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The recent worldwide surge of warfare and hostilities ex-
poses increasingly large numbers of individuals to traumatic
events, placing them at risk of developing posttraumatic
stress disorder (PTSD) and challenging both clinicians and
service delivery systems. This overview summarizes and
updates the core knowledge of the genetic, molecular,
and neural circuit features of the neurobiology of PTSD and
advances in evidence-based psychotherapy, pharmaco-
therapy, neuromodulation, and digital treatments. While
the complexity of the neurobiology and the biological and
clinical heterogeneity of PTSD have challenged clinicians

Posttraumatic stress disorder (PTSD) is classified in DSM-5 as
a trauma and stressor-related disorder. PTSD symptoms occur
following traumatic stressor exposure, reflect an underlying
neuropathological process, and are shaped by individual, en-
vironmental, and cultural factors. Individuals who suffer from
PTSD relive distressing reminders of the traumatic event with
vivid perceptual proximity and high emotional intensity. They
commonly reorganize their lives while trying to contain and
mitigate the persistent effects of past traumatic experience. For
those traumatized in a war zone, the “war” continues after their
return to a safe environment, a phenomenon referred to as
failure to update the context and integrate safety signals.
Survivors of sexual assault or torture describe difficulties
engaging with and trusting others. Those with PTSD expe-
rience the world as dangerous, uncontrollable, and unpre-
dictable and expend great effort to avoid being triggered by
reminders. They are hypervigilant, scan the environment for
danger, are on high alert even in safe environments, and are
tense and exhausted. Core PTSD symptom patterns, including
nightmares, flashbacks, and startle reactions, are similar
across traumatic events, cultures, and historical descrip-
tions dating back several millennia, suggesting a common
underlying neurobiology and psychology.

Understanding the mechanisms leading from trauma
exposure to PTSD is critical to predicting and preventing the
disorder. Chronologically, these include pretrauma vulner-
ability factors, peritraumatic responses at the time of ex-
posure, and posttraumatic factors that influence chronicity
and recovery. Structurally, they include molecular pathways,
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and researchers, there is an emerging consensus concerning
the underlying mechanisms and approaches to diagnosis,
treatment, and prevention of PTSD. This update addresses
PTSD diagnosis, prevalence, course, risk factors, neurobio-
logical mechanisms, current standard of care, and innovations
in next-generation treatment and prevention strategies. It
provides a comprehensive summary and concludes with areas
of research for integrating advances in the neurobiology of
the disorder with novel treatment and prevention targets.
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neurocircuits, and neurocognitive, emotional, interpersonal,
and social factors.

ADVANCING PTSD CLASSIFICATION
AND SUBTYPING

There is growing interest in reducing PTSD heterogeneity by
identifying biologically and clinically distinct subtypes of the
disorder. A subgroup of those with PTSD, for example, ex-
perience peritraumatic and posttraumatic dissociative symp-
toms, including depersonalization, derealization, amnesia for
aspects of the trauma, and altered perception of time (1, 2).
From data from the World Mental Health Surveys, the
prevalence of this dissociative subtype is estimated to be 14.4%.

Similarly, ICD-11 distinguishes PTSD, characterized by
the core symptoms of intrusive and distressing reexperiencing
of the traumatic event, avoidance of internal and external
reminders of the traumatic event, hypervigilance, and en-
hanced startle reaction to stimuli, from complex PTSD, a
severe subtype that is more common following repeated in-
terpersonal trauma, with prominent disturbances of emotion
regulation, self-identity, and relational capacities. Other
candidate subtypes include PTSD with neurocognitive im-
pairment and PTSD with depression.

PREVALENCE AND COURSE OF PTSD

Trauma exposure is common. Lifetime estimates of trauma
exposure in the United States range from 50% to 89%, of
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which approximately 50% are from assault and 50% from
accidents. In an international study of 69,000 adults, 70%
reported lifetime exposure to a traumatic event and 30.5%
reported being exposed to four or more traumatic events (3).
A majority of trauma survivors do not develop PTSD, ex-
periencing transient initial symptoms and intensification
at times (e.g., at “anniversary” dates), but otherwise are
functioning well. Traumatic events are therefore better
understood as a necessary but not sufficient cause of PTSD.
Traumatic events can also trigger other psychiatric dis-
orders, including major depression and substance misuse.
In the National Comorbidity Survey Replication (NCS-R),
which surveyed a nationally representative sample of
9,282 Americans age 18 years and older, PTSD was assessed
among 5,692 participants, using DSM-IV criteria (4). The
lifetime prevalence of PTSD among adult Americans was
estimated to be 6.8%, and current past-year PTSD preva-
lence was estimated at 3.5%. The lifetime prevalence of
PTSD was 3.6% among men and 9.7% among women. The
12-month prevalence was 1.8% among men and 5.2% among
women.

Among war zone-exposed military personnel, the Na-
tional Vietnam Veterans Readjustment Study assessed
3,016 American Vietnam veterans and civilian control
subjects between 1986 and 1988, using a representative
sample of those who served during the Vietnam era. The
estimated lifetime prevalence of PTSD among veterans
was 30.9% for men and 26.9% for women. Among Vietnam
theater veterans, 15.2% of males and 8.1% of females were
diagnosed with PTSD at the time the study was conducted,
thatis, 15-18 years after the war ended (5). A 25-year follow-
up, the National Vietnam Veterans Longitudinal Study,
conducted between 2011 and 2013, 40 years after the war,
found prevalences of 4.5% for current PTSD, 10.8% for
current PTSD plus subthreshold DSM-5 war-zone PTSD,
and 17.0% for lifetime war-zone PTSD (6).

For most people exposed to trauma, symptoms wane
during the year that follows trauma exposure. In a study of
rape victims, 95% met PTSD symptom criteria within
2 weeks of the rape, and 1, 3, and 6 months after the rape, the
rate declined to 63.3%, 45.9%, and 41.7%, respectively (7). In
the same study, 64.7% of nonsexual assault victims met PTSD
symptom criteria 1 week after the trauma. Epidemiological
data from the National Comorbidity Survey indicate that the
median time for PTSD to remit is 36 months for individuals
who sought help for any mental health problem (not nec-
essarily for PTSD) and about 64 months for individuals who
never sought help for a mental health problem. Approxi-
mately one-third of those who initially qualify for PTSD had
not recovered and remained with chronic PTSD (8). A
recent review of studies concerning delayed-onset PTSD
confirmed that symptom onset is almost never entirely
delayed. For example, in one study of Israeli combat vet-
erans, most cases of apparent delayed-onset PTSD involved
either exacerbation of chronic subsyndromic symptoms or
delayed help seeking in those with PTSD. PTSD symptom
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severity may fluctuate over time, often in response to life
adversities (9).

RISK FACTORS FOR PTSD

Risk factors in PTSD include female gender, age at trauma,
race, lower education, childhood abuse, greater severity of
trauma exposure, lack of social support, and additional life
stress after trauma exposure (10, 11). Another analysis identified
prior trauma, prior psychological adjustment, family history
of psychopathology, greater perceived life threat during the
trauma, lower posttrauma social support, greater emotional
distress during exposure, and greater dissociation during ex-
posure (12). A large epidemiological study found that exposure
to interpersonal violence and having experienced four or more
traumatic events increased PTSD risk (13). A meta-analysis of
risk factors for combat-related PTSD identified lower education,
non-officer ranks, army service, combat specialization, higher
numbers of deployments, longer cumulative duration of de-
ployments, more adverse life events, prior trauma exposure, and
prior psychological problems as PTSD risk factors. Related risk
factors included higher levels of combat exposure, discharging a
weapon, witnessing someone being wounded or killed, and
killing enemy combatants, prisoners of war, and civilians (14).

GENETIC RISK FACTORS FOR PTSD

The search for single genetic features has been replaced by a
polygenic approach and, more recently, by exploring gene-
by-environment interactions, epigenetic features, gene ex-
pression, protein synthesis, and brain circuits. A twin study of
Vietnam veterans estimated that 30% of the variance in the risk
for PTSD is genetic (15). A number of common genetic variants
have been associated with PTSD, including polymorphisms
in FKBP5, PACAP1, COMT, DRD2, GABA alpha-2 receptor, G
protein signaling 2 (RSG2), a single-nucleotide polymorphism
in an intergenic region of the fourth chromosome, and an
estrogen response element on ADCYAP R1 (16). In addition,
the s/s genotype of the serotonin transporter gene interacts
with childhood adversity to increase PTSD risk (17).

