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Abstract :Since studying psychiatric disorders, Clinicians have observed and reported the
abnormal nature of the presence of traumatic memories and the main symptoms they cause
in PTSD, an essential aspect of which is memory encoding. The leading cause of traumatic
memory flashbacks is the inability to store certain representations of the traumatic event in
the hippocampus due to deficits in the hippocampus. Hippocampal deficits are also found in
schizophrenia, and some studies suggest that the hippocampus is the central core of the
neuropathology of schizophrenia. In contrast, sleep spindles play a vital role in sensory
processing and long-term memory consolidation. Studies collected in the field of PTSD
suggest that sleep spindles can alleviate mood. However, schizophrenia patients commonly
have sleep disturbances and significantly reduce spindles and sleep-dependent memory
consolidation. So, in conclusion, it can be speculated that mood swings cause memory
encoding problems that the sleep spindles waves cannot handle.

Keywords: traumatic memories, schizophrenia, PTSD, memory encoding, sleep spindles.

1. Introduction

Among people with traumatic memories and schizophrenia, data suggest that people with traumatic
experiences are more likely to develop schizophrenia. PTSD is a trauma-induced disorder, and sleep
disturbances are prevalent in schizophrenia and PTSD, as well as impairments in memory encoding
in the brain. According to research, childhood trauma is associated with memory impairment and
reduced hippocampal volume in adult survivors [1]. However, in a study of patients with PTSD,
research has demonstrated that some traumatic events cannot be stored in declarative memory; instead,
they exist at the level of sensorimotor and affective, being organized in the implicit memory of the
amygdala [2]. In other words, the patient will not be able to store the traumatic event in his or her
memory and then translate it but will only experience the emotional experience repeatedly.

For people with schizophrenia, traumatic memories are an essential factor. Childhood trauma is a
form of stress associated with impaired working memory, language learning, and attention in people
with schizophrenia [3]. On the other hand, in a seminal study, between an experimental group of
people with schizophrenia, dissociative disorder patients, and non-illness phantom listeners, there
were no groups significant differences in the form of experiencing hallucinations [4]. The
hallucinatory forms experienced by the patient and non-patient groups were similar, and the
differences between the groups were mainly related to the content of the sounds, emotional quality,
and control points. This study suggests that hallucinatory forms in disorders such as schizophrenia
are closely related to traumatic memories.
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In order to measure variability across individuals, the psychological community has proposed the
diathesis-stress model to explain the causes of mental illness [5]. This model suggests that different
psychological or physical qualities have different capacities to withstand environmental stress and
that individuals have different thresholds for breakdown. Once this latch is exceeded, it can lead, for
example, to the onset of illness [6,7]. In this paper, the primary purpose is to explore how memory
problems caused by traumatic memories can compress this neural model in schizophrenic patients.
The effect of traumatic memories on sleep spindles waves reveals that schizophrenic patients
commonly have sleep disturbances and that spindles and sleep-dependent memory consolidation are
significantly reduced in schizophrenic patients [8]. In contrast, in PTSD patients, it is known that
sleep spindles waves play an essential role in memory consolidation in response to anxiety after
exposure to stress.

2. Traumatic Memory and Memory Encoding

Among the symptoms caused by traumatic memories, it has been frequently discovered that traumatic
memories are distinguished by discontinuity, strong sensory influences, and a lack of verbal narrative
content. In order to measure the degree of trauma in a more detailed way, Bessel A van der Kolk et
al. proposed the Traumatic Memory Scale (TMI) to systematically evaluate the memory organization,
which includes: traumatic experience, the mode of recovery, changes in post-traumatic memory
characteristics over time, and differences in memory between subjects with and without current PTSD
[9]. Regardless of the age at which they experienced trauma, all traumatized patients in this study
claimed that their trauma returned in the form of somatic sensations and emotional flashbacks. With
greater intensity, the traumatic memories flash back in consciousness and activate more modes of
sensation along with the affective component. From this, it can be concluded that traumatic
experiences are, to some extent, recreated in the human soma. According to empirical evidence from
neuropsychological studies [2,10,11], the leading cause of traumatic memory flashbacks is due to
deficits in the hippocampus. Studies of memory functioning in PTSD patients consistently show that
certain representations of traumatic events cannot be stored in (via hippocampal functioning)
declarative or narrative memory; they are initially organized only at the sensorimotor and emotional
level in the so-called implicit, procedural memory (based on the amygdala). In another word,
information assessed by the amygdala is converted into emotional and hormonal signals that trigger
emotional responses when it is transmitted to the systems controlling behavioral and neurohormonal
responses in the brainstem, so that people may have their emotional systems hormonally activated
before they can respond consciously to their reactions [12]. In an EEG study [13], increased
lateralization and activation of the right hemisphere were evident in people under the influence of
trauma. When traumatic memories are reactivated, however, the brain re-experiences the traumatic
memory but cannot translate this experience into communicable language. Namely, the patient may
have a similar situation of "indescribable fear," and their body may react as if they were back at the
time of the experiences traumatic; their body reacts accordingly.

