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EDITORIAL

New horizons in the Journal of Clinical and Basic 
Psychosomatics: Reflections and gratitude for 
our milestones

Wenhao Jiang  and Yonggui Yuan*
Department of Psychiatry and Psychosomatics, Zhongda Hospital, School of Medicine, Jiangsu 
Provincial Key Laboratory of Brain Science and Medicine, Southeast University, Nanjing, China

As we turn the page to 2025, we would like to take this excellent opportunity to reflect 
on the progress that has shaped the Journal of Clinical and Basic Psychosomatics since 
its inception 2 years ago.1 This milestone, a result of collective patience of all members 
involved, is not possible without the dedicated efforts of editorial board members, 
authors, and reviewers, whose unwavering support has laid a strong foundation for the 
journal.

Within just 2  years, the journal has emerged as a vibrant platform for advancing 
our understanding of the intricate relationships between mind and body. Our 
editor board has also grown tremendously in terms of the range of psychosomatic 
expertise, surpassing a hundred renowned experts and scholars from different parts 
of the world. At the same time, a youth editorial board – a booster of vitality to the 
journal – was also established, bringing new perspectives and foundational scholarly 
support that are conducive to the accelerated development of the journal. In addition, by 
the end of December 2024, we have published six issues with more than 60 outstanding 
publications, consisting of mainly original research and reviews. Notable achievements 
include advancing discussions on managing psychosomatic disorders,2 brain imaging,3 
gut microbiota,4 immune dysregulation,5 culture-related issues,6 and psychotherapy.7 
These contributions deepen our scientific understanding and underscore the journal’s 
commitment to bridging basic research and clinical application.

Toward 2025, we reaffirm our commitment to publishing high-quality, impactful 
research that addresses both foundational and applied aspects of psychosomatic 
medicine. Our more specific plans this year include launching more than two special 
issues, expanding our editor board across borders, and holding two academic meetings. 
To increase the journal’s recognition by renowned indexes and databases, we plan to 
submit applications for journal evaluation by Scopus, DOAJ, CNKI, and Clarivate’s 
Web of Science. Thus, the coming year is critical for the journal’s development, and 
your continuous support is crucial for enhancing the scholarly standards of our 
publications.

On behalf of the Editors-in-Chief and editorial board, we want to thank AccScience 
Publishing and the editorial office for their contributions and support. We are looking 
forward to witnessing 2025 as the year of transformative progress and collective 
achievement.

Conflict of interest
Prof. Yonggui Yuan is the Editor-in-Chief while Dr.  Wenhao Jiang is the Associated 
Editor of this journal. The authors declared no competing interests.
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REVIEW ARTICLE

Comorbidity between somatic symptom 
disorder and dissociative amnesia is best 
explained by trauma-amnesia-pain theory

Jennifer B. Johnston*
Department of Behavioral Science, Western New Mexico University, Silver City, New Mexico, 
United States of America

Abstract
Dissociative amnesia is comorbid with somatic symptom disorder (SSD), yet this link 
is not well-understood. Clinical studies indicate that childhood trauma, especially 
sexual abuse and emotional abuse, are primary causal factors in the etiology of SSD. 
This paper provides evidence that dissociative amnesia is an explanatory variable 
between childhood trauma and SSD. As many or more trauma victims develop 
amnesia and somatic complaints as those who develop post-traumatic stress 
disorder (PTSD), but SSD and dissociative amnesia receive much less attention. This 
leaves clinicians and patients without effective intervention and sometimes causes 
misdiagnosis. PTSD’s neuroendocrinological cascade, from peritraumatic perception 
to psychobehavioral endpoints is well-mapped, and it informs an opponent-process 
for dissociative amnesia and SSD, allowing a better conceptualization of a primary 
cause of SSD – trauma. The novel trauma-amnesia-pain (T-A-P) neuroendocrinological 
map presented here is a mirror process of the tonic immobility-PTSD pathway 
initiated by the hypothalamus-pituitary-adrenal (HPA) axis. Dissociative amnesia-
SSD develops through the same HPA axis pathway, with PTSD essentially being a 
downregulated cortisol response and T-A-P an upregulated cortisol response. 
Copious evidence has now emerged from neurological, physiological, and clinical 
studies of animals and people regarding the role controllable stress/trauma plays 
in the etiology of both amnesia and analgesia. T-A-P also validates the decision to 
consolidate pain disorder, somatization disorder, and functional somatic disorder 
under one nosological category in the Diagnostic and Statistical Manual of Mental 
Disorders, Fifth Edition, Text Revision. The implications of this theory are important 
for both prevention and effective intervention with trauma-induced SSD.

Keywords: Traumatic amnesia; Pain disorder; Functional somatic disorders; Somatic 
symptom disorder; Cortisol; Peritraumatic perception

1. Introduction
Three primary causes of somatic symptom disorder (SSD) are reported in the Diagnostic 
and Statistical Manual of Mental Disorders, Fifth Edition, Text Revision (DSM-5-TR). 
The first is biological and the last two are environmental: increased pain sensitivity, 
caregiver/social-cultural conditioning and reinforcement of the sick role and somatic-
only expressions of suffering, and early traumatic experiences.1 This paper focuses on 
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the third, because recent research has identified childhood 
trauma, especially emotional abuse and sexual abuse, 
as explaining one-quarter of the variance in somatic 
symptoms and levels of daily physical discomfort in a 
large national sample of adults.2 Furthermore, Eilers et  al.2 
showed a moderate size effect (d = 0.30) of childhood 
trauma on later somatic symptoms, after controlling 
for gender, age, education level, and relationship 
status. Trauma specifically, not more general “early 
adversity,” is a key variable in the etiology of SSD, but the 
neurodevelopmental mechanisms linking the effects of 
childhood trauma to long-term somatic complaints have 
not been well understood. Trauma-amnesia-pain (T-A-P) 
theory is presented as a novel conceptualization of the 
neuroendocrinological cascade that maps how trauma 
explains the comorbidity of dissociative amnesia and SSD. 
Clinicians need to understand the critical link for many 
patients between dissociative amnesia and SSD because 
treatment may not progress well without acknowledgment 
of trauma experiences, or trauma-informed intervention. 
It is difficult to address trauma history given the possibility 
of a patient’s dissociative amnesia for trauma, but 
implications and intervention options are offered at the 
end of the paper.

In the DSM-5-TR under comorbidities of SSD, 
dissociative amnesia is not listed, but post-traumatic stress 
disorder (PTSD) is listed. Somewhat confusingly, in the 
DSM-5-TR under comorbidities of dissociative amnesia, 
SSD is listed.1,p.  344 It could be an oversight to not have 
listed the comorbidities in both places, or it could be an 
indication that dissociative amnesia is presumed to be 
primary and casual of SSD, a secondary effect. The T-A-P 
model will address the primary nature of amnesia and the 
secondary effect of somatic symptoms, such as pain.

To diagnose SSD, at least one somatic symptom must 
be significantly disruptive or distressing to the sufferer, and 
the time, thoughts, or anxiety the sufferer spends dealing 
with the symptom(s) is abnormally high. Many sufferers 
have multiple somatic symptoms, such as neurological 
paralysis, numbness, tingling, and burning, but pain is 
most common.3,4 Pain disorder, somatization disorder, 
and functional somatic disorder (FSD) are considered 
dimensions of SSD in the DSM-5-TR.5,6 Sometimes the 
somatic symptom is medically unexplained, but excessive 
focus on determining whether symptoms are “psychogenic 
only” in earlier versions of the DSM led to the current 
recognition that the mind-body connection cannot and 
should not be dissected when diagnosing SSD.1

Van der Kolk7 posited a triune trauma outcome based 
on his decades of case studies and experimental findings 
but admitted the underlying mechanisms contributing to 

each of the three trauma outcomes remained unknown. 
He argued that trauma led to either traumatic amnesia, 
resolution, or PTSD,7 depending on the victim’s 
peritraumatic perception. Importantly, he identified the 
connection between PTSD and analgesia. To explore 
whether there is also a connection between dissociative 
amnesia and SSD, this paper begins with the traumatic 
amnesia neurochemical literature, addresses the PTSD 
neurochemical literature, and ends with the clinical 
memory and somatization literature. Very quickly after 
sensory organs and the thalamus detect life-threatening 
situations, emotion, and memory systems are engaged, 
along with their relevant neurotransmitters.8,9 Cortisol, 
acetylcholine (ACh), glutamate, adrenomedullin, and 
enzyme acetylcholinesterase will factor large in the model. 
Olff, Langeland, and Gersons’ stress-coping model for 
PTSD informs one-half of T-A-P theory.10

The T-A-P pathway has five phases: Peritraumatic 
perception; trauma memory processing; sympathetic 
nervous system (SNS) response; acute somatic symptoms; 
and chronic somatic symptoms. After the groundwork is 
laid for the definition, prevalence, and clinical presentation 
of traumatic amnesia, each phase of the T-A-P pathway 
will be explained separately. Diagrams are provided that 
collectively distinguish and compare the triune trauma 
outcomes: traumatic amnesia/SSD, which is the focus of this 
research; PTSD/analgesia, which is the opponent process 
of T-A-P; and trauma integration/resolution, which is the 
non-clinical healthy resolution of trauma. It is important 
to note that although the cascade is robust in animal and 
human models for hours and days following trauma, the 
final phase of chronic psychobehavioral outcomes, such 
as dissociative amnesia, SSD, and PTSD can be altered by 
age, therapeutic intervention, social support, and cognitive 
reappraisal in the months following the trauma.8,10,11

2. Traumatic amnesia
Perhaps one reason traumatic amnesia has received 
little discussion in the literature in comparison to PTSD 
is because its behavioral consequences were generally 
unknown. If people cannot remember the trauma they 
experienced, why would they seek therapy? Large clinical 
populations were lacking. Furthermore, controversy 
swirled around how traumatic amnesia was defined and 
whether amnesia was an appropriate term for a condition 
in which trauma victims were unable to encode or 
consolidate key declarative memories of a trauma since 
the term amnesia often implies forgetting.12 Nevertheless, 
most experts have settled on the term traumatic amnesia if 
it is defined as an absence of declarative memory, for one 
or more traumatic incidents, due to failure to encode or 
consolidate long-term memory at, or soon after, the time of 
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the trauma.13-15 Given this definition, “recovering” trauma 
memories is impossible since they were never encoded. 
Importantly, this definition of traumatic amnesia does not 
assume that separate memory systems, such as procedural 
and emotional memory systems, have also failed. 
There is further confusion over the name dissociative 
amnesia because some research shows dissociation is a 
key determinant in PTSD etiology—PTSD’s intrusive 
remembering being the opposite of amnesia. In the 
descriptions of dissociation for people with PTSD, it is 
an appraisal of “numbness” during and after the trauma, 
associated with the freeze response.5 Yet the research below 
shows that dissociative amnesia is not caused by numbing/
freezing, but instead by a very active response to the 
trauma: Fight or flight. The high cortisol generated to drive 
this high initial activity leads to memory blockade, and 
that leads to amnesia, not numbing. Dissociative amnesia 
falls in the DSM-5-TR category of dissociative disorders, 
linked by the amnesia and separation of memory systems 
common in dissociative identity disorder—leading to 
its name dissociative amnesia. However, the definition 
of dissociation—body separated from mind, or mind 
separated from present reality—is not salient in the initial 
creation of the disorder. The single diagnostic criteria in 
the DSM-5-TR for dissociative amnesia refers to amnesia 
for (inability to recall) autobiographical events (declarative 
memory) that are usually traumatic in nature. There is 
no symptom referring to unreality, depersonalization, or 
numbing of emotion or sensation. To reduce confusion, 
“traumatic amnesia” will be used in this review as a more 
general condition that encompasses dissociative amnesia.

It is helpful here also to briefly review the divergent 
natures and anatomy of declarative and procedural memory 
systems. Due to various factors, one can be impeded during 
encoding while the other remains intact.16-21 Although 
partial impairment of recall for some aspects of trauma, 
and/or dissociation, and feelings of the “unreal” quality of 
trauma are fairly common in PTSD, PTSD sufferers are 
aware that they experienced a trauma, and can name it, as 
well as many aspects of what happened to them – when, 
where, and so on. In their comprehensive review, Bovin 
and Marx concluded that memory for trauma is stable over 
the course of PTSD.8 In contrast, traumatic amnesia spares 
victims from intrusive, upsetting declarative memories, 
but preserves emotional and somatosensory memories. 
What at first appearance is a reprieve from the memory of 
a traumatic experience becomes an intrusive and painful 
re-living of the trauma in the form of somatic complaints.

3. Prevalence
The DSM-5-TR struggles to present a reliable prevalence 
rate for dissociative amnesia, listing it at 1.2%, due again, 

to a lack of large clinical samples.1 We can determine 
prevalence rates for traumatic amnesia from population 
studies and unique prospective designs of documented 
trauma survivors, such as substantiated child sexual abuse 
victims or car accident victims. Six studies have been 
identified that share a compellingly similar prevalence 
rate. Three of the six reported 19% of victims, and three 
reported 36% of victims have no memory of the trauma 
event(s), immediately after a documented traumatic 
experience, and many of those have no memory of the 
trauma even months or years later.22-28 The bimodal result 
seems to relate to the type of trauma; the three studies 
that contacted child sexual abuse victims years later found 
higher amnestic rates than the three studies that contacted 
medical/health crisis trauma victims or general population 
members about any kind of trauma and associated amnesia 
experienced. Young age and relationship to the perpetrator 
(betrayal trauma) affect memory.29,30

Traumatic amnesia is a more likely outcome of trauma 
exposure, yet is much less studied than PTSD. PTSD’s 
prevalence rate is between 8% and 9%.1,31 Has there been 
an assumption that what you can’t remember can’t hurt 
you? Sadly, the T-A-P theory indicates that what you 
can’t remember does just that—it hurts you. Because of 
the difficulty in substantiating trauma history with many 
amnestic victims, if they seek any help at all, their symptoms 
can seem a mystery to themselves, their families, and their 
health providers. In the worst-case scenario, they may be 
labeled malingerers or hypochondriacs. In contrast, people 
with PTSD symptoms are more likely to be believed and 
treated. Van der Kolk sensitively describes how victims 
use fragments of recollection, external corroboration, and 
fuzzy intuitions to confirm that they experienced trauma.7 
They piece together the meaning behind their mental or 
physical dysfunction, having to trust emotional and body 
memory only. That delicate process has led to dead ends for 
some, reconstructed, potentially false memories for others, 
and denial for yet more (Alpert et al.,29 Fredrickson,30 
Freyd,32 and Herman33 for discussions of how traumatic 
amnesia was often mischaracterized and mishandled as 
“repressed memory”). Traumatic amnesia complicates 
the detection, diagnosis, and treatment of trauma-
related symptoms. However, patient progress is possible 
when information retained by emotional and procedural 
memory systems is included in clinical formulations, as 
somatic psychotherapists recommend.

4. Peritraumatic perception
Peritraumatic perception initiates divergent hypothalamus-
pituitary-adrenal (HPA) axis responses to trauma.34,35 Since 
Foa first suggested that perception of an event’s potential 
threat might be more determinant of its impact on PTSD 
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than the event’s manifest danger, it took over 10 years for 
laboratory results to prove her postulation.9 Perception 
of trauma as either controllable or uncontrollable affects 
the HPA axis response to trauma. This review focuses on 
the consequences of peritraumatic perception of control/
escapability, as opposed to peritraumatic perception of 
inescapability, or tonic immobility. For extensive coverage 
of the etiology of PTSD and perceived inescapability/
tonic immobility (Bovin et al., Hagenaars and Putman, 
Lima et  al., Marx et al., Olff et al., Rocha-Rego et al., and 
Volchan et al.3,34-39).

5. Defense cascade: Fight, flight, or freeze?
The defense cascade refers to a common series of 
physiological and behavioral events triggered by danger 
or perceived threat in animals and humans. Animals 
move through the cascade in a predictable fashion, from 
attentive stillness (hyperalert assessment) to fight, to flight, 
to freeze, depending on their species (e.g., some animals 
are suited to fight more than flight).38,39 Freeze, or in its 
extreme form, tonic immobility, is characterized by gross 
motor inhibition, a fixed stare, suppressed vocalization, 
lower body temperature, and even temporary paralysis. 
It is a last resort for the animal; “playing dead” is an 
attempt at self-preservation when no other escape seems 
possible.9 In humans, as early as 1989, van der Kolk, 
Greenberg, Orr and Pitman hypothesized that the freeze 
response led to PTSD symptoms.40 Others followed, 
documenting similarities between tonic immobility 
and symptoms observed in patients with dissociation, 
including some who were diagnosed with PTSD.41 The 
peritraumatic dissociative experiences questionnaire was 
developed, with derealization and dissociation predicting 
PTSD symptoms.42,43 Derealization is concerned with the 
perception of trauma, and dissociation is connected to a 
freeze response.

In humans, as dissociation increases, cortisol secretion 
decreases.44 Forebrain areas engage if critical processing of 
the threatening situation occurs, which is a slower brain 
activity, whereas midbrain areas engage if immediate 
panic or tonic immobility occurs, which is a faster cortical 
reaction.10,45 The assessment of how serious or imminent 
a danger or encroaching threat is, causes one cortical 
area to fire faster than another, determining the amount 
and type of neurochemicals that circulate. In the case of 
an inescapable threat, initial attentive stillness is followed 
immediately by tonic immobility, whereas when a threat is 
perceived as potentially escapable, an attempt to bargain, 
fight, or flee occurs.9,10 The key neuroendocrinological 
player relevant to both these reactions is cortisol. For 
decades, we have known that cortisol secretion has dose-
dependent, clinically relevant, differential effects on 

memory impairment. Newer research indicates that it also 
triggers nervous system effects related to pain perception 
and dysregulation of the parasympathetic nervous system 
(PNS).

6. Cortisol’s central role in trauma 
outcomes
6.1. Memory

Perception of control is a determining factor in whether 
amnesia develops, or indelible memory of trauma 
develops, in both animal and human studies. In a seminal 
work by Drugan on rats exposed to trauma/stress, simply 
by varying ‘controllability’, he and his colleagues succeeded 
in inducing either long-term traumatic amnesia, or 
contrarily, tonic immobility and depression/PTSD. He 
defined controllable stress as “the subject is allowed to 
make an active behavioral response to alter the pattern, 
onset, duration, or intensity of stress”.46,p.246 In the escapable 
stress paradigm, the rats had subsequent amnesia for the 
experience. Postmortem, Drugan found elevated levels 
of corticosterone (rat cortisol) binding with nicotinic 
acetylcholine receptors (nAChRs) in the hippocampus, 
and elevated gamma-aminobutyric acid (GABA) in the 
amnestic rats. He concluded that a hypercorticosterone 
condition was created by the escapable stress paradigm, 
and either cortisol or GABA was responsible for the rats’ 
traumatic amnesia.46

Perceiving trauma as controllable or escapable tends to 
have a protective amnestic effect on the mental health of 
people and animals, and may, in some cases, be useful for 
survival and species success. Moderate to high amounts 
of cortisol are also useful to an organism preparing for 
fight or flight because cortisol helps mobilize energy 
resources, increases cardiac activity, primes muscles for 
action, and potentiates the startle response.10,47-49 However, 
because nearly every neurotransmitter system is affected 
by exposure to prolonged stress, escapable or otherwise, 
negative consequences are high as well.

Compelling prospective evidence in human’s shows, like 
rats, our freeze/inescapable stress response leads to PTSD, 
whereas our fight/flight/escapable stress response leads to 
either amnesia or no PTSD50 For example, many people 
who qualify for acute stress disorder in the early days 
following a trauma no longer meet symptom criteria after 
30 days. They have resolved the trauma in some manner, 
and this is linked to moderate cortisol levels. Research on 
car accident victims is demonstrative. Delahanty found 
among 134 motor vehicle accident victims and 43 minor 
injury controls, the group who felt responsible for their 
vehicle crashes (peritraumatic perception of control) 
had significantly fewer or no PTSD symptoms, three and 
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6 months after trauma, compared to the accident victims 
who felt no control over the accident (because someone 
else was to blame). Delahanty’s team realized they should 
follow up with victims of motor vehicle accidents who had 
amnesia for an accident (21 of 99) but had been initially 
excluded from the research. Those victims’ urinary 
catecholamines (epinephrine, norepinephrine, dopamine) 
and cortisol levels were tested immediately after arrival 
to the hospital and 15  h later. Their cortisol levels were 
extremely high. Cortisol was the only neurochemical that 
significantly differentiated between motor vehicle accident 
victims who reported intrusive memory, and 1  month 
later, PTSD symptoms, and motor vehicle accident victims 
who had no intrusive memory or PTSD.51

We can now pinpoint exactly how long-term memories 
are consolidated or interrupted in humans. High levels 
of cortisol are associated with declarative memory 
impairment.10,15,18,52 When there have been conflicting 
results about levels of cortisol and PTSD versus traumatic 
amnesia, it was due to comparison across studies that 
measured cortisol at the onset of the disorder versus cortisol 
levels over the duration of the disorder. T-A-P theory is 
concerned with cortisol levels at initiation, as opposed to 
maintenance during the course of traumatic amnesia or 
PTSD. Conflicting results are also born of measurement 
inconsistencies. A number of researchers have commented 
that salivary levels in one study have been compared to 
plasma or urinary levels in another study, or basal levels 
at different times of day have been compared, yet failed to 
take into account circadian rhythm effects.51,53-56

Below is a summary of the specific amounts of cortisol 
that affect memory. The lowest levels, between 9 and 
120  mg, induce intrusive memory and PTSD; moderate 
levels, between 140 and 450  mg, stabilize the HPA axis 
and lead to normal memory and functioning; high levels 
of cortisol, between 450 and 650mg, create amnesia. The 
effects of cortisol can be reversed or increased within a few 
hours if a patient receives agonist or antagonist therapy. 
For example, in three human studies, administration of 
25 mg of hydrocortisone (exogenous cortisol) immediately 
post-trauma decreased memory for trauma and prevented 
PTSD, but was not sufficient to induce traumatic 
amnesia.56-58 In rats, plasma corticosterone levels are 400% 
higher after inescapable stress compared to controls (637.5 
± 99.8 ng/mL vs. 176.6 ± 50.6 ng/mL).59 Furthermore, in 
accident victims with PTSD symptoms, 15 h after trauma, 
the average of their urinary cortisol level was 131 mg. The 
urinary cortisol level in accident victims without PTSD 
symptoms averaged 443 mg at 15 h after trauma.51 Wahbeh 
and Oken 60 also found long-term lower cortisol in veterans 
with PTSD than in veterans without PTSD.

Although there is only one study directly controlling 
cortisol’s role in the T-A-P pathway, Zohar et al.61 successfully 
prevented PTSD in hospitalized trauma victims by 
administering a high dose of hydrocortisone immediately 
post-trauma. In their double-blind randomized controlled 
trial, they were able to facilitate a return to HPA axis 
homeostasis in both human and animal models and 
increase or facilitate normal hippocampal dendritic growth 
in animals. Their groundbreaking finding was that a 1-time, 
100 – 140  mg weight-dependent dose of hydrocortisone 
administered within 6  h of trauma prevented PTSD 
symptoms and indelible, intrusive memory.

The inverted U-shaped relationship cortisol has 
with memory has been widely reported.15,18,62-64 At very 
low and very high levels, cortisol is problematic in the 
hippocampus. At moderate levels, cortisol does not overly 
impede or facilitate memory. Yet, many studies have not 
measured cortisol in a systematic way or accounted for 
its nonlinear relationship. This may explain why some 
authors’ findings conflict. Future studies of human models 
should report milligrams per volume unit of urine for 
cross-comparison. Furthermore, precise measurement of 
urinary cortisol levels of amnestic trauma victims needs 
to be included in future studies, so that exact dose ranges 
within which cortisol alters memory, such as the suggested 
guidelines above, can be confirmed.

6.2. Pain

The initiation and maintenance of pain in the body is 
a complex process that involves an interplay of both the 
SNS and PNS, simply put, tends to involve activation of the 
SNS first (which turns “on” the pain response), and then an 
activation of the PNS (which turns “off ” the pain response), 
returning the system to allostasis. In actuality, the process 
involves many different neurotransmitters and the 
potentiation or depotentiation of both neuronal brain cells 
and afferent and efferent neurons in the spine and body.47,65 
Many of the neurotransmitters, receptors, and anatomical 
areas of the brain involved in pain perception are also 
involved in the body’s response to trauma, particularly 
regarding the actions of the HPA axis and catecholamines. 
Catecholamines trigger cortisol production and release.66,67

Early PTSD researchers proposed that the freeze or 
tonic immobility response associated with PTSD involved 
sustained analgesia, an analgesia more potent and longer-
lasting than stress-induced analgesia (SIA) usually seen in 
animals. SIA involves attentive stillness/immobility early 
in the defense cascade. Animal research overwhelmingly 
supported both a hypocortisol-analgesia connection 
and a hypercortisol-pain connection. In the only studies 
that refuted the hypercortisol-pain connection, SIA was 
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examined, rather than the longer-term tonic immobility-
related analgesia.67-71 Sometimes important differences in 
the intensity and duration of SIA, varying in response to 
escapability/inescapability, were not measured. For example, 
Pinto-Ribeiro et al.69,70 reported long-term analgesia in rats 
exposed to chronic inescapable stress but may have mistakenly 
interpreted the effect as due to hypercorticosteronism. What 
is termed “elevated” or “high” glucocorticoid can vary 
depending on the study. Pinto-Ribeiro et al. exogenously 
administered 40  mg of corticosterone to rats in the 2009 
study,70 presumably to match the levels her team noted in 
the plasma of rats subjected to chronic inescapable stress in 
the 2004 study69 (although those levels were not reported in 
the 2004 study). Forty milligrams would not be indicative 
of hypercorticosteronism but instead indicates that low 
corticosterone is linked both to memory for trauma and 
analgesia. Unfortunately, Pinto-Ribeiro overlooked Uki 
et   al.’s results72 in which plasma corticosterone levels 
indicating traumatic stress are 120 mg in rats.

Another critical difference is how long analgesia is 
measured. Drugan et al.73 monitored SIA for more than 2 h. 
They found that SIA for rats in escapable stress paradigms 
rapidly declined over 2  h until there was no analgesia, 
whereas rats in inescapable stress paradigms experienced 
ongoing analgesia for over 24 h, indicating that a state of 
tonic immobility had also begun, although the authors did 
not assess that. They did note that rats in the inescapable 
stress condition had the benefit of endorphins, whereas 
the escapable stress rats did not.73-76 By 1999, Drugan46 

determined that cortisol and GABA levels were significantly 
elevated in the escapable stress conditions and were linked 
to both amnesia and interrupted SIA.

This research begged the question: In light of the 
results in animal models, does traumatic amnesia 
interrupt analgesia and create susceptibility to chronic 
pain in humans as well? And, is the pain experience 
governed by peritraumatic perception if it is a byproduct 
of traumatic amnesia, neurochemically downstream from 
glucocorticoid (cortisol) effects? In animal models, one 
study66 to date showed that cortisol differentiated pain 
perception along the same dose-dependent lines as it 
differentiated memory. Cortisol is critically tied to a fight/
flight perception of trauma like it is tied to freeze/PTSD. 
Souza da Silva and Menescal-de-Oliveira66 created chronic 
trauma-induced pain in guinea pigs using a controllable 
stress paradigm. Importantly, even if only exogenously 
administered (no stress/trauma paradigm), high levels of 
corticosterone caused ongoing pain.

6.3. Trauma-induced analgesia

In 2009, Janig47 came close to mapping how peritraumatic 
perception dictates whether analgesia or pain is experienced 

in response to trauma in humans. Depending on the 
peritraumatic response, he said that either analgesia or pain 
is differentially regulated by either opioid or non-opioid 
mechanisms. In a fight/flight response to trauma, early rapid 
analgesia occurs through the prevention of SNS activation 
through epinephrine’s action (non-opioid) at the trigeminal 
dorsal horn and its deactivation of ACh in the PNS. 
Alternately, in a freeze response, slower ongoing analgesia 
is maintained by ACh activation of the PNS, keeping the 
SNS “off ” through endorphins opioid.47 However, Janig 
was incorrect when he defined the initial attentive stillness 
phase of peritraumatic perception, which occurs in both 
fight/flight and freeze responses, as the complete fight/flight 
response. Instead, early SIA caused by attentive stillness is 
characterized by cholinergic-modulated analgesia, but 
later in the cascade, catecholamines produce hyperalgesia 
in the fight/flight reaction, according to many.9,66,70,73,74 
There is agreement with Janig’s hypothesis that freeze/tonic 
immobility responses to trauma involve opioid-modulated 
analgesia.

For example, both Leite-Panissi et al.74 and Souza da 
Silva and Menescal-de-Oliveira66 substantiated that SIA 
is a cholinergic-modulated analgesia. However, others 
found that long-term analgesia caused by inescapable 
stress is opioid-modulated (endorphins bind with mas-
related gene [MrgX2] receptors) in the spinal horn.66 
Furthermore, Drugan et al.73 discovered that naltrexone 
(an opiate antagonist) completely eliminated the analgesia 
in chronically inescapably shocked subjects but had no 
effect on the analgesic response of chronically escapably 
shocked subjects. In other words, in the case of inescapable 
stress and hypocortisol, after initial SIA in the nucleus 
raphe magnus, from there, projections into the spinal 
horn activate tonic immobility, stimulate endorphins, and 
thereby prevent the SNS from activating. In the case of 
hypercortisol and escapable stress, after initial SIA, beta-
endorphins are inhibited and excessive glutamate triggers 
N-methyl-D-aspartic acid (NMDA) receptor activation of 
SNS pain while cortisol prevents ACh from calming the 
SNS.

From clinical studies of human beings, we know that 
hypercortisol also plays an important role in the onset of 
many types of somatization by causing misattribution and 
misperception of body signals.71 Furthermore, patients with 
pain disorder, fibromyalgia, and chronic back pain show 
reduced gray matter density in cingulate-parahippocampal 
or fronto-limbic areas.11,77,78 Hypercortisol has been 
implicated in brain matter loss in the hippocampus and 
surrounding areas.55 We cannot assume that if chronic 
SSD patients present with ongoing hypercortisolism that 
it was also the cause of SSD, but there is strong evidence 
indicating that hypercortisolism is key to both onset and 
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maintenance of SSD. For example, in studies of patients 
with FSDs, some initially develop pain from increased SNS 
activity caused by hypercortisolism, yet almost all FSD 
patients present with a dysfunctional PNS, which disrupts 
allostasis and sustains pain.71

Methodology discrepancies explain the few examples 
that counter the hypercortisolism connection in pain 
patients. For example, women in Heim et al.’s study79 

revealed hypocortisol and PTSD symptomology (an 
expected correlation), but they also suffered with chronic 
pelvic pain. However, finding hypocortisolism in some 
of patients with pain should be cautiously evaluated 
because cortisol measurements were collected in vastly 
different ways, at different times of day, and calculated 
differently, so making conclusions regarding a trend 
toward hypocortisolism, hypercortisolism, or no effect, 
in maintenance of SSD is premature.71,79 A hypercortisol 
condition is linked both to traumatic amnesia and 
initiation of SSD, through disruption of the PNS. During 
maintenance of the disorders, cortisol levels sometimes 
vary. The next section illustrates the chain of neurological 
events that connects amnesia and pain through the action 
of the HPA axis and provides a new formulation of the 
etiology of SSD. The model also indicates how procedural 
memories of trauma are cemented at the same time that 
declarative memories are prevented.

6.4. Cortisol and the HPA axis

Cortisol’s role in the HPA axis as it responds to stress is 
mapped in Figure 1. Trauma and stress are first perceived 
by the sensory thalamus, which quickly sends input to the 
amygdala,53 or possibly simultaneously to the amygdala 
and locus coeruleus, depending on the emotional content 
and level of arousal of the stressor.5,67,80-83 The amygdala has 
been observed to release corticotropin-releasing hormone 
(CRH)/factor directly to the pituitary,55 but in most HPA 
axis models, CRH release occurs after the amygdala 
is stimulated by the locus coeruleus. The action of 
catecholamines released directly from the locus coeruleus 
to the hypothalamus triggers CRH production.67,82,83 Some 
hypothesize that fear-related stress would tend to trigger 
amygdala-mediated CRH release (and the less perceived 
control, the more fear, therefore the more CRH release), 
whereas physiological stress/trauma would tend to elicit 
hypothalamus-mediated CRH release.55,81,83

Once the catecholamines (epinephrine, norepinephrine, 
and dopamine) are triggered in the locus coeruleus, 
two relevant analog peptides in the traumatic-amnesia-
pain equation are co-secreted: proadrenomedullin N 
terminal-20 peptide (PAMP) and mid-regional pro-
adrenomedullin (MR-PAM), two of the four peptides 

made in the adrenal glands. PAMP downregulates 
further catecholamine release, likely as part of the HPA 
axis feedback loop, eventually returning the system to 
normal response.84-87 MR-PAM has recently been shown 
to significantly reduce cortisol synthesis and secretion 
in both human infants and mice.87 CRH then excites 
adrenocorticotropin hormone (ACTH) production in 
the pituitary gland. ACTH triggers the adrenal glands 
to produce cortisol.80,88,89 Cortisol travels to numerous 
parts of the body. In the brain, it steroidally depotentiates 
ACh that has already bound with its receptors in the 
hippocampus, blocks further ACh from binding with ACh 
receptors and binds with glucocorticoid receptors.59,89 The 
hippocampus contains more glucocorticoid binding sites 
than anywhere else in the brain, though the amygdala 
also contains many glucocorticoid receptors. Roozendaal 
et al.81 discovered that high levels of cortisol binding with 
its receptors in the basolateral amygdala led to stronger 
emotional and kinesthetic memories of trauma, providing 
further evidence that while the hippocampus is the 
seat of declarative memory, the amygdala is the seat of 
emotional memory. It is very important to note that each 
is differentially affected by cortisol; the hippocampus has 
a curvilinear relationship with cortisol – failing to encode 
memory when cortisol levels are very low and very high, 
but indelibly or normally recording memory when levels 
are low to moderate. The amygdala has a linear relationship 
with cortisol – low levels lead to less emotional memory 
and high levels lead to more emotional memory.10,52,81

A complex algorithm dictates the normal storage of 
long-term declarative memories. Electrical theta and 
gamma oscillations that are potentiated by ACh as it binds 
with mAChRs and nAChRs are depotentiated by GABA and 
allow for continuous feedforward and feedback mechanisms 
between the hippocampus and other brain areas which 
store long-term memories, based on the strength and 
prior use of pathways.82,88,90 The same neurotransmitters 
and receptors identified as affected during the HPA axis 
response to trauma – ACh and GABA, nAChRs, and 
muscarinic AChRs, respectively – influence how or whether 
any new memory is encoded.91,92 If the delicate rhythm is 
interrupted, as in the case of hypercortisol, then memory 
is disrupted. Among nAChR inhibitors, cortisol shows 
moderate strength.59 Furthermore, cortisol’s blocking of 
nAChRs triggers GABAergic overstimulation,72,88,93 as does 
cortisol’s ability to bind with glutamate receptors, leaving 
more glutamate circulating. Excessive glutamate also 
overstimulates GABA’s inhibitory role.65 The hippocampus 
provides a feedback system for the HPA axis through 
the inhibition of further CRH production by both 
cortisol interference with hippocampus excitation, and 
overproduction of GABA.80 GABA has a calming effect on 
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the hippocampus and other brain areas, helping the HPA 
axis return to normal functioning.55,83

It is hypothesized that PAMP (co-secreted with 
catecholamines) also begins working to return the 
HPA axis response to normal by downregulating any 
further catecholamine release, due to its high blocking 
affinity to nAChRs in the locus coeruleus (preventing 
catecholamine production, and downstream, further cortisol 
production.87,94,95 PAMP is a high-affinity antagonist for 
nAChRs α9/10,85,86 the receptors specifically implicated in 
amnesia,96 so PAMP may further impair memory by blocking 
ACh binding, production, and secretion.97 In rats, PAMP 
was observed entering the hippocampus from the locus 
coeruleus, but its action there was not understood.94 The 
action of PAMP in humans and whether it is a co-contributor 
with cortisol in inducing traumatic amnesia needs validation.

