning. Unusual thought content/delusional ideas (P1) includes all but 
paranoid and grandiose ideas[43]. Thus, it is probable that the included unusual ideas differ in their 
association with functioning; e.g., that attenuated Ich-Störungen may more strongly impair functioning 
than magical thinking. For this reason, future studies should examine single attenuated delusional ideas 
differentially to further determine which APS might or might not have the potential of a transdiagnostic 
severity marker. Similarly, a more differential examination is needed for perceptual abnormalities/hallucin-
ations (P4) that involves different sensory modalities, as these were differentially, though inconsistently 
related to conversion to psychosis in UHR samples[85-87].

The lack of strong correlations between CHR symptoms and criteria, and functioning might be 
perceived as challenging the notion that these possess clinical relevance. However, symptoms are 
generally defined by a departure from normal function – not necessarily psychosocial function – or 
feeling, which is apparent to the patient, reflecting the presence of an unusual state or of a disease[38]. 
Thus, functional impairment is not always a prerequisite even for some psychotic disorders, such 
delusional disorders that, according to the DSM[38], do not have to lead to functional impairment per se. 
Moreover, in ICD-10 (and the future ICD-11), functional impairment is not a requirement for any 
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psychotic disorder[88]. Furthermore, in the SIPS and their anchor points for severity ratings of the 
positive items[43], a rating of 3 (or lower) does not require an impact on functioning, while a rating of 4 
requires only potential and partial impact on functioning; a significant impact on functioning is only 
required for severe APS of score 5 or BIPS score of 6. Yet, ratings of 5 were rare, occurring in only 13 
instances, and ratings of 6 never occurred. Rather, ratings of 3 dominated in those with APS: 68.3% 
scored 3 on P1, 85.7% on P2 and 66.1% on P4; and the single case of APS on P3 and P5, respectively, had 
a rating of 3 each. Additionally, other than in the current version of Comprehensive Assessment of At-
Risk Mental States, the APS syndrome of the SIPS does not require a significant functional decline or 
impairment[19]. Thus, the lack of an association with functional impairment does not limit the 
qualification of CHR symptoms and criteria as symptoms or syndromes.

As for the basic symptoms, affected persons can commonly cope with these mostly fleeting 
experiences (e.g., by increased willpower or concentration) for as long as their number or frequency 
does not exceed their coping capacities, and for as long as the employed coping strategies are not 
maladaptive (such as social withdrawal or other avoidance strategies)[44,52,89]. Thus, for their 
subjective perception as not normal, basic symptoms may induce distress and worries about one’s own 
mental health[52,89] but not necessarily impairment in psychosocial functioning. Consequently, 
functional impairment is not a general prerequisite for symptoms or syndromes, in particular in the 
prevention of disorders that, within psychiatry, also aims for the prevention of functional impairment
[90]. In light of this, making functional impairment an obligatory requirement of CHR criteria was 
explicitly discouraged in recent recommendations for diagnosing a CHR state within the framework of 
the EPA Guidance project[19].

The CHR state as a precursor state of psychoses
Four subjects developed psychosis within 2 years; i.e., 0.7% of the whole sample (n = 539) and 1.2% of 
the 2-year follow-up sample (n = 331). These numbers are higher than the reported annual incidence 
rate in the community of this age of 0.1%[91]. Conversions to psychosis mainly occurred in inpatients, of 
whom 1.0% converted to psychosis compared to just 0.4% in the community sample. Three quarters of 
the few conversion-to-psychoses cases occurred in the inpatient sample, in which also the non-CHR-
related conversion occurred, and three quarters of converters had met CHR criteria at baseline. Thus, 
with conversion rates between 6.5% across all CHR subjects at baseline, and 11.5% for CHR subjects 
with a 2-year follow-up, the 2-year conversion rates within CHR subjects were within the range of 
pooled conversions rates reported for child and adolescent CHR samples of early detection services of 
9.5%[19]. At this, our conversion rates were slightly higher than the 3-year conversion rates reported for 
16–40-year-olds of the community that were 4.7% for all five CHR criteria and 11.1% for the three EPA 
criteria[92].

Of note, the effect sizes of the association of CHR criteria at baseline with subsequent conversion to 
psychosis were the highest of all reported effect sizes, approaching a moderate effect size in case of the 
two-year follow-up sample (Cramer’s V = 0.276).

Strengths and limitations
Our study has several strengths and limitations. Clear strengths include the large sample size, the CHR 
assessment with well-established instruments, and the thorough training in and supervision of the 
assessment of CHR symptoms and criteria in order to minimize rater and center effects, and to 
maximize interrater reliability. Furthermore, in order to reduce a potential systematic assessment bias 
due to the impossible blinding of raters to groups, the inpatient and community sample was assessed by 
different interviewers. Another strength is the inclusion of a severely ill inpatient sample with main 
disorders that had been reported to be related to an increased prevalence of schizophrenia in adulthood
[37] (Supplementary Table 1). Thus, our inpatient sample – in theory – was biased towards reporting 
increased rates of CHR symptoms and, consequently, towards revealing any transdiagnostic nature of 
CHR criteria and symptoms.

Limitations to our study are the mainly cross-sectional nature and the nonassessment of nonpsychotic 
mental disorders at follow-up. This would have allowed us to compare conversion rates to psychosis 
with conversion to, or persistence of other mental disorders, and would have allowed us to study the 
relationship of different mental disorders to the course of CHR criteria and symptoms.

The conduction of multiple analyses and the related nonadjustment for multiple testing might have 
been another possible limitation. Yet, as discussed already in the section “Data analysis”, because all of 
our hypotheses assumed group differences, the type I error (alpha), i.e., the rejection of a true null 
hypothesis, would have be become less likely, if we had corrected the alpha-level for multiple 
comparisons. However, even without correction for multiple testing, the null hypothesis was rarely 
rejected; this resulted in the main conclusion of a lack of a general group difference. This main 
conclusion would not have changed, had we corrected the alpha-level for multiple comparison and, 
consequently, had detected even fewer (and likely no) group differences. In light of this, the 
nonadjustment of the type I error can be regarded as the more conservative testing of the overall 
hypotheses assuming group differences. Additionally, the high power of the study, the ability to 
correctly reject a false null hypothesis assuming group equality, must be assumed to be uncompromised 
by the current nonadjusted analyses[50]. Thus, any adjustment for multiple testing would not have led 
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to a different conclusion. Furthermore, the conduction of multiple analyses had offered the advantage to 
detect any possibly robust pattern indicative of any one of the three examined alternative explanatory 
models of CHR states and symptoms.

CONCLUSION
Overall, our results did not support the general predications that CHR criteria and symptoms would 
represent a pluripotent syndrome[27,28], a transdiagnostic risk factor[33], a transdiagnostic dimension 
of psychopathology[30], or even merely a marker for the severity of nonpsychotic states[30]. To that 
end, our data gave no support for a general diagnostic pluripotency of CHR symptoms and criteria that 
exceeds their undoubted and frequently demonstrated pluripotency for psychosis outcomes[55]. 
Furthermore, for lack of any clinically relevant, i.e., at least moderate correlation with functioning, there 
was also no sufficient support for CHR symptoms and criteria as general severity markers of psycho-
pathology. Indications of some transdiagnostic risk factors or dimension status with respect to eating, 
autism-spectrum, and anxiety and obsessive–compulsive disorders, however, were found for four CHR 
symptoms, two of them exclusive to COPER: suspiciousness/persecutory ideas (P2), thought pressure, dereal-
ization and visual perception disturbances. The fact that these indications did not extend to any CHR 
criterion highlights the importance of the additional requirements of CHR criteria on onset/worsening 
and occurrence for their potential specificity for the psychosis-spectrum. Indeed, with regard to the 
CHR criteria, we found the strongest, nearly moderate effect for their association with subsequent 
psychosis. This association, however, seems not strong enough to conclusively explain their role in 
children and adolescents by their psychosis-predictive potential.

Overall, our results more clearly indicate what CHR symptoms and criteria are not rather than what 
they are. Our results may support the view that CHR criteria should be regarded as a self-contained 
disorder or syndrome, similar to the proposition of the attenuated psychosis syndrome in DSM-5[93]. To 
evaluate this assumption, future community studies evaluating the effect of CHR criteria on help 
seeking and mental wellbeing are needed. If persons meeting CHR criteria generally suffer from their 
CHR symptoms, seek help for them, and/or experience disturbances in psychosocial functioning 
irrespective of, or in addition to, the effects of any other potential comorbid mental disorder, then CHR 
criteria would fulfil general criteria for mental disorders (defined as a clinically significant behavioral or 
psychological syndrome associated with disability and/or severe distress); and consequently, the 
assumption of a CHR Syndrome would be supported. Thus, further research on CHR symptoms and 
criteria, and their cause and meaning in children and adolescents is needed to better understand their 
significance in this age group, and to detect factors that convey their higher clinical relevance in 
adulthood.

ARTICLE HIGHLIGHTS
Research background
Many patients with clinical high-risk of psychosis (CHR) criteria do not develop psychosis, in particular 
if they are still in their childhood and adolescence. Therefore, CHR criteria were suggested to be not a 
risk indicator of psychosis development but (1) A pluripotential syndrome that will transform itself into 
all kinds of mental disorder; (2) A transdiagnostic risk factor from that all kind of different disorders 
develop; or (3) Simply a severity marker of mental disorders.

Research motivation
The simple nonconversion to psychosis and the persistence or new-occurrence rate of nonpsychotic 
mental disorders in CHR samples, however, do not allow for the conclusion of any of the three 
alternative explanatory models, which might explain why they are often proposed interchangeably. 
Thus, to gain more insight into the nature of CHR symptoms and criteria, we examined the differential 
implications that each of these models has on the occurrence of CHR criteria and symptoms and their 
association with a proxy measure of illness severity in patients with severe mental disorders; i.e., 
inpatients and community subjects. We expected that any pattern of group differences indicative of one 
of the alternative explanatory models should become particularly apparent in a child and adolescent 
sample, as CHR symptoms and criteria were reported to be more frequent but less clinically relevant 
and less associated with psychosis in children and adolescents compared to adults.

Research objectives
Following a propositional logic approach, we examined which of the three alternative explanatory 
models of CHR criteria and symptoms would best fit our data. The three alternative explanatory models 
were associated with the following differential premises with respect to the data: (1) If CHR criteria and 
symptoms are more frequent in community subjects compared to inpatients, then they are likely 
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pluripotential. This has been assumed because a pluripotent syndrome would have transformed into a 
mental disorder and, thus, not be present in inpatients, but in a community sample wherein a 
proportion can be expected to develop a mental disorder in future; (2) If CHR criteria and symptoms are 
more frequent in inpatients compared to community subjects, then they likely represent a transdia-
gnostic risk factor or dimension. This has been assumed because they would aggregate in persons with 
mental illness; and (3) If CHR criteria and symptoms show a clinically relevant, significant negative 
correlation with functioning as a proxy measure of illness severity, then they likely represent a severity 
marker of psychopathology.

Research methods
As part of the Bi-national Evaluation of At-Risk Symptoms in children and adolescents (BEARS-Kid) 
study, we cross-sectionally examined the frequency and severity of CHR criteria and symptoms in an 
8–17-year-old randomly recruited sample of the Swiss community (n = 233) and in 8–17-year-old 
inpatients (n = 306) whose main diagnosis was a disorder that, earlier, had been associated with an 
elevated risk for psychosis in adulthood (obsessive compulsive and anxiety, attention deficit, eating, 
and autism-spectrum disorder) using χ2 and nonparametric analyses. Furthermore, the associations 
between psychosocial functioning, and CHR criteria and symptoms were analyzed with bivariate and 
partial correlation analyses, the latter controlling for group membership. CHR criteria and symptoms 
according to the ultra-high risk and the basic symptom approach were assessed in clinical interviews by 
trained psychologists using the Structured Interview for Psychosis-Risk Syndromes (SIPS) and the 
Schizophrenia Proneness Instrument, Child and Youth version (SPI-CY). Furthermore, we followed up 
78.5% of the participants after 1 year, and 61.4% after 2 years past baseline for a conversion to psychosis.

Research results
The 7.3% prevalence rate of CHR criteria in community subjects did not differ significantly from the 
9.5% rate in inpatients. Frequency and severity of CHR criteria never differed between the community 
and the four inpatient groups. The frequency and severity of CHR symptoms differed between the 
community and the four inpatient groups only in four CHR symptoms: suspiciousness/persecutory ideas of 
the SIPS as well as thought pressure, derealization and visual perception disturbances of the SPI-CY. The 
persistent pattern of these differences was consistent with a transdiagnostic risk factor or dimension; i.e., 
these symptoms were more frequent and severe in inpatients, in particular in those with eating, 
anxiety/obsessive–compulsive and autism-spectrum disorders. Furthermore, low functioning was – if 
at all – at most weakly related to the severity of CHR criteria and symptoms; the highest, yet weak 
correlation was for suspiciousness/persecutory ideas. Four participants had developed a psychotic disorder 
within two years past baseline. In doing so, the 2-year conversion rate in participants with CHR criteria 
was 11.5% and, the comparison of the conversion rate in participants with and without CHR criteria at 
baseline exhibited the highest, near moderate effect size of all comparisons.

Research conclusions
This study was the first to systematically study alternative explanatory models for current CHR states, 
which propose that CHR criteria and symptoms would represent a pluripotent syndrome, a transdia-
gnostic risk factor or dimension, or even merely a marker for the severity of any mental disorder. The 
general lack of systematic differences in the frequency and severity of CHR criteria and symptoms 
between inpatients and community subjects, and the lack of a sufficiently strong association between 
functioning, and CHR criteria and symptoms did not support any of these alternative explanatory 
models. Rather, the strongest, though still only moderate effect was found for the association of CHR 
criteria and the subsequent development of a psychotic disorder within two years. This association, 
however, appears not strong enough to conclusively explain the role of CHR criteria and symptoms in 
children and adolescents by their psychosis-predictive potential. Thus, overall, our results more clearly 
indicate what CHR symptoms and criteria are not rather than indicating what they are.

Only four CHR symptoms – suspiciousness/persecutory ideas of the SIPS, and thought pressure, dereal-
ization and visual perception disturbances of the SPI-CY – exhibited a pattern of group differences 
indicative of a transdiagnostic risk factor, in particular with respect to eating, autism-spectrum, and 
anxiety and obsessive–compulsive disorders. Thus, their inclusion and definition in current CHR 
criteria should be critically examined in future studies.

Research perspectives
Our results add to the growing support of the view that CHR criteria should be regarded as a self-
contained disorder or syndrome. To more fully test this assumption, future community studies should 
evaluate the effect of CHR criteria on help seeking and mental wellbeing. If persons meeting CHR 
criteria generally suffer from their CHR symptoms, seek help for them, and/or experience disturbances 
in psychosocial functioning irrespective of, or in addition to, the effects of any other potential comorbid 
mental disorder, CHR criteria would fulfil general criteria for mental disorders in terms of a CHR 
Syndrome. Thus, further research on CHR symptoms and criteria, and their cause and meaning in 
children and adolescents is needed to better understand their significance in this age group, and to 
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detect factors that convey their higher clinical relevance in adulthood.
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Abstract
BACKGROUND 
Neuropsychiatric symptoms (NPS) have been insufficiently examined in persons 
with aphasia (PWA) because most previous studies exclude participants with 
language and communication disorders.

AIM 
To report a two-part study consisting of a literature review and an observational 
study on NPS in post-stroke aphasia.

METHODS 
Study 1 reviewed articles obtained from PubMed, PsycINFO, Google Scholar and 
Cochrane databases after cross-referencing key words of post-stroke aphasia to 
NPS and disorders. Study 2 examined language deficits and activities of daily 
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living in 20 PWA (median age: 58, range: 28-65 years; 13 men) with the Western Aphasia Battery-
Revised and the Barthel Index, respectively. Informants of these 20 PWA were proxy-evaluated 
with the Neuropsychiatric Inventory and domain-specific scales, including the Stroke Aphasia 
Depression Questionnaire-10 item version and the Starkstein Apathy Scale. In addition, an 
adapted version of the Hospital Anxiety and Depression Scale was directly administered to the 
PWA themselves. This observational study is based on the baseline assessment of an intervention 
clinical trial (EudraCT: 2017-002858-36; ClinicalTrials.gov identifier: NCT04134416).

RESULTS 
The literature review revealed a broad spectrum of NPS in PWA, including depression, anxiety, 
apathy, agitation/aggression, eating and sleep disorders, psychosis, and hypomania/mania. These 
findings alert to the need for improving assessment and treatment approaches of NPS taking into 
consideration their frequent occurrence in PWA. Study 2 showed that the 20 participants had 
mild- to-moderate aphasia severity and were functionally independent. A wide range of comorbid 
NPS was found in the post-stroke aphasic population (median number of NPS: 5, range: 1-8). The 
majority of PWA (75%) had depressive symptoms, followed by agitation/aggression (70%), 
irritability (70%), anxiety (65%) and appetite/eating symptoms (65%). Half of them also presented 
symptoms of apathy, whereas euphoria and psychotic symptoms were rare (5%). Domain-specific 
scales revealed that 45% of participants had apathy and 30% were diagnosed with depression and 
anxiety.

CONCLUSION 
Concurrent NPS are frequent in the chronic period of post-stroke aphasia. Therefore, further 
research on reliable and valid assessment tools and treatment for this aphasic population is 
strongly warranted.

Key Words: Aphasia; Stroke; Neuropsychiatric symptoms; Anxiety; Apathy; Depression

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The literature on neuropsychiatric disorders in persons with aphasia (PWA) is limited, given that 
this population is usually excluded from neuropsychiatric evaluations. This article provides a state-of-art 
analysis on the prevalence, nature, pathophysiology, assessment, and treatment of neuropsychiatric 
symptoms (NPS) in PWA. We also report findings from a proof-of-concept observational study that 
included 20 PWA after chronic left hemisphere lesions which identified a spectrum of NPS, primarily 
depression, irritability, agitation, anxiety, and apathy.

Citation: Edelkraut L, López-Barroso D, Torres-Prioris MJ, Starkstein SE, Jorge RE, Aloisi J, Berthier ML, Dávila 
G. Spectrum of neuropsychiatric symptoms in chronic post-stroke aphasia. World J Psychiatry 2022; 12(3): 450-
469
URL: https://www.wjgnet.com/2220-3206/full/v12/i3/450.htm
DOI: https://dx.doi.org/10.5498/wjp.v12.i3.450

INTRODUCTION
Aphasia, defined as the partial or complete loss of language caused by brain damage is one of the most 
frequent and devastating sequelae of stroke[1-3]. In fact, about 21% to 38% of acute stroke individuals 
have aphasia[1] and 25% to 50% of them still show residual language and communication deficits in the 
chronic period[4]. Before focusing on neuropsychiatric symptoms (NPS) associated with post-stroke 
aphasia (PSA), below we present a brief overview on the impact of aphasia in the acute and chronic 
stroke periods as well as the traditional and emerging evaluation approaches used to classify language 
deficits and to implements adequate therapies.

Overview on PSA 
PSA may be associated with worse outcomes in acute/subacute (onset to week 12), chronic (week 13-
week 52) and very chronic (week 53 onwards) periods than strokes unassociated with aphasia[5,6]. This 
is the consequence of the increased length of hospital stay and inpatient medical complications, 
including those caused by the neurological disability itself. The course of aphasia during the sub-acute 
and chronic stroke periods may also be complicated by reduced functional independence, longer stays 
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in rehabilitation settings, reduced adherence to aphasia therapy, particularly in older people, and poorer 
quality of life and activities of daily living[1,5,6].

Stroke lesions causing aphasia usually affect the left hemisphere (dominant for language in most right 
handed individuals) in the distribution of the middle cerebral artery territory with damage to the 
perisylvian language core and its subcortical structures (basal ganglia, internal capsule and white 
matter). The resulting syndromes are chiefly characterized by impaired repetition in the context of 
impaired spontaneous speech, and variable deficits in auditory comprehension and naming. These 
syndromes are known as the “classical” or “perisylvian” aphasias (Broca’s, Wernicke’s, conduction and 
global) which roughly account for 80% of all cases and have poorer prognosis than other types of 
aphasias[7]. The rest of post-stroke aphasic syndromes, representing 20% of all cases, are associated 
with infarctions in arterial “borderzone” vascular territories (i.e., the junction between anterior and 
middle cerebral arteries). These aphasias (motor, sensory and mixed transcorticals and anomic) are 
characterized by preserved repetition and echolalia with variable deficits in other language domains 
(spontaneous speech, comprehension and naming) and usually have better long-term prognosis than 
perisylvian aphasias[8]. Whereas infarctions account for around 80% of cases, hemorrhages are less 
frequent[1]. The clinical profile of acute and chronic PSA is heterogeneous with a variable degree of 
involvement of phonology, semantics, fluency and connected speech production. Traditional classific-
ations of aphasia dichotomically separate syndromes (e.g., Broca’s, Wernicke’s, transcortical) on the 
basis of differences in surface language deficits (fluent/nonfluent speech, impaired/preserved compre-
hension). In spite of this coarse division, the syndrome-based approach (e.g., Broca’s aphasia) is still 
retained in clinical practice to predict prognosis, manage recovery in acute clinical settings, and inform 
patients and relatives[1]. However, using this approach the aphasia profile in more than a quarter of 
stroke patients is unclassifiable and there is no clear-cut correspondence between lesion location and 
aphasia profile particularly in chronic cases. Even more important is that clinical labels (e.g., Broca’s 
aphasia) provide little information on the underlying language and cognitive deficits and knowing the 
status of these deficits is crucial to select adequate model-based therapies. Therefore, since 
understanding the neural mechanisms underpinning language processing is important for diagnosis 
and treatment, current accounts use data-driven approaches for aphasia classification and lesion-based 
predictions of recovery[9,10]. Moreover, it is well known that persons with aphasia (PWA) have an 
increased incidence of NPS compared to patients with other chronic diseases[2,11], greatly influencing 
rehabilitation responses, quality of life, and long-term functional outcomes[12-15]. In general, NPS are a 
frequent and challenging consequence of stroke, derived from the crossroad of lesion-related brain 
factors and psychological distress related to the event and its functional impact in daily life[16,17]. 
Several comprehensive reviews dealing with NPS in post-stroke patients have been reported[18-22] and 
a recent original study evaluating 518 non-aphasic stroke patients found that half of the sample 
presented at least one NPS based on Neuropsychiatric Inventory (NPI)[23,24]. However, one relevant 
limitation of the above studies is that they exclude aphasic participants due to the inherent linguistic-
assessment difficulties[25-29]. The aims of the present study were thus twofold. In study 1 the objective 
was to carry out a narrative review on NPS in PSA, covering data of prevalence, risk factors, assessment 
tools, pathophysiology, and treatment options. Study 2 reports original data from 20 PWA in the 
chronic phase after suffering a left hemisphere lesion who were evaluated with the NPI and domain-
specific psychiatric scales to examine the frequency and severity of NPS.

MATERIALS AND METHODS
Study 1: Literature review
Search strategy: The authors conducted a literature search on Medline/PubMed, PsycINFO, Google 
Scholar and Cochrane databases from inception to June 2021. Key search terms for NPS or disorders 
were cross-referenced to PSA. The following terms were included: “aphasia” or “PSA” or “acquired 
language impairment” or “acquired language disorder” or “post-stroke linguistic disorder” or “post-
stroke linguistic impairment” AND “neuropsychiatric*” or “neuropsychiatry” “psychy*” or 
“neurobehav*” or “behavio[u]r*” or “emotion*” or “mood” or “affect*” or “depression” or 
“depressive” or “dysthym*” or “distress“ or “apathy” or “apathetic” or “motivat*” or “drive” or 
“indifferen*” or “anxiety” or “anxious*” or “stress” or “phobia” or “fear” “catastrophic reaction” or 
“disinhibit*” or “impulsiv*” or “agitat*” or “aggress*” or “anger” or “irritab*” or “psycho*” or 
“hallucination” or “delusion” or “delusive” or “prodrom* or “sleep” or “appetite” or “eating” or 
“elation” or “pathological laugh*” or “euphoria” or “mania” or “bipolar” or “quality of life”. Articles 
including the terms “stroke” or “post-stroke” or “cerebrovascular” AND “neuropsychy*” or 
“neurobehav*” or “emotion” or “depression” were also screened for aphasia terms within its full text 
and considered for inclusion. This search strategy was analogous to other published reviews on post-
stroke depression[30,31].

Titles, abstracts, and full texts were reviewed by 2 independent observers (MB and LE) to assess 
inclusion criteria and read the selected articles for final incorporation. In addition, references of all 
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selected articles were searched for studies that could also meet inclusion criteria. Possible investigator 
divergences were compared and resolved through discussion. A third observer (GD) was available for 
an appeal if disagreements existed. Studies were included if: (1) Participants had a clear assessment of 
aphasia and presented a single or multiple NPS or disorders; (2) NPS or disorders were assessed with 
validated scales or through clearly defined criteria; (3) participants were adults (i.e., 18 years or older); 
(4) participants were only affected by cerebrovascular lesions; and (5) articles were written in English.

This narrative review prioritized manuscripts in the following order: (1) Meta-analysis or systematic 
reviews; (2) randomized clinical trials; (3) cohort studies; and (4) case-reports. When only case-reports 
were retrieved, articles including neuroimaging measures were prioritized. Studies including 
participants with pre-stroke neurodegenerative (e.g., primary progressive aphasia, dementia) or 
premorbid psychiatric disorders that would make differential diagnoses difficult were excluded from 
the search.

Study 2: A proof-of-concept study of neuropsychiatric symptoms in chronic post-stroke aphasia
Study design and subject selection: The focus of this study was the assessment of the frequency of NPS 
at baseline of an intervention trial in PWA after stroke (EudraCT:2017-002858-36; ClinicalTrials.gov 
identifier: NCT04134416). The study included 20 chronic PWA (median age of participants: 58, range: 
28-65 years; 13 men) evaluated at the Unit of Cognitive Neurology and Aphasia at the University of 
Malaga, Spain. A consecutive series of participants meeting the following criteria were included: (1) Age 
between 18 and 70 years; (2) right handedness (80 points in the Edinburgh handedness inventory)[32]; 
(3) Spanish as native language; (4) left-hemisphere stroke lesions; and (5) diagnosis of aphasia 
established by a score in the aphasia quotient (AQ) of the Western Aphasia Battery-Revised (WAB-R) ≤ 
93.8 points[33]. Exclusion criteria were: (1) Dysarthria without aphasia; (2) bilateral lesions; (3) increased 
risk of a new stroke or unstable neurological condition (e.g., transient ischemic attacks); (4) history of 
pre-stroke dementia and/or psychiatric disorders (schizophrenia, major depression, bipolar disorder, 
anxiety disorders); (5) alcohol and substance use or abuse; or (6) coexistence of aphasia with post-stroke 
dementia. Table 1 shows the demographic and clinical characteristics of the group. Participants with 
aphasia also underwent comprehensive neurological, neuropsychological, and neuroradiological 
assessments. Participants who were taking psychotropic drugs (antidepressants or tranquillizers) 
and/or antiepileptics were not excluded, but all prescribed medications were maintained stable during 
the study. Written informed consent was obtained from all participants and informants after providing 
detailed descriptions of the study. None of the participants or informants refused to take part in the 
investigation. The study was performed in accordance with the Declaration of Helsinki and approved 
by the Ethical Research of Drugs Committee Provincial of Malaga, Spain and the Spanish Drug and 
Healthcare Products Agency.

Functional evaluation: The Barthel Index was employed to measure the degree of assistance required 
by each person on 10 items of mobility and self-care regarding activities of daily living. A higher score 
(maximum: 100 points) reflects a better competence to function independently[34].

Language evaluation: The type and severity of aphasia were evaluated with the WAB-R[33]. The profile 
of aphasia was made according to the taxonomic criteria of the WAB-R and aphasia severity was rated 
according to the scoring of the AQ of WAB-R. Lower AQ scores indicate more severe aphasia.

Multidomain neuropsychiatric evaluation: Relatives in close contact with participants were 
interviewed using the NPI[24]. Although this semi-structured interview was originally developed to 
evaluate the spectrum of NPS in patients with dementia, its use has later been expanded to assess 
people with stroke and other neurological conditions[23,35-37]. The NPI assesses the frequency and 
severity of psychological and behavioral symptoms grouped into 12 categories: delusions, hallucin-
ations, agitation/aggression, depression, anxiety, euphoria, apathy, disinhibition, irritability, aberrant 
motor behavior, appetite, and sleep/nighttime disturbances. The questions pertain to changes in the 
patient’s behavior since the onset of the stroke and, if so, whether the altered behavior was present 
during the last month. For the purpose of this study, the presence of symptoms was determined by the 
number of patients with scores > 0 in the respective symptom[23]. Frequency scores range from 1 to 4 
(where 1= occasionally, less than once per week; 4 = very frequently, once, or more per day or 
continuously). Severity scores range from 1 to 3 (where 1 = mild, 2 = moderate, 3 = severe). Each 
domain´s final composite score is the product of the frequency times the severity, with a maximum 
score of 12 points.

Domain-specific neuropsychiatric evaluation: Since the NPI does not provide specific cut-off scores for 
neuropsychiatric diagnoses, domain-specific scales that specifically assessed depression, anxiety, and 
apathy disorders were also used. These scales were selected because all of them have previously been 
used in patients with stroke[38-40]. After data interpretation, neuropsychiatric diagnoses were blindly 
assessed by an expert behavioral neurologist who was blinded to the outcome goals of this study.