A recent genome-wide association study (GWAS) of over
250,000 participants from the Million Veteran Program
identified enrichment in tissue-specific gene expression in
several cortical and subcortical regions related to PTSD
(18). A 2020 Psychiatric Genomics Consortium GWAS of
32,000 PTSD cases and 100,000 trauma-exposed control
subjects found higher heritability in females compared
with males (16). In a GWAS of PTSD conducted in a mul-
tiethnic cohort of over 30,000 individuals with PTSD and
170,000 control subjects, Nievergelt et al. (19) identified three
significant loci, two in European and one in African-ancestry
analyses, with heritability estimates varying by sex, ranging
from 5% to 20%. Five genes were associated with PTSD in
those with European ancestry (CDHHC14, PARK2 [a Par-
kinson’s disease gene], KAZN, TMEMS51-AS1, and ZNF813),
and five distinct genes were identified in those of African
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ancestry (LINC023351, MIR5007, TUC338, LINC02571, and
HLA-B). Two additional genes, SH3RF3 and PODXL, were
identified from 18,222 protein coding genes among those with
European but not African ancestry, and suggest a role for the
immune system in PTSD (19).

NEUROBIOLOGY OF PTSD

PTSD consists of a continuation and expansion of trauma-
triggered cognitive, emotional, and physiological responses
despite trauma termination. Individuals with PTSD fail to
extinguish trauma-acquired conditioned fear responses
(20). Supporting a fear acquisition model, studies indicate an
association between elevated heart rate shortly after trau-
matic events and subsequent PTSD, for example, during
emergency department admission after injury (21). Finally,
decreased heart rate variability has been robustly associated
with PTSD and linked to emotional cognition and emotion
regulation (22). A comprehensive overview of the neuro-
biology of PTSD was presented recently in the Journal by
Ressler (23).

FEAR CONDITIONING CIRCUITRY

This model proposes that the acquisition and maintenance
of PTSD symptoms is related to the acquisition, over-
consolidation, and failure of extinction of conditioned fear
responses. The traumatic event is the conditioning stimulus
(CS), the immediate responses to trauma are unconditioned
responses (UCRs), and stimuli (sights, sounds) present
during the traumatic event acquire the ability to elicit con-
ditioned responses (CRs) (20). Psychophysiological studies
have supported the fear-conditioning model by consis-
tently showing intense physiological responses to trauma
reminders (24).

Fear conditioning and extinction are adaptive learning
processes. The neural circuitry that mediates these pro-
cesses is essential to survival and is conserved across species.
It commands the body’s hardwired, involuntary, instanta-
neous defensive responses to imminent threat. This highly
conserved stress response system includes sympathetic
and parasympathetic system activation, cardiovascular
and respiratory reactions, activation of the hypothalamic-
pituitary-adrenal (HPA) axis, defensive fight, flight, and
freezingbehaviors, and changes in information processing. I't
is orchestrated by the central nucleus of the amygdala and is
modulated by other amygdala nuclei capable of filtering and
evaluating threat stimuli, including the basolateral amygdala
(BLA), and further by cortical and subcortical structures,
such as the hippocampus, insula, and prefrontal structures.
Each of these modulatory layers is highly plastic, subject to
new learning throughout life. PTSD is thought to involve
new learning in these modulatory systems (25-28).

During exposure to extreme threat, previously neutral
stimuli overlapping in time with threat stimuli are relayed
via the thalamus to the basolateral nucleus of the amygdala,
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which activates the central nucleus of the amygdala to enable
defensive responding. The association between threat or
“unconditioned” stimuli (USs) and the previously neutral but
currently conditioned stimuli (CSs) is made in the baso-
lateral nucleus of the amygdala. Once formed, this associa-
tion enables a reexposure to the CSs to trigger a hardwired,
unconditioned defensive response (UCR). The magnitude of
the defense response is modulated by brainstem seroto-
nergic, noradrenergic, and dopaminergic neurons in the
ventral tegmental area, dorsal and median raphe nuclei, and
locus coeruleus. These monoamines affect both the mag-
nitude of UCRs and the consolidation of US-CS associations
(25). The balance of neurotransmitters and neuromodulators
activated during unconditioned responses also influences
the extent to which contextual stimuli, less temporally as-
sociated with the USs, may contribute to overgeneralization
of threat stimuli.

Activity within the amygdala is under inhibitory control
of the prefrontal cortex (PFC). Specifically, glutamatergic
neurons from the PFC activate inhibitory interneurons
within the BLA, which in turn suppress BLA outputs to the
central nucleus. The monoaminergic effects are further
modulated by neuroactive steroids and neuropeptides re-
leased by the adrenal gland during stress that further
magnify, mitigate, or otherwise shape both fear acquisition
extinction and recall.

Associations encoded in the amygdala during traumatic
events tend to be robust and resistant to change. Their
behavioral expression is subject to extinction, occurring
when the conditioned stimulus is no longer associated with
threat. Neuronal mechanisms underlying extinction in-
clude PFC inhibitory input to the BLA. Extinction involves
active learning and as such is subject to forgetting and recall
(29). Prolonged stress after the traumatic event can com-
promise the PFC’s ability to extinguish fear memories,
whereas supportive relationships in a safe environment
may enhance it. High levels of continuing stress and ab-
sence of soothing contacts decrease the likelihood of effi-
cient extinction and contribute to its consolidation and
increase the risk of developing chronic PTSD. To remain
efficient, extinction learning must be retained, and studies
have shown that PTSD is associated with deficient ex-
tinction learning. Finally, upon recall, traumatic memories
become transiently plastic and must be reconsolidated in
order to persist. Such a “reconsolidation window” offers a
transient opportunity for therapeutic intervention.

THREAT DETECTION AND EMOTION
REGULATION CIRCUITS

Other circuits implicated in PTSD development mediate
threat information processing, mediated by the amygdala,
the dorsal anterior cingulate and insular cortices, and reg-
ulatory control mechanisms that involve the hippocampus
and medial and lateral PFC regions (30). These regions
undergo plastic modifications during exposure to potentially
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traumatic events. The amygdala assigns rapid “threat po-
tential” tagging of environmental cues. The amygdala-
associated PFC regions and insula have been implicated in
detecting stimulus saliency and biasing attention to threat.
Emotion regulation circuits include the medial PFC and
dorsolateral PFC. Evidence from neuronal network studies
demonstrates segregation among the salience network, in-
volving regions of the insula, anterior cingulate cortex
(ACC), and amygdala; the attention network, involving the
dorsolateral and ventrolateral PFC; and the default mode
network (DMN), including the medial PFC and hippocam-
pus. Neuroimaging studies in PTSD patients have found
abnormalities in threat detection and emotion regulation
regions, with increased reactivity of the extended amygdala,
insula, and dorsal ACC regions and decreased regulatory
activity in subregions of the prefrontal lobe.

EXECUTIVE CONTROL, MEMORY, AND ATTENTION

Salient PTSD symptoms include inability to concentrate,
memory disturbances, and difficulties planning and moni-
toring one’s activity. Activity in dorsal ACC and frontopar-
ietal attentional networks has been implicated in cognitive
control, including performance monitoring, response inhi-
bition, task shifting, working memory, attention, and memory.
This dysregulation disengages medial prefrontal-medial
parietal DMN regions involved in internally oriented,
self-directed mentation. DMN regions are overactive or
underdynamic in PTSD, resulting in poorer ability to disen-
gage from threat responses and discriminate truly threatening
stimuli reminders of traumatic experiences (31).

Context Appraisal and Update
Among the key clinical features of PTSD is persistence of
fear-driven avoidant behavior, heightened reactivity to re-
minders, and hypervigilance despite—and often years after—
reaching safety. Integrating safety signals is fundamental to
realistically appraising and responding to signals (e.g., noise,
sirens) within one’s current environment. The persistent and
inappropriate hypervigilance and responsivity in PTSD re-
flect an impaired capacity to update contextual appraisal
from threat to safety. Difficulty differentiating safety from
threat results in part from improper contextual update
processing. Contextual processing is mediated by the ven-
tromedial PFC, the hippocampus, and the thalamus and
requires low adrenergic drive during sleep. Decreased ac-
tivity of the ventromedial PFC in patients with PTSD has
been linked to abnormal processing of contextual informa-
tion, as well as to impaired extinction recall (32).
Abnormalities in these brain circuits in fear learning,
threat detection, executive control, and contextual learning
are illustrated in Figure 1.

Endocrine and Molecular Pathways in PTSD
Glucocorticoids. The HPA axis and sympathetic nervous
system are important stress-reactive systems. They contribute
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to brain information processing, reactivity, and behavior in
response to threat. In PTSD, stress pathways involving cor-
tisol signaling via the HPA axis are altered, with blunted
cortisol responses to stressors as a result of enhanced negative
feedback from increased glucocorticoid receptor sensitivity in
PTSD. Diminished cortisol response to threat is associated
with increased and persistent adrenergic responses facili-
tating fear conditioning, and alarm activation during trauma
recall (33, 34).

