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Introduction 
 
The vulnerability of stress model has been widely accepted as a heuristically useful 
framework for the study of the etiology and clinical course of schizophrenia.１There is 
accumulating evidence indicting that early environmental adversity, such as prenatal 
infections and nutrition, early life stressors and urbanicity are more common in people 
with schizophrenia than in general populations. It is well known that these 
environmental adversities induce enhanced reactivity to a mild and secondary 
adversity, called “stress sensitization”, and environmental factors cause multiple genes 
to interact, leading to the relapse and/or development of schizophrenia via stress 
sensitization. Moreover, the effects of the childhood environment, favorable or 
unfavorable, interact with all process of neurodevelopment. If interconnections with 
peers are lacking, the brain development of cognition is damaged in a lasting fashion. 
A cognitive disability of this kind may induce deviated reaction to environments, 
resulting in sensitization to stress.2  We will argue below the impact of environmental 
factors on reactivity to stress, and neurobiological mechanisms underlying stress 
sensitization.  
 
Environmental factors  
 
Heightened reactivity to stressors is a cardinal feature of schizophrenia and is 
considered the core of the constitutional vulnerability that forms the diathesis in the 
stress vulnerability model. It was well documented that early traumatic events may be 
important in the cause of stress sensitization via a long-term dysregulation of 
dopaminergic systems, resulting in the consequent emotional reactivity to daily stress 
in adult life3,4 as reflected, in an increase in negative emotion.5)  
 

Response to daily stress (findings of Habel and others)：：：： Habel and colleagues6) 
reported that adult as well as adolescent subjects with schizophrenia experienced more 
negative affects during happy as well as sad mood induction. They suggested a trend 
toward s a reduced specificity for sadness and a higher negative bias.7) In the light of 
another study7) indicating that negative and happy moods reveal distinct cortical 
activation foci within a common neural network, the neural correlates of a negative 
mood might be somewhat impaired. Such impairment may lead to a misunderstanding 
of social communication and may underlie difficulties in social adjustment in 
schizophrenics, leading to increased reactivity to stress.6) While, another study 
suggests that emotional reaction to stress in the daily lives of schizophrenics may not 
be a consequence of cognitive impairments and in fact depend on clinical outcome or 
psychotic states (e.g., periodic type, predominance of positive symptoms) of illness.8) 
They have further reported that small stressors in daily life associated with emotional 
responses induced stress sensitization, independent of cognitive impairments, and 
argued to constitute of an emotional pathway to psychosis.9,10 The distinct findings 
between the two studies may be due to methodological difference, i.e., an 
emotion-descrmination test7 vs. an assessment of emotional reaction to stress.8) 
 



 
Critical period of exposure to stress:     Previous studies reported that increased 
reactivity to daily life stress was significantly prominent in subjects who had 
experienced trauma either before the age of 10 5 or before puberty. 2 More recently, it 
has been reported that psychological trauma (e.g., physical threat, serious accident, 
terrible even, sexual abuse, and rape) experienced before age 13 was associated 
prospectively and in a dose-response fashion with an onset of psychotic symptoms 
(e.g., delusions, auditory hallucinations, and though interference) at follow up for 
average 42 months.11 Collectively, the consequences of child trauma appear more 
detrimental when it occurs at a younger age, namely, when brain development is in a 
vulnerable stage in brain development.5 Regarding the vulnerability age, 25% of 
children who had delusions or abnormal body sensitization at age 11 years met the 
criteria for a diagnosis of schizophreniform disorder by age 26.12 Collectively, it is 
plausible that before the age of 13 or 11 appears to be a crucial time related to the 
development of schizophrenia in adulthood.  
 