After the emotional system in the right half of the brain has been activated, other brain structures
further respond to this information. These include the hippocampus, which begins to organize and
categorize this information with previously existing information that resembles sensory input. The
strength of hippocampal activation is positively correlated with the strength of amygdala input; the
more significant the meaning given by the amygdala, the stronger the input received and the better
the memory retained. In a study on animals [14.15], high levels of stimulation of the amygdala
disrupted hippocampal function. Such high levels of emotional activation may significantly disorder
the correct assessment and distribution of experiences by interfering with hippocampal function. Van
der Kolk hypothesized that when this happens, the sensory imprint of the experience will be stored
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in memory. However, these different imprinting cannot be fully unified into a whole due to the
impaired integration of the hippocampus [11].

2.1. Affection of Traumatic Memories to PTSD & Schizophrenia

It can conclude that traumatic experiences are usually imprinted as sensations or sensory states and
are not gathered and produced into personal chronicles. Traumatic memories will not be stored in the
hippocampus but the amygdala. Similarly, studies have shown a 12% reduction in left hippocampal
volume in 17 children with maltreatment-related PTSD compared to 17 case-matched controls in the
PTSD population [16]. These findings suggest that reduced left hippocampal volume is associated
with maltreatment-related PTSD. In this study, adults with child maltreatment-related PTSD had
significantly reduced hippocampal volume bilaterally compared to non-maltreated controls. However,
this reduction was not seen in children with maltreatment-related PTSD. The hippocampus of children
with maltreatment-related PTSD was intact; hippocampal atrophy occurred sometime between
childhood and adulthood following the abuse. Such a study may prove that memory causes
hippocampal atrophy rather than damage at the time. It is also consistent with previous research that
"high levels of emotional arousal may interfere with hippocampal function and significantly disrupt
the correct assessment and categorization of experiences.” These information follows those high
levels of emotional arousal in the amygdala interfere with the storage function of the hippocampus
and prevent memory encoding, which later leads to hippocampal atrophy due to the continued
inability to encode memories.

In schizophrenia, the hippocampus occupies the same important position. It has been concluded in
the literature that the hippocampus is a significant core of the neuropathology and pathophysiology
of schizophrenia[17], and there is much evidence pointing to a link between schizophrenia and the
hippocampus, as shown by magnetic resonance imaging (MRI) studies that patients have reduced
hippocampal volume, altered hippocampal shape, and that smaller hippocampal volumes were
already present in subjects with the first episode of the illness, suggesting that the reduced
hippocampal volume is not a result of side effects of the illness or its subsequent treatment[18-20].

In addition, hallucinations, as a common symptom of schizophrenia, are also closely associated
with traumatic memories. In a study of past traumatic memories and hallucinations in people with
schizophrenia [21], volunteers who heard voices often felt a connection between the voice and the
traumatic experience. Relational associations were the most common, with up to 50% of the
association between voices and the trauma perpetrator. One study found that those who advertise their
hallucinations as intrusive and controlling are more likely to have experienced similar subjects of
trauma [22]. Meanwhile, a more intuitive study found that 33% of people claimed to have experienced
hallucinations directly associated to past trauma, with the remaining 67% reporting hallucinations
related to their trauma. [23]. Based on these results, it is possible to identify “somatic sensations™ and
"emotional flashbacks™ in schizophrenia similar to those seen in PTSD. It has been suggested that
these hallucinatory contents are affected because the cognitive-emotional circuits encoded in episodic
memory appear to reappear in the auditory experience [24]. According to Hardy et al., this sense of
threat may lead to some negative judgments about self, other people, and the world. These judgments
may form the content of the sound hallucination concerning past interactions with others [22].

So, it is easy to see those memory encoding problems due to traumatic memories account for a
considerable proportion of the symptoms of schizophrenia. Due to prefrontal and hippocampal
dysfunction, declarative memory impairment is known to lead to cognitive impairment in
schizophrenia. According to the research of Kathrin Zierhut et al. in their research investigation,
schizophrenic patients, irrespective of successful or unsuccessful memory encoding, showed
hippocampal hyperactivity during deep encoding, as well as the anterior cingulate cortex (ACC) and
dorsomedial prefrontal cortex (DMPFC activity was reduced but left inferior frontal cortex (LIFC)
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activity was regular, directly linking the memory deficit to dysfunctional hippocampal
hyperactivity[25]. The activity level of the sleep spindle wave also seems to confirm that memory
encoding problems are responsible for the above symptoms.