Catecholamines. Exaggerated noradrenergic signaling is
related to deficits in frontal lobe executive function, resulting
in undermodulated amygdala reactivity as well as sleep
fragmentation and nightmares, which are common in PTSD.
An exaggerated adrenergic response during trauma expo-
sure and in the hours following exposure may contribute to
the formation of more durable emotional memories (35).
Noradrenergic hyperreactivity may be a pretrauma vulner-
ability trait in some individuals, or, in others, it may develop
as a result of trauma exposure. Factors that may contribute
to the increased release of norepinephrine in response to
traumatic stress or conditioned reminders of the trauma
include decreased expression, affinity, or function of in-
hibitory alpha-2 adrenergic autoreceptors (36) and genetic
or stress-induced decreases in neuropeptide Y (NPY) (37).
Factors that may enhance amygdala reactivity may include a
downregulation of intra-amygdala synaptic GABA receptors
or reductions in GABAergic neuroactive steroids, such as
allopregnanolone. The alpha-2 antagonist yohimbine in-
duces extreme hyperarousal, flashbacks, vivid intrusive
memories, panic, and increases in heart rate and systolic
blood pressure in male combat veterans with PTSD (38).
Alpha-1adrenergic postsynaptic receptor antagonists, such
as prazosin, have been used for the treatment of nightmares
in PTSD and evaluated for early prevention of PTSD (39)
(see the “Treatment” section).

Neurosteroid and neuropeptide interaction with other neu-
rohormonal mediators. It is also important to evaluate the
role of cortisol in the pathophysiology of PTSD in the context
of other relevant neurohormonal responses. NPY has an-
xiolytic and stress resilience effects in numerous animal
models and human studies. It stimulates neurogenesis in the
hippocampus, supporting recovery from stress. Higher levels
of plasma NPY during military special forces simulated
captivity training were associated with stress resilience (40).
NPY also has several trophic effects, including improved sleep
quality, lower heart rate response to adrenergic stimulation,
and better energy balance, affecting recovery from early PTSD
symptoms (37). Allopregnanolone and pregnanolone selec-
tively enhance the effect of the brain principal inhibitory
neurotransmitter GABA. They also have neuroprotective
effects by increasing myelination, decreasing apoptosis, and
increasing neurogenesis. Studies have shown that lower
levels of these hormones are associated with higher levels
of PTSD symptoms (41). Dehydroepiandrosterone (DHEA)
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hibitors (SSRIs), however, do not reduce the likelihood of
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Epigenetic Changes Associated With PTSD

The epigenetic regulation of gene transcription may provide
new opportunities for understanding PTSD. Epigenetic ef-
fects consist of coordinated modification of gene promoters
and chromatin such that access to the gene by regulatory
elements is either enhanced or limited, including lower
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methylation (50, 51) of the glucocorticoid receptor gene pro-
moter 1F in peripheral blood cells in veterans (34). Of note,
research has shown differences between groups of persons
with and without PTSD in methylation patterns of DNA in
white blood cells (50). A cluster of unmethylated immune
system function genes also characterized PTSD, which oth-
erwise showed a greater number of methylated genes (52). In
addition, there were group differences in methylation of the
dinucleotide methyl transferase type 3 beta and 3L genes,
which are involved in de novo rather than maintenance
methylation, suggesting that specific adaptive epigenetic
capacities themselves may be altered in PTSD (53).

The extent to which epigenetic mechanisms, operating
after trauma exposure, underlie some of the persistent ef-
fects of exposure is an exciting new perspective. Research
has shown that immobilization stress in rodents reduced
expression of brain-derived neurotrophic factor (BDNF)
gene transcripts I and IV in the hippocampus in association
with decreases in the level of histone acetylation of the P1and
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P4 promoters (54). Conversely, research has shown that
extinction of conditioned fear was accompanied by an in-
crease in the levels of histone acetylation of the gene pro-
moters for BDNF transcripts I and IV (55). Together this
work suggests that activation of specific PFC circuits in
combination with agents that facilitate epigenetic processes
that enhance synaptic plasticity and stabilization of new
neuronal circuits may contribute to the persistence of PTSD
and recovery from PTSD. Recent studies have shown that
some epigenetic features of PTSD are modified after suc-
cessful treatment or spontaneous recovery (56-58). Suc-
cessful treatment of PTSD has been shown to be accompanied
by significant changes in DNA methylation at 12 differentially
methylated regions (56).

Structural Neuroanatomy
Structural brain imaging. The first reported structural ab-
normality in PTSD was reduced left hippocampal volume in
Vietnam veterans with PTSD (59). This finding had been
interpreted as reflecting the hippocampus’s vulnerability to
excessive stress hormone levels due to prolonged stress.
Numerous studies subsequently reported left, right, or bi-
lateral hippocampal volume reduction in PTSD (60). Other
studies, particularly in younger veterans, have failed to
replicate this finding (61), but meta-analyses generally
support the existence of reduced hippocampal volume in
PTSD (62-64). Findings of smaller hippocampal volume in
PTSD lack disorder specificity, however, as similar findings
have been observed in schizophrenia and affective disorders.
A longitudinal study of hippocampal volume in early PTSD
has not shown a hippocampus shrinking effect (65), and an
elegant twin study of Vietnam veterans found smaller hip-
pocampi in unexposed identical twins of war veterans with
chronic PTSD (66), thereby positioning smaller hippocampi
as a vulnerability factor, rather than a consequence of PTSD.
More recent studies have reported white matter volume
reductions in the corpus callosum and gray matter reduc-
tions in the amygdala and the insula (67). The evidence
concerning structural alterations of the amygdala is quite
weak. Two meta-analyses reached somewhat different con-
clusions (68, 69). Several studies have pointed to abnormal
structural characteristics in the ACC, including reduced ACC
gray matter volumes or white matter abnormalities of the
cingulum. These reduced volumes may be particularly
characteristic of the rostral and subcallosal portions of the
ACC, rather than the dorsal ACC. Rostral ACC volume has
been found to predict response to cognitive-behavioral in-
terventions, such that larger volumes were associated with
greater symptom reduction. A study of pregenual ACC
volumes in monozygotic twins discordant for PTSD sug-
gested that reduced volumes might reflect an acquired trait
of PTSD rather than a vulnerability factor (70).

Functional brain imaging. Studies of PTSD have revealed
various patterns of brain activity and connectivity alter-
ations, including amygdala hyperactivity associated with

710 ajp.psychiatryonline.org
L

increased emotional reactivity and vigilance to threat cues
(71); hippocampal dysfunction associated with intrusive
memories, flashbacks, and impaired context appraisal (72);
prefrontal cortex dysregulation involved in emotion regu-
lation, cognitive control, and fear extinction (73); DMN al-
teration that may contribute to rumination and alterations in
self-awareness (74); and insula dysfunction and fear cir-
cuitry dysregulation, as discussed above (75).

Sleep

Up to 90% of people with PTSD report sleep disturbances
such as nightmares and insomnia (76). In studies examining
the physiological basis for sleep disturbances in PTSD, both
macro-level sleep architecture (i.e., time spent in various
sleep stages overnight) and micro-level physiological mea-
sures of autonomic system activity during sleep (i.e., heart
rate variability, electrodermal activity) have been implicated
(77). The frequent nightmares that are often the hallmark of
PTSD are thought to occur in REM sleep (76). Additionally,
REM sleep has been shown to play arole in the maintenance of
fear memories (78). Sleep abnormalities also characterize the
early phases of PTSD: While it is unclear why some survivors
develop PTSD and others do not, persistent sleep abnor-
malities, which are present in upwards of 66% of those who
develop the disorder, have been suggested as a contributing
factor (79). More specifically, recent studies have shown that
sleep disturbances, measured prior to exposure to traumatic
stress, predict the development of PTSD (80, 81).

Neurobiology of Persistence of PTSD

An intriguing feature of PTSD is its persistence, that is, the
failure of extinction despite the absence of further stressor
exposure. Longitudinal studies have confirmed a frequent
pattern of immediate expression of PTSD symptoms fol-
lowed by recovery in most of those exposed, and persistence
of symptoms in those who develop chronic PTSD (49). The
conditioned fear analogy similarly predicts extinction in the
absence of return to a nontraumatic environment, which
does not occur in chronic PTSD. A neurobiological account
of PTSD therefore must also consider the disorder’s main-
taining factors. Several theoretical models account for the
persistence of PTSD, including a kindling hypothesis,
according to which patterns of pathological neuronal
coactivation become “entrenched” by repeated use; an
allostatic stress hypothesis presuming a “wear and tear” of
CNS emotion control systems (e.g., the hippocampus) by
chronic stress; and what might be referred to as a sub-
system clash or truncated response view, according to
which one brain subsystem blocks another from achieving
the full processing of its inherent tasks.