Environmental risk factors (findings of Marcelis and others):     Marcelis et al13 
followed-up all live births recorded between 1942 and 1978 in any of the 646 Dutch 
municipalities through the National Psychiatric Case Register for first admission for 
psychosis between 1970 and 1992 (N=42115). Urban birth was associated with later 
schizophrenia. Effect of urban birth was greatest for schizophrenia in individuals from 
more recent birth cohorts, for men and for early age of onset of illness.13 Genetically 
predisposed individuals run a higher risk of developing illness in adverse 
environments (e.g., divorce, noise pollution, crime, cannabis use, virus infection, 
nutritional deficiency and exposure to pollutants) operating either around the time of 
birth or at the time of illness onset). 13 Urban birth may related to developmental 
vulnerability for adult mental illness.13 The possible aetiological mechanisms remain 
unclear and warrant further investigation. According to recent study including large 
sample (1,020,063 people), there were significant effects of urbanicity and family 
history of schizophrenia, indicating interactions between a proxy genetic risk factor 
and a proxy environmental risk factor, 1４ around 30% of all schizophrenia incidence, 
making urbanicity the most important of all environmental factors. 1４  
 
Genetic-environmental association: Individuals with a history of childhood trauma 
who develop schizophrenia may predispose genetic risk.4 It is recognized that the 
underlying genetic vulnerability is a function of multiple genes, indication that the risk 
factor therefore is ubiquitous and variable. Genetic risk factor may show synergism 
with environmental factors each other, so that genetic and environmental factors 
interact, and combination of their separate weak effects become a joint strong effect, 
strong environmental factors may be reduced by genetic factor, or environmental 
effects may compete with genetic risk factors to cause schizophrenia .4 It may be 
concluded that there are no unequivocally association between a genetic 
predisposition and environmental factors.  
 
Neurobiological bases of stress sensitization in schizophrenia 

 



Traumagenetic neurodevelopment: Of crucial importance are findings that childhood 
trauma may induce brain abnormalities persist to adulthood. In this regard, the 
traumagenic neurodevelopmental model is example of a genuine integration of the 
interactions between social, psychological and biological factors. The traumagenic 
neurodevelopmental model has been cited as evidence for brain disease of 
schizophrenia found in the brains of traumatized children including left hippocampal 
damage, cerebral atrophy, ventricular enlargement, and reversed cerebral asymmetry.5 
A portion of pre-schizophrenic children show slight developmental delays, minor 
cognitive difficulties and social anxiety, which supports the hypothesis that 
schizophrenia is in part of neurodevelopmental abnorlalities.15 For example, children 
who later fulfilled DSM-IV criteria for schizophrenia at age 26 years showed 
significant impairment across a range of developmental demand in neuromotor, 
language, cognitive, emotional, and interpersonal development from as young as 3 
years, for example delay in learning to walk during infancy, an excess of neurologic 
signs at age 3 years, and significant impairment on repeated motor testing between 
ages 3 and 9 years.16 They concluded that these impairments may be specific to 
schizophrenia. 16 These impairments were not merely mediators of the effect of the 
obstetric complication involving hypoxia fetal growth retardation, and more likely to 
reflect the expression of schizophrenia-susceptibility gene.16 Cannon et al17 reported 
that odds of schizophrenia increase linearly with increasing number of 
hypoxia-associated obstetric complications in specific case with early age at onset or 
first treatment contact in schizophrenic patients.17 However, the majority of 
individuals exposed to hypoxia-associated obstetric complications did not develop 
schizophrenia, such factors may be incapable of causing schizophrenia on their own. 
Cannon et al therefore suggested that hypoxia acts or interactively with genetic 
predisposition in influencing liability to the illness.17 As candidate genes that mediate 
the brain’s vulnerability to hypoxic-ischemic neuron injury, Cannot et al17 suspected 
genes participating in N-methyl-D-Aspartate (NMDA) receptor formation or 
membrane dynamics of glutamatergic neurons since glutamate appears to be a 
remarkably potent and rapid acting neuronxin which leads from hypoxia to neuron 
death.18 
 
Childhood trauma and stress sensitization: A number of previous studies suggest that 
early life stress induces long-lived hypereactivity of cotricotropin-releasing factor 
systems and associated smaller hippocampal volume, and consequently induces 
vulnerability to depression.10,20 It was reported that left hippocampal volume reduction 
was only associated with familial liability to schizophrenia, but showed a significant 
association with a history of obstetric complications.２１ Evidence from neuroimaging 
studies suggests morphorogicic and functional changes in brain structures involved in 
the control of stress response in depression. Thus, a reduction in left-hippocampal 
volume has been documented in several studies in subjects with treatment-resistent 
depression. 19,20 Increased levels of CRF and cortisol during repeated childhood abuse 
together with persistent hyperactivity and sensitization of the 
hypothalamo-pituitary-axis associated with depression in adulthood could damage 
hippocampal neurons.20 
  