Hospital Anxiety and Depression Scale: The Hospital anxiety and depression scale (HADS) is a 14-item 
instrument evaluating both anxiety and depression (seven items for each subscale)[39]. For each 
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Table 1 Demographic and clinical characteristics of persons with aphasia

Patient Sex/handedness Age 
(yr)

Education 
(yr)

Stroke duration 
(mo)

Barthel 
index1

Lesion volume 
(cm3)

Aphasia 
type2 Antidepressants

1 F/R 50 12 80 80 113.33 Conduction Sertraline 

2 M/R 61 14 103 90 163.02 Broca Citalopram

3 M/R 49 17 61 90 210.38 Broca No

4 M/R 42 11 45 100 99.31 Anomic Citalopram

5 M/R 63 8 11 85 23.16 Conduction No

6 F/R 58 12 126 95 188.76 Anomic No

7 M/R 60 12 45 60 44.96 Anomic No

8 M/R 54 14 44 90 66.97 Anomic No

9 M/R 51 13 7 80 225.69 Anomic Amitriptyline

10 M/R 54 10 19 90 282.59 Wernicke No

11 F/R 58 15 66 95 98.84 Broca No

12 F/R 61 12 17 45 4.47 Anomic Sertraline

13 M/R 32 18 10 100 34.01 Wernicke Sertraline

14 M/R 49 8 13 80 17.45 Anomic No

15 F/R 28 8 6 100 51.26 Anomic No

16 F/R 65 17 13 100 26.10 Wernicke No

17 M/R 64 17 120 100 157.58 Anomic No

18 F/R 65 17 13 75 158.25 Broca No

19 M/R 58 8 17 100 69.66 Wernicke No

20 M/R 63 17 10 100 50.43 Wernicke Fluoxetine

Median 58 12.5 18 90 84.25

1Barthel Index measures participant´s independence in activities of daily living;
2Type of aphasia was obtained from fluency, comprehension, and repetition subtest of the Western Aphasia Battery-Revised.
F: Female; M: Male; R: Right-handed.

statement, the participant chooses one of four responses (e.g., ‘definitely as much’, ‘not quite as much’, 
‘only a little’, ‘hardly at all’)[39]. Scores for each subscale range from 0 to 21 points and a cut-off scores 
of 8 points are used for each scale. In the present study, the HADS was directly administered to the 
PWA. To overcome comprehension deficits of participants, each question together with the alternative 
responses were printed in large font letters on individual pages and the items were read aloud by the 
examiner who then scored a reliable answer. Cronbach's alpha for HADS-Anxiety varies from 0.68-0.93 
and for HADS-Depression from 0.67-0.90[41].

Starkstein Apathy Scale: This scale was developed to assess apathy in patients with neurological 
diseases including stroke[40,42]. Informants of the participants were requested to answer the Starkstein 
Apathy Scale (SAS)’s 14 items, each of which scores on a 0–3 scale[40]. The cut-off score of the SAS is 14 
(maximum score 42) and higher scores indicate more severe apathy. The scale has an excellent 
Cronbach’s α of 0.939[43].

Stroke Aphasia Depression Questionnaire: The stroke aphasia depression questionnaire (SADQ)-10 
was developed to assess depressed mood in patients with aphasia[38]. It contains 10 items answered on 
a 0-3 scale by the principal informant on behalf of the PWA. The cut-off score of the SADQ-10 is 14 
points (maximum score 30)[44]. Participants are classified as having depression when they score ≥ 14 
points[38], or classified with subthreshold depression[45] when the SADQ-10 score is ≥ 6[46]. The 
questionnaire has an excellent internal consistency, with a Cronbach’s alpha of 0.80 and split-half 
reliability of r = 0.81[44].
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Statistical analysis
We computed descriptive statistics for demographic and clinical data. In addition, non-parametrical 
two-tailed Spearman’s correlations on NPI scores and domain-specific instruments (AS, HADS and 
SAQ21) were performed. Statistical analysis regarding the number of NPS based on demographic and 
clinical variables were obtained with non-parametric independent samples Mann-Whitney U test and 
Kruskal-Wallis test. All statistical tests were two-tailed, and the significance threshold was set at P < 
0.05. Analyses were carried out using SPSS v.21 and JASP (2020) software.

Lesion overlap 
For the purpose of the current study, only T1-weighted magnetic resonance images (MRI) were acquired 
at the baseline assessment to delineate the lesion of each participant with aphasia. The MRI sequence 
was acquired on a 3-T MRI scanner (Philips Intera, Amsterdam, The Netherlands), Release 3.2.3.4, with 
a MASTER gradient system (nominal maximum gradient strength = 30 mT/m, maximum slew rate = 
150 mT/m/ms), equipped with a six-channel Philips SENSE head coil. Lesions were manually drawn in 
native space by DL-B and MJT-P, who were blind to all clinical data outcomes at the moment of the 
lesion delineation. Lesion maps were drawn by using Mricron software[47] on a slice-by-slice basis. 
Lesion overlap maps were created as follow: first, individual lesion maps and T1-weighted images were 
reoriented according to the anterior commisure. To achieve optimal normalization of the lesions and the 
T1-weighted images, cost function masking was applied during the preprocessing[48]. T1-weighted 
images after masking out individual lesions were segmented into different tissues and the resulting 
parameters were used to normalize both the T1-weighted images and the lesion masks to Montreal 
Neurological Institute space. Normalized lesion masks were smoothed with a 3 mm FWHM kernel and 
binarised. The overlap of the resulting binarised masks was performed with ImCalc. All these 
processing steps were performed with SPM12 (Wellcome Trust Centre for Neuroimaging, 
http://www.fil.ion.ucl.ac.uk/spm/software/spm12).

RESULTS
Study 1: Literature review
One hundred fourteen articles covering PSA and NPS (disorders) were included in this narrative 
review. The studied publications focused primarily on assessment/diagnosis of depression and anxiety 
(n = 34/29.8%) and on intervention approaches (n = 24/20.5%). Few articles covered prevalence data of 
NPS in PWA (n = 6/5.2%), risk factors (n = 5/4.2%) or pathophysiological mechanisms (n = 7/6.1%). 
Over half of all articles covered depression (n = 60/52.6%), 21 articles (18.4%) examined anxiety, and 12 
articles (10.5%) referred to quality of life in PWA. Systematic reviews and meta-analysis accounted for 
16.6% of all included articles (n = 19). Below, we present the synthesis of published data on depression, 
anxiety, apathy, agitation/aggression, mania, and psychosis.

Depression: The co-occurrence of stroke and aphasia is a stressful life event resulting in mood 
alterations and depression[11]. In fact, post-stroke depression has been identified as one of the most 
frequent and long-term sequela of PWA[11,26,49,50]. The disorder is categorized in the diagnostic and 
statistical manual for mental disorder-fifth edition (DSM-5) as “mood disorders due to another medical 
condition” such as stroke with depressive features, major depressive-like episode, or mixed-mood 
features (simultaneous depression and manic features)[30,51]. A diagnosis of major depression includes 
depressed mood and/or anhedonia/Loss of interest alongside four other symptoms (weight loss/gain, 
insomnia/hypersomnia, psychomotor agitation/retardation, fatigue, feelings of worthlessness, 
diminished concentration, and suicidal ideation) lasting for two or more weeks, and having an impact 
on daily functioning[51].

Depressive symptoms are associated with communication impairments following stroke, but the 
prevalence of depression in PWA is seldomly reported[26,28,45,52]. However, if any NPS are reported 
in PWA it is usually depression. Prevalence of this disorder ranges from 52%[53] to 62%[54] of PWA one 
year post-stroke, and this incidence is higher than in the overall stroke population[53-56]. As for risk 
factors, the presence of aphasia augments the chance of developing depressive symptoms[21,29,53,54]. 
Moreover, depressive symptoms may account for a significant variance in functional communication 
after acquired aphasia[57] and persons with Broca’s aphasia (non-fluent verbal production with mild 
impairment in comprehension) are almost 9 times more likely to suffer depression compared to 
Wernicke’s patients (fluent speech with impaired auditory and reading comprehension)[58]. Regarding 
aphasia evolution, Herrmann et al[59] compared single left-sided acute to chronic PWA and depression 
and found no significant between-group differences on depression sum-scores, age, sex, or severity of 
hemiparesis. On the other hand, Kauhanen et al[60] stated that aphasia increases the risk of developing 
depression in the chronic phase of stroke (> 6 mo of evolution)[60].

In the absence of suitable biological markers, the assessment and diagnosis of depression must rely 
on the results of clinical evaluations and psychometric testing[61]. To date, only a handful of 
instruments for the assessment of clinical depression in PWA have been proposed[26,62,63]. Among the 
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most common are the SADQ-21 and its shortened version (SADQ-10)[38], the Aphasic Depression 
Rating Scale[64], the Signs of Depression scale[65], or the Depression Intensity Scale Circles[66]. Non-
verbal measurements, such as the Dynamic Visual Analogue Mood Scale[67] represent an important 
step forward in assessing mood in people with language impairments[68] while objective acoustic 
measures related to affective state change in the speech of PWA are also being developed[69]. On the 
other hand, the ROMA consensus statements highlight the general health questionnaire-12 for the 
assessment of emotional wellbeing in PWA[70] In addition, in PWA showing mild deficits in auditory 
comprehension, it is feasible to use well-known testing scales (e.g., Beck Depression Inventory, the 
Hamilton Depression Rating Scale or the HADS[27,71-73]).

Causal factors of depression after stroke are probably multifactorial. Alterations in monoamine 
neurotransmitter systems, higher levels of glutamate in the synaptic cleft, hypothalamic–pituitary– 
adrenal axis abnormalities, anomalous neurotrophic responses, and an excess of proinflammatory 
cytokines have all been linked to the pathogenesis of depression after stroke[26,31,74]. The idea that the 
risk of depression after stroke is influenced by lesion location is still controversial[75]. The hypothesis 
was first proposed over 30 years ago by Robinson’s group reporting that left-hemisphere strokes, 
especially in frontal region, were associated with depressive disorders[76,77]. Many replication studies 
have been carried out since then, but results remain inconclusive. Systematic reviews performed by 
Carson et al[78] and Wei et al[79] found no support for a higher frequency of depression in frontal left-
hemisphere stroke lesions. As Wei et al[79] discuss, most patients with severe aphasia are excluded from 
studies, and the frequency of depression in left-hemisphere patients may be underestimated. However, 
a multivariate lesion-symptom mapping study found a significant association between the severity of 
depression scores and lesions affecting the left dorsolateral prefrontal cortex in 39 PWA and chronic 
stroke[80]. Therefore, a coherent explanatory model, able to integrate the underlying pathophysiological 
mechanisms of depression in PWA, still remains to be formulated.

Therapeutic interventions to alleviate depression in PWA are still scarce[81]. In fact, less than one 
percent of PWA receive direct treatment for psychological distress[82]. In a systematic review of rehabil-
itation interventions for the prevention and treatment of depression in PWA Baker et al[83] highlight 
that PWA with mild depression may benefit from psychosocial-type treatments, whereas no evidence 
was found for the treatment of moderate to severe depression. A systematic review by Wray et al[84] for 
self-management interventions (i.e., decision-making, problem solving, goal setting) could also not 
clarify whether these approaches were suitable for PWA, especially with moderate or severe aphasia. 
More recent reports show that the employment of two weeks of Intensive Language-Action Therapy has 
proven effective in reducing not only language deficits but also low mood in persons with fluent and 
non-fluent aphasias[71,85]. This is in line with Baker et al[83]’s statement, who suggested that treatment 
strategies for the improvement of physical, cognitive and communication functions can have a beneficial 
effect on both rehabilitation and depression outcomes in PWA. A randomized controlled trial for PWA, 
comparing behavioral therapy and usual care with a usual care control, showed significant 
improvement of affective symptomatology in the experimental group at three and six months post-
intervention[86]. The development of solution-focused psychotherapy approaches, in addition to 
behavioral activation therapies, specifically tailored for PWA are also under way[82,87,88]. No studies 
have been published about the pharmacological treatment of depressed PWA. Neuromodulation 
techniques, such as transcranial direct current stimulation or repetitive transcranial magnetic 
stimulation have shown promise for the treatment of depression in PWA[89-91].

Anxiety: Adult anxiety comprises a class of conditions that includes generalized anxiety disorder, panic 
disorder, and phobias[51,92]. In the context of PWA, the DSM-5 classifies these conditions as anxiety 
disorders due to another medical condition[51] and clinical criteria are disproportionate fear, 
apprehension of danger, restlessness and day-to-day distress[93-95]. PWA regularly report feeling 
anxious when employing language to communicate[96]. In some patients, anxiety during language 
testing can escalate quickly to frustration, transient bursts of tears, eventually leading to requests of 
interrupting testing (catastrophic reactions)[97-99]. Such reactions are usually associated to non-fluent 
aphasias due to anterior left-hemisphere or basal ganglia lesions[100,101]. It is noteworthy that anxiety 
has received comparatively less attention in PWA than depression[94,101]. Impairments in the ability to 
communicate is one the most significant sources of stress for PWA[102,103]. To date, the prevalence of 
anxiety among PWA is estimated to be around 44%, in contrast to the 18%-25% of stroke survivors 
without language disorders[94,104,105]. Schöttke et al[106] however, find a slightly lower prevalence of 
both anxiety (29%) and depression (38%) in acute PWA and people with post-stroke anomia. As for risk 
factors, Pompon et al[107] indicates that PWA are at higher risk for experiencing chronic stress, which, 
in turn, is associated with increases in depression and anxiety.

Cahana-Amitay and colleagues (2011) coined the term “linguistic anxiety”, to describe a person in 
whom the deliberate, laborious production of language precipitates the apprehension of committing an 
error, with the anticipation of linguistic failure serving as the trigger[96,108]. Even in mild aphasia, 
language-based anxiety can interfere with task performance[108]. Indeed, stress reactivity is consid-
erably higher during linguistic in comparison to non-linguistic tasks[55,94,103] and higher anxiety and 
stress responses are related to non-fluent aphasias[96,102]. PWA also show heightened physiological 
arousal and anxiety scores in general compared to stroke patients without aphasia[94,109].
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Post-stroke anxiety is assessed via questionnaires and/or clinical interviews and PWA are ordinarily 
excluded from anxiety evaluations[94,104] as scales to assess post-stroke anxiety in aphasia have not yet 
been developed and validated[104]. Usually, modified versions of the Behavioural Outcomes of Anxiety 
Scale[110], the HADS[39], the Generalized Anxiety Disorder-7[111], or the Burden of Stroke Scale[112] 
are employed to rate anxiety in PWA. In addition, the NPI can be proxy-administered[35].

One potential psychological mechanism underlying linguistic anxiety is the overfocus on the 
language testing (area of worry), coupled with reduced attentional functions. The patient’s fixation on 
his/her impaired language performance reduces the ability to follow language assignments, which is 
signaled by heightened physiological stress responses such as heart rate and skin conductance[96,108]. 
Premorbid personality traits (self-demand attitude, perfectionism) may also favor the emergence of 
anxiety in PWA[103]. The pathophysiological mechanisms involved in post-stroke anxiety in PWA 
remain unknown as there are few studies that explore the physiological stress responses in PWA during 
language examination[96]. An extended cortical and subcortical network was proposed to be involved 
in the regulation of stress and anxiety responses, including the reticular system of the brainstem, limbic 
structures (amygdala), and the frontal lobe, activating both the autonomic nervous system and the 
hypothalamus-pituitary-adrenal axis[96,108]. However, a recent meta-analysis studying post-stroke 
anxiety and lesion location found no strong associations[104]. Recently, Ryan et al[113] reported a 
systematic review of non-pharmacological treatment interventions for anxiety in PWA. The authors did 
find 10 studies (5 randomized controlled studies) and none of them showed significant improvement of 
anxiety outcomes in PWA[113]. Torres-Prioris et al[103], stressed the usefulness of including adequately 
trained laypersons/carers in the evaluation and treatment of PWA to overlook the “white coat” effect. 
Affected individuals usually show reduced anxiety levels towards familiar people in both evaluation 
and rehabilitation[103]. A beneficial role of the β-blocker agent propranolol in naming has been 
suggested[114,115]. It is possible that this agent improves anomia by exerting its anxiolytic effects[115,
116].

Apathy: Apathy is defined as a multidimensional syndrome of diminished goal-directed behavior, 
emotion and cognition resulting in a loss of initiative, decreased interaction with their environment, and 
interest in social life[117-119]. However, the DMS-5 does not categorize apathy as an independent 
mental illness but as an incipient symptom in other psychiatric and neurocognitive disorders (e.g., 
energy loss in major depressive disorder)[51]. The prevalence of apathy in PWA is currently unknown 
as a previous meta-analysis covering post-stroke apathy could not provide any specific data for the 
aphasic population[120]. However, Kennedy et al[121] evaluated 19 acute PWA with the Apathy 
Inventory-Clinical Scale[122] and found that 53% of the sample was apathetic[121]. In fact, during the 
acute post-stroke phase, aphasia correlates with apathy severity and PWA are also less likely to show 
resolution of such motivation deficits[121]. Apathy is usually proxy-assessed through the SAS[40], the 
Apathy Evaluation Scale[123], the Apathy Inventory-Clinical Scale[122] or the Dimensional Apathy 
Scale[124] in addition to the NPI[24]. Actigraphy records from an unaffected arm may serve to measure 
poststroke apathy in PWA, but should not be used alone[125]. Crucial brain structures for motivated 
behavior in healthy people include fronto-striatal circuits (including the nucleus accumbens), the dorsal 
anterior cingulate and the orbitofrontal cortex[126,127]. On the other hand, Starkstein et al[128] recently 
reviewed the neuroimaging literature and found that lesions of the basal ganglia are the most common 
correlates of apathy in stroke. However, no studies have specifically evaluated the neuroimaging 
correlates of apathy in PWA. In addition, there is a lack of high-quality evidence to guide management 
of post-stroke apathy[117,120,129] and only one case report described the improvement of apathy and 
behavioral disinhibition with transcranial direct current stimulation combined with speech-language 
therapy in patient with severe non-fluent aphasia[91]. The recent Canadian Stroke Best Practice 
Recommendations specifically endorses to offer nonpharmacological interventions, such as exercise and 
music therapy, to stroke patients with marked apathy (with or without clinical depression), but not 
special recommendation were given for PWA[130]. Ideally, treatment would begin soon after stroke, as 
apathy limits the patients’ ability to participate in the intensive rehabilitation programs.

Agitation and aggression: Agitation, inability to control anger and aggression are observed symptoms 
in PWA[22,36,131]. Anger represents an emotional reaction, whereas aggressiveness is understood as 
the subsequent behavioral reaction[132]. As everyday functional communication is reduced in PWA, 
they can become frustrated, less tolerant and irritable, getting easily angry regarding trivial matters
[133]. The study of aggression in PWA has traditionally been difficult, and only few articles have been 
published[132,134-137]. However, it seems that aphasia is associated with higher levels of anger, as well 
as loneliness and social isolation[131,132]. Angelelli et al[36] observed three times more risk of agitation 
in PWA and four times more risk of being irritable than those with normal language. Another study 
evaluating anger in acute stroke patients found that 31% of participants with aphasia (n = 26) were 
irritable and aggressive[134]. A more recent study, evaluating anger in acute stroke, found that half of 
PWA (n = 26) and 10 dysarthric participants (n = 44) displayed anger[135]. On studying mild post-stroke 
aphasia, Choi-Kwon et al[138] found that lesion location was not related to anger. However, participants 
with moderate to severe aphasia were excluded, thus biasing the results. There are no validated 
questionnaires for the assessment of anger in PWA. Instruments employed to evaluate anger in non-
aphasic population include the state-trait anger expression inventory-2 or the modified Spielberger trait 
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anger scale[139]. In addition, there are no studies targeting the pathophysiology or treatment of 
agitation and irritability in PWA.

Hypomania/mania: Elevated mood, hypomania and mania are seldomly reported in PWA, except in 
aphasic patients with posterior left hemisphere strokes[140]. Mania is defined as an abnormally and 
persistently raised expansive or irritable mood, thought and speech acceleration, lack of insight, 
overactivity, and social disinhibition[141]. In the context of PWA, the DSM-5 classifies these conditions 
as bipolar and related disorders due to another medical condition[51]. In a study conducted by Signers 
et al[140], one-fifth of participants with chronic fluent aphasia and posterior left hemisphere lesions 
were elated (a state of extreme happiness or excitement[142]) and unaware of their language 
impairment[140]. By contrast, elation has not been described among patients with non-fluent aphasia
[143], except in a case of mixed transcortical aphasia associated with hypermusia, musicophilia, and 
compulsive whistling[144]. It seems that mania after left hemisphere damage is rare and according to 
the sparse published information it is difficult to describe its demographic, clinical and prognostic 
characteristics[141]. To date, only case reports have been published on mania in PWA[145-147]. These 
studies suggest that the onset of mania may be delayed up to two years post-stroke[148]. Manic states 
following stroke are often difficult to treat as brain damage and comorbidities enhance adverse effects 
and impair efficacy of some antimanic agents[149]. Case reports of post-stroke mania in non-aphasic 
stroke patients have found lithium, anticonvulsant mood stabilizers (valproate or carbamazepine), 
atypical antipsychotic drugs (olanzapine, aripiprazole, risperidone), clonazepam and clonidine to be 
effective[150,151]. However, there are no studies of treatment of hypomania and mania in PWA.

Psychosis: Delusions and hallucinations: Post-stroke psychosis involves the presence of delusions 
and/or hallucinations[152]. Within the context of PWA, the DSM-5 classifies this conditions as psychotic 
disorder due to another medical condition[51]. The development of psychosis is considered to be among 
the most devastating post-stroke syndromes[153]. Delusions in PWA are not rare. Shehata et al[55] 
evaluated 30 PWA and 31 non-aphasic stroke patients with the Eysenck Personality Questionnaire and 
found that psychosis was more prominent in PWA. Another study found that 28 PWA out of 61 chronic 
participants developed delusions, being mostly of persecutory nature[140]. The symptoms were found 
to be more common with posterior left hemisphere lesions[140], particularly in patients with Wernicke´s 
aphasia[154], who are more paranoid and aggressive[19,155,156] than patients with anterior lesions who 
instead may become more frustrated and depressed[133,140]. A detailed language evaluation of 
Wernicke’s aphasia is desirable because characterization of speech and language deficits can be 
misinterpreted as psychotic speech disorder[157-159]. Potential explanations for this relationship may 
include auditory comprehension deficits with misinterpretation of information, in addition to 
anosognosia for aphasia and psychosis. Up to now, the pathophysiological mechanisms underlying 
psychosis in PWA are unknown, in part, because these patients are excluded from stroke studies on 
NPS[25,152]. Treatment approaches for psychosis in PWA are also not currently known. Antipsychotic 
medication is the main treatment for stroke patients[152] as poststroke and primary psychosis may 
likely reflect a common mechanism[152,160] but further research is strongly needed for PWA.

Study 2: A proof-of-concept study of neuropsychiatric symptoms in chronic post-stroke aphasia
Demographic and clinical data: Demographic and clinical data of participants are shown in Table 1. 
The Barthel Index indicated that most PWA were functionally independent, with a median score of 90 
points (range: 45-100). Only one participant (subject 12) with anomic aphasia and a dense right 
hemiparesis showed high dependency regarding activities of daily living (Barthel Index: 45 points). All 
participants were in the chronic phase of stroke evolution with a median duration of 18 mo (range: 7-
126). Results indicate that 9 patients were diagnosed with anomic aphasia (77.3 ± 6.2 points on the AQ of 
WAB-R), 5 with Wernicke´s (55.4 ± 15.9 points), 4 with Broca´s (55.7 ± 9.2 points) and 2 with conduction 
aphasia (64.8 ± 14.9 points). Table 2 displays the number and composite score of NPS in our sample 
based on the NPI. As can be seen, there was a significant presence of comorbid NPS. In fact, all 20 
participants were rated by their informants as exhibiting more than one NPS, except in one participant 
(subject 15), a female of 28 years of age with mild aphasia, who only showed a high NPI score in 
changes in appetite/eating behavior. On average, each PWA yielded a median number of 5 NPS (range: 
1-8), with a mean composite score of 2 points (range: 1-6), indicating symptoms of mild severity in the 
chronic phase of stroke evolution.

Based on the result of the NPI, the majority of PWA (75%) had depressive symptoms, followed by 
agitation and irritability (70%), anxiety and appetite/eating disorders (65%). Half of the sample also 
showed symptoms of apathy, while sleep disturbances were also relatively frequent (40%). Euphoria 
and psychotic disorders were rare. The most severe symptoms were apathy, depression, anxiety, 
agitation, and irritability (see Table 2). Regarding sexes, women had a median number of 6 NPS while 
men presented 5 NPS. Mann-Whitney U tests showed that there were no statistically significant sex 
differences concerning the number of NPS (P = 0.841). Antidepressants were taken by 7 patients. 
Median results showed that participants taking antidepressants were rated with a relatively similar 
number of NPS (6) compared to the participants without antidepressant intake (5), (P = 0.496). When 
analyzing the median number of NPS based on aphasia type, participants with Broca´s aphasia 
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Table 2 Incidence and composite score of neuropsychiatric symptoms based on the domain-general neuropsychiatric inventory 
evaluation

NPI symptom No. of PWA with NPS (max. 20) Percentage of PWA with NPS (%) Composite NPI score1 

Depression 15 75 4

Irritability 14 70 2

Agitation 14 70 2

Anxiety 13 65 2.5

Appetite/eating disorders 13 65 1

Apathy 10 50 4.5

Disinhibition 9 45 1

Sleep/nighttime disturbances 8 40 1.5

Euphoria 1 5 2

Aberrant motor behavior 1 5 2

Hallucinations 1 5 1

Delusions 0 0 0

1Neuropsychiatric inventory scores were calculated based on positive cases.
Incidence of symptom was determined by the number of persons with aphasia with frequency scores of > 0 of the respective symptom. PWA: Persons with 
aphasia; NPI: Neuropsychiatric Inventory; NPS: Neuropsychiatric symptoms.

presented the highest number of symptoms (6.5) followed by anomic participants (5), conduction 
aphasia (4.5) and Wernicke´s aphasia (3). However, non-parametric Kruskal-Wallis test showed no 
statistically significant differences (P = 0.508).

Specific-domain scales revealed that 30% of PWA were above the cut-off score for depression and 
anxiety (based on the SADQ-10, HADS-anxiety), 40% of patients were diagnosed with subthreshold 
depression (SADQ-10)[45,85] and 45% of participants had apathy (SAS) (see Table 3). However, 
percentages of diagnosis of the proxy-administered SADQ-10 stands in contrast to HADS-Depression 
results. Average scores of these domain-specific scales point into mild disorder severity. There were 
significant correlations between two domain-specific scales (SADQ-10 and SAS) and the most frequently 
reported NPI domains (e.g., depression, anxiety, apathy, agitation, and irritability) (see Table 4). No 
significant correlations were found between both neuropsychiatric scales (NPS and domain-specific 
scales) and aphasia severity (measured with the AQ of WAB-R), fluency, comprehension, or repetition 
scores.

Lesion size and location: The MRIs of participants showed a wide range of lesion volumes (Table 1). 
Lesion location showed that the maximum areas of overlap comprised regions of the long and the 
anterior segments of the arcuate fasciculus, the insula and the putamen in the left hemisphere. 
Involvement of different sectors of the left anterior cingulate gyrus were seen in six participants. The 
overlay of lesions is shown in Figure 1.

DISCUSSION
Study 2: A proof-of-concept study of neuropsychiatric symptoms in chronic post-stroke aphasia
Results of study 2 show that our participants presented mild-to-moderate aphasia severity and were 
functionally independent. We found a spectrum of comorbid NPS in all but one participant with mild 
anomic aphasia. On average PWA had a median number of 5 NPS (range: 1-8). The most frequent 
symptoms were depression, irritability, agitation/aggression, and anxiety, followed by appetite/eating 
disorders, apathy, and sleep disorders, whereas euphoria, delusions/hallucinations were rare. Apathy 
and depressive symptoms were rated as the most severe by their caregivers, followed by anxiety and 
agitation. There were no statistically significant differences regarding the number of NPS based on sex, 
antidepressant intake or aphasia type. When employing domain-specific scales that provide cut-off 
scores for diagnoses, 30% of participants had mild anxiety and depression, 45% showed subthreshold 
depression and 45% of participants had mild-to-moderate apathy.

The prevalence of depressive and anxiety symptoms based on the NPI was higher than the frequency 
of these disorders using the SADQ-10 and HADS. As mentioned, the NPI is an informant-based 
questionnaire developed to screen for the presence of symptoms, but not to establish diagnoses of 
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Table 3 Incidence and median score of neuropsychiatric diagnoses based on domain-specific scales

Domain-specific scale (range) No. of PWA with diagnoses Percentage of PWA with diagnosis (%) Median score (range) 

SADQ-10, depression (0-30) 6 30 15 (14-19)

SADQ-10, subthreshold depression (0-30) 9 45 14 (13-19)

SAS, apathy (0-42) 9 45 12 (1-35)

HADS, anxiety (0-21) 6 30 5 (0-12)

HADS, depression (0-21) 3 15 5.5 (1-14)

PWA: Persons with aphasia; SADQ-10: Stroke Aphasic Depression Questionnaire-version 10; SAS: Starkstein Apathy Scale; HADS: Hospital Anxiety and 
Depression Scale.

Table 4 Correlations between neuropsychiatric inventory-subdomains and domain-specific scales

Domain-specific scale NPI-subdomains Spearman correlation (rs)

NPI-depression 0.67, P < 0.001a

NPI-anxiety 0.60, P < 0.005a

NPI-apathy 0.43, P = 0.540

NPI-agitation 0.60, P < 0.005a

SADQ-10

NPI-irritability 0.63, P < 0.003a

NPI-depression 0.38, P = 0.820

NPI-anxiety 0.27, P = 0.240

NPI-apathy 0.27, P = 0.243

NPI-agitation 0.14, P = 0.540

HADS

NPI-irritability 0.11, P = 0.620

NPI-depression 0.50, P < 0.023b

NPI-anxiety 0.30, P = 0.192

NPI-apathy 0.58, P < 0.006a

NPI-agitation 0.18, P = 0.440

SAS

NPI-irritability 0.09, P = 0.700

aP < 0.01;
bP < 0.05.
NPI: Neuropsychiatric Inventory; SADQ-10: Stroke Aphasic Depression Questionnaire-version 10; SAS: Starkstein Apathy Scale; HADS: Hospital Anxiety 
and Depression Scale.

mental disorders. Thus, we expected to find a higher number of symptoms with the NPI in contrast to 
domain-specific scales. Results revealed a higher percentage of depression with the SADQ-10 than with 
the HADS, therefore showing a low level of congruency between these proxy and self-rated measures. 
Correlation analyses between NPI subdomains and domain-specific scales showed that the SADQ-10 
correlated with a higher number NPI subdomains (depression, anxiety, irritability, and agitation) than 
the HADS (no associations found). The SAS, on the other hand, showed a significant correlation with 
NPI subdomains of apathy and depression. In general, it seems that proxy-rated neuropsychiatric 
instruments (e.g., SADQ-10) are more sensitive to evaluate PWA than directly considering aphasic 
individuals themselves (e.g., HADS) because of cognitive or communication problems. In support of 
these findings, outcome differences between proxy-based and directly administered instruments have 
also been described in other studies regarding PWA[161]. Moreover, family members have generally 
been found to be reliable informants in areas of emotions, daily activities, well-being, and overall 
quality of life[162]. In fact, Bourgeois et al[21] advise physicians to give credence to caregivers’ 
testimonies about the behavior of PWA. Nevertheless, the opinion of informants should not jeopardize 
the autonomy and self-determination of PWA[163]. In general, more studies regarding the reliability 
and validity of neuropsychiatric proxy and self-measured instruments in PWA are strongly needed. 
Lastly, we found a lack of correlation between neuropsychiatric assessment tools (NPI and domain-
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Figure 1 Lesion overlap map from the 20 participants overlaid on a brain template in Montreal Neurological Institute standard space. The 
maximum lesion overlap (red color) (85%, n = 17) involved regions comprising the left arcuate fasciculus (long and the anterior segments), the insula and the 
putamen. Different sectors of the left anterior cingulate gyrus were involved in six participants. L: left.

specific scales) and WAB-R. These results align with findings from another study showing no correl-
ations between WAB-R and depression scores based on the SADQ-21 in PWA and chronic left 
hemisphere strokes[80].