TREATMENT

Psychological Treatment of PTSD in Adults
A review of 70 studies of psychotherapies involving a total of
4,761 participants showed that many of the studies were
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rated as being at risk of bias, and sample sizes were generally
small and had limited follow-up data (82). There was evi-
dence for individual trauma-focused cognitive-behavioral
therapy (TF-CBT) that includes prolonged exposure,
which focuses on reexperiencing the traumatic event
through repeatedly engaging with the memories (imaginal
exposure) and everyday reminders (in vivo exposure) rather
than avoiding triggers, and for eye movement desensitization
and reprocessing therapy (EMDR), which includes repeat-
edly recalling distressing images while receiving sensory
inputs. Non-trauma-focused psychotherapies include present-
centered therapy (PCT), which focuses on currentrelationship
and work challenges rather than the trauma, are equally ef-
fective immediately posttreatment, and there is some evidence
that TF-CBT and EMDR are superior to PCT between 1 and
4 months following treatment. Individual TF-CBT, EMDR,
and PCT were found to be more effective than other
therapies. There is also evidence that cognitive processing
therapy, which emphasizes correcting faulty attributions,
including posttraumatic overgeneralizations of the world
as dangerous, uncontrollable, and unpredictable, is effec-
tive for adults with chronic PTSD. A recent study in adults
with PTSD reported that interpersonal therapy (IPT), fo-
cusing on role expectations in dyadic relationships, was
comparable to prolonged exposure for treatment completers,
with fewer dropouts among participants with comorbid de-
pression in the IPT group. This study and others raise the
provocative question, “Is exposure necessary” for successfully
treating PTSD? (83).

Psychotherapy for Military-Related PTSD

A review of 36 controlled trials found that military-related
PTSD is complex and difficult to treat (84). Trauma-focused
treatments and cognitive processing therapy are associated
with improvement in symptoms in approximately 60% of
veterans but are limited by relatively high dropout rates, and
treated patients often remain symptomatic, with more than
two-thirds retaining their diagnosis. Non-trauma-focused
treatments, which are less demanding for patients and
professionals, provide a reasonable option when their use
leads to continued willingness to remain in care.

Psychological Therapies for the Treatment of PTSD in
Children and Adolescents

A review of 14 controlled studies, including 758 partici-
pants exposed to sexual abuse, civil violence, natural di-
saster, domestic violence, and motor vehicle accidents,
found that none of the studies were rated at high risk for
selection or detection biases, but a minority were rated at a
high risk for attrition, reporting, and other biases (85).
Across all psychological therapies, improvement was
significantly better within a month of completing psy-
chological therapy compared with a control condition. The
psychological therapy for which there was the best evi-
dence of effectiveness was CBT, with greater improvement
lasting up to a year.
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Pharmacotherapy for Adults With Chronic PTSD
Meta-analyses comparing the efficacy of different medica-
tions for treating PTSD (86, 87) have found that the largest
body of evidence for short- and long-term efficacy of med-
ication currently exists for SSRIs, and the strongest evidence
is for sertraline and paroxetine, which are approved by the
U.S. Food and Drug Administration (FDA) for adults with
PTSD. There are promising findings for the serotonin-
norepinephrine reuptake inhibitor (SNRI) venlafaxine
and the atypical antipsychotic risperidone. Evidence for
the effectiveness of benzodiazepines is lacking, despite
their continued use in clinical practice. Finally, the alpha-1
adrenergic antagonist prazosin and the atypical antipsy-
chotics show some efficacy in treatment-resistant PTSD,
and prazosin shows preliminary efficacy for treating
nightmares (39). Prazosin is more effective in patients with
elevated pretreatment standing blood pressure (88). In-
somnia is prevalent and disabling in chronic PTSD, and
treatment with low-dose trazodone is preferable to ben-
zodiazepines (89). The recently developed orexin antag-
onist suvorexantis promising for managing trauma-related
insomnia (90). Medications in the pipeline are targeting
endocannabinoids, including fatty acid amide hydrolase
inhibitors, nabilone, and cannabidiol, and other novel targets,
including glutamate, BDNF, and the oxytocin receptors (91).

Several tricyclic antidepressants (TCAs) have been
studied in the context of PTSD treatment, including imip-
ramine, amitriptyline, and nortriptyline (92). While TCAs
may offer benefits in managing PTSD symptoms in some
patients, they are generally reserved for individuals who
have not responded to first-line treatments or who cannot
tolerate SSRIs or SNRIs due to side effects or contraindi-
cation. Close monitoring is necessary to manage side effects
and ensure safety. The evidence supporting the use of
monoamine oxidase inhibitors (MAOIs) for PTSD is limited
compared to other pharmacological and psychotherapeutic
interventions (93). Additionally, MAOIs have several po-
tential side effects and require dietary restrictions to prevent
interactions with certain foods and medications that can lead
to a hypertensive crisis. Due to these considerations, MAOIs
are usually reserved for individuals who have not responded
to other treatments or who cannot tolerate other classes of
antidepressants.

Pharmacological Treatment of Comorbid PTSD and
Substance Use Disorder

A randomized clinical trial of sertraline did not show overall
efficacy for comorbid PTSD and alcohol use disorder (AUD),
although it may be useful amonglight drinkers (94). Another
clinical trial demonstrated the efficacy of both disulfiram and
naltrexone for the treatment of AUD in individuals with
PTSD (95). A recent clinical trial suggested that norepi-
nephrine reuptake inhibitors may be useful for comorbid
PTSD and AUD (96). Noradrenergic medications that are
promising for comorbid PTSD and substance use disorder
include prazosin, guanfacine, and atomoxetine. Promising
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glutamate/GABA medications include topiramate, mem-
antine, acamprosate, N-acetylcysteine, and ketamine. The
safety and efficacy of these medications for the treatment of
PTSD and substance use disorder needs to be assessed in
controlled clinical trials.

Combined Pharmacotherapy and Psychological
Treatments for PTSD

A meta-analysis has assessed whether the combination of
psychological therapy and pharmacotherapy is more effec-
tive for treating PTSD than either type of intervention alone
(97). Patients of any age or gender, with chronic or recent-
onset PTSD arising from any type of event relevant to the
diagnostic criteria, were included. Four trials were eligible
for inclusion, and one of these trials (N=24) was for children
and adolescents. All used an SSRI and prolonged exposure
or another cognitive-behavioral intervention. There was no
strong evidence for superiority of combined treatment over
either psychological therapy or pharmacotherapy used as
monotherapy.

MDMA

A recent study evaluated the effect of 3,4-methylenediox-
ymethamphetamine (MDMA) as add-on therapy provided in
conjunction with CBT and found that the combination more
efficiently reduced PTSD symptoms than CBT alone (98).
MDMA is widely used as a recreational drug for its effects of
mood elevation, altered sensation, and increased empathy
and energy. Chemically, MDMA is a substituted amphet-
amine that primarily increases serotonin, dopamine, and
noradrenaline signaling. MDMA was recently reviewed by
the FDA, which recommended against approval, expressing
concerns about the design of the registration trials, including
unblinding and participant and clinician bias, as well as
cardiovascular risk and abuse potential (99).

Alternative and Complementary Treatments

There is preliminary evidence to support the efficacy of
acupuncture, breathing and muscle relaxation, mindfulness
meditation, and yoga (100). For body-based therapies, there
is limited evidence, including no published studies for
movement-based and energy therapies.

Novel and Emerging Treatments

Reconsolidation therapy (RT). RT is a brief approach that
targets memory reconsolidation. The patient develops a
detailed written narrative of their trauma, receives a dose of
propranolol (1 mg/kg) 90 minutes before treatment, and
reads their narrative aloud during the session. It is proposed
that the propranolol decouples intense emotions from the
recollection of the trauma and a new memory is formed,
which is reconsolidated with a factual narrative but without
terror, horror, and helplessness and other negative trauma-
related emotions, and which replaces the original terror-
fueled narrative. This process is repeated over four to six
weekly sessions. In a 6-week, double-blind placebo-controlled
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trial, total PTSD symptom scores declined 11.50 more points
in the group that received propranolol compared with the
group that received placebo, and the effect size for the
treated group was 2.74, compared to 0.55 for the control
group (101). Additional studies provide supportive evidence
for propranolol-assisted RT (102). The positive findings for
these RT studies that combine a variation of written nar-
rative exposure with propranolol contrast with a recent
meta-analysis that did not find consistent evidence for the
efficacy of propranolol as a monotherapy for traumatic
memory disruption in PTSD (103).