Perinatal damage and dopaminergic dysregulation: In animal studies, perinatal 
damage may be related to a labile dopaminergic system vulnerability to sensitization. 
For example, developmental disruption of temporal cortex may induce dysregulation 
of the dopaminegic imput to the striatum, increasing the response to mild stress.22 
Kapur23 hypothesized that the role of dopamine is to mediate the salience of 
environmental events and internal representations. It has been proposed that a 
dysregulated, hyperdopaminergic state at a brain level leads to an aberrant assignment 
of salience to the element s of one’s experience at a mind levels. Spauwen et al11 
speculated that exposure to stressors induces permanent dysregulation of the HPA axis, 
which in turn might underlie the “dopamine sensitization” to stress. Activation of the 
HPA axis is thus one of the primary manifestations of the stress response. Moreover, 
dopamine has important role in producing increased sensitivity following prolonged 
or repetitive exposure to stress, indicating an important ontogenetic mechanism in the 
formation, even stability, of individual differences in dopamine system reactivity. 
 
Hypothalamo-pituitary-adrenal axis （（（（ findings of Zelena and others ）））） : The 
hypothalamo-pituitary-adrenal (HPA) axis is activated in response to acute and 
chronic stress. Arginine vasopressin (AVP) has been proposed to be an important 
neuropeptide hormone of the paraventricular neurons during chronic stress in the 
regulation of the HPA axis.24 The role of AVP in maintaining adrenocortical 
responsiveness during chronic stress.was studied by Zelena et al24 They compared 
plasma levels of adrenocortical hormone (ACTH) and anterior pituitary 
poopiomelanocortin (POMC) mRNA and ACTH content in the vasopressin deficient 
mutant Brattleboro rats, compared to the heterozygous ones (di/+controls). There is no 
significant difference in the content of POMC mRNA in both mutant and di/+controls 
by repeated restrain stress. They suggest that AVP is not necessary for activating the 
HPA axis.24 They further investigated the role of glutamate in activating the HPA axis 
via ACTH elevation. They reported that glutamate activates the HPA axis at the level 
of paraventricular nucleus and that the glutametergic regulation related to AVP had no 
significant effect. 25  
 
Homovanillic acid response    (findings of Marcelis and others): Marcelis et al26 
studied the response of plasma homovanillic acid (HVA) and cortisol to metabolic 
stress by using administration of glucose analogue 2-deoxy-D-glucose (2DG), which 
induces a glucoprivationstate, in patients with psychosis and nonpsychotic first-degree 
relatives of patients with psychosis and controls without psychosis. They reported that 
plasma levels of HVA and cortisol were increased during metabolic stress in patients 
but not relatives, suggesting that this increased response reflects ill-related effect, 
possibly the acquired sensitization of neuroendocrine systems by repeated 
environmental stressors, rather than a genetic vulnerability. They suggested abnormal 
regulation of dopaminergic and/or noradrenergic systems in activated HVA and 
cortisol response.26 

 
Dopaminergic and glutamatergic modulation in stress sensitization: Sheitman and 
Lieberman27 have proposed “neurochemical sensitization”. Genetic and/or epigenetic 
factors that occur during fetal gestation and early perinatal development induce the 



failure of neuronal developmental processes and synaptogenesis that result in a 
deficiency of the inhibitory capacity of the cortex upon subcortical structures. In 
adolescence and early adulthood, the redundancy in neural synaptic connections are 
eliminated through neural pruning and the circuits are refined to the point that the 
threshold of modulatory capacity is more easily exceeded. In the course of stressful 
but normative human experiences (e.g., going to college and entering military servic), 
perturbations in neuronal activity that would otherwise be compensated for and 
equilibrium reestablished, will progressively result in neurochemical sensitization, 
leading to an onset of schizophrenia. The synaptic regulation of DA or its regulatory 
neurotransmitters gluamate and GABA may be important in mediating the behavioral 
pathology.28 Moreover, Lieberman28 and Yui et al29suggested endogenous 
neurochemical sensitization involving meso-limbic-cortical-striatal circuits mediated 
by DA, and glutamate is important t the onset and in the deteriorative stage. 
According to another study,30 in the mesolimbic dopaminergic sensitization, a primary 
temporo-limbic defect involving glutamatergic receptors result in a defect of 
prefrontal cortex including the widespread cortical glutametergic cells and excitatory 
amino acid (EAA). A decrease in glutamatergic function results in a reduced tonic DA 
release in mesolimbic DA cells and thereby reduced DA release upon environmental 
stimulations in the second trimester of pregnancy. The temporo-limbic defect results 
in a lowering of tonic DA release in NAC and striatum (the third trimester). In early 
childhood, cortical glutamatergic dysfunction result in decreased striatal GABAergic 
activity, causing to abnormal response rendering the individual’s greater sensitization 
of dopaminergic provocation by stress. When demands upon the system increase in 
puberty, dopaminergic activation may lead to permanent stress sensitization of the 
mesolimbic DA system.30  