Structural MRIs in our sample showed a wide range of lesion volumes. There was a predominant 
involvement of the left perisylvian language core and lesion overlap analysis showed that the region 
corresponding to the arcuate fasciculus, insula and putamen were affected in 17 participants (85%). The 
insular cortex together with the striatum and the anterior cingulate gyrus (affected in 6 participants) are 
intrinsic components of the Salience Network[164]. The Salience Network is composed of two major 
hubs, anterior insula and dorsal anterior cingulate cortex. It also included three interconnected 
subcortical hubs: amygdala, ventral striatum, and substantia nigra/ventral tegmental area[165]. This 
network, among others, contributes to complex brain functions such as communication, social behavior, 
and self-awareness, by means of integrating of sensory, emotional, and cognitive information[164,165]. 
Damage to the left Salience Network in our sample may have impaired self-regulation of cognition, 
behavior, emotion and autonomic arousal favoring the emergence of an array of NPS[164]. Moreover, 
lesions in the left arcuate fasciculus have been associated with affective symptoms and somatic 
depressive complaints[166] and preliminary findings show that the lesion load in the left arcuate 
fasciculus correlates with naming improvement in PWA treated with antidepressants[167]. In any case, 
the role of the arcuate fasciculus in the NPS of PWA requires further analysis.

Some limitations to the current study should be acknowledged. First, this was a relatively small 
sample including people with chronic PSA of mild to moderate severity, so that it is not representative 
of all PWA and stroke. Another limitation is that we only used three domain-specific scales, whereas the 
NPI assesses twelve NPS. Nevertheless, we have evaluated the three most prevalent neuropsychiatric 
disorders already found in stroke patients without aphasia. In any case, future studies may include 
further domain-specific scales targeting other neuropsychiatric disorders. A longitudinal study to 
evaluate the evolution of NPS from the acute to the chronic phase of stroke survivors is also warranted.

CONCLUSION
Study 1: Literature review
We did find that NPS in PWA are insufficiently investigated. Prevalence of NPS in PWA is unknown, 
hindering the development of assessment tools and treatment strategies. If reported, most researchers 
and clinicians tend to focus mostly on diagnosing depression to the extent that there are no reports on 
symptoms of disinhibition, aberrant motor behavior, appetite-eating disorders, or sleep disturbances, 
already identified in non-aphasic stroke patients using the NPI. In addition, no pharmacological 
randomized controlled trials have been published for the reviewed symptoms in PWA. Pharmaco-
therapy, neuromodulation and behavioral therapies have only been implemented for depression and/or 
anxiety. Therefore, further research on the prevalence, assessment, pathophysiology, and treatment of 
NPS in PSA is strongly needed.

General conclusions and directions for further research
The comorbidity of NPS in patients with chronic PSA is very frequent and seems to exceed the 
prevalence data reported in the non-aphasic stroke population. Therefore, more studies are necessary as 
NPS are still underdiagnosed in chronic PSA. Our study 1 shows the paucity of reports dealing with 
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NPS diagnosis, assessment, and treatment in PWA. In our study 2, we found high comorbidity of NPS 
among a small sample of PWA. Findings from study 2 suggest that the NPI may be used as a screening 
instrument and this assessment can be complemented with domain-specific psychiatric scales. Further 
aims must attempt to develop structured interviews and guidelines for the diagnosis, treatment, or 
prevention of comorbid NPS in PWA.

Many important questions regarding the neuropsychiatric spectrum in PWA remain unanswered or 
unaddressed. What is the frequency of NPS in acute aphasic stroke patients? Which are the best psycho-
metric instruments to evaluate NPS? What is the best combination of self-rated and proxy-based 
measures depending on the severity of language impairment (production and/or comprehension 
deficits)? Which are the most important demographic variables that affect the occurrence of NPS in 
PWA? How do premorbid psychiatric conditions affect the occurrence and clinical phenomenology of 
NPS and language deficits after stroke? Is there any relationship between anosognosia for aphasia and 
NPS (hypomania/mania, psychosis)? How do NPS evolve or remit spontaneously? Are psychopharma-
cological agents including cognitive enhancing drugs useful? What kind of behavioral therapies should 
be applied for NPS in PWA? Does aphasia therapy positively influence psychiatric outcomes? Does the 
treatment of one NPS affect the outcome and comorbidity of other symptoms? Should biological 
treatments be prioritized over behavioral approaches, or should they be combined?

ARTICLE HIGHLIGHTS
Research background
Aphasia due to stroke is associated with worse outcomes than in non-aphasic stroke patients. Worse 
outcomes in post-stroke aphasia often result from the co-occurrence of neuropsychiatric symptoms 
(NPS) and disorders.

Research motivation
Persons with aphasia (PWA) are frequently excluded from studies on stroke related NPS because of 
their language and communication deficits. The exclusion of PWA and stroke hinders obtaining relevant 
information on prevalence, diagnosis, associated deficits (cognitive impairment, functional disability), 
assessment, neurobiological mechanisms, and treatment of NPS in this population.

Research objectives
We report a two-part study consisting of a literature review on NPS (study 1) and an observational 
study on NPS in chronic post-stroke aphasia (study 2).

Research methods
In study 1, we reviewed the databases after cross-referencing key words of post-stroke aphasia to NPS 
and disorders. In study 2, we evaluated aphasic deficits, activities of daily living and a spectrum of NPS 
and disorders using well-validated scales in 20 persons with chronic mild-to-moderate post-stroke 
aphasia associated with left hemisphere strokes. NPS were evaluated with the 12 symptom domains of 
the Neuropsychiatric Inventory and with three domain-specific scales for depression, anxiety, and 
apathy.

Research results
The literature review performed in study 1 revealed a spectrum of NPS in PSA including depression, 
anxiety, apathy, agitation/aggression, psychosis, and hypomania/mania. This broad spectrum of NPS 
was also found in observational study 2, since all but one PWA has more than one NPS (median number 
of NPS: 5, range: 1-8).

Research conclusions
A spectrum of NPS is highly prevalent in chronic PSA. Therefore, future comprehensive evaluations of 
NPS using multidomain and domain-specific scales will enable a better characterization of this broad 
spectrum favoring the design and implementation of adequate therapies.

Research perspectives
Since the spectrum of NPS in PWA and stroke is an underexplored research area, there are still many 
pending issues to be addressed. Essential areas of inquiry include knowing the incidence in acute and 
chronic stroke periods, risk factors (family and personal history of psychiatric disorders), clinical 
features, assessment instruments devised to test language and communication impaired patients, 
impact on quality of life, neurobiological correlates, short- and long-term outcomes, and response to 
psychological and biological interventions.
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Abstract
BACKGROUND 
Mental disorders are common comorbidities among individuals with neurological 
diseases, and the prevalence of depressive and anxiety-related symptoms in 
newly referred patients at neurology outpatient clinics is high. There have been 
few studies on the mental health of patients with late-onset myasthenia gravis 
(MG).

AIM 
To examine the relationship between clinical features and the mental health 
symptoms within late-onset MG patients.

METHODS 
A total of 105 patients diagnosed with MG were recruited consecutively from a 
neuromuscular outpatient clinic between December 2020 and February 2021. 
Patients were classified into two groups: early-onset MG (age at onset < 50 years, 
n = 63) and late-onset MG (age at onset ≥ 50 years, n = 42). Social demographic 
data and information about marital status, education level, clinical symptoms, 
serum antibody levels, and therapies used were collected for all participants. 
Participants were also evaluated using the Myasthenia Gravis Composite scale, 
the Myasthenia Gravis Activities of Daily Living scale, the Myasthenia Gravis 
Quality of Life 15 (MG-QOL-15) questionnaire, the 17-item version of the 
Hamilton Depression Rating Scale (HAM-D) and the Hamilton Anxiety Rating 
Scale (HAM-A). The relationship between clinical features and mental health in 
late-onset MG patients was examined using multivariate logistic regression 
analyses.

https://www.f6publishing.com
https://dx.doi.org/10.5498/wjp.v12.i3.470
mailto:liuwb@mail.sysu.edu.cn
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RESULTS 
Late-onset MG patients were more prone to dyspnea, had higher levels of serum anti-acetylcholine 
receptor antibodies, and higher total scores on the MG-QOL-15, HAM-D, and HAM-A question-
naires, than early-onset MG patients had (P < 0.05). Among those with late-onset MG, female 
patients had higher total HAM-D and HAM-A scores than male patients had (P < 0.05). High 
scores on the QOL-15 questionnaire were associated with higher incidences of anxiety and 
depression, and the association was found to be independent after adjusting for confounding risk 
factors. In the late-onset subgroup, the areas under the receiver operating characteristic curves for 
the MG-QOL-15 score-based diagnostic accuracy for anxiety and depression state were 0.816 (P = 
0.001) and 0.983 (P < 0.001), respectively.

CONCLUSION 
Higher MG-QOL-15 scores were a risk factor for anxiety and depression in late-onset MG, and 
women with late-onset MG were more likely to have anxiety and depression than men were.

Key Words: Mental health; Late-onset myasthenia gravis; Anxiety; Depression

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Mental disorders are the common comorbidities among myasthenia gravis (MG) patients in older 
age. In this study, we found that female patients with late-onset MG were more susceptible to anxiety and 
depression than their male counterparts, and that higher scores on the Myasthenia Gravis Quality of Life 
15 questionnaire were an independent risk factor for anxiety and depression in patients with late-onset 
MG. This is the first report detailing the relationship between clinical features and mental health in the 
subgroup of MG patients with late disease onset.

Citation: Yu L, Qiu L, Ran H, Ma Q, Lu YR, Liu WB. Studying the relationship between clinical features and 
mental health among late-onset myasthenia gravis patients. World J Psychiatry 2022; 12(3): 470-482
URL: https://www.wjgnet.com/2220-3206/full/v12/i3/470.htm
DOI: https://dx.doi.org/10.5498/wjp.v12.i3.470

INTRODUCTION
Myasthenia gravis (MG) is an autoimmune disorder that is mainly caused by autoantibodies binding to 
nicotinic acetylcholine receptors (AChRs) at muscle endplates, and is characterized by skeletal muscle 
fatigability and weakness[1,2]. MG is also associated with emotional, cognitive, and behavioral 
symptoms[3].

Mental disorders are the most common comorbidities among individuals with neurological diseases, 
and the prevalence of depressive and anxiety-related symptoms in newly referred patients at neurology 
outpatient clinics is high[4]. MG is an autoimmune disease that can lead to disability. The global 
prevalence of MG is roughly 40-180 cases per 1 million individuals[5]. However, there are limited data 
on the relationship between mental disorders and MG, especially in patients with late-onset forms of the 
disease. Furthermore, because myasthenic symptoms of MG may overlap with somatic symptoms of 
depression and anxiety[6], such as fatigue or shortness of breath, which are also common in mental 
disorders, and facial weakness and blepharoptosis generally convey an impression of depression and 
apathy[7], comorbidities accompanied by mental and myasthenic symptoms may be misdiagnosed, thus 
the need to focus on both mental and physical therapies has been highlighted[8,9].

Mental disorders have often been reported; the incidence is up to 59% of MG patients, with 
depression being the most common disorder, followed by anxiety and hypochondria[10]. The 
unpredictable progression, chronic course and long-term treatment for MG can lead to limitations and 
reductions in quality of life (QOL)[11-13], which were found to predispose to psychological stress[7]. 
There is a questionnaire specifically aimed at assessing QOL among MG patients (Myasthenia Gravis 
Quality of Life 15-item (MG-QOL-15) scale, including 15 test items that address MG-specific social 
functioning and uses five response options, based on which QOL can be effectively rated[14,15]. The 
measures of MG-QOL-15 try to capture patients’ appraisal of and satisfaction with their current level of 
functioning compared to what they perceive to be possible or ideal, and higher scores on the MG-QOL-
15 questionnaire were indicative of more severe clinical cases to some extent[13].

Longer disease duration, severity of disease, and MG-induced respiratory failure may contribute to 
the increased rates of depression[16,17]. Compromised swallowing and communication abilities, 
unpredictable and fluctuating nature of respiratory dysfunction suggests concerning risk factors for 

https://www.wjgnet.com/2220-3206/full/v12/i3/470.htm
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developing anxiety among MG patients[7,16-18]. Fewer work restrictions could be protective factors for 
developing mental disorders in the limited observational studies[19]. Late-onset MG occurring in older 
adults is more difficult to manage mainly because of the multiple comorbidities[20,21] and MG with late 
disease onset is on the rise in recent years[22]. Due to the frequent occurrence of comorbidities in older 
people that might be confused with MG symptoms[23], awareness of the occurrence of mental disorders 
in older age groups of MG is needed for earlier intervention and thus a better outcome. To this end, this 
cross-sectional study aimed to investigate the relationship between clinical features and mental health in 
patients with late-onset MG.

MATERIALS AND METHODS
Study design and participants
This cross-sectional study was conducted in The First Affiliated Hospital of the Sun Yat-sen University, 
in Guangzhou, China. A total of 105 patients diagnosed with MG were recruited consecutively from a 
neuromuscular outpatient clinic between December 2020 and February 2021. Clinical data were 
collected, and scores on clinical scales were procured through face-to-face evaluations with professional 
neurologists. This study was approved by the Ethics Committee of The First Affiliated Hospital of the 
Sun Yat-sen University. We obtained informed consent from all patients prior to the scale-based clinical 
examinations.

Inclusion and exclusion criteria
All participants were diagnosed with MG according to international consensus-based guidelines[24]. 
This study included patients who met the following criteria: (1) Diagnosed with MG; (2) aged ≥ 16 years; 
and (3) ability to fully cooperate during clinical scale-based evaluations. Patients were excluded if they: 
(1) Were under treatment with antianxiety and/or antidepressant drugs; and (2) had incomplete data.

Clinical data and scales
We collected data on sociodemographic characteristics, inducing factors, comorbidities, specific clinical 
features (i.e., disease duration, Myasthenia Gravis Foundation of America Classification, symptoms at 
first evaluation, and mental status), details of serum antibodies levels [i.e., levels of anti-AChR/muscle-
specific tyrosine kinase (MuSK) antibodies], and immunotherapy history. Patients were independently 
examined using the Myasthenia Gravis Composite (MGC) scale, the Myasthenia Gravis Activities of 
Daily Living (MG-ADL) scale, the MG-QOL-15 questionnaire, the 17-item version of the Hamilton 
Depression Rating Scale (HAM-D), and the Hamilton Anxiety Rating Scale (HAM-A) by two 
neurologists (both of whom were qualified to perform these evaluations).

The MGC scale[25] is composed of 10 items that measure symptoms and signs of MG, with a 
maximum score of 50 points, the reliability coefficient of the MGC scale was 98%, indicating excellent 
test-retest reliability. The MG-ADL scale[26] is composed of eight questions, aims to assess disability of 
ocular (2 items), bulbar (3 items), respiratory (1 item), and limb (2 items), with each response graded 
from 0 (normal) to 3 (most severe), and the total score ranges from 0 to 24, reliability coefficient was 
93.7%. The MG-QOL-15 consists of 15 items: mobility (9 items), symptoms (3 items), general 
contentment (1 item), and emotional well-being (2 items)[27], with each response graded from 0 (not at 
all) to 4 (very much), and total scores of up to 60 points, the Chinese MG-QOL-15 had excellent internal 
consistency (Cronbach’s α = 0.928). Higher scores on MGC, MG-ADL, or MG-QOL-15 scales were 
indicative of more severe clinical cases. The HAM-A and HAM-D scales consist of 14 and 17 items, 
respectively, and are used to measure mental health symptoms[28,29]. The total scores are 56 (for the 
HAM-A) and 53 (for the HAM-D), and total HAM-A scores were classified as no (< 7), potential (7-13), 
assured (14-29), and severe (> 29) anxiety. Total HAM-D scores were classified as no (< 7), potential (7-
17), assured (17-24), and severe (> 24) depression, the Cronbach’s coefficient of them was > 0.8, 
indicating good internal consistency. The above questionnaires and scales were administered in the 
Chinese language, and are all reliable, valid, and widely used[30-33].

Groups
Participants were categorized into the following subgroups according to their age at disease onset[34]: 
early-onset MG (age at onset < 50 years, n = 63) and late-onset MG (age at onset ≥ 50 years, n = 42). 
HAM-A scores ≥ 7 and HAM-A scores < 7 were considered to be indicative of anxiety and nonanxiety 
states, while HAM-D scores ≥ 7 and HAM-D scores < 7 were classified to be depressive and 
nondepressive states, respectively[35,36]. Patients were considered seropositive for anti-AChR 
antibodies if their titers were > 0.45 nmol/L on ELISA. They were deemed seropositive for anti-MuSK 
antibodies if their titers were > 0.05 nmol/L on a radioimmunoassay. All test reagents were purchased 
from RSR Ltd. (Cardiff, United Kingdom.
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Statistical analysis
Statistical analyses were performed using SPSS version 25 software (IBM, Chicago, United States) and 
GraphPad Prism 8.0 (GraphPad Software, La Jolla, CA). Categorical data were presented as counts and 
percentages, and were analyzed using Fisher’s exact test or χ2 test. Numerical data were presented as 
medians and interquartile ranges (partial distribution), and compared using the Mann-Whitney U test. 
Correlations were estimated with Pearson or Spearman correlation coefficients. Clinical determinants of 
anxiety and depression were used in multivariate logistic regression analyses, while gender, age at 
onset, body mass index (BMI), anti-AChR antibody levels, and MG-QOL15 scores were considered 
confounding risk factors. Receiver operating characteristic (ROC) curves were drawn to evaluate the 
value of MG-QOL-15 scores for diagnosing anxiety and depression. Significance was accepted if P 
values were < 0.05, and are denoted as aP < 0.05, bP < 0.01, and cP < 0.001.

RESULTS
Baseline characteristics
Patients with late-onset MG (age at onset ≥ 50 years) accounted for 40.0% (n = 42) of the 105 patients, 
and those with early-onset MG (age < 50 years) accounted for 60.0% (n = 63). Among the patients with 
late-onset MG, 45.24% were women, and 54.76% were men. Among the early-onset MG patients, 58.73% 
were women, and 41.27% were men.

The medians (interquartile ranges) of HAM-A scores were 5 (5.5) in early-onset patients and 8.5 (7.5) 
in late-onset patients. These scores were significantly different between the two groups (P < 0.001; 
Figure 1A). The HAM-D scores were 7 (8) and 10.5 (7.75) in early-onset and late-onset patient groups, 
respectively, and there was a significant difference between the two groups (P = 0.018; Figure 1B). There 
were also significant differences in BMI, disease duration, dyspnea symptoms, anti-AChR antibody 
levels, and MG-QOL-15 scores between the two groups (P < 0.05). HAM-A and HAM-D scores were 
significantly higher in female patients with late-onset MG than in those with early-onset MG (P < 0.001 
and P = 0.001, respectively), but no significant differences were observed when only male patients were 
considered in these analyses (P = 0.192 and P = 0.731, respectively; Figure 2A and B). Baseline character-
istics of the early-onset and late-onset groups are shown in Table 1.

Correlation between clinical features and age at onset, assessed using Pearson or Spearman 
correlation analysis
There was a positive correlation between age at onset and BMI (r = 0.41, P < 0.001), anti-AChR antibody 
levels (r = 0.31, P = 0.001), MG-QOL-15 scores (r = 0.32, P = 0.001), HAM-A scores (r = 0.41, P < 0.001), 
and HAM-D scores (r = 0.26, P = 0.007). However, there was a negative correlation between age at onset 
and disease duration (r = 0.59, P < 0.001). Correlations between all clinical features and age at onset are 
detailed in Table 2.

Clinical determinants of anxiety and depression in MG patients, measured using logistic analysis 
Based on results from univariate analyses as well as previous literature[14-19], variables that may be 
relevant for mental health outcomes (gender, age at onset, BMI, anti-AChR antibody levels, and MG-
QOL-15 scores) were included in a logistic regression model. No multicollinearity amongst the variables 
was found (variance inflation ranged from 1.072 to 1.536; tolerance ranged from 0.651 to 0.933) 
(Supplementary Table 1).

When the incidence of anxiety and depression were included as independent variables in the logistic 
analysis, they were associated with age at onset and MG-QOL-15 when other confounders were not 
considered. However, only MG-QOL15 scores were found to be independently associated with an 
increased risk of anxiety [odds ratio (OR) 1.10, 95%CI 1.04-1.15, P < 0.001) after adjusting for possible 
confounds (including gender, age at onset, BMI, and anti-AChR antibody levels). MG-QOL-15 scores 
were also significantly associated with the incidence of depression in MG patients (OR 1.20, 95%CI: 1.10-
1.30, P < 0.001) (Table 3).

Diagnostic value of MG-QOL15 scores for examining mental health in late-onset MG patients
When multivariate analysis was performed after adjusting for related confounds, MG-QOL-15 scores 
were found to be independent risk factors for anxiety and depression. In patients with late-onset MG, 
the median (interquartile ranges) MG-QOL-15 scores in the nonanxiety and anxiety groups were 8 (10.5) 
and 20 (17), respectively, and there were significant differences between the two groups (P < 0.001). 
Similarly, MG-QOL-15 scores were significantly different between the depression and nondepression 
groups (P < 0.001; Supplementary Figures 1A and 2A). We also examined whether MG-QOL-15 scores 
could help to diagnose or predict anxiety/depression state in late-onset MG patients using ROC curves 
[the larger the area under the ROC curve (AUC), the higher the diagnostic accuracy], and the smallest 
point that maximizes the value of (sensitivity + specificity  1) is calculated as the cut-off value, which 
would lead to the maximum degree of classification for anxiety/depression state. In our study, the AUC 

https://f6publishing.blob.core.windows.net/d5312809-7329-45ac-bdfa-963768328572/WJP-12-470-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/d5312809-7329-45ac-bdfa-963768328572/WJP-12-470-supplementary-material.pdf
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Table 1 Comparison between early-onset and late-onset groups

Total patients (n = 105) Early-onset (n = 63) Late-onset (n = 42) P value

Gender (n, %)1

Male 49 (46.67) 26 (41.27) 23 (54.76)

Female 56 (53.34) 37 (58.73) 19 (45.24) 0.231

Marital status (n, %)2

Married 63 (60.0) 33 (52.38) 30 (71.43)

Single (unmarried/divorced/widowed) 42 (40.0) 30 (47.62) 12 (28.57)

0.067

Education (n, %)2

Primary school and below 26 (24.76) 12 (19.05) 14 (33.33)

Secondary school 44 (41.90) 25 (39.68) 19 (45.24)

College and above 35 (33.33) 26 (41.27) 9 (21.43)

0.073

Career change due to illness (n, %)2

No change 69 (65.71) 41 (65.08) 28 (66.67)

Leave of absence 24 (22.86) 15 (23.81) 9 (21.43)

Transfer/unemployment 12 (11.43) 7 (11.11) 5 (11.90)

0.955

BMI (kg/m2)3 21.71 (5.77) 20.51 (4.21) 24.36 (4.53) < 0.001c

Disease duration (mo)3 5.00(12.21) 7.00(13.34) 4.00(8.50) 0.016a

MGFA classification at evaluating (n, %)1

Ⅰ 28 (26.67) 21 (33.33) 7 (16.67)

Ⅱ 40 (38.10) 22 (34.92) 18 (42.86)

Ⅲ 31 (29.52) 16 (25.40) 15 (35.71)

Ⅳ 6 (5.71) 4 (6.35) 2 (4.76) 0.255

Thymectomy (n, %)2 44 (41.90) 28 (44.44) 16 (38.10) 0.551

Comorbidities (n, %)2 49 (46.67) 32 (50.79) 17 (40.48) 0.299

Inducing factor (n, %)1

Respiratory infection 12 (11.43) 6 (9.52) 6 (14.29)

Overfatigue 3 (2.86) 1 (1.59) 2 (4.76)

No triggers 90 (85.71) 56 (88.89) 34 (80.95) 0.470

Clinical features

Onset symptom

Blepharoptosis (n, %)2 97 (92.38) 59 (93.65) 38 (90.48) 0.711

Dysphagia (n, %)2 50 (47.62) 29 (46.03) 21 (50.00) 0.842

Limb muscle weakness (n, %)2 55 (52.38) 31 (49.21) 24 (57.14) 0.550

Dyspnea (n, %)2 15 (14.29) 5 (7.94) 10 (23.81) 0.043a

Serum antibody (nmol/L) 3

Anti-AChR Ab 9.54 (25.98) 3.11 (17.98) 17.51 (27.45) 0.002b

Anti-MuSK Ab 0 (1.13) 0.31 (2.17) 0 (0) 0.098

Seronegative (n, %)2 16 (15.24) 11 (17.46) 5 (11.90) 0.582

Immunotherapy at evaluating

Glucocorticoids (n, %)2 76 (72.38) 49 (77.78) 27 (64.29) 0.181

Azathioprine (n, %)2 31 (29.52) 19 (30.16) 12 (28.57) 0.861

Tacrolimus (n, %)2 8 (7.62) 3 (4.76) 5 (11.90) 0.262
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Leflunomide (n, %)2 22 (20.95) 13 (20.63) 9 (21.43) 0.922

No immunotherapy (n, %)2 53 (50.48) 32 (50.79) 21 (50.00) 0.936

Neuropsychological scales

MGC3 6.00 (6.50) 6.00 (6.00) 7.00 (7.00) 0.103

ADL3 3.00 (3.00) 3.00 (4.00) 3.00 (2.00) 0.960

QOL-153 14.00 (15.00) 12.00 (13.50) 16.00 (20.00) 0.027a

HAM-A3 6.00 (7.00) 5.00 (5.50) 8.50 (7.50) < 0.001c

HAM-D3 8.00 (7.00) 7.00 (8.00) 10.50 (7.75) 0.018a

1n (%), Fisher’s exact test.
2n (%), Pearson’s χ2 test.
3Median (25%Q, 75%Q), Mann-Whitney U test.
aP < 0.05.
bP < 0.01.
cP < 0.001.
BMI: Body mass index; ADL: Activities of daily living scale; MGC: Myasthenia Gravis Composite scale; MG-QOL-15: Myasthenia Gravis Quality of Life 15 
questionnaire; HAM-A: Hamilton Anxiety Rating Scale; HAM-D: Hamilton Depression Rating Scale.

Table 2 Correlation between clinical features and age at onset

Clinical features Correlation 95%CI t P value

Disease duration -0.59 -0.70, -0.446 -7.370 < 0.001c

BMI 0.41 0.233, 0.555 4.520 < 0.001c

Anti-AChR Ab 0.31 0.128, 0.475 3.335 0.001b

QOL-15 0.32 0.133, 0.479 3.383 0.001b

HAM-A 0.41 0.236, 0.557 4.548 < 0.001c

HAM-D 0.26 0.074, 0.432 2.759 0.007b

aP < 0.05.
bP < 0.01.
cP < 0.001.
BMI: Body mass index; MG-QOL-15: Myasthenia Gravis Quality of Life 15 questionnaire; HAM-A: Hamilton Anxiety Rating Scale; HAM-D: Hamilton 
Depression Rating Scale.

for MG-QOL-15 scores at a cut-off value of 14.5 in the anxiety group was 0.816 (P = 0.001), and the 
sensitivity-specificity was 75.86% and 84.62%, respectively (Supplementary Figure 1B). The AUC for 
MG-QOL-15 scores at a cut-off value of 14.5 in the depression group was 0.983 (P < 0.001), and the 
sensitivity-specificity were 70.59% and 100%, respectively (Supplementary Figure 2B).

DISCUSSION
In the current study, late-onset MG patients had higher total scores on the MG-QOL-15, HAM-A, and 
HAM-D scales compared with early-onset group MG patients, and there was a positive linear 
correlation between age at onset and MG-QOL-15 scores, HAM-A scores, and HAM-D scores. These 
results support the idea that late-onset MG is correlated with more severe impairments to patients’ QOL 
and mental state. MG has previously been demonstrated to affect QOL, as well as mental and physical 
health[37]. Factors that influence QOL in MG include trouble with eyesight, skeletal muscle weakness, 
activity limitations, and unhealthy mental state[38,39]. MG-QOL-15 scales have also previously been 
applied to assess MG-related dysfunction[40]. Several studies reported that MG-QOL-15 scores in MG 
patients are highly and positively correlated with scores on the HAM-A and HAM-D scales[38,41,42]. 
These findings supported the notion that low QOL correlates with poor mental health in MG patients.