Cannabis and cannabidiol (CBD). In a recent systematic
review, cannabis was associated with a reduction in overall
PTSD symptoms and improved quality of life (104). Dry
mouth, headaches, and psychoactive effects such as agitation
and euphoria were the commonly reported adverse effects.
Cannabis was generally well tolerated, but small proportions
of patients experienced a worsening of PTSD symptoms.
Overall, the evidence to date for cannabis stems from low-
quality and high-risk-of-bias studies, and cannabis is not
recommended in PTSD patients at risk for substance abuse.
Studies of CBD for PTSD, for PTSD comorbid with traumatic
brain injury, and for PTSD comorbid with AUD are currently
in progress.

Ketamine. Arandomized double-blind crossover study found
thatasingle infusion of 0.5 mg/kg of ketamine, an NMDA and
AMPA glutamatergic receptor modulator, led to rapid
symptom reduction compared with midazolam. Ketamine
was also associated with reductions in depression symptoms
(105). Further clinical trials are required to determine efficacy,
safety, and duration of treatment responses.

Psilocybin. In a rodent model of PTSD, psilocybin increased
fear extinction, increased dendritic complexity and spine
density in the hippocampus, and reversed stress-induced
decreases in proteins associated with neuroplasticity, in-
cluding BDNF and mTOR (106). Human neuroimaging stud-
ies suggest a reduction in amygdala activity (107). Clinical trials
are required to determine safety and efficacy.

Repetitive transcranial magnetic stimulation (rTMS). A meta-
analysis of 13 studies (549 participants) of rTMS found that
this treatment was superior to sham comparisons in re-
ducing PTSD and depression severity (108). The quality of
evidence, however, was limited by small sample sizes, treat-
ment heterogeneity, inconsistent results, and an imprecise
pooled effect. Further research is required to advance the
evidence on this treatment.

Neurofeedback. A novel neurofeedback treatment trains
individuals with PTSD to directly reduce amygdala activity.
Studies are under development, with promising preliminary
results. A prospective, multicenter, multinational open trial
of amygdala-derived EEG neurofeedback treatment of
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79 civilians and veterans reported clinically significant PTSD
symptom improvement in 66.7% of the participants (109).
Sham-controlled studies are under way.

Vagal nerve stimulation (VNS) and stellate ganglion block
(SGB). VNS is proposed to reduce amygdala activity in PTSD
by modulating the parasympathetic system (110). Pilot studies
have reported benefits, but there are side effects, including
coughing, hoarseness, headache, dyspnea, and paresthesia at
the implant site. There is insufficient high-quality evidence to
support a recommendation at this time. SGB is accomplished
by an injection around the stellate ganglion, a sympathetic
nerve bundle in the neck. Blocking this ganglion reduces
sympathetic activity, potentially modulating the HPA axis and
disrupting fear memory consolidation. A multisite study of
PTSD randomized 74 participants to SGB and 39 to a sham
control treatment (111). After two treatments (at weeks 0 and
2), PTSD symptoms were reduced at week 8, with a 12.6-point
decrease in total score on the Clinician-Administered PTSD
Scale for DSM-5 in the SGB group, compared to a 6.1-point
decrease in the control group. Side effects include hoarseness,
lightheadedness, hypertension, dysphagia, cough, dyspnea,
headaches, and visual hallucinations. Rarely, seizures have
been reported. Further research is required to determine the
risks and benefits of SGB for PTSD.

EARLY AND PREVENTIVE INTERVENTION

Early Psychological Interventions for Preventing PTSD
Debriefing. Psychological debriefing, a widely used method
in the 1980s and 1990s, aimed to prevent long-term post-
traumatic symptoms by promoting emotional processing of
traumatic events. Debriefing was offered unselectively to
anyone exposed to a potentially traumatic event (112). The
method typically involved a single session, in either group or
individual format, within several days after the trauma ex-
posure, and included general education about the possible
effects of trauma exposure, as well as chronological retell-
ings of the recent traumatic event. The method has face
validity and is still well known, and therefore it may be
expected by laypeople when confronted with traumatic
events. However, well-conducted studies showed no evi-
dence of beneficial effects and even suggested that debriefing
may have a negative effect on recovery (113). After a negative
Cochrane review first published in 1997, most treatment
guidelines have been updated to recommend against pro-
viding psychological debriefing on a routine basis for adults
after trauma.

CBT for Preventing PTSD

Exposure-based CBT efficiently reduces PTSD symptoms in
selected samples. A study using modified prolonged expo-
sure in rape, assault, and motor vehicle accident survivors
around 12 hours after trauma found lower PTSD symptoms
in the intervention group at 4 and 12 weeks after trauma,
mainly for sexual assault victims (114). Another study found
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5 weeks of exposure-based CBT to be effective in reducing
PTSD symptoms in participants who met diagnostic criteria
for acute stress disorder. Research has also found areduction
of PTSD symptoms at 13 months—but not 3 months—after
the traumatic events (115).

In a study comparing exposure therapy, stress inocula-
tion training, and their combination, researchers showed
that early intervention with both exposure-based and
non-exposure-based CBT similarly and efficiently re-
duced the prevalence and the intensity of PTSD symptoms
5 months and 9 months after trauma exposure (116). The 9-
month outcome of delayed CBT (starting 5 months after the
event) did not differ from that of the 1-month onset groups. A
small study with 3 weeks of prolonged exposure did not find
significant symptom improvement with prolonged exposure
compared with supportive counseling (115). Cognitive-based
CBT has also shown effectiveness in some but not all studies.
Researchers compared CBT to a waiting-list control condition
among individuals with acute PTSD and found that CBT
accelerated recovery but made no long-term difference (117).

Modifications of CBT-based interventions have shown
varied results. A telephone-based CBT study in patients with
PTSD due to experiencing and anticipating cardioverter
defibrillator impulses and potential life threat from cardiac
arrest reported significant improvements in PTSD symp-
toms in the CBT group (118). Researchers developed a self-
guided Internet-based intervention (Trauma TIPS) based on
CBT to prevent the onset of PTSD symptoms but found in a
randomized controlled trial that the results did not support
the efficacy of the intervention (119). EMDR has been rec-
ommended as an early intervention by recent treatment
guidelines. Remarkably, current EMDR protocols include
significant components of trauma-focused and trauma-
recollection steps. As with other brief interventions,
EMDR may require booster or repeat sessions to sustain its
effect.

CBT is currently the mainstay of early prevention of
PTSD. Several considerations make the systematic imple-
mentation of CBT for all survivors a major challenge,
however. First, a meta-analysis of early interventions found
that CBT is specifically efficient in participants with diag-
nosable PTSD at treatment onset, whereas survivors with
subthreshold PTSD symptoms recover as well with or
without CBT (120). Second, research in emergency-
department-based CBT has shown that the known effi-
ciency of CBT is limited to survivors of sexual assault,
showing no effect among accident victims. Moreover, at-
tempts to deliver diluted versions of CBT (such as telephone
or web-based communication) have yielded negative results.
Interestingly, studies do not show a reduced effect of CBT
when administered later in the development of PTSD (e.g.,
6 months after trauma exposure instead of 1 month) (121).
CBT, therefore, is best positioned by current research as the
treatment for ascertained clinical cases and is optimally
provided at some temporal distance from the traumatic
event. On the positive side, the early outcome of CBT is
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maintained over time, and thus this intervention is virtually
the unique means to stop the progression of early PTSD into
chronicity. In its best performance, however, early CBT leaves
a substantial number of survivors unaffected and thus should
be supplemented by “second-step” interventions or by in-
terventions specifically affecting participants in the non-
remission trajectory.

Pharmacological Interventions for Preventing PTSD
Various pharmacological agents have been examined for the
prevention of posttraumatic symptoms. A recent review
article concluded that, in general, there is moderate-quality
evidence for the efficacy of hydrocortisone (122) and no
evidence for propranolol, escitalopram, temazepam, and
gabapentin. This field is rapidly developing as the under-
lying neurobiological processes start to be clarified by more
studies.

Hydrocortisone. Hydrocortisone has been shown to be ef-
fective especially in patients who have never been treated for
psychiatric disorders (123). The underlying mechanism is
not entirely understood. One hypothesis is that hydrocor-
tisone can facilitate extinction learning through both
nongenomic and genomic effects. Some also believe that high-
dose exogenous hydrocortisone administered shortly after
trauma may promote recovery through enhancing synaptic
plasticity and connectivity. An animal model showed signif-
icantly increased dendritic growth and spine density, with
increased levels of BDNF and obtunded postsynaptic density
protein-95 (PSD-95) levels in steroid-treated stressed rats.
Increasing cortisol levels also counter adrenergic activation,
thereby reducing fear conditioning (124).