 
The effects of cytokine on stress sensitization: Infections and other environmental 
insults during prenatal and perinatal periods may increase reactivity to stress,.31 which 
may diminish the capacity to compensate for perturbation in neural activity in 
subsequent stressful experiences. Increased levels of maternal sera cytokine such as 
tumor necrosis factor alpha (TNF-α) in relation to infections has been reported as a 
potential risk factor for schizophrenia among offspring because TNF-αand virus may 
exert neurotoxic effects, causing altered brain structures and function31 or induce 
white matter damage.32 In regard to in utero infection, serum levels of maternal IL-8 
(a critically important cytokine in immune response) may be a risk for schizophrenia 
in offspring,33 because of a significant association of IL-8 levels during the second 
trimester and the risk of schizophrenia spectrum disorders in the adult offspring.34  
 
Molecular involvement in stress sensitization: There is a few study on the molecular 
basis of stress sensitization in psychiatric disorders. Transcriptional regulation of 
adrenomedullary catecholamine biosynthetic enxymes such as tyrosine hydroxylase 
and DA-ß hydoxylase was shown to be prominent mechanisms modulating the 
response of cold or immoilization stress.35 Tyrosine hydroxylase transcription is 
stimulated by the phosphorylation of cAMP response element-binding (CREB) 
protein.36 Sendsitization to heterotypic stress induced by the preexposure of cold 
stress exhibited an exaggerated response of phosphorilation/induction of several c-fos 



transcription factors such as CREB, Fra-2 and Egrl in rat aderenal medulla..37      
Estimates of early stress using permanent changes in human molar 
 
Objective marker of early stress: Most patients are unlikely to spontaneously disclose 
sexual or physical abuse to mental staff personel. We therefore have an obligation to 
ask. However, assessment of events during development remain highly complex, and 
early life events are hard to confirm. New approaches to the problem of estimating 
stress during early brain development are required. Early life events are hard to 
confirm. New approaches to the problem of estimating stress during early brain 
development are required. In this regard, human enamel has promise as accessible 
repositories of indelible information on stress between gestation and the age of 13. 
Stressful experiences induce long-term activation of the sympatho-adrenal system, 
slowing of tropic parasympathetic functions, and they then induce disrupted secretion 
of the enamel matrix. During the brain development (in infancy, childhood and 
preadolescence), ameloblast activity in human enamel is slowed during 1 to 2 days of 
extreme stress, and the segment of enamel rods is smaller and often misshapen, 
making a particular dark line seen by the use of a microscope (we referred this line to 
Pathological Stress Line, PSL in short). Retzius reported that this line is incremental 
lines reflecting the layered apposition of enamel during amelogenesis (Retzius, 1937), 
and after that this line is termed the Retzius line.38,39 The line is conceptually akin to 
tree rings which are markers of environmental adversity in the tree’s life.  