We also found that female patients with late-onset MG were more susceptible to anxiety and 
depression. It is important to examine what factors are related to the mental health of patients with late-
onset MG and why there are sex-related differences. The prevalence of depression and anxiety is higher 
among women than men. This difference in mental disorders is the result of a complex interplay 

https://f6publishing.blob.core.windows.net/d5312809-7329-45ac-bdfa-963768328572/WJP-12-470-supplementary-material.pdf
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Table 3 Multivariate logistic model of the clinical determinants of anxiety/depression in myasthenia gravis patients

Model 1 Model 2
Variables

OR (95%CI) P value OR (95%CI) P value

Anxiety

Gender 0.96 (0.45-2.07) 0.917 0.65 (0.25-1.68) 0.372

Age at onset 1.04 (1.02-1.07) 0.002b 1.02 (0.99-1.05) 0.305

Disease duration 0.93 (0.88-0.98) 0.070 0.97 (0.90-1.04) 0.414

BMI 1.10 (0.99-1.23) 0.075 1.05 (0.92-1.21) 0.485

Anti-AChR Ab 1.02 (1.00-1.05) 0.092 1.02 (0.99-1.05) 0.274

QOL-15 1.10 (1.05-1.16) < 0.001c 1.10 (1.04-1.15) < 0.001c

Depression

Gender 0.82 (0.36-1.82) 0.636 0.56 (0.19-1.64) 0.293

Age at onset 1.03 (1.00-1.06) 0.022a 1.03 (0.99-1.06) 0.162

Disease duration 0.98 (0.93-1.03) 0.418 1.06 (0.98-1.15) 0.172

BMI 1.05 (0.93-1.17) 0.440 0.97 (0.83-1.13) 0.678

Anti-AChR Ab 1.10 (0.99-1.04) 0.387 1.01 (0.97-1.05) 0.582

QOL-15 1.19 (1.10-1.28) < 0.001c 1.20 (1.10-1.30) < 0.001c

aP < 0.05.
bP < 0.01.
cP < 0.001.
Model 1: Unadjusted; Model 2: Adjusted for possible confounders including gender, age at onset, body mass index, and anti-acetylcholine receptor 
antibody. BMI: Body mass index; QOL-15: Myasthenia Gravis Quality of Life 15 questionnaire; OR = exp (β).

Figure 1 Hamilton anxiety rating and the Hamilton depression rating scores according to age of onset. A: The median (interquartile range) of 
Hamilton anxiety rating (HAM-A scale scores in early-onset and late-onset groups were 5 (5.5) and 8.5 (7.5), respectively. The HAM-A scale score was significantly 
higher in the late-onset group than early-onset group (P < 0.001); B: The Hamilton depression rating (HAM-D) score levels in early-onset and late-onset groups were 
7 (8) and 10.5 (7.75), respectively. The HAM-D scale score was significantly higher in the late-onset group than early-onset group (P = 0.018). P value was calculated 
using Mann-Whitney U test.

between genetic, hormonal and psychosocial factors[43-45]. Some studies have shown that women 
rather than men carrying the SS genotype of serotonin transporter gene-linked promoter region (5-
HTTLPR) more easily develop depressive symptoms under a negative environment[46,47]. Female 
patients with MG tend to have more severe cases of the disease, and may also be affected by hormonal 
changes associated with menstruation, pregnancy, and/or postpartum fluctuations in hormone levels
[48-50]. Previous studies have reported that the use of glucocorticoids is associated with changes in 
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Figure 2 Hamilton anxiety rating and the Hamilton depression rating scores according to age of onset and sex. A: The median (interquartile 
range) of Hamilton anxiety rating (HAM-A scale levels in late-onset groups were 3 (6), and 9 (8), respectively, and HAM-A scale scores were significantly higher in 
late-onset group than early-onset group in women (P < 0.001); B: The Hamilton depression rating (HAM-D) score levels in early-onset and late-onset groups were 7 
(7) and 11 (10), respectively, and HAM-D scale score was significantly higher in late-onset group than early-onset group in women (P = 0.001). There were no 
significant differences in men for both HAM-A and HAM-D scale scores. P value was calculated using Mann-Whitney U test.

physical appearances, leading to conditions such as moon face and/or central obesity, which may have 
greater negative sociopsychological effects on women with MG than men. Moreover, some patients with 
late-onset MG do not have positive responses to medication, and some are intolerant to treatment, 
which can result in refractory conditions[51]. Female patients with late-onset MG may endure the 
adverse effects of comorbidities longer than their male counterparts, which would contribute to poorer 
QOL[52]. These factors could explain why female MG patients had higher susceptibility to anxiety and 
depression than male patients.

Our study showed that MG-QOL-15 scores were independently associated with an increased risk of 
anxiety and depression when gender, age at onset, BMI, and anti-AChR antibody levels were adjusted 
for in a multivariate analysis. We found that the ORs (95%CIs) of MG-QOL-15 scores for the anxiety and 
depression groups were 1.10 (1.04-1.15, P < 0.001) and 1.20 (1.10-1.30, P < 0.001), respectively, indicating 
that under the same conditions of gender, age at onset, and other factors, the odds of anxiety state 
increased by 10% and depression state increased by 20% for each increase in MG-QOL-15 scores, and 
high MG-QOL-15 scores were indeed a risk factor for anxiety/depression state. Previous studies have 
demonstrated that lower perceived QOL is highly correlated with mental impairment in MG patients[9,
53,54]. In late-onset groups, the areas under the ROC curves for MG-QOL-15 scores at a cutoff value of 
14.5 in the anxiety and depression groups were 0.816 and 0.983, respectively, which suggested that MG-
QOL-15 scores had good diagnostic accuracy for the mental disorders, at least among late-onset MG 
patients. Our data revealed that MG-QOL-15 score cutoff of 14.5 could be a good indicator for poor 
mental health in need of attention among late-onset MG patients. Further research is needed for fine-
tuning this threshold.
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Some research has also reported that patients with MG who received thymectomy or proper 
immunosuppressive therapy had improved physical health and decreased disability symptoms, which 
indirectly improved mental health[55,56]. However, our study found that the rate of thymectomy and 
immunosuppressive treatment was comparable between early-onset and late-onset groups, but that 
late-onset MG patients had significantly higher levels of serum anti-AChR antibodies and were more 
prone to dyspnea. The proportion of overweight patients in the late-onset group was greater than that in 
the early-onset group. This pattern could be related to older age, which contributes to reductions in 
physical activity and possibly susceptibility to the adverse effects of glucocorticoids[57]. Compared to 
early-onset MG patients, higher anti-AChR antibody titers were reported in late-onset MG patients[57,
58], which may partly be due to immune dysregulation, including age-related decreases in immuno-
competence and increases in the production of autoantibodies[59,60]. Bulbar[23] and ocular symptoms
[61] have been previously reported to be more common in late-onset MG patients. However, we found 
no differences in extraocular or limb muscle involvement between the two groups. Genetic factors may 
influence these results, since a similar study that reported a higher occurrence of ocular symptoms in 
late-onset patients also reported a higher proportion of women in the late-onset group[62].

There were some limitations to our study. First, limits in our sampling method make it difficult to 
draw firm conclusions. Second, our study had a prospective design, so further follow-up and partic-
ularly studies that include healthy control groups are needed to validate the results. However, our 
study had some advantages. For example, all included patients were enrolled from the same 
neuromuscular outpatient clinic. Thus, they received prompt and high-quality clinical scale evaluations 
that were performed by well-qualified and trained professionals, which ensured the integrity and 
authenticity of the data.

CONCLUSION
Our research showed that female patients with late-onset MG were more susceptible to anxiety and 
depression than their male counterparts, and that higher MG-QOL-15 scores were an independent risk 
factor for anxiety and depression in patients with late-onset MG. To our knowledge, this is the first 
report detailing the relationship between MG-QOL-15 scores and mental health in the subgroup of MG 
patients with late disease onset. Thus, this association warrants further exploration in future research.

ARTICLE HIGHLIGHTS
Research background
The prevalence of depressive and anxiety-related symptoms in newly referred patients at neurology 
outpatient clinics is high, and mental state of myasthenia gravis (MG) patients were seldom assessed by 
mental scales routinely, so little is known about the exact relationship between MG and mental 
disorders that often accompany it.

Research motivation
Due to the frequent occurrence of comorbidities in older people that might be confused with MG 
symptoms, awareness of mental disorders in older age groups of MG is needed for earlier intervention 
and thus a better outcome. In the present, there have been few studies on the mental health of patients 
with late-onset MG, so we conducted this study to assess the related factors for developing mental 
disorders in the subgroup of MG patients.

Research objectives
This study aimed to investigate the relationship between clinical features and mental health in patients 
with late-onset MG, in addition to treating physical symptoms, attention should also be paid to mental 
disorders in late-onset MG patients.

Research methods
A total of 105 patients diagnosed with MG were recruited consecutively from a neuromuscular 
outpatient clinic between December 2020 and February 2021 in our hospital. Clinical data including 
sociodemographic, neurological and mental information were collected, and scores on clinical scales 
were procured through face-to-face evaluations with professional neurologists. The relationship 
between clinical features and mental health in late-onset MG patients was examined using multivariate 
logistic regression analyses.

Research results
Late-onset MG patients had higher total scores on the MG Quality of Life 15 (MG-QOL-15) quest-
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ionnaire, the 17-item version of the Hamilton Depression Rating Scale (HAM-D) and the Hamilton 
Anxiety Rating Scale (HAM-A) compared with early-onset group MG patients. Female patients had 
higher total HAM-D and HAM-A scores than male patients among late-onset MG (P < 0.05), and high 
scores on the MG-QOL-15 questionnaire were independently associated with higher incidences of 
anxiety and depression. In late-onset groups, the areas under the receiver operating characteristic curves 
for MG-QOL-15 scores at a cutoff value of 14.5 in the anxiety and depression groups were 0.816 and 
0.983, respectively.

Research conclusions
We found that female patients with late-onset MG were more susceptible to anxiety and depression 
than their male counterparts, and that higher MG-QOL-15 scores were an independent risk factor for 
anxiety and depression in patients with late-onset MG. An MG-QOL-15 score cutoff of 14.5 could be a 
good indicator for poor mental health in need of attention among late-onset MG patients.

Research perspectives
In the future, we will seek to determine protective factors against developing mental disorders among 
late-onset MG. Further follow-up and particularly studies that include healthy control groups are 
needed to validate the results.
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Abstract
BACKGROUND 
Existing literature suggests a positive link between childhood maltreatment (CM) 
and suicide ideation (SI). Nevertheless, whether social support significantly 
mediates this association remains unknown.

AIM 
To investigate whether social support significantly mediates the association 
between CM and SI.

METHODS 
In this cross-sectional study of 4732 adolescents from southwest China, we 
intended to discuss the association between CM and multiple types of SI. In 
addition, the mediation of major types of social support in this association was 
also investigated. A self-administrated questionnaire was used to collect the data. 
A series of multivariate logistic regression models were employed to estimate the 
association between different types of CM, social support, and SI. The possible 
mediation of social support in the association between CM and SI was assessed 
using the path model.

RESULTS 
Based on the cutoffs for subscales of Childhood Trauma Questionnaire, 928 
(19.61%), 1269 (26.82%), 595 (12.57%), 2337 (49.39%), and 3067 (64.81%) respo-
ndents reported physical abuse, emotional abuse, sexual abuse, physical neglect, 
and emotional neglect, respectively. Among all the social sources, parental 
support presented as a significant mediator in the association between emotional 
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maltreatment, both abuse and neglect, and all three types of SI: 1-wk, 1-year, and lifetime. Parental 
social support mediated 5.31% and 29.23%, 4.80% and 24.50%, and 7.04% and 44.42% of the overall 
emotional abuse-SI and emotional neglect-SI associations, respectively.

CONCLUSION 
Our findings suggest that improving parental social support might be effective in preventing 
suicidal risk related to childhood emotional maltreatment in adolescents.

Key Words: Adolescent; Childhood maltreatment; Suicide ideation; Mediation; Social support

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Childhood maltreatment (CM) is associated with suicide ideation (SI). In the current study, we 
investigated the mediating role of social support in the association between CM and SI in a large sample 
(4732) of Chinese children and adolescents. Our results revealed a strong association between emotional 
CM and SI. In addition, only parental social support has been presented as a significant mediator in the 
association between emotional maltreatment and SI. The current study highlighted the intervention 
relevance of parental social support in emotional CM associated with suicidal risk. Rebuilding the parent-
child relationship may be a promising way in preventing emotional CM-related suicide.

Citation: Ahouanse RD, Chang W, Ran HL, Fang D, Che YS, Deng WH, Wang SF, Peng JW, Chen L, Xiao YY. 
Childhood maltreatment and suicide ideation: A possible mediation of social support. World J Psychiatry 2022; 
12(3): 483-493
URL: https://www.wjgnet.com/2220-3206/full/v12/i3/483.htm
DOI: https://dx.doi.org/10.5498/wjp.v12.i3.483

INTRODUCTION
Suicide represents a serious threat worldwide and has become the second leading cause of death among 
adolescents[1]. The theory of suicidality defines suicidal behavior as a continuous process that begins 
from suicide ideation (SI) and ends at completed suicide[2]. It has been estimated that more than 1.5 
million individuals died of suicide worldwide in 2020[3]. A meta-analysis including 686672 children and 
adolescents across the world has estimated the lifetime and 1-year suicide prevalence rates in children 
and adolescents between 1989 and 2018 were 18.0% and 14.2%, respectively[4]. In China, according to a 
large sample cross-sectional study, about 32% of children and adolescents reported SI[5]. SI stands as a 
relevant indicator of acute suicidal risk because it generally leads to suicidal attempts during the 1st year 
of the ideation[6,7]. Thus, effective intervention on SI can be a plausible strategy to reduce suicidal risk.

Childhood maltreatment (CM) is an adverse life event that immediately influences the mental health 
of the children and may compromise their long-term physical and psychological health[7-9]. Normally, 
CM can be categorized into: physical abuse (PA), emotional abuse (EA), sexual abuse (SA), physical 
neglect (PN), and emotional neglect (EN)[10]. In China, the estimated prevalence rates of CM were 
26.6%, 19.6%, 8.7%, and 26.0% for PA, EA, SA, PN, and EN in 2015[11]. A recent meta-analysis reported 
a high prevalence rate of CM among Chinese primary and middle school students (PA: 20%, EA: 30%, 
SA: 12%, PN: 47%, EN: 44%)[12]. It has been reported that CM has a lasting negative influence on the 
mental health of the victims[13,14]. Children who had been exposed to any kind of CM may present 
several emotional and behavioral problems such as depression symptoms, anxiety, impulsivity, social 
isolation, misconduct, aggressivity, delinquency, and hyperactivity[14]. These problems may lead to SI 
according to the Stress-Diathesis Theory of Suicidality[15]. Additionally, Li et al[16] disclosed that CM 
history increased the risk of major depressive disorder, an intimate risk factor of SI. From this 
perspective, a positive connection between CM and SI should exist.

Interpersonal psychological theory of suicidal behavior believes that isolation increases the desire to 
commit suicide[17]. Perceived social support protects against isolation. Malecki et al[18] defined social 
support as getting supportive behavior that boosts individual functioning or buffers them from negative 
outcomes. Social support comes from different sources; therefore, disparities may exist in the associ-
ations between different sources of social support and SI. Numerous studies have found that social 
support from family and friends was negatively associated with SI[19]. However, Hetrick et al[20] found 
that neither of them showed a significant relationship with suicidal behavior in a clinical sample of 
young adolescents diagnosed with depressive disorder. More recently, a large cross-sectional study 
reported that social support from relatives, friends, and parents were all negatively associated with SI 
among 2899 Chinese rural left-behind children; however, social support from teachers was insignificant

https://www.wjgnet.com/2220-3206/full/v12/i3/483.htm
https://dx.doi.org/10.5498/wjp.v12.i3.483
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Figure 1 Adjusted odds ratios with 95%CIs for the associations between different childhood abuse and parental social support. ORs: Odds 
ratios; EA: Emotional abuse; EN: Emotional neglect; PA: Physical abuse; PN: Physical neglect; SA: Sexual abuse.

[21]. All the existing literature in the field suggests that social support may play a buffering role in SI 
and suicidal behaviors among youngsters. Nevertheless, controversies remain to be further investigated, 
especially for different sources of social support.

Moreover, studies have suggested a positive and reciprocal association between CM and social 
support. On one hand, CM may generate social isolation, behavior disorder, and harmful interaction, 
which may cause decreased social support[18]. On the other hand, lower social support was also 
associated with the occurrence of CM[22]. In psychological research, moderation and mediation are two 
important concepts to understand the association between two variables of study interest. The 
mediation model assumes that there is a third variable, which sits in the association path between the 
two variables. In contrast, the moderation model specifies that a third variable modifies the strength of 
the association between the two variables[23]. Combine all existing evidence together, it is reasonable to 
suspect that social support may play a mediation role in the association between CM and SI. With this 
regard, in the current study, we aim to investigate this hypothesis by using a large population-repres-
entative sample of Chinese children and adolescents. We put forward the assumption that social 
support significantly mediates the association between CM and SI. In addition, social support of 
different sources showed discordant mediation in this association.

MATERIALS AND METHODS
Participants
We implemented a sampling survey in Kaiyuan, southwestern China Yunnan province between 
October 19 and November 3, 2020. A two-stage simple random cluster sampling method with 
probability proportionate to sample size design was used to determine study participants. In the first 
stage, among all primary, junior high, and senior high schools in Kaiyuan, 19 were randomly selected; 
in the second stage, based on the required sample size, several classes (4-6) within the chosen school 
were selected. All eligible students within the chosen class were preliminarily included. Students were 
further excluded if they were: (1) Aged below 10 years or above 18 years; (2) Reported serious mental or 
physical illnesses; (3) Had difficulties in hearing or speaking; and (4) Refused to participate. Before the 
survey, the study protocol was reviewed and approved by the Ethics Committee of Kunming Medical 
University.

Measures 
After written informed consents from the legal guardians were provided, a self-administered 
questionnaire survey was conducted in each sampling school. The quality of the finished questionnaire 
was checked on the site immediately by pretrained quality control personnel, who were either graduate 
students who majored in psychology or public health or health professionals recruited locally. The 
questionnaire was comprehensive and self-developed and contained the following sections: general 
characteristics, CM, perceived social support, SI, resilience, sexual harassment behavior, depression, and 
anxiety, etc. Except for the general characteristics, all the information was measured by using well-
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Figure 2 Path models and fitting results for direct and indirect associations between childhood maltreatment and different types of 
suicide ideation with the mediation of parent social support. EA: Emotional abuse; EN: Emotional neglect; GFI: Goodness-of-fit index; NA: Not available; 
PN: Physical neglect; RMSEA: Root mean square error of approximation; SI: Suicide ideation; SS: Social support.

established instruments.

CM: The 28-item Childhood Trauma Questionnaire (CTQ) Short form represents one of the best self-
report tools that retrospectively screens for five types of CM (PA, EA, SA, PN, EN)[10]. Each item uses a 
5-point Likert style rating: never (1 point), occasionally (2 points), sometimes (3 points), frequently (4 
points), and always (5 points). The whole questionnaire can be divided into 5 dimensions; each 
dimension contains five separate questions and measures one specific type of CM. Therefore, the score 
of each dimension varies from 5 to 25 points, and the total score of CTQ-Short form ranges from 25 to 
125. The cutoffs of 8, 9, 6, 8, and 10 for PA, EA, SA, PN, and EA, respectively, were recommended[24]. In 
this study, we have followed the same cutoffs to dichotomize different types of CM. The Chinese 
version of CTQ presented a good internal consistency (Cronbach’s α: 0.78-0.90) and test-retest reliability 
(Kappa: 0.79-0.88)[25]. The Cronbach α of CTQ in the current study was 0.84 (bootstrap 95%CI: 0.84-
0.85).

Perceived social support: In the current study, we used the Chinese version of Child and Adolescent 
Social Support Scale (CASSS) for perceived social support[18]. The 40-item CASSS is a well-validated 
instrument that measures perceived social support from four sources: parents, teachers, classmates, and 
close friends. Each source includes 10 items with 5 responses that can be assigned a score from 1 (never) 
to 5 (always). Consequently, the combined score for every source ranges from 5 to 50 points. In the 
current study, we dichotomized different sources of social support by using the medians. The Cronbach 
α of CASSS in the current study was 0.92 (bootstrap 95%CI: 0.92-0.93).

SI: One-week and lifetime SI were assessed using the Chinese version of the Beck Scale for Suicide 
Ideation (BSSI). BSSI represents one of the best self-report inventories designed to evaluate the intensity 
of suicide thoughts and intentions. It is composed of 19 items, each graded from 0 to 2 by intensity. A 
higher total score of BSSI indicates more severe SI[26]. The Cronbach α of the BSSI in the current study 
was 0.88 (bootstrap 95%CI: 0.87-0.88). One-year SI was determined using a single question: how many 
times in the past year have you seriously considered ending your life? The responses include: never (0 
times), rarely (only once), sometimes (twice), often (3-4 times), and very often (5 times or more). 
Participants who reported considered ending their own lives at least once were deemed positive.

Depression and anxiety: Depression and anxiety were examined using the Chinese version of The 
Patient Health Questionnaire (PHQ-9) and the Generalized Anxiety Disorder-7 (GAD-7). PHQ-9 
includes 9 questions scored from 0 to 3 based on the intensity of the symptom asked[27]. A recent study 
recommended a cutoff of 10 or above to screen for major depression whatever the age[28]. In this study, 
we adopted a threshold of 12 (the median of PHQ-9) to dichotomize study subjects. The Cronbach α of 
PHQ-9 in the current study was 0.88 (bootstrap 95%CI: 0.88-0.89). For GAD-7, a cutoff score between 7 
and 10 can be used to efficiently screen for anxiety[29]. In our study, we used a cutoff of 9 following the 



Ahouanse RD et al. CM and SI: Social support mediation

WJP https://www.wjgnet.com 487 March 19, 2022 Volume 12 Issue 3

median of the combined score. The Cronbach α of GAD-7 in the current study was 0.91 (bootstrap 
95%CI: 0.90-0.91).

Statistical analysis 
We performed a descriptive analysis to feature the main characteristics of the participants. The results of 
the multivariate binary logistic regression models led us to path analysis to determine the direct 
association between CM and SI, together with their possible indirect association meditated by different 
sources of social support. Associated factors of SI, childhood abuse, and social support identified from 
the multivariate logistic regression models were simultaneously incorporated into the hypothesized 
path model to control for possible confounding. We performed data analysis using the R software 
(Version 4.0.4). Considering the unequal probability sampling method used in this study, we mainly 
used the “survey” package to perform descriptive, univariate, and multivariate analyses. Path analysis 
was executed using the “lavaan” package.

RESULTS
Major characteristics of the participants
The main characteristics of our study subjects have been summarized in Table 1. Initially, 4858 eligible 
students were surveyed. Among them, 4732 with complete required information were included in our 
final analysis. Based on the cutoffs for subscales of CTQ, 928 (19.61%), 1269 (26.82%), 595 (12.57%), 2337 
(49.39%), and 3067 (64.81%) were PA, EA, SA, PN and EN victims, respectively. The medians for 
different dimensions of CASSS were 37 [interquartile range (IQR): 9] for parent’s support, 42 (IQR: 8) for 
teacher’s support, 37 (IQR: 9) for classmate’s support, and 39 (IQR: 9) for close friend’s support. The 
prevalence rates of 1-wk, 1-year, and lifetime SI were 26.85% (95%CI: 24.30%-30.00%), 34.99% (95%CI: 
30.60%-40.00%), and 55.69% (95%CI: 51.50%-60.00%), respectively.

Associations between CM, social support, and SI
We have used a series of binary univariate logistic regression models to screen for possible influencing 
factors of different types of SI. Based on the univariate analysis results, a group of multivariate logistic 
regression was further fitted, and the results were collectively displayed in Table 2. After adjusting for 
potential covariates, especially depression and anxiety, different types of CM, EA, PN, and EN were 
consistently associated with elevated odds ratios (ORs) of 1-wk, 1-year, and lifetime SI. For social 
support of different sources, only the support from parents was inversely associated with SI. Adjusted 
ORs for 1-wk, 1-year, and lifetime SI were 0.67 (95%CI: 0.55-0.83), 0.64 (95%CI: 0.53-0.77), and 0.63 
(95%CI: 0.52-0.77), respectively.

We further analyzed the adjusted associations between CM and parental social support. For all five 
types of child abuse, EA, PN, and EN were prominently and inversely related to parental social support 
(Figure 1).

Path analysis 
Based on the aforementioned analytical results, we proposed three different path models to illustrate the 
direct associations between CM and SI, together with their possible indirect associations mediated by 
parental social support. Standardized path coefficients, together with their statistical test results and 
model fitting indexes were jointly illustrated in Figure 2. Goodness-of-fit index and root mean square 
error of approximation indicated ideal model fitting for all three path models. The fitting results 
revealed that parental social support presented as a significant mediator in the association between 
emotional maltreatment, both abuse and neglect, and all three types of SI: 1-wk, 1-year, and lifetime. 
Parental social support mediated 5.31% and 29.23%, 4.80% and 24.50%, and 7.04% and 44.42% of the 
overall EA-SI and EN-SI associations, respectively.

DISCUSSION
The current study investigated the association between CM and SI by using a large representative 
sample of 4732 Chinese children and adolescents. Particularly, we estimated the possible mediation of 
social support in this association. Our analysis results were in general supportive of the hypotheses: 
social support could be a prominent mediator in the association between CM and SI. In addition, 
different sources of social support discordantly mediated the associations between different types of CM 
and SI. These findings may suggest that to reduce suicidal risk among youngsters who have 
experienced CM, rebuilding or consolidating social support might be an effective strategy.

We found that among all types of CM, only EN and EA showed a strong association with SI. Previous 
studies in a Chinese adolescent population also reported a prominent association between EN, EA, and 
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Table 1 General characteristics of study participants

Characteristic mean ± SD1/median (IQR)2 n (%)

Age 13.46 ± 1.951

Mother’s age 39.00 ± 5.761

Male sex 2359 (49.85)

Ethnicity

Han majority 1312 (27.73)

Minorities 3420 (72.27)

Grade

Primary school 1617 (34.17)

Junior high school 2544 (53.76)

Senior high school 571 (12.07)

Residence

Urban 1581 (33.41)

Rural 3151 (66.59)

Childhood maltreatment 

Physical abuse (yes) 928 (19.61)

Emotional abuse (yes) 1269 (26.82)

Sexual abuse (yes) 595 (12.57)

Physical neglect (yes) 2337 (49.39)

Emotional neglect (yes) 3067 (64.81)

Boarding students (yes) 2373 (50.14)

Single child (yes) 1061 (22.42)

Living situation 

With both parents 3272 (69.15)

With single parent 618 (13.06)

With others 1460 (17.79)

Perceived social support (CASS score) 

Parents 37 (9)2

Teachers 42 (8)2

Classmates 37 (9)2

Close friends 39 (9)2

Suicide ideation (yes)

1-wk 1271 (26.85)

1-yr 1656 (34.99)

Lifetime 2639 (55.69)

Depression (PQH ≥ 12) 2488 (52.57)

Anxiety (GAD-7 ≥ 9) 2413 (50.99)

1mean ± SD.
2Median (interquartile range).
IQR: Interquartile range; CASS: Child and Adolescent Social Support; PQH: Patient Health Questionnaire; GAD-7: Generalized Anxiety Disorder-7.
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Table 2 Multivariate logistic regression results for associated factors of different suicide ideation

1-wk SI 1-yr SI Lifetime SI
Covariates

Multivariate 1 Multivariate 2 Multivariate 1 Multivariate 2 Multivariate 1 Multivariate 2

Sex (Ref: Male): Female 1.49 (1.31-1.66) 1.36 (1.20-1.55) 2.08 (1.75-2.47) 1.41 (1.12-1.77) 1.70 (1.42-2.03) 1.41 (1.12-1.77)

Age: + 1 yr 1.01 (0.93-1.10) 0.87 (0.79-0.96) 0.95 (0.88-1.03) 0.87 (0.81-0.95)

Ethnicity (Ref: Han majority): Minorities 0.93 (0.76-1.10) 1.07 (0.92-1.24)

Grade (Ref: Primary 
school)

Junior high School 1.14 (0.75-1.72) 1.17 (0.87-1.57) 1.31 (0.99-1.73) 1.13 (0.84-1.52)

Senior high school 0.83 (0.50-1.38) 0.80 (0.49-1.29) 1.18 (0.79-1.75) 0.74 (0.44-1.25)

Residence (Ref: Urban): 
Rural 

1.19 (1.03-1.37) 1.20 (0.99-1.44) 0.90 (0.73-1.11) 1.39 (1.10-1.76)

Boarding students (Ref: No): Yes 0.70 (0.56-0.88) 0.72 (0.55-0.92)

Single child (Ref: No): Yes 1.03 (0.92-1.16) 0.69 (0.54-0.88)

Childhood abuse (Ref: 
No)

PA: Yes 1.39 (1.17-1.65) 1.09 (0.86-1.38) 1.32 (1.04-1.68)

EA: Yes 1.99 (1.77-2.26) 2.79 (2.19-3.56) 2.08 (1.66-2.60)

SA: Yes 1.50 (1.20-1.87) 1.07 (0.79-1.43) 1.16 (0.85-1.59)

PN: Yes 1.54 (1.33-1.77) 1.30 (1.06-1.59) 1.25 (1.07-1.47)

EN: Yes 2.28 (1.94-2.67) 1.63 (1.36-1.97) 1.47 (1.29-1.68)

Perceived social support 
(CASS) 

Parent support (Ref: < 37): ≥ 37 0.66 (0.55-0.83) 0.63 (0.52-0.77) 0.63 (0.52-0.77)

Teacher support (Ref : < 42): ≥ 42 0.94 (0.77-1.12) 0.97 (0.82-1.14) 0.97 (0.83-1.14)

Classmate support (Ref : < 37): ≥ 37 0.88 (0.77-1.00) 0.91 (0.73-1.14) 0.90 (0.72-1.13)

Close friend support (Ref : < 39): ≥ 39 0.80 (0.69-0.93) 0.80 (0.64-1.00) 0.80 (0.64-1.00)

Depression (Ref PQH < 
12): Yes 

1.15 (0.90-1.48) 1.35 (1.06-1.72) 2.94 (2.15-4.03) 1.88 (1.32-2.68) 2.12 (1.65-2.73) 1.86 (1.31-2.64)

Anxiety (Ref: GAD-7 < 
9): Yes 

1.75 (1.46-2.08) 2.06 (1.72-2.48) 1.85 (1.35-2.54) 1.98 (1.62-2.43) 2.23 (1.84-2.69) 1.99 (1.61-2.46)

CASS: Child and Adolescent Social Support; EA: Emotional abuse; EN: Emotional neglect; GAD-7: Generalized Anxiety Disorder-7; PA: Physical abuse; 
PN: Physical neglect; PQH: Patient Health Questionnaire; SA: Sexual abuse; SI: Suicide ideation.