6.5. Pain and the fight/flight response

As well as its primary role in memory, the hippocampus 
has more recently been implicated in pain perception and 

transmission. After testing the involvement of CA3 region 
hippocampal neurons in the pain perception of rats, 
Li et al. noted, “there is substantial evidence indicating 
that the hippocampal formation is involved in pain 
processing”.98,p.559 The authors suggest that hippocampal 
mAChR involvement in pain processing enhances organism 
survival because it facilitates learning and memory 
about how to avoid reinjury from noxious or dangerous 
situations. In a very recent study, Mueller et al.82 identified 
ACh’s role in allowing the PNS to remain over-activated, 
triggering inflammation. Along with nAChRs, mAChRs, 
and GABAergic receptors on neurons in the hippocampus 
are NMDA receptors99 (Figure 2). Because of interactions 
between these four receptors, response to trauma affects 
not only memory but also pain perception.46,59,82 When 
ACh binds with mAChRs, one result is that glutamate is 
released. Glutamate not only binds with its own receptors 
but also NMDA receptors.100,101 NMDA receptors are the 
primary activators of neuropathic SNS pain activation.59,70,82

In the case of inescapable trauma, a hypocortisol 
condition allows normal ACh activation of mAChRs, 
preventing excessive glutamate release, so NMDA receptors 
and the SNS are not turned “on.” Furthermore, early in any 
trauma response, SIA is triggered by catecholamines that 
stimulate both CRH production, and turn “on” mAChRs in 
the nucleus raphe magnus of the spine.66 SIA in the nucleus 
raphe magnus benefits an organism by suppressing pain but 
still allows for motor movement if escape is possible. Within 
a couple of hours, however, peritraumatic perception of 
control begins to discriminate analgesic properties.73,74 
Hypercortisol in the hippocampus leads directly to the 
experience of pain because cortisol binds with its receptors 
in profusion, thereby depotentiating ACh’s binding at 
mAChRs, both of which prevent the uptake of glutamate 
at the synapse. High levels of glutamate circulating causes 
more NMDA receptors to activate.59,100 Cortisol travels 
further down in the spine as well, activating glucocorticoid 
receptors and NMDA receptors, turning on the SNS. Then 
cortisol also blocks ACh’s ability to activate the PNS, which 
would normally shut down the SNS.82,89,102

The HPA axis connection to memory systems is firmly 
established, and the HPA axis connection to the autonomic 
nervous system is emerging, with the effects of ACh and 
cortisol on nAChRs and mAChRs figuring prominently 
in both memory formation and pain perception. For 
confirmation, there is one study of human beings 
regarding the pain trajectory through the HPA axis. In a 
large national study in Denmark, patients with chronic 
lower back pain had nearly 2  times higher cortisol levels 
within 30 min of awakening (cortisol awakening response) 
compared to controls with no lower back pain.103 This is 

Figure 1. Hypothalamus-pituitary-adrenal axis involvement in traumatic 
amnesia and somatic symptom disorder
Abbreviations: ACh: Acetylcholine; ACTH: Adrenocorticotropin 
hormone; CRH: Corticotropin-releasing hormone/factor.
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directly opposite what the researchers hypothesized, likely 
given the contradictory literature they found on cortisol, 
trauma, and pain, and the lack of this paper’s map of the 
neurochemical cascade for trauma, memory, and pain.

7. Secondary contributors: 
Acetylcholinesterase and PAMP
7.1. Acetylcholinesterase

Acetylcholinesterase, the enzyme that hydrolyses or breaks 
down ACh at the synapse should also be considered as 
a possible player in the T-A-P connection. Increased 
activity of acetylcholinesterase is linked to memory 
impairment.104,105 However, there is only one study to date 
that indicates acetylcholinesterase increases specifically in 
the wake of trauma perceived as controllable. Its results are 
important in that they support the cortisol findings above, 
as well as encourage researchers to consider interplay of 
HPA axis neurochemicals and receptors when it comes 
to understanding and treating traumatic amnesia and its 
consequences. In 2005, Das et al.106 discovered memory 
impairment and higher levels of acetylcholinesterase in 
rats who were exposed to chronic unpredictable stress, 
compared to those exposed to chronic predictable stress, 
vs. only one episode of stress (control group). Replication 
of the study and confirmation of whether chronic 

unpredictable stress is equivalent to controllable stress is 
needed. It is logical that chronic unpredictable stress is 
perceived as controllable, unlike chronic predictable stress, 
which the subject comes to expect, knows the nature 
and length of, and therefore comes to believe there is no 
escaping.

As further evidence of aceytlcholinesterase’s 
importance, there is limited literature verifying its 
increase in response to chronic stress when cortisol levels 
are high.106-109 High levels of cortisol or exogenously 
administered hydrocortisone either stimulate the synthesis 
of acetylcholinesterase or speed up its degradation of 
ACh.110 By degrading circulating ACh, high levels of 
acetylcholinesterase allow more glutamate release.111 
Acetylcholinesterase can also prevent ACh activation 
of the PNS, as discussed earlier, a key problem for 
chronic psychogenic pain and somatization sufferers.82,102 
Furthermore, elevated acetylcholinesterase is linked to 
other PNS problems, such as increased muscle fatigue and 
degeneration at neuromuscular junctions in mice112 – the 
same complaints many fibromyalgia and chronic fatigue 
sufferers have. Finally, acetylcholinesterase is nearly an 
exact match of atropine’s protein sequence (99%), and 
butyrylcholinesterase, a cholinesterase that also hydrolyses 
ACh and other choline esters, is in fact, an exact match 
(100%) of atropine’s protein sequence according to the 

Figure 2. Hippocampal transmitters and receptors are affected by hypercortisol
Abbreviations: ACh: Acetylcholine; GABA: Gamma-aminobutyric acid; SNS: Sympathetic nervous system.
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National Institute of Health’s open database, Genbank’s 
B.L.A.S.T., which is a protein sequence matching tool (http://
blast.ncbi.nlm.nih.gov/Blast.cgi).113 It is hypothesized that 
acetylcholinesterase or butyrylcholinesterase, or both, are 
endogenous versions of atropine because atropine binds 
with high affinity to acetylcholinesterase enzymes.114 
Further, the research presented above indicates that they 
differentially affect memory systems in the way atropine 
does.20,115 Parasympatholytics, or PNS inhibitors, such as 
atropine (https://pubchem.ncbi.nlm.nih.gov/compound/
Atropine),116 are a concern because PNS inhibition is a 
core problem for FSD sufferers. If acetylcholinesterase is 
endogenous atropine, then its profusion is likely causing or 
exacerbating FSD.

7.2. PAMP

The role PAMP has in the HPA axis as an antagonist of 
nAChRs and mAChRs should be considered, such as 
acetylcholinesterase, as also antagonizing the PNS. This 
paper argues that PAMP reinforces cortisol in the T-A-P 
pathway. High levels of PAMP (discussed above as 
associated with elevated catecholamines and hypercortisol 
in the controllable stress paradigm) could interfere with 
SIA and the beginning of tonic immobility in two ways. 
First, PAMP could prevent analgesia at the level of MrgX2 
receptors in the spinal dorsal horn,67,117 because PAMP 
blocks MrgX2 receptors with stronger affinity than six 
of that receptor’s ligands, preventing analgesis that is 
normally associated with activation of MrgX2 by endorphin 
or enkephalin.85,117 Second, after hypercortisol activates the 
SNS by way of NMDA receptors,70 the PNS’ attempts to 
return the system to allostasis could be blocked by PAMP. 
If low ACh is circulating early in the controllable stress 
paradigm due to high catecholamines, since PAMP is an 
ACh receptor antagonist, it could prevent the little ACh 
that is circulating from activating the stabilizing effort of 
the PNS. If PAMP and cortisol bind with mAChRs in the 
PNS, then tonic immobility and analgesia are turned “off.”

8. Conclusions
8.1. Chronic pain and somatic symptom sufferers

PD, FSD, and SSD patients experience a great deal of 
suffering and sometimes face huge costs for treatments and 
medications. They stand to lose functional ability at work, 
in relationships, and socially.2,118-120 They are often told their 
symptoms have no clear explanation or origin, which is 
frightening or frustrating. Many patients feel their needs are 
not being served well by either medical doctors or mental 
health clinicians. In fact, only about 25% of patients with 
SSD ever seek psychotherapy, in part due to stigma.121 Worse, 
without clear knowledge of underlying pathogenesis, their 
health providers may suggest inappropriate, ineffective, or 

even harmful treatments for the disorders. Pointedly, many 
treatment methods have been unsuccessful and PD/FSD 
patients are sometimes blamed for their lack of progress.119 
Dr. Jeffrey Staab of Minnesota’s Mayo Clinic was a researcher 
involved in the field trials for the diagnostic criteria for SSD, 
and he acknowledged:

“Most psychiatrists assume that some sort of trauma, 
tragedy or conflict in the past is driving health-anxious 
fears and behaviors. Moreover, if we can’t find it, and 
the patient can’t find it, it can become a speculative wild 
goose chase for trauma. Trauma is more likely in these 
patients, but if we don’t find a history of trauma, we can 
look at stress, and if we don’t find that, we can still talk 
about exaggerated preoccupations with health and help 
patients reset and reframe that without digging around in 
the past.”122

T-A-P theory posits not a completely new idea – the 
body keeps the score – but it is the first to delineate a 
neuroendocrinological sequelae between dissociative 
amnesia and SSD. In 2021, when looking at future directions, 
Mueller et al.82 called for an answer to the question “does the 
hippocampus provide the anatomical substrate for the link 
between disorders of central inflammation, dysautonomia, 
and a dysregulated HPA axis?” T-A-P theory answers their 
question with a thorough map of the defense cascade that 
initiates and maintains SSD, locking trauma into the body 
for many patients. Importantly, the theory argues that 
somatic and emotional memory is what is persistently 
re-experienced in SSD, a parallel process to PTSD patients’ 
persistent remembering of their trauma. The hippocampus’ 
autobiographical memory is shut down by hypercortisol 
during traumatic amnesia, but amygdala-based memory, 
motor memory, and somatosensory memory systems are 
enhanced or unaffected by hypercortisol, encoding the 
trauma. When internal and external reminders or cues of 
the trauma occur, in the same way they frequently do with 
PTSD patients, SSD patients’ neurochemistry is triggered 
into SNS activation without PNS deactivation, leading 
to unexplained pain and other neurological or somatic 
symptoms. Somatic symptoms could be considered 
flashbacks and treated as such in many patients. The 
defense cascade travels familiar neurological pathways to 
old injury sites or previously diagnosed medical problems 
(also known as “priors”), and sends signals there, or 
interprets signals from there, saying, “something is wrong. 
I  still hurt!” The true message from the body may be, 
“something bad happened; you don’t remember it; pain 
is our only voice to say the world is not safe; you may be 
under attack at any moment!” Relatedly, catastrophizing 
and alexithymia are primary traits associated with SSD.123 
Patients cannot voice how they feel, or it is greatly reduced 

https://dx.doi.org/10.36922/jcbp.4254


Somatic symptom disorder etiology

Journal of Clinical and 
Basic Psychosomatics

Volume 3 Issue 1 (2025)	 13� doi: 10.36922/jcbp.4254

compared to normal controls, but they overvalue body 
messages.3

8.2. T-A-P model

Figure  3 displays a diagram that summarizes the T-A-P 
pathway. Cortisol plays the primary role in explaining how 
traumatic amnesia leads to PD/FSDs. Cortisol interrupts the 
action of ACh on nAChRs in the hippocampus, preventing 
declarative memory for trauma, but facilitating procedural 
memory for trauma in the amygdala. PAMP has fast 
access to hippocampal nAChRs since it is co-secreted with 
catecholamines before CRH and ACTH are secreted to trigger 
cortisol release. Elevated catecholamine secretion leads to 

elevated PAMP co-secretion, further preventing ACh binding 
with nAChRs in the hippocampus – augmenting amnesia. In 
the spinal dorsal root horn, PAMP competes with ACh to 
bind with mAChRs and competes with endorphins to bind 
with MrgX2 receptors – augmenting and sustaining pain 
perception. Hypercortisol prevents tonic immobility and 
triggers prolonged activation of the SNS by depotentiating 
ACh in the spinal dorsal horn, and by increasing 
acetylcholinesterase which degrades ACh in the synaptic 
cleft there. Hypercortisol also prevents downregulation of 
the sympathetic response when it steroidally depotentiates 
ACh at nAChRs and increases acetylcholinesterase synthesis 
and activity in the PNS.

Figure 3. Trauma-amnesia-pain flow chart
Abbreviations: ACh: Acetylcholine; ACTH: Adrenocorticotropin hormone; CRH: Corticotropin-releasing hormone/factor; GRs: Glutamate receptors; 
nAChRs: Nicotinic acetylcholine receptors; NMDA: N-methyl-D-aspartic acid; PAMP: Proadrenomedullin N terminal-20; PTSD: Post-traumatic stress 
disorder; T.I.: Tonic immobility.
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This novel conceptualization of the etiology of traumatic 
amnesia and SSD also explains why SSD is comorbid 
with dissociative amnesia. The findings are based on a 
large body of neurological, physiological, and clinical 
research, which converges to conclude that hypercortisol 
and peritraumatic perception of control are key factors in 
both disorders. The shared etiology of PD, somatization 
disorder, and FSD also legitimizes the DSM-5-TR move to 
unify the disorders under one umbrella, SSD. Considered 
as a whole for the 1st  time, this comprehensive review 
provides definitive evidence that how trauma is perceived 
is the linchpin that explains the dose-dependent effects of 
cortisol (and its co-contributors, acetylcholinesterase, and 
PAMP) on both memory and somatic symptoms. It appears 
that traumatic amnesia affords individuals protection from 
excessive fear, anxiety, and intrusive explicit memories. 
However, the by-product of this escape route is either pain, 
extra sensitivity to pain, or unpleasant somatic symptoms.3 
Sufferers of dissociative amnesia and patients with SSD 
deserve a better understanding of their symptoms and 
challenges. T-A-P theory predicted what Vinkers’ research 
found with the NESDA cohort: Remembered childhood 
trauma does not lead directly to dysregulations of the 
HPA axis and autonomic nervous system.124 The people 
not captured in Vinkers’ study were those who do not 
remember childhood trauma, yet are much more likely 
to experience HPA and PNS dysregulation. By taking 
into account the perception of trauma and its underlying 
neuroendocrinological processes, we will drive more 
effective clinical treatment methods and appropriate 
pharmacological interventions.

9. Recommendations
When screening for SSD, clinicians need to also screen for 
dissociative amnesia. If a history of cumulative traumatic 
effects, especially emotional abuse or sexual abuse can 
be informed by family or other sources, clinicians must 
treat underlying trauma alongside somatic symptoms. 
Cognitive-behavioral treatment strategies have shown 
some effectiveness with PD, SSD, and FSDs, such as 
fibromyalgia, chronic back pain, and irritable bowel 
syndrome.1,11 As an adjunct to the core cognitive-behavioral 
strategies, clinicians can monitor whether patient pain 
experience is maintained by regular internal “procedural 
memory” triggers and intervene with each trigger either 
through avoidance, system-calming techniques, or 
experience validation and normalization.1,125 We know 
memory is retrieved and influenced by pre-existing beliefs, 
expectations, and knowledge, but it is also influenced by 
the context of retrieval.49,52 Recognition that SSD patients 
may have procedural memory fragments (well-preserved 
in the amygdala) that trigger elevated HPA axis responses, 

may assist clinicians in helping patients manage or prevent 
ongoing pain.29,32,33,102,125 This type of experience has been 
termed a “body-loop feedback” for pain, or “top-down” 
pain signals by some authors,1,11,47 and may be likened 
to a type of repetitive re-experiencing of the trauma, as 
in PTSD, but through the procedural memory systems. 
For the T-A-P theory to be fully substantiated, not only 
replication of some of the animal studies is needed, but 
human studies that control for peritraumatic perception 
are also required. The inclusion of amnestic trauma victims 
in clinical samples is a must.

Future studies should validate the T-A-P pathway 
using consistent glucocorticoid (cortisol) measurement, 
especially reporting and standardization of “high” versus 
“low” glucocorticoid amounts. Future research should 
also focus on determining how much predictive influence 
acetylcholinesterase and PAMP have relative to cortisol 
in the T-A-P pathway in both animal and human trials. 
Furthermore, future studies need to address the other 
two primary causes of SSD, reinforcement learning of 
the sick role due to social acceptability, and biological 
sensitivity to pain. Both of these conceivably strengthen 
T-A-P connections, but how so remains to be discovered. 
Furthermore, prevention and intervention with these 
factors were beyond the scope of this paper.

Treatment should explore the use of new 
pharmacotherapy options in SSD intervention, in light 
of research presented here regarding the neurochemicals 
and receptors involved in SSD. The effectiveness of 
nAChR agonists in the treatment of both neuropathic 
and psychogenic pain is emerging. In the same way that 
ACh—nAChR agonist – is the mind’s natural way to 
enhance memory and provide analgesia, other nAChR 
agonists have shown initial effectiveness in treating pain. 
The effectiveness and lack of side effects of nAChR and 
mAChR agonists, such as acetyl-L-carnitine (ALCAR) and 
ABT-594, an epibatidine analog, has been established in the 
treatment of pain in animal models.126,127 Future research 
with humans is needed and will contribute to further 
validation of the T-A-P connection. nAChR antagonists 
such as MK-801, atropine – and its isomers scopolamine 
and hyoscyamine – have also been used as pain relievers 
under the suspicion that an endogenous nAChR antagonist 
(like PAMP) was the primary culprit in displacing ACh 
and triggering pain.128 Interestingly, the newest nAChR 
α9/10-specific antagonists RgIA and Vc1.1, are showing 
potential as analgesics,102,129,130 and PAMP shares an exact 
protein match with nACh α9/10 receptor subtypes.

Acetylcholinesterase inhibitors like neostigmine 
have also been tested as possible analgesics (assuming 
acetylcholinesterase is the primary culprit in degrading 
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and preventing ACh from providing pain relief), but to 
be effective, it must be a high dose. Unfortunately, high 
doses come with dangerous side effects, such as respiratory 
failure.102 Finally, research indicates that when combined 
with opioid drugs, nAChR agonists increase pain relief,100,131 
which is useful for patients who use opioids to manage 
pain, but must carefully avoid addiction and overdose. In 
contrast, nAChR agonists are not known to be addictive, so 
they should be explored more thoroughly.130

Finally, as mentioned earlier in this review, Zohar et  al.’s 
study61 provides hope that traumatic amnesia and SSD 
could be prevented altogether. In the same way that high 
doses of glucocorticoids have successfully prevented PTSD; 
traumatic amnesia and some SSD should be preventable 
by reducing glucocorticoids within 72 h post-trauma. It is 
concerning that little discussion of Zohar et al.’s study, or 
widespread implementation of their results, has occurred 
in the past 10  years. Another candidate for trauma 
intervention is neuropeptide Y, which calms the SNS and 
prevents PTSD, providing yet more validation of the link 
between memory and somatization. Neuropeptide Y has 
three benefits: (i) it can be taken nasally; (ii) it is safe at fairly 
high doses; and (iii) it prevents PTSD even if administered 
1 week after trauma exposure.132 We must take advantage 
of this current knowledge to offer victims of trauma to 
measure and regulate their cortisol output, up-  or down-
regulate glucocorticoids, or possibly take neuropeptide 
Y, and thereby prevent either amnesia and pain or PTSD. 
It is recommended that human trials continue until FDA 
approval is granted. In cases where prevention is not 
possible, pharmacological interventions with SSD and FSD 
need to consider nAChR agonists, acetylcholinesterase 
antagonists, and anti-adrenergic beta blockers.
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Abstract
Psychotherapy is effective in treating various types of mental disorders. However, the 
biological processes underlying its therapeutic efficacy in the relief of depression and 
anxiety remain unclear. An approach to investigating these therapeutic mechanisms 
derives from an understanding of disease pathogenesis, in which the dysfunction of 
brain-derived neurotrophic factor (BDNF) is strongly implicated. This study provides 
a review of various studies investigating the link between the efficacy of talking 
therapies in anxiety and depression and the measures of BDNF variability, the latter 
determined by plasma and serum BDNF concentrations, BDNF gene polymorphisms, 
and DNA methylation. Despite the few intriguing findings supporting the underlying 
hypothesis that reduced BDNF function results in poor response, many studies are 
limited by inadequate methodology and poor control of confounding factors. Thus, 
opportunities remain for further well-designed investigations, particularly utilizing 
the little-studied epigenetic factor of BDNF gene methylation.

Keywords: Psychotherapy; Brain-derived neurotrophic factor; Molecular mechanism; 
Depression; Anxiety

1. Introduction
Strong evidence shows that various psychotherapeutic approaches are effective in treating 
psychiatric disorders. Efficacy has been demonstrated in people with various anxiety 
states1 as well as affective disorders2 and psychoses.3 A psychotherapeutic response is 
often seen in people not responding well to pharmacological interventions,4 although 
the extent of symptom relief measured as percentage response is comparable between 
psychotherapeutic and pharmacotherapeutic responders.5

The mechanisms underlying the psychotherapeutic response remain unclear. Previous 
research has focused on interpreting responses in terms of psychological concepts rather 
than exploring the underlying molecular mechanisms. These non-biological, or at least 
non-molecular, processes invoked an understanding of psychotherapy outcomes often 
related to the therapeutic relationship in therapy.6 In terms of psychosocial aspects, the 
factors addressed may include resilience, coping strategies, social support, and quality of 
life.7 Yet the current biological interpretation of psychiatric disorders as brain dysfunction 
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implies that changes in neural processes with correlates, 
ultimately, in brain chemistry underlie the effects of any 
successful therapeutic intervention.

The increasing arsenal of molecular biological 
techniques developed over the past 60 years has only recently 
been applied to understanding the neuronal mechanisms 
of psychotherapy. These techniques have progressed 
from the assessing of neurotransmitters and other small 
molecules, through the determination of proteins both 
structural and functional, to the measurement of mRNA as 
an indicator of gene expression, as well as the identification 
of genetic and, most recently, epigenetic factors that might 
influence neuronal function. However, in the past few 
years, there has been an increasing recognition that these 
molecular approaches may be of value in understanding 
the processes underlying psychotherapies, often with the 
particular aim of identifying those individuals likely, or 
likely not, to respond to a particular treatment.

The targets for investigation of therapeutic mechanisms 
have often derived from current understanding of the 
molecular pathology of the relevant disease, in this context 
the most pertinent of which are anxiety and depression. 
The neurotransmitter dysfunction thought to be involved 
in some of the symptoms of these disorders, notably 
but not exclusively serotonin, provides a source for the 
development of hypotheses to study. Although important 
in pharmacotherapy, such neurotransmitter systems may 
not represent the primary pathology of mood disorders 
or explain the pathogenic mechanisms. Other substances 
fundamental to maintaining the structure and function 
of the healthy brain have attracted interest. One such 
molecule is the brain-derived neurotrophic factor (BDNF).

BDNF is a protein expressed in many organs of the 
body, including the brain, where it appears to play an 
essential role in the growth, maintenance, and survival 
of neurons through actions at its specific receptor TrkB.8 
Through these mechanisms, it is implicated in learning 
and memory processes and their associated dysfunction.9 
As such, it has been studied in various neurological and 
psychiatric diseases, ranging from Alzheimer’s disease 
to schizophrenia, with numerous studies investigating 
its potential involvement in major depressive disorder 
(MDD)10 and anxiety.11

Among the various ways of assessing BDNF function, 
two features have been particularly valuable in supporting 
research: a common functional polymorphism (rs6265; 
val66met) in BDNF12 and the fact that BDNF is measurable 
in blood samples, both in low levels in the plasma and 
higher concentrations in the serum because it is released 
from platelet stores.13 Other study targets related to 
BDNF activity include DNA methylation sites in BDNF, 

which may influence transcriptional activity,14 as well 
as the downstream effectors of BDNF, specifically the 
TrkB receptor, which responds to BDNF activity and 
is considered a critical mediator of antidepressant and 
antianxiety effects.15

Each of these factors has been implicated in the brain 
dysfunction associated with both MDD16,17 and anxiety 
disorders.18,19 Furthermore, they have been investigated in 
relation to the response to antidepressant pharmacotherapy. 
This can increase BDNF in the blood (serum, plasma, 
and platelets) in patients with depression after treatment; 
however, differences in the response to antidepressant 
treatment are also associated with BDNF genotypes.20

This review and commentary aimed to assess the 
current status of research investigating the role of BDNF 
in the responses of people with anxiety and depression 
to psychotherapy. Both anxiety-  and depression-like 
behaviors can be induced by chronic stress, which can also 
reduce BDNF levels.21 Therefore, effective psychotherapy 
may also influence BDNF in conjunction with stress 
reduction, ameliorating the symptoms of depression 
and anxiety. Psychotherapeutic treatment covers a broad 
range of interventions; in this review, we will focus 
on talking therapies, of which cognitive behavioral 
therapy (CBT) is the most commonly studied. Other 
therapeutic interventions included are interpersonal, 
psychodynamic, and family therapies as well as meditation 
and mindfulness-based (MBCT) approaches. All relevant 
studies were indexed in PubMed and Web of Science 
before April 30, 2024. In total, 135 articles were retrieved 
with the search terms “BDNF CBT; BDNF psychotherapy; 
BDNF mindfulness therapy or meditation therapy; BDNF 
interpersonal therapy; BDNF methylation psychotherapy.” 
We also reviewed the search terms “BDNF mindfulness 
meditation therapy, BDNF MBCT, BDNF psychodynamic 
psychotherapy” and found that they were all included in the 
previous search. Thereafter, the 135 papers were reviewed 
individually to determine whether they contained original 
data on the association of BDNF protein, genotype, or gene 
methylation with psychotherapeutic outcome, resulting in 
the identification of 14 relevant papers (Tables 1 and 2).

2. BDNF and psychotherapy
2.1. Plasma and serum BDNF

Peripheral BDNF is a readily available measure obtained 
from blood plasma or serum. These two sources yield very 
different concentrations of BDNF protein: typically, two 
orders of magnitude higher in serum due to the release of 
stored platelet BDNF on coagulation. Unfortunately, many 
studies and reviews of blood BDNF have not considered 
or discussed this difference, often including plasma and 

https://dx.doi.org/10.36922/jcbp.4461


BDNF in psychotherapy

Journal of Clinical and 
Basic Psychosomatics

Volume 3 Issue 1 (2025)	 24� doi: 10.36922/jcbp.4461

serum findings together or even, erroneously, using 
the two terms interchangeably.22 The fact that platelets 
may also release BDNF in response to pharmacological 
stimulation provides a potential confound, particularly 
in plasma studies,23 since even small amounts of platelet 
cell lysis may affect plasma concentrations. However, 
serum should contain all blood BDNF following its release 
from platelets during clot formation. In contrast, plasma 

BDNF levels may serve as a useful state marker related to 
inflammation measures.24 Given that several disorders, 
including depression, may reflect a chronic inflammatory 
state in some individuals,25 this interpretation of plasma 
BDNF changes warrants further investigation.

Studies on circulating blood BDNF implicitly test one or 
more of three related working hypotheses of the association 
between the psychotherapeutic response and BDNF, 

Table 2. Polymorphism of BDNF and psychotherapy

Study Diagnosis Subjects 
(N)

Comparison 
group (N)

Type of 
Therapy

Length of 
therapy

Material analyzed Main findings

Bruijniks et al.28 (2020) Depression 170 N/A CBT or IPT 6 months Serum BDNF, polymorphism 
of BDNF (rs6265)

No significant 
correlation

Schosser et al.38 (2022) Depression 277 N/A CBT 6 weeks Polymorphism of BDNF 
(rs10501087, rs11030104, 
and rs6265)

Associated with the 
treatment response

Peters et al.39 (2021) Depression 106 N/A CBT or CNT 7 sessions Polymorphism of BDNF 
(rs6265)

Associated with 
depression scores 
before and after CBT

Santacana et al.42 (2016) Panic disorder 97 N/A GCBT 9 weeks Polymorphism of BDNF 
(rs6265)

No significant 
correlation

Hedman et al.43 (2012) Social anxiety 
disorder

126 N/A ICBT and 
GCBT

15 weeks Polymorphism of BDNF 
(rs6265)

No significant effect

Lester et al.41 (2012) Anxiety 
disorders

374 459 (healthy 
people)

CBT Unknown Polymorphism of BDNF 
(rs6265)

No significant 
correlation

Bakker et al.40 (2014) Depression 63 63 patients MBCT 8 weeks Polymorphism of BDNF 
(rs6265, rs11030101, and 
rs11030102)

No significant 
correlation

Abbreviations: CBT: Cognitive behavioral therapy; CNT: Cognitive narrative therapy; GCBT: Group cognitive behavioral therapy; ICBT: Individual 
cognitive behavioral therapy; IPT: Interpersonal psychotherapy; MBCT: Mindfulness‑based cognitive therapy.

Table 1. Serum BDNF/plasma BDNF after psychotherapy

Study Diagnosis Subjects 
(N)

Comparison 
group (N)

Type of 
therapy

Length of 
therapy

Material analyzed Main findings

Koch et al.35 (2009) Depression 30 N/A IPT 6 weeks Plasma BDNF No significant effect

Sadhasivam et al.36 (2020) Depression 
and anxiety 
disorders

142 N/A Meditation 
therapy

4 days Plasma BDNF Increased by over 70%

Bruijniks et al.28 (2020) Depression 170 N/A CBT or IPT 6 months Serum BDNF, 
polymorphism of 
BDNF (rs6265)

No significant effect

Kobayashi et al.33 (2005) Panic disorder 42 31 (healthy 
people)

CBT 10 weeks Serum BDNF Significantly lower in the 
adverse response group

Da Silva et al.34 (2018) Depression 158 N/A CBT 16 sessions Serum BDNF No significant correlation

Xu et al.32 (2023) Depression 30 30 patients MBCT or GC 8 weeks Serum BDNF Increased in the MBCT 
group

Guo et al.29 (2022) Depression 80 80 patients MBCT 8 weeks Serum BDNF Increased in the MBCT 
group

Orosz et al.31 (2020) Depression 71 N/A ICBT 6 weeks Serum BDNF Increased after treatment

Abbreviations: CBT: Cognitive behavioral therapy; ICBT: Individual cognitive behavioral therapy; IPT: Interpersonal psychotherapy;  
MBCT: Mindfulness‑based cognitive therapy.
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namely, baseline BDNF predicts good outcomes, the change 
in BDNF correlates with symptom improvement, or BDNF 
at outcome relates to measures of the psychotherapeutic 
response. The reports are summarized in Table 1.

Several studies investigating the effect of 
psychotherapeutic techniques (such as CBT and MBCT) in 
individuals with depression have shown relatively greater 
increases in serum BDNF compared to controls, along with 
greater symptom relief.26-30 Bruijniks et al. reported that 
baseline measures of serum BDNF, while not significantly 
higher (P = 0.07) in responders to CBT and interpersonal 
psychotherapy (IPT) and not significantly correlated 
with depression score after 6  months, demonstrated 
a significant effect on individuals with high working 
memory. However, a proportion of the study participants 
were also receiving antidepressant pharmacotherapy, 
which may have confounded the findings. A study on panic 
disorder indicated that those responding well to CBT had 
significantly higher serum BDNF than poor responders.31 
These studies were generally small, with sample sizes of 
30 – 80. A  larger study of CBT32 examined 170 people 
with depression and found no significant correlations 
between depression scores and serum BDNF before or 
after treatment.

In contrast, a study of plasma BDNF found no 
significant association with the treatment response to 
IPT in individuals with depression.33 However, another 
uncontrolled investigation of changes in plasma BDNF 
following a 4-day yoga-based meditation reported 
substantial increases in BDNF accompanied by 
improvements in anxiety and depression scale scores.34 
These authors report concentrations of BDNF in the range 
more associated with serum studies, and it seems likely 
that clotted blood or plasma contaminated with platelets 
was studied here.

2.2. BDNF genetic polymorphisms

The functionality of the single-nucleotide polymorphism 
(SNP) rs6265 in BDNF is well established. This SNP 
codes for a val66met change in the pro-BDNF protein, of 
which the met allelic form exhibits impaired intracellular 
trafficking and secretion, affecting memory and 
hippocampal neurochemistry.35 Occasionally, other SNPs 
have been investigated, many of which are in very close 
linkage disequilibrium with rs626536 and thus may have 
effects resulting from this val66met change in the protein 
structure of pro-BDNF.

Of the studies identified (Table  2), Bruijniks et al.26 
did not find any effect of the rs6265 genotype on outcome 
measures over 6 months after IPT and CBT in 138 people 
with depression or a relationship between the genotype and 

serum BDNF levels. However, a larger study with a 6-week 
intervention showed significant effects. Schosser et al.36 
found a strong association between three closely related 
SNPs, including rs6265, and treatment response to CBT in 
277 individuals with depression. This study identified the 
heterozygous genotype of each SNP to be associated with 
a better response, a consistent result reflecting their close 
linkage disequilibrium.

Peters et al.37 (n = 106) did not find an association 
between rs6265 genotype and depression scores before or 
after CBT but observed an interesting association of the 
genotype with resilience. In a controlled investigation of 
MBCT in depression, Bakker et al.38 found no association 
of several BDNF SNPs, including rs6265, with the effects 
of the intervention.

Studies on anxiety disorders have not provided strong 
support for the role of the rs6265 SNP in affecting the 
outcomes of cognitive therapies. Lester et al.39 conducted a 
large controlled study and found no effect of genotype on 
treatment response, whereas two smaller studies focusing 
on panic disorder40 and social anxiety disorder41 also 
failed to identify significant associations with treatment 
response.

2.3. BDNF DNA methylation

DNA methylation is an epigenetic factor that can influence 
gene expression, primarily through the enzymatic 
methylation of cytosine residues in CpG sequences 
on DNA, potentially affecting transcription factor 
binding. There has been much interest in the possible 
environmental influences on DNA methylation, with risk 
factors for psychiatric diseases, such as childhood trauma, 
affecting DNA methylation.42 BDNF has been extensively 
investigated in this respect across several sequences 
within the gene. One of these is at a binding site for the 
transcription factor cAMP-response element binding 
protein (CREB), which is an essential component of the 
intracellular processes regulating BDNF transcription.43

DNA methylation of BDNF is altered in affective 
disorders and schizophrenia, potentially affecting 
CREB binding to its recognition site and consequent 
BDNF expression. Several studies have identified the 
relationship of BDNF methylation to antidepressant 
treatment response;44 however, DNA methylation research 
is limited in terms of psychotherapeutic response. Two 
studies investigated its relationship with psychotherapy 
for borderline personality disorder13 but did not identify 
a significant effect. However, we found no studies relating 
BDNF methylation to talking therapies for depression or 
anxiety disorders. This represents a major gap that needs 
to be addressed in future studies.
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3. Discussion
Given the limited information obtained, we lack a 
clear set of findings that support the main hypothesis: 
increased BDNF function is associated with an effective 
psychotherapeutic response in anxiety and depression. 
Where significant effects are identified, they may 
associate treatment efficacy with an increase in BDNF 
concentrations or function, although this is not always 
the case. The single positive genetic finding, showing an 
association of the heterozygous genotype with response, 
does not clearly support this interpretation, indicating 
very little consistency between studies. Many reasons may 
underlie the variability between the findings.