Propranolol. Propranolol is a beta-adrenergic antagonist that
crosses the blood-brain barrier and is therefore capable of
reducing the CNS adrenergic drive associated with defensive
threat responses (101). Experimental studies of propranolol in
healthy subjects have shown that its administration prior to
exposure to potentially traumatic narratives reduced the rec-
ollection of stressful elements of the narrative without affecting
the general recall (102). It was thereby positioned as a prime
candidate to affect traumatic recall in PTSD (101-103). Early
treatment with propranolol aims to mitigate overconsolidation
of traumatic memories by blocking the memory-enhancing
influence of stress hormones. Theoretically, therefore, it
should be initiated while memories of the trauma are encoded
and consolidated, preferably within hours of the traumatic
event. However, controlled studies in the first hours after ex-
posure have failed to show a preventive effect of propranolol on
PTSD symptoms, although they showed a reduction in phys-
iological responses to reminders (125). The documented gap
between propranolol’s effect in physiological responses to
trauma reminders and its lack of effect in PTSD symptoms
could be interpreted as suggesting that the pathogenesis of
PTSD is not limited to amygdala-mediated threat conditioning
and involves other brain areas and memory systems.
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Benzodiazepines. Benzodiazepines are a group of GABA
agonists, and thus they enhance the inhibitory transmis-
sionin wide areas of the brain. They are used as anxiolytics
and sleep inducers but also interfere with long-term po-
tentiation, learning, and memory. As such, they were
positioned as capable of reducing excessive “learning”
occurring during or following trauma exposure. However,
three human studies have shown that participants re-
ceiving benzodiazepines fared worse than those who were
not treated at all (126). An animal “predator stress” study
found that administering diazepam shortly after predator
odor exposure enhanced the acquisition of long-term fear
responses (127). While the exact mechanism by which
benzodiazepines increase the risk of PTSD following
traumatic exposure is unknown, it is possible that these
compounds interfere with post-event learning of extinc-
tion. Intriguingly, the current data on the use of benzo-
diazepines for PTSD are based on small studies, while
these compounds are widely used to mitigate distress
following various stressors (126). Nonetheless, benzodi-
azepines are not recommended for use in the aftermath of
traumatic events.

Morphine. Animal studies suggest that morphine can pro-
duce retrograde amnesia for contextual conditioned fear,
possibly through decreasing cAMP or activating NMDA
receptors in the hippocampus. Observational studies of
hospital patients suggest a possible beneficial effect of
morphine administration within 48 hours after trauma
exposure to survivors who have pain, and similar results
were reported, retrospectively, in 696 military personnel
with severe combat injury (128). Given the retrospective
nature of most studies, more research is needed to sepa-
rate a specific effect of morphine from a generic “analgesic”
effect. Pain after trauma exposure is a potent predictor
of PTSD. It is unclear, therefore, whether morphine has
any preventive value in trauma survivors without physical
pain.

Other and Investigational Approaches
Oxytocin is involved in emotion stress regulation, social
engagement, and attachment, and preliminary studies sug-
gest that it may buffer the development of PTSD when ad-
ministered shortly after trauma exposure. NPY is another
neuroendocrine candidate for early intervention. A rodent
study showed a significant impact of NPY in mitigating
PTSD-like symptoms, which could be through NPY’s ability
to modulate the dysregulation of the HPA axis and central
noradrenergic activity (125). Small-molecule agonists for the
NPY1 and NPY5 receptors are in development (37).
Besides hormonal intervention, neurobehavioral retrain-
ing is also being tested for its capacity to reduce negative
emotional processing and enhance executive control (109).
Emerging evidence of impaired emotion regulation and ex-
ecutive functions in PTSD is likely to generate other early
neurocognitive approaches.
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Limitations and Challenges to PTSD Prevention

Studies on PTSD prevention have demonstrated large var-
iations in study design and methodology. Differences in
methodology need to be carefully examined before one can
infer from study results and determine the most effective
intervention for a certain population or individual. The re-
search evidence also reflects wide heterogeneity in sampling,
trauma types (e.g., military vs. nonmilitary, accidents vs.
interpersonal trauma), injury severity, comorbid depression,
and peritraumatic reactions. Thus, the ultimate choice and
integration remains in clinicians’ hands and calls for con-
ceptual as well as clinical expertise.

Among all traditional prevention methods, TF-CBT has
been mostly reported as an effective approach (129). Taking
into consideration the heterogeneity of trauma survivors,
people with different age, gender, trauma type, and poten-
tially different genetic features, childhood experience, and
recovery environment may require different strategies. For
example, TF-CBT has been reported to be more effective for
victims of traffic accidents, and exposure therapy to be more
beneficial for victims of sexual assault and people with high
genetic risk for PTSD (125).

FUTURE DIRECTIONS

Advancing the Understanding of PTSD Heterogeneity
By definition, PTSD is associated with clinically significant
emotional distress and functional impairment. However, as
is true for most medical disorders, including back injuries
and heart disease, there is not a one-to-one correspondence
between symptom severity and relationship and occupa-
tional impairment. There are higher-functioning trauma
survivors with more severe symptoms and lower-functioning
survivors with less severe symptoms. Longitudinal studies
show both unremitting symptoms and time-dependent fluc-
tuations in PTSD expression and severity (130). The latter are
often due to trauma reminders and personal and interpersonal
pressures. Specifically, PTSD distress and dysfunction can be
intensified by loneliness, despondency, meaninglessness, lack
of anchor in life, concurrent stressors, trauma reminders, and
substance misuse. To advance precision medicine, clinicians
need to develop care plans that account for these individual
differences in symptom and functioning trajectories.

Mapping Pathways of Pathogenesis to Advance PTSD
Subtyping and Personalize Treatment

PTSD is likely multicausal, and hence individuals with dif-
fering vulnerabilities and different exposure and postex-
posure circumstances may express the PTSD symptom
complex through individual-specific pathways, and in turn
be responsive to individual-specific interventions. One way
to advance the prevention and treatment of PTSD is to better
map the variety of paths leading to this condition and map
those paths onto subsets of trauma-exposed individuals.
Once such knowledge becomes available, target-specific
early intervention might replace generic treatment protocols
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applied in a one-size-fits-all approach. By enhancing prediction
models, intervention studies can take the important step of
selecting the most relevant sample for a more rigorous study
design and the most clinical interest. At the same time, research
must continue exploring and confirming the underlying
mechanisms of posttraumatic pathogenesis. Increasing
knowledge of the mechanisms of posttraumatic psycho-
pathology will open opportunities to explore more targeted
interventions, outside the range of traditional treatment-
derived methods. Such targeted intervention methods
could allow clinicians to focus on both specific subgroups
and specific pathological processes.

Web-Based and Telehealth Tools

As our world becomes increasingly digitized and AI tools
advance PTSD diagnosis, monitoring and management will
necessarily include a growing component of digital ap-
proaches. As an example, voice markers from smartphones
hold promise for high-throughput, low-cost universal
screening (131). Studies of in-person Internet-delivered CBT
for PTSD suggest that its efficacy is similar to that of face-to-
face real-world interventions (132). More recently, Internet-
delivered PTSD self-assessment tools have become widely
distributed and extensively used as alternatives to paper-
and-pencil validated rating scales (133). Moreover, novel
psychoeducation, self-training, and intervention tools are
currently available for use on all types of digital platforms
(121). These new platforms, as well as steadily emerging ones
using Al tools, hold great promise for accessible and af-
fordable diagnostic support tools, stand-alone interventions,
and therapist-assisting tools.

AUTHOR AND ARTICLE INFORMATION
Department of Psychiatry, NYU Grossman School of Medicine, New York.
Send correspondence to Dr. Marmar (charles.marmar@nyulangone.org).

Dr. Marmar has served on advisory boards for Otsuka Pharmaceuticals,
Receptor Life Sciences, and Roche Products Limited, and he has received
support from Ananda Scientific, the Bank of America Foundation, the
Brockman Foundation, Cohen Veterans Bioscience, Cohen Veterans
Network, DARPA, the Department of Defense Congressionally Directed
Medical Research Programs, GrayMatters Health, the Home Depot
Foundation, the McCormick Foundation, the Mother Cabrini Foundation,
the New York City Council, New York State Health, NIAAA, NIMH, Tilray
Pharmaceuticals, and the U.S. Army Research Office. The other authors
report no financial relationships with commercial interests.

Accepted June 18, 2024.