SI[30,31]. EA and EN are related to a range of poor mental health outcomes[32,33]. Although physical 
and sexual CM have also been linked to SI, a longitudinal study has found that emotional maltreatment 
was the strongest predictor of SI[34]. Emotional maltreatment has been found to be a strong predictor of 
internal psychopathology development and may interrupt the psychosocial well-being during 
children’s growth. Thus, it represents a source of lifetime depression[35]. A meta-analysis revealed that 
emotional maltreatment was strongly associated with major depression in an adolescent population
[36]. These findings highlight the important role of emotional abuse in adolescent suicidal risk.

An important finding of our study is that among all sources of social support only parental social 
support presented as a significant mediator in the association between emotional maltreatment and SI. 
This finding is consistent with some previous studies, which have proven that parental support buffered 
the harmful effect of past stressful events on mental health among adolescents[36,37]. Moreover, some 
studies have revealed that social support from parents is a principal mediator in the association between 
depression and SI[37,38]. Parents exert an important impact during adolescence mainly through 
emotional assistance and positive relationships[39]. Studies have shown a protective effect of parental 
social support as the pivotal factor in the stress-buffering model[40,41]. Under this situation, supportive 
parents may protect adolescents against mental disorders even if they have been exposed to a stressful 
environment. Therefore, intervention measures concentrating on improving or rebuilding the parent-
child relationship could be effective in reducing emotional maltreatment associated with suicidal risk 
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among youngsters.
Another interesting finding would be that although parental social support presented as a statistically 

significant mediator in their associations with SI for both EA and EN, the proportion of parental social 
support mediation was several folds higher in EN-SI association than in EA-SI association. As the two 
major types of CM, neglect and abuse have disparate influences on children: in the context of neglect, 
children could grow up with a lower level of belongingness and acceptance[24], whereas EA victims 
have experienced an insecure attachment relationship with their parents[42]. Many studies have shown 
that insecurely attached children are at an elevated risk of mental health problems[43]. In a newly 
published meta-analysis, the authors concluded that insecure attachment may be a predictor of 
depression among children and adolescents[44]. Considering the fact that depression is the single 
strongest risk factor of suicide, it is possible that for emotionally abused adolescents the EA-SI 
association is in essence the association between depression, which originated from insecure attachment 
and SI. As adolescent depression is hard to intervene directly, the consolidation of parental social 
support can only exhibit a very limited effect. Therefore, for adolescents who had experienced 
childhood emotional maltreatment, when implementing parental social support intervention measures 
to antagonize suicide risk, priority should be given to neglect victims.

The current study emphasized the role of parental social support in emotional maltreatment 
associated with suicide risk among Chinese adolescents. Family-based interventions, like family therapy
[45] and attachment-based family therapy (ABFT)[46], probably can be used to restore and improve 
secure parent-child relationships. Prior studies on Chinese adolescents have proven that family therapy 
can effectively decrease depression symptoms and increase parental social support[47,48]. Meanwhile, 
the efficacy of attachment-based family therapy in reducing depressive symptoms and SI has also been 
documented in adolescents[49].

Some limitations of the current study should be noticed. First, our study did not investigate the 
source of CM in the sample. Second, our analysis was based on cross-sectional data. Therefore, causal 
inference cannot be reached, and the mediation we identified should be further corroborated by longit-
udinal studies. Third, all information was collected by self-reporting measures, which are prone to 
information bias. Finally, the extrapolation of study results to the general adolescent population in 
China should be made cautiously since our study sample was drawn from a localized region in 
southwest China.

CONCLUSION
The current findings provide support for the previous studies regarding the strong relationship between 
CM and SI. Moreover, a prominent mediation of parental social support has been identified in the 
association between emotional CM and SI. Our major findings highlight the promising and intervenable 
role of parental support in antagonizing emotional CM associated with suicide risk. For emotionally 
maltreated children and adolescents, rebuilding the parent-child relationship might be effective in 
suicide prevention.

ARTICLE HIGHLIGHTS
Research background
Suicide represents a major public health problem among the child and adolescent populations 
worldwide. Suicide ideation (SI) is the percussor of suicidal behavior. In China, over 32% of children 
and adolescents have reported SI. Adverse lifetime events such as childhood maltreatment (CM) 
increase the risk of SI. Meanwhile, social support protects against SI. Thus, a pathway between CM and 
SI via social support may exist.

Research motivation
Although the mediation of social support in the association between CM and SI seems plausible, this 
hypothesis has not been discussed. The motivation of our study is to investigate the mediation role of 
social support.

Research objectives
To investigate whether social support significantly mediates the association between CM and SI.

Research methods
A large representative sample of 4732 adolescents from southwest China Yunnan province was 
surveyed. CM was defined into five types according to the 28-items Childhood Trauma Questionnaire 
(CTQ) Short-form: physical abuse (PA), emotional abuse (EA), sexual abuse (SA), physical neglect (PN), 
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and emotional neglect (EN). The Chinese version of the Beck Scale for Suicide Ideation, the Child and 
Adolescent Social Support Scale, the Patient Health Questionnaire, and the 7-item anxiety scale were 
used to measure suicide ideation, social support, depression, and anxiety, respectively. We performed 
logistic regression and path analysis to evaluate the mediation of social support.

Research results
The prevalence rates of 1-wk, 1-year, and lifetime SI were 26.85% (95%CI: 24.30%-30.00%), 34.99% 
(95%CI: 30.60%-40.00%), and 55.69% (95%CI: 51.50%-60.00%), respectively. In addition, based on the 
cutoffs for subscales of CTQ, 928 (19.61%), 1269 (26.82%), 595 (12.57%), 2337 (49.39%), and 3067 (64.81%) 
were PA, EA, SA, PN and EN victims. According to the multivariate logistic regression, EA, PN and EN 
were consistently associated with SI. In addition, parental social support was inversely associated with 
SI. Following the multivariate analysis results, we performed path analysis. Parent social support 
presented as a significant mediator in the associations between emotional maltreatment (EA and EN) 
and SI.

Research conclusions
The current study suggests that parental social support may be considered as a potential mediator in the 
relationship between CM and SI. Intervention to rebuild the parent-child relationship may help to 
intervene CM-associated suicide risk.

Research perspectives
Future longitudinal studies are needed to verify the mediation of parental social support in the 
association between CM and SI.
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Abstract
BACKGROUND 
Previous studies have shown that personality traits are associated with self-harm 
(SH) in adolescents. However, the role of resilience in this association remains 
unclear. Our research aims to explore the hypothesized mediation effect of 
resilience in the relationship between personality traits and SH in Chinese 
children and adolescents.

AIM 
To evaluate resilience as a mediator of the association between personality traits 
and SH.

METHODS 
A population-based cross-sectional survey involving 4471 children and 
adolescents in Yunnan province in southwestern China was carried out. Relevant 
data were collected by self-reporting questionnaires. Univariate and multivariate 
logistic regression models were employed to identify associated factors of SH. A 
path model was used to assess the mediation effect of resilience with respect to 
personality traits and SH association.

RESULTS 
Among the 4471 subjects, 1795 reported SH, with a prevalence of 40.1% (95%CI: 
34.4%-46.0%). All dimensions of personality traits were significantly associated 
with SH prevalence. Resilience significantly mediated the associations between 
three dimensions of personality (extroversion, neuroticism, psychoticism) and SH, 
accounting for 21.5%, 4.53%, and 9.65%, respectively, of the total associations. 
Among all dimensions of resilience, only emotional regulation played a 
significant mediation role.
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CONCLUSION 
The results of the study suggest that improving emotion regulation ability might be effective in 
preventing personality-associated SH among Chinese children and adolescents.

Key Words: Adolescents; Emotion regulation; Mediation; Personality traits; Resilience; Self-harm
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Core Tip: In children and adolescents, personality traits are closely related to self-harm (SH) behaviors. In 
this cross-sectional study of 4471 Chinese children and adolescents, we detected a significant role of 
resilience in the association between personality traits and SH. Further, among all dimensions of 
resilience, only emotion regulation mediated the association between personality and SH. Improving 
emotion regulation ability could reduce the occurrence of SH in Chinese children and adolescents.

Citation: Jiao XY, Xu CZ, Chen Y, Peng QL, Ran HL, Che YS, Fang D, Peng JW, Chen L, Wang SF, Xiao YY. 
Personality traits and self-harm behaviors among Chinese children and adolescents: The mediating effect of 
psychological resilience. World J Psychiatry 2022; 12(3): 494-504
URL: https://www.wjgnet.com/2220-3206/full/v12/i3/494.htm
DOI: https://dx.doi.org/10.5498/wjp.v12.i3.494

INTRODUCTION
Self-harm (SH) refers to the behavior of harming one’s own body with or without the intention of 
suicide[1]. SH is a global health concern. Among all age groups, the highest risk of SH has been reported 
in the adolescent population, and the lifetime prevalence of SH in non-Western countries was found to 
be higher than that in Western countries[2]. A meta-analysis found that the prevalence of SH among 
Chinese adolescents has reached 22.37%[3]. SH is the most prominent risk factor of future suicide[4]. 
Considering the high prevalence of SH among adolescents, together with the intimate relationship 
between SH and suicide, proactively preventing SH can be an effective way to reduce suicidal risk 
among teenagers.

Identifying the influencing factors of SH is crucial for SH prevention. In recent years, the positive link 
between poor mental health and SH has been repeatedly reported in adolescent populations: 
Impulsivity, anger dysregulation, and low self-esteem are the identified risk factors for SH in 
adolescents[5,6]. Personality traits are also significantly associated with adolescent SH. A study on 
Norwegian adolescents found that neuroticism was a risk factor that contributed to SH in youth[7]. 
Similarly, among Italian middle school students, those with more impulsive and aggressive person-
alities were more likely to report SH[8]. A domestic study in Chinese college students suggested that, 
those with higher extraversion scores (E scores) in the Eysenck personality questionnaire were at higher 
risk of SH[9]. In addition, a cross-sectional study with a large sample size showed that susceptible 
personality traits were significantly related to SH consciousness[10].

As a long-lasting and stable feature of an individual, personality is hard to intervene directly. 
Therefore, exploring modifiable factors which lie along the pathway between personality and SH would 
be more practicable in preventing personality-associated SH among adolescents. In recent years, some 
studies have found that mental resilience plays a beneficial role in protecting adolescents from SH[11-
13]. Psychological resilience refers to the ability of an individual to adjust to changes when experiencing 
a traumatic, or negative, or frustrating event[14]. Many studies have shown that personality traits are 
significantly associated with resilience: For instance, extroversion, conscientiousness, and openness have 
been shown to be positively correlated with resilience, whereas emotionality has shown a negative 
association[15,16]. All of these findings suggest that resilience may play a mediating role in the 
association between personality traits and SH; however, this hypothesis has never been thoroughly 
investigated.

Aiming to address this shortcoming, the current study used a large representative sample of Chinese 
children and adolescents to examine the relationship between personality traits and SH, and more 
importantly, the possible mediation effect of resilience on personality-associated SH.
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MATERIALS AND METHODS
Study design
The data used for analysis in this study were obtained from the Mental Health Survey of Children and 
Adolescents in Kaiyuan. A cross-sectional survey was carried out in Kaiyuan, Yunnan province in 
southwest China, from October 27 to November 4, 2020. The survey used a population-based two-stage 
simple random cluster sampling method with probability proportionate to sample size (PPS) design. It 
was carried out in two stages: In stage one, eight primary schools, nine junior high schools and two 
senior high schools were randomly selected from all schools in Kaiyuan; in stage two, 3–4 classes were 
randomly selected from each chosen school, and all students within the chosen classes who met the 
inclusion criteria were included.

Based on the literature, we set a conservative SH prevalence of 20%, and an acceptable error rate of 
2% was determined. According to the simple random sampling sample size calculation method, we 
reached a preliminary required sample size of 1600. Considering that the sampling error in the cluster 
samples would inevitably be higher than that in random samples, we used a design effect of ‘2’ to 
further adjust for the required sample size, and the final calculated sample size was 3200.

In this study, except for personality, SH, and resilience, we also measured suicide ideation among the 
respondents. Since children under the age of 10 cannot fully understand the definition and 
consequences of suicide[17], we only included adolescents aged 10 years old and above. Subjects were 
further excluded if at least one of the following exclusion criteria was satisfied: (1) Unable to complete 
the questionnaire due to severe psychological or physical illnesses; (2) Having a speech disorder, 
communication disorder or reading comprehension disorder; and (3) Refused to participate. Before the 
survey, the written informed consent of the respondents was obtained from their legal guardians. In 
addition, when the survey was underway, verbal consent was also obtained from the respondents 
themselves.

The study protocol was reviewed and approved by the Ethics Review Board of Kunming Medical 
University, No. KMMU2020MEC047.

Measurements 
A structured questionnaire was used to collect information from the participants. This questionnaire 
mainly measures demographics, personality traits, anxiety and depression, SH behaviors, psychological 
resilience, suicide ideation, and parenting styles. The demographics section consisted of factual 
questions, and validated instruments were used for all of the other sections. In the current study, we 
used the following sections to perform the data analysis: General characteristics, SH behavior, psycho-
logical resilience, personality traits, depression, and anxiety.

SH behaviors: The modified version of the Adolescents Self-Harm Scale (MASHS) developed by Feng
[18] was used to measure lifetime SH behaviors[18]. The MASHS includes 18 items measuring 
frequency (never, 1 time; 2–4 times, 5 times and above) and severity (non-observable, mild, moderate, 
severe, devastating) of the 18 most common SH behaviors in Chinese adolescents.

Personality traits: The children’s version of the Eysenck Personality Questionnaire developed by 
Eysenck and other researchers in 1975 was used to assess personality traits[19]. The questionnaire 
consists of 88 items, divided into four subscales: Neuroticism (N); psychoticism (P); E; lie (L). The first 
three scales represent the three dimensions of the personality structure and are independent of each 
other. The L scale is a measure of effectiveness and represents the personality traits related to false trust. 
Each question is scored ‘1’ or ‘0’, and finally converted into a normal standard T score. For the L scale, a 
T score greater than 61.5 was taken to indicate a lack of authenticity. The T scores for N, P, and E scales 
were collectively used to classify subjects into five levels. E (extraversion) was divided into: Typical 
introversion (T ≤ 38.5), introversion (38.5 < T ≤ 43.3), extraversion intermediate (43.3 < T ≤ 56.7), 
extroversion (56.7 < T ≤ 61.5), and typical extroversion (T > 61.5). N was divided into: Typical non-
neuroticism (T ≤ 38.5), non-neuroticism (38.5 < T ≤ 43.3), neuroticism intermediate (43.3 < T ≤ 56.7), 
neuroticism (56.7 < T ≤ 61.5), and typical neuroticism (T > 61.5). P was divided into: Typical non-
psychoticism (T ≤ 38.5), non-psychoticism (38.5 < T ≤ 43.3), psychoticism intermediate (43.3 < T ≤ 56.7), 
psychoticism (56.7 < T ≤ 61.5), and typical psychoticism (T > 61.5)[9,20]. The Cronbach’s α was 0.891 
(Bootstrap 95%CI: 0.886-0.896).

Depression and anxiety: The Patient Health Questionnaire-9 (PHQ-9) and General Anxiety Disorder-7 
(GAD-7) were used to assess the subjects’ experience of depression and anxiety in the past two weeks. 
There are nine items on the PHQ-9, which correspond to the nine diagnostic criteria for depression 
(interest in doing things, mood fluctuations, sleep quality, vitality, appetite, self-evaluation, concen-
tration on things, speed of movement, thoughts of suicide)[21]. The GAD-7 contains seven items, which 
measure nervousness, anxiety, uncontrollable worry, excessive worry, inability to relax, inability to sit 
still, irritability, and ominous premonition[22]. Each item on the PHQ-9 and GAD-7 is divided into four 
levels by severity of the scenario: Not at all (0 point), several days (1 point), more than half of the days (2 
points), almost every day (3 points). A higher combined score was taken to indicate more severe 
symptoms of depression or anxiety[23]. The Cronbach’s α for the PHQ-9 and GAD-7 were 0.883 
(Bootstrap 95%CI: 0.874-0.890) and 0.909 (Bootstrap 95%CI: 0.902-0.915).
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Resilience: The Resilience Scale for Chinese Adolescents (RSCA) compiled by Hu and Gan[24] was 
used. It contains 27 items, including two dimensions of personal strength and support. The personal 
strength dimension is divided into three factors: Goal concentration, emotion regulation, and positive 
perception. The support dimension is divided into two factors: Family support and interpersonal 
assistance. The questionnaire is scored using a five-point scale (1-totally disagree, 2-disagree, 3-not sure, 
4-agree, 5-totally agree), with a higher total score representing a higher level of mental resilience[24]. 
The Cronbach’s α was 0.846 (Bootstrap 95%CI: 0.837-0.855).

Statistical analysis
We used the R software (Version 4.0.3, The R Foundation for Statistical Computing, Vienna, Austria) to 
perform the statistical analysis, and the “Survey” package has been mainly used to adjust for unequal 
sampling probability. Descriptive statistics are presented to describe the general characteristics of the 
survey subjects, t tests, chi-squared tests, and rank-based non-parametric tests were carried out to 
compare the differences between subgroups as appropriate to variable type. Univariate and 
multivariate binary unconditional logistic regression models were used to explore the crude and 
adjusted associations between personality traits and SH (prevalence, repetition, severity). A series of 
path models were fitted to examine psychological resilience as a mediator of the associations between 
personality and SH prevalence, SH severity, and SH repetition. Except for the univariate logistic 
regression models which adopted a lower significance level of 0.10 to screen for possible covariates, the 
significance level for all of the other statistical analyses was set as 0.05 (two-tailed).

RESULTS
General characteristics
A total of 4780 children and adolescents met the inclusion criteria, of whom 57 were excluded because of 
incomplete information. A further 252 respondents were defined as untrustworthy because their EPQ-L 
scores were greater than 61.5. In the end, 4471 subjects were included in the analysis, and the effective 
response rate was 93.5%. Among all analyzed participants, 1795 reported SH behaviors, accounting for 
40.1% (95%CI: 34.4%-46.0%). In respect to the general characteristics listed in Table 1, except for sex and 
ethnicity, statistically significant differences were found between respondents who self-harmed and 
those who did not SH. The T sores for the E, N, and P dimensions of personality traits were also 
different between the two groups. Compared with SH subjects, subjects who did not SH reported a 
consistently higher level of resilience, either in general, or on the five specific dimensions.

Associated factors of SH
Based on univariate logistic regression analysis, age, gender, grade, anxiety, depression, resilience, and 
all of the personality trait dimensions (extraversion, neuroticism, psychoticism) were included into the 
subsequent multivariate logistic regression models: Model 1 represented the adjusted associations 
between the three dimensions of personality traits and SH; Model 2 revealed the adjusted association 
between resilience and SH; in Model 3, personality traits and resilience were simultaneously 
incorporated into the model, and the results indicated that typical introverted personality types (E ≤ 
38.5) were associated with an increased risk of SH (OR = 1.46, 95%CI: 1.14-1.87), whereas a more stable 
mood (a lower N score) (OR = 0.19, 95%CI: 0.13-0.26) and a lower psychotic score (P ≤ 56.7) (OR = 0.29, 
95%CI: 0.17-0.51) were associated with a decreased risk of SH (Table 2).

Mediation of resilience
Based on the results of the multivariate logistic regression models, we constructed a possible path model 
to illustrate resilience as a mediator of the associations between the three personality trait dimensions 
and SH prevalence. The analytical results showed that the mediation effect of resilience for all of the 
three personality trait dimensions was significant: The standardized path coefficients were -0.0301 (0.494 
× -0.061), 0.0225 (-0.369 × -0.061), and 0.0145 (-0.238 × -0.061), which accounted for 21.5%, 4.53%, and 
9.65% of the total associations, respectively (Figure 1). We further dissected this association based on the 
five dimensions of resilience. The path model suggested that among the three significant dimensions of 
resilience identified by a prior multivariate logistic regression model (the results are summarized in 
Supplementary Table 1), only emotion regulation was identified as a prominent mediator (Figure 2).

We intended to further analyze the possible mediation effect of emotion regulation in terms of the 
associations between personality traits and SH repetition, as well as SH severity. However, the 
preliminary multivariate analysis revealed that the adjusted associations between emotion regulation 
and SH repetition/severity were all insignificant (Supplementary Table 2); thus, the suspected 
mediation effect was not found.

https://f6publishing.blob.core.windows.net/0ae9bf5f-996d-4815-a54f-279dc8e06776/WJP-12-494-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/0ae9bf5f-996d-4815-a54f-279dc8e06776/WJP-12-494-supplementary-material.pdf
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Table 1 General features of 4471 adolescents, Kaiyuan, Yunnan, China, 2020

Features Total (n = 4471) SH (n = 1795) Non-SH (n = 2676) Test statistic P value

Demographics

Age (X bar ± S) 13.01 (0.40) 13.42 (0.34) 12.73 (0.43) -11.991 0.01

Sex, n, (%): Boys 2184 (48.8) 824 (45.9) 1360 (50.8) 3.172 0.09

Ethnicity, n, (%) 0.372 0.67

Han 1242 (27.8) 504 (28.1) 738 (27.6)

Yi 1788 (40.0) 693 (38.6) 1095 (40.9)

Others 1441 (32.2) 598 (33.3) 843 (31.5)

Grade, n, (%) 32.242 0.01

Primary school 1472 (32.9) 374 (20.8) 1098 (41.0)

Junior high school 2442 (54.6) 1157 (64.5) 1285 (48.0)

Senior high school 557 (12.5) 264 (14.7) 293 (10.9)

Mental health

Depression, n, (%): Yes (PHQ9 ≥ 10) 501 (11.2) 411 (22.9) 90 (3.4) 176.272 0.01

Anxiety, n, (%): Yes (GAD7 ≥ 7) 778 (17.4) 570 (31.8) 208 (7.8) 244.432 0.01

Personality traits

EPQ-E, n, (%) 3.543 0.01

Typical extroversion: Score E > 61.5 1024 (22.9) 357 (19.9) 667 (24.9)

Extroversion: 56.7 < score E ≤ 61.5 740 (16.6) 270 (15.0) 470 (17.6)

Intermediate: 43.3 < score E ≤ 56.7 1825 (40.8) 763 (42.5) 1062 (39.7)

Introversion: 38.5 < score E ≤ 43.3 419 (9.4) 191 (10.6) 228 (8.5)

Typical introversion: score E ≤ 38.5 463 (10.4) 214 (11.9) 249 (9.3)

EPQ-N, n, (%) -18.103 0.01

Typical neuroticism: Score N > 61.5 646 (14.4) 510 (28.4) 136 (5.1)

Neuroticism: 56.7 < score N ≤ 61.5 323 (7.2) 197 (11.0) 126 (4.7)

Intermediate: 43.3 < score N ≤ 56.7 1227 (27.4) 574 (32.0) 653 (24.4)

Non-neuroticism: 38.5 < score N ≤ 43.3 N ≤ 43.3 552 (12.3) 189 (10.5) 363 (13.6)

Typical non-neuroticism: Score N ≤ 38.5 NN ≤ 38.5 1723 (38.5) 325 (18.1) 1398 (52.2)

EPQ-P, n, (%) -11.023 0.01

Typical psychoticism: score P > 61.5 422 (9.4) 289 (16.1) 133 (5.0)

Psychoticism: 56.7 < score P ≤ 61.5 518 (11.6) 308 (17.2) 210 (7.8)

Intermediate: 43.3 < score P ≤ 56.7 2335 (52.2) 967 (53.9) 1368 (51.1)

Non-psychoticism: 38.5 < score P ≤ 43.3 1026 (22.9) 211 (11.8) 815 (30.5)

Typical non-psychoticism: Score P ≤ 38.5 170 (3.8) 20 (1.1) 150 (5.6)

Resilience (Median, IQR)

Combined score 89 (19) 84 (16) 93 (20) -15.983 0.01

Goal concentration 17 (6) 16 (6) 18 (6) -11.173 0.01

Emotion regulation 20 (7) 18 (7) 21 (6) -13.263 0.01

Positive perception 14 (5) 13 (5) 14 (5) -2.683 0.02

Family support 21 (6) 19 (5) 22 (5) -10.273 0.01

Interpersonal assistance 20 (6) 18 (6) 21 (6) -10.933 0.01
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1t test.
2Chi-squared test.
3Wilcoxon rank-sum test.
SH: Self-harm; E: Extraversion; N: Neuroticism; P: Psychoticism.

DISCUSSION
In the current study, we discussed the relationship between personality traits and SH in a large repres-
entative sample of Chinese children and adolescents. The analysis of the results showed that all 
personality trait dimensions were significantly related to the prevalence of SH after adjusting for other 
covariates. Resilience played a noticeable mediating role in terms of the associations between different 
dimensions of personality (E, N, P) and SH, accounting for 21.5%, 4.53%, and 9.65% of the total associ-
ations, respectively. Further analysis revealed that, for different dimensions of resilience, only emotion 
regulation was identified as a prominent mediator in this association. The current study could provide 
valuable evidence for personality-associated SH prevention in children and adolescents.

A high lifetime prevalence of SH (40.1%) was found in our study sample, and this prevalence was 
much higher than that previously reported. For example, two previously published meta-analysis 
papers found a lifetime SH prevalence of 13.7% (95%CI: 11.0%-17.0%) and 16.9% (95%CI: 15.1%-18.9%) 
among children and adolescents globally[2,25]. Another meta-analysis found that the prevalence of SH 
among Chinese adolescents was 22.37%[3], which is comparable to our previous study involving 
children and adolescents who were randomly chosen from another city (Lincang) of Yunnan province, 
with a reported lifetime prevalence of SH of 47%[12]. These prominent differences in the lifetime 
prevalence of SH can likely be attributed to heterogeneity in SH instruments and definitions, which 
prevent a direct comparison of the studies involving different children and adolescent populations.

An important finding of our study is that personality traits were significantly associated with SH 
prevalence: Higher E scores were correlated with lower SH odds, whereas higher N and P scores were 
associated with an increased risk of SH. These associations were well supported by existing literature. 
First of all, introverts may find it more difficult to integrate into society, although no pertinent studies 
have been published to elaborate upon the influence of introversion on SH, and a higher risk of future 
suicide has been reported among introverted college students[26]. The positive association that was 
identified in the current study between neuroticism and SH is in line with the results published by 
Hafferty et al[27]. Another meta-analysis on neuroticism and suicide ideation showed that neuroticism 
was also a significant risk factor for suicide ideation and is of great significance for suicide prevention
[28]. The positive connection between psychoticism and SH can also be justified. Studies have found 
that high psychoticism individuals exhibited higher levels of impulsivity and aggressiveness, which are 
known risk factors for SH[29,30].

The path analysis results indicated that resilience was a significant mediator of the association 
between all personality trait dimensions and SH. In general, resilience is related to positive personality 
traits such as optimism, persistence, cooperation, maturity, and responsibility[31]. A study on American 
college students also found that neuroticism in personality traits was negatively correlated with 
resilience, while conscientiousness and extroversion were positively correlated with resilience[16,32]. In 
addition, existing studies have shown that resilience has a protective effect on the occurrence of SH in 
adolescents, and adolescents with higher levels of resilience were less likely to develop SH[11]. In the 
relationship between personality and SH, resilience-mediated associations accounted for over one-fifth 
(21.5%) of the total association for the extraversion dimension, which was the highest among all of the 
three dimensions. This finding probably suggests that, for introverted children and adolescents, 
building up resilience might be an effective way to prevent personality-related SH.

Resilience is a composite definition. Our further analysis revealed that, among the five dimensions of 
resilience, only emotion regulation was a significant mediator of the association between personality 
traits and SH. Emotion regulation refers to the ability to respond to the ongoing demands of experience 
with a range of emotions in a socially tolerable manner[33]. A newly published study found that poor 
emotion regulation was an important cause of SH[34]. In addition, a retrospective study has also 
indicated that there were differences in the ability to control emotions among individuals with different 
personalities[35]. Therefore, among all dimensions of resilience, improving emotion regulation ability 
could be regarded as the priority in antagonizing personality-associated SH among children and 
adolescents. Currently, some effective intervention methods in improving emotion regulation ability 
have already been proposed. Since SH has a high prevalence in children and adolescents, group-based 
therapy should be prioritized when considering interventions. Acceptance-based emotion regulation 
group therapy had a good effect on improving emotion regulation ability and reducing SH: It focuses on 
controlling behavior when emotions are present, rather than controlling emotions themselves[36-38]. 
Domestic studies have also shown that acceptance-commitment therapy has a positive effect on the 
acceptance of bad emotions and feelings, as well as on the rational use of emotion regulation strategies 
in patients with bipolar disorder[39]. Moreover, although studies on emotion regulation intervention 
strategies were also published recently in China, they mainly focused on clinical populations, such as 
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Table 2 Univariate and multivariate logistic regression fitting results for associated factors of self-harm

Variable Univariate model; 
Crude OR (90%CI)

Multivariate model 1; 
Adjusted OR (95%CI)

Multivariate model 2; 
Adjusted OR (95%CI)

Multivariate model 3; 
Adjusted OR (95%CI)

Age: +1 yr 1.20 (1.14-1.27) 1.00 (0.93-1.08) 1.03 (0.95-1.11) 1.01 (0.94-1.09)

Sex (Ref: Boys): Girls 1.22 (1.01-1.46) 0.98 (0.75-1.28) 1.09 (0.89-1.34) 0.98 (0.76-1.27)

Grade (Ref: Primary school)

Junior high school 2.64 (2.11-3.31) 1.81 (1.23-2.67) 2.18 (1.49-3.19) 1.82 (1.24-2.69)

Senior high school 2.65 (2.01-3.48) 1.43 (0.89-2.30) 2.12 (1.29-3.49) 1.51 (0.93-2.46)

Depression (Ref: PHQ9 < 10): 
PHQ9 ≥ 10

8.53 (6.29-11.59) 2.21 (1.49-3.27) 3.30 (2.56-4.82) 2.18 (1.47-3.23)

Anxiety (Ref: GAD7 < 7): 
GAD7 ≥ 7

5.52 (4.55-6.69) 1.43 (1.14-1.78) 2.28 (1.84-2.83) 1.37 (1.10-1.70)

Personality traits

EPQ-E (Ref: Typical 
extroversion, score E > 61.5)

Extroversion (56.7 < score E ≤ 
61.5)

1.07 (0.94-1.22) 1.10 (0.90-1.34) 1.05 (0.85-1.29)

Intermediate (43.3 < score E ≤ 
56.7)

1.34 (1.16-1.55) 1.29 (1.06-1.57) 1.13 (0.92-1.40)

Introversion (38.5 < score E ≤ 
43.3)

1.57 (1.26-1.95) 1.50 (1.17-1.91) 1.21 (0.94-1.54)

Typical introversion (score E ≤ 
38.5)

1.61 (1.26-2.04) 1.90 (1.41-2.56) 1.46 (1.14-1.87)

EPQ-N (Ref: Typical 
neuroticism, score N > 61.5)

Neuroticism (56.7 < score N ≤ 
61.5)

0.42 (0.33-0.52) 0.63 (0.45-0.88) 0.64 (0.45-0.91)

Intermediate (43.3 < score N ≤ 
56.7)

0.23 (0.20-0.27) 0.45 (0.34-0.60) 0.50 (0.37-0.67)

Non-neuroticism (38.5 < score 
N ≤ 43.3)

0.14 (0.11-0.18) 0.31 (0.21-0.46) 0.36 (0.24-0.54)

Typical non-neuroticism 
(score N ≤ 38.5)

0.06 (0.05-0.08) 0.16 (0.11-0.22) 0.19 (0.13-0.26)

EPQ-P (Ref: Typical 
psychoticism, score P > 61.5)

Psychoticism (56.7 < score P ≤ 
61.5)

0.67 (0.51-0.90) 0.83 (0.61-1.13) 0.86 (0.62-1.19)

Intermediate (43.3 < score P ≤ 
56.7)

0.33 (0.24-0.44) 0.66 (0.47-0.93) 0.73 (0.51-1.03)

Non-psychoticism (38.5 < 
score P ≤ 43.3)

0.12 (0.09-0.17) 0.36 (0.26-0.50) 0.42 (0.30-0.58)

Typical non-psychoticism 
(score P ≤ 38.5) 

0.06 (0.04-0.09) 0.25 (0.14-0.42) 0.29 (0.17-0.51)

Resilience (Ref: RSCA < 89): 
RSCA ≥ 89

0.32 (0.27-0.36) 0.42 (0.36-0.50) 0.63 (0.52-0.77)

SH: Self-harm; E: Extraversion; N: Neuroticism; P: Psychoticism; RSCA: Resilience Scale for Chinese Adolescents.

depressed teenagers[40]. Therefore, the usefulness and effectiveness of available emotion regulation 
intervention methods for the general child and adolescent population in China are yet to be corrob-
orated.