Methodological factors are a likely major concern. 
While it is considered that over 99% of blood BDNF 
resides in platelet stores, most investigations of plasma 
concentrations report findings that are typically 5% of 
concentrations in serum. This is likely to reflect the release 
of platelet stores into the plasma in some participants, 
which in turn will contribute to higher variances, as 
demonstrated in the methodological study of Gejl et al.45 
These authors also highlighted the importance of other 
variables such as storage time and centrifugation protocol 
in both plasma and serum preparation. In many of the 
reviewed articles, such technical information, along with 
temperatures, delays before centrifugation, and so on, are 
incompletely reported, making replication difficult.

The origins of circulating BDNF are unclear. Although 
many of the studies have implied that it derives from the 
brain, evidence is very limited and open to criticism.46 
Other organs contain and rely on BDNF, which is likely to 
contribute to circulating concentrations and confound the 
interpretation of any changes, as indicated below.

In contrast, BDNF genotypes, particularly those of 
rs6265, have known effects on the cellular disposition 
and function of the resultant protein. This has established 
consequences on the brain, with both anatomical and 
functional correlates.47 Furthermore, it is a genetic factor 
and therefore unmodifiable; any association found is likely 
to be causal, in contrast to blood-derived BDNF measures.

How might psychotherapy influence or be influenced 
by these various measures of BDNF? One hypothetical 
mechanism can be simply described as stress reduction. 
The stress response, involving an increase in cortisol 
secretion mediated by the hypothalamic–pituitary–
adrenal (HPA) axis, is often chronically dysfunctional 
in affective and anxiety disorders.48 Stress can lead to 
various physiological changes in addition to the activation 
of the HPA axis; this includes increases in cortisol and 
proinflammatory cytokines and reductions in BDNF,49 of 

which the latter two may be causally related.50 Although it is 
reasonable to assume that the reverse process may be true, 
that is, a reduction in the consequences of stressful events 
through psychotherapy may normalize BDNF function, 
this assumption also implies a deficit in BDNF activity in 
patients undergoing treatment. A review of meta-analyses 
indicates that in terms of blood BDNF levels in individuals 
with MDD, this may be true.51

Associations or correlations between BDNF markers 
and outcomes do not indicate a causal or mechanistic role 
of BDNF in psychotherapy. Although that is a possible 
interpretation, alternative theories suggest reverse 
causality, in which the neurobiological effects of effective 
psychotherapy – potentially through the normalization 
of HPA axis function and/or a reduction in inflammatory 
activation – result in disinhibition of BDNF production. 
Such theoretical processes are consistent with our 
understanding of the relationship between stress and 
BDNF;50 however, they do not explain the mechanism 
behind the initial effects of psychotherapy on symptoms.

A further possibility is that observed BDNF changes 
are epiphenomena associated with one or more of the 
various behavioral, social, and physiological consequences 
of a successful psychotherapeutic intervention. Two such 
secondary consequences might be increases in physical 
activity and improved dietary intake. Notably, poor 
activity and diet contribute to the somatic symptoms of 
depression.52 The effects of physical activity and exercise 
on peripheral BDNF levels have been studied extensively, 
particularly because BDNF, in addition to its effects on 
maintaining normal neuronal function, also plays an 
important role in the maintenance of cardiovascular 
health.53 Furthermore, interest in the role of diet and the 
gut microbiota in depression and its treatment outcomes 
has been increasing,54 with some evidence showing that 
this can affect peripheral BDNF.

Studies in healthy subjects have shown that increases 
in physical activity, particularly aerobic exercise, result 
in increases in peripheral BDNF levels,55,56 which occur 
without any neurological correlation.57 These effects are 
greater in the plasma than in the serum BDNF, and the 
limited evidence suggests sex differences, with stronger 
changes in men.55 Similarly, food intake can affect blood 
BDNF, with elevations associated with various dietary 
supplements, notably polyphenol-containing foods.58 
Physical activity and diet are examples of potentially 
important confounders that may be difficult, if not 
impossible, to control in studies of therapeutic responses 
in psychiatric illness. The possibility that changes in BDNF 
might correlate with improvements in somatic symptoms 
rather than those directly associated with brain function 
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does not invalidate its value as an indicator of disease or 
treatment response.51 However, it implies that blood BDNF 
measures do not necessarily reflect mechanisms related to 
central nervous system effects and therefore cannot be 
interpreted as such.

Although genetic investigation avoids these concerns, 
no consistent association of the BDNF genotype with the 
treatment response has been identified. The discrepancy 
between studies is notable; the highly significant findings of 
Schosser et al.36 contrast strongly with the negative findings 
of other smaller studies of depression. No evidence on the 
role of a BDNF genotype in studies of psychotherapy for 
anxiety disorders was apparent, despite one report of a 
particularly large controlled investigation.39

How these findings compare with those from studies of 
antidepressant or anxiolytic drug response may be relevant 
to understanding the therapeutic mechanisms.

The BDNF polymorphism rs6265 (Val66Met), the 
most studied variant, shows some consistency in findings 
indicating a significant effect on antidepressant efficacy, 
with the Met allele associated with a better treatment 
response.59 Most studies of peripheral blood BDNF 
levels report lower levels before antidepressant treatment 
than after. Different antidepressant drugs elevate serum/
plasma BDNF, which are reportedly reduced in patients 
with depression.60 Furthermore, animal studies have 
shown that antidepressant medication increases BDNF 
mRNA and BDNF protein levels in the cerebral cortex 
and hippocampus.61 Therefore, BDNF may mediate the 
effect of antidepressants in reversing depression-related 
neuronal dysfunction by promoting neurogenesis and 
plasticity.62 An association between BDNF Val66Met and 
BDNF peripheral levels was also suggested, in which the 
Met allele was associated with higher BDNF serum levels.63

4. Conclusion
In this review, we did not conduct meta-analyses of 
the findings but critically assessed individual reports, 
occasionally identifying major methodological concerns 
that question research validity. In addition, we did not 
summarize and analyze all types of psychotherapies but 
focused on talking therapies such as CBT, interpersonal 
therapy, psychodynamic therapy, family therapy, and 
MBCT. Further limitations are shared with many of the 
reviewed reports. Consideration is not always given to 
why the participants undergo psychotherapy rather than 
pharmacotherapy. An important question is whether the 
subjects are drug-naïve and at an early stage of their illness 
or have previously received drug treatment to which they 
have not responded adequately. This would differentiate the 
two highly dissimilar cohorts. Many other variable factors 

could influence the findings, including those relating to 
disease pathogenesis, such as the role of childhood trauma 
and other environmental or genetic risk factors.64 The 
few positive reports of associations with psychotherapy 
may still present a view distorted by publication bias. 
Nevertheless, strong circumstantial evidence supports the 
role of BDNF in depressive and anxiety disorders as well 
as their treatment, warranting further studies to enhance 
the understanding of the mechanisms underlying their 
response to psychotherapeutic interventions. However, it 
would be premature to draw any clinical implications from 
this work.

Studies of blood BDNF do not, and perhaps cannot, yield 
consistent results concerning psychotherapeutic response 
for at least two reasons. First, serious methodological 
issues, particularly in studies of plasma, have rarely been 
adequately considered. Second, peripheral blood BDNF 
is likely to have a strong contribution from peripheral 
organs, including the cardiovascular system and gut, 
which confounds the interpretation that changes in BDNF 
levels might reflect its activity in the brain. Any attempts to 
further investigate the peripheral measurement of BDNF 
need to be performed in well-designed studies that pay 
more attention to these and other confounding factors.

Genetic association studies have the advantage of the 
known relationships with some aspects of brain function 
and dysfunction, and their inherent nature indicates that 
any association is likely causal rather than consequential. 
However, the evidence for the influence of BDNF SNPs 
on the psychotherapeutic response is inconsistent and 
very limited. Future work needs to consider interactions 
with other known or likely influences, such as underlying 
cognitive function and pathogenic risk factors.

The lack of DNA methylation studies on BDNF in 
response to talking therapies in the contexts of depression 
or anxiety is disappointing, especially given the rapid 
expansion of findings supporting the role of this epigenetic 
factor in the control of BDNF expression and its influence 
on various aspects of psychiatric disease and treatment. 
This area presents a significant opportunity for future 
research to determine the importance of BDNF changes in 
psychotherapy, despite the challenges in differentiating the 
somatic and psychiatric correlates of such changes.
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Abstract
Insomnia is the most prevalent sleep disorder with significant implications for mental 
and physical health. While traditionally understood through a biomedical lens, 
increasing evidence highlights the role of psychosomatic factors in its onset and 
perpetuation. This narrative review explores the relationship between psychological 
and somatic influences on insomnia, examining the underlying mechanisms, diagnostic 
challenges, and treatment strategies. We discuss neurobiological pathways, including 
the hypothalamic–pituitary–adrenal axis and neurotransmitter imbalances, alongside 
psychological factors such as anxiety, hyperarousal, and cognitive distortions. Somatic 
symptoms, particularly chronic pain, and other physical conditions are also regarded 
as integral contributors to insomnia. Diagnosis of psychosomatic insomnia requires 
a comprehensive approach that incorporates both psychological and physical 
assessments, utilizing a combination of clinical interviews, standardized questionnaires, 
and differential diagnostic techniques. Treatment strategies are discussed in this paper 
with an emphasis on cognitive-behavioral therapy for insomnia, pharmacological 
interventions, and integrative approaches that address the multifaceted nature of the 
disorder. The review also highlights the importance of lifestyle modifications and the 
potential role of alternative therapies in managing insomnia. A rounded understanding 
of psychosomatic influences is crucial for effective diagnosis and treatment of 
insomnia. Future research should focus on personalized therapeutic approaches and 
further interpreting the complex interconnections between mind and body in the 
pathophysiology of insomnia. This perspective has the potential to enhance clinical 
practice and improve outcomes for individuals suffering from this challenging disorder.

Keywords: Insomnia; Sleep–wake cycle; Somatization; Stress

1. Introduction
Insomnia is a common yet complex sleep disorder, characterized by difficulties in 
initiating or maintaining sleep or experiencing non-restorative sleep. These difficulties 
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often arise from various external factors such as financial, 
personal, or psychological ones that can prevent 
individuals from having adequate sleep. Insomnia affects 
an estimated 10 – 30% of the global population, depending 
on the diagnostic criteria used, with chronic insomnia 
(lasting 3 months or more) affecting about 10% of adults. 
Short-term insomnia impacts up to 30 – 40% of people 
at some point in their lives, making it a widespread issue. 
Notably, women are 1.5 – 2 times more likely than men to 
experience insomnia, largely due to hormonal fluctuations 
related to menstruation, pregnancy, and menopause, as well 
as higher rates of anxiety and depression. In contrast, men 
are more prone to sleep disorders such as obstructive sleep 
apnea. Insomnia has profound effects on both the mental 
and physical health of the affected individuals, increasing 
the risk of depression, anxiety, cardiovascular disease, 
and impaired daytime functioning. Research indicates 
that insomnia is more common among the elderly, with 
estimates suggesting that approximately 30 – 50% of older 
adults experience sleep disturbances, compared to around 
10 – 15% of younger adults. This disparity can be attributed 
to a combination of physiological, psychological, and 
environmental factors. Aging promotes the occurrence 
of physiological changes within sleep architecture, 
such as reduced slow-wave sleep and alterations in 
circadian rhythms, which can lead to increased nighttime 
awakenings and difficulties in initiating sleep. In addition, 
the prevalence of comorbid conditions, including chronic 
pain, depression, and anxiety, is higher in older adults, 
further contributing to insomnia. Conversely, younger 
populations, while not immune to sleep disturbances, tend 
to experience insomnia primarily due to lifestyle factors 
such as stress, irregular sleep schedules, and the pervasive 
use of electronic devices.

Historically, insomnia has been treated from a 
biomedical perspective, focusing on sleep physiology 
and pharmacological interventions. However, emerging 
research highlights the significant role psychosomatic 
factors play in both the onset and perpetuation of 
insomnia, underscoring the need for a more integrative 
approach.1-3

The diagnosis of insomnia is based on specific criteria 
established in the Diagnostic and Statistical Manual of 
Mental Disorders (DSM-5) and is characterized by the 
following key features:
(i)	 Difficulties in sleep initiation, maintenance, or early 

awakening. Individuals must experience persistent 
difficulties in falling asleep, staying asleep, or waking 
up too early and being unable to return to sleep

(ii)	 Sleep disturbances occur at least 3 times per week. These 
sleep difficulties must occur at least 3 times per week 
to meet diagnostic criteria

(iii)	Duration of sleep problems. The sleep disturbances 
should be present for at least 3 months to be classified 
as chronic insomnia

(iv)	 Significant distress or impairment. The insomnia must 
cause significant distress or impairment in social, 
occupational, educational, academic, behavioral, or 
other important areas of functioning

(v)	 Not attributable to other sleep disorders. The sleep 
disturbance cannot be better explained by other 
sleep disorders, such as sleep apnea or restless legs 
syndrome, or be solely attributed to the physiological 
effects of a substance (e.g., drug abuse and medication)

(vi)	 Exclusion of coexisting conditions. The sleep difficulties 
cannot be better explained by other mental disorders, 
such as major depressive disorder or anxiety disorders, 
although insomnia can coexist with these conditions.

Psychosomatic influences refer to the interplay between 
psychological processes and physical symptoms, where 
mental states such as stress, anxiety, and depression manifest 
as somatic complaints, including sleep disturbances.4,5 
In insomnia, these psychosomatic influences involve a 
complex interaction between psychological stressors, 
emotional dysregulation, and physiological responses such 
as hyperarousal and neuroendocrine dysfunction.6,7 These 
factors often set up a cycle that creates and perpetuates 
insomnia, complicating the treatment process.

Insomnia also results from disruptions in the sleep–
wake cycle (SWC) regulated by molecular mechanisms that 
integrate circadian rhythms, homeostatic processes, and 
neurotransmitter systems. Circadian rhythms, governed 
by the molecular clock, are central to regulating sleep and 
wakefulness. This internal clock coordinates physiological 
processes, and its disruptions can lead to insomnia and 
other sleep disorders.8,9 The molecular clock functions 
through a network of clock genes, including Clock, Bmal1, 
Per1, Per2, Cry1, and Cry2, whose protein products form 
feedback loops to maintain circadian rhythms. Regulators 
such as REV-ERBα, RORα, and DBP help fine-tune these 
rhythms, aligning sleep with environmental cues such as 
light exposure.10-13

Light serves as a crucial cue that helps synchronize 
the circadian rhythm with the environment. Signals 
from retinal cells reach the suprachiasmatic nucleus 
of the hypothalamus, the brain’s circadian pacemaker, 
which adjusts the timing of the molecular clock to align 
with the day–night cycle, ensuring proper sleep timing 
and quality.14,15 Another key player in sleep regulation is 
orexin (also known as hypocretin), a neurotransmitter that 
stabilizes wakefulness and appetite. Produced in the lateral 
hypothalamus, orexin interacts with brain regions involved 
in arousal and alertness, such as the ventrolateral preoptic 
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nucleus and brainstem arousal systems.16-22 Disruptions in 
orexin signaling are linked to insomnia, where heightened 
arousal and vigilance hinder the ability to transition into 
and maintain sleep.22-26

In addition to circadian rhythms, the homeostatic sleep 
drive, which builds up during wakefulness, plays a critical 
role in sleep regulation. Adenosine, a neuromodulator, 
accumulates during wakefulness and promotes sleep as 
its levels rise. Disruptions in adenosine signaling can 
contribute to difficulties falling asleep and maintaining 
restful sleep, which are hallmarks of insomnia.27,28,33 
Molecular disruptions affecting circadian rhythms, 
homeostatic drive, and neurotransmitter systems, such 
as orexin, exacerbate insomnia by increasing arousal and 
reducing sleep efficiency.29-35

The aim of this review is to provide a comprehensive 
analysis of psychosomatic influences on insomnia, 
examining the neurobiological, psychological, and somatic 
mechanisms involved. The review also explores diagnostic 
challenges and proposes integrative treatment strategies to 
address both the physical and mental aspects of insomnia, 
contributing to a holistic understanding and management of 
the disorder. This review uniquely focuses on the interaction 
between neurobiological mechanisms (e.g., hypothalamic–
pituitary–adrenal [HPA] axis dysregulation) and 
psychological factors (e.g., emotional dysregulation), a topic 
less explored in earlier research. In addition, it emphasizes 
integrative treatment approaches such as mindfulness and 
lifestyle modifications alongside traditional methods, while 
highlighting the importance of personalized treatment 
strategies tailored to individual patient profiles. Finally, it 
delves into the underexplored bidirectional relationship 
between chronic medical conditions and insomnia, 
offering new insights into the complexity of this disorder.

2. Mechanisms of psychosomatic influences 
on insomnia
2.1. Neurobiological mechanisms

The neurobiological mechanisms underlying psychosomatic 
influences on insomnia involve a complex interaction 
between the central nervous system, neuroendocrine 
pathways, and the body’s physiological responses to stress. 
These mechanisms not only contribute to the onset of 
insomnia but also play a crucial role in its persistence, 
especially in the presence of psychological stressors and 
emotional dysregulation.

2.1.1. Dysregulation of HPA axis

The HPA axis is a central component of the body’s stress 
response system, which is responsible for regulating the 
release of cortisol, a hormone that plays a critical role in 

the SWC. In response to stress, the hypothalamus releases 
corticotropin-releasing hormone, which stimulates the 
pituitary gland to secrete adrenocorticotropic hormone 
(ACTH). ACTH then triggers the adrenal glands to 
produce cortisol (Figure  1). Under normal conditions, 
cortisol levels follow a diurnal rhythm, peaking in the early 
morning and gradually declining throughout the day.36-38 
However, chronic stress and emotional disturbances 
can lead to HPA axis dysregulation, characterized by 
elevated cortisol levels, particularly in the evening, when 
they should be at their lowest.39-41 This abnormal cortisol 
secretion disrupts the SWC, contributing to difficulties in 
falling asleep and maintaining sleep. Elevated cortisol levels 
are also associated with increased nighttime awakenings 
and lighter, less restorative sleep. The persistent activation 
of the HPA axis in response to stress not only perpetuates 
insomnia but also exacerbates the psychological factors, 
such as anxiety and hyperarousal, that contribute to the 
disorder.42

2.1.2. Neurotransmitter imbalances

Neurotransmitters play a crucial role in regulating 
mood, arousal, and sleep. Imbalances in these chemical 
messengers are closely linked to both psychological states 
and sleep disturbances. Serotonin, gamma-aminobutyric 
acid (GABA), norepinephrine, histamine, and glutamate 
are particularly important in the context of insomnia.

Serotonin is involved in mood regulation, and its 
deficiency is associated with depression and anxiety, both 
of which are common in individuals with insomnia.43 
Serotonin is also a precursor to melatonin, a hormone that 
regulates the SWC. Reduced serotonin levels can lead to 
impaired melatonin production, disrupting sleep onset and 
quality. GABA is the primary inhibitory neurotransmitter 
in the brain, promoting relaxation and reducing neuronal 
excitability. In individuals with insomnia, GABAergic 
activity is often diminished, leading to increased arousal 
and difficulty in initiating sleep. This reduction in GABA 
activity is thought to be linked to stress and anxiety, 
further contributing to insomnia.44 Norepinephrine is 
associated with the body’s fight-or-flight response and 
is typically elevated during periods of stress. Increased 
norepinephrine levels can lead to heightened arousal 
and vigilance, making it difficult to relax and fall asleep.45 
Chronic elevation of norepinephrine due to stress can 
also disrupt rapid eye movement (REM) sleep, leading 
to fragmented and less restorative sleep (Figure  2).46,47 
Histamine plays a dual role in sleep regulation; whereas 
it is involved in promoting wakefulness through its action 
in the hypothalamus, elevated levels of histamine can lead 
to insomnia and sleep disturbances. Histamine release 
is often increased during stress responses, contributing 
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to heightened alertness and difficulty in transitioning 
to sleep.48 Glutamate is the primary excitatory 
neurotransmitter in the brain. Elevated glutamate levels 
can lead to increased neuronal excitability and arousal, 

further complicating sleep initiation and maintenance. 
Dysregulation of glutamate signaling has been implicated 
in various stress-related disorders, including insomnia, by 
promoting a state of hyperarousal.49

Figure  1. Hypothalamic–pituitary–adrenal (HPA) axis dysregulation and its role in insomnia. In response to stress, the hypothalamus releases 
corticotropin-releasing hormone (CRH), which stimulates the pituitary gland to release adrenocorticotropic hormone (ACTH), which then triggers the 
adrenal glands to produce cortisol, a stress hormone that follows a natural diurnal rhythm. Normally, cortisol levels peak in the morning and decrease in 
the evening. However, chronic stress or emotional disturbances lead to an abnormal increase in evening cortisol levels, disrupting the sleep–wake cycle 
and contributing to insomnia. Elevated cortisol levels are linked to increased nighttime awakenings and lighter, non-restorative sleep. This figure also 
shows how sustained hyperarousal, triggered by the HPA axis dysregulation, perpetuates insomnia and interacts with psychological factors such as anxiety 
and hyperarousal. The anterior, lateral, and posterior regions of the hypothalamus are shown to emphasize the different areas affected by stress-related 
neuroendocrine changes. CRH, ACTH, and cortisol are highlighted to depict the core elements of HPA axis involvement in insomnia. Image created by 
authors using BioRender.
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2.1.3. Hyperarousal and the central nervous system

Hyperarousal, defined as a heightened state of physiological 
and cognitive arousal, is a hallmark of insomnia, influencing 
both its onset and perpetuation. This state is characterized 
by increased activity in critical brain regions associated with 
arousal and emotional regulation, including the reticular 
activating system (RAS) and the limbic system. The RAS plays 
a pivotal role in maintaining wakefulness, whereas the limbic 
system is essential for emotional responses, underscoring the 
intertwined nature of physiological arousal and emotional 
regulation in sleep disturbances.49,50 The relationship between 
hyperarousal and insomnia is reciprocal, creating a vicious 
cycle where difficulty sleeping heightens stress and anxiety, 
which subsequently exacerbates hyperarousal. Individuals 
struggling with insomnia often report racing thoughts and 
worries about their inability to sleep, leading to increased 
sympathetic nervous system activity, which in turn elevates 
cortisol levels and intensifies the stress response.48 This cycle 
can be particularly pronounced in individuals with coexisting 
psychological conditions, such as anxiety and depression, 
further complicating the neurobiological underpinnings of 
insomnia.

Recent functional neuroimaging studies have provided 
valuable insights into the neurobiological correlates of 
hyperarousal in insomnia. Research has demonstrated 
that individuals with insomnia exhibit increased metabolic 
activity in brain regions associated with arousal, including 
the amygdala and prefrontal cortex, even during sleep 
(Figure  2). This heightened activity suggests a failure 
to effectively downregulate arousal systems during the 
transition from wakefulness to sleep, contributing to 
sustained wakefulness and fragmented sleep patterns.49,50 
The amygdala, in particular, is involved in processing 
emotional stimuli and stress responses; increased amygdala 
activity during sleep may reflect heightened emotional 
reactivity, leading to disturbed sleep continuity.48 In 
addition to central nervous system factors, hyperarousal is 
closely linked to dysregulation of the autonomic nervous 
system. Individuals with insomnia often display increased 
sympathetic nervous system activity, characterized by 
elevated heart rates and reduced heart rate variability 
during sleep. Heart rate variability, a measure of the 
autonomic nervous system’s flexibility in responding to 
stressors, is typically reduced in those with insomnia, 

Figure 2. The role of neurotransmitter imbalances and autonomic nervous system dysregulation in the pathophysiology of insomnia. Key neurotransmitters 
involved in sleep regulation include serotonin, gamma-aminobutyric acid (GABA), norepinephrine, and orexin (hypocretin). Serotonin, which regulates 
mood and sleep, may be deficient in individuals with insomnia, affecting both sleep onset and quality. Reduced activity of GABA, which is the brain’s 
primary inhibitory neurotransmitter, leads to increased arousal and difficulty in initiating sleep. Elevated norepinephrine levels, associated with the 
fight-or-flight response, contribute to hyperarousal and disrupt rapid eye movement sleep. The figure also depicts autonomic dysregulation, showing 
increased sympathetic nervous system activity (e.g., elevated heart rate and decreased heart rate variability), which interferes with restorative sleep. 
Hyperactivity in arousal centers of the brain, such as the amygdala and prefrontal cortex, even during sleep, is present in insomnia, highlighting the role of 
central nervous system hyperarousal in sustaining insomnia symptoms. Image created by authors using BioRender.
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indicating a persistent state of physiological arousal.48 This 
heightened autonomic arousal further impairs the ability 
to achieve restorative sleep, perpetuating the insomnia 
cycle.51 The interplay between hyperarousal and the 
autonomic nervous system underscores the importance 
of considering both central and peripheral factors in 
understanding insomnia.

This heightened brain activity reflects a failure to 
adequately downregulate arousal systems during the 
transition from wakefulness to sleep, contributing to 
the sustained wakefulness and sleep fragmentation 
characteristic of insomnia. In addition to these central 
mechanisms, hyperarousal is also linked to autonomic 
nervous system dysregulation. This heightened autonomic 
arousal further interferes with the ability to achieve 
restorative sleep, perpetuating the cycle of insomnia 
(Figure 1).51,52

2.2. Psychological mechanisms

Psychological mechanisms also play a pivotal role in the 
development and maintenance of insomnia, particularly 
in the context of psychosomatic influences. These 
mechanisms encompass a range of cognitive and emotional 
factors that interact with neurobiological processes, 
contributing to the persistence of sleep disturbances.

2.2.1. Cognitive factors

Cognitive factors are central to the psychosomatic 
model of insomnia, with dysfunctional thought patterns 
often exacerbating or even initiating sleep difficulties. 
Individuals with insomnia frequently engage in excessive 
rumination and worry, particularly about their inability 
to sleep and the potential consequences of poor sleep. 
This cognitive activity typically occurs during the pre-
sleep period, when the individual is lying in bed, leading 
to increased arousal and difficulty in falling asleep.53 The 
repetitive nature of these thoughts creates a cycle of anxiety 
and hyperarousal, which further impairs sleep. Another 
critical factor is catastrophizing, which is described as the 
tendency to anticipate the worst possible outcomes, often 
related to the effects of sleep loss. For instance, individuals 
with insomnia might believe that a poor night’s sleep will 
severely impair their ability to function the next day, leading 
to heightened anxiety and stress54 (Figure 2). This negative 
thinking not only exacerbates insomnia but also reinforces 
the perception that sleep is beyond their control, further 
compounding sleep difficulties. In addition, patients with 
insomnia often hold unrealistic expectations about how 
much sleep they need or how quickly they should fall 
asleep.55-58 These expectations can lead to frustration and 
increased effort to sleep, which paradoxically makes sleep 
more elusive. The discrepancy between their expectations 

and actual sleep experience creates cognitive dissonance, 
fueling anxiety and perpetuating insomnia.

2.2.2. Emotional regulation and affective states

Emotional regulation refers to the ability to manage and 
respond to emotional experiences in a flexible and adaptive 
way. Impairments in emotional regulation are closely 
linked to insomnia, particularly when negative emotions 
such as anxiety, depression, and stress are involved.59,60

Anxiety is one of the most common psychological factors 
associated with insomnia. It can manifest as generalized 
anxiety disorder, specific phobias, or situational anxiety 
related to stressors such as work, relationships, or health 
concerns. Anxiety enhances cognitive arousal, making it 
difficult to relax and fall asleep (Figure  2). Furthermore, 
anxiety can trigger hypervigilance during the night, 
causing frequent awakenings and poor sleep quality. The 
chronic nature of anxiety can lead to sustained insomnia, 
with each reinforcing the other.57,61

Depression is another major contributor to insomnia, 
causing many individuals to experience difficulty in 
both falling asleep and maintaining sleep.62,63 Depression 
is often associated with negative rumination and a 
pervasive sense of hopelessness, which can disrupt 
sleep. In addition, changes in sleep architecture, such as 
reduced slow-wave sleep and shortened REM latency, are 
common in depression, further impairing sleep quality. 
The bidirectional relationship between insomnia and 
depression means that sleep disturbances can exacerbate 
depressive symptoms, creating a vicious cycle.56,57,64

Furthermore, individuals with insomnia often struggle 
with emotional dysregulation, characterized by difficulty in 
managing intense emotions and stress. This dysregulation 
can lead to heightened emotional responses to everyday 
stressors, increasing cognitive and physiological arousal 
at bedtime. Over time, this chronic state of emotional 
dysregulation can condition the mind and body to associate 
bedtime with stress and negative emotions, making sleep 
increasingly difficult to achieve.65

2.2.3. Stress and the role of hyperarousal

Stress is a well-established trigger for insomnia, particularly 
when it leads to hyperarousal, a state of heightened 
physiological and cognitive alertness that interferes with 
the ability to fall and stay asleep. Stress-related insomnia 
often arises in response to life events such as work pressures, 
relationship difficulties, or health concerns. When stress 
becomes chronic, it can lead to sustained hyperarousal, 
which is characterized by increased heart rate, elevated 
cortisol levels, and intrusive thoughts (Figure  2). Over 
time, the bed and sleep environment can become 
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conditioned stimuli that trigger hyperarousal. For example, 
after repeated nights of poor sleep, individuals may begin 
to associate their bed with wakefulness, frustration, and 
anxiety. This conditioned arousal perpetuates insomnia, 
as the very act of getting into bed triggers the body’s stress 
response, making sleep even more difficult to achieve. The 
way individuals appraise and cope with stress also plays 
a significant role in insomnia. Those who perceive stress 
as overwhelming or unmanageable are more likely to 
experience sleep disturbances. Ineffective coping strategies, 
such as avoidance, denial, or maladaptive behaviors 
(e.g., substance use), can further exacerbate stress and 
contribute to the persistence of insomnia.66

2.3. Somatic mechanisms

Somatic mechanisms play a critical role in the manifestation 
and perpetuation of insomnia, particularly when physical 
symptoms and chronic health conditions contribute 
to sleep disturbances. These mechanisms involve the 
interaction between the body’s physiological state and its 
impact on sleep quality, often exacerbated by underlying 
psychological factors.

2.3.1. Chronic pain and insomnia

Chronic pain is one of the most common somatic 
contributors to insomnia. Pain can interfere with sleep in 
several ways, including difficulty in finding a comfortable 
sleeping position, frequent awakenings due to pain 
flare-ups, and increased arousal due to discomfort. The 
relationship between chronic pain and insomnia is 
bidirectional, with each condition exacerbating the other. 
The presence of chronic pain increases physiological 
arousal, making it difficult for individuals to relax and fall 
asleep.67,68 Pain triggers the body’s stress response, leading 
to the release of stress hormones such as cortisol and 
adrenaline, which further disrupt sleep. This heightened 
state of arousal can persist throughout the night, leading to 
fragmented and non-restorative sleep. Sleep deprivation, 
in turn, increases sensitivity to pain, creating a vicious 
cycle. When sleep is disrupted, the body’s ability to 
modulate pain is impaired, leading to an increase in pain 
perception. This heightened pain sensitivity can exacerbate 
chronic pain conditions, further interfering with sleep and 
perpetuating insomnia.69,70

2.3.2. Medical conditions and sleep disturbances

A variety of medical conditions are associated with 
insomnia, either directly through symptoms that interfere 
with sleep or indirectly through the psychological distress 
they cause. Gastroesophageal reflux disease can cause 
discomfort and pain, particularly when lying down, 
leading to frequent awakenings and difficulty falling back 

asleep. The nocturnal symptoms of gastroesophageal 
reflux disease, such as heartburn and regurgitation, can be 
particularly disruptive, resulting in poor sleep quality.71,72 
Conditions such as asthma and chronic obstructive 
pulmonary disease can lead to breathing difficulties 
during the night, causing awakenings and disrupted 
sleep. The need to manage symptoms, such as coughing 
or shortness of breath, can make it difficult to maintain 
continuous sleep.73,74 Cardiovascular conditions, such as 
hypertension and heart disease, are often accompanied by 
nocturnal symptoms, including palpitations, chest pain, 
and difficulty breathing. These symptoms can interfere 
with the ability to achieve and maintain sleep, leading 
to insomnia.75,76 Conditions such as Parkinson’s disease, 
restless legs syndrome, and multiple sclerosis are associated 
with a range of symptoms that can disrupt sleep, including 
muscle rigidity, involuntary movements, and sensory 
disturbances. These symptoms often worsen at night, 
contributing to sleep fragmentation and insomnia.77-80

2.3.3. Somatic hypervigilance and perception of 
bodily symptoms

Somatic hypervigilance refers to an increased awareness 
and monitoring of bodily sensations, often accompanied 
by an exaggerated response to these sensations. Individuals 
with insomnia, particularly those with psychosomatic 
influences, may exhibit heightened sensitivity to normal 
bodily sensations, such as heart rate, breathing, or 
muscle tension. This heightened awareness can lead to 
amplification of symptoms such as somatic hypervigilance, 
which can cause individuals to perceive normal bodily 
sensations as more intense or distressing than they are, 
leading to increased anxiety and arousal.81 For example, a 
person might become overly focused on their heart rate 
or breathing pattern while trying to fall asleep, which can 
increase stress and interfere with the sleep process. The 
preoccupation with bodily sensations can also lead to 
sleep-related anxiety, where individuals become fearful of 
the sensations they experience at night, such as palpitations 
or shortness of breath. This anxiety further disrupts sleep 
by increasing arousal and making it difficult to relax.

Somatic conditions often have a significant impact on 
psychological well-being, contributing to the development 
of insomnia. Chronic pain, for example, is associated with 
increased rates of depression and anxiety, both of which 
are common comorbidities in individuals with insomnia.71 
The presence of a chronic medical condition can lead to 
feelings of helplessness, frustration, and fear about the 
future, all of which contribute to sleep disturbances. In 
addition, the interaction between cognitive processes 
(such as worry about health) and affective states (such as 
anxiety and depression) can exacerbate somatic symptoms 
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and contribute to the perpetuation of insomnia. Somatic 
conditions can also lead to maladaptive behaviors that 
perpetuate insomnia, such as avoiding physical activity due 
to pain or discomfort, which can disrupt sleep patterns and 
reduce sleep quality.64,65,82,83 In some cases, individuals may 
engage in behaviors that they believe will improve sleep 
but that actually worsen it, such as spending excessive time 
in bed or using sleep medications inappropriately.

3. Diagnosis of psychosomatic insomnia
Diagnosing psychosomatic insomnia requires a nuanced 
approach that considers the intricate interplay between 
psychological, somatic, and neurobiological factors. The 
diagnostic process involves identifying the underlying 
psychosomatic influences that contribute to sleep 
disturbances, distinguishing psychosomatic insomnia 
from other sleep disorders, and utilizing appropriate 
assessment tools to accurately evaluate the condition.