REFERENCES

1. Lanius RA, Brand B, Vermetten E, et al: The dissociative subtype of
posttraumatic stress disorder: rationale, clinical and neurobio-
logical evidence, and implications. Depress Anxiety 2012; 29:
701-708

2. Marmar CR, Weiss DS, Schlenger WE, et al: Peritraumatic dis-
sociation and posttraumatic stress in male Vietnam theater vet-
erans. Am J Psychiatry 1994; 151:902-907

3. Benjet C, Bromet E, Karam EG, et al: The epidemiology of trau-
matic event exposure worldwide: results from the World Mental
Health Survey Consortium. Psychol Med 2016; 46:327-343

ajp.psychiatryonline.org 715


mailto:charles.marmar@nyulangone.org
http://ajp.psychiatryonline.org
https://psychiatryonline.org/servlet/linkout?type=rightslink&url=startPage%3D705%26pageCount%3D15%26copyright%3D%26author%3DArieh%2BShalev%252C%2BDayeon%2BCho%252C%2BCharles%2BR.%2BMarmar%26orderBeanReset%3Dtrue%26imprint%3DAmerican%2BPsychiatric%2BPublishing%26volumeNum%3D181%26issueNum%3D8%26contentID%3D10.1176%252Fappi.ajp.20240536%26title%3DNeurobiology%2Band%2BTreatment%2Bof%2BPosttraumatic%2BStress%2BDisorder%26numPages%3D15%26pa%3D%26issn%3D0002-953X%26publisherName%3Dnone%26publication%3Dajp%26rpt%3Dn%26endPage%3D719%26publicationDate%3D08%252F01%252F2024

NEUROBIOLOGY AND TREATMENT OF POSTTRAUMATIC STRESS DISORDER

4.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

716

RIGHTS LI

Kessler RC, Chiu WT, Demler O, et al: Prevalence, severity, and
comorbidity of 12-month DSM-IV disorders in the National
Comorbidity Survey Replication. Arch Gen Psychiatry 2005; 62:
617-627

. Kulka RA, Schlenger WE, Fairbanks JA, et al: Trauma and the

Vietnam War Generation: Report of Findings from the National
Vietnam Veterans Readjustment Study. New York, Brunner/
Mazel, 1990

. Marmar CR, Schlenger W, Henn-Haase C, et al: Course of post-

traumatic stress disorder 40 years after the Vietnam war: findings
from the National Vietnam Veterans Longitudinal Study. JAMA
Psychiatry 2015; 72:875-881

. Resick PA, Williams LF, Suvak MK, et al: Long-term outcomes of

cognitive-behavioral treatments for posttraumatic stress disorder
among female rape survivors. J Consult Clin Psychol 2012; 80:
201-210

. Kessler RC, Sonnega A, Bromet E, et al: Posttraumatic stress

disorder in the National Comorbidity Survey. Arch Gen Psychiatry
1995; 52:1048-1060

. Horesh D, Solomon Z, Keinan G, et al: The clinical picture of late-

onset PTSD: a 20-year longitudinal study of Israeli war veterans.
Psychiatry Res 2013; 208:265-273

Heim C, Nemeroff CB: The role of childhood trauma in the
neurobiology of mood and anxiety disorders: preclinical and
clinical studies. Biol Psychiatry 2001; 49:1023-1039

Ozer EJ, Best SR, Lipsey TL, et al: Predictors of posttraumatic
stress disorder and symptoms in adults: a meta-analysis. Psychol
Bull 2003; 129:52-73

Brewin CR, Andrews B, Valentine JD, et al: Meta-analysis of risk
factors for posttraumatic stress disorder in trauma-exposed adults.
J Consult Clin Psychol 2000; 68:748-766

Lewis SJ, Arseneault L, Caspi A, et al: The epidemiology of trauma
and post-traumatic stress disorder in a representative cohort of
young people in England and Wales. Lancet Psychiatry 2019; 6:
247-256

Xue C, Ge Y, Tang B, et al: A meta-analysis of risk factors for
combat-related PTSD among military personnel and veterans.
PLoS One 2015; 10:e0120270

Stein MB, Jang KL, Taylor S, et al: Genetic and environmental
influences on trauma exposure and posttraumatic stress disorder
symptoms: a twin study. Am J Psychiatry 2002; 159:1675-1681
Nievergelt CM, Ashley-Koch AE, Dalvie S, et al: Genomic ap-
proaches to posttraumatic stress disorder: the Psychiatric Geno-
mic Consortium Initiative. Biol Psychiatry 2018; 83:831-839
Uher R, Caspi A, Houts R, et al: Serotonin transporter gene
moderates childhood maltreatment’s effects on persistent but not
single-episode depression: replications and implications for re-
solving inconsistent results. J Affect Disord 2011; 135:56-65
Stein MB, Levey DF, Cheng Z, et al: Genome-wide association an-
alyses of post-traumatic stress disorder and its symptom subdomains
in the Million Veteran Program. Nat Genet 2021; 53:174-184
Nievergelt CM, Maihofer AX, Klengel T, et al: International meta-
analysis of PTSD genome-wide association studies identifies sex-
and ancestry-specific genetic risk loci. Nat Commun 2019; 10:4558
Dunsmoor JE, Cisler JM, Fonzo GA, et al: Laboratory models of
post-traumatic stress disorder: the elusive bridge to translation.
Neuron 2022; 110:1754-1776

Shalev AY, Sahar T, Freedman S, et al: A prospective study of heart
rate response following trauma and the subsequent development
of posttraumatic stress disorder. Arch Gen Psychiatry 1998; 55:
553-559

Gillie BL, Thayer JF: Individual differences in resting heart rate
variability and cognitive control in posttraumatic stress disorder.
Front Psychol 2014; 5:758

Ressler KJ: Translating across circuits and genetics toward
progress in fear- and anxiety-related disorders. Am J Psychiatry
2020; 177:214-222

ajp.psychiatryonline.org
. 1’_

24.

25.

26.

27.

28.

20.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Orr SP, Metzger LJ, Pitman RK: Psychophysiology of post-
traumatic stress disorder. Psychiatr Clin North Am 2002; 25:
271-293

Jovanovic T, Ressler KJ: How the neurocircuitry and genetics of
fear inhibition may inform our understanding of PTSD. Am
J Psychiatry 2010; 167:648-662

Shin LM, Handwerger K: Is posttraumatic stress disorder a stress-
induced fear circuitry disorder? J Trauma Stress 2009; 22:409-415
Alvarez RP, Biggs A, Chen G, et al: Contextual fear conditioning in
humans: cortical-hippocampal and amygdala contributions.
J Neurosci 2008; 28:6211-6219

Milad MR, Pitman RK, Ellis CB, et al: Neurobiological basis of
failure to recall extinction memory in posttraumatic stress dis-
order. Biol Psychiatry 2009; 66:1075-1082

Zhang X, Kim J, Tonegawa S: Amygdala reward neurons form and
store fear extinction memory. Neuron 2020; 105:1077-1093.e7
Terpou BA, Densmore M, Thome J, et al: The innate alarm system
and subliminal threat presentation in posttraumatic stress disor-
der: neuroimaging of the midbrain and cerebellum. Chronic Stress
(Thousand Oaks) 2019; 3:2470547018821496

Jagger-Rickels A, Rothlein D, Stumps A, et al: An executive
function subtype of PTSD with unique neural markers and clinical
trajectories. Transl Psychiatry 2022; 12:262

Liberzon I, Abelson JL: Context processing and the neurobiology
of post-traumatic stress disorder. Neuron 2016; 92:14-30
Yehuda R: Status of glucocorticoid alterations in post-traumatic
stress disorder. Ann N Y Acad Sci 2009; 1179:56-69

Yehuda R, Flory JD, Bierer LM, et al: Lower methylation of gluco-
corticoid receptor gene promoter 1F in peripheral blood of veterans
with posttraumatic stress disorder. Biol Psychiatry 2015; 77:356-364
Southwick SM, Paige S, Morgan CA, III, et al: Neurotransmitter
alterations in PTSD: catecholamines and serotonin. Semin Clin
Neuropsychiatry 1999; 4:242-248

Hendrickson RC, Raskind MA: Noradrenergic dysregulation in the
pathophysiology of PTSD. Exp Neurol 2016; 284:181-195

Sah R, Geracioti TD: Neuropeptide Y and posttraumatic stress
disorder. Mol Psychiatry 2013; 18:646-655

Morgan CA III, Grillon C, Southwick SM, et al: Yohimbine fa-
cilitated acoustic startle in combat veterans with post-traumatic
stress disorder. Psychopharmacology (Berl) 1995; 117:466-471
Raskind MA, Peskind ER, Chow B, et al: Trial of prazosin for post-
traumatic stress disorder in military veterans. N Engl J Med 2018;
378:507-517

Kautz M, Charney DS, Murrough JW: Neuropeptide Y, resilience,
and PTSD therapeutics. Neurosci Lett 2017; 649:164-169
Rasmusson AM, Marx CE, Pineles SL, et al: Neuroactive steroids
and PTSD treatment. Neurosci Lett 2017; 649:156-163

van Zuiden M, Haverkort SQ, Tan Z, et al: DHEA and DHEA-S
levels in posttraumatic stress disorder: a meta-analytic review.
Psychoneuroendocrinology 2017; 84:76-82