The major advantages of the current research are that it involved a large population-based repres-
entative sample of Chinese children and adolescents, and the study design and implementation were 
scientific and rigorous. However, two limitations should be noted. First, due to the cross-sectional 
design, causal inferences were impossible. Second, the entire study sample was chosen from a single 
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Figure 1 The path model of resilience, personality traits, and self-harm. 1Statistically significant. SH: Self-harm.

Figure 2 The path model of different dimensions of resilience, personality traits, and self-harm. A: The mediation of resilience in personality traits 
E and self-harm (SH); B: The mediation of resilience in N and SH; C: The mediation of resilience in P and SH. 1Statistically significant. SH: Self-harm; E: Extraversion; 
N: Neuroticism; P: Psychoticism.

province in southwest China; therefore, the results cannot be generalized to the entire Chinese child and 
adolescent population.

CONCLUSION
In this cross-sectional study, we discussed the relationship between personality traits and SH in a large 
sample of Chinese children and adolescents. More importantly, we thoroughly examined the mediating 
role of resilience in this relationship. We found that personality traits were significantly associated with 
SH, and resilience was identified as a prominent mediator. Further analysis revealed that, for all the 
dimensions of resilience, emotion regulation was the only noticeable mediator. The major findings of 
our study are of significance in preventing seemingly unchangeable personality-associated SH among 
children and adolescents: For introverted individuals, interventions that focus on reinforcing resilience 
might be a promising strategy. This hypothesis should be further corroborated by future intervention 
studies.
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ARTICLE HIGHLIGHTS
Research background
Children and adolescents are at increased risk of self-harm (SH), an established indicator of future 
suicide. Published studies support a positive relationship between personality traits and SH. There is a 
possibility that resilience may play a mediating role in the association between personality traits and 
SH; however, this hypothesis has never been thoroughly investigated.

Research motivation
The current study aimed to provide valuable evidence for identifying personality traits that are 
associated with SH in children and adolescents.

Research objectives
To investigate resilience as a mediator of the association between personality traits and SH among a 
large representative sample of Chinese children and adolescents.

Research methods
We surveyed 4780 children and adolescents from Kaiyuan City, Honghe Prefecture, Yunnan province, 
China. The children’s version of the Eysenck Personality Questionnaire was used to assess the 
personality traits. The Chinese Youth psychological resilience scale was used to measure the level of 
resilience. The revised version of the Adolescent Self-harm Scale was used to measure the lifetime 
prevalence of SH among the survey subjects. We used univariate and multivariate logistic regression 
models and path analysis to evaluate resilience as a mediator.

Research results
Among the 4471 subjects included into the final analysis, the prevalence of SH was 40.1% (95%CI: 
34.4%-46.0%). For different dimensions of personality traits, higher E-dimension scores and lower N- 
and P-dimension scores were associated with a lower SH prevalence. Resilience was identified as an 
obvious mediator of the associations between the three dimensions of personality and SH, accounting 
for 21.5%, 4.53%, and 9.65%, respectively, of the total associations. In addition, we found that, among 
the five dimensions of resilience, only emotion regulation was identified as a significant mediator.

Research conclusions
According to the current research results, we found that resilience was a significant mediator of the 
association between personality traits and SH, especially the dimension of emotion regulation. 
Intervention measures which aim to improve resilience may be effective in preventing personality traits 
that are associated with SH in Chinese children and adolescents.

Research perspectives
Future interventional studies are warranted to further corroborate our major findings.
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Abstract
BACKGROUND 
Hanging is one of the most commonly used methods for suicide in both sexes 
worldwide. In a number of countries, hanging mortality has increased over the 
last decades. Nevertheless, there is a scarcity of studies that have explored the 
patterns and trends for mortality of suicide by hanging on global, regional and 
national levels, as most evaluations are limited to certain populations.

AIM 
To assess the trends of suicide mortality by hanging, strangulation, and 
suffocation in Serbia, from 1991 to 2020.

METHODS 
This nationwide study, with epidemiological descriptive study design, was 
carried out based on official data. The age-standardized rates (ASRs, expressed per 
100000 persons) were calculated by direct standardization, using the World 
Standard Population. Mortality trends from suicide by hanging were assessed 
using the joinpoint regression analysis: The average annual percent change 
(AAPC) with the corresponding 95% confidence interval (95%CI) was calculated. 
Age-period-cohort analysis was performed to address the possible underlying 
reasons for the observed suicide trends.

RESULTS 
Over the 30-year period studied, there were 24340 deaths by hanging (17750 males 
and 6590 females) in Serbia. In 2020, the ASR of deaths by hanging was 4.5 per 
100000 persons in both sexes together (7.6 in males vs 1.7 in females). The trends 
of suicide mortality by hanging decreased significantly between 1991 and 2020 in 
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both males (AAPC = -1.7% per year; 95%CI: -2.0 to -1.4) and females (AAPC = - 3.5% per year; 
95%CI: -3.9 to -3.1). Mortality rates of suicide by hanging had a continuously decreasing tendency 
in both sexes together in all age groups: The only exception was among males in 40-49 age group, 
with an increasing trend of suicide by hanging from 1991 to 2011 (by +0.3% per year).

CONCLUSION 
The trends in suicide mortality by hanging have been decreasing in Serbia in the last three decades 
in both sexes, but this was more pronounced in women than in men. Despite the decreasing trends 
observed in mortality of suicide by hanging, further research is needed for better clarification of 
trends and help in suicide prevention in the future.

Key Words: Suicide; Hanging; Mortality; Trends; Joinpoint analysis

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Although scarce, previous research showed disparities in mortality trends of suicide by hanging 
across the world. The mortality trends of suicide by hanging decreased significantly in Serbia in the last 
three decades in both sexes together, but it was more pronounced in women than in men. In 2020, the age-
standardized rate of mortality by hanging was 4.5 per 100000 persons in both sexes together (7.6 in males 
vs 1.7 in females), the male-to-female ratio was almost 5. Further research will allow a clarification of 
trends and help in a more effective suicide prevention.

Citation: Ilic M, Ilic I. Trends in suicide by hanging, strangulation, and suffocation in Serbia, 1991-2020: A 
joinpoint regression and age-period-cohort analysis. World J Psychiatry 2022; 12(3): 505-520
URL: https://www.wjgnet.com/2220-3206/full/v12/i3/505.htm
DOI: https://dx.doi.org/10.5498/wjp.v12.i3.505

INTRODUCTION
Suicide is a complex global public health issue[1-3]. According to the World Health Organization 
(WHO) 2000-2019 estimates, almost 800000 people die every year due to suicide across the world[4]. 
Previous research revealed that hanging was the predominant method of suicide in both sexes in most 
countries in the last decades[5,6]. Spicer and Miller[7] indicated that hanging, following firearms and 
drowning, was the most lethal method of suicide, while poisoning and cutting were the least lethal 
methods.

According to a systematic review and meta-analysis, the most common method of suicide in the 
Eastern Mediterranean Region of WHO was hanging (with a share of 39.7%, 95%CI: 26.8–52.7)[8]. Also, 
in almost all countries in Eastern Europe[4] and South Asia[9] hanging was the preferred method of 
suicide. During a 10-year period from 2004 to 2013 in India, poisoning as a method of suicide has 
declined in both genders aged 15-29 years, while hanging became the preferred method[10]. Based on 
the WHO mortality database, between 2000 and 2015 among 58 countries the age-standardized 
mortality rates of suicide by hanging among persons aged 15-64 were the highest both in males and 
females in Lithuania, while the highest rates among persons aged 65 years and older were both in males 
and females in Serbia[5]. The 20-year study (1997-2016) that examined suicides in South Africa, showed 
that mortality rates due to hanging increased by 3.9% per year in males and by 3.0% per year in females
[11]. Similarly, over a period of 44 years (1969-2012) both sexes in Norway showed an upward trend for 
suicide by hanging, with a notably significant increase in men aged 15–24 years[12].

Previous studies[13-16] indicated that suicide rates were the highest among males, elderly, single 
individuals, those with less schooling, family disintegration, unemployment, poverty, living in rural 
areas, with mental illness (especially alcohol misuse). Some authors indicated that males more 
frequently use highly lethal methods of suicide, such as hanging or firearms, in comparison to females
[17]. In people with substance use disorders in Norway, the most common cause of death in males was 
hanging, while in females it was poisoning[18]. A study of the effects of Greece’s economic crisis during 
the years 2011 and 2012 recorded the strengthened seasonality of suicides, while a noteworthy suicide 
risk was revealed for males, persons aged 45 years or more and for suicides by hanging[19].

The 2030 Agenda for Sustainable Development adopted by the United Nations in 2015 includes a 
target to reduce suicide mortality by one third by 2030, and to promote mental health and wellbeing
[20]. The coronavirus disease 2019 (COVID-19) pandemic has drastically changed social and daily life: 
Lockdown, business restrictions, school closures, social distancing policies in order to prevent the 
spread of the coronavirus infection, and possible delays in diagnoses of mental and other illnesses led to 
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increased mental stress globally, but how it is affecting the burden of suicide is not yet clear[21,22]. 
Nevertheless, there is a scarcity of studies that have explored the trends for mortality of suicide by 
hanging on global, regional and national levels, as most evaluations are limited to some populations[3,5,
6].

Serbia is a country in southeastern Europe where the previous three decades marked its socio-
political landscape from the end of the last to the beginning of this century, representing a time-frame of 
civil wars and global crisis; in addition to 1991-1999 civil wars, the break-up of Yugoslavia, influx of 
arrivals of more than a million refugees, devastating impact of the United Nations-imposed economic 
sanctions (1992-1995), a 78-d NATO’s bombing in 1999, political changes and transition to democracy in 
2000, and global financial crisis in 2008. As the result of dramatic socio-economic changes, the 
population of Serbia has experienced significant health problems[23,24]. This study aimed to evaluate 
the direction and magnitude of the national trends in mortality of suicide by hanging in Serbia from 
1991 to 2020, with special emphasis on age, period and cohort effects.

MATERIALS AND METHODS
Study design
For this nationwide research, with epidemiological descriptive study design, we used data of annual 
underlying mortality causes in Serbia to describe mortality trends of suicide by hanging for the period 
1991–2020.

Data sources 
Official death certification data for suicide by hanging, strangulation and suffocation were obtained 
from the Statistical Office of the Republic of Serbia (unpublished data).

During the calendar period considered, different revisions of the international classification of 
diseases (ICD) were used in Serbia: From 1990 to 1996 data about the main cause of death were 
classified by 9th Revision (ICD-9), and since 1997 the data processing of mortality statistics is based on 
10th Revision (ICD-10). Mortality data of suicide by hanging, strangulation and suffocation were covered 
by site code E953 by ICD-9[25] and code X70 based on ICD-10[26]. In this study, term “suicide by 
hanging” includes deaths from suicide by hanging, strangulation and suffocation. Besides this, 
“suicides” include deaths from self-inflicted injury or intentional self-harm, but not those that are of 
undetermined intent. In Serbia, according to the WHO guidelines, the definition of the underlying cause 
of death includes a disease or injury that has started a series of diseases or an injury that has triggered a 
series of disease states that directly led to death.

Death registration and certification of cause of death in Serbia is conducted by an authorized 
physician in a health care organization, a coroner, or a forensic physician. The procedure is consistent 
throughout the whole country and comprises several levels of control and verification by another 
trained medical doctor or specialist. The procedures of death certification and registration in Serbia are 
coordinated by the Ministry of Health and the Ministry of Internal Affairs. The standard practice with 
unnatural deaths is that the investigating judge orders an autopsy, including toxicological analyses. All 
data files are confidential. The completeness of the Serbian mortality database was 98% in 2000[27]. 
Also, the WHO evaluated national mortality data in Serbia as medium quality, based on criteria such as 
completeness reporting of > 90% and ill-defined causes and injury deaths with undetermined intent 
appear on < 10% of registrations[28].

Estimates of the resident population, based on the official censuses (1991, 2002 and 2011 censuses), 
were obtained from the same Serbian national statistical database. This study comprised the whole 
population of Serbia (approximately 7 million inhabitants). During the study period, as a consequence 
of wars in the former Yugoslavia during the 1990s, Serbia had the largest populations (nearly 1000000 
persons) of refugees (from the former Socialist Federal Republic of Yugoslavia) and internally displaced 
persons (from Kosovo & Metohia), and ranked among the top countries in the world by the number of 
refugees[29]. During the following decades, after the wars in the former Yugoslavia, Serbia remained at 
the top of the list of European countries in terms of forced migration, as well as one of the five countries 
in the world facing a prolonged refugee crisis[30]. The last census in 2011 showed there are nearly 
300000 forced migrants living in Serbia, equaling 3.9% of the total population. Data for refugees were 
included in the Serbian population in the present study and could not be set aside as a special 
contingent.

Statistical analysis 
In this study, two types of death rates (expressed per 100000 persons) of suicide by hanging in Serbia 
were calculated: Specific (age- and sex-specific) and age-standardized. The age-standardized rates 
(ASRs) were calculated by the direct standardization method, using the World standard population[31] 
as a reference population.
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The temporal trends for mortality of suicide by hanging were assessed using the joinpoint regression 
analysis (Joinpoint regression software, Version 4.5.0.1–June 2017, available through the Surveillance 
Research Program of the United States National Cancer Institute), proposed by Kim et al[32]. Joinpoint 
regression analysis was used to identify point(s), the so-called “joinpoints”, where a significant change 
(increases or decreases) in the linear slope of the trend occurred, and to estimate annual percent change 
(APC) based on the trend within each segment[32]. Finally, the average annual percent change (AAPC) 
over the entire considered period was calculated; for each annual percent estimate, the corresponding 
95% confidence interval (95%CI) was determined[33]. Due to difficulties in computing with small 
numbers (small number of cases reported in youngest age group), we restricted the analysis to the age 
group 10 years and over. Disparities in suicide mortality trends according to age and sex were tested by 
using a comparability test[34]. The objective of the comparability test was to designate whether the two 
regression mean functions were identical (test of coincidence) or parallel (test of parallelism). A P value 
of < 0.05 was considered statistically significant. In determining the direction of temporal trends, the 
terms “significant increase” or “significant decrease” were used, in order to signify that the slope of the 
trend was statistically significant (P < 0.05, on the basis of the statistical significance of the AAPC 
compared to zero). For non-statistically significant trends (P > 0.05, while AAPC with a 95%CI 
overlapping with zero), the terms “non-statistically significant increase” (for AAPC > 0.5%), and “non-
statistically significant decrease” (for AAPC < -0.5%) were used, while the term “stable” was used for 
AAPC between -0.5% and 0.5%.

The age-period-cohort analysis was performed to examine the effects of age, period, and birth cohort 
on the observed temporal trends using the United States NCI web-based statistical tool, according to the 
method proposed by Rosenberg et al[35]. The parameters of the age-period-cohort analysis included 
longitudinal age curves (indicated the fitted longitudinal age-specific rates in the reference cohort, 
adjusted for period deviations), the period rate ratios (represent variations in mortality rates over time 
associated with all age groups simultaneously), the cohort rate ratios (associated with changes in 
mortality rates across groups of individuals with the same birth years, that is, for successive age groups 
in successive time periods), and local drifts (represent the annual percentage changes for each age 
group, generated from log-linear regressions) with net drift (represents the average annual percentage 
change in mortality per year of birth). Due to difficulties in computing due to unstable mortality rates, 
we omitted < 10 and 80+ age groups from the age-period-cohort analysis. The significance test used was 
a 1-df Wald test. Values of P less than 0.05 were considered statistically significant.

Ethics statement 
This study is approved by the Ethics Committee of the Faculty of Medical Sciences, University of 
Kragujevac (No. 01-14321).

RESULTS
In the period 1991-2020, a total of 24340 (17750 males and 6590 females) deaths of suicide by hanging in 
Serbia were reported (Table 1). The overall average annual ASR was 7.0 per 100000 in both sexes 
together (ranging from 9.1 per 100000 in 1991 to 4.5 per 100000 in 2020). The average annual ASR was 
11.1 per 100000 in men and 3.3 per 100000 in women. Suicide by hanging was about 3.7 times more 
common in males than females in Serbia.

Trend for mortality of suicide by hanging was decreasing significantly in both sexes together by -2.1% 
yearly (95%CI: -2.4 to -1.8), from 1991 to onwards (Figure 1A and Table 2). Overall mortality of suicide 
by hanging peaked at 9.2 per 100000 in 1993, and declined thereafter to 4.5 per 100000 in 2020. Joinpoint 
regression analysis identified one joinpoint (in 2012), with consequent two trends: Both periods showed 
significantly decreasing trends, firstly with APC of -1.6% (95%CI: -1.9 to -1.2) and then with APC of -
4.1% (95%CI: -5.6 to -2.6).

Suicide death rates by hanging increased with age both in males and females (Tables 2 and 3). In both 
sexes, suicide mortality rates were almost four times higher in people aged 70 or older than in people 
under 70. Age-specific suicide mortality rates in males were two times higher than rates in females in 
people under 70 and almost three times higher in people aged 70 or older. Suicide mortality rates were 
decreasing significantly in all age groups in both sexes from 1991 to 2020: The only exception was for 
males in age group 40-49, with an unfavorable trend of suicide mortality by hanging in 1991-2011 
period, with APC = +0.3% per year (95%CI: -0.9 to +1.4). According to comparability test, mortality 
trends of suicide by hanging by age were parallel (P > 0.05) both in males and females.

Suicide mortality rates by hanging in males decreased from 14.1 per 100000 in 1991 to 7.6 per 100000 in 
the last year observed; AAPC = -1.7%, 95%CI: -2.0 to -1.4 (Figure 1B and Table 3). Joinpoint analyses of 
suicide mortality by hanging in males identified one joinpoint in the year 2012, with two trends: Both 
trends were decreasing significantly, with APC of -1.2% (95%CI: -1.6 to -0.9) and -3.7% (95%CI: -5.2 to -
2.3). In females, suicide mortality rates by hanging decreased from 5.4 per 100000 in 1993 to 1.7 per 
100000 in the last year observed. Trend of suicide mortality by hanging in females decreased 
significantly from 1991 to 2020 (AAPC = -3.5%, 95%CI: -3.9 to -3.1). According to the comparability test, 
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Table 1 Suicide mortality by hanging/strangulation/suffocation in Serbia, 1991-2020; number of cases and age standardized rate per 
100000 (using World standard population)

All Males Females
Year 

Number ASR Number ASR Number ASR

1991 978 9.1 690 14.1 288 4.7

1992 1010 9.1 697 13.7 313 5.0

1993 1033 9.2 690 13.6 343 5.4

1994 948 8.5 679 13.3 269 4.3

1995 830 7.4 588 11.4 242 4.0

1996 909 8.3 638 12.6 271 4.5

1997 907 8.1 649 12.6 258 4.0

1998 857 7.6 594 11.6 263 4.2

1999 947 8.2 661 12.7 286 4.3

2000 919 7.7 646 12.1 273 3.9

2001 860 7.4 605 11.4 255 3.9

2002 876 7.4 644 12.0 232 3.3

2003 807 6.9 600 11.5 207 2.9

2004 836 7.1 623 11.6 213 3.2

2005 856 6.9 609 11.0 247 3.2

2006 881 7.3 640 11.7 241 3.3

2007 841 7.0 609 11.1 232 3.3

2008 804 6.9 572 10.6 232 3.4

2009 836 7.1 630 11.6 206 3.1

2010 745 5.9 562 9.7 183 2.4

2011 818 6.8 603 10.9 215 3.1

2012 807 6.7 616 11.1 191 2.7

2013 734 6.1 562 10.1 172 2.5

2014 720 5.9 558 9.9 162 2.2

2015 646 5.4 501 9.0 145 2.1

2016 603 5.2 451 8.4 152 2.2

2017 614 5.1 481 8.7 133 1.9

2018 586 4.8 466 8.2 120 1.7

2019 586 5.1 453 8.5 133 1.9

2020 546 4.5 433 7.6 113 1.7

Overall 24340 7.0 17750 11.1 6590 3.3

ASR: Age-standardized rate.

trends of suicide mortality by hanging in men and women were not parallel and not coincident (P < 
0.05).

The risk of death from suicide by hanging increased continuously with age in both sexes together 
(Figure 2). The net drift was -1.8% (95%CI: -2.3 to -1.3) per year, and the curves of local drift values were 
under 0 in all age groups, with a few non-significant exceptions in the youngest age groups. Period rate 
ratios were significantly declining over the whole period studied, particularly after 2013. Cohort rate 
ratios showed significantly downward patterns, but these tendencies slowed down in recent cohorts, 
particularly for those born in 1951-1980 birth cohorts and after 1996. Results of Wald tests showed that 
the relative risk for suicide by hanging in Serbia had statistically significant (P < 0.05) cohort and period 
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Table 2 Joinpoint regression analysis1 of suicide mortality by hanging/strangulation/suffocation in both sexes in Serbia, by age, 1991-
2020

Year 1991 Year 2020
Age2 

No of cases rates No of cases rates
Number of joinpoints AAPC Lower 95%CI Upper 95%CI

Age-specific rates3

10-19 9 0.9 4 0.6 0 - 2.71 -4.4 -1.1 

20-29 56 5.8 20 2.5 0 - 1.51 -2.4 -0.6 

30-39 101 8.4 45 4.7 0 - 1.21 -1.8 -0.6 

40-49 133 14.1 69 7.1 0 - 1.51 -2.2 -0.8 

50-59 190 17.5 100 10.8 0 - 1.41 -1.8 -1.1 

60-69 219 23.7 123 12.4 0 - 2.81 -3.1 -2.4 

70-79 161 48.6 107 18.5 0 - 3.51 -4.1 -2.9 

80+ 109 76.5 78 24.5 0 - 3.41 -3.9 -3.0 

Age-standardized rates3

All ages 978 9.1 546 4.5 1 -2.11 -2.4 -1.8 

1Statistically significant trend.
2Joinpoint results are not shown for the subgroups aged < 10 yr, because during the observed period, a total of 2 cases of suicide by 
hanging/strangulation/suffocation deaths occurred in both sexes.
3Per 100000 people.
AAPC: Average annual percentage change; CI: Confidence interval.

effects, as well as the net drift and local drifts.
In Serbia in both males and females, the risk of death from suicide by hanging increased by age 

(Table 4). The period effects have showed a downward pattern since 2013 in males, while continuously 
decreasing in females. The risk of deaths by hanging decreased, in general, with birth cohort in both 
sexes in Serbia, with stable cohort effects for men and women born between 1946 and 1966. The local 
drift values were under zero in all age groups in both genders, while an insignificant value was 
observed in age groups < 50 in males and < 30 in females (data not shown). The net drift was −1.4% 
(95%CI: −1.9 to −0.9) in males, and in females it was −3.7% (95%CI: −5.1 to −2.2). The Wald test showed 
statistically significant period and cohort effects for both genders, as well as net drift, but the local drifts 
were not statistically significant (P > 0.05).

DISCUSSION
This study described mortality trends of suicide by hanging in Serbia over a 30-year period from 1991 to 
2020. Male predominance in suicide rates by hanging was showed. Trends of suicide mortality by 
hanging have been decreasing in both sexes and all age groups, but it was more pronounced in women 
than in men. Furthermore, this population-based analysis revealed significant period and birth-cohort 
effects in mortality of suicide by hanging.

Unfortunately, national-level data on the suicide by hanging are quite limited[36]. In the WHO 
mortality database, only about one third of the WHO Member States reported data on methods of 
suicide, and that was mostly highly developed countries[5,36]. The data on global suicides mortality by 
hanging are much clearer for high-income countries, which account for 50% of all suicides by hanging in 
the world. Hanging was a common method of suicide in Europe between 1970 and 2009: Its prevalence 
in Poland was the highest, comprising 90% of all suicides, with the very high (7:1) male-to-female rate 
ratio[37], while lower prevalence of suicides by hanging with sex differentials was reported in Estonia
[38], Germany[39], Austria[40], and Finland[41]. The earlier study on suicide-related mortality in Serbia 
indicated that hanging accounted for 61.2% of all suicides in the 1991-2014 period, with a 3:1 male-to-
female rate ratio[24]. However, data on mortality rates of suicide by hanging at the national level are 
still very sparse.

This manuscript indicates an annual ASR of suicide by hanging of 4.5 per 100000 population in Serbia 
in 2020 (7.6 for males and 1.7 for females). In Canada in 2018 an ASR of hanging of 9.6 was recorded in 
males and 3.0 in females[42]. In Australia, from 1986 to 2005, ASR of hanging was 7.33 in males and 1.47 
in females, with increasing trends[43]. In India in 2014, ASR of suicide by hanging was 6.1 among males 
and 2.6 among females[44]. Based on the WHO mortality database, among 58 countries in 2015, ASR of 
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Table 3 Joinpoint analysis: Trends1 in age-specific suicide mortality rates (per 100000) by hanging/strangulation/suffocation in Serbia, 
by sexes, 1991-2020

Males Females
Age2

Period APC (95%CI) Period APC (95%CI) 

10-19 1991-2020 -2.81 (-4.4 to -1.0) 3

20-29 1991-2020 -1.21 (-2.1 to -0.3) 3

30-39 1991-2014 -0.1 (-1.0 to +0.7) 1991-2020 -2.21 (-3.3 to -1.1) 

2014-2020 -7.71 (-13.5 to -1.5) 

Full period4 -1.11 (-1.7 to -0.4) 

40-49 1991-2011 +0.3 (-0.9 to +1.4) 1991-2020 -3.21 (-4.4 to -2.1) 

2011-2020 -4.91 (-8.5 to -1.1) 

Full period -1.01 (-1.7 to -0.2) 

50-59 1991-2020 -0.81 (-1.3 to -0.4) 1991-2020 -3.21 (-4.0 to -2.5) 

60-69 1991-2020 -2.31 (-2.8 to -1.8) 1991-2008 -2.21 (-3.8 to -0.6) 

2008-2020 -7.61 (-10.1 to -5.0) 

Full period -4.31 (-5.1 to -3.5) 

70-79 1991-2020 -3.11 (-3.6 to -2.5) 1991-2020 -4.71 (-5.5 to -3.9) 

80+ 1991-2020 -3.21 (-3.7 to -2.7) 1991-2020 -3.81 (-4.9 to -2.8) 

All ages 1991-2012 -1.21 (-1.6 to -0.9) 1991-2020 -3.51 (-3.9 to -3.1) 

2012-2020 -3.71 (-5.2 to -2.3) 

Full period -1.71 (-2.0 to -1.4) 

1Statistically significant trend.
2Joinpoint results are not shown for the subgroups aged < 10 yr, because during the observed period, a total of 1 case of suicide by hanging/ 
strangulation/suffocation deaths occurred in men and 1 case in women.
3Incalculable: Joinpoint results are not shown because fewer than 10 cases of suicide by hanging/strangulation/suffocation occurred in each of the 
decennium in any year.
4For full period presented average annual percent change.
APC: Annual percent change; CI: Confidence interval.

suicide by hanging among persons aged 15-44 was the highest both in males and females in Guyana 
(73.4 and 24.4, respectively), among persons aged 45-64 it was the highest in males in Lithuania (88.1) 
and in females in Belgium (18.0), while among persons aged 65 years and older rates were the highest in 
Republic of Korea (106.0 and 32.2, respectively)[5]. Variations in suicide rates can be attributed to many 
different factors, such as social, economic, personal factors, mental health[45,46]. Numerous studies 
confirmed association between unemployment rates and suicide rates by hanging[47]. In many 
countries (like Lithuania and other Eastern European countries, Brazil, the United States of America), 
mortality rates of suicide were linked to alcohol consumption[46,48,49]. The Serbian National health 
surveys (2000, 2006, 2013, 2019)[50] reported a lower prevalence of risk factors such as alcohol use and 
substance abuse in population of Serbia compared to most of the neighbouring countries and other 
countries in Europe[51]. Also, variations in mortality by hanging can be partly interpreted as the effects 
of availability of lethal methods, suicide prevention efforts, mental health diagnosis and treatment 
availability[52,53]. In India, more developed states with higher agricultural employment and higher 
literacy reported higher rates of suicide by hanging[44]. Although it is always a question whether the 
differences in suicide mortality rates are real or reflect variations in data quality worldwide, suicide by 
hanging is less likely to be misclassified as unintentional or undetermined death unlike other suicide 
methods[6].