3.1. Diagnostic criteria

The diagnosis of psychosomatic insomnia typically relies 
on a combination of clinical criteria that reflect the 
psychological and somatic components of the disorder:
(i)	 Difficulty initiating sleep, maintaining sleep, or 

experiencing non-restorative sleep, occurring at least 
3 nights per week for a minimum of 3 months84,85

(ii)	 The presence of sleep disturbance that is significant 
enough to cause distress or impairment in daytime 
functioning

(iii)	The presence of psychological factors that contribute 
to the onset or maintenance of insomnia, such as 
stress, anxiety, or depression, which manifest as 
excessive worry about sleep, cognitive hyperarousal, 
or emotional dysregulation86

(iv)	 Manifestation of somatic symptoms or chronic medical 
conditions, including chronic pain, gastrointestinal 
issues, respiratory problems, or other sleep-interfering 
physical conditions, that may contribute to sleep 
disturbances

(v)	 The presence of significant daytime impairment due to 
sleep disturbances, such as fatigue, mood disturbances, 
cognitive impairment, or decreased quality of life

(vi)	 The presence of sleep disturbance is not accounted for 
by another sleep disorder (e.g., sleep apnea and restless 
legs syndrome) or causally related to the effects of 
substance use or medication.85-87

3.2. Assessment tools

Accurate diagnosis of psychosomatic insomnia requires 
the use of various assessment tools that help identify 
the contributing factors and severity of the disorder. 
Structured or semi-structured clinical interviews are 

essential for gathering detailed information about a 
patient’s sleep history, psychological state, and somatic 
symptoms. Interviews should explore the onset, duration, 
and nature of sleep disturbances, as well as any associated 
psychological or physical factors. Patients may be asked 
to maintain a sleep diary over a period of 1 – 2  weeks. 
The diary typically includes entries on sleep onset, wake 
times, nighttime awakenings, sleep quality, and daytime 
functioning. This tool helps to identify patterns in sleep 
behavior and the impact of psychosomatic factors on sleep. 
Several validated questionnaires and self-report scales can 
be used to assess insomnia severity, psychological distress, 
and somatic symptoms. Commonly used tools include: the 
Insomnia Severity Index, a widely used questionnaire that 
assesses the severity of insomnia and its impact on daily 
life;88 the Pittsburgh Sleep Quality Index, a comprehensive 
tool for assessing sleep quality and disturbances over the 
past month;89 the Beck Depression Inventory and Beck 
Anxiety Inventory, tools that assess the presence and 
severity of depressive and anxiety symptoms, which are 
often associated with insomnia;90 the Brief Pain Inventory, 
a tool for assessing the severity of pain and its impact 
on daily functioning, useful in cases where chronic pain 
contributes to insomnia;91 polysomnography, employed 
in cases where there is a suspicion of coexisting sleep 
disorders such as sleep apnea, or when the diagnosis is 
unclear; and actigraphy, a non-invasive method involving 
wearing a wristwatch-like device that monitors movement 
to estimate sleep patterns over several days or weeks.92

4. Treatment strategies
Effective treatment of psychosomatic insomnia 
requires a multidisciplinary approach that addresses 
the psychological, somatic, and behavioral aspects 
of the disorder. Treatment strategies typically involve 
a combination of psychological interventions, 
pharmacological approaches, integrative and holistic 
therapies, and lifestyle modifications.

4.1. Psychological interventions

Psychological interventions are central to the treatment of 
psychosomatic insomnia, particularly given the significant 
role of cognitive and emotional factors in the disorder.

As the gold-standard psychological treatment for 
insomnia, cognitive-behavioral therapy for insomnia 
(CBT-I) can effectively address both cognitive and 
behavioral aspects of the disorder.93-95 The core components 
of CBT-I include cognitive restructuring, which focuses 
on identifying and challenging dysfunctional beliefs 
and attitudes about sleep, such as catastrophic thinking 
about the consequences of poor sleep or unrealistic sleep 
expectations.96 Sleep restriction therapy is a well-known 
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strategy that focuses on limiting the time spent in bed 
to match the actual amount of sleep obtained, thereby 
increasing sleep efficiency and reducing the time spent 
awake in bed.97-100 Another strategy known as stimulus 
control therapy centers on reinforcing the association 
between the bed and sleep by establishing a regular sleep–
wake schedule and avoiding activities such as reading or 
watching TV in bed.101

Other approaches such as relaxation techniques, 
such as progressive muscle relaxation, deep breathing, 
or mindfulness meditation, reduce pre-sleep arousal 
and facilitate the sleep onset process. Mindfulness-based 
stress reduction (MBSR) is a therapeutic approach that 
incorporates mindfulness meditation and awareness 
practices to reduce stress and enhance emotional 
regulation. For individuals with psychosomatic insomnia, 
MBSR can help break the cycle of stress and hyperarousal 
that disrupts sleep. By fostering a non-judgmental 
awareness of thoughts and sensations, MBSR allows 
patients to disengage from unhelpful cognitive patterns 
that contribute to insomnia.102-104 Also, acceptance and 
commitment therapy focuses on helping individuals accept 
their insomnia-related thoughts and feelings without 
trying to control or avoid them. The therapy emphasizes 
the importance of living a meaningful life despite sleep 
difficulties, which can reduce the anxiety and frustration 
associated with insomnia.105-107 Lastly, biofeedback, which 
involves using electronic devices to monitor physiological 
processes such as heart rate, muscle tension, and skin 
temperature, enables patients to learn to control these 
processes through relaxation techniques, which can help 
reduce physiological arousal and improve sleep quality.108

4.2. Pharmacological approaches

Pharmacological treatment may be considered for 
individuals with psychosomatic insomnia, particularly 
when psychological interventions alone are insufficient. 
However, medications should be used with caution and 
typically as part of a broader treatment plan.109

Short-term use of hypnotic medications, such as 
benzodiazepines (e.g., temazepam) or non-benzodiazepine 
sleep aids (e.g., zolpidem, eszopiclone), can help alleviate 
acute sleep disturbances. These medications are effective 
in reducing sleep latency and improving sleep duration 
but should be prescribed cautiously due to the risk of 
dependence, tolerance, and withdrawal symptoms.110,111 
Certain antidepressants, particularly those with sedative 
properties such as trazodone or mirtazapine, are often 
prescribed to treat insomnia, especially when the patient 
is comorbid with depression or anxiety. These medications 
can help regulate sleep architecture and reduce the 
psychological symptoms that contribute to insomnia.112-114

Other compounds such as melatonin, a hormone 
that regulates the SWC, and melatonin receptor agonists 
such as ramelteon, can be used to address circadian 
rhythm disturbances and improve sleep onset. Melatonin 
is particularly useful in cases of delayed sleep phase 
syndrome or jet lag.115,116 Orexin receptor antagonists, such 
as suvorexant, are a newer class of sleep medications that 
target the orexin system, which regulates wakefulness. 
These medications help to reduce wakefulness and 
promote sleep without the sedative side effects associated 
with other hypnotics.117-119 Finally, antihistamines 
(e.g., diphenhydramine) are sometimes used as sleep aids 
due to their sedative effects.120 However, they are generally 
not recommended for long-term use due to the potential 
side effects, including next-day drowsiness and cognitive 
impairment.

Cannabinoids are therapeutic agents that are gaining 
a lot of interest in this field. Cannabinoids are the active 
compounds found in the cannabis plant. The most 
prominent cannabinoids, namely tetrahydrocannabinol 
(THC) and cannabidiol (CBD) interact with the body’s 
endocannabinoid system (ECS), which is integral to 
regulating sleep, mood, pain, and other physiological 
processes. The ECS is a complex network that includes 
cannabinoid receptors, primarily CB1 and CB2, along 
with endogenous cannabinoids such as anandamide and 
2-arachidonoylglycerol.121,122 These receptors are widely 
distributed throughout the central nervous system 
and peripheral tissues. The ECS helps regulate various 
physiological functions, including the SWC, by modulating 
neurotransmitter release and influencing neural activity in 
brain regions involved in sleep regulation.123,124 THC, the 
psychoactive component of cannabis, is known for its ability 
to induce sedation and alter sleep patterns. THC primarily 
acts on CB1 receptors, which are abundant in brain regions 
associated with sleep regulation, such as the hypothalamus 
and brainstem. By binding to these receptors, THC can 
reduce sleep latency (i.e., the time it takes to fall asleep) 
and increase overall sleep duration, making it a potential 
remedy for individuals with insomnia. However, THC’s 
effects on sleep architecture are complex. While it may 
increase slow-wave sleep (deep sleep), it can also reduce 
REM sleep, which is essential for cognitive functions such 
as memory consolidation.125,126 The reduction in REM 
sleep could be a potential drawback, especially for long-
term use. CBD, on the other hand, has gained popularity 
for its non-psychoactive properties and its ability to 
promote relaxation and reduce anxiety. CBD interacts 
with the ECS differently than THC. It has a low affinity for 
CB1 and CB2 receptors but exerts its effects by influencing 
other receptors and pathways, such as serotonin receptors 
(specifically 5-HT1A) and GABAergic transmission. CBD 
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has been shown to have anxiolytic (anxiety-reducing) 
effects, which can be particularly beneficial for individuals 
whose insomnia is driven by anxiety or stress.127,128 Unlike 
THC, CBD does not have sedative effects at typical doses, 
but it can help improve sleep by reducing the cognitive 
arousal and anxiety that often interfere with sleep onset. 
Moreover, CBD has been found to modulate the SWC 
through its effects on the hypothalamus, which plays a 
crucial role in maintaining circadian rhythms.129,130 By 
interacting with these pathways, CBD may help stabilize 
sleep patterns, particularly in individuals with disrupted 
circadian rhythms or those suffering from sleep disorders 
related to anxiety. When THC and CBD are used together, 
they may produce synergistic effects that enhance their 
potential benefits for treating insomnia.131 THC’s sedative 
properties can help reduce sleep latency, whereas CBD’s 
anxiolytic effects can improve sleep quality by alleviating 
the anxiety that often accompanies insomnia. This 
combination might be particularly effective for patients 
who have difficulty falling asleep due to stress or chronic 
pain, as CBD can also reduce inflammation and pain 
perception.132,133

4.3. Integrative approaches

Integrative and holistic approaches to managing 
psychosomatic insomnia emphasize treating the 
whole person, addressing both mind and body. These 
strategies complement conventional psychological and 
pharmacological treatments, offering a multifaceted 
approach to sleep disturbances. By focusing on the 
interplay between physical health, emotional well-being, 
and lifestyle choices, these integrative therapies aim to 
create a more balanced and supportive environment for 
restful sleep.

Herbal remedies have been utilized for centuries to 
promote relaxation and enhance sleep quality. Commonly 
used herbs include valerian root, chamomile, and 
passionflower. Valerian root, known for its sedative 
properties, has been shown to shorten the time for falling 
asleep and improve overall sleep quality. Specifically, 
valerian is thought to increase GABA levels in the brain, 
helping calm nervous activity and promote sleep.134 
Chamomile, often consumed as tea, possesses mild sedative 
effects and has been linked to improved sleep quality and 
reduced insomnia symptoms; research indicates that 
its antioxidant properties may contribute to its relaxing 
effects.135 Passionflower is another herb traditionally used 
to alleviate anxiety and promote sleep; some studies suggest 
that it may increase GABA levels, thereby enhancing its 
calming effects.134,135 Despite the varying evidence regarding 
their efficacy, these herbs are generally considered safe 
when used appropriately. However, it is crucial for 

individuals to consult with a healthcare provider before 
incorporating herbal supplements into their routine, 
especially if they are already taking medications, to avoid 
potential interactions and ensure that the chosen remedy 
aligns with their health profile.

Mind-body practices play a significant role in 
integrative approaches to insomnia by combining 
physical movement, breathing exercises, and meditation 
to promote relaxation and reduce stress. Regular practice 
of yoga has been associated with improvements in 
sleep quality and reductions in insomnia symptoms by 
reducing cortisol levels, enhancing emotional regulation, 
and improving overall well-being, contributing to better 
sleep.136 A systematic review found that yoga interventions 
significantly improved sleep quality in individuals with 
chronic insomnia, suggesting that the combination of 
physical activity, controlled breathing, and mindfulness 
inherent in yoga may create a conducive environment for 
restful sleep.136 Similarly, Tai Chi, a form of gentle martial 
arts emphasizing slow, deliberate movements and deep 
breathing, has been shown to improve sleep quality and 
reduce insomnia symptoms, particularly in older adults. 
A study has indicated that Tai Chi can promote relaxation 
and reduce anxiety, which are crucial factors in managing 
insomnia.137 These practices foster relaxation and 
encourage mindfulness, helping individuals better manage 
stress and anxiety, which are common contributors to 
insomnia.

Dietary factors are also essential in the integrative 
management of insomnia, as certain nutrients can 
significantly influence sleep quality. For instance, 
magnesium, a mineral required in sleep regulation, is 
critical for maintaining healthy sleep patterns. It has been 
shown that magnesium supplementation can improve 
sleep quality, especially in individuals with deficiencies, 
and its role in regulating neurotransmitters, such as 
GABA, further highlights its importance in sleep health.138 
In addition to supplementation, focusing on a balanced 
diet that supports stable blood sugar levels is crucial for 
sleep health. Consuming whole foods rich in vitamins, 
minerals, and antioxidants can enhance overall health 
and well-being, thereby promoting better sleep. Avoiding 
stimulants, such as caffeine and nicotine, particularly in 
the hours leading up to bedtime, is also important, as these 
substances can interfere with the body’s natural SWC.142

Furthermore, the timing of meals can affect sleep 
quality; late-night eating or consuming heavy meals close 
to bedtime can lead to discomfort and disrupt the sleep 
cycle. Adopting a diet that emphasizes sleep-promoting 
nutrients, such as tryptophan (found in turkey and dairy), 
can also support better sleep.139-141 Overall, these integrative 
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strategies provide a holistic framework for addressing 
psychosomatic insomnia, fostering both immediate relief 
and long-term resilience against sleep disturbances.

4.4. Lifestyle modifications

Lifestyle modifications are an essential component of 
treating psychosomatic insomnia. These changes aim to 
promote healthy sleep habits, reduce stress, and support 
overall well-being. Good sleep hygiene practices are 
foundational to managing insomnia. Going to bed and 
waking up at the same time each day helps regulate the 
body’s internal clock. The bedroom should be quiet, 
dark, and cool, with a comfortable mattress and pillows. 
Removing electronic devices from the bedroom can 
also reduce exposure to blue light, which interferes with 
melatonin production.143

Other modifications include avoiding caffeine, 
nicotine, and alcohol, particularly in the hours leading up 
to bedtime, which can help prevent sleep disturbances. 
Regular physical activity has been shown to improve sleep 
quality and reduce symptoms of insomnia. Moderate 
aerobic exercise, such as walking, swimming, or cycling, 
can be particularly effective.144-146 However, it is important 
to avoid vigorous exercise close to bedtime, as it may 
increase arousal and make it difficult to fall asleep. Limiting 
activities that require intense cognitive engagement close 
to bedtime, such as working, studying, or engaging in 
stimulating conversations, can help reduce cognitive 
arousal and facilitate sleep onset.

5. Discussion
The examination of psychosomatic factors establishes 
insomnia as a complex and multifaceted disorder, 
characterized by the intricate interplay of neurobiological, 
psychological, and somatic mechanisms. Understanding 
these interconnections is crucial for accurate diagnosis and 
effective treatment, as each mechanism contributes to the 
persistence and severity of insomnia.

At the core of psychosomatic insomnia are 
neurobiological mechanisms that play a pivotal role 
in both the onset and perpetuation of this disorder. 
Dysregulation of the HPA axis, coupled with hyperactivity 
of the autonomic nervous system, emerges as a particularly 
significant factor. Chronic stress, a prevalent precursor 
to insomnia, elevates levels of cortisol and other stress 
hormones, thereby intensifying arousal and disrupting 
the natural SWC.147 This heightened physiological arousal 
perpetuates a state of hypervigilance, making it increasingly 
challenging to fall asleep and maintain restorative 
sleep. Moreover, disruptions in circadian rhythms often 
exacerbated by stress and psychological distress further 

complicate the regulation of sleep, leading to chronic sleep 
disturbances.148

Equally critical in understanding psychosomatic 
insomnia are the psychological mechanisms that influence 
sleep quality. Cognitive factors, including heightened 
arousal, persistent worry about sleep, and maladaptive 
beliefs, contribute significantly to the disorder.149 These 
psychological processes create a vicious cycle where 
concerns about sleep exacerbate anxiety, leading to 
further disturbances in sleep. Emotional dysregulation, 
frequently observed in conditions such as anxiety and 
depression, plays a pivotal role in perpetuating insomnia. 
The bidirectional relationship between insomnia and these 
psychological disorders underscores the necessity for 
interventions that address both cognitive and emotional 
dimensions. CBT-I, in particular, has proven effective in 
disrupting this cycle by targeting maladaptive thought 
patterns and behaviors.150

Compounding the challenge of insomnia are somatic 
mechanisms, as physical symptoms and chronic medical 
conditions often contribute to sleep disturbances. 
Conditions such as chronic pain, gastrointestinal issues, 
and respiratory problems can lead to fragmented sleep 
and increased nighttime awakenings.150 The interplay 
between somatic complaints and psychological factors 
establishes a feedback loop where physical discomfort 
exacerbates psychological distress and vice versa. This 
interconnectedness highlights the importance of a 
comprehensive treatment approach that addresses both the 
physical and psychological dimensions of insomnia.

To effectively diagnose insomnia, comprehensive 
and integrative diagnostic approaches are required 
to recognize the complex interactions among these 
mechanisms. Utilizing diagnostic criteria that encompass 
both psychological and somatic factors is paramount. 
Assessment tools, including clinical interviews, sleep 
diaries, standardized questionnaires, and objective 
measures such as polysomnography, play a vital role 
in accurately diagnosing psychosomatic insomnia. In 
addition, differential diagnosis is crucial in distinguishing 
this condition from other sleep disorders, such as sleep 
apnea or restless legs syndrome, which may present with 
similar symptoms but necessitate different treatment 
strategies.

Treatment strategies for psychosomatic insomnia 
must be personalized and multifaceted, addressing the 
neurobiological, psychological, and somatic components 
of the disorder. Psychological interventions, particularly 
CBT-I, stand as the cornerstone of treatment, effectively 
targeting maladaptive thoughts and behaviors contributing 
to insomnia. Pharmacological approaches, including 
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hypnotics and antidepressants, may be necessary in 
some cases, especially when insomnia is severe or when 
psychological interventions alone are insufficient. 
Furthermore, integrative and holistic approaches such 
as acupuncture, herbal remedies, and mind-body 
practices such as yoga offer additional avenues for 
treatment, particularly for patients who prefer non-
pharmacological options.151 Lifestyle modifications, such 
as good sleep hygiene, regular physical activity, and stress 
management techniques, are also essential components of 
a comprehensive treatment plan.

Despite significant advances in understanding and 
treating psychosomatic insomnia, several challenges and 
controversies persist. One major hurdle is the heterogeneity 
of the disorder, with patients presenting a wide array 
of symptoms and contributing factors. This variability 
complicates the development of standardized diagnostic 
criteria and treatment protocols. In addition, ongoing 
debates regarding the optimal approaches to treatment, 
particularly the relative merits of pharmacotherapy versus 
psychological interventions, continue to evolve. While 
CBT-I has demonstrated high efficacy for many patients, 
others may not respond favorably, and the long-term use of 
hypnotic medications raises concerns about dependency 
and potential side effects. Moreover, gaps in the literature 
persist regarding the long-term outcomes of various 
treatment strategies. For example, while integrative and 
holistic approaches are gaining popularity, more research 
is needed to establish their efficacy and safety in treating 
psychosomatic insomnia. The relationship between somatic 
conditions and insomnia remains poorly understood, 
particularly regarding the mechanisms through which 
physical symptoms interact with psychological factors to 
perpetuate sleep disturbances. Future research should aim 
to address these challenges, emphasizing personalized 
treatment approaches that consider the unique combination 
of neurobiological, psychological, and somatic factors each 
individual presents. Longitudinal studies are particularly 
warranted to explore the long-term efficacy and safety 
of diverse treatment strategies, especially integrative 
and holistic methods. Furthermore, understanding the 
mechanisms underlying the interactions between somatic 
conditions and insomnia could lead to more targeted 
interventions.

Within this framework, the interactions among CBD, 
THC, and the ECS merit attention, as they present a 
promising avenue for addressing insomnia. The ECS plays 
a crucial role in maintaining homeostasis within the body, 
influencing various physiological processes, including 
sleep regulation, stress response, and mood. Both CBD 
and THC interact with the ECS, albeit in different ways, 

contributing to their respective therapeutic effects. CBD is 
primarily known for its anxiolytic and anti-inflammatory 
properties. It does not produce the psychoactive effects 
associated with THC, making it an appealing option for 
individuals seeking relief from insomnia, without causing 
cognitive impairment that THC may induce.152 CBD’s 
influence on the ECS appears to enhance the body’s 
natural ability to regulate sleep, potentially by modulating 
anxiety levels and promoting relaxation. This can be 
particularly beneficial for those whose insomnia is rooted 
in psychological distress or stress-related conditions. 
THC, on the other hand, is the psychoactive component 
of cannabis, known for its sedative properties. THC may 
facilitate sleep onset by reducing sleep latency; however, its 
use can also lead to alterations in sleep architecture, such 
as reduced REM sleep, which could have implications for 
overall sleep quality. The effects of THC can vary widely 
among individuals, depending on factors such as dosage, 
tolerance, and the presence of other cannabinoids and 
terpenes within the cannabis plant.

The interplay between CBD, THC, and the ECS suggests 
that a balanced approach, utilizing both compounds, may 
offer the most effective treatment for insomnia. Some studies 
indicate that a combination of CBD and THC may enhance 
the sedative effects of THC while mitigating potential side 
effects, such as anxiety or cognitive impairment, associated 
with higher doses of THC alone. This synergy highlights 
the potential of cannabis-based therapies in addressing 
the multifaceted nature of insomnia, particularly when 
tailored to individual needs and responses.

A deeper understanding of the complex interplay 
between neurobiological, psychological, and somatic 
factors in psychosomatic insomnia will pave the way for 
more effective and personalized treatment strategies. 
Integrating advancements in technology, such as wearable 
devices for monitoring sleep patterns and physiological 
responses, alongside genetic and biomarker research, 
could lead to the precise identification of individuals at 
risk for psychosomatic insomnia and the development 
of targeted interventions that address specific biological 
pathways. Ultimately, these comprehensive approaches 
hold the promise of improving outcomes for individuals 
grappling with this challenging disorder.

6. Conclusion
Psychosomatic insomnia is a multifaceted disorder 
characterized by the interaction between neurobiological, 
psychological, and somatic mechanisms, each contributing 
to the persistence and complexity of sleep disturbances. The 
synthesis of current research emphasizes the importance 
of understanding these interactions to develop effective 
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diagnostic and treatment strategies. Neurobiological 
dysregulation, particularly involving the HPA axis and 
circadian rhythms, plays a crucial role in the disorder, 
whereas psychological factors such as cognitive arousal 
and emotional dysregulation further complicate the SWC. 
In addition, somatic conditions such as chronic pain and 
other physical health issues significantly contribute to 
insomnia, creating a feedback loop that exacerbates both 
psychological and physical symptoms.

Accurate diagnosis of psychosomatic insomnia 
requires a comprehensive approach, integrating 
diagnostic criteria that consider psychological, somatic, 
and neurobiological factors. Assessment tools, including 
clinical interviews, sleep diaries, and objective measures 
such as polysomnography, are essential for understanding 
the scope of the disorder and differentiating it from 
other sleep disorders. Effective treatment strategies, 
combining psychological interventions such as CBT-I with 
pharmacological approaches, integrative therapies, and 
lifestyle modifications, should be deployed to address the 
disorder’s multifaceted nature.

Despite advances in treatment, challenges and 
uncertainties remain, including variability in patient 
responses, the debate over pharmacotherapy versus 
psychological interventions, and the gaps in understanding 
the long-term outcomes of various treatments. Future 
research should focus on personalized approaches, 
exploring the long-term efficacy of different treatment 
strategies, and leveraging technological advancements 
to improve diagnosis and treatment. Understanding 
the complex interactions between neurobiological, 
psychological, and somatic factors will be key to developing 
more effective, bespoke interventions and improving 
outcomes for individuals affected by psychosomatic 
insomnia.
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Abstract
The Aboriginal population comprises 3.3% of the total Australian population, 
and youth represent 19% of this segment. In general, the Aboriginal inhabitants 
of Australia experience discrimination, limited access to education, and low 
socioeconomic conditions, and exhibit high mental disorder rates. The rate of suicide 
attempts by the Indigenous people of Victoria increased by 75% in 2021. This study 
examined the possible risk factors associated with suicides committed by Indigenous 
youth in Victoria. It focused on the health profiles of Victorian Aboriginal individuals, 
identified stakeholders who could help improve their mental well-being, addressed 
the needs and issues related to Aboriginal mental health, and examined substance 
abuse in this population segment. Finally, recommendations are offered to mitigate 
the studied problem. Rising suicide rates represent an urgent concern because they 
reflect the diminished mental health conditions of a society, particularly among its 
marginalized populations. It is crucial to develop an integrated suicide prevention 
act that takes into account the biological, psychological, social, cultural, and spiritual 
determinants of this population.

Keywords: Suicide; Mental health; Youth; Aborigine; Victoria; Australia

1. Introduction
As per the 2016 census, 0.9% of the Victorian population identifies as Aboriginal in origin. 
The Aboriginal people represent 3.3% of the total Australian population, and youth aged 
between 15 and 24 years form approximately 19% of this segment.1 The education levels 
of Indigenous Victorians are improving, but their incomes and quality of life remain low 
compared to the non-Indigenous population and require further enhancement.1

The perception of discrimination and inequity is high among Indigenous Australians.2 
According to “The Youth Survey 2019,” half of the surveyed Aboriginal youth were 
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optimistic about life, approximately one-third suffered 
from psychological distress, and almost 30% experienced 
bullying that impacted their sense of well-being.3 In 
addition, Aboriginal youth were thrice more likely to 
experience homelessness than their non-Aboriginal peers.3

Suicides are also 3 times higher among Aboriginal youth 
under 18 than among other young Australians. This rate 
becomes 12 times higher than other Australians4 if we only 
consider young people aged below 15 years. This section 
of Aboriginal youth exhibits poor educational attainment 
and employment, experiences forced cultural and housing-
related displacements, perceives discrimination, and lives 
in poverty from youth to adulthood. The traumas and 
cycle of poor attachment continue from adolescence to 
adulthood for the First Nations people because they lack 
stability in early life. Transgenerational trauma stemming 
from historical abuse and forced displacement is often an 
underlying factor in youth suicides.5

In 2021, Victoria registered a 75% increase in suicide 
among the First Nations people compared to previous 
years.6 Places in regional Victoria such as Mildura and 
Shepperton reported the highest suicide frequencies. 
Coroner’s reports reveal that Aboriginal and Torres 
Strait Islander people in Victoria died by suicide at a 
rate three and a half times higher than non-Indigenous 
people between 2018 and 2021. Some themes related to 
deaths by suicide have emerged in recent years: anxieties 
resulting from suicide committed by a member of a 
close-knit community, the absence of support for people 
struggling with substance abuse, and increasing incidents 
of incarceration, domestic violence, loneliness, or failed 
relationships. The coronavirus disease 19 (COVID-19) 
pandemic and multiple lockdowns negatively affected 
the mental health of Aboriginal youth.6 Several suicide 
prevention strategies are being implemented but suicides 
among Aboriginal youth continue to rise. As the Ottawa 
Charter suggests, integrating social, cultural, family, 
community, and personal factors will result in a better 
understanding of the prevailing problem.7

Thus, this study aims to deliver a snapshot of the present 
circumstances related to suicides by Aboriginal youth. 
It also attempts to outline the engagement of potential 
stakeholders to prevent suicides.

2. Health profile of the Victorian Aboriginal 
and Torres Strait Islander people
Children born to Victorian Aboriginal mothers are twice 
as likely to register low birth weights as babies born to non-
Aboriginal mothers.8 A Victorian Aboriginal woman is 
45 times more likely to experience domestic violence than 
a non-Aboriginal woman.9 An Aboriginal child in Victoria 

is 8 times more likely to qualify for child protection services 
than a non-Aboriginal child. Aboriginal Victorians are 
4  times more likely to be homeless than non-Aboriginal 
people. Moreover, Aboriginal people aged above 18 years 
use tobacco 3  times more than non-Aboriginal people. 
Furthermore, Aboriginal Victorians are more than 
4 times more likely than other Victorians to visit medical 
emergency facilities for alcohol-related reasons. Further, 
Aboriginal Victorians are approximately 3  times more 
likely to suffer from severe or extreme emotional distress 
than members of other communities.8

3. Needs and issues related to Aboriginal 
mental health
Dickson’s systematic review revealed elevated rates of 
suicide, self-harm, and suicidal ideation in Indigenous 
youth vis-à-vis the non-Indigenous population. Common 
risk factors for suicides by Indigenous youth include a 
history of incarceration, substance use, and more significant 
social and emotional distress.10 Heard’s qualitative study 
explored discrete themes underlying perceived barriers 
to implementing suicide prevention strategies and 
reported perceived powerlessness, skill deficiencies, lack of 
resilience apropos factual discussions, perceived absence 
of professional support, and other systemic issues as 
commonplace themes.11

Cox conducted a focus group discussion and reported 
that mentoring, cultural values, and community cohesion 
were vital for the health and well-being of Indigenous 
communities.12 Nasir and Kiseley’s community consultation 
study highlighted factors that were counterproductive for 
suicide prevention programs in remote communities: 
inconsistencies in the content and delivery of gatekeeper 
training, time-consuming and unsustainable programs, 
and irrelevant materials. Societies must focus on the 
social, emotional, cultural, and spiritual underpinnings of 
community well-being in developing suicide prevention 
strategies.13 Existing cross-cultural studies have identified 
some common themes associated with youth suicides, for 
instance, poor mental health literacy, cultural issues, lack 
of access, high stigma, unstable finances, and housing.14

Varied difficulties have been pinpointed to underpin 
the high suicide rates among Aboriginal youth in Victoria. 
The extant research suggests that 90% of Aboriginal people 
with mental health issues have expressed suicidal ideas 
in the last 12 months. Furthermore, mental health issues, 
including depression, have been detected in 90% of the 
population of individuals who have attempted suicide.6,15 
Females are more likely to attempt suicide but males have 
a higher rate of suicide deaths. Young people who do 
not conform to conventional gender roles are at greater 
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risk of committing suicide because of discrimination, 
rejection, and harassment: For instance, youth identifying 
as LGBTQIA+. In addition, individuals in remote 
communities are at greater risk of death by suicide because 
of limited support systems and restricted access to mental 
health resources.6,15

The risk of suicide is further escalated by the negative 
mental health effects of substance use and impulsive 
behaviors associated with it. Substance abuse is also 
intricately linked with domestic violence, unstable family 
dynamics, and myriad physical health issues.6,15 In addition, 
the COVID-19 pandemic and multiple lockdowns imposed 
in Victoria impacted the mental health of the Aboriginal 
population.

Moreover, transgenerational trauma causes epigenetic 
changes and results in neurodevelopmental deficits.16 
Family violence and systematic discrimination also often 
retrigger trauma.6,15 Transgenerational trauma must be 
addressed to prevent suicides, especially in communities 
affected by systemic oppression and historical trauma. 
The impact of trauma that remains unresolved across 
generations can manifest in community violence, substance 
misuse, and suicidal behaviors. Effective strategies focus on 
establishing trauma-informed services that respect cultural 
practices, build community resilience, and support cross-
generational healing. The existing research emphasizes 
community-driven programs such as culturally embedded 
counseling and education, which help individuals connect 
with their identity and heritage, buffer against the adverse 
effects of trauma, and promote psychological well-being.17 
Out-of-home care is 10  times higher among Aboriginal 
children, and child protection notification rates are 7 times 
higher than the frequencies for non-Aboriginal children. In 
addition, a sizable proportion of the Aboriginal population 
lives in poverty with limited satisfaction of basic needs. It is 
known that poverty, inadequate access to health care, lack 
of trust, and overcrowded living conditions impact the 
mental health status of First Australians and increase their 
suicide risks.15

Specific cultural, historical, and political considerations 
contribute to the excessive prevalence of mental health 
problems in Aboriginal and Torres Strait Islander people and 
mandate a rethinking of traditional models and assumptions. 
In 2018 – 2019, 31% of Aboriginal Australians and 23% of 
Torres Strait Islanders aged 18  years and above reported 
experiencing severe or very severe emotional distress.18

4. Substance abuse and suicides by 
Indigenous youth
Substance abuse among Indigenous youth is regarded as 
a triggering factor for suicide and self-harm attempts.19 

The need to address the issues of substance abuse among 
Aboriginal youth is significantly unmet and requires 
immediate attention to prevent further damage.20 
Aboriginal youth reported less sociocultural control 
and exposure to modern adversities after colonization. 
Per the data obtained from the Australian Institute of 
Health and Welfare, alcohol abuse has doubled in the last 
decade in Aboriginal youth compared to non-Aboriginal 
populations. However, a steep decline in alcohol 
consumption has been observed in the community since 
2022. The 2018 – 2019 National Aboriginal and Torres Strait 
Islander Health Survey compiled data on illicit substance 
use among First Nations people aged 15 years and above. 
The findings revealed that 25.2% of this population had 
used illicit substances in the past 12  months, and males 
reported significantly higher usage (36.7%) than females 
(21.1%). Age was also found to influence substance use, 
with younger people (15 – 29 years) reporting higher rates 
(32.9%) than individuals aged 45 years and above (21.2%). 
Marijuana, hashish, and cannabis resin were the most 
commonly used substances, and 24% of the respondents 
(31.4% of the males and 17.7% of the females) had used 
these items. Other substances such as heroin, cocaine, non-
medical analgesics, sedatives, amphetamines, and ecstasy 
were reported in lower proportions, and the use of each 
category ranged between 3.3% and 5.9% of respondents.18 
Many remote communities are concerned about substance 
abuse among their youth and are worried about the 
ineffectiveness of prevention strategies.20

Psychological distress and low self-esteem increase the 
risks of substance abuse. Conversely, higher self-esteem, 
resilience, confidence, and a sense of ownership reduce 
the consumption of substance abuse in a population.21 
Chances of substance abuse are also diminished when 
health is prioritized, literacy is emphasized, and youngsters 
engage in sports. Low educational attainment, school 
dropout, and unemployment increase the risk of cannabis 
and other drug abuse among First Australians.21 Moreover, 
young people who have been incarcerated are at higher risk 
of abusing cannabis, tobacco, and methamphetamine.21 
According to Snijder, younger people aged between 15 and 
24 years are more prone to substance abuse and drinking 
and driving offenses. Males are more likely than females to 
abuse alcohol, smoke tobacco, and commit driving offenses. 
Peer pressure, social isolation, broken families, domestic 
violence, and partners with substance abuse issues increase 
the chances of substance abuse and relapse.21 Indigenous 
populations in urban areas encompass high-risk factors 
for alcohol abuse and illicit drug use, whereas Indigenous 
people living in rural areas display higher likelihoods of 
tobacco use and drinking offenses.22 Cannabis, crystal 
methamphetamine, and tobacco are increasingly available 
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among young populations because their access is 
unregulated.21 A study conducted with Aboriginal women 
revealed that hopelessness, depression, and despair can 
result in alcohol abuse and suicide.23

A person struggling with substance abuse is 10  times 
more likely to commit suicide than the general population.24 
A meta-analysis pertaining to youth populations disclosed 
that substance abuse significantly increased suicide 
risk.25 Substance abuse often causes impulsivity, reduces 
inhibition, or triggers ongoing stressors. Thus, people 
struggling with substance abuse feel incapable of coping 
with their circumstances; in general, alcohol abuse can 
increase suicide risk by 65%.26,27

5. Recommendations to help reduce 
suicides among Aboriginal youth in Victoria
The National Aboriginal and Torres Strait Islander 
Peoples’ Drug Strategy 2014 – 2019 was developed to 
guide governments, communities, service providers, and 
individuals to identify key issues and prioritize action 
areas. This policy document acknowledges the need to 
implement culturally safe, evidence-based procedures to 
lessen damage from drug- and alcohol-related difficulties. 
The perspective is focused on reducing demand, supply, 
and harm through procedures that reflect the ownership of 
the Aboriginal community.28 Thus, approaches to mitigate 
such damages must consider the biological, psychological, 
social, cultural, and spiritual determinants of substance 
abuse.29

Considerable stigma is attached to Aboriginal 
communities accessing healthcare, which is implemented 
using Western concepts and principles.29 Perceived 
discrimination and absence of trust in culturally unsafe 
hospital environments often create a vicious cycle. Thus, 
Aboriginal youth do not seek appropriate care because 
they fear stigmatization.30 Culturally safe community and 
school-based education programs must be instituted to 
improve resilience in Aboriginal communities.31 Care-
related policies and activities should be developed after 
consultation with Aboriginal leaders and persons with 
lived experience.32 Currently, strategies focus primarily on 
hospital-based treatment. A  home-based design should 
be optimized, which will require funding and workforce 
development.29

Evaluation strategies should measure the impact, 
acceptability, and appropriateness of programs designed to 
reduce suicides among Aboriginal youth. Such evaluations 
may be accomplished through community surveys or 
focused group discussions between healthcare workers 
in specific communities. The impact of programs can be 
measured through outcomes such as per capita alcohol 

and drug consumption, the number of presentations to 
emergency care facilities in each period, and data related 
to incidences of self-harm and suicide. The ratio of per 
capita substance consumption and healthcare access can 
provide awareness of the community’s trust in the system. 
Follow-up consumer and carer surveys conducted after 
the completion of each home-based drug rehabilitation 
program can serve as excellent indicators of the effectiveness 
of newer strategies. Measures of specific outcomes such as 
the Health of the Nation Outcome Scales represent effective 
assessment tools for such rehabilitation programs.33

The benefits of culturally safe community-based 
programs include wider accessibility, trustworthiness, 
fewer restrictions, community acceptability, and family-
focused and evidence-informed care provided in less 
intense environments. However, such programs can be 
resource intensive, require experienced and confident 
clinicians, be challenging to implement in remote settings 
and require robust risk mitigation processes in cases of 
worsening health.