Frick A, Bjorkstrand J, Lubberink M, et al: Dopamine and fear
memory formation in the human amygdala. Mol Psychiatry 2022;
27:1704-1711

Cui W, Aida T, Tto H, et al: Dopaminergic signaling in the nucleus
accumbens modulates stress-coping strategies during inescapable
stress. J Neurosci 2020; 40:7241-7254

Seidemann R, Duek O, Jia R, et al: The reward system and post-
traumatic stress disorder: does trauma affect the way we interact
with positive stimuli? Chronic Stress (Thousand Oaks) 2021; 5:
2470547021996006

Davis LL, Suris A, Lambert MT, et al: Post-traumatic stress dis-
order and serotonin: new directions for research and treatment.
J Psychiatry Neurosci 1997; 22:318-326

Grabe HJ, Spitzer C, Schwahn C, et al: Serotonin transporter gene
(SLC6A4) promoter polymorphisms and the susceptibility to
posttraumatic stress disorder in the general population. Am
J Psychiatry 2009; 166:926-933

Am J Psychiatry 181:8, August 2024


http://ajp.psychiatryonline.org
https://psychiatryonline.org/servlet/linkout?type=rightslink&url=startPage%3D705%26pageCount%3D15%26copyright%3D%26author%3DArieh%2BShalev%252C%2BDayeon%2BCho%252C%2BCharles%2BR.%2BMarmar%26orderBeanReset%3Dtrue%26imprint%3DAmerican%2BPsychiatric%2BPublishing%26volumeNum%3D181%26issueNum%3D8%26contentID%3D10.1176%252Fappi.ajp.20240536%26title%3DNeurobiology%2Band%2BTreatment%2Bof%2BPosttraumatic%2BStress%2BDisorder%26numPages%3D15%26pa%3D%26issn%3D0002-953X%26publisherName%3Dnone%26publication%3Dajp%26rpt%3Dn%26endPage%3D719%26publicationDate%3D08%252F01%252F2024

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Kelmendi B, Adams TG, Yarnell S, et al: PTSD: from neurobiology
to pharmacological treatments. Eur J Psychotraumatol 2016; 7:
31858

Shalev AY, Ankri Y, Israeli-Shalev Y, et al: Prevention of post-
traumatic stress disorder by early treatment: results from the
Jerusalem Trauma Outreach and Prevention study. Arch Gen
Psychiatry 2012; 69:166-176

Klengel T, Pape J, Binder EB, et al: The role of DNA methylation in
stress-related psychiatric disorders. Neuropharmacology 2014; 80:
115-132

Hammamieh R, Chakraborty N, Gautam A, et al: Whole-genome
DNA methylation status associated with clinical PTSD measures of
OIF/OEF veterans. Transl Psychiatry 2017; 7:e1169

Uddin M, Aiello AE, Wildman DE, et al: Epigenetic and immune
function profiles associated with posttraumatic stress disorder.
Proc Natl Acad Sci U S A 2010; 107:9470-9475

Sipahi L, Wildman DE, Aiello AE, et al: Longitudinal epigenetic
variation of DNA methyltransferase genes is associated with
vulnerability to post-traumatic stress disorder. Psychol Med 2014;
44:3165-3179

Fuchikami M, Morinobu S, Kurata A, et al: Single immobilization
stress differentially alters the expression profile of transcripts of
the brain-derived neurotrophic factor (BDNF) gene and his-
tone acetylation at its promoters in the rat hippocampus. Int
J Neuropsychopharm 2009; 12:73-82

Bredy TW, Wu H, Crego C, et al: Histone modifications around
individual BDNF gene promoters in prefrontal cortex are asso-
ciated with extinction of conditioned fear. Learn Mem 2007; 14:
268-276

Vinkers CH, Geuze E, van Rooij SJH, et al: Successful treatment of
post-traumatic stress disorder reverses DNA methylation marks.
Mol Psychiatry 2021; 26:1264-1271

Bishop JR, Lee AM, Mills LJ, et al: Methylation of FKBP5 and
SLC6A4 in relation to treatment response to mindfulness based
stress reduction for posttraumatic stress disorder. Front Psychi-
atry 2018; 9:418

Yehuda R, Daskalakis NP, Desarnaud F, et al: Epigenetic bio-
markers as predictors and correlates of symptom improvement
following psychotherapy in combat veterans with PTSD. Front
Psychiatry 2013; 4:118

Bremner JD, Randall P, Scott TM, et al: MRI-based mea-
surement of hippocampal volume in patients with combat-
related posttraumatic stress disorder. Am J Psychiatry 1995;
152:973-981

Woon FL, Sood S, Hedges DW, et al: Hippocampal volume deficits
associated with exposure to psychological trauma and posttrau-
matic stress disorder in adults: a meta-analysis. Prog Neuro-
psychopharmacol Biol Psychiatry 2010; 34:1181-1188

Apfel BA, Ross J, Hlavin J, et al: Hippocampal volume differences
in Gulf War veterans with current versus lifetime posttraumatic
stress disorder symptoms. Biol Psychiatry 2011; 69:541-548
Smith ME: Bilateral hippocampal volume reduction in adults with
post-traumatic stress disorder: a meta-analysis of structural MRI
studies. Hippocampus 2005; 15:798-807

Nelson MD, Tumpap AM: Posttraumatic stress disorder symptom
severity is associated with left hippocampal volume reduction:
a meta-analytic study. CNS Spectr 2017; 22:363-372

Logue MW, van Rooij SJH, Dennis EL, et al: Smaller hippocampal
volume in posttraumatic stress disorder: a multisite ENIGMA-
PGC study: subcortical volumetry results from posttraumatic
stress disorder consortia. Biol Psychiatry 2018; 83:244-253
Bonne O, Brandes D, Gilboa A, et al: Longitudinal MRI study of
hippocampal volume in trauma survivors with PTSD. Am
J Psychiatry 2001; 158:1248-1251

Gilbertson MW, Shenton ME, Ciszewski A, et al: Smaller hippo-
campal volume predicts pathologic vulnerability to psychological
trauma. Nat Neurosci 2002; 5:1242-1247

Am J Psychiatry 181:8, August 2024

RIGHTS LI

Ay

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

SHALEV ET AL.

Saar-Ashkenazy R, Cohen JE, Guez J, et al: Reduced corpus-
callosum volume in posttraumatic stress disorder highlights the
importance of interhemispheric connectivity for associative
memory. J Trauma Stress 2014; 27:18-26

Patel R, Spreng RN, Shin LM, et al: Neurocircuitry models of
posttraumatic stress disorder and beyond: a meta-analysis of
functional neuroimaging studies. Neurosci Biobehav Rev 2012; 36:
2130-2142

O’Doherty DC, Chitty KM, Saddiqui S, et al: A systematic review
and meta-analysis of magnetic resonance imaging measurement of
structural volumes in posttraumatic stress disorder. Psychiatry Res
2015; 232:1-33

Kasai K, Yamasue H, Gilbertson MW, et al: Evidence for acquired
pregenual anterior cingulate gray matter loss from a twin study of
combat-related posttraumatic stress disorder. Biol Psychiatry
2008; 63:550-556

Etkin A, Wager TD: Functional neuroimaging of anxiety: a meta-
analysis of emotional processing in PTSD, social anxiety disorder,
and specific phobia. Am J Psychiatry 2007; 164:1476-1488
Acheson DT, Gresack JE, Risbrough VB: Hippocampal dysfunc-
tion effects on context memory: possible etiology for posttraumatic
stress disorder. Neuropharmacology 2012; 62:674-685
Alexandra Kredlow M, Fenster RJ, Laurent ES, et al: Prefrontal
cortex, amygdala, and threat processing: implications for PTSD.
Neuropsychopharmacol 2022; 47:247-259

Daniels JK, Frewen P, McKinnon MC, et al: Default mode alter-
ations in posttraumatic stress disorder related to early-life trauma:
adevelopmental perspective. J Psychiatry Neurosci 2011; 36:56-59
Lanius RA, Frewen PA, Girotti M, et al: Neural correlates of trauma
script-imagery in posttraumatic stress disorder with and without
comorbid major depression: a functional MRI investigation.
Psychiatry Res 2007; 155:45-56

Lancel M, van Marle HJF, Van Veen MM, et al: Disturbed sleep in
PTSD: thinking beyond nightmares. Front Psychiatry 2021; 12:
767760

Swift KM: Sleep and PTSD: delving deeper to understand a
complicated relationship. Sleep 2020; 43:zsaa074

Lerner I, Lupkin SM, Sinha