Study about suicide mortality by hanging in 58 countries reported higher suicide mortality in males 
compared with females[5]. Similar to other countries, mortality rates of suicide by hanging were consid-
erably higher (3.7:1) in men compared to women in Serbia, which might be because of the differences in 
alcohol use, substance abuse, mental health, marital status or unemployment between males and 
females. The 2019 Serbian National Health Survey determined that, in the last 12 months, 1.7% of 
Serbian population (3.2% of men and 0.3% of women) at least once a week drank risky on a single 
occasion of drinking (equivalent to 60 g of pure ethanol or more)[50]. Every month, 18.3% of men and 
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Table 4 Age, period, and cohort effects on suicide mortality by hanging/strangulation/suffocation in Serbia, by sexes, 1991-2020

Males Females
Group

Effect 95%CI Effect 95%CI

Age 10-14 1.7 0.9–3.1 0.8 0.2–3.1 

15-19 4.4 3.0–6.4 1.6 0.7–3.6 

20-24 8.4 6.3–11.3 2.9 1.6–5.2 

25-29 9.3 7.1–12.1 3.1 1.8–5.2 

30-34 10.8 8.7–13.5 3.7 2.5–5.5 

35-39 12.7 10.5–15.4 4.2 2.9–5.9 

40-44 15.3 12.9–18.2 4.2 3.1–5.9 

45-49 17.4 14.8–20.5 5.1 3.7–6.9 

50-54 21.1 17.1–23.7 5.2 3.8–7.1 

55-59 21.5 17.3–24.3 5.2 3.7–7.1 

60-64 21.4 17.7–25.8 5.2 3.7–7.3 

65-69 21.2 17.3–25.9 5.3 3.7–7.6 

70-74 25.1 20.3–31.0 5.5 3.8–8.0 

75-79 30.8 24.5–38.5 5.7 3.9–8.4 

Period 1991-1995 1.1 0.9–1.2 1.3 1.1–1.7 

1996-2000 1.0 0.9–1.2 1.2 1.0–1.5 

2001-2005 1.0 1.0–1.0 1.0 1.0–1.0 

2006-2010 1.0 0.9–1.1 0.9 0.7–1.1 

2011-2015 0.9 0.8–1.0 0.7 0.5–0.9 

2016-2020 0.7 0.6–0.8 0.5 0.4–0.7 

Cohort 1916–1920 2.9 2.0–4.3 6.4 3.6–11.3 

1921–1925 2.2 1.7–2.9 4.5 2.9–7.0 

1926–1930 1.9 1.5–2.4 3.3 2.2–4.9 

1931–1935 1.7 1.4–2.1 2.7 1.9–3.9 

1936–1940 1.4 1.2–1.7 2.3 1.6–3.3 

1941–1945 1.2 1.0–1.5 1.9 1.3–2.6 

1946–1950 1.1 0.9–1.3 1.4 1.0–2.0 

1951–1955 1.1 0.9–1.3 1.1 0.8–1.5 

1956–1960 1.1 0.9–1.3 1.1 0.8–1.6 

1961–1965 1.0 1.0–1.0 1.0 1.0–1.0

1966–1970 0.9 0.8–1.1 0.8 0.5–1.2

1971–1975 0.9 0.8–1.2 0.6 0.4–0.9

1976–1980 0.9 0.7–1.1 0.7 0.4–1.1

1981–1985 0.9 0.7–1.2 0.6 0.4–1.0

1986–1990 0.8 0.6–1.1 0.4 0.2–0.8

1991–1995 0.7 0.4–1.0 0.5 0.2–1.1

1996–2000 0.7 0.4–1.1 0.2 0.1–1.0

2001–2005 0.6 0.3–1.5 0.1 0.0–4.7

2006–2010 0.4 0.0–2.9 0.1 0.0–49.4

Wald Chi-square tests for estimable functions, P value
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Net drift < 0.000 < 0.000

All period rate ratios < 0.000 < 0.000

All cohort rate ratios < 0.000 < 0.000

All local drifts 0.092 0.897

CI: Confidence interval.

Figure 1 Trend in suicide mortality by hanging/strangulation/suffocation in Serbia, 1991-2020. A: Joinpoint regression analysis; all: 1 Joinpoint; 
final selected model: 1 Joinpoint; B: By sex, 1991-2020; joinpoint analysis; Males: 1 Joinpoint vs Females: 0 Joinpoints. Final selected model: Males-1 Joinpoint, 
Females-0 Joinpoints. Rejected parallelism. 1lndicates that the APC is significantly different from zero at the alpha = 0.05 level. APC: Average percentage change.

4.5% of women drank risky on a single occasion, which is a lower percentage than the European Union 
average[50,51]. By contrast, Serbian female population reported significantly more often the use of 
sedatives, sleep aids and painkillers (24.5%, 14.6%, and 44.8%, respectively) than males (11.3%, 10.4%, 
and 36.1%, respectively). Similar to the population in Europe, symptoms of depression were observed 
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Figure 2 Legend: Suicide mortality by hanging/strangulation/suffocation in Serbia, by sexes, 1991-2020: An age-period-cohort analysis. 
A: Longitudinal age curve of suicide by hanging mortality rates (per 100000 people) and 95% confidence intervals (the area colored in pink); B: Local drift value: age 
group-specific annual percent change (%) and 95% confidence intervals (the area colored in grey); C: Period effects for the suicide by hanging mortality rates and 
95% confidence intervals (the area colored in blue); D: Cohort effects for the suicide by hanging mortality rates and 95% confidence intervals (the area colored in 
green). RR: Rate ratio.

more often in females (2.8%) than in males (1.5%) in Serbia in 2019. Similar to almost all countries in 
Eastern and Central Europe, poor social support was recorded in 15.4% of the population in Serbia, 
most often among residents with lower level of education, lower household income, who live in 
suburban settlements and the elderly[50,51].

In Serbia, mortality pattern of suicide by hanging was characterized by an initial decrease (by -1.6% 
per year) and followed by a sharp decline (by -4.1% per year) since 2012 (less pronounced declines 
observed in eldest men than in women during the study, although trends in males were parallel with 
trend in overall). In 2020 in Serbia, irrespective of more accelerated decreasing mortality trends of 
suicide by hanging in males in comparison to females in the recent decade, male-to-female rate ratio 
was almost 5:1, in relation to the beginning of the observed period when it was 3:1. Apart from Serbia, 
in both sexes together in those aged 15–65 years and above, decreasing rates of suicide by hanging have 
also been observed in Finland, Hungary and Switzerland from 2000 to 2015[5]. By contrast, significantly 
increasing death rates of suicide by hanging have been observed in some countries; for instance, in 
Canada by +1.1% per year from 1981 to 2018 for both sexes together[42], among Australians aged 10–24 
years between 2004 and 2014[54], in the United States of America by +52% for all ages combined from 
2000 to 2010[52], in Mexico by +11.89% from 2003 to 2012[55], in England and Wales over three decades
[45], in South Korea[5,56]. Both sexes experienced an upward trend for suicide by hanging from 1969 to 
2012 in Norway (by +1.5% per year in males and by +2.7% in females), with a particularly significant 
increase in 15–24 year old males[12]. The observed suicide mortality increase between 2000 and 2015 (
e.g., the Republic of Korea and the United States of America) could be explained by various factors, 
including financial crisis, increased unemployment and easy access to highly lethal methods such as 
hanging[5,45]. Also, the observed increase in suicide by hanging could possibly be explained by substi-
tution with other methods, primarily of suicide by firearms or by poisoning, thanks to stricter gun 
control, control of pesticide use, prescription of drugs, etc.[57-60]. Significant differences in suicide 
mortality by sexes could be explained by different prevalence of the main risk factors (such as mental 
disorders, alcohol and drug abuse)[5]. Gender differences regarding suicidal behavior, also known as 
the “gender paradox of suicidal behavior”, include several factors that have a gender-dependent impact 
on suicidal behavior, such as stressful life events, socio-demographical factors, socio-economical factors, 
sexual abuse, psychiatric (co)morbidity, attitude towards antidepressant treatment, choice of suicide 
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methods[17]. The 2019 Serbian National Health Survey recorded depressive symptoms in 2.1% of 
Serbian population, which is a decrease compared to 2013 (4.1%)[50]. Also, 49.3% of Serbian population 
consumed alcohol: 3.1% drank every day, which is lower than in 2013 (4.7%) and 2006 (3.4%). Although 
different revisions of the ICD were used in Serbia, from 1991 to 1996 and from 1997 to 2000, this could 
not have notably affected some of the trend changes observed during the period observed, both because 
the changes would be reflected in trends in both sexes and because the incidence of symptoms and 
insufficiently defined conditions in the structure of general mortality has not changed significantly[61]. 
Besides this, the implementation of national guidelines for suicide prevention only in some countries 
might, at least partly, explain the observed differences in suicide mortality rates and trends in the world
[62].

Mortality from suicide by hanging in Serbia has been declining since 1991 in all age groups in both 
genders. The risk of death of suicide by hanging declined continuously in every subsequent birth cohort 
since 1916. In contrast, the earlier study on suicide-related mortality in Serbia showed non-significant 
declining mortality trends of suicide by hanging in males aged 20-59 in 1991-2014 period[24]. An 
increasing excess suicide rate in men was observed in Poland between 1970 and 2009, and the suicide 
rate peaked at ages 40-54 years[37]. In Canada, between 1981 and 2018, there was an increasing trend in 
suicide by hanging for both males and females aged 10-64, and a decreasing suicide trend at ages 65+ 
years[42]. In the United States of America, between 2000 and 2010, trends in suicide by hanging/ 
suffocation increased for ages 15-69, and decreased at ages 70+ years[52]. In Japanese aged 15 or above, 
in 1990–2011, the trend for suicide by hanging in males increased by +2.4% per year, while in females it 
remained flat[61].

However, Serbia saw a non-significant increase in mortality of suicide by hanging in males aged 40-
49 from 1991 to 2011. The possible explanations for this unfavorable trend during this period in males 
include the devastating effects of civil wars, the economic and political sanctions, the collapse of the 
economy, the hyperinflation of the national currency, the notable drop in general living standard, the 
poor quality of health services (shortage of drugs, medical equipment, together with a large number of 
wounded individuals, decreasing hospitalization rates, particularly for people aged ≥ 60 years), the 
influx of more than a million refugees and social disintegration all generated circumstances where 
suicide prevention and management presented a significant challenge in medical practice[63,64]. The 
autopsy protocols of all 44 suicides committed by war veterans in the capital Belgrade over the 1991-
2000 period showed that 27.3% of veterans had posttraumatic stress disorder, 9.1% had major 
depression and 6.8% had schizophrenia, while most suicides (84.1%) were committed by recruits of the 
Yugoslav National Army who spent 3-8 mo in the zone of war operations[65]. Contrary, among 
migrants of the Balkan wars in Sweden during the 1991-2001 Balkan wars, in comparison to other 
European migrants in Sweden during the same period, the risk of death from somatic diseases and 
psychiatric disorders, particularly post-traumatic stress disorder, was elevated, while the risk of suicide 
was reduced[66]. The reason for decreased risk of suicide in migrants from the Balkan wars could 
possibly be because those people were not having mental health problems, maintained a high drive for 
survival despite adversity, and also had increased surveillance, such as more frequent health check-ups 
in Sweden.

But, the decline in the rates of deaths by hanging is not fully explained. Differences in the classi-
fication of causes of death and in postmortem examinations exist across countries[67]. Registration of 
autopsies in Serbia began in 2006, with stable autopsy rate of about 2% of all deaths from 2006 to 2015, 
so it is unlikely that this affected the coding of mortality from suicide by hanging[51]. Furthermore, 
some level of underreporting might exist[68,69]. International comparisons are also complicated by 
methodological differences between studies: i.e. some studies considering trends of suicide mortality, 
but not all, in analysis comprised code ICD-10 X70 together with the undetermined death (particularly 
codes ICD-10 Y20, Y87.0)[1-3,5,6]. However, the authors consider that the changes in trends of suicide 
mortality could not be explained by underreporting or misclassification alone[70].

The COVID-19 pandemic has brought other circumstances detrimental to mental health that were not 
seen during the economic downturns, such as fears of virus infection, social distancing, isolation at 
home and quarantine. Some authors indicated that quarantine was associated with negative psycho-
logical effects, such as symptoms of post-traumatic stress, depression and anxiety, observed in China 
and Canada during the 2003 outbreak of severe acute respiratory syndrome (SARS)[71,72]. In the 
context of COVID-19-related consequences, suicide prevention that must include joint measures such as 
financial provisions and social support programs, as well as timely access to mental healthcare and 
optimal treatment for mental disorders is urgently needed[73].

The changes in trends in suicide by hanging require attention from health authorities and indicate a 
need for innovations in approaches to suicide prevention. In order to take the right action, the 
understanding of the scale of the problem is critical for prevention. Recognizing changes in methods of 
suicide is important because preventive measures aimed toward this growing problem across certain 
countries are necessary (e.g. improving mental health literacy, less availability of the method, such as in 
certain hospitalized or incarcerated individuals, correctional facilities etc.). Further research is needed in 
order to allow a much better clarification of suicide trends and help in a more effective prevention of 
suicide by hanging[45,62].
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Strengths and limitations
To the best of our knowledge, this is the first report which quantifies national mortality trends of suicide 
by hanging in Serbia from the year 1991 through 2020. Another strength is that it covers the whole 
population of Serbia using mortality data which is evaluated as medium quality based on the WHO 
criteria[28], with trends analyzed by both joinpoint and age-period-cohort analysis. Thus, the 
satisfactory reliability and validity of mortality statistics of suicide in Serbia enable international 
comparison. However, there were several limitations in this study. Of course, the question of data 
quality always exists due to a possibility of underreporting or misclassification of suicide. Although a 
longer study period might provide a more accurate assessment of mortality time trends, no data were 
available for a longer period in Serbia. There are no separate data on mortality among population of 
refugees and internally displaced persons, which might confound the pattern of suicide mortality in 
Serbia. Also, age-period-cohort analysis has inherent limitations (such as ecological fallacy or collin-
earity among age, period, and cohort effects). Besides this, although this study was population-based 
and could not investigate individual factors that contributed to the changes in trends of suicide 
mortality, this is a nationwide study that suggests strong period and birth cohort effects as determinants 
of changes in suicide by hanging in Serbia.

CONCLUSION
The trends in suicide mortality by hanging have been decreasing in Serbia in the last three decades in 
both sexes, but this was more pronounced in women than in men. Despite the decreasing trends 
observed in mortality of suicide by hanging, further research is needed for better clarification of trends 
and help in suicide prevention in the future.

ARTICLE HIGHLIGHTS
Research background
Hanging is one of the most commonly used methods for suicide in both sexes worldwide.

Research motivation
Although scarce, previous research showed disparities in mortality trends of suicide by hanging across 
the world.

Research objectives
The aim of this manuscript was to assess the trends of suicide mortality by hanging in Serbia, from 1991 
to 2020.

Research methods
This population-based study was based on official data. The age-standardized rates (ASRs, expressed 
per 100000 persons) were calculated by direct standardization, using the World Standard Population. 
Mortality trends from suicide by hanging were assessed using the joinpoint regression analysis: The 
average annual percent change (AAPC) with the corresponding 95% confidence interval (95%CI) was 
calculated. In order to address the possible underlying reasons for observed suicide trends, an age-
period-cohort analysis was performed.

Research results
Over the 30-year period studied, there were 24340 deaths by hanging (17750 males and 6590 females) in 
Serbia. In 2020, the ASR of deaths by hanging was 4.5 per 100000 persons in both sexes together (7.6 in 
males vs 1.7 in females). The trends of suicide mortality by hanging decreased significantly between 
1991 and 2020 in both males (AAPC = -1.7% per year; 95%CI: -2.0 to -1.4) and females (AAPC = -3.5% per 
year; 95%CI: -3.9 to -3.1). The suicide by hanging rate was found to increase with increasing age in both 
sexes. Mortality rates of suicide by hanging had a continuously decreasing tendency in both sexes 
together in all age groups: The only exception was among males in 40-49 age group, with an increasing 
trend of suicide by hanging from 1991 to 2011 (by +0.3% per year).

Research conclusions
The trends in suicide mortality by hanging have been decreasing in Serbia in the last three decades in 
both sexes, but this was more pronounced in women than in men.
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Research perspectives
Further research will allow a clarification of trends and help in a more effective suicide prevention.
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Abstract
BACKGROUND 
Antipsychotic drugs remain the mainstay of schizophrenia treatment; however, 
their effectiveness has been questioned, and it is not possible to predict the 
response to a specific antipsychotic drug in an individual patient. Thus, it is 
important to compare the effectiveness of the various antipsychotics and search 
for possible response predictors.

AIM 
To investigate the effectiveness of antipsychotic drugs, we examined response 
trajectories and predictors for belonging to different trajectory groups.

METHODS 
The Bergen-Stavanger-Innsbruck-Trondheim (BeSt InTro) trial compared the 
effectiveness of three atypical antipsychotics-amisulpride, aripiprazole, and 
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olanzapine-in a prospective, semirandomized, rater-blind, head-to-head design. Adult participants 
with a schizophrenia spectrum disorder diagnosis, according to international classification of 
diseases, Tenth Revision (ICD-10) F20–29, were included. Participants were followed for a period 
of 12 mo, with assessments at baseline; after one, three and six weeks; and after three, six, nine and 
12 mo. A latent class mixed model was fitted to our data. The three-trajectory model based on the 
Positive and Negative Syndrome Scale (PANSS) total score reduction was found to have adequate 
fit, and the study drugs, as well as various demographic and clinical parameters, were tested as 
predictors for belonging to the different trajectory groups.

RESULTS 
Overall, 144 participants were included, and 41% completed the 12-mo study period. The largest 
trajectory group, consisting of 74% of participants, showed a PANSS total score reduction of 59% 
from baseline to 12 mo (Good response group). A trajectory group comprising 13% of participants 
had their PANSS total score reduced by 82.5% at 12 mo (Strong response group), while the last 
response trajectory group comprising 13% of the participants had a PANSS total score reduction of 
13.6% (Slight response group). The largest part of the total reduction for the Good and Strong 
response groups occurred at six weeks of treatment, amounting to 45% and 48% reductions from 
baseline, respectively. The use of amisulpride predicted belonging to the Strong response group, 
while unemployment, depression, and negative psychotic symptoms at baseline increased the 
chance of belonging to the Slight response group, indicating a poor response to antipsychotic drug 
treatment.

CONCLUSION 
Most of the participants (87%) had a good outcome after one year. Amisulpride users, more often 
than aripiprazole and olanzapine users, belonged to the response trajectory group with a strong 
response.

Key Words: Schizophrenia; Response; Trajectories; Treatment; Antipsychotic drugs

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: In this clinical trial of the three atypical antipsychotics amisulpride, aripiprazole, and olanzapine, 
we identified three trajectory groups of responses at the one-year follow-up. The majority of the study 
participants (87%) followed a trajectory of a good or strong response to antipsychotic drugs, while 13% 
showed a poor response. The use of amisulpride predicted belonging to the Strong response group. This 
antipsychotic should therefore be used more often in clinical practice. Unemployment, depression, and 
negative psychotic symptoms at baseline predicted nonresponse to antipsychotic drugs.

Citation: Drosos P, Johnsen E, Bartz-Johannessen CA, Larsen TK, Reitan SK, Rettenbacher M, Kroken RA. 
Trajectories of response in schizophrenia-spectrum disorders: A one-year prospective cohort study of antipsychotic 
effectiveness. World J Psychiatry 2022; 12(3): 521-532
URL: https://www.wjgnet.com/2220-3206/full/v12/i3/521.htm
DOI: https://dx.doi.org/10.5498/wjp.v12.i3.521

INTRODUCTION
Antipsychotic drugs remain one of the most effective interventions for patients with schizophrenia-
spectrum disorders[1], as recommended by the guidelines for schizophrenia treatment[2,3]. The choice 
of antipsychotic drug is based on its efficacy and side-effect profile, the patient’s personal history of 
previous response to antipsychotics, and the clinician’s experience with different types of antipsychotics
[2,4]. Several studies exist on the efficacy of the various antipsychotic drugs in both multiple-episode 
and first-episode schizophrenia, including pairwise and network meta-analyses, which conclude that 
antipsychotic drugs are generally more efficacious than placebo[1,5,6]. However, the long-term use of 
antipsychotic drugs has been criticized because of the associated severe side effects, including brain 
structural changes[7] and metabolic abnormalities[8]. Moreover, a study showed that nonmedicated 
patients with schizophrenia performed better after the first three years of illness[9]. Many studies 
support, however, the effect of antipsychotic drugs on both symptom improvement and social function, 
as well as on the risk of hospitalization, mortality, and suicidality[10-12]. These results apply both to 
first-episode and multiple-episode treatment-resistant schizophrenia.

https://www.wjgnet.com/2220-3206/full/v12/i3/521.htm
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There are various ways to describe the effects of antipsychotic drug treatment on patients with 
schizophrenia. Important parameters include medication adherence and side effects, symptom 
improvement, and illness relapse. Clinicians and researchers in the field of schizophrenia frequently use 
the terms “treatment response”, “symptom remission”, and “recovery”. However, not all of these 
concepts have been clearly defined, and it is of high importance to agree on their definitions and rating 
methods to enhance the quality of clinical practice and research in schizophrenia. The first step in the 
progress of schizophrenia treatment is the response to antipsychotic drugs, which provides an 
amelioration of mostly positive psychotic symptoms and helps patients maintain stability. The second 
step is the remission of symptoms, where a prolonged improvement of key schizophrenia symptoms 
can be seen. The last and most difficult stage to achieve is recovery, where the patient enjoys functional 
and social autonomy, with no symptoms of schizophrenia or mild symptoms over a long period.

There remains a lack of consensus on the definition of standardized response criteria. Researchers 
have used different criteria based on the reduction of the Positive and Negative Syndrome Scale 
(PANSS)[13] total score and the Brief Psychiatric Rating Scale (BPRS)[14] score from baseline[15,16]. 
Various cutoffs have been used in clinical trials, from at least 20% to 30%, 40%, or 50% of the baseline 
score. Another issue is the clinical significance of the measured response, and researchers have 
proposed solving this problem by linking the PANSS and BPRS scores to Clinical Global Impression 
(CGI) scales[17]. They concluded that it is useful to apply both PANSS and CGI, as they measure 
different dimensions, and that it is possible to link PANSS scores to CGI scores. For example, the 
importance of a 20% reduction in PANSS score varies from the perspective of treating refractory 
patients vs acutely ill, nonrefractory patients[18,19]. In a study of response to antipsychotics in drug-
naive patients with schizophrenia, 71% responded to second-generation antipsychotics at the one-year 
follow-up, with a 50% drop in baseline PANSS total score[20]. A shorter duration of untreated 
psychosis, compliance with medication treatment, and alcohol and other substance use were important 
predictors influencing response but not remission.

The course of schizophrenia is highly heterogeneous, and it has not yet been possible to predict which 
patient will respond adequately to which antipsychotic drug. An important aim of current research is to 
define predictors of medication response. A novel way to examine response is to define trajectories that 
describe the timeframe of symptom change. Trajectories also provide better information about the 
course of schizophrenia than dichotomized measures of success or failure of treatment, as the latter does 
not capture the complexity of treatment response.

Aims of the study
In our study, the Bergen-Stavanger-Innsbruck-Trondheim (BeSt InTro) study, we compared the efficacy 
of three antipsychotic drugs-amisulpride, aripiprazole, and olanzapine-after a 12-mo follow-up[21]. The 
primary aim of this study was to define trajectories for the pooled 12-mo response to treatment with 
three different antipsychotic drugs. We then wanted to identify possible predictors for belonging to a 
certain response trajectory in the studied cohort.

MATERIALS AND METHODS
Design and duration
This cohort study included participants in the BeSt InTro study, a 12-mo prospective, randomized, rater-
blind, head-to-head comparison of amisulpride, aripiprazole, and olanzapine[21]. Each participant was 
randomized to a sequence of the examined antipsychotic drugs, for example amisulpride-olanzapine-
aripiprazole or aripiprazole-amisulpride-olanzapine. The patient was offered the first drug in the 
randomized sequence, and this drug was the basis of the intention-to-treat (ITT) analyses. If the first 
drug could not be used because of previous inefficacy or tolerability issues, the patient was offered the 
next drug in the randomized sequence. The drug that was actually chosen was the basis of the 
preprotocol (PP) analyses.

Participants were followed over a period of 12 mo, and the assessment points were at baseline and 
then after one week, three weeks, six weeks, three months, six months, nine months, and 12 mo. The 
study medications were administered as oral tablets, and the dosing intervals were 50–1200 mg/d for 
amisulpride, 5–30 mg/d for aripiprazole, and 2.5–20 mg/d for olanzapine.

The participating study centers were in Bergen, Trondheim, and Stavanger in Norway in collab-
oration with the Schizophrenia Research Group in Innsbruck, Austria.

Study population
The inclusion criteria were 18 years of age or more and a diagnosis within the schizophrenia spectrum 
according to International Classification of Diseases, Tenth Revision (ICD-10) diagnoses F20–29. 
Participants should also have symptoms of ongoing psychosis as determined by a score of four or more 
on at least one of the following PANSS items: P1 (delusions), P3 (hallucinations), P5 (grandiosity), P6 
(suspiciousness/persecution), or G9 (unusual thought content).
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Exclusion criteria were the inability to understand the native language, organic psychosis due to 
limbic encephalitis, pregnancy or breastfeeding, hypersensitivity to the active substance or any of the 
excipients of the study drugs, prolactin-dependent tumors, pheochromocytoma, lactation, combination 
with medications that could induce torsade de pointes, and patients with known risk of narrow-angle 
glaucoma.

Patients’ clinical condition and capability of providing informed consent were confirmed by their 
attending physician or psychiatrist. All patients entering the study provided written informed consent. 
More information about randomization and concomitant medications can be found in the BeSt InTro 
primary outcome publication[21].

Outcome measures
The primary outcome measure was the change in PANSS total score during the one-year follow-up, 
which corresponded to the minimum recommended time of maintenance antipsychotic drug therapy 
after an acute psychotic episode in patients with schizophrenia[22,23]. To compute the percentage 
reduction in PANSS, we subtracted 30 points, as this is the minimum score possible. To calculate 
response rates, we used the following formula: [(PANSS baseline-30)-(PANSS followup-30)] × 
100/(PANSS baseline-30)[15].

We used the Structured Clinical Interview for the PANSS. All investigators conducting assessments 
were trained and calibrated by the PANSS Institute (https://panss.org/) until satisfactory interrater 
reliability was achieved.

Other outcome measures included the Calgary Depression Scale for Schizophrenia (CDSS), the CGI-
Severity of Illness scale (CGI-S), and the Global Assessment of Functioning scale (GAF) as the average of 
GAF function and GAF symptom scale score[24].

Data analyses/statistical methods
A latent class mixed model (LCMM) with PANSS total score as a dependent variable, time as an 
independent fixed variable, and subject as a random intercept was fit to our data. The model fitting was 
performed in R using the LCMM package[25]. Models with a different number of latent classes and with 
the time variable on different functional forms were investigated. The Bayesian information criterion 
(BIC) and entropy were used to select the best model. Lower BIC and higher entropy values indicate a 
better model fit. Differences between the latent classes obtained by the LCMM model were examined. 
The model with three latent classes and with time represented as visit number best fit the data. We 
labeled the three different response groups as “Strong response group”, “Good response group” and 
“Slight response group”. Comparisons between response groups were performed by analyzing 
categorical and continuous variables with the use of chi-square tests and one-way ANOVAs in IBM 
SPSS Statistics (version 24). In the case of significant ANOVA tests, post hoc pairwise analyses were 
performed using Tukey’s test. In the antipsychotic drug use comparison among response groups, we 
divided the patients according to the ITT method, and post hoc pairwise analyses were conducted using 
Fisher’s test.

The data were also analyzed by splitting the patients into two groups: The Good and Strong response 
groups were merged into the “Response group”, and the Slight response group was labeled the 
“Nonresponse group”.

Ethics and monitoring
The study was approved in Norway by the Regional Committees for Medical and Health Research 
Ethics and the Norwegian Medicines Agency and in Austria by the Ethical Committee of the Medical 
University of Innsbruck and the Austrian Federal Office for Safety in Health Care (BASG).

The Department of Research and Development in Haukeland University Hospital conducted clinical 
monitoring according to the International Conference on Harmonisation-Good Clinical Practice (ICH-
GCP) in Norway; in Austria, this was performed by the Clinical Trial Centre at the Medical University 
of Innsbruck.

RESULTS
Subjects
Between October 20, 2011 and December 30, 2016, 359 participants were assessed for eligibility, and 144 
were included and randomized to one of the study drugs. In total, 215 patients were excluded (107 did 
not meet the inclusion criteria, 82 declined to participate, and 26 for other reasons). Fifty-nine 
participants (41%) completed the 12-mo study period. The demographic and clinical characteristics for 
each response trajectory group are presented in Table 1.