2.2. Traumatic Memories Affect Sleep Spindles

The sleep spindle wave is an EEG marker of non-rapid eye movement (NREM) sleep. It isa 12 -
16hz oscillation generated by the thalamic reticular nucleus (TRN) interacting with other thalamic
nuclei. It is then transmitted to the cortex via the thalamus-thalamus and thalamus-cortex [26].
Research on sleep spindle waves confirms that sleep spindle waves play a crucial role in sensory
processing and long-term memory consolidation [27]. In addition, sleep spindle activity, which
integrates new information into existing knowledge systems, has been associated with improved
procedural and declarative memory [28]. In this study, the researchers divided the volunteers into two
groups: the awake group and the sleep group. Both groups were given information to remember. The
members of the sleep group were given pieces of information before the sleep, opposite to the awake
group. It is worth noting that sleep spindle activity was associated with nocturnal lexical integration
in the sleep group but not with recall rates or speed of recognition of new words. Thus, sleep seems
to play an active role in integrating new words in information through spindles activity. In contrast,
during school learning, the learning dependence of sleep spindle density increases during the
nighttime sleep period following a learning session [29]. It was demonstrated that sleep affects
memory consolidation, while the practice of memory tasks, in turn, affects the structure of post-
training sleep [30].

The study by Nikhilesh Natraj et al. highlights that NREM sleep can regulate anxiety after
exposure to stress in PTSD and has a vital role in memory consolidation [31]. Not only does it
alleviate emotions, but memory consolidation may be affected when fear reminders are present during
slow-wave sleep after abrogating memory learning [32]. However, at this stage, it is impossible to
conclude that sleep spindle waves can prevent the onset of PTSD due to limitations, but an increased
peak frequency of sleep spindle waves can be observed in patients [33]. In a study of schizophrenia
and the sleep spindle, patients with schizophrenia showed a significant reduction in the spindle and
sleep-dependent memory consolidation, suggesting, in part, that a significant reduction in the sleep
spindle may be causally related to schizophrenia [8]. Furthermore, it has been shown in numerous
studies that patients with schizophrenia have sleep spindle deficits and that spindle deficits predict
cognitive decline—also, reduced amplitude and sigma power of the individual spindle correlated with
the severity of positive symptoms. An abnormal state of the sleep spindle impairs sleep-dependent
memory consolidation in schizophrenic patients, leading to positive symptoms; this could be an
essential part of treating cognitive deficits in schizophrenia.

Sleep disturbances have been present in psychotic patients since Bleuler's first clinical
observations of schizophrenic patients. Recent evidence suggests that sleep disturbances can lead to
psychotic symptoms, including delusions and hallucinations [34]. As observed in sleep
electroencephalography (EEG) [35], atypical brain connectivity and plasticity are central
characteristics of schizophrenia pathology [36]. For example, sleep disturbances in schizophrenia,
especially in the acute phase of psychosis, occur with severe insomnia and fragmented, restless sleep.
As mentioned above, the sleep spindles play an essential role in procedural memory, and Tamminen
J's study demonstrated that sleep could improve memory structure [28]. However, Manoach DS's
study found no significant improvement in MST (Motor sequence task) performance after sleep in
schizophrenia. The relationship between spindles activity and clinical symptoms is solid [37,38], with
several studies on sleep showing that: sleep spindles deficits are negatively associated with
psychiatric severity in patients with schizophrenia, including chronic schizophrenia, and notably, nine
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adolescents comply with the criteria for early-onset schizophrenia, they also reduced sleep spindle
activity [39].

In summary, both hallucinations and memory deficits in schizophrenia can be attributed to
problems in memory encoding and, in the case of PTSD patients, to high levels of amygdala
stimulation that interfere with hippocampal function and cannot be translated into language. From the
study of the sleep spindles wave, it can be assumed that mood swings affect memory encoding during
sleep and that when the mood swings exceed the processing range of the sleep spindles wave, the
information is not stored and remains “emotional."

3. Conclusion

Many scholars have researched traumatic memory and memory encoding in these studies, which
discussed the impact of traumatic memaories on patients with schizophrenia, all more or less revealing
the impairments in memory encoding caused by traumatic memories and correlating these
impairments with the symptoms presented by the patients. However, it is still challenging to define
"traumatic memory." Once a "memory" has been encoded in the brain, it is inevitably distorted,
whether it is a traumatic or standard memory. At the same time, much research in the field of
schizophrenia suggests hippocampal dysfunction in schizophrenic memory encoding deficits and
memory encoding problems in schizophrenic patients. However, there is a lack of evidence that
traumatic memory encoding problems are the leading cause of some symptoms in schizophrenic
patients. The degree of activity of the sleep spindles wave can, to some extent, corroborate the
mechanisms by which traumatic memories operate in schizophrenic patients, and the similarities
between the pathological manifestations of PTSD patients and schizophrenic patients can be linked
to the argument. However, PTSD cannot be equated with traumatic memories, and research has
shown that PTSD symptoms are associated with more significant emotional distress but not
schizophrenia-specific symptoms [40]. However, both PTSD patients and schizophrenia patients
share similar presentations in terms of memory storage problems. So, to some extent, this can be used
as a reference. In the future, the understanding of how traumatic memory encoding affects people
with schizophrenia and the role of the sleep spindles wave, could lead to position about the role of
sleep in treating or preventing schizophrenia.
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