Skinner and Anderson40 reported that the Retzius lines corresponded well with 
the timing of the specific episode of stress, described in anecdotal reports and medical 
record. According to a chronology of the permanent dentition (van Bee, 1983),41 the 
age band (epoch) reflected the timing of exposure to stress. PSL of the first, second 
and third molar reflect the timing of exposure to stress at 3/4 months to age 6, birth or 
slightly before age 3, and ages 7 to 14, respectively.41 The factors affecting a 
disruption of ameloblast are unknown etiological/susceptibility factors, including 
genetic vulnerability to stress or specially weaken ameloblast. Nutritional factors such 
as depleted nutrient stores and inefficient utilization and the availability of key 
nutrients are hypothesized to contribute an additional 30% to ameloblast disruption.42  
 
PSL in schizophrenia (findings of Yui): (1) Subjects: We examined PSL in the third 
molar in 35 chronic paranoid schizophrenics （25 males and 10 females, 41.9±13.5 
yeas old）and 32 normal controls (5 males and 27 female, 28.3±9.1 years old). The 
changes of density in potassium (P), calcium (Ca) and magnesium (Mg) in PSL were 
examined by a scanning microscope and an electron probe microanalyser (EPMA). 
Since the rate of enamel is well known, PSL was assessed by its length and definition 
in each enamel at half years from 9 to 13 years old: 0, none; 1, slight; 2, mild; 3, 
moderate; 4, severe. Mineral changes were examined in PSL portions rated as 2-4 due 
to the extent of changes of mineral density in one area (1.5 X 1.5 mm2): 0, none; 1, 
1/4; 2, 1/3; 3, 1/2, 4, 2/3. (2) Results: PSL scores in the 35 schizophrenics were 
significantly higher than the 32 normal controls (4.8±5.1 vs. 2.0±2.3, P<0.01). The 32 
schizophrenics exhibited PSL indicative of stressors experienced at the ages of 
10.5-11.5. Scores in potassium and calcium were significantly decreased and those of 
magnesium were significantly increased in PSL portions. (3) Discussion: The present 



findings suggest that stress sensitization may be induced from 10.5 to 11.5 years, 
which is comparable to previous studies indicating that stress exposed at 10-13 years 
may be related to the development of adulthood schizophrenia. A decreased density of 
P and Ca and an increased density of Mg have been reported to be caused by severe 
emotional stress. The findings on EPMA suggest that severe emotional stress during 
childhood may induce stress sensitization. 
 
Structural Brain Changes Underlying Vulnerability to Schizophrenia (M 
Suzuki et al)  

Brain structural changes in schizophrenia are thought to represent a complex and 
dynamic process in which multiple brain regions are differentially involved. A strategy 
elaborating on the morphologic characteristics of the schizophrenia-spectrum could shed 
light on the pathological process underlying schizophrenia. 43 Common neurobiological 
deviations among the schizophrenia-spectrum may be essential for the pathogenesis of 
schizophrenia, but some additional pathological changes may also be required for the 
development of full-blown schizophrenia. Clarifying the neurobiological similarities and 
differences between established schizophrenia and schizotypal (personality) disorder, a 
schizophrenia-spectrum disorder without manifestation of overt and sustained psychosis, 
would potentially discriminate the pathophysiological mechanisms underlying the 
vulnerability to schizophrenia from those associated with overt psychosis. We have made 
extensive comparisons of brain morphology by using magnetic resonance imaging 
(MRI)-based volumetry between patients with schizophrenia and those with schizotypal 
disorder. 
 
METHODS    (1) Subjects. Thirty-five patients (23 males, 12 females) with schizotypal 
disorder, 62 patients with schizophrenia (32 males, 30 females), and 63 control subjects 
(35 males, 28 females) were included in this study. The patients with schizotypal 
disorder all met the criteria for schizotypal disorder in ICD-10 as well as the criteria for 
schizotypal personality disorder in DSM-IV. At the time of MRI scanning, six patients 
were neuroleptic-naïve and 29 patients were being treated with low doses of 
antipsychotics. All subjects have received consistent clinical follow-up and none of them 
has developed overt schizophrenia to date. The patients with schizophrenia fulfilled both 
ICD-10 and DSM-IV criteria for schizophrenia. All schizophrenia patients apart from 
one female patient were receiving neuroleptic medication. The control subjects consisted 
of healthy volunteers who were excluded if they had a history of psychiatric, 
neurological, serious medical or surgical illness, or substance abuse disorder. They were 
also screened for history of psychiatric disorders in their first-degree relatives. All control 
subjects were given the Minnesota Multiphasic Personality Inventory to exclude subjects 
with abnormal profiles. The three groups were matched for age, sex, handedness, height 
and parental education. After complete description of the study to the subjects, written 
informed consent was obtained. This study was approved by the local committee on 
medical ethics.(2) MRI acquisition and processing.    MRI scans were acquired with a 
1.5 T scanner (Vision, Siemens Medical System, Inc., Erlangen, Germany). A 
three-dimensional T1-weighted gradient-echo sequence FLASH (Fast Low-Angle Shots) 
with 1 x 1 x 1 mm voxels was used. Imaging parameters were: TE = 5 msec; TR = 24 
msec; flip angle = 40°; field of view = 256 mm; matrix size = 256 x 256. The image data 