In the cases of missing data, the total number of patients with data available for analysis was as 
follows: White: 134; Living alone: 137; Employed: 136; Smokers: 127; Alcohol abuse/dependence: 135; 
Drug abuse/dependence: 136; DUP: 65; Years of education: 127; GAF: 143; CDSS: 135.

https://panss.org/
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Table 1 Baseline demographic and clinical characteristics in response trajectory analyses (mean ± SD)

Strong response 
group (n = 19)

Good response 
group (n = 106)

Slight response 
group (n = 19)

Total (n = 
144)

P value (3 
groups)

P value (2 
groups)

n (%) n (%) n (%) n (%)

Men 13 (68.4) 70 (66) 10 (52.6) 93 (64.6) 0.495 0.242

White 14 (87.5) 87 (87.9) 17 (89.5) 118 (88.1) 0.978 0.837

Living alone 7 (38.9) 48 (48) 6 (31.6) 61 (44.5) 0.640 0.418

Employed 3 (17.6) 32 (32) 1 (5.3) 36 (26.5) 0.036 0.024

Smokers 13 (81.2) 58 (61.1) 13 (81.2) 84 (66.1) 0.113 0.172

Alcohol abuse/dependence 2 (13.3) 8 (7.9) 3 (15.8) 13 (9.6) 0.496 0.326

Drug abuse/dependence 4 (26.7) 19 (18.6) 4 (21.1) 27 (19.9) 0.759 0.888

AP-naive 5 (26.3) 45 (42.4) 6 (31.6) 56 (38.9) 0.323 0.483

Antipsychotic drug 0.046 0.023

Amisulpride 9 (47.4) 34 (32.1) 1 (5.3) 44 (30.6)

Aripiprazole 4 (21.1) 37 (34.9) 7 (36.8) 48 (33.3)

Olanzapine 6 (31.6) 35 (33) 11 (57.9) 52 (36.1)

Diagnosis 0.226 0.428

Schizophrenia F20 15 (78.9) 56 (52.8) 13 (68.4) 84 (58.3)

Schizotypal F21 0 (0) 1 (0.9) 1 (5.3) 2 (1.4)

Delusional disorder F22 1 (5.3) 18 (17) 2 (10.5) 21 (14.6)

Acute and transient F23 2 (10.5) 16 (15.1) 0 (0) 21 (14.6)

Schizo-affective F25 1 (5.3) 7 (6.6) 2 (10.5) 10 (6.9)

Other nonorganic F28 0 (0) 1 (0.9) 0 (0) 1 (0.7)

Unspecified nonorganic F29 0 (0) 7 (6.6) 1 (5.3) 8 (5.5)

Age 31.7 (12.3) 31.3 (12.7) 33.5 (13.9) 31.7 (12.7) 0.798 0.508

DUP

Mean weeks 114 (207) 101.7 (261.6) 119 (163.1) 105.1 (244.2) 0.979 0.875

Median weeks 6 25 40 21 0.332 0.966

Duration of AP treatment 
(weeks)

21.1 (19.3) 19.8 (20.9) 16.2 (14.5) 19.5 (19.9) 0.716 0.436

Years of education 11.0 (1.6) 12.6 (2.9) 11.6 (2.3) 12.2 (2.7) 0.047 0.303

CGI-S 5.8 (0.6) 4.8 (0.8) 5.3 (0.7) 5.0 (0.8) < 0.001 0.061

GAF 30.6 (10.7) 37.4 (8.7) 32.2 (8.0) 35.8 (9.3) 0.002 0.068

CDSS 8.1 (6.4) 6.0 (4.8) 9.0 (4.9) 6.7 (5.1) 0.035 0.038

PANSS total 94.7 (12.2) 72.3 (12.1) 85.4 (15.6) 78.4 (15.9) < 0.001 0.023

PANSS positive 25.4 (5.2) 19.8 (4) 22.2 (4.1) 21.2 (4.8) < 0.001 0.123

PANSS negative 20.8 (6.2) 16.2 (5.2) 21.4 (6.1) 17.8 (6.1) < 0.001 0.006

PANSS general 48.4 (6.3) 36.3 (6.6) 41.8 (9) 39.4 (8.6) < 0.001 0.172

Chi-square and ANOVAs were used. For the antipsychotic parameter, Fisher’s test was used.
Smokers: Daily tobacco smokers; AP-naïve: No previous exposure to antipsychotic drugs; DUP: Duration of Untreated Psychosis; CGI-S: Clinical Global 
Impression severity of illness scale; GAF: Global Assessment of Functioning scale-split version, average of GAF function and GAF symptom scale score; 
CDSS: The Calgary Depression Scale for Schizophrenia total score; PANSS: Positive and Negative Syndrome Scale.
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The number of patients with data available for analysis for DUP by group was as follows: Strong 
response group: 8; Good response group: 50; Slight response group: 7.

Trajectories of response
In total, participants had an average PANSS total score of 78.4 points at baseline, which was reduced by 
56% after one year. In our three-trajectory model (Figure 1), a large group of patients (n = 106, 74%) 
(Good response group) had a 54% reduction in PANSS total score over the first 26 wk of follow-up and 
maintained it after one year, with a 59% total reduction (Table 2). The second group of patients (n = 19, 
13%) showed the fastest response, with a 17% reduction after one week of antipsychotic treatment, and 
had the largest reduction in PANSS total score among the three groups, with 82.5% at one year (Strong 
response group). These two groups showed similar improvement of PANSS total score until the six-
week follow-up (Good response group: 45% reduction, Strong response group: 48% reduction). 
However, after this, the Good response group had only a 15% further reduction until the one-year 
follow-up. In contrast, the Strong response group continued to show remarkable improvement until one 
year, with a 34% further reduction after the six-week follow-up. The third group of patients (n = 19, 
13%) followed a trajectory of poor improvement, with a 13.6% reduction in PANSS total score over the 
one-year study period (Slight response group). The course of the PANSS total score in this group was 
quite stable throughout the entire follow-up period.

Patients in the three groups had different baseline average PANSS total scores. Patients in the Strong 
response group had the highest average PANSS total score (99.7 points), while patients in the Good 
response group had the lowest (73.3 points). The end point estimates, however, were quite similar, with 
the Strong response group ending at 42.2 points and the Good response group ending at 47.6 points. 
Patients in the Slight response group had an average PANSS total score of 86.1 at baseline but had a 
substantially higher PANSS total score than patients in both the other two groups at the six-week 
follow-up and until the end of the one-year follow-up (78.5 points).

Predictors of response
In our three-trajectory model and after conducting post hoc pairwise analyses, we did not find 
significant differences among the trajectory groups regarding years of education or CDSS score at 
baseline. Having a regular job was significantly more common among patients in the Good response 
group than in the Slight response group after the pairwise analyses. In post hoc pairwise analyses for 
the GAF score at baseline, patients in the Strong response group had significantly lower GAF scores 
than patients in the Good response group. For the CGI-S score, patients in the Good response group had 
a significantly lower score at baseline than patients in both other response groups. As expected, because 
the grouping was based on the PANSS total score data, the PANSS total, PANSS positive, and PANSS 
general average scores at baseline were significantly different in all the post hoc pairwise comparisons 
between response groups. Patients in the Strong response group had higher PANSS total, PANSS 
positive and PANSS general average scores at baseline than patients in both the other response groups. 
For the PANSS negative score, we found significant differences between the Good response and the 
Strong response group and between the Good response and the Slight response group. Patients in the 
Slight response group had the highest PANSS negative average score at baseline, while patients in the 
Good response group had the lowest.

When the Strong and Slight response groups were compared in the antipsychotic drug post hoc 
analyses, we found significantly more patients who used amisulpride in the Strong response group 
(47.4% vs 5.3%). The proportion of Slight response patients in each medication group was as follows: 
1/44 for amisulpride, 7/48 for aripiprazole and 11/52 for olanzapine. When these proportions were 
compared pairwise, we did not find a significant difference between olanzapine and aripiprazole or 
between amisulpride and aripiprazole. There was a statistically significant difference between 
olanzapine and amisulpride (i.e., a significantly higher proportion of Slight response participants in the 
olanzapine group than in the amisulpride group).

In the comparison between the Response and Nonresponse groups, there was a significant difference 
regarding employment status: More patients in the Response group had a regular job at baseline. The 
CDSS score at baseline was significantly higher in the Nonresponse group than in the Response group. 
The Nonresponse group had higher average scores in both PANSS total-86.1 vs 77.3 points-and PANSS 
negative-21.4 vs 17.3 points-at baseline. There was a significantly higher proportion of patients who 
used amisulpride in the Response group than in the Nonresponse group-43/125 compared to 1/18.

DISCUSSION
The key finding of our study is that 87% of participants followed a trajectory of good or strong response 
to antipsychotic drugs. This provides additional strong evidence of the efficacy of antipsychotic drugs, 
corresponding to current research and treatment guidelines for schizophrenia[1-3,5,6]. The largest group 
of patients, the Good response trajectory group, showed a 54% reduction in PANSS total score at the 
one-year follow-up. This percentage can be regarded as a good response to schizophrenia treatment, as 
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Table 2 Response measured as Positive and Negative Syndrome Scale total score improvement from baseline

Baseline PANSS total score 1 wk1 3 wk1 6 wk1 12 wk1 26 wk1 39 wk1 52 wk1

Strong response group 99.7 12.0 (17.2%) 26.6 (38.2%) 33.5 (48.1%) 42.4 (60.8%) 48.3 (69.3%) 56.7 (81.3%) 57.5 (82.5%)

Good response group 73.3 10.2 (23.5%) 16.3 (37.6%) 19.3 (44.7%) 19.8 (45.8%) 23.4 (54%) 25.8 (59.6%) 25.7 (59.4%)

Slight response group 86.1 3.5 (6.2%) 9.0 (16%) 1.5 (2.7%) 6.4 (11.3%) 1.7 (3%) 7.5 (13.4%) 7.6 (13.6%)

Total 78.4 9.9 (20.5%) 16.7 (34.5%) 18.4 (38%) 20.7 (42.6%) 22.1 (45.6%) 26.4 (54.4%) 27.2 (56.2%)

1PANSS total baseline–PANSS total follow-up point. PANSS: Positive and Negative Syndrome Scale; %: Percentage of improvement from baseline score.

Figure 1 Response trajectories.

a cutoff of 20%, 30%, 40%, or 50% reduction in PANSS total score has been used in clinical studies[15]. 
The PANSS total change of 54% corresponds to a CGI-I (improvement scale) of “much improved”[19]. 
The Slight response group in our study included both antipsychotic-naive patients and patients with 
previous exposure to antipsychotics. We know from previous research that a group of patients (approx-
imately 13%-25%) will not respond adequately after a trial of an antipsychotic drug in their first episode 
of psychosis[26-28], while approximately 30% of those with chronic schizophrenia will be regarded as 
treatment-resistant after two failed trials with antipsychotics[29].

Another key finding of this study is the importance of response in the first six weeks of treatment, 
which seems to predict further response to the antipsychotic drug. Participants in the Slight response 
group did not show any further improvement after the first six weeks of treatment. Both the current 
Norwegian guidelines and the National Institute for Health and Care Excellence (NICE) guidelines 
suggest a trial with medication at an optimum dosage for four to six weeks[2,30]. The Maudsley 
guidelines propose an assessment of the adjusted dosage over two to three weeks and an antipsychotic 
switch if there is no effect during this period. If a partial response is detected, the clinician should 
continue for at least four weeks before abandoning this treatment[3]. Our data could suggest that 
patients without a reduction in the PANSS total score of 30% from baseline to six weeks in treatment 
with nonclozapine antipsychotic drugs seldom achieve sufficient response, and switching to another 
antipsychotic drug should be considered. On the other hand, the results from the OPTiMiSE study, a 
multicenter three-phase switching study in first-episode schizophrenia, concluded that switching 
antipsychotics did not improve clinical outcomes in patients who had not reached symptomatic 
remission after their first antipsychotic trial compared to continuing treatment[31]. The authors 
suggested an algorithm of treatment with a single antipsychotic drug for up to 10 wk, followed by the 
use of clozapine in patients who did not reach symptomatic remission.

There were significant differences in the distribution of the examined antipsychotic drugs among the 
three response groups, and our findings indicate more favorable results for amisulpride. Interestingly, 
amisulpride is less frequently used than aripiprazole and olanzapine. In Norway, the use of amisulpride 
remained stable from 2014 to 2018, and in 2018, amisulpride was used 30 times less frequently than 
olanzapine and 9 times less frequently than aripiprazole[32]. In the United States, amisulpride is 
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registered for the treatment and prevention of postoperative nausea and vomiting[33] but not for 
schizophrenia treatment. Hence, one of the most effective drugs is not available for antipsychotic 
treatment. This is a strong reminder that different prescribing cultures among countries regarding the 
choice of drugs for schizophrenia treatment exist[4,34] and underlines the need for evidence-based 
clinical practice in schizophrenia treatment.

We found three variables that predicted nonresponse: Unemployment, depression, and negative 
psychotic symptoms. Previous studies have suggested that there may be a correlation between 
employment status and other types of outcomes. The causal direction, however, remains unclear[35,36]. 
In our study, we found that patients in the Slight response group had a significantly lower percentage of 
employment, both in the two-group and three-group analyses. Of the 36 participants with paid work at 
baseline, 35 belonged to the Response group and only one to the Nonresponse group, showing a strong 
predictive value of having paid work for a good symptom outcome over the 12-mo follow-up. We also 
found a higher level of symptoms of depression at baseline in the Nonresponse group. This corresponds 
with previous studies showing that depression in schizophrenia is common and associated with 
negative outcomes[37]. The Slight response group had the highest PANSS negative average score at 
baseline in both the two-group and three-group analyses. Negative psychotic symptoms are difficult to 
treat with the available antipsychotic drugs, which stresses the need for new therapeutic agents in 
schizophrenia treatment[38].

Strengths and limitations
Our study (BeSt InTro) is the first head-to-head comparison of amisulpride, aripiprazole and olanzapine 
in a randomized, pragmatic efficacy trial. This direct comparison of these agents provides some clear 
advantages compared to network meta-analyses. Moreover, our study was industry-independent and 
rater-blind. Another strength of the study was the frequent follow-up points, particularly in the first 
weeks of treatment, which are quite important, as demonstrated above. Our follow-up was relatively 
long (12 mo), which gave an advantage compared to other response studies that examined shorter 
periods with antipsychotic drugs. Finally, we used well-validated instruments to describe our main 
parameters, such as PANSS, CGI and CDSS.

Our study has also some limitations. First, there was no placebo control; therefore, we must interpret 
our results with caution. Second, there was a drop-out rate of 59%, which is comparable to that found in 
other large randomized antipsychotic drug trials, such as the CATIE study (74% before 18 mo)[39] and 
the EUFEST study (41.6% before 12 mo)[40]. Furthermore, further analyses of attrition indicated that the 
sample after 52 wk was representative of the sample at baseline. Finally, some of our participants 
entered the study having tried other antipsychotic(s) previously, while the rest were antipsychotic-
naive. This could have brought some bias into the interpretation of our results. Last, the vast majority of 
the included patients were white Europeans (88%). Our results are therefore not generalizable to all 
human populations.

CONCLUSION
In summary, the vast majority of our study participants had a very good outcome during the 12-mo 
course. The response to antipsychotic drugs after the first six weeks of treatment predicted a further 
course during the first year, and the use of amisulpride indicated a better response. An antipsychotic 
switch should be considered in patients with inadequate response (less than 30% reduction in PANSS 
total from baseline) after six weeks of treatment. Unemployment, depression, and negative psychotic 
symptoms at baseline predicted nonresponse.

ARTICLE HIGHLIGHTS
Research background
It is important to compare the effectiveness of various antipsychotic agents in the treatment of schizo-
phrenia. The Bergen-Stavanger-Innsbruck-Trondheim (BeSt InTro) study directly compared three 
antipsychotics (amisulpride, aripiprazole and olanzapine) in patients with schizophrenia-spectrum 
disorders between October 20, 2011 and December 30, 2016. The inclusion and follow-up of the patients 
are now completed, and the main findings have been published. In this substudy, we examined 
response trajectories and possible predictors for belonging to the different response groups.

Research motivation
Schizophrenia is a serious illness with a heterogeneous course. Pharmacological treatment with 
antipsychotic drugs remains the cornerstone in the treatment of schizophrenia, yet it is not possible to 
predict its effect on individual patients. Finding predictors of medication response can enhance the 
quality of schizophrenia treatment and the development of more personalized medicine.
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Research objectives
The main objective of this substudy was to define response trajectories after a one-year follow-up for 
patients randomized to the three studied antipsychotics. The secondary objective was to define 
predictors of belonging to the different response trajectories. After realizing these objectives, we could 
present some suggestions for better clinical practice. We could also suggest further research on 
switching antipsychotics and on factors that predicted nonresponse, such as unemployment, depression, 
and negative psychotic symptoms.

Research methods
Our study was a cohort study with data from a clinical trial of three antipsychotics in a prospective, 
randomized, rater-blind design. We defined response trajectories by fitting a latent class mixed model 
with Positive and Negative Syndrome Scale (PANSS) total as a dependent variable, time as an 
independent fixed variable, and subject as a random intercept to our data. We used the Bayesian 
information criterion and entropy to select the best model, and the model with three latent classes and 
with time represented as visit number best fit the data. Response trajectories provide a better picture of 
the course of symptoms over time and are a relatively novel way of examining response in schizo-
phrenia.

Research results
The finding that 87% of the participants had a good or strong response to antipsychotic treatment adds 
to the research evidence about the general effectiveness of antipsychotic drugs. The response after the 
first six weeks of treatment seems to indicate further response to antipsychotics. The results indicate the 
need for further research on switching antipsychotics in incomplete responders to avoid delays in 
treatment and to enhance the quality of treatment.

Research conclusions
Antipsychotic treatment has a good effect in a vast majority of schizophrenia-spectrum patients enrolled 
in a randomized drug trial. Furthermore, the six-week response seemed to predict the effects through 
the one-year follow-up. This can indicate an antipsychotic switch in patients without a reduction in the 
PANSS total score of 30% from baseline to six weeks in treatment with nonclozapine antipsychotics. 
Another important conclusion is the favorable results for amisulpride in comparison to aripiprazole and 
olanzapine, which could encourage more frequent use of this drug in schizophrenia treatment.

Research perspectives
Future research on schizophrenia treatment should be designed to develop more personalized medicine 
through the identification of response predictors.
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Abstract
Adjunctive melatonin use in schizophrenia, as supported by a modicum of 
evidence, has multiple transcending chronobiotic actions, including fixing 
concurrent sleep problems to bona fide augmentative antipsychotic actions, 
mitigating the risk of tardive dyskinesias, curbing the drastic metabolic syndrome 
and ultimately providing neuroprotective actions. Its use is rather an art than 
science!
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Core Tip: Adjuventia melatonin use in schizophrenia is strongly recommended, although 
it is supported by a modicum of evidence. Its use has multiple transcending chronobiotic 
actions, rectifying sleep disturbance in schizophrenia to bona fide augmentative 
antipsychotic actions, mitigating the risk of relentless tardive dyskinesias, curbing the 
drastic cardio-metabolic syndrome and ultimately providing neuroprotective actions in 
the face of the neuroprogressive course of schizophrenia.
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TO THE EDITOR
In a recent issue of the World J Psychiatry, Duan et al[1] conducted an interesting systematic review of 
melatonin use for schizophrenia. They concluded that add-on melatonin can help with sleep, might 
curtail metabolic risk and possibly mitigate tardive dyskinesia in patients with schizophrenia. We 
completely agree with authors, and we[2] have previously published on melatonin adjuventia in 
patients with bipolar mood disorders as well. Herein, we will try to expand a bit more on the 
therapeutic potential of melatonin in schizophrenia.

Sleep and circadian rhythm disturbances, as high as 80%, lie at the core of the etiopathogenesis of 
schizophrenia, as supported by both human studies and preclinical evidence in animal (mice) models 
with genetic mutations pertinent to schizophrenia[3]. Wide heterogeneity in phenotypes has been 
demonstrated. This includes, among other things, severe circadian misalignment, phase advances and 
delays, non-24 h rhythms that were not entrained by the light/dark cycle and disturbed sleep/wake 
cycle, perhaps reflecting the heterogeneity of the disease itself.

Melatonin secretion is reduced in schizophrenia. Therefore, it follows that melatonin (N-acetyl 5-
methoxytryptamine) use addresses a core pathophysiology central to schizophrenia, beyond being a 
mere sleeping aid.

Moreover, it has been shown that melatonin might augment anti-psychotic efficacy by virtue of anti-
inflammatory and anti-oxidant actions. Melatonin impacts tryptophan catabolic pathways via its effect 
on stress response and cortisol secretion, and this might impact cortex associated cognition, amygdala 
associated affect and striatal motivational processing. Melatonin in schizophrenia has been 
demonstrated to serve both as a biologic marker and as a treatment adjunct[4].

Melatonin mitigates risk of tardive dyskinesia, akin to similar use of vitamin E, given that melatonin 
is 6-10 times more potent than vitamin E. Moreover, it curbs metabolic syndrome. Mechanistically, 
melatonin regulates the photo-neuroendocrine axis. It has complex interactions with leptin, improves 
insulin resistance, and possesses cardio-protective actions.

Schizophrenia relapses are typified with neuroprogression leading to subcortical atrophy, ventriculo-
megaly and further white matter loss. This is chiefly mediated through microglial activation, neuroin-
flammation and oxidative/nitrosative stress. Mitochondrial dysfunction due to deficiency of the 
antioxidant glutathione also contributes[5]. Taken together, these findings make case for a role for 
melatonin in neuroprotection, owing to its anti-apoptotic actions and its regulation of adult 
hippocampal neurogenesis.

Quo Vadis? melatonin use in schizophrenia, as supported by a modicum of evidence base, has 
multiple transcending chronobiotic actions, including bona fide antipsychotic actions, mitigation of 
tardive dyskinesia, curbing metabolic syndrome and ultimately providing neuroprotective actions. Its 
use is rather an art than science!
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Abstract
Observational studies based on electronic health records (EHR) report an 
increased risk of neurological/neuropsychiatric sequelae for patients who have 
had coronavirus disease 2019 (COVID-19). However, these studies may suffer 
from biases such as unmeasured confounding, residual reverse causality, or lack 
of precision in EHR-based diagnoses. To rule out these biases, we tested causal 
links between COVID-19 and different potential neurological/neuropsychiatric 
sequelae through a two-sample Mendelian randomization analysis of summary 
statistics from large Genome-Wide Association Scans of susceptibility to COVID-
19 and different neurological and neuropsychiatric disorders, including major 
depression, anxiety, schizophrenia, stroke, Parkinson’s and Alzheimer’s diseases. 
We found robust evidence suggesting that COVID-19 – notably the hospitalized 
and most severe forms – carries an increased risk of neuropsychiatric sequelae, 
particularly Alzheimer’s disease, and to a lesser extent anxiety disorder. In line 
with a large longitudinal EHR-based study, this evidence was stronger for more 
severe COVID-19 forms. These results call for a targeted screening strategy to 
tackle the post-COVID neuropsychiatric pandemic.
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Core Tip: Inspired by suggestive findings of an increased incident risk of neurological and neuropsychiatric 
sequelae in people who have had coronavirus disease 2019 (COVID-19), we carried out a two-sample 
Mendelian randomization analysis to further investigate causality links and build evidence free of biases 
such as unmeasured confounding, residual reverse causality or lack of precision in electronic health 
record-based diagnoses. This analysis – typically applied to genetic associations from large genomic 
studies on the diseases of interest – indicated that the most severe forms of COVID-19 increased the risk 
of Alzheimer’s disease and anxiety, further supporting the findings of large observational studies.

Citation: Tirozzi A, Santonastaso F, de Gaetano G, Iacoviello L, Gialluisi A. Does COVID-19 increase the risk of 
neuropsychiatric sequelae? Evidence from a mendelian randomization approach. World J Psychiatry 2022; 12(3): 
536-540
URL: https://www.wjgnet.com/2220-3206/full/v12/i3/536.htm
DOI: https://dx.doi.org/10.5498/wjp.v12.i3.536

TO THE EDITOR
During the ongoing coronavirus disease 2019 (COVID-19) pandemic, increasing attention is being paid 
to the long-term sequelae of the acute disease, particularly neurological and neuropsychiatric[1,2]. A 
recent retrospective analysis in more than 236000 COVID-19 survivors reported a significant increase of 
neurological/psychiatric outcomes in the six months after diagnosis, particularly for those treated in 
hospital, in an intensive care unit, and those who suffered encephalopathy[3]. The risk of first diagnosis 
of such sequelae, which included dementia, cerebrovascular, psychotic, mood and anxiety disorders, 
was almost double in those with COVID-19 compared to patients who suffered other types of viral 
influenza or respiratory infections, suggesting a specific contribution of Sars-CoV-2 infection to these 
sequelae[3]. This observational study was based on electronic health records, which unavoidably lack 
the precision of neurological/neuropsychiatric diagnoses, and may be subject to unmeasured 
confounding or residual reverse causality biases; in fact, most of the reported disorders are themselves 
risk factors for COVID-19 infection, and their milder forms may go undetected.

To overcome these limitations and provide independent evidence of the observations, we carried out 
a two-sample Mendelian randomization (MR) analysis to test whether susceptibility to COVID-19 could 
predispose to an increase in the risk of different psychiatric/neurodegenerative disorders, including 
major depression, anxiety, schizophrenia, stroke, Parkinson’s and Alzheimer’s diseases, as already 
suggested in the literature[2,3].

We employed summary statistics from large Genome-Wide Association Studies (GWAS) on COVID-
19 susceptibility and all the disorders tested, through the MR-Base web app, or the equivalent R 
package TwoSampleMR v 0.5.6[4] when up-to-date summary statistics were not available in the MR-
Base[5]. Since we detected no violation of the balanced horizontal pleiotropy assumption, we used 
Inverse variance weighted regression to model the relation between effects on exposure and outcome 
for each of the genetic instrumental variants (IVs). We selected the variants showing genome-wide 
significant associations with (COVID-19) exposure[6] (P < 5 × 10-8), removed palindromic variants, 
applied Linkage Disequilibrium (LD) clumping (r2 cutoff 0.1 and clumping window 1000 kb), and 
retained only the variants that were also tested in the “outcome” study, resulting in 17-23 variants for 
each analysis.

MR analyses were repeated, testing variants associated with three different COVID-19 exposures, 
namely all (112612), hospitalized (24274) and severe cases (8779; namely, patients who required 
respiratory support, or whose death was related to COVID-19)[6], compared to population controls (> 1 
million, see https://www.covid19hg.org/results/r6/).

This analysis indicated a significant causal link between severe and hospitalized COVID-19 and the 
risk of Alzheimer’s disease and anxiety disorder (AD) (Figure 1), which survived Bonferroni correction 
for six different outcome conditions (α = 8.3 × 10-3).

This evidence is closely aligned with that from a large observational study[3], where patients who 
were hospitalized and required intensive care had a steeper increase in incident neuropsychiatric 
sequelae in the six months after infection. However, the increases observed here in Alzheimer (1%-3%) 
and anxiety risk (0.5%-1%) were considerably smaller than those reported by Taquet et al[3], although 
measures of incident and prevalent risk and the different design and setting of the studies mean they 
are not directly comparable. This might be explained by the typically low effect size of the common 
variants detected in GWAS and used in MR analysis, and by the type of comparison in the original 
study on COVID-19[6], where population controls can include a number of undetected cases, reducing 
the power of the comparison.

Our analysis presents some limitations. First, the use of summary statistics from a meta-analysis of 
diverse ancestries may introduce a population stratification bias. Although no data based only on 

https://www.wjgnet.com/2220-3206/full/v12/i3/536.htm
https://dx.doi.org/10.5498/wjp.v12.i3.536
https://www.covid19hg.org/results/r6/)
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Figure 1 Mendelian randomization analysis testing (A) severe, (B) hospitalized and (C) all Covid-19 forms against the risk of 
neuropsychiatric/neurological disorders. Odds ratios with 95% confidence intervals and P value from Mendelian randomization analyses are reported for 
each disorder tested as outcome against the three forms of coronavirus disease 2019 tested as exposure, with the number of instrumental variants (#IVs) analyzed. 
MR: Mendelian randomization; AD: Alzheimer’s disease; GAD: Generalized anxiety disorder; OR: Odds ratios; CI: Confidence interval; NA: Not available. *Not 
available on MR-Base (see Data Availability statement or [5] for details).

European samples are available for the COVID-19 GWAS round 6 meta-analysis, we carried out a 
sensitivity analysis with the round 5 (European) meta-analysis results. This provided significant 
evidence of causality between hospitalized COVID-19 forms and increased AD risk (by 1.8%, P < 0.05), 
while only a trend of association was observed for increased AD risk vs the other COVID-19 exposures 
(Table 1). No significant evidence of causality was found for anxiety, although severe COVID-19 slightly 
increased the risk of GAD by 0.6% (P = 0.09). Overall, effect sizes between MR analysis using round 6 
and round 5 (only EUR) data were very similar, corroborating the bounty of our main analysis. The lack 
of significance in most of the sensitivity MR analyses may be due to the notably smaller number of IVs 
used (from 3 to 10), implied by the smaller sample size and lower power of the round 5 meta-analysis. 
Therefore, caution is suggested in interpreting these data and further analyses are needed based on 
larger datasets, of European ancestry.

Second, partial sample overlap between the studies analyzed may introduce a type I error inflation 
bias which, however, does not apply to case-control outcomes when risk factor IVs are tested only in 
control participants[7]. While we do know the exact prevalence of Alzheimer and anxiety cases in the 
COVID-19 GWAS, the relatively low prevalence of these disorders in the general population (especially 
AD) suggests the real bias introduced by sample overlap may be very close to zero.

Last, although converging epidemiological and genetic evidence supports a causal effect of COVID-
19 infection on neuropsychiatric/neurodegenerative disorders, the exact molecular mechanisms of this 
relationship remain to be clarified. The most convincing hypotheses so far involve the neurotropic 
action of the virus, dysregulation of the inflammatory response and of the vascular system, which in 
turn promote mechanisms that can affect mental health, like alteration of the blood-brain barrier and 
neuro-inflammation[2,8,9]. While deeper functional analyses will help clarify these aspects, the evidence 
presented here underlines the need for a targeted screening strategy to tackle the neuropsychiatric 
effects.
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Table 1 Mendelian randomization analysis testing (A) severe, (B) hospitalized and (C) all COVID-19 forms against Alzheimer and anxiety 
risk in European ancestry

Disease MR-Base ID #IVs P value OR [95%CI]
(A)

AD NA1 8 0.193 1.006 [0.998; 1.014]

GAD ukb-d-20544_15 5 0.090 1.006 [0.998; 1.014]

(B)

AD NA1 3 0.047 1.018 [1.000; 1.036]

GAD ukb-d-20544_15 3 0.250 1.010 [0.994; 1.026]

(C)

AD NA1 10 0.169 1.014 [0.994; 1.034]

GAD ukb-d-20544_15 5 0.580 1.006 [0.985; 1.028]

1Not available on MR-Base (see Data Availability statement or [5] for details).
Odds ratios with 95% confidence intervals and P value from Mendelian randomization analyses are reported for each disorder tested as outcome against 
the three forms of coronavirus disease 2019 tested as exposure, with the number of instrumental variants (#IVs) analyzed. MR: Mendelian randomization; 
AD: Alzheimer’s disease; GAD: Generalized anxiety disorder; OR: Odds ratios; CI: Confidence interval; NA: Not available.
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