A compelling need exists for widely available and 
accessible screening tools to assess and manage healthcare 
and rehabilitation programs. Targeting subpopulations 
mandates experienced, youth-friendly clinicians who are 
confident about providing evidence-informed treatment. 
The treatment approach should be culturally safe and should 
be developed after consultation with young people with 
lived experience. Appropriate referral pathways should be 
stipulated if the young person receiving treatment requires 
more intensive hospital-based care, which would boost the 
confidence of ground workers as well as family members. 
Young care receivers often value confidentiality regarding 
their treatments; thus, clinicians should be trained in the 
nuances concerning individual and family rights.

6. Identifying stakeholders to improve 
mental well-being
Indigenous suicide prevention stakeholders should be able 
to inform, support, or contribute to the implementation of 
integrated approaches to suicide prevention in community 
settings. At least one stakeholder should participate from 
each of the various groups such as community governance 
bodies, elders, health professionals, educational services, 
and recognized local leaders. The stakeholder composition 
can vary depending on the regional or metropolitan status 
of communities. The availability of the workforce and 
services can also influence the participation of different 
stakeholders.34 Stakeholders function essentially in systems-
based suicide prevention programs adopting structured 
governance and community-centered approaches. For 
example, the Tasmanian Suicide Prevention Trial Advisory 
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Group and the Primary Health Network (PHN) were 
instrumental in establishing guidelines, identifying 
priority groups, selecting focus areas, and providing 
foundational support for regional implementation. Their 
key responsibilities entailed ensuring that local working 
groups composed of community members, volunteers, 
and local organizations could operate effectively and tailor 
their suicide prevention activities to specific community 
needs. Working groups supported by host organizations 
such as local councils were responsible for the direct 
implementation of activities and endeavored to adapt the 
lifespan framework to the regional context. The PHN acted 
as a connector, facilitating essential partnerships with local 
organizations (e.g., the Coroner’s office) to support data 
access and resource sharing. Host organizations helped 
bridge the gaps between the national model and local needs, 
leveraging community insights and fostering engagement 
to ensure that the undertaken activities were relevant 
and sustainable in their communities.35 Multisectoral 
team members can introduce discrete strategies such as 
peer-to-peer suicide prevention training in the youth, 
understanding the distinctive needs of communities, 
and pushing local authorities to release funds. Further, 
stakeholders must advocate for the implementation of 
newer services, research, analyses, and evaluations of 
existing programs. Stakeholders need to codesign high-
quality, culturally appropriate suicide prevention services 
for high-risk youth, create awareness, and motivate 
their specific communities to engage in the concerned 
programs.36

7. Youth-focused programs: A critical 
analysis
Varied programs focusing on culturally informed 
approaches that resonate with Indigenous identities 
and values have been designed to specifically address 
youth suicides in Australian Aboriginal communities. 
The “Yiriman Project” is a prominent example of such 
a program that involves at-risk youth in the Kimberley 
region. Young participants connect deeply with their 
heritage through bush trips and activities such as land 
care and cultural storytelling. These processes foster a 
sense of belonging, resilience, and community identity in 
the participants. Evaluations of the Yiriman Project have 
reported its positive effects on the mental well-being and 
reduced suicidal ideation of participants. Nevertheless, the 
program confronts pitfalls such as its excessive reliance 
on intermittent funding, which makes sustained efforts 
challenging.

Another initiative titled “Alive and Kicking Goals!” 
targets Aboriginal youth aged between 15 and 24  years. 
This program integrates suicide prevention messaging 

within peer education and sports settings. It leverages 
community sports events and deploys peer mentors to 
destigmatize mental health discussions and encourage 
help-seeking behaviors. Reports indicate that participants 
gain confidence and acquire knowledge about mental 
health resources. However, the program’s reach is 
sometimes limited because of insufficient resources and 
geographic constraints in remote areas.

“Tough in It Out” is another notable program that aims 
to enhance resilience in Indigenous youth by building 
mental health awareness and inculcating practical 
crisis management strategies. This program is delivered 
through workshops, tackles common mental health issues, 
inculcates emotional regulation skills, and promotes peer 
support. The program effectively builds youth confidence 
in handling mental health challenges. However, its limited 
scale and inconsistent funding hinder it from wielding a 
broader community impact.

The National Aboriginal and Torres Strait Islander 
Suicide Prevention Strategy emphasizes culturally specific 
interventions targeting social, emotional, and mental 
well-being across multiple age groups and includes 
specific components for youth. It encourages community 
involvement and ownership and aims to empower 
Indigenous communities to drive customized suicide 
prevention efforts. The program is promising but its impact 
is often hampered by challenges in measuring long-term 
outcomes because of the absence of consistent evaluative 
frameworks.

Each of the mentioned programs highlights the critical 
role of culturally tailored approaches to prevent suicides by 
youth in Aboriginal populations. However, common pitfalls 
across initiatives include funding instabilities, limited 
scalability, and gaps in long-term outcome evaluations. 
These difficulties underscore the need for more sustained 
investment and systematic evaluation processes to 
comprehensively understand the effectiveness of programs 
and ascertain their potential for wider applications.37

8. Limitations
Our study is descriptive and based on a mix of peer-
reviewed and gray literature. The studied topic is relatively 
under-researched; therefore, we were compelled to include 
information obtained from discrete well-recognized 
government websites. Furthermore, some information 
could have been updated during or after the publication of 
this paper because of continuing developments.

9. Conclusion
Understanding the conceptual framework underlying 
suicides by the Indigenous people in Victoria enables a 
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more wide-ranging grasp of suicide-related behaviors 
displayed among First Nation people in other countries. 
Numerous cultural differences exist between them, but a 
few similarities may be found in their cultural explanations. 
We believe this study could offer researchers in other 
nations some ideas about working on suicide prevention in 
Indigenous populations in their countries.
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Abstract
Sleep problems are common and significantly impact health and well-being. Diet, 
particularly protein intake, may affect sleep, yet the precise relationship remains 
unclear. This study investigates the association between protein consumption and 
sleep problems while considering potential confounders and gender differences, 
using data from the National Health and Nutrition Examination Survey. Our cross-
sectional analysis included 18,077 women (51.3%) and 17,175 men (48.7%), 
averaging 45.9 years (standard deviation = 17.7). Protein consumption was assessed 
through 24-h dietary recall interviews and sleep problems were assessed through 
the question: “Have you ever told a doctor or other health professional that you have 
trouble sleeping?” Using binary logistic regression models, we found that 24.6% of 
individuals reported sleep problems. A statistically significant association emerged 
between protein consumption and the likelihood of experiencing sleep problems 
across quartiles of protein intake. Specifically, individuals in the highest quartile of 
protein consumption had the lowest odds of sleep problems compared to those in 
the lowest quartile, even after adjusting for various demographic and lifestyle factors 
(P < 0.001). Gender-stratified analysis revealed a persistent association between 
protein intake and sleep problems, with a stronger effect observed in females (P < 
0.002) compared to males (P = 0.337). Overall, our findings suggest that higher protein 
consumption is independently associated with reduced odds of sleep problems. This 
underscores the importance of adequate protein intake for promoting better sleep 
outcomes and highlights potential implications for public health interventions and 
clinical practice.

Keywords: Protein; Sleep; Sleep problem; Diet; High protein diet

1. Introduction
Sleep problems, including difficulties with sleep initiation, maintenance, or overall sleep 
quality, are prevalent issues affecting individuals worldwide.1 In addition to negatively 
impacting daily functioning and quality of life, sleep problems have been related to various 
adverse health consequences, such as cardiovascular diseases, metabolic disorders, and 
mental health disorders.2,3 Given the substantial burden of sleep problems on public 
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health, understanding factors that influence sleep quality 
is of paramount importance.4

Recent studies have revealed mechanisms by which a 
high-protein diet may enhance sleep quality. For instance, 
a study published in Cell indicates that a protein-rich diet 
can induce the secretion of a peptide that reduces sensory 
arousal, thereby promoting deep and restorative sleep.5 
Dietary habits have emerged as a key factor influencing 
sleep.6-8 Research suggests that high protein intake boosts 
post-meal alertness and modulates rapid eye movement 
(REM) – non-REM sleep balance, impacting overall sleep 
quality.6,9,10 One possible mechanism is that protein-rich 
foods contain tryptophan, an amino acid that promotes 
the production of sleep-regulating neurotransmitters 
such as serotonin and melatonin. A  systematic review 
and meta-regression found that better sleep is linked to 
higher protein energy intake, based on 15 cross-sectional 
studies and four randomized controlled trials (RCTs).11 
Furthermore, subjective sleep quality showed a positive 
association with protein consumption in several studies.12 
Further investigations, encompassing eight studies with 
diverse designs, yielded conflicting results regarding the 
influence of protein consumption on subjective sleep 
quality.12 While some studies reported significantly 
better sleep scores with high protein intake, others 
found no significant differences. Moreover, prospective 
cohort studies have failed to establish a clear association 
between total protein intake and sleep quality.7,13 Despite 
these findings, the overall evidence linking protein 
consumption to sleep outcomes remains inconclusive, 
with conflicting results across studies. Moreover, most 
research has focused on general dietary patterns rather 
than specifically examining the role of protein intake in 
sleep health.9,14

To address these gaps in the literature, the present 
study aims to investigate the association between protein 
consumption and sleep problems using data from the National 
Health and Nutrition Examination Survey (NHANES). By 
leveraging a large, nationally representative dataset, this 
study seeks to provide a comprehensive understanding of the 
relationship between protein intakes and sleep outcomes. The 
findings could inform public health initiatives designed to 
promote healthy dietary patterns for improved sleep health. 
Moreover, elucidating the role of protein consumption in 
sleep outcomes may guide health-care providers in offering 
dietary recommendations to individuals experiencing sleep 
disturbances. Given the growing recognition of sleep’s 
importance for overall health and well-being, investigating 
the dietary determinants of sleep quality is a critical step 
toward developing effective interventions to improve sleep 
health and mitigate associated health risks.

2. Methods
2.1. Study population resources

This study utilized data from the NHANES conducted 
between 2005 and 2018, focusing on cycles where 
participants were assessed for sleep problems. Sleep 
problems were evaluated with a single question: “Have 
you ever told a doctor or other health professional that 
you have trouble sleeping?” Of the 70,076 participants, 
we excluded those under 18 years old (n = 31,748), as well 
as individuals with incomplete data on sleep problems 
(n = 17), protein consumption data (n = 2,738), or weight 
(n = 321). Ultimately, 35,252 subjects were included in our 
analysis (Figure  1). The NHANES was approved by the 
National Center for Health Statistics Ethics Review Board, 
and all participants provided written informed consent 
before participating in the study.

2.2. Covariate assessment

The study collected sociodemographic data, including 
information on participants’ age, gender, body mass index 
(BMI), race, marital status, education level, smoking status 
(categorized as every day, some days, or not at all), alcohol 
use (defined as having consumed at least 12 alcoholic 
drinks), and physical activity (measured in minutes of 
sedentary activity). Protein consumption was assessed 
using 24-h dietary recall interviews.

2.3. Statistics

All statistical analyses were performed using R version 4.2.1. 
Initially, univariate analyses, including analysis of variance 
for continuous variables and the Chi-square test for 
categorical variables, were used to characterize the study 
population. Logistic regression models were then applied 
to explore the relationship between protein consumption 
(predictor variable) and sleep problems (dependent 
variable), with the continuous protein consumption 
variable categorized into quartiles to examine potential 
non-linear relationships. Four models were utilized: (i) the 
crude model without adjustments; (ii) model 1, adjusted 
for age and gender; (iii) model 2, further adjusted for race, 
education, BMI, marital status, and total energy intake; 
and (iv) model 3 additionally adjusted for smoking status, 
alcohol use, and sedentary activity. In addition, sensitivity 
analyses were conducted using restricted cubic spline 
(RCS) regression to visualize potential non-linear patterns 
between protein consumption and sleep problems. These 
analyses were adjusted for covariates, including age, gender, 
race, marital status, education, total energy intake, smoking 
status, alcohol use, and sedentary activity. Statistical 
significance was determined by a two-sided P < 0.05.
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3. Results
3.1. Baseline demographic characteristics by 
quartiles of protein consumption

Table  1 presents baseline demographic characteristics 
categorized by quartiles of protein consumption from 
the NHANES. The mean age of participants varies across 
quartiles, with Quartile 4 (Q4) having the lowest mean 
age (41.4 years) and Quartile 2 (Q2) having the highest 
mean age (48.5 years). The distribution of gender varies 
across quartiles. Quartile 2 has the highest proportion of 
females (61.7%), whereas Q4 has the highest proportion 
of males (60.0%). Mean BMI decreases as protein 
consumption quartiles increase. Quartile 4 has the lowest 
mean BMI (25.4), whereas Q2 has the highest mean 
BMI (33.0). Total energy intake increases with higher 
quartiles of protein consumption. The prevalence of sleep 
problems decreases as quartiles of protein consumption 
increase. The distribution of race also varies across 

quartiles. Quartile 4 has the highest proportion of non-
Hispanic white participants (42.3%), whereas Q2 has the 
highest proportion of non-Hispanic black participants 
(30.0%). There is variation in education level across 
quartiles, with Q2 having the highest proportion of 
participants with less than a 9th-grade education (11.3%). 
Quartile 3 (Q3) has the highest proportion of married 
participants (54.7%), whereas Q4 has the lowest (50.4%). 
The prevalence of smoking differs across quartiles, with 
Q4 having the highest proportion of participants who 
smoke every day (42.5%). The prevalence of alcohol use 
increases as quartiles of protein consumption increase. 
Mean sedentary physical activity time slightly decreases 
as quartiles advance.

3.2. Association between protein consumption and 
sleep problems

Table  2 presents the results of binary logistic regression 
analysis models examining the association between protein 

Figure 1. Flowchart of study population selection 
Abbreviation: NHANES: National health and nutrition examination survey.
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consumption and sleep problems. As the quartiles of protein 
consumption increase (from Q1 to Q4), there is a decreasing 
trend in the odds of having sleep problems. Taking into 
account various factors such as age, gender, race, marital 
status, education, total energy intake, smoking status, alcohol 
use, and sedentary activity offers valuable insights into 

the standalone relationship between protein consumption 
and sleep problems. These adjustments reveal that higher 
protein intake remains associated with reduced odds of 
experiencing sleep problems, underscoring the potential 
beneficial effect of increased protein consumption on sleep 
quality, independent of these confounding variables.

Table 1. Baseline characteristics by quartiles of protein consumption from the National Health and Nutrition Examination 
Survey

Variable Total (n=35,252) Quartile 1,  
(0, 0.6485) 
(n=8,811)

Quartile 
2, (0.6485, 
0.9329) 
(n=8,817)

Quartile 
3, (0.9329, 
1.3154) 
(n=8,812)

Quartile 4, 
(1.3154, 8.1053)
(n=8,812)

P

Age, mean (standard deviation [SD]) 45.9 (17.7) 48.5 (17.9) 48.1 (17.6) 45.8 (17.4) 41.4 (16.8) <0.001

BMI, mean (SD) 29.1 (7.1) 33.0 (8.3) 30.1 (6.6) 28.0 (5.7) 25.4 (4.9) <0.001

Protein consumption (g/kg per d), mean (SD) 1.1 (0.6) 0.5 (0.1) 0.8 (0.1) 1.1 (0.1) 1.9 (0.6) <0.001

Total energy intake, mean (SD) 2,032.4 (1003.1) 1,364.7 (568.4) 1,888.8 (645.2) 2,267.3 (745.9) 3,012.2 (1137.2) <0.001

Sleep problems (Yes), n (%) 8,688 (24.6) 2,673 (30.3) 2,255 (25.6) 2,015 (22.9) 1,745 (19.8) <0.001

Gender, n (%) <0.001

Female 18,077 (51.3) 5,436 (61.7) 4,823 (54.7) 4,295 (48.7) 3,523 (40.0)

Male 17,175 (48.7) 3,375 (38.3) 3,994 (45.3) 4,517 (51.3) 5,289 (60.0)

Race, n (%) <0.001

Mexican American 5,926 (16.8) 1,228 (13.9) 1,422 (16.1) 1,560 (17.7) 1,716 (19.5)

Non‑Hispanic Black 7,930 (22.5) 2,642 (30.0) 2,002 (22.7) 1,679 (19.1) 1,607 (18.2)

Non‑Hispanic White 14,148 (40.1) 3,434 (39.0) 3,670 (41.6) 3,731 (42.3) 3,313 (37.6)

Other Hispanic 3,427 (9.7) 798 (9.1) 866 (9.8) 853 (9.7) 910 (10.3)

Other race 3,821 (10.8) 709 (8.0) 857 (9.7) 989 (11.2) 1,266 (14.4)

Education level, n (%) <0.001

< 9th grade 3,332 (10.1) 938 (11.3) 855 (10.2) 802 (9.7) 737 (9.1)

9–11th grade 4,698 (14.2) 1,281 (15.4) 1,143 (13.6) 1,088 (13.1) 1,186 (14.7)

High School grade 7,610 (23.0) 2,123 (25.5) 1,937 (23.0) 1,749 (21.1) 1,801 (22.4)

College 9,861 (29.8) 2,597 (31.2) 2,598 (30.8) 2,432 (29.3) 2,234 (27.7)

> College 7,605 (23.0) 1,381 (16.6) 1,889 (22.4) 2,237 (26.9) 2,098 (26.0)

Marital status, n (%) <0.001

Married 17,216 (51.2) 3,977 (47.2) 4,461 (52.3) 4,622 (54.7) 4,156 (50.4)

Widowed 1,919 (5.7) 675 (8.0) 557 (6.5) 445 (5.3) 242 (2.9)

Divorced 3,677 (10.9) 1,125 (13.3) 946 (11.1) 848 (10.0) 758 (9.2)

Separated 1,180 (3.5) 332 (3.9) 318 (3.7) 265 (3.1) 265 (3.2)

Never married 6,735 (20.0) 1,664 (19.7) 1,538 (18.0) 1,550 (18.4) 1,983 (24.1)

Living with a partner 2,921 (8.7) 656 (7.8) 715 (8.4) 714 (8.5) 836 (10.1)

Smoking status, n (%) <0.001

Every day 5,825 (39.1) 1,564 (40.6) 1,363 (36.8) 1,337 (36.8) 1,561 (42.5)

Some days 1,360 (9.1) 321 (8.3) 305 (8.2) 329 (9.1) 405 (11.0)

Not at all 7,708 (51.8) 1,968 (51.1) 2,071 (55.4) 1,964 (54.1) 1,705 (46.4)

Alcohol use (had at least 12 cups of alcoholic drinks) 19,823 (71.4) 4,429 (64.5) 4,941 (70.4) 5,188 (73.9) 5,265 (76.8) <0.001

Physical activity (sedentary) (min), mean (SD) 348.6 (201.5) 354.4 (204.7) 353.6 (205.1) 347.9 (199.1) 338.4 (196.8) <0.001

Note: P<0.05 is considered significant.
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3.3. Association between protein consumption and 
sleep problems stratified by gender

Table  3 presents odds ratio estimates for the association 
between protein consumption and sleep problems 
stratified by gender. In the unadjusted analysis, among 
females, higher quartiles of protein consumption (Q2, Q3, 
and Q4) are associated with statistically significantly lower 
odds of sleep problems compared to the reference group 
(Q1). Similarly, among males, Q3 and Q4 show statistically 
significantly lower odds of sleep problems compared to 
Q1. After adjusting for various factors, the association 
between protein consumption and sleep problems 
remains statistically significant among females, with Q2 
and Q3 showing lower odds, although Q4 does not reach 
statistical significance. Among males, only Q4 maintains 
a statistically significant association with lower odds of 
sleep problems. These results suggest that the relationship 
between protein consumption and sleep problems may 
differ by gender, with a more consistent association 
observed among females even after adjusting for potential 
confounding factors.

3.4. Non-linear relationships using RCS regression

In our examination employing RCS regression, we 
identified a prominent positive non-linear correlation 
between protein consumption and the probability of 
experiencing sleep problems (Figure  2A). Moreover, we 

discovered a noteworthy non-linear relationship between 
sleep problems and protein consumption among females 
(Figure  2B), whereas no statistically significant non-
linear association was evident in males (Figure 2B) in the 
subgroup analysis by gender.

4. Discussion
Our study reveals a consistent trend, indicating that 
higher protein consumption is associated with lower 
odds of experiencing sleep problems. The significance of 
the association persists even after adjusting for various 
demographic and lifestyle factors, suggesting that the 
relationship between protein consumption and sleep 
problems is independent of potential confounders. While 
higher protein intake is consistently associated with lower 
odds of sleep problems among females, the association is 
less consistent among males. These highlights emphasize 
the importance of adequate protein intake for promoting 
better sleep outcomes.

The significance of the association persists even after 
adjusting for various demographic and lifestyle factors, 
including age, gender, race, education, marital status, 
total energy intake, smoking status, alcohol consumption, 
and sedentary activity. This robustness indicates that the 
relationship between protein consumption and sleep 
problems is independent of these potential confounders. 

Table 2. The association between protein consumption and sleep problems in binary logistic regression analysis models

EPA Unadjusted model 
(OR [95% CI])

P Model 1  
(OR [95% CI])

P Model 2  
(OR [95% CI])

P Model 3  
(OR [95% CI])

P

Quartile 1 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)

Quartile 2 0.789 (0.739, 0.843) <0.001 0.811 (0.758, 0.867) <0.001 0.862 (0.801, 0.928) 0.003 0.826 (0.729, 0.935) 0.061

Quartile 3 0.681 (0.636, 0.728) <0.001 0.744 (0.694, 0.796) <0.001 0.842 (0.775, 0.914) 0.028 0.855 (0.744, 0.983) <0.001

Quartile 4 0.567 (0.529, 0.608) <0.001 0.693 (0.645, 0.745) <0.001 0.806 (0.727, 0.893) 0.002 0.757 (0.636, 0.901) <0.001

Notes: Model 1: Adjusted for age and gender. Model 2: In addition, adjusted for race, marital status, education, and total energy intake. Model 3: In 
addition, adjusted for smoking status, alcohol use, and sedentary activity. P<0.05 is considered significant. 
Abbreviations: CI: Confidence interval; EPA: Eicosapentaenoic acid; OR: Odds ratio. 

Table 3. Odds ratio estimates for the association between protein consumption and sleep problems by gender

Protein n Quartile 1 Quartile 2 (OR 95% CI) P Quartile 3 (OR 95% CI) P Quartile 4 (OR 95% CI) P

Unadjusted

Female 18077 1.000 0.774 (0.712, 0.842) <0.001 0.662 (0.606, 0.724) <0.001 0.613 (0.557, 0.675 <0.001

Male 17175 1.000 0.860 (0.708, 1.045) 0.129 0.762 (0.624, 0.930) 0.008 0.736 (0.606, 0.895) 0.002

Adjusted*

Female 18077 1.000 0.734 (0.616, 0.873) <0.001 0.719 (0.584, 0.886) 0.002 0.790 (0.607, 1.029) 0.080

Male 17175 1.000 0.926 (0.771, 1.111) 0.407 0.981 (0.809, 1.190) 0.847 0.769 (0.606, 0.975) 0.030

Notes: *Adjusted model: Adjusted for age, gender, race, marital status, education, total energy intake, smoking status, alcohol use, and sedentary 
activity. P<0.05 is considered significant.
Abbreviations: CI: Confidence interval; OR: Odds ratio.
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Several studies consistently indicate that higher protein 
intake is linked to better sleep quality. For example, 
during energy restriction, high protein intake was linked 
to statistically significantly improve global sleep scores 
compared to low protein intake.15,16 Similarly, a study 
found tendencies toward better-perceived sleep quality 
following a week of protein-rich breakfast compared to 
skipping breakfast.17 Furthermore, a systematic review and 
meta-analysis of RCTs demonstrated a correlation between 
higher protein intake and better sleep quality.12 These 
findings collectively support the notion that increasing 
protein consumption may contribute to improved sleep 
outcomes.

Our findings reveal gender differences in the association 
between protein consumption and sleep problems. Higher 
protein intake consistently correlates with lower odds of 
sleep problems among females, while the association is less 
consistent among males. This finding aligns with previous 
studies,13,18 highlighting a gender disparity that warrants 
further investigation into underlying mechanisms and 
dietary patterns. Incorporating protein-rich foods into the 
diet could potentially alleviate hyperarousal and enhance 
sleep quality, particularly for individuals experiencing 
prolonged sleep onset, especially women.5,19 Women 
may exhibit a greater tendency to adopt unhealthy habits 
due to a combination of psychological and sociocultural 
influences.17,20 Studies exploring mental health and eating 
behaviors suggest gender discrepancies, with women being 
more prone to dieting, experiencing heightened levels of 
body dissatisfaction, and engaging in behaviors associated 
with eating disorders.21 Therefore, understanding these 
gender-specific influences on dietary choices and their 
impact on sleep health is crucial for developing targeted 

interventions and promoting better sleep outcomes, 
particularly among women.

The relationship between protein consumption and 
sleep quality involves complex physiological mechanisms. 
First, proteins are composed of amino acids, some of which 
serve as precursors for neurotransmitters involved in sleep 
regulation.22 For example, the amino acid tryptophan is a 
precursor for serotonin, which is subsequently converted 
into melatonin, a hormone that regulates the sleep–wake 
cycle.23 Adequate levels of serotonin and melatonin are 
essential for promoting sleep onset and maintenance.24 
Second, protein intake can influence the balance of 
neurotransmitters in the brain, including dopamine, 
serotonin, and gamma-aminobutyric acid, which are 
crucial for regulating sleep. For instance, higher protein 
consumption may promote the synthesis of serotonin, 
enhancing feelings of relaxation and facilitating sleep.25 
Third, protein consumption, particularly when consumed 
in combination with carbohydrates, can affect blood 
sugar levels and insulin secretion. Maintaining stable 
blood sugar levels throughout the night is crucial for 
preventing disruptions in sleep, as fluctuations in blood 
sugar can trigger awakenings.26 Consuming protein-rich 
snacks before bedtime may help stabilize blood sugar 
levels and promote uninterrupted sleep. Furthermore, 
protein consumption influences the secretion of hormones 
involved in hunger and satiety regulation, such as ghrelin 
and leptin.27 Consuming protein-rich meals may promote 
feelings of fullness and reduce hunger, thereby preventing 
nighttime awakenings due to hunger and promoting more 
restful sleep. Overall, while the mechanisms underlying 
the relationship between protein consumption and sleep 
quality are multifaceted and interconnected, ensuring 

BA
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adequate protein intake as part of a balanced diet may 
contribute to better sleep outcomes. However, further 
research is needed to elucidate the specific pathways 
through which protein influences sleep and to determine 
optimal protein intake recommendations for promoting 
sleep health.

5. Implications
These findings have implications for public health 
interventions aimed at promoting healthy dietary patterns 
for improved sleep health. Encouraging adequate protein 
intake, particularly among populations with lower 
consumption levels, may be beneficial in reducing the 
prevalence of sleep problems. Health-care providers 
should consider assessing dietary habits, including protein 
consumption, as part of routine clinical evaluations, 
especially among individuals reporting sleep disturbances. 
Counseling on dietary modifications to optimize protein 
intake could be integrated into sleep management 
strategies. Future research should focus on elucidating the 
underlying mechanisms linking protein consumption to 
sleep outcomes, including prospective studies to establish 
causality and intervention trials to evaluate the effectiveness 
of dietary interventions targeting protein intake in 
improving sleep quality. In addition, further investigation 
into gender-specific differences in the association between 
protein consumption and sleep problems is warranted, 
considering potential physiological and behavioral factors 
that may contribute to these disparities.

6. Limitations

While the analysis provides valuable insights into the 
association between protein consumption and sleep 
problems, several limitations may be considered. First, 
the cross-sectional study design employed in this research 
restricts the ability to establish causality between variables. 
It is challenging to determine the direction of the observed 
association, and reverse causation cannot be ruled out. 
Longitudinal studies are necessary to validate the temporal 
relationship between protein consumption and sleep 
problems. Second, the data on protein consumption, sleep 
problems, and other variables are self-reported, which 
introduces the potential for recall bias and measurement 
error. Individuals may not accurately recall their dietary 
intake or sleep patterns, leading to misclassification 
and potentially biased results. Third, despite adjusting 
for various demographic and lifestyle factors, residual 
confounding may still exist. Other unmeasured or 
inadequately controlled variables, such as physical activity 
level, stress, or underlying medical conditions, could 
influence both protein consumption and sleep problems, 
confounding the observed association. Fourth, the measure 

of sleep may miss individuals with sleep issues who have 
not sought medical help, thereby underestimating the true 
prevalence of sleep issues. Fifth, the analysis conducted in 
our study did not differentiate between plant-based and 
animal-based protein sources, which could indeed affect 
the results. The relationship between different protein 
sources and sleep quality may vary due to differences in 
amino acid composition, fat content, and other factors.

7. Conclusion
The analysis provided valuable insights into the association 
between protein consumption and sleep problems, 
highlighting the potential benefits of adequate protein 
intake for promoting better sleep outcomes. These findings 
enhanced our comprehension of the connection between 
diet and sleep health, emphasizing the significance of 
integrating dietary considerations into sleep management 
strategies and public health initiatives.
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Abstract
Neuroticism, a personality trait linked to emotional instability and negative emotions, 
is associated with increased anxiety, depression, and poor mental health outcomes, 
particularly in individuals with psychiatric disorders. However, existing neuroticism 
scales often have too many items, are not tailored for psychiatric populations, and lack 
cultural adaptation for Chinese contexts. We aimed to develop a brief neuroticism scale 
with adequate reliability and validity for the Chinese population, including individuals 
with psychiatric disorders. The 14-item scale was developed based on the five-factor 
model and Eysenck’s personality theory. The scale, in the form of a questionnaire, 
was distributed to college students from Southeast University and patients from the 
Affiliated Zhongda Hospital of Southeast University. A total of 554 participants were 
recruited, and demographic information, the neurotic subscale of the Neuroticism 
Extraversion Openness Five-Factor Inventory (NEO-FFI), Patient Health Questionnaire 
(PHQ-9), and generalized anxiety disorder (GAD-7) were collected along with the 
neuroticism scale. Correlation analysis, Cronbach’s alpha, exploratory factor analysis 
(EFA), and confirmatory factor analysis (CFA) were conducted to test and revise the scale. 
EFA indicated that the neuroticism scale consisted of four factors: Low self-esteem, 
excessive emotional sensitivity, unstable mood, and excessive worry. The Cronbach’s 
alpha was 0.926. CFA suggested a good fit of the scale structure (χ2/df =2.506, root 
mean square error of approximation =0.039, Tucker–Lewis index =0.947, comparative 
fit index =0.959, and standardized root mean square residual =0.032). The total scores 
of the neuroticism scale were positively related to those of PHQ-9, GAD-7, and NEO-
FFI. The results indicate that the neuroticism scale exhibited a stable four-dimensional 
structure with good reliability and validity in the Chinese population. It is useful and 
time-saving for assessing neuroticism in individuals with psychiatric disorders.

Keywords: Neuroticism; Factor analysis; Reliability; Validity

1. Introduction
Neuroticism, a personality trait, reflects individuals’ emotional stability and is closely related 
to negative emotions.1 Historically, the concept of neuroticism originated from Freud’s 
theory, which supported that repression leads to the subconscious mind causing neurosis.2 
Subsequently, Karen Horney argued that neuroticism arises from fundamental anxiety in 
individuals.3 Eysenck was one of the first to operationalize the definition of “neuroticism,” 
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a term that had been widely used before his work.4 His 
studies revealed that emotionality and anxiety share similar 
emotional experiences and noted that individuals with 
high levels of neuroticism exhibit rapid emotional arousal. 
Eysenck further identified a link between neuroticism and 
the function of the autonomous nervous system, especially 
the sympathetic nervous system. Neuroticism is often seen 
as a reflection of maladaptive and negative emotionality, 
contrasting with emotional stability. Contemporary views 
suggest that neuroticism reflects an individual’s capacity for 
emotional stability and adjustment.5

It is commonly understood that positive mental health 
functioning is negatively correlated with neuroticism.6 
At the same time, neuroticism can predict the severity of 
depressive symptoms.7-9 Individuals with high neuroticism 
tend to exhibit neurological susceptibility, characterized by 
anxiety manifested through somatic symptoms, depression, 
and difficulties in emotion regulation. These individuals 
often struggle to respond to stress appropriately, leading 
to a gradual decline in mental health.10 Some researchers 
believe that higher levels of neuroticism may also increase 
the risk of suicidal ideation.9

High levels of neuroticism, often present in psychiatric 
patients, can significantly impact their clinical outcomes 
and overall quality of life. Consequently, developing a 
shorter, culturally relevant neuroticism scale is crucial 
for providing rapid and accurate assessments, enabling 
timely interventions that can vastly improve patient 
care. Furthermore, it is essential to ensure the reliability 
and validity of such scales using a homogeneous sample 
with specific psychiatric diagnoses. By developing a brief 
neuroticism scale with robust reliability and validity 
tailored to the Chinese population suffering from 
psychiatric disorders, we aim to address existing limitations 
of current scales, such as their length, lack of specificity for 
psychiatric populations, and cultural inadaptability.

To date, the standard tools used to measure neuroticism 
are mainly the Eysenck Personality Questionnaire 
(EPQ) and Neuroticism Extraversion Openness (NEO) 
Personality Inventory Scale. The EPQ, first proposed in 
the 1940s, has undergone several revisions and includes 
subscales for neuroticism, extraversion, psychoticism, 
and a lie scale.11 However, the EPQ has several limitations: 
(i) inconsistencies exist between different versions of the 
scale; (ii) there is an overlap between the neuroticism 
scale and scales measuring related emotional disorders12; 
and (iii) its binary response format restricts the accuracy 
of assessments. Costa and McCrae13 formulated the NEO-
Five-Factor Inventory (NEO-FFI), which consists of 60 
items, including a neuroticism subscale with 12 items.14 
The NEO-FFI has demonstrated excellent reliability 

and validity.15 However, it shares similarities with scales 
assessing mood disorders and is highly susceptible to 
individual differences.

In summary, existing scales present the following 
problems: (i) they contain too many items; (ii) they were 
not specifically developed for populations with psychiatric 
disorders; and (iii) they were not developed within the 
context of Chinese culture. Therefore, our goal is to develop 
a brief neuroticism scale with adequate reliability and 
validity, specifically tailored for the Chinese population 
suffering from psychiatric disorders.

2. Methods

2.1. Development of the neuroticism scale

To develop the neuroticism scale, we initially conducted 
interviews with a diverse group of participants,16 including 
20 patients diagnosed with psychiatric disorders, 12 clinical 
psychologists, and 20 laypersons without any psychiatric 
diagnoses. The aim was to gather characteristics associated 
with neuroticism. Each interview lasted approximately 
30 min and followed a semi-structured format to ensure 
consistency while allowing for in-depth exploration of 
individual experiences. The responses were categorized 
into three main themes: difficulty in adjusting negative 
emotions, excessive worry about potential future events, 
and insomnia due to worry. An expert working group was 
recruited to draft the neuroticism scale. From the analysis 
of the items, an initial version of the scale containing 30 
items was developed.

Subsequently, a homogeneity test was carried out to 
assess the internal consistency of the original 30-item 
scale, using Cronbach’s alpha to evaluate reliability. The test 
results indicated that Items 16, 20, 21, 23, and 29 were not 
highly correlated with the total score, suggesting that these 
items should be removed to improve the scale’s coherence.

To further refine the scale, an exploratory factor analysis 
(EFA) was performed to identify the underlying factor 
structure. The Kaiser–Meyer–Olkin (KMO) measure of 
sampling adequacy was 0.88, indicating that the data were 
suitable for factor analysis. Bartlett’s test of sphericity was 
significant (P  <  0.001), suggesting that the correlations 
between items were sufficiently strong for EFA. We used 
the principal component method with varimax orthogonal 
rotation to identify the factor loadings. Items with factor 
loadings below 0.45 were considered for deletion.17 
After this process, four factors comprising 14 items were 
retained, cumulatively explaining 57.9% of the variance. 
The four factors were identified and labeled as low self-
esteem, excessive emotional sensitivity, unstable mood, 
and excessive worry. Finally, the cumulative interpretation 
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rate reached 57.9%. A confirmatory factor analysis (CFA) 
was then performed to finalize the item selection.

2.2. Participants

Before participant recruitment, the study received ethical 
approval from the Medical Ethics Committee for Clinical 
Research at Zhongda Hospital, affiliated with Southeast 
University. The study involved a total of 554 participants, 
comprising college students from Southeast University 
and patients diagnosed with various psychiatric conditions 
at Zhongda Hospital of Southeast University in Nanjing. 
The recruitment aimed to create a homogeneous sample 
for the study. Informed consent was obtained from all 
participants, ensuring they were aware of the study’s 
purpose and their rights. Questionnaires were distributed 
in both paper form and electronic formats. All participants 
were of Han Chinese ethnicity.

The study population was divided into two distinct 
samples to assess differences between college students 
without psychiatric conditions and individuals with 
varying psychiatric diagnoses. Detailed descriptions of the 
samples are as follows:

i.	 Sample 1 (n  =  168, age: 20.18  ±  1.78  years): A  total 
of 200 questionnaires were distributed among college 
students without psychiatric diagnoses, resulting in 
168 valid responses (98 men and 70 women).

ii.	 Sample 2 (n  =  386, age: 39.23  ±  11.49  years): In 
this group, 430 questionnaires were distributed. 
Participants completed a self-designed neurotic 
questionnaire with 14 questions, along with the NEO-
FFI, the Patient Health Questionnaire (PHQ-9), 
and the generalized anxiety disorder questionnaire 
(GAD-7). A total of 386 valid responses were collected, 
consisting of 173 men and 213 women. Among these, 
163 were outpatients with psychiatric diagnoses, 
while 223 were normal subjects without psychiatric 
conditions.

2.3. Assessments

2.3.1. Neurotic subscale of the NEO-FFI

The NEO Personality Inventory (NEO-PI) was originally 
developed by Costa and McCrae13 in 1985. To enhance 
its practical application, the NEO-FFI was developed, 
consisting of 60 items. The neuroticism subscale of the 
NEO-FFI includes 12 items rated on a 5-point scale. 
Xi et al.18 verified the reliability of this subscale, with a 
Cronbach’s alpha coefficient of 0.84.

2.3.2. PHQ-9

The PHQ-9 is a widely used depression screening 
instrument in psychiatric settings. The PHQ-9 can be 

scored using different methods, including an algorithm 
based on the Diagnostic and Statistical Manual of Mental 
Disorders, Fourth Edition criteria, or a cutoff based on 
summed item scores.19 It consists of 9 items scored from 
0 to 3, reflecting the severity of depressive symptoms 
over the past 2 weeks. Higher scores indicate more severe 
depressive symptoms.20

2.3.3. GAD-7

The GAD-7 scale is used to assess anxiety symptoms. It 
comprises seven items scored from 0 to 3, with higher 
scores indicating more severe anxiety symptoms.21 The 
GAD-7 has been validated for use in primary care settings.22

2.4. Statistical analysis

Statistical analyses were conducted using IBM SPSS 
Statistics version 16.0 for descriptive statistics, correlation 
analysis, and EFA.23 Mplus7 was used for CFA.24

Data from both normal participants and outpatients 
were analyzed to verify the item characteristics, internal 
consistency, and construct validity of the neuroticism 
scale. Internal consistency for the neuroticism scale and its 
subscales was estimated using Cronbach’s alpha coefficient. 
Criterion validity was investigated using Spearman’s 
correlation between the neuroticism scale and other 
measures, including GAD-7, PHQ-9, and the neuroticism 
subscale of the NEO-FFI (NEO-FFI-N). Construct validity 
of the neuroticism scale was assessed using CFA.

3. Results

3.1. Overall item characteristics

Descriptive analysis and independent sample t-tests 
were primarily used to analyze the validity of each item. 
Participants were divided into high-score and low-score 
groups for further analysis, and a homogeneity test was 
carried out. The homogeneity test results indicated that 
Items 16, 20, 21, 23, and 29 were not highly correlated with 
the total score, leading to the decision to remove these 
items (Table 1).

3.2. EFA

EFA was performed on Sample 1 (n  =  168). The results 
showed a KMO value of 0.88 and a significance level of 
P  <  0.001. Principal component analysis with variance 
maximal orthogonal rotation was used to determine 
factor loadings. Items with factor loadings below 0.45 were 
removed.25 Finally, four factors comprising 14 items were 
retained, which were named: low self-esteem, excessive 
emotional sensitivity, unstable mood, and excessive worry. 
The cumulative interpretation rate reached 57.9% (Table 2).
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3.3. Content validity

Content validity was evaluated by experts who determined 
the conformity of the neuroticism scale items with the 
intended constructs. The evaluation concluded that the 
questionnaire demonstrated good content validity.

3.4. Criterion validity

Three criteria were selected for assessing criterion 
validity: the NEO-FFI-N, the GAD-7, and the PHQ-9. 
Correlation analysis results showed that the total score 
of the neuroticism scale, along with scores for low self-
esteem, excessive emotional sensitivity, unstable mood, 
and excessive worry, were positively correlated (r ≥ 0.50) 
with the total scores of the NEO-FFI-N neuroticism 
subscale, PHQ-9, and GAD-7. These results indicate that 
the neuroticism scale has good criterion validity (Table 3).

Table 1. Initial test of neuroticism scale

Item Determination Item Determination Item Determination

V1 7.637*** V11 7.582*** V21 4.421***

V2 7.262*** V12 5.070*** V22 6.990***

V3 6.943*** V13 6.131*** V23 4.592***

V4 5.377*** V14 0.842 V24 7.120***

V5 5.474*** V15 1.512 V25 5.829***

V6 6.308*** V16 2.158** V26 7.673***

V7 6.731*** V17 4.430*** V27 8.118***

V8 6.232*** V18 6.764*** V28 8.060***

V9 7.773*** V19 9.331*** V29 4.724***

V10 9.128*** V20 4.598*** V30 10.07***

Note: *** indicates P<0.001; ** indicates P<0.01.

Table 2. Exploratory factor analysis results

Item Factor 1 Factor 2 Factor 3 Factor 4 Communalities

I am sensitive to the expression in others’ eyes 0.763 0.633

I feel everyone is hostile to me 0.706 0.606

I’m a little nervous 0.672 0.622

It’s hard for me to regulate my mood 0.455 0.396

I get angry easily 0.709 0.590

I will suddenly cry 0.706 0.512

My mood is up and down 0.650 0.564

Stress can break me 0.538 0.479

I feel completely worthless 0.745 0.624

Setbacks tend to make me give up 0.660 0.562

I want to hide from anyone 0.757 0.702

I’m afraid of making mistakes 0.769 0.628

I’m afraid of failure 0.761 0.662

I’m always worried about my health 0.647 0.527

3.5. Construct validity

CFA was conducted using Mplus 7 to validate the 
factor structure identified in the EFA. The analysis was 
performed on Sample 2, which included 386 participants. 
The fit indices indicated a good model fit: Chi-square value 
(χ2) =177.960 and degrees of freedom (df) =71, resulting 
in a chi-square to degrees of freedom ratio (χ2/df) of 
2.506, which is below the recommended threshold of 3.0. 
The root-mean-square error of approximation was 0.039, 
indicating a good fit as it is below the 0.05 threshold. 
The comparative fit index was 0.959, and the Tucker-
Lewis index was 0.947, both exceeding the acceptable 
fit threshold of 0.90. The standardized root mean square 
residual was 0.032, indicating an excellent fit as it is below 
the 0.08 threshold (Table 4).

3.6. Reliability test

The Cronbach’s alpha coefficient for the overall neuroticism 
scale was 0.926, indicating high internal consistency. The 
Cronbach’s alpha coefficient of each factor ranged from 
0.70 to 0.83, with an average of 0.762. The mean inter-
item correlation coefficients ranged from 0.70 to 0.926, 
demonstrating good reliability across the scale (Table 5).

4. Discussion
Our data demonstrated good item characteristics, internal 
reliability, and constructed validity of the neuroticism 
subscale in the sample population (n = 554). The neuroticism 
scale comprised four dimensions: low self-esteem, excessive 
emotional sensitivity, unstable mood, and excessive worry. 
A detailed discussion of each dimension is as follows:
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•	 Low self-esteem (Items 8, 9, 10, and 11): Individuals 
with low self-esteem often deny their worth and feel 
ashamed.

•	 Excessive emotional sensitivity (Items 1, 2, and 3): 
People with high emotional sensitivity tend to be overly 
attentive to others, perceiving every external feedback 
as highly personal. They often experience prolonged 
discomfort after receiving negative feedback.

•	 Unstable mood (Items 4, 5, and 6): These individuals 
exhibit noticeable negative emotions that are difficult 
to control, struggling with emotional regulation.

•	 Excessive worry (Items 11, 12, 13, and 14): This 
dimension captures a tendency to frequently worry 
about events that have not happened, highlighting the 
multidimensional nature of neuroticism.

These four dimensions effectively summarize the 
characteristics of neurotic individuals from distinct 
perspectives.

The Cronbach’s alpha coefficient for the total score 
was 0.926, indicating good internal consistency. CFA 
confirmed that the model fitted the data well, supporting 
the theoretical structure of the neuroticism scale. The 
overall model fit was acceptable, validating the utility of 
both the total scale score and the individual subscale 
score. This brief scale can be completed by patients and 

the general population in a short period, making it an 
acceptable screening instrument in general hospitals and 
large-scale studies. Overall, the neuroticism questionnaire 
demonstrated good reliability and validity.

The neuroticism scale showed a strong correlation 
with GAD-7 (r  =  0.657 – 0.779), in line with previous 
results.26 This suggests that anxiety, which commonly 
arises in response to threats or stress, is closely related 
to the neurotic characteristics of individuals.27 Similarly, 
the correlation coefficients between the PHQ-9 and 
the neuroticism scale were high across each subscale 
(0.578 – 0.711), aligning with previous studies indicating a 
strong association between neuroticism and depression.28 
Smith et al.29 also supported the view that neuroticism is a 
heritable risk factor for depression. Anxiety and depression 
are prevalent emotional symptoms that positively correlate 
with neuroticism and negative affectivity.30

4.1. Advantages of the scale

The advantages of the neuroticism scale are reflected in 
several aspects. First, it is a dedicated neuroticism scale 
rather than a single dimension of a broader personality 
scale. This focused approach allows for a more precise 
assessment of neurotic traits.

Second, the scale was specifically developed and 
validated within a specific cultural context, addressing the 
unique characteristics and expressions of neuroticism in 
the Chinese population. While widely used scales, such 
as the NEO-PI, were primarily developed in Western 
contexts, they may not fully capture culturally specific 
manifestations of neurotic traits.

Third, the scale’s development involved a rigorous 
methodological approach, including both exploratory and 
confirmatory factor analyses. These steps ensured a robust 
factor structure, high reliability, and validity. Although 
the EPQ and NEO-PI are well-validated tools, they do not 
necessarily reflect the same level of cultural and contextual 
relevance as our scale.

Fourth, the scale includes items particularly relevant 
to individuals with psychiatric disorders, focusing on 
specific symptoms such as difficulty in adjusting negative 
emotions, excessive worry about potential future events, 
and insomnia due to worry. These aspects are critical for 
effective clinical assessment and intervention, providing 
healthcare providers with a targeted tool.

In addition, the scale is designed to assess the level 
of neuroticism in both general and clinical populations. 
Clinically, many psychosomatic patients exhibit high 
neuroticism, which often affects their clinical outcomes. 
Therefore, accurately evaluating patients’ neurotic 

Table 4. Fitting coefficients

Coefficient χ2/df TLI CFI SRMR RMSEA

Value 2.506 0.947 0.959 0.032 0.039

Note: χ2/df: Chi‑square to degrees of freedom ratio; CFI: Comparative 
fit index; RMSEA: Root mean square error of approximation; SRMR: 
Standardized root mean square residual; TLI: Tucker‑Lewis index.

Table 3. Criterion validity

 Low 
self‑esteem

Excessive 
emotional 
sensitivity

Moodiness Worry Total

NEO‑FFI‑N 0.651** 0.620** 0.623** 0.576** 0.688**

PHQ‑9 0.657** 0.670** 0.737** 0.655** 0.779**

GAD‑7 0.617** 0.669** 0.578** 0.639** 0.711**

Note: ** indicates P<0.01.
Abbreviation: NEO‑FFI: NEO five‑factor inventory; PHQ‑9: Patient 
health questionnaire‑9; GAD‑7: Generalized anxiety disorder‑7.

Table 5. Internal consistency coefficient

 Low 
self‑esteem

Excessive 
emotional 
sensitivity

Unstable 
mood

Excessive 
worry

Total

Cronbach’s 
α

0.823 0.734 0.785 0.706 0.926
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tendencies is essential. The scale’s development included 
both patients and healthy individuals as research subjects, 
ensuring its applicability across diverse groups.

Finally, the scale consists of 14 items, which is a 
moderate number that helps minimize the fatigue effect 
in participants. The four-level scoring system of the 
neuroticism scale discourages compromise answers and 
significantly improves the scale’s effective utilization 
rate. Efforts to streamline personality inventories have 
demonstrated that it is possible to reduce the number of 
items without compromising validity and reliability. For 
example, McCrae and Costa31 effectively condensed the 
NEO-PI-R into the more manageable NEO-FFI. Similarly, 
Francis et al.32 successfully reduced the EPQ to the EPQR-A 
while maintaining essential psychometric properties.

4.2. Limitations of the scale

While this study had several advantages, there are three 
major limitations that should be noted. First, the age range 
of the subjects was narrow, limiting the generalizability of 
the findings across different age groups. Second, the study 
did not incorporate a well-designed structural interview. 
Finally, the study relied solely on self-evaluation scales, 
without peer assessments or other external evaluations, 
which would have allowed for a more comprehensive, 
multifaceted assessment.

5. Conclusion
The neuroticism scale includes four dimensions: low self-
esteem, excessive emotional sensitivity, unstable mood, 
and excessive worry, with scores ranging from 1 to 4. The 
scale demonstrates good reliability and validity, making 
it a valuable tool for both research studies and clinical 
diagnosis.
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Abstract
Suicidal ideation (SI) is a strong predictor of suicide risk. High-density lipoprotein 
(HDL)-related inflammatory indicators, which combine HDL cholesterol (HDL-C) 
with other inflammation-related markers, provide a comprehensive assessment of 
the body’s inflammatory, immune, and metabolic states. However, limited research 
has examined the association between HDL-related inflammatory indicators and SI. 
This study analyzed data from 14,554 participants, including 588 individuals with SI, 
using information from the 2015 – 2023 National Health and Nutrition Examination 
Survey. SI was evaluated using the ninth item of the Patient Health Questionnaire-9. 
A weighted approach was applied to logistic regression, restricted cubic spline, and 
subgroup analyses to explore the relationship between six HDL-related inflammatory 
indicators and SI. In addition, weighted quantile sum regression was employed to 
account for the interactions among inflammatory markers and their influence on the 
outcomes. Among the various single-marker models, only high-sensitivity C-reactive 
protein/HDL-C (CHR) consistently demonstrated a significant linear association 
with SI. In Model 3 of the logistic regression analysis, the odds ratio with a 95% 
confidence interval was 1.11 (1.02, 1.21). Mixture analyses further identified CHR as 
the primary factor contributing to the increased prevalence of SI. This study provides 
the first epidemiological evidence linking multiple novel inflammatory markers to SI, 
identifying CHR as the most critical factor. Further prospective studies are needed to 
confirm this causal relationship.

Keywords: Suicidal ideation; Patient Health Questionnaire-9; High-density lipoprotein-
related inflammatory indicators; National Health and Nutrition Examination Survey

1. Introduction
Globally, suicide remains a major cause of death, with approximately 800,000 fatalities 
annually, accounting for 57% of all violent deaths.1 Although global suicide rates have 
declined since 1990, suicide remains among the top 10 leading causes of age-standardized 
years of life lost, including in the United States (U.S.).2 Suicidal ideation (SI) substantially 
increases the risk of suicide across diverse populations and serves as a critical warning 
sign of suicide mortality.3,4 Numerous studies have demonstrated a strong association 
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between the pathogenesis of SI and various biomarkers, 
including high-sensitivity C-reactive protein (hs-CRP),5 
monocytes,6 and high-density lipoprotein cholesterol 
(HDL-C).7 Recent research has further underscored the 
complex interplay among inflammatory, immune, and 
lipid biomarkers.8-12

High-density lipoprotein (HDL), among lipid 
biomarkers, has attracted significant attention due to 
its multifunctional roles, including anti-inflammatory, 
antioxidant, immune-regulating, and reverse cholesterol 
transport functions.13,14 In recent years, novel HDL-
related inflammatory indicators have been developed by 
combining HDL-C levels with other blood components, 
such as white blood cell (WBC), lymphocyte (LYM), 
monocyte (MONO), and neutrophil (NEU) counts as 
well as hs-CRP and platelet (PLT) levels.15-17 These HDL-
associated markers simultaneously reflect inflammation, 
immune responses, and metabolic states, allowing for a 
more comprehensive evaluation of how these risk factors 
collectively influence health. However, research on the 
relationship between HDL-associated markers and SI 
remains extremely limited.

The Centers for Disease Control and Prevention 
(CDC) administers the National Health and Nutrition 
Examination Survey (NHANES), which provides 
comprehensive data on biochemical markers. This study 
aimed to analyze NHANES data to explore the association 
between HDL-related inflammatory markers and SI in U.S. 
adults. We hypothesize that elevated levels of these HDL-
related inflammatory markers are significantly associated 
with an increased prevalence of SI among adults.

2. Methods
2.1. Study population

Data were collected from three NHANES cycles: 2015 – 
2016, 2017 – March 2020, and August 2021 – August 2023. 
During these cycles, data on both HDL-related inflammatory 
indicators and SI were collected simultaneously. As 
illustrated in Figure 1, the study initially included 37,464 
individuals from the NHANES dataset. Through a stepwise 
exclusion process, 18,510 individuals missing SI data, 
1,464 individuals missing biochemical parameter data 
(HDL-C, WBC, NEU, LYM, MONO, hs-CRP, and PLT), 
and 2,729 individuals missing demographic data (gender, 
age, race/ethnicity, marital status, education level, and 
poverty income ratio [PIR]) were removed. In addition, 
35 individuals missing lifestyle factor data (smoking status 
and alcohol consumption) and 172 individuals missing 
health condition data (hypertension, diabetes, stroke, and 
kidney disease) were excluded. Ultimately, 14,554 adult 
individuals with complete data were included, enabling a 

comprehensive analysis of the association between HDL-
related inflammatory indicators and SI.

2.2. Exposure variable

Seven biochemical parameters from the NHANES database 
were used to calculate HDL-related inflammatory indicators: 
HDL-C, WBC, NEU, LYM, MONO, hs-CRP, and PLT. The 
following formulas were applied to derive the HDL-related 
inflammatory indicators: WBC-to-HDL-C ratio (WHR): 
WBC/HDL-C; NEU-to-HDL-C ratio (NHR): NEU/HDL-
C; LYM-to-HDL-C ratio (LHR): LYM/HDL-C; MONO-to-
HDL-C ratio (MHR): MONO/HDL-C; hs-CRP-to-HDL-C 
ratio (CHR): hs-CRP/HDL-C; and PLT-to-HDL-C ratio 
(PHR): PLT/HDL-C. Due to the non-normal distribution of 
these indicators, a natural log transformation was performed 
to achieve a normal distribution.18,19

2.3. Definition of SI

SI was assessed using the ninth item of the Patient Health 
Questionnaire-9 (PHQ-9), which inquires about thoughts 
of self-harm or death over the past 2  weeks. Responses 
were scored on a scale where 0 indicated “not at all” and 3 
represented “nearly every day.” Participants with a score of 
1 – 3 were classified as having SI, whereas those scoring 0 
were considered not to have SI.20

Figure 1. Flowchart depicting the participant selection process
Abbreviation: NHANES: National Health and Nutrition Examination 
Survey.
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2.4. Covariates

To account for potential confounders in the association 
between HDL-related inflammatory indicators and SI, 
several covariates were adjusted based on previous studies 
and available NHANES data.8,21 These covariates were 
carefully selected to control for demographic, lifestyle, 
and health-related variables that could influence both 
inflammation and SI, thereby ensuring the validity and 
robustness of our findings.

2.4.1. Demographic variables

(i)	 Age group: Age was categorized into three groups (20 
– 39, 40 – 64, or ≥65) to explore potential age-related 
heterogeneity in the association between HDL-related 
inflammatory indicators and SI. Age was recorded in 
NHANES using the variable “RIDAGEYR,” reported 
in years. This categorization allowed us to investigate 
whether certain age cohorts exhibited stronger 
or weaker associations with SI, considering that 
inflammation and lipid metabolism may vary by age. 
In addition, SI has been shown to differ significantly 
across age groups, necessitating this stratification

(ii)	 Gender: Gender (female or male) was determined 
using the NHANES variable “RIAGENDR.” Given the 
known differences in both suicide rates and biological 
responses to inflammation between men and women, 
gender was an essential covariate. Previous studies have 
demonstrated that women tend to exhibit higher rates 
of SI but lower rates of completed suicide compared to 
men, potentially due to biological, psychological, and 
social factors

(iii)	Race: Race was categorized into five groups – other 
Hispanic, non-Hispanic Black, non-Hispanic White, 
Mexican American, and other race – as captured by 
the NHANES variable “RIDRETH1”

(iv)	 Marital status: Marital status was classified into 
three categories – married/living with a partner, 
separated/divorced/widowed, and never married – 
using the NHANES variables “DMDMARTL” and 
“DMDMARTZ”

(v)	 Education level: Educational attainment was grouped 
into three levels – less than high school, high school, 
and greater than high school – using the NHANES 
variables “DMDEDUC2” and “DMDEDUC3”

(vi)	 PIR: Socioeconomic status, as measured using the PIR, 
was categorized into three groups – <1.3, 1.3 – 3.5, and 
≥3.5 – using the NHANES variable “INDFMPIR.”

2.4.2. Lifestyle variables

(i)	 Smoking status: Smoking status was determined based 
on responses to the NHANES question “SMQ020.” 
Participants were categorized as “Yes” or “No.” Those 

who reported having smoked ≥100 cigarettes in their 
lifetime were classified as smokers

(ii)	 Alcohol consumption: Alcohol consumption was 
categorized as “No” or “Yes” based on responses to 
the NHANES questions “ALQ101” and “ALQ111.” 
Participants who reported consuming more than 
a 12-ounce beer, a 5-ounce serving of wine, or 1.5 
ounces of liquor were classified as alcohol consumers.

2.4.3. Health condition variables

(i)	 Hypertension: Hypertension was identified through 
a combination of self-reported physician diagnoses, 
systolic blood pressure ≥140  mmHg, diastolic blood 
pressure ≥90  mmHg, or the use of antihypertensive 
medication

(ii)	 Diabetes: Diabetes was identified based on self-
reported physician diagnoses, an A1c level ≥6.5%, 
the use of insulin or diabetes medications, fasting 
glucose levels ≥7.0 mmol/L, random glucose levels 
>11.1  mmol/L, or oral glucose tolerance test results 
≥11.1 mmol/L

(iii)	Stroke: Stroke was identified based on participants’ 
responses to the NHANES question “MCQ160f,” 
which asked whether they had been previously 
diagnosed with a stroke by a doctor or other health-
care professional

(iv)	 Kidney disease: Kidney disease was identified using 
the NHANES question “KIQ022,” which asked 
participants if they had been diagnosed with weak or 
failing kidneys by a physician.

2.5. Statistical analysis

A weighting strategy (WTMEC2YR) was employed to 
strengthen the reliability of our results while examining 
the relationship between HDL-related inflammatory 
markers and SI.22 For continuous variables, data were 
reported as weighted medians with interquartile ranges, 
and differences between groups were analyzed using 
the weighted Wilcoxon rank-sum test. For categorical 
variables, data are presented as weighted percentages, 
and differences among groups were evaluated using the 
weighted Chi-square test. In addition, Spearman’s rank 
correlation was used to assess associations among the 
different inflammatory markers.

Weighted logistic regression was performed to analyze 
the association between HDL-related inflammatory 
indicators and SI, categorizing these indicators into tertiles 
to strengthen the robustness of our conclusions.23 Weighted 
restricted cubic spline (RCS) analysis with three-knot points 
was used to investigate the dose–response relationship 
between HDL-related inflammatory indicators and SI.24 
To address the high correlations among inflammatory 
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markers, weighted quantile sum (WQS) regression was 
applied to identify the most influential marker within the 
mixture affecting SI prevalence.25,26 Subgroup analyses were 
also conducted to explore potential heterogeneity in the 
association between HDL-related inflammatory indicators 
and SI across various population subgroups.

All analyses were performed using R software 
(version  4.1.0), with a two-sided P < 0.05 considered 
statistically significant.

3. Results
3.1. General characteristics

The analysis included 14,554 individuals with a median 
age of 48  years, of whom approximately 4.04% reported 
experiencing SI. Compared to individuals without SI, 
those with SI were generally younger and more likely to 
identify as Mexican American, other Hispanic, or other 
race. They were also more likely to be unmarried, have 
lower levels of education, live in poverty, smoke, and have 
a history of stroke or kidney disease. Notably, participants 

with SI exhibited higher levels of inflammatory markers, 
including WBC, NEU, hs-CRP, and various HDL-related 
inflammatory indicators (WHR, NHR, MHR, CHR, and 
PHR), while showing lower levels of HDL-C (Table  1). 
Furthermore, 13 inflammation-related indicators were 
found to display significantly right-skewed pairwise 
correlations (Figure A1).

3.2. Association between HDL-related inflammatory 
indicators and SI

The results of the weighted logistic regression indicated a 
potential relationship between CHR and SI. In Model 3, 
the odds ratio with 95% confidence interval was 1.11 (1.02, 
1.21). This positive correlation remained consistent 
across other adjusted and quantile models. However, no 
significant associations were observed between other 
HDL-related inflammatory indicators and SI (Table 2).

3.3. RCS analysis

RCS analysis revealed a linear dose–response relationship 
between CHR and SI (p nonlinear = 0.419, p overall = 0.011). No 

Table 1. Characteristics of participants by SI status

Characteristics Total No SI SI P-value

N=14,554 N=13,966 N=588

Age (year), median (IQR) 48.00 (34.00,62.00) 49.00 (34.00,62.00) 46.00 (30.00,59.00) 0.001

Age group, (%) 0.017

20 – 39 34.29 34.03 40.90

40 – 64 44.79 44.88 42.33

≥65 20.93 21.09 16.76

Gender, (%) 0.929

Female 50.98 50.99 50.76

Male 49.02 49.01 49.24

Race, (%) 0.006

Non-Hispanic White 65.97 66.12 62.24

Non-Hispanic Black 9.94 10.01 8.34

Mexican American 7.64 7.63 7.94

Other Hispanic 6.92 6.76 11.02

Other race 9.52 9.49 10.45

Marital status, (%) <0.001

Married/living with a partner 63.27 64.07 43.03

Divorced/separated/widowed 18.54 18.22 26.7

Never married 18.19 17.72 30.27

Education level, (%) <0.001

<High school 10.32 10.05 17.12

High school 23.9 23.75 27.72

>High school 65.78 66.19 55.16

(Cont'd...)

https://dx.doi.org/10.36922/jcbp.5084


HDL markers and suicidal ideation

Journal of Clinical and 
Basic Psychosomatics

Volume 3 Issue 1 (2025)	 80� doi: 10.36922/jcbp.5084

Table 1. (Continued)

Characteristics Total No SI SI P-value

N=14,554 N=13,966 N=588

PIR, (%) <0.001

<1.3 18.44 17.89 32.43

1.3 – 3.5 36.34 36.05 43.61

≥3.5 45.23 46.06 23.96

Smoking, (%) < 0.001

No 57.92 58.43 44.89

Yes 42.08 41.57 55.11

Drinking, (%) 0.246

No 12.53 12.61 10.54

Yes 87.47 87.39 89.46

Hypertension, (%) 0.902

No 61.57 61.58 61.27

Yes 38.43 38.42 38.73

Diabetes, (%) 0.059

No 84.42 84.54 81.51

Yes 15.58 15.46 18.49

Stroke, (%) 0.033

No 96.93 96.99 95.41

Yes 3.07 3.01 4.59

Kidney diseases, (%) 0.010

No 96.92 97.00 94.78

Yes 3.08 3.00 5.22

HDL-C (mmol/L), Median (IQR) 1.34 (1.09, 1.63) 1.34 (1.09, 1.63) 1.29 (1.06, 1.58) 0.024

WBC (109/l), Median (IQR) 6.90 (5.70, 8.30) 6.80 (5.70, 8.30) 7.20 (6.10, 8.70) <0.001

NEU (109/l), Median (IQR) 4.00 (3.10, 5.10) 4.00 (3.10, 5.00) 4.40 (3.40, 5.60) <0.001

LYM (109/l), Median (IQR) 2.00 (1.60, 2.50) 2.00 (1.60, 2.50) 2.10 (1.60, 2.50) 0.667

MONO (109/l), Median (IQR) 0.50 (0.40, 0.70) 0.50 (0.40, 0.70) 0.60 (0.50, 0.70) 0.285

hs-CRP (mg/l), Median (IQR) 1.80 (0.78, 4.20) 1.78 (0.77, 4.20) 2.42 (0.90, 4.90) <0.001

PLT (109/l), Median (IQR) 240.00 (205.00, 280.00) 240.00 (205.00, 280.00) 242.00 (208.00, 281.00) 0.192

WHR (109/mmol), Median (IQR) 5.15 (3.80, 6.97) 5.14 (3.79, 6.93) 5.38 (4.21, 7.86) <0.001

NHR (109/mmol), Median (IQR) 2.97 (2.08, 4.17) 2.95 (2.07, 4.15) 3.33 (2.39, 4.66) <0.001

LHR (109/mmol), Median (IQR) 1.50 (1.09, 2.07) 1.50 (1.09, 2.05) 1.55 (1.11, 2.24) 0.237

MHR (109/mmol), Median (IQR) 0.40 (0.30, 0.55) 0.40 (0.30, 0.55) 0.42 (0.31, 0.61) 0.021

CHR (mg/mmol), Median (IQR) 1.34 (0.53, 3.40) 1.32 (0.52, 3.37) 1.91 (0.71, 4.32) <0.001

PHR (109/mmol), Median (IQR) 178.36 (138.07, 230.11) 177.98 (137.69, 229.55) 189.11 (147.10, 244.88) 0.009

Abbreviations: CHR: High-sensitivity C-reactive protein-to-high-density lipoprotein cholesterol ratio; HDL-C: High-density lipoprotein cholesterol; 
hs-CRP: High-sensitivity C-reactive protein; IQR: Interquartile range; LHR: Lymphocyte-to-high-density lipoprotein cholesterol ratio; LYM: 
Lymphocyte count; MHR: Monocyte-to-high-density lipoprotein cholesterol ratio; MONO: Monocyte count; NHR: Neutrophil-to-high-density 
lipoprotein cholesterol ratio; NEU: Neutrophil count; PHR: Platelet-to-high-density lipoprotein cholesterol ratio; PIR: Poverty income ratio; PLT: 
Platelet count; SI: Suicidal ideation; WBC: White blood cell count; WHR: White blood cell-to-high-density lipoprotein cholesterol ratio.
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Table 2. Results of weighted logistic regression analysis examining the association between high-density lipoprotein-related 
inflammatory indicators and suicidal ideation

Range Model 1 Model 2 Model 3

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

WHR

T1 (0.62, 4.21) Reference Reference Reference

T2 (4.21, 6.27) 1.45 (1.12, 1.89) 0.006 1.31 (1.00, 1.71) 0.051 1.27 (0.98, 1.66) 0.075

T3 (6.27, 396.04) 1.58 (1.23, 2.04) <0.001 1.31 (1.01, 1.69) 0.040 1.21 (0.93, 1.59) 0.155

P for trend <0.001 0.050 0.193

Per ln(unit) increase 1.55 (1.22, 1.97) <0.001 1.27 (0.99, 1.65) 0.063 1.18 (0.90, 1.54) 0.229

NHR

T1 (0.13, 2.36) Reference Reference Reference

T2 (2.36, 3.66) 1.42 (1.03, 1.94) 0.032 1.31 (0.95, 1.81) 0.096 1.29 (0.94, 1.77) 0.117

T3 (3.66, 34.85) 1.63 (1.25, 2.13) <0.001 1.37 (1.04, 1.79) 0.024 1.27 (0.96, 1.67) 0.091

P for trend <0.001 0.024 0.102

Per ln(unit) increase 1.54 (1.22, 1.94) <0.001 1.30 (1.03, 1.65) 0.029 1.22 (0.95, 1.56) 0.113

LHR

T1 (0.12, 1.24) Reference Reference Reference

T2 (1.24, 1.87) 0.90 (0.66, 1.22) 0.482 0.81 (0.58, 1.12) 0.190 0.79 (0.57, 1.10) 0.151

T3 (1.87, 355.25) 1.12 (0.80, 1.56) 0.490 0.92 (0.65, 1.29) 0.611 0.86 (0.61, 1.23) 0.408

P for trend 0.500 0.645 0.440

Per ln(unit) increase 1.19 (0.95, 1.49) 0.131 0.99 (0.79, 1.26) 0.965 0.94 (0.74, 1.21) 0.639

MHR

T1 (0.04, 0.33) Reference Reference Reference

T2 (0.33, 0.50) 1.18 (0.89, 1.56) 0.254 1.06 (0.78, 1.44) 0.721 1.02 (0.76, 1.39) 0.872

T3 (0.50, 3.61) 1.17 (0.92, 1.48) 0.189 0.99 (0.77, 1.29) 0.964 0.91 (0.70, 1.18) 0.480

P for trend 0.188 0.945 0.455

Per ln(unit) increase 1.35 (1.09, 1.68) 0.008 1.17 (0.92, 1.48) 0.206 1.09 (0.85, 1.39) 0.485

CHR

T1 (0.02, 0.79) Reference Reference Reference

T2 (0.79, 2.63) 1.34 (0.96, 1.86) 0.085 1.31 (0.93, 1.86) 0.123 1.27 (0.90, 1.80) 0.168

T3 (2.63, 308.58) 1.72 (1.39, 2.13) <0.001 1.57 (1.23, 2.01) <0.001 1.48 (1.14,1.93) 0.004

P for trend <0.001 <0.001 0.005

Per ln(unit) increase 1.17 (1.09, 1.26) <0.001 1.13 (1.05, 1.23) 0.003 1.11 (1.02, 1.21) 0.020

PHR

T1 (10, 151.38) Reference Reference Reference

T2 (151.38, 210.89) 1.13 (0.81, 1.59) 0.459 1.02 (0.73, 1.44) 0.887 1.01 (0.72, 1.41) 0.970

T3 (210.89, 1711.54) 1.35 (1.00, 1.81) 0.048 1.14 (0.85, 1.53) 0.380 1.08 (0.80, 1.46) 0.610

P for trend 0.049 0.373 0.601

Per ln(unit) increase 1.42 (1.02, 1.97) 0.036 1.15 (0.84, 1.57) 0.387 1.09 (0.79, 1.49) 0.596

Notes: Bold font indicates P-value < 0.05.
Model 1 did not adjust for any confounding factors. 
Model 2 adjusted for gender, age group, race, marital status, education level, and poverty income ratio. 
Model 3 adjusted for all covariates.  
Abbreviations: CHR: High-sensitivity C-reactive protein-to-high-density lipoprotein cholesterol ratio; CI: Confidence interval; LHR: Lymphocyte-to-
high-density lipoprotein cholesterol ratio; MHR: Monocyte-to-high-density lipoprotein cholesterol ratio; NHR: Neutrophil-to-high-density lipoprotein 
cholesterol ratio; OR: Odds ratio; PHR: Platelet-to-high-density lipoprotein cholesterol ratio; WHR: White blood cell-to-high-density lipoprotein 
cholesterol ratio. 
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significant dose–response relationships were observed 
between other HDL-related inflammatory indicators and 
SI (Figure 2).

3.4. Associations between co-exposure to 
inflammatory indicators and SI

The WQS regression identified CHR, NEU, and HDL-C as 
the inflammatory indicators most closely associated with 
SI. Notably, elevated CHR levels emerged as the primary 
contributor to the increased prevalence of SI, exerting 
a more pronounced influence than elevated NEU levels 
(Figure A2).

3.5. Subgroup analysis

Subgroup analyses revealed a consistent positive 
association between CHR and SI across all subgroups, 
including those defined by age group, gender, race, marital 
status, PIR, education level, alcohol consumption, smoking 

status, hypertension, diabetes, stroke, and kidney disease 
(p interaction > 0.05) (Table 3).

4. Discussion
In this cross-sectional study involving 14,554 U.S. adults 
conducted between 2015 and 2023, we examined the 
association between HDL-related inflammatory indicators 
and SI. Our findings revealed that elevated levels of CHR 
were significantly associated with a higher prevalence of 
SI. Regulating blood CHR levels could potentially serve 
as an effective strategy to reduce SI prevalence, thereby 
alleviating the substantial public health burden associated 
with suicide.

Inflammatory responses, immune function, and lipid 
metabolism are critical mechanisms in the development 
of many diseases, including SI.7,27-29 Previous studies have 
highlighted the complex interactions between HDL-C and 

Figure 2. Restricted cubic spline analysis of high-density lipoprotein-related inflammatory indicators and SI. (A) WHR and SI dose–response relationship; 
(B) NHR and SI dose–response relationship; (C) LHR and SI dose–response relationship; (D) MHR and SI dose–response relationship; (E) CHR and SI 
dose–response relationship; (F) PHR and SI dose–response relationship. The analysis was adjusted for gender, age group, race, marital status, education 
level, poverty income ratio, smoking, drinking, hypertension, diabetes, stroke, and kidney disease. Reference values were defined as the median.
Abbreviations: CHR: High-sensitivity C-reactive protein-to-high-density lipoprotein cholesterol ratio; LHR: Lymphocyte-to-high-density lipoprotein 
cholesterol ratio; MHR: Monocyte-to-high-density lipoprotein cholesterol ratio; NHR: Neutrophil-to-high-density lipoprotein cholesterol ratio; PHR: 
Platelet-to-high-density lipoprotein cholesterol ratio; WHR: White blood cell-to-high-density lipoprotein cholesterol ratio; SI: Suicidal ideation.
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Table 3. Subgroup analysis on the associations between high-sensitivity C-reactive protein-to-high-density lipoprotein cholesterol 
ratio and suicidal ideation

Characteristics T1 T2 T3 Pinteraction

Age group 0.967

20 – 39 Reference 1.31 (0.75, 2.29) 1.59 (0.95, 2.67)

40 – 64 Reference 1.26 (0.82, 1.93) 1.35 (0.87, 2.12)

≥65 Reference 1.09 (0.63, 1.87) 1.50 (0.83, 2.74)

Gender Reference 0.194

Female Reference 1.24 (0.78, 1.99) 1.17 (0.84, 1.64)

Male Reference 1.30 (0.88, 1.93) 1.87 (1.30, 2.69)

Race Reference 0.186

Non-Hispanic White Reference 1.53 (0.96, 2.42) 1.69 (1.17, 2.42)

Non-Hispanic Black Reference 1.29 (0.55, 2.98) 1.28 (0.66, 2.51)

Mexican American Reference 0.99 (0.36, 2.72) 1.31 (0.50, 3.45)

Other Hispanic Reference 0.68 (0.33, 1.41) 1.75 (0.80, 3.83)

Other race Reference 0.91 (0.46, 1.80) 0.83 (0.36, 1.89)

Marital status Reference 0.877

Married/living with a partner Reference 1.32 (0.80, 2.20) 1.54 (1.01, 2.35)

Divorced/separated/widowed Reference 1.03 (0.56, 1.89) 1.18 (0.69, 2.00)

Never married Reference 1.35 (0.77, 2.34) 1.56 (0.83, 2.93)

Education level Reference 0.092

<High school Reference 0.88 (0.47, 1.68) 0.74 (0.43, 1.27)

High school Reference 1.33 (0.80, 2.19) 1.30 (0.78, 2.17)

>High school Reference 1.32 (0.74, 2.37) 1.93 (1.33, 2.81)

PIR Reference 0.944

<1.3 Reference 1.11 (0.65, 1.87) 1.51 (1.04, 2.19)

1.3 – 3.5 Reference 1.36 (0.78, 2.38) 1.53 (0.91, 2.57)

≥3.5 Reference 1.28 (0.68, 2.39) 1.43 (0.72, 2.84)

Smoking Reference 0.133

No Reference 1.03 (0.57, 1.87) 1.81 (1.28, 2.57)

Yes Reference 1.46 (0.98, 2.18) 1.26 (0.89, 1.78)

Drinking Reference 0.258

No Reference 0.73 (0.31, 1.69) 0.81 (0.31, 2.08)

Yes Reference 1.35 (0.92, 1.98) 1.60 (1.23, 2.08)

Hypertension Reference 0.639

No Reference 1.16 (0.77, 1.75) 1.32 (0.91, 1.91)

Yes Reference 1.52 (0.96, 2.41) 1.80 (1.27, 2.55)

Diabetes Reference 0.549

No Reference 1.21 (0.82, 1.79) 1.49 (1.09, 2.02)

Yes Reference 1.58 (0.76, 3.29) 1.61 (0.89, 2.94)

Stroke Reference 0.806

No Reference 1.28 (0.89, 1.84) 1.50 (1.13, 1.99)

Yes Reference 1.07 (0.35, 3.22) 1.05 (0.35, 3.16)

Kidney diseases Reference 0.290

No Reference 1.31 (0.92, 1.86) 1.54 (1.15, 2.06)

Yes Reference 0.50 (0.20, 1.25) 0.64 (0.22, 1.92)

Abbreviations: OR: Odds ratio; CI: Confidence interval; PIR: Poverty income ratio.
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various blood components, such as blood cells, immune 
cells, CRP, and PLT.8,30-32 HDL-related inflammatory 
biomarkers, which are novel indicators derived by 
combining HDL-C with other inflammatory or immune 
markers, provide a comprehensive reflection of the body’s 
inflammatory and immune status.8,33 However, research 
on the relationship between HDL-related inflammatory 
biomarkers and SI remains limited. Using data from 
this large cross-sectional NHANES study, we found that 
among six HDL-related inflammatory biomarkers, CHR 
demonstrated the strongest association with SI, exhibiting 
a linear relationship. To further assess CHR’s role within 
the context of co-exposure to other inflammatory 
markers, we included all markers in a WQS regression 
model. The results confirmed that even after accounting 
for interactions among inflammatory markers, CHR 
remained the primary factor influencing SI prevalence. As 
an easily accessible clinical marker, CHR demonstrates a 
linear and stable influence on SI, remaining unaffected by 
other biochemical indicators. This highlights its potential 
for broad clinical application in the future.

Previous studies have demonstrated a significant 
association between lower HDL-C levels, higher CRP 
levels, and increased SI prevalence.34-37 However, to our 
knowledge, no prior research has specifically examined 
the relationship between CHR and SI. We hypothesize 
that CHR may influence SI prevalence for the following 
reasons: (1) HDL can exert anti-inflammatory effects 
through the transcriptional regulator ATF3.13,38 Individuals 
with higher HDL levels tend to have lower inflammation 
(which decreases CHR), thereby reducing the likelihood 
of SI; (2) Under conditions of inflammatory stimuli, HDL 
may undergo oxidative or enzymatic modifications.32 
In individuals with higher levels of inflammation, HDL 
function may become impaired or exacerbate inflammation 
(resulting in elevated CHR), ultimately promoting the 
occurrence of SI; (3) Compared to other inflammatory 
markers, hs-CRP is sensitive to lower levels of chronic 
inflammation and serves as a distinctive indicator of 
susceptibility to suicide.5,37,39

This study has several notable strengths. First, 
compared to traditional inflammatory markers, the 
novel inflammatory markers used in this research offer 
higher sensitivity and account for the combined effects of 
metabolic and immune factors. Despite limited research 
on the association between these novel markers and 
SI, this study is the first to simultaneously evaluate the 
relationship between multiple HDL-related inflammatory 
indicators and SI prevalence. Advanced mixture machine 
learning methods were employed to assess the stability 
of CHR under complex co-exposure conditions. Second, 

we categorized inflammatory marker values into both 
continuous and quantile-based groups, fitting regression 
models for each. In addition, we used RCS and subgroup 
analyses to enhance the robustness and consistency of 
our key findings. Finally, we applied weighted strategies 
to all statistical analyses, significantly improving the 
representativeness of our sample and allowing our findings 
to more accurately reflect the health status of the U.S. 
population.

However, this study also has some limitations. First, 
although we accounted for various confounding factors, 
such as demographic, lifestyle, and health conditions, 
we cannot entirely rule out the influence of unmeasured 
confounders on our findings. Nonetheless, the use of 
multiple statistical models likely reduced the probability 
of false-positive results to some extent. Second, the 
cross-sectional design limits our ability to infer a causal 
relationship between CHR and SI. However, conducting 
this analysis based on a large cross-sectional study is 
still valuable, as the findings provide important insights 
and directions for future prospective research. Third, the 
findings are based on data from the U.S. population, which 
necessitates further validation in other regions to confirm 
their generalizability.

5. Conclusion
This study is the first to simultaneously evaluate the 
relationship between multiple HDL-related inflammatory 
indicators and the prevalence of SI among adults in the 
U.S. Notably, CHR exhibited the strongest association with 
SI in both individual and mixed exposure models. Further 
prospective studies are needed to confirm this causal 
relationship.
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Appendix

Figure A2. Results of weights from weighted quantile sum regression. Blue and red points represent positive and negative weights, respectively.

Figure A1. Plot of correlation coefficients for inflammation-related indicators. Blue and red points represent positive and negative correlations, respectively. 
The diameter of each square is proportional to the correlation coefficient.
Notes: *P < 0.05; **P < 0.01; ***P < 0.001.
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Abstract
Results of neuroimaging can provide information concerning the cause of functional 
motor disorders. In this paper, we review the most important of these neuroimaging 
investigations indicating changes in activation patterns in several brain regions 
relevant to motor control. A new combined treatment approach has demonstrated 
more promising results than previous attempts where either psychological or 
physiotherapeutic interventions have been used. When physiotherapy focusing 
on relearning appropriate movement patterns is combined with psychodynamic 
psychotherapy, including personally adapted psychoeducation, the results are 
convincing and most often long-lasting. Few cases with relapse show remission after 
undergoing only a few additional sessions of this new treatment modality. Three cases 
presented in this paper illustrate such courses post-treatment, lending credence to 
the potential existence of a dialectic interaction between mind and brain processes. 
The cases underline the importance of a therapeutic alliance and the ability of the 
therapist to let painful emotional material emerge and be understood, all based on 
confidence between the patient and the treating team.

Keywords: Conversion disorders; Functional motor dysfunctions; Emotions; 
Neuroimaging; Treatment

1. Introduction
Functional neurological symptoms are defined as symptoms that cannot be explained 
by known neurological or medical disorders. The most common manifestations 
include tremors, dystonia, paresis, and uncharacteristic gait disturbances, but speech 
problems, sensory symptoms, and even blindness may form part of the clinical picture. 
The presence of positive diagnostic findings such as Hoover’s sign and diminishing 
symptoms during distraction is important for the diagnosis of functional movement 
disorder (FMD).1 Individuals with FMD often have a previous history of physical or 
mental traumas but without premorbid or present psychiatric disorders detected 
through a systematic diagnostic approach.2 Each of the FMD patients is associated 
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with a distinctive set of predisposing factors at play.3 It has 
been reported that patients with psychogenic movement 
disorder reported higher rates of childhood trauma, 
specifically greater emotional abuse and physical neglect, 
greater fear associated with traumatic events, and a greater 
number of traumatic episodes compared with healthy 
volunteers.2 However, ongoing physical or psychological 
traumas, infections, and medical disorders may precipitate 
functional disorders.4,5 General cognitive functions are 
found to be normal in patients with functional movement 
disturbances in contrast to psychogenic non-epileptic 
seizures.6,7 About 15% of patients referred to outpatient 
neurological clinics are suffering from neurological 
functional disorders.8 These patients are often discovered 
to present additional symptoms from other organ systems 
such as the gastrointestinal system, heart, and lungs. 
Females are more often affected by FMD than males, and 
the symptoms may occur in children, adolescents, and 
adults.

Single-photon emission computed tomography 
(SPECT), functional magnetic resonance (fMR), and 
positron emission tomography scanning are useful tools 
for studying changes in activation patterns in different 
parts of the brain in healthy individuals and persons 
suffering from neuropsychiatric disorders. Several 
neuroimaging studies have shown that multiple brain 
structures, important for motor activation and control, are 
affected in patients suffering from neurological functional 
movement disturbances. Increased activation of neurons in 
a restricted area reflects an increase in metabolism, that is, 
oxygen consumption, which leads to an increase in blood 
flow. The motor cortex, prefrontal areas, right parietal lobe, 
amygdala, cerebellum and basal ganglia, cingulate gyrus, 
hippocampus, and thalamus, are, among others, activated 
in abnormal patterns (Figures 1 and 2).

Stone et al.9 demonstrated reduced activation of the 
contralateral motor cortex during movement of weakened 
muscles and increased activation of a broad network 
comprising basal ganglia, insula, lingual gyri, and inferior 
frontal cortex. In an overview of neuroimaging results, 
mainly based on SPECT, Girouard et al.10 found that 
hypoactivity at the frontal (46%), parietal (38%), and 
temporal parts (29%), as well as in basal ganglia (29%) and 
brain stem (17%). Specifically, Voon et al.11 demonstrated 
lower activity in the left supplementary motor area (SMA), 
which is important for movement preparation, and 
greater activity in the right amygdala left anterior insula, 
and bilateral cingulate gyrus, which are associated with 
emotional processing. The motor intension is normal 
on the conscious level, but execution is inhibited by 
modulatory influences outside the conscious will.12

Figure 1. Coronal view of the brain. A voluntary movement is initiated 
in the supplementary motor cortex (SMC). The impulses are transmitted 
to the cerebellum, basal ganglia, and nigral substance (blue lines), which 
adjust the body movement, and returned through the thalamus to the 
SMC and primary motor cortex (red lines). This long circle may be 
influenced possibly at several locations by inhibitory impulses from the 
limbic system. Moreover, there is a reciprocal connection between SMC 
and the primary motor cortex.

Figure 2. Sagittal view of the brain. Increased activity in parts of the limbic 
system (amygdala, cingulate gyrus, orbitofrontal cortex, and insula) may 
disturb normal motor function. Memory of unpleasant events may lead to 
reduced activity in the hippocampus, indicating a link between memory 
and limbic overload.

Emotional overload may increase the activity in 
several parts of the limbic system, probably resulting in 
an inhibition of normal motor function.13,14 Improvement 
of symptoms following treatment seems to be linked to 
a shift in amygdala connectivity from its relation to the 
posterior motor regions onto a dynamic relation with 
more anterior motor/prefrontal regions, which reflects 
better planning and self-agency.15 Interestingly, activity in 
the hippocampus was reduced, indicating a link between 
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memory of unpleasant events and functional symptoms.13,16 
However, even in apparently resting conditions, fMR may 
reveal right temporoparietal hypoactivity. Furthermore, 
fMR shows decreased functional connectivity between 
the right temporoparietal junction and right sensorimotor 
cortex, bilateral SMA, vermis, and right insula indicating 
impaired self-agency.17,18

Very few studies have investigated the brain activation 
patterns following successful treatment. Some did find 
normalization of changes primarily prefrontally,19,20 
whereas others found normalization of brain activity in 
other important brain regions controlling motor function, 
along with improvement of symptoms.21,22 There may be 
several explanations for changes in brain activation and 
connectivity in patients with FMD. Mental overloads 
increase the activity in the limbic system, which in turn 
may lead to inhibition of normal activation of prefrontal 
areas, thereby interfering with the planning and execution 
of motor function.11 The inhibition may, however, take 
place at lower levels in certain brain parts such as the 
basal ganglia, cerebellum, thalamus, or hippocampus. 
On the other hand, the limbic system may not directly 
be responsible for the inhibition of the motor system but 
instead, the reduction of the activity of the motor response 
may be attributed to changes within different prefrontal 
and frontal motor areas.9

Several studies on this topic present a range of 
methodological limitations: (1) the study groups are small 
or inhomogeneous; (2) the nomenclature used is often 
varying; (3) some patients are on psychoactive drugs which 
may influence the brain activation patterns; and (4) many 
studies lack control groups.

The objective of the present study was to deepen our 
understanding of the mechanism of functional neurological 
symptoms. In this study, we collected relevant studies of 
neuroimaging and interpreted the findings obtained against 
the psychological hypothesis. The combined treatment of 
physiotherapy and personally adapted psychodynamic 
psychoeducation was also found to show positive results. 
The sole focus of this work was on FMD, without covering 
psychogenic non-epileptic seizures, a much more 
pathologically complex disease than FMD.

2. Methods of treatment
In the past, FMD was often associated with a bad 
prognosis.23,24 In recent decades, however, a growing 
number of publications have shown successful treatment 
outcomes among FMD patients in outpatient25,26 or 
inpatient settings.27-31 All these studies reported treatment 
regimes comprising physiotherapy in combination with 
psychoeducation (Table 1).

We conducted a special kind of treatment 
consisting of a combined approach of physiotherapy 
in warm water swimming pools and training on the 
floor, and psychodynamic psychotherapy (including 
psychoeducation) in 42 consecutive patients.32 This 
treatment was carried out as inpatient treatment for several 
weeks and in some cases, patients received psychotherapy 
as an outpatient regime.

The patients were examined by neurologists to disclose 
other possible neurological and medical disorders and 
evaluate paraclinical findings, which can be quite extensive 
for patients who had previously consulted multiple doctors. 
The diagnosis obtained was not the result of exclusions 
but was based on positive criteria, which are explained 
to the patient as part of general clinical information 
and psychoeducation. The patients were informed that 
symptoms are considered a result of the accumulation of 
different psychological burdens that disturb important 
brain motor programs and that we previously had 
seen similar cases and most often observed substantial 
improvement following treatment. To maximize the 
treatment effects, patients were recommended to be 
hospitalized in our department so that they could at 
least distance themselves from the routine interpersonal 
patterns in the outside world, which might be involved 
in the production and maintenance of their symptoms. 
To ensure mutual understanding and confirmation, there 
exists a collaboration between patients and the treating 
team.

Regarding physiotherapy, physiotherapeutic evaluation 
was conducted based on an analysis of physical functions 
combined with observations of movement patterns in 
the warm water swimming pool. The complexity and 
challenges of the physical exercises are gradually increased 
during training to keep the progress at an appropriate 
pace. The training revolves around relearning appropriate 
movement patterns in the water, followed by training on 
the floor. The self-confidence and belief in one’s movement 
abilities are strengthened during physiotherapy, leading 
to gradual improvement in the ability to carry out daily 
activities. Thus, it can be said that physiotherapy is a method 
set to improve patients’ balance rather than address or 
resolve their symptoms. Trust and emotionally responsive 
presence are keywords and crucial for a successful result.

Regarding the psychological method, the intervention 
is conceptually a psychodynamic mode of treatment,32 
based on the assumption that functional motor 
disturbances are pathogenetically linked with memorized 
and present mental strains, burdens, and/or conflicts. 
The emergence of physical symptoms may, in the 
patient’s mind, subjectively be connected with social or 
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interpersonal burdening situations that have affected the 
patient cognitively and emotionally as well as corporeally. 
The psychotherapy we administer is an individualized 
therapy divided into 2  weekly sessions. It started with 
an assessment followed by some psychoeducational 
communication concerning the nature of the pathological 
condition, some necessary changes in the present 
activities of the patient’s life, and the aims of the therapy. 
The patients were encouraged to talk about significant 
emotional situations in the present life and present 
patterns that may be consciously or unconsciously 
connected with past, repressed experiences. Sometimes 
past patterns that have not been observed in the 
assessment sessions may surface later in the therapy. 
Symptoms are acknowledged as defensive manners to 
avoid burdening, painful emotions, and understanding 
the machinery of the brain’s operations in these defensive 
manners is crucial for deciphering the emergence and 
persistence of symptoms.

3. Three illustrative case stories
3.1. Patient 1

This patient has no family history of neurological disorders. 
Her mother died from colon cancer when the patient was 
only 15 years of age. Her father suffered from depression 
and committed suicide when she was 24  years of age. 
A brother had severe coronary occlusions, and a brother-
in-law died of a sudden coronary disorder 2 days before 
she became ill. The patient has been feeling unease of death 
since her mother died, and to compound this unpleasant 
feeling further, the illness and sudden death experienced 
by her brother-in-law became traumatizing events, leaving 
a great impact on her.

In June 2012, when she was 42  years of age, she 
suddenly experienced dizziness and ataxia of the left-side 
extremities. A  stroke was suspected but neuroimaging 
was normal. She was treated with antithrombotic drugs 
and improved rapidly, but in November the symptoms 

Table 1. In- and out-patient treatment regimes for functional motor disorders

n Duration of 
symptoms

Age (years)a Treatment Duration of 
rehabilitation

Effect of treatment Follow up

Czarnecki  
et al.26

60 17 days (1 – 276); 
mixed motor 
disturbances

46 (17 – 79) Outpatient regime; 
multidisciplinary 
team

5 days Marked improvement 
in 75% 

25 months; 60% 
still showed marked 
improvement

Nielsen et al.25 47 6 days (2 – 480); 
mixed motor 
disturbances

44 (21 – 85) Outpatient regime; 
multidisciplinary 
team

5 days Marked improvement 
in 65% 

3 months; 55% still 
showed improvement

Jacobs et al.27 32 7.4 years (±10.3); 
mixed motor 
disturbances

49.1 ± 14.2 Inpatient regime; 
multidisciplinary 
team

1 week 86.7% of patients 
reported improvement; 
59.1% improved on 
physician-rated videos

6 months; 69.2% 
showed improvement

McCormack  
et al.29

33 48.8 months (19 – 
72); predominantly 
motor symptoms

40.8 (20 – 59) Inpatient regime; 
multidisciplinary 
team

101 days  
(84 – 130)

Improvement: Walking 
unaided: 15.2% → 42.4%; 
Walking aided: 24.2% → 
39.4%; Wheelchair: 60.6% 
→ 18.2%

No follow up

Jordbru et al.28 60 1 – 48 months; gait 
disturbances

38 (19 – 62) Inpatient regime; 
multidisciplinary 
team

28 days Significant improvements 
in FMS, FIM, and SF-36

12 months; 
unchanged 
improvement

Saifee et al.30 26 >36 months; 
predominantly 
motor 
disturbances (in 
63% of patients) 

47 ± 9.5 Inpatient regime; 
multidisciplinary 
team

24 days  
(15 – 32)

58% showed some 
improvement; 35% 
showed no improvement

7 years; 58% showed 
some improvement

Arlien-Søborg 
et al.31

42 53 days (0 – 240); 
predominantly 
motor symptoms

39 (17 – 71) Inpatient regime; 
multidisciplinary 
team

60 days Moderate improvement 
in 28%; marked 
improvement in 67%; 
Unchanged in 4.7% 

3 – 6 months; 14% 
showed moderate 
improvement; 79% 
showed marked 
improvement

Note: aAge is presented either as mean (range) or mean ± standard deviation.
Abbreviations: FIM: Functional independence measure; FMS: Functional mobility scale; SF-36: Short Form, 36-item.
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reappeared. Examinations revealed no somatic disorder. 
An attempt was made to rehabilitate her, including exercise 
in a warm water swimming pool, but the symptoms 
deteriorated. Subsequently, she was referred to a clinical 
psychologist for a few consultations, but no improvement 
was seen. She walked with a walker.

In January 2013, she was referred to our Neurological 
Functional Team, State University Hospital (NFTSUH). 
The neurological examination in a supine position and 
tests for coordination showed normal results, but as soon 
as she tried to walk, she was extremely unsteady in a very 
acrobatic and non-somatic manner. A  walker, however, 
stabilized her gait, allowing her to walk short distances. 
Performing daily rehabilitation in a warm water swimming 
pool and using a walker, combined with psychotherapy 
with our psychologist (H.-H.O.) twice a week, had led 
to improvements, and after 2 – 3  weeks, she was able to 
walk short distances without support. At this time, she 
mentioned for the first time her sorrow related to her 
father’s abnormal reactions following the death of his wife. 
Within another week, her gait had normalized. Two weeks 
later, the gait was stabilized further, and she was able to run 
and jump; she was discharged after 38 days of treatment.

We saw her 3  months after discharge at a planned 
follow-up. She was readmitted with symptoms similar to the 
first admission. After undergoing a few new rehabilitation 
sessions (physiotherapy and psychotherapy), her condition 
normalized within 3 weeks.

3.2. Patient 2

Patient 2 grew up as the third child and the only girl among 
five siblings. Both parents used to consume alcohol heavily, 
1 – 2 times each month. While young, she and her siblings 
stayed with their grandmother until their parents became 
sober. She performed well in school. She was a leisure-
time educator and later became a leader in a leisure-time 
institution.

She fell in November 2012 on an icy road and hit 
her head, when she was 40  years old. She immediately 
developed pain in the neck and dizziness and sought 
medical attention the following day. Five days after the 
fall she had nausea. Despite this, she continued working 
without taking leaves of any sort. Ten days after the fall, 
she observed paraesthesia in the left part of her face and 
reduced strength in the left-side extremities. Following 
the deterioration of the symptoms, she was admitted to a 
local hospital. Finally, she became wheelchair-dependent 
due to severe left-side hemiparesis. A magnetic resonance 
imaging (MRI) scan of her brain was normal.

She was referred to NFTSUH 2  months after the fall. 
At the time of the clinical neurological examination, she 

was fully awake and able to converse in her native language 
as well as Danish. She had severe left-side hemiparesis, 
normal tendon reflexes, and normal plantar reflexes. She 
was able to stand with support but with an abnormal 
gait. We found a positive Hoover’s sign. All paraclinical 
examinations were normal, including repeated brain MRI 
and motor evoked potentials. We concluded that she was 
suffering from functional hemiparesis, and she started 
rehabilitation in our functional team.

One week after the rehabilitation had started, she was 
able to transfer from the wheelchair to bed and toilet. 
After another week, she was ambulatory and able to walk 
to the water basin by herself. This was the time point 
during the treatment course in which she expressed 
anger for unknown reasons at the fourth session with her 
psychologist. After 1 week, she walked with a high walker. 
Four weeks after the referral, she was able to climb the 
stairs a little. After another week, she walked with a walker 
and revealed her secret of being violently assaulted in her 
youth. In the following week, she was able to walk without 
any kind of support, yet with a discrete weakness of the 
left leg. The combined physio- and psycho-therapy lasted 
6 weeks, and she was discharged to her home for further 
physiotherapy at a local clinic.

3.3. Patient 3

For this patient, an important part of the family history 
was that her mother suffered from multiple sclerosis and 
died from this in July 2011 when the patient was 13 years 
of age. According to the patient, her mother was a disabled 
person who needed help in almost all matters. The patient, 
as a child and adolescent, had suffered from guilt feelings 
for not being able to save her mother. Moreover, she was 
often told that she had a close physical resemblance to her 
mother. Owing to the death of her mother, the patient had 
a short series of consultations with a school psychologist. 
In her daily life, she has always been very active and 
interested in sports.

In November 2015, she fell on her neck and back during 
sports and immediately experienced pain in her neck, 
and she was admitted to a local hospital. MRI scan of the 
spines was normal and she was discharged once achieved 
improvement. However, a few days following discharge, 
she developed paresis of both legs and complained of 
paraesthesia from the feet to the hips. She could not walk. 
There were no problems with the urinary sphincter. She 
was readmitted to hospital. A repeated MRI of the spines 
showed normal findings.

She had a series of physiotherapy in different 
departments in local hospitals. She improved a little but 
could still only walk with two sticks, and her legs trembled 
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while walking. Thus, a FMD was suspected, and she was 
referred to a special unit for psychosomatic diseases. The 
psychiatric investigation found her moderately depressed, 
and she was treated with sertraline. She did not improve 
neurologically and was finally referred to our department 
(NFTSUH) late March in 2016.

At arrival, the patient was alert. The function of the 
cranial nerves was normal. The upper extremities were 
intact. The strength of the lower extremities was intact, 
and she had normal tendon and plantar reflexes . We only 
found mildly reduced sensibility in her left foot. Her gait 
was highly abnormal due to severe shaking and shivering 
of the legs. Her somatosensory evoked potentials and 
motor evoked potentials were both normal. We started 
graded physiotherapy for her in a warm water swimming 
pool combined with psychotherapy twice a week with a 
psychologist.

After 1  week of treatment, she was able to walk with 
a walker up to 200 m. At this point, she realized that she 
was angry with her father for his plan to marry his new 
girlfriend, and she was able to walk independently after 
another week of treatment. Yet she still experienced muscle 
cramps in the legs, but this issue normalized, and 5 days 
later she was able to ride a bicycle and was then discharged 
from the hospital at the end of April 2016, following 
4 weeks of rehabilitation.

Five months later, she encountered a new, sports-related 
accident. She experienced pain in the back and disturbance 
of gait, and she was acutely referred to a local hospital. MRI 
of the spine was normal, and she was transferred to our 
department. After having brief contact with a psychologist 
and a neurologist in the NFTSUH, she attained a quick 
improvement and was discharged after 2  days with a 
normal gait. In the following 3 months, she still suffered 
from intermittent symptoms when she felt stressed until 
she had a confrontation with her father and stepmother 
in the 26th  psychotherapy session. Three years after that 
session, she showed normal mental and physical abilities 
in the follow-up interviews. She has moved into her own 
flat and obtained her high school diploma.

4. Discussion
We have successfully treated a series of 42  patients with 
this combined method, achieving good results,31 and 
later included patients who have not changed the results. 
The three cases presented herein are typical examples, 
chosen to illustrate how we understand the dialectic 
interactions between mind, body, and brain processes. 
The combined treatment contains therapeutic elements 
that work across the whole patient sample. The first part is 
the creation of a treatment alliance, taking place from the 

patients’ first successive meetings with the neurologist, the 
physiotherapist, the psychologist/psychotherapist, and the 
nurses. It is important that in all four meetings, the patient’s 
feelings are being heard, understood, respected, and given 
hope 24 h a day. The second part of the treatment involves 
training in a warm water swimming pool. Such training 
often surprises patients in a positive way that they have a 
bigger control of their bodies than expected, encouraging 
them to continue receiving treatment and moving through 
the more difficult part of the training. The third part of the 
treatment is building trust and a working alliance between 
the psychotherapist and the patients, which form the 
foundation to facilitate an open-minded presentation of 
the subjective experiences and life stories of the patients, 
including the emotionally disturbing experiences of 
conscious and unconscious traumatizing moments and the 
childhood-to-adulthood periods.

In the case of patient 1, important traumatizing 
elements in her life history were the early death of her 
mother and the subsequent failed mourning reactions of 
the father leading to inappropriate behavior toward both 
the patient and her best girlfriend. The emotions related 
to these events were brought to the surface in the 4th and 
7th  sessions, and after implementing the intervention, we 
observed changes in her physical training. A week later, she 
functioned normally and was discharged home.

In the case of patient 2, the psychotherapy sessions 
revealed a traumatizing, violent assault, and attempt to rape 
in her youth which had been neglected by the authorities, 
and almost totally repressed by the patient. After a few 
weeks, these memories, being triggered by the therapist’s 
intervention, surfaced to her surprise in the 4th  session, 
and she reacted in exasperation toward the therapist. A few 
days later, progress in the training was observed, and after 
a few weeks, she had improved to a point that she was able 
to walk normally and was therefore discharged so that she 
could achieve further stabilization at home.

The third patient had been through several unsuccessful 
treatment courses before being referred to our department. 
Warm water swimming pool training helped her in addition 
to the successive psychotherapeutic empathic exploration of 
her sorrow after losing her mother. Further improvement 
ensued after she expressed anger toward her father during 
the therapy, who had let her down psychologically. The 
improvements did not stabilize totally until she was guided to 
confront her father with her feelings of being neglected and 
let down during psychotherapy, which has since helped her 
gain a feeling of more freedom and more control over herself 
and her life. Since then, similar symptoms did not recur.

All these three patients suffered serious mental burdens 
that could result in an overload of the limbic system, which 
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subsequently could be responsible for their movement 
disorders. This could reflect a vulnerability in specific 
connections between the limbic system and hippocampus 
as well as changes in connectivity inside the prefrontal areas 
and other regions relevant to motor control. Unfortunately, 
we have no neuroimaging evidence to illustrate any changes 
in the patterns of brain activation of our treated patients.

5. Conclusion
This study presents a series of essential steps undertaken in 
the treatment of FMD, featuring a thorough neurological 
examination, the formation of a well-functioning team-
patient treatment alliance, and a combined treatment 
merging physiotherapy and psychodynamic therapy 
supplemented with nursing support. Physiotherapy or 
psychological treatment, in isolation, will usually not lead to 
a successful clinical outcome. The psychological treatment 
shows results and adds its effect to the physiotherapeutic 
improvements when the traumatic memory elements are 
connected and reflected upon in the patient’s conscious 
mind.

Functional neuroimaging demonstrating altered 
activation patterns and functional connectivity indicates 
changes in brain regions vital for normal voluntary motor 
function. Emotional overload may lead to increased 
activity in several parts of the limbic system, probably 
resulting in the inhibition of normal motor function. 
Roelofs et al.33 found that increased functional connectivity 
between emotion- and movement-related brain regions is 
an important mechanism accounting for the appearance 
of functional movement symptoms. Furthermore, reduced 
activity in the hippocampus suggests active suppression of 
memory of unpleasant events, emphasizing the important 
link between the hippocampus and the limbic system, that 
is, between memory and emotions.

Several studies have indicated that abnormal activation 
patterns are normalized following recovery. However, 
despite all the promising findings, it is still difficult to 
deduce a common hypothesis from the neuroimaging 
results.34,35 However, based on our clinical experiences and 
most of the available studies, we believe that the limbic 
system plays an important role in the disturbance of motor 
control and impaired self-agency in patients suffering from 
FMD.
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Abstract
Serotonin syndrome is a potentially life-threatening condition caused by increased 
serotonergic activity. Although this condition is commonly associated with certain 
antidepressants, this report describes a case of serotonin syndrome induced by the 
combined use of metaxalone and phentermine with duloxetine and bupropion. Our 
patient developed serotonin syndrome following the administration of metaxalone 
for severe back spasms. Symptoms resolved following the discontinuation of 
these medications, provision of supportive care, and administration of lorazepam 
and cyproheptadine. This case report adds to the existing literature, as studies on 
metaxalone-induced serotonin syndrome are currently limited. This case report also 
highlights the importance of monitoring polypharmacy, especially when prescribing 
less common medications such as metaxalone as well as weight-loss medications 
such as phentermine.

Keywords: Serotonin syndrome; Serotonin toxicity; Metaxalone; Phentermine; Selective 
serotonin reuptake inhibitors; Polypharmacy

1. Introduction
Serotonin syndrome is a toxic condition resulting from the overuse of one or more 
serotonergic drugs, which increases neurological serotonergic activity.1 Its clinical 
manifestations exhibit a spectrum of severity proportional to levels of free serotonin. 
Mild-to-moderate symptoms include hyperreflexia, tremors, and gastrointestinal 
disturbances, whereas severe cases may result in profound autonomic hyperactivity, 
mental status changes, and sustained clonus/rigidity.2 Serotonin syndrome is often 
diagnosed using a set of clinical indicators known as Hunter’s criteria.3

The most common etiology is the combined use of selective serotonin reuptake 
inhibitors (SSRIs) or serotonin–norepinephrine reuptake inhibitors (SNRIs) with 
monoamine oxidase inhibitors (MAOIs), followed by the use of two MAOIs or other 
types of serotonergic polypharmacy. Combining medications with diverse mechanisms 
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of action has the greatest potential for lethality.2 Duloxetine 
is a SNRI widely used for its combined antidepressant and 
neuropathic pain reduction properties, whereas bupropion 
is a norepinephrine and dopamine reuptake inhibitor with 
weak serotonergic activity.4

Metaxalone, an oxazolidinone analog used as a muscle 
relaxant, has been less extensively investigated but may 
possess serotonergic activity. Although its mechanism 
of action remains unknown, it is hypothesized that 
metaxalone acts as a reversible MAOI due to its comparable 
structure.5 According to a previous case report, serotonin 
syndrome is caused by metaxalone overdose alone or 
metaxalone overdose along with a therapeutic dose of an 
SSRI.6 Serotonin syndrome has been reported to manifest 
in a patient with cirrhosis receiving venlafaxine and 
quetiapine, upon initiation of metaxalone.7

Phentermine is a sympathomimetic medication 
employed for suppressing appetite and facilitating weight 
loss.8 Although there are no published cases of serotonin 
syndrome associated with phentermine, the drug is known 
to inhibit serotonin metabolism through monoamine 
oxidase.9 Overall, the literature on metaxalone and/or 
phentermine-induced serotonin syndrome is limited. 
However, there appears to be significant potential for 
increasing serotonergic activity through monoamine 
oxidase pathways.

This case report describes a patient on duloxetine, 
bupropion, and phentermine who developed serotonin 
syndrome following the administration of metaxalone. 
Several factors that potentially contributed to the 
development of serotonin syndrome in this patient will be 
reviewed.

2. Case presentation
A 56-year-old male with moderate, recurrent major 
depressive and adjustment disorders presented to the 
emergency department due to a 1-week history of 
progressive restlessness, abdominal pain, diaphoresis, 
nausea, and vomiting. He also had a history of medical 
comorbidities, including chronic myelogenous leukemia, 
peripheral neuropathy, chronic lumbar back pain (for 
which he was receiving oxycodone), and hypertension. 
Upon admission, he was conscious and oriented, afebrile, 
and hemodynamically stable but was restless, tremulous, 
and demonstrated akathisia. The urine drug screen was 
positive for oxycodone and negative for illicit substances. 
He was administered morphine (2  mg/mL) intravenous 
(IV) q6h for pain and lorazepam (0.5 mg/0.25 mL) IV q4h 
for acute agitation. Due to concerns regarding serotonin 
syndrome, he was admitted to the intensive care unit. He 
developed hypertension (159/89  mmHg), tachycardia 

(101 bpm), and a fever of 98.4°F following admission. 
Laboratory tests revealed a creatine phosphokinase level 
of 995 U/L. Physical examination was notable for clonus, 
nystagmus, and tremors.

A psychiatrist was consulted for investigating possible 
serotonin syndrome. The neurological examination 
demonstrated ocular vertical nystagmus, inducible clonus 
on the right foot, jerkiness, tremors, and akathisia but no 
brachial or patellar hyperreflexia. The patient discontinued 
his psychotropic medications 2 days before admission, as 
he believed that they were the cause of his symptoms. He 
was unable to provide additional information due to acute 
mental status changes.

The patient’s wife reported that 5 days before admission, 
he began experiencing tremors, diaphoresis, diarrhea, 
abdominal pain, and temperature dysregulation and was 
“tense” while driving. Two days before admission, the patient 
experienced deterioration, as evidenced by increased 
restlessness and tremors, decreased sleep, diaphoresis, 
altered mental status, hypertension, and tachycardia, as 
determined by blood pressure measurement at home. 
Tremors were described as the patient’s hands rhythmically 
oscillating up and down while holding the steering wheel 
as he was driving. The patient’s wife, however, was unaware 
of the specific medications that the patient had received in 
the weeks preceding this event.

A review of the patient’s medication regimen included 
duloxetine 60  mg daily, bupropion XL 150  mg daily, 
gabapentin 600  mg QID, metaxalone 800  mg BID PRN, 
pantoprazole 40mg daily, hydrochlorothiazide 12.5  mg 
daily, nilotinib 150  mg BID, cyclobenzaprine 10  mg 
TID PRN, oxycodone 15mg q4h PRN, and phentermine 
37.5 mg daily.

The patient fulfilled Hunter’s criteria for serotonin 
syndrome by exhibiting ocular clonus, inducible clonus, 
and use of serotonergic medications (such as duloxetine, 
metaxalone, and phentermine). Cyproheptadine 
administration was initiated after a psychiatric consultation. 
After 2 days of treatment with a 12 mg loading dose and a 
2 mg Q2H dose of cyproheptadine for a maximum dose of 
32 mg/day, the patient’s mental status markedly improved. 
He acknowledged receiving phentermine “sparingly” but 
had resumed daily doses 5  days before symptom onset. 
Metaxalone was another agent he used PRN; however, 
he had also resumed taking this medication twice a day 
for 2 days before symptom onset. These two PRN agents 
were being used in addition to his regular scheduled 
medications.

On day 4, evaluation revealed that the vital signs were 
within normal limits. Neurological examination revealed 
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the absence of nystagmus, clonus, jerkiness, tremors, or 
akathisia. Furthermore, the mental status examination 
demonstrated considerable improvement, as evidenced 
by the return to baseline attention without agitation. 
Cyproheptadine was discontinued, and duloxetine was 
resumed at a dose of 30 mg on day 5. The patient continued 
to improve clinically and was discharged on day 6.

3. Discussion
Serotonin syndrome is a potentially fatal condition resulting 
from excessive serotonergic activity. It is characterized 
by somatic, autonomic, and cognitive symptoms, 
including altered mental status, autonomic instability, and 
neuromuscular anomalies. Although frequently linked 
to MAOIs, SSRIs, and SNRIs, other agents, including 
muscle relaxants and weight reduction pills, have also been 
associated with its development.

The patient in the current case was receiving several 
medications that affect serotonin levels through diverse 
mechanisms. Duloxetine, an SNRI, increases serotonin 
and norepinephrine levels by inhibiting their reuptake.10 
Bupropion, primarily an NDRI with certain serotonergic 
effects, is a known risk factor.11 Phentermine, a 
sympathomimetic amine used for weight loss, can indirectly 
enhance serotonin’s release.12 Although metaxalone is a 
muscle relaxant and its exact mechanism of action is not 
fully understood, it appears to have serotonergic properties 
that, when combined with other serotonergic agents, can 
cause serotonin syndrome.6 Increasing evidence suggests 
that the mechanism of action of metaxalone comprises 
MAOI activity that becomes clinically relevant when given 
in large doses.5,13 In addition, hepatic cytochrome P450 
enzymes facilitate metaxalone metabolism. Specifically, 
CYP1A2 and CYP2D6 have been demonstrated to be 
the primary enzymes responsible for metabolism.14 Our 
patient was receiving both duloxetine and bupropion, 
which are known CYP2D6 inhibitors.15,16 Furthermore, 
duloxetine inhibits CYP1A2.17 Even at therapeutic 
levels, this combination may have resulted in increased 
bioavailability of metaxalone, making its MAOI activity 
clinically relevant. We believe that these medications likely 
caused excess neurological serotonin formation, leading to 
dysregulation and patient’s clinical manifestations.

One limitation of this case report was the other 
serotoninergic agents that the patient was concurrently 
receiving, specifically duloxetine, phentermine, and to 
some extent bupropion. Duloxetine is associated with 
serotonin syndrome; however, its incidence is low, and the 
time course of symptom onset appears to be more closely 
related to the use of metaxalone on an as-needed basis.18 In 
addition, after resuming duloxetine during hospitalization, 

no adverse effects recurred, proving it less likely to be the 
primary cause of our patient’s complaints. Phentermine 
may have affected this patient’s serotonin levels; however, 
no evidence of serotonin syndrome occurring with 
phentermine administration currently exists.9 This does 
exclude a theoretical mechanism, but phentermine is 
unlikely to be the primary offending agent. Given the 
patients’ long-term compliance with bupropion before 
symptoms appeared, it is also unlikely to be the cause of the 
symptoms. To our knowledge, there are only three reported 
cases demonstrating serotonin syndrome in conjunction 
with bupropion toxicity, and none of these were caused 
by bupropion alone.19 Finally, on the Naranjo Adverse 
Drug Reaction Probability Scale, our patient scored an 8, 
making metaxalones a “probable” cause of the medication 
reaction (Figure  1).20 This case report emphasizes that 
understanding pharmacodynamic interactions is crucial, 
particularly in serotonergic polypharmacy.

It is essential that clinicians understand drug serotonergic 
potential. Medications not traditionally associated with 
serotonin syndrome, such as metaxalone or weight loss drugs, 
can still cause serotonin syndrome when coupled with other 
serotonergic drugs. Drug-drug interactions must be carefully 
considered when prescribing multiple neurotransmitter-
affecting medications.21 Early diagnosis of serotonin 
syndrome is crucial to prevent severe complications and 
improve outcomes. Management involves prompt cessation of 
all serotonergic agents and supportive care. Benzodiazepines 
are considered first-line drugs; serotonin antagonists such as 
cyproheptadine are reserved for severe cases in which there is 
minimal improvement with benzodiazepines.22

The patient’s symptomatology was consistent with 
that of serotonin syndrome, as evidenced by his agitation, 
altered mental status, hyperreflexia, clonus, and autonomic 

Figure  1. Naranjo Adverse Drug Reaction Probability Scale. Modified 
from Naranjo et al.20
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instability. His rapid onset of symptoms after initiating 
metaxalone with concomitant phentermine use suggests a 
direct link to serotonin syndrome. After discontinuation of 
all serotonergic agents and the provision of supportive care, 
the patient still experienced altered mental status, autonomic 
instability, and muscle rigidity, requiring lorazepam and 
cyproheptadine administration. Consequently, the patient 
returned to his clinical baseline within 24 h.

4. Conclusion
This case highlights the importance of monitoring 
for serotonin syndrome in patients receiving multiple 
serotonergic medications, including metaxalone, which 
is not commonly linked to this condition. Health-care 
providers should maintain a high index of suspicion for 
this condition, especially when prescribing combinations 
of serotonergic medications. Additional research is 
warranted to better understand the serotonergic properties 
of metaxalone and similar drugs to enhance patient safety 
in the context of polypharmacy.

Acknowledgments
None.

Funding
None.

Conflict of interest
The authors declare that they have no competing interests.

Author contributions
Conceptualization: All authors
Investigation: All authors
Writing – original draft: All authors
Writing – review & editing: All authors

Ethics approval and consent to participate
Verbal and written consent was obtained from the patient 
before participation

Consent for publication
The patient gave consent to publish his data in this study.

Availability of data
Data are available from the corresponding author upon 
reasonable request.

References
1.	 Scotton WJ, Hill LJ, Williams AC, Barnes NM. Serotonin 

syndrome: Pathophysiology, clinical features, management, 

and potential future directions. Int J Tryptophan Res. 
2019;12:117864691987392.

	 doi: 10.1177/1178646919873925

2.	 Talton CW. Serotonin syndrome/serotonin toxicity. Fed 
Pract. 2020;37(10):452-459.

	 doi: 10.12788/fp.0042

3.	 Dunkley EJC, Isbister GK, Sibbritt D, Dawson AH, 
Whyte  IM. The hunter serotonin toxicity criteria: Simple 
and accurate diagnostic decision rules for serotonin toxicity. 
QJM. 2003;96(9):635-642.

	 doi: 10.1093/qjmed/hcg109

4.	 Huecker MR, Smiley A, Saadabadi A. Bupropion. In: 
StatPearls. Available from: https://www.ncbi.nlm.nih.gov/
pubmed/9554319 [Last accessed on 2024 Jul 22].

5.	 Bosak AR, Skolnik AB. Serotonin syndrome associated with 
metaxalone overdose. J Med Toxicol. 2014;10(4):402-405.

	 doi: 10.1007/s13181-014-0404-5

6.	 Martini DI, Nacca N, Haswell D, Cobb T, Hodgman M. 
Serotonin syndrome following metaxalone overdose and 
therapeutic use of a selective serotonin reuptake inhibitor. 
Clin Toxicol. 2015;53(3):185-187.

	 doi: 10.3109/15563650.2015.1009993

7.	 Surmaitis RM, Nappe TM, Cook MD. Serotonin syndrome 
associated with therapeutic metaxalone in a patient with 
cirrhosis. Am J Emerg Med. 2016;34(2):346.e5-e6.

	 doi: 10.1016/j.ajem.2015.06.043

8.	 Suissa K, Schneeweiss S, Kim DW, Patorno E. Prescribing 
trends and clinical characteristics of patients starting 
antiobesity drugs in the United States. Diabetes Obes Metab. 
2021;23(7):1542-1551.

	 doi: 10.1111/dom.14367

9.	 Ulus IH, Maher TJ, Wurtman RJ. Characterization of 
phentermine and related compounds as monoamine oxidase 
(MAO) inhibitors. Biochem Pharmacol. 2000;59(12):1611-1621.

	 doi: 10.1016/s0006-2952(00)00306-3

10.	 Westanmo AD, Gayken J, Haight R. Duloxetine: A balanced 
and selective norepinephrine-  and serotonin-reuptake 
inhibitor. Am J Health Syst Pharm. 2005;62(23):2481-2490.

	 doi: 10.2146/ajhp050006

11.	 Foley KF, DeSanty KP, Kast RE. Bupropion: Pharmacology 
and therapeutic applications. Expert Rev Neurother. 
2006;6(9):1249-1265.

	 doi: 10.1586/14737175.6.9.1249

12.	 Perez CI, Kalyanasundar B, Moreno MG, Gutierrez R. The 
triple combination phentermine plus 5-HTP/carbidopa 
leads to greater weight loss, with fewer psychomotor side 
effects than each drug alone. Front Pharmacol. 2019;10:1327.

https://doi.org/10.36922/jcbp.4490
http://dx.doi.org/10.1177/1178646919873925
http://dx.doi.org/10.12788/fp.0042
http://dx.doi.org/10.1093/qjmed/hcg109
http://dx.doi.org/10.1007/s13181-014-0404-5
http://dx.doi.org/10.3109/15563650.2015.1009993
http://dx.doi.org/10.1016/j.ajem.2015.06.043
http://dx.doi.org/10.1111/dom.14367
http://dx.doi.org/10.1016/s0006-2952(00)00306-3
http://dx.doi.org/10.2146/ajhp050006
http://dx.doi.org/10.1586/14737175.6.9.1249


Serotonin syndrome unexpected medication

Journal of Clinical and 
Basic Psychosomatics

Volume 3 Issue 1 (2025)	 102� doi: 10.36922/jcbp.4490

	 doi: 10.3389/fphar.2019.01327

13.	 Gillman PK. New data on metaxalone (Skelaxin) and 
serotonin toxicity (serotonin syndrome): Warning of 
potential for fatalities if combined with serotonin re-uptake 
inhibitors. Psycho Trop Commentaries. 2018;6:22-32.

14.	 King Pharmaceuticals, Inc. Skelaxin (Metaxalone) Tablets: 
Prescribing Information (Rev. March 2018). U.S. Food and 
Drug Administration; 2018. Available from: https://www.
fda.gov/drugsatfda [Last accessed on 2024 Jul 21].

15.	 Knadler MP, Lobo E, Chappell J, Bergstrom R. Duloxetine: 
Clinical pharmacokinetics and drug interactions. Clin 
Pharmacokinet. 2011;50(5):281-294.

	 doi: 10.2165/11539240-000000000-00000

16.	 Kotlyar M, Brauer LH, Tracy TS, et al. Inhibition of CYP2D6 
activity by bupropion. J  Clin Psychopharmacol. 25(3): 
226-229.

	 doi: 10.1097/01.jcp.0000162805.46453.e3

17.	 Lobo ED, Bergstrom RF, Reddy S, et al. In vitro and in vivo 
evaluations of cytochrome P450  1A2 interactions with 
duloxetine. Clin Pharmacokinet. 2008;47(3):191-202.

	 doi: 10.2165/00003088-200847030-00005

18.	 Li L, Mi Q. Serotonin syndrome from duloxetine 
monotherapy: A case report. Cureus. 2023;15(6):e40933.

	 doi: 10.7759/cureus.40933

19.	 Thorpe EL, Pizon AF, Lynch MJ, Boyer J. Bupropion 
induced serotonin syndrome: A case report. J Med Toxicol. 
2010;6(2):168-171.

	 doi: 10.1007/s13181-010-0021-x

20.	 Naranjo CA, Busto U, Sellers EM, et al. A  method for 
estimating the probability of adverse drug reactions. Clin 
Pharmacol Ther. 1981;30(2):239-245.

	 doi: 10.1038/clpt.1981.154

21.	 Möller HJ, Seemüller F, Schennach-Wolff R, Stübner S, 
Rüther E, Grohmann R. History, background, concepts 
and current use of comedication and polypharmacy 
in psychiatry. Int J Neuropsychopharmacol. 2014;17(7): 
983-996.

	 doi: 10.1017/S1461145713000837

22.	 Mikkelsen N, Damkier P, Pedersen SA. Serotonin 
syndrome-A focused review. Basic Clin Pharmacol Toxicol. 
2023;133(2):124-129.

	 doi: 10.1111/bcpt.13912

https://doi.org/10.36922/jcbp.4490
http://dx.doi.org/10.3389/fphar.2019.01327
http://dx.doi.org/10.2165/11539240-000000000-00000
http://dx.doi.org/10.1097/01.jcp.0000162805.46453.e3
http://dx.doi.org/10.2165/00003088-200847030-00005
http://dx.doi.org/10.7759/cureus.40933
http://dx.doi.org/10.1007/s13181-010-0021-x
http://dx.doi.org/10.1038/clpt.1981.154
http://dx.doi.org/10.1017/S1461145713000837
http://dx.doi.org/10.1111/bcpt.13912


Volume 3 Issue 1 (2025)	 103� doi: 10.36922/jcbp.4727

BRIEF REPORT

Association between concerns regarding 
COVID-19 mRNA vaccination and the adverse 
event rate among healthcare workers

Isabel Hach1†* , Bunila-Yuwang Francisca1,2†, Wolfgang Hitzl3, Annette Sattler4, 
Stephan Kolb1, and Cosima Brucker2

1Department of Education and Science, Klinikum Nürnberg, Paracelsus Medical University, 
Nuremberg, Germany
2Clinic for Gynecology and Obstetrics, Klinikum Nürnberg, Paracelsus Medical University Nuremberg, 
Germany
3Department of Research and Innovation Management, Biostatistics and Publication of Clinical Trial 
Studies, Paracelsus Medical University, Salzburg, Austria
4Department of Hospital Pharmacy, Klinikum Nürnberg, Paracelsus Medical University, Nuremberg, 
Germany

Abstract
Healthcare workers must be vaccinated regularly. However, vaccination-related side 
effects can lead to sick leaves and decreased willingness to be vaccinated. Negative 
expectations can cause nocebo effects, potentially increasing the rates of adverse 
events (AEs). Herein, we evaluated the relationship between concerns regarding the 
vaccination course and the prevalence rate of AEs after the first and second doses 
of mRNA vaccines in 982 healthcare workers from the Nuremberg Hospital. Most of 
our participants were women (78%). Fatigue and headache were the most common 
systemic AEs. Healthcare workers who were worried about the vaccination process 
reported significantly more AEs after the first vaccine dose than those who were not 
worried (80% vs. 68%, P < 0.05). Thus, strategies to minimize concerns could reduce 
vaccination-related side effects and improve willingness to be vaccinated.

Keywords: Nocebo effects; Self-fulfilling prophecy; Pharmacovigilance

1. Introduction
No vaccination in recent decades has been as eagerly anticipated as the one for COVID-19; 
however, this has been accompanied by fears of (unknown) side effects.1 Although 
authorized vaccines are safe, precise information regarding their tolerability and safety 
can only be determined during the course of use.2-5 The rates of side effects reported 
in observational studies conducted after vaccine authorization differ based on age, sex, 
vaccine type, and country.2,5 Individuals working in the German healthcare system have 
expressed fears regarding the COVID-19 vaccination.1 Negative expectations from 
vaccines or drugs can cause a nocebo (Latin for “I will harm”) effect.6-9 Nocebo effects 
are specific to the side effects discussed.7,10 In clinical trials, the development of adverse 
events (AEs) in the placebo group, that is, patients who receive a preparation without the 
active substance, is considered a nocebo effect. In mRNA vaccine registration studies, 
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the AE rates in the placebo groups were high after the 
first dose.2 In retrospect, the AEs that occurred during the 
registration trials were interpreted as being associated with 
nocebo effects.11-13

Nocebo effects are verifiable (neurophysiologically and 
clinically) and can lead to life-threatening situations.6,10 
Thus, downplaying nocebo effects as imaginary and not 
concerning is wrong and contrary to scientific knowledge. 
In non-interventional studies, the placebo arm is missing. 
Therefore, nocebo effects cannot be directly distinguished 
from side effects. Nocebo effects could change a vaccine’s 
safety classification in clinical trials, which is highly 
relevant.8,14 Placebo and nocebo effects are more likely 
to develop during treatment initiation.6-9 The frequency 
of adverse events after COVID-19 vaccinations varied in 
studies, predictors for vaccination side effects could not 
be determined.15,16 However, no study has investigated 
concerns regarding a nocebo effect before the first dose. 
Herein, we investigated the association between concerns 
regarding the course of an mRNA COVID-19 vaccine and 
the prevalence rate of AEs in healthcare workers (HCWs).

2. Methods
All employees of the Nuremberg Hospital – one of the 
largest municipal hospitals in Europe providing the 
highest care – who were vaccinated as of December 27, 
2020 (start of COVID-19 vaccinations in prioritized 
individuals in Germany) were invited to volunteer in this 
pharmacovigilance study. There were no special inclusion 
or exclusion criteria. Questionnaires were available at 
the two vaccination centers of the hospital, as well as 
online, and included all previously identified AEs.2 We 
analyzed the prevalence of AEs after the first dose of an 
mRNA vaccine (total n = 982; Comirnaty BNT162b2: 
n = 596). The participants were asked to report any 
AEs that developed within 1  week of the first dose. The 
participants selected the symptoms in the questionnaire 
that applied to them and classified them according to 
their intensity – mild, moderate, or severe. Completed 
questionnaires could either be physically submitted in 
prepared boxes or returned via internal mail. There were 
no special requests to fill out the questionnaires from 
memory, for example, 2 – 3  weeks after vaccination, to 
avoid recall bias. The questionnaire included an empty field 
for personal comments and perceived AEs not listed in the 
questionnaire. The questionnaire did not include questions 
regarding professional affiliation. Patients vaccinated with 
mRNA vaccines were predominantly medical professions 
(mostly nurses) directly involved in the care of patients 
with COVID-19. The participant’s anamnestic data were 
collected, and they were asked if they were worried about 
the vaccination course (Answers: Yes or No). To assess 

the susceptibility to nocebo effects, we did not include the 
Q-No questionnaire. For example, the questionnaire asks 
whether patients read the summary of drug characteristics 
before consuming it.16,17 This behavior may favor the 
development of nocebo effects or be considered normal by 
medical personnel and for new vaccines. Questionnaires 
completed by the same person were linked using a 
pseudonymization code. Once entered into a database, 
the data were completely anonymized and analyzed. The 
study has been registered with the Deutsches Register 
Klinischer Studien (German Register Clinical Studies, No: 
DRKS00027976) and was approved by the review board of 
PMU Nuremberg (No: IRB 2022_003; February 2, 2022).

2.1. Statistical analysis

Data were checked for incorrect entries. Fisher’s exact 
and Pearson’s Chi-square tests were used to analyze cross-
tabulations. These tests were best suited to compare the 
frequency of side effects in different groups (our sample 
vs. registration study sample; subgroups of our sample).18 
The significance level was 5%. No correction was made 
for multiple testing. All analyses were performed using 
STATISTICA (version 13; Hill, T. & Lewicki, P. Statistics: 
Methods and Applications. StatSoft, Tulsa, OK, USA) and 
NCSS (version 2022; NCSS, LLC. Kaysville, UT, USA).

3. Results
Our cohort comprised 78% women (18 – 35 years: 25%; 
36 – 50 years: 35%; and >51 years: 40%) and 22% men (18 
– 35 years: 29%; 36 – 50 years: 29%; and > 51 years: 41%). 
Allergies were the most common pre-existing condition 
in both sexes (women: 53%; men: 50%), followed by 
cardiovascular (women: 11.5%; men: 12%) and thyroid 
(women: 11.5%; men: 2.8%) diseases. Mental illnesses 
were rarely reported (women: 1.5%; men: 1.7%). In total, 
25% of the women and 20% of the men were smokers. The 
prevalence of obesity (body mass index >30  kg/m²) was 
14% among women and 10% among men.

Fatigue, headache, and myalgia were the most common 
systemic AEs after the first vaccine dose. Fatigue, headache, 
chills, and vomiting developed significantly less frequently 
in patients aged <55 years in our study than in those in the 
registration study for Comirnaty (Table 1).

HCWs who reported concerns regarding the 
vaccination course (n = 180) were significantly more likely 
to exhibit systemic AEs (80% vs. 68%) after the first mRNA 
vaccine dose than those who reported no concerns (n = 605; 
Figure  1). Women were significantly more worried than 
men (27.5% vs. 10%, P < 0.05). After the second dose, the 
AE rates were not significantly different between the two 
groups.
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4. Discussion
The sex distribution in our sample (78% women) is relatively 
typical for German hospital staff. A health report prepared 
by a large German health insurance company (Techniker 
Krankenkasse) stated that 75% of nursing staff are women19 
and compared the incapacity to work diagnosis of nursing 
staff with those of other occupational groups. Compared 
with the normal German population, our participants were 
less obese (women: 24% vs. 14%; men: 23% vs. 10%).20 Our 
study and the GEDA 2019/2020-EHIS used self-reported 
data from participants, often leading to an underestimation 
of body weight compared with standard values. The male 
HCWs in our study smoked less frequently than those in 
the German general population (20.1% vs. 33.9%); similar 
data was obtained for women (25% vs. 24%).20

Similar to previous studies, our study partially 
demonstrated significantly lower AE rates than those in 

the pivotal study2,5; this was unexpected due to the high 
proportion of women in our sample and previous reports 
of greater prevalence of side effects in (younger) women 
than men.16 The proportion of women and men was half 
in registration studies, and the results for both sexes are 
always published together.2 Therefore, in samples such as 
ours, with a significantly higher proportion of women, 
the side effects should have been more than in samples 
with a 50/50 sex distribution. In a survey of German 
hospital staff, approximately 4.4% – 13.1% (vaccinated 
with Comirnaty and Moderna) of participants were sick 
for at least 1 day due to side effects after the first mRNA 
vaccine dose.21 Thus, considering the high workload of 
hospital staff, measures should be taken to reduce the rate 
of side effects.21,22 Our sample may have had high positive 
expectations of the vaccination because they were burdened 
by the pandemic.22,23 Such positive expectations may have 
manifested as better tolerability to the vaccine (similar 
to a placebo effect).9 Furthermore, our sample may have 
demonstrated a positive attitude toward the vaccinations 
and preventive measures or were used to them (e.g., annual 
flu vaccinations). At the beginning of the vaccination 
drive, only information regarding vaccine tolerability was 
available from registration studies.2 However, information 
regarding side effects can significantly contribute to 
nocebo effects.6-9 The lack of knowledge regarding the 
side effects could have protected against nocebo effects. 
Finally, the high proportion of women in our sample could 
influence the development of nocebo effects. However, 
previous studies have not yet established a clear influence 
of sex on the respective placebo or nocebo response in 
RCTs.24,25 Approximately one-fifth of our patient sample 
expressed worries regarding the vaccination course; this 
is consistent with Holzmann-Littig et al.’s results, in which 
approximately 15% of the surveyed staff expressed fears 
of short-term side effects of the vaccination.1 Herein, 
there was a clear association between existing concerns 

Table 1. Comparison of prevalence of selected AEs after administration of the first dose of BNT162b2 (Comirnaty) (registration 
study cohort vs. our cohort)

AE AE prevalence among 
<55-year-olds in registration 

study (n=10,889) (%)

AE prevalence among 
<55-year-olds in our 
study (n=453)a (%)

P-value (Fisher’s 
exact test, two-sided)

AE prevalence among 
>55-year-olds in registration 

study (n=7,971) (%)

AE prevalence among 
>55-year-olds in our 
study (n=143)a (%)

Fatigue 47 175 (41) 0.008* 0.48** 34 45 (31)

Headache 42 123 (29) 0.000* 0.70** 25 33 (23)

Arthralgia 11 63 (15) 0.034* 0.053** 9 20 (14)

Chills 14 28 (7) 0.000* 0.48** 6 6 (4)

Vomiting 4 10 (2) 0.044* 0.004** 8 6 (4)

Notes: a: Data are presented as n (%); *: Comparison of AE prevalence among 16 – 55-year-olds (1) in the registration study versus 18 – 55-year-old 
HCWs in our study; **: Comparison of AE prevalence among >55-year-olds (1) in the registration study versus >55-year-old; HCWs in our study; The 
significance level was set at 5% (P<0.05).
Abbreviations: AE: Adverse event; HCW: Health care workers.

Figure  1. Prevalence of systemic AEs (after 1st  mRNA vaccine dose, 
Comirnaty or Moderna) in relation to expressed concerns regarding 
the vaccination process. Image created by the author 
Abbreviation: AE: adverse event.
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regarding the vaccination process and the AE rate, which 
is consistent with previous data.6-9

Concerns regarding the (unknown) side effects 
of vaccinations can cause vaccination skepticism and 
refusal.16,26,27 The significant association between concern 
and increased rate of side effects may be explained by self-
fulfilling prophecy.28,29 Negative expectations promote 
the emergence of feared and even unlikely developments 
in the future, among other things, by reinforcing certain 
predisposing behaviors. Pagnini et al. demonstrated that 
the expectation of colds in the summer is significantly 
associated with the development of flu-like symptoms in 
the winter.30 They cited so-called nocebo effects, which are 
initiated by negative expectations, among other things, 
as a possible explanation for this association. However, 
determining these effects directly in non-interventional 
studies is not possible. Thus, the exact underlying 
mechanism remains unclear. However, increased self-
attention might have a reinforcing effect.31 People who 
are worried about the vaccination course may be more 
concerned about the possible side effects than those who 
are not worried. Furthermore, participants who want to 
accurately document their AEs (e.g., for pharmacovigilance) 
may experience more AEs because they specifically pay 
attention to the expected side effects.14,26,29

There are recommendations to reduce nocebo 
effects. These recommendations are partially aimed at 
reducing self-awareness by providing less information 
on insignificant side effects after counseling the patients 
regarding the nocebo phenomenon and obtaining their 
consent.9 This prior consent is necessary to safeguard the 
patients’ rights. Drawing attention to an unknown side 
effect is impossible. Whereas it is very difficult not to think 
about something that was previously announced. Providing 
focused information in observational studies would 
benefit pharmacovigilance because regardless of the reason 
for increased attention to expected side effects, a more 
objective reporting would be possible. Accordingly, we 
consider it unlikely that particularly detailed information 
on side effects, as suggested by some authors, would reduce 
fears and negative expectations, respectively.1,11,21

A limitation of our study is the use of real-world data 
in an observational setting. Clear evidence of nocebo 
effects cannot be obtained in this setting. In principle, 
our study participants may have had a positive attitude 
toward vaccination, resulting in lesser nocebo effects than 
that in the normal population.16 However, our survey 
included medical professionals from different fields. 
Thus, vaccination expectations and knowledge regarding 
vaccinations may differ. We could only demonstrate the 
association between concerns regarding the vaccination 

process and higher AE prevalence. We could not prove 
causality. The pharmacovigilance behavior of our 
participants with an intensive AE registration could also 
have resulted in the higher AE rate. Nonetheless, regardless 
of the cause of increased AE rates, the underlying 
mechanism should be seriously considered and possible 
countermeasures should be initiated. Although studies 
into nocebo effects have recently increased, little is known 
about the influencing factors and measures to reduce 
them.10,22,23 However, further studies are required to identify 
nocebo effects in clinical (e.g., RCTs) and observational 
(i.e., studies without a placebo group) studies. For example, 
sex-  and gender-related expectations of vaccines as 
well as knowledge about health beliefs before a medical 
intervention (e.g., vaccination, drug therapy) may be 
examined. Subsequently, measures to reduce nocebo effects 
should be investigated and their effectiveness in clinical and 
observational studies should be examined. These results 
could help implement individual and population-based 
measures for personalized medicine and prevention.

5. Conclusion
Nocebo-like effects might have played a role in the 
AEs developed in our sample. Since high AE rates can 
contribute to vaccine hesitancy, as much as possible should 
be done to minimize nocebo effects.
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