were processed on a Unix workstation with the software package Dr. View 5.0.  
(3) Volumetric analysis of regions of interest (ROIs). Volumetric measurements were 
performed in 23 regions of interest covering the entire cerebral cortex except the 
occipital lobe. The ROIs included: prefrontal cortices (supeior, middle, and inferior 
frontal gyri, orbitofrontal gyrus, straight gyrus, and ventral medial prefrontal cortex), 
cingulate gyrus, insula (short and long insula), precentral gyrus, postcentral gyrus, 
parietal association cortices (superior parietal lobule, supramarginal gyrus, angular gyrus, 
and precuneus), temporal pole, superior, middle, and inferior temporal gyri, fusiform 
gyrus, parahippocampal gyrus, hippocampus, and amygdala. Parcellations of the cortex 
were made, in principle, according to the cerebral gyri/sulci. The detailed procedures for 
delineations of each ROI were described elsewhere.43,44,45,46,47,48(4) Statistical analysis.    
Effect sizes (Cohen’s d) of cortical gray matter changes in each ROI were calculated 
from relative volumes (100 x absolute ROI volume/ICV) in the schizotypal and 
schizophrenia patients compared with the controls.  

RESULTS: FIGURE 1 shows effect sizes of the gray matter volume changes in 35 
schizotypal patients and 62 schizophrenia patients compared with 63 healthy control 
subjects. In schizophrenia, large volume reductions (Cohen’s d ≥0.8) were observed in 
the superior temporal gyrus, amygdala, and straight gyrus. Medium volume reductions 
(0.5≤ Cohen’s d <0.8) were present in the superior and inferior frontal gyri, cingulate 
gyrus, insula, fusiform gyrus, postcentral gyrus, inferior parietal lobule and precuneus. 
Small volume reductions (0.2≤ Cohen’s d <0.5) were demonstrated in the hippocampus, 
middle frontal gyrus, precentral gyrus and superior parietal lobule. Schizotypal patients 
showed volume reductions of similar magnitude to those in schizophrenia in the 
temporal lobe structures, while the prefrontal and posterior parietal cortices were 
relatively preserved. In addition, modest volume increase in the middle frontal gyrus 
was observed in schizotypal disorder. DISCUSSION.    Volume reductions common to 
schizophrenia and schizotypal disorder were revealed in the amygdala, hippocampus, 
superior temporal gyrus, and anterior parietal cortex. These changes may represent the 
vulnerability to schizophrenia. Volume decreases in the amygdala/hippocampus 
frequently reported in subjects at genetic risk for schizophrenia 49 support these notions. 
They are also consistent with the finding of volume reduction of the superior temporal 
gyrus in community-based sample of male schizotypal subjects.50 In schizophrenia, 
further volume reductions were observed in the prefrontal cortex, posterior parietal 
cortex, cingulate, insula, and fusiform cortex. Functional deficits in these areas, 
especially the prefrontal cortex, may result in the loss of inhibitory control in other brain 
regions leading to manifestation of the subclinical temporal lobe dysfunction as positive 
psychotic symptoms in schizophrenia43,51 On the other hand, preserved volume of these 
areas might be related to that schizotypal subjects are protected from overt psychosis. As 
to the stress vulnerability in schizophrenia, only a few studies have examined the 
relation of brain morphology with the reactivity to stress52,53 Future studies are needed 
to clarify how structural alterations in the brain affect the reactivity to stress as well as 
how brain morphology is modulated by stress in schizophrenia. 

 



 
 

FIGURE 1. Bar graphs representing effect sizes of the gray matter volume changes in 35  

schizotypal patients (gray) and 62 schizophrenia patients (black) compared with 63  

healthy control subjects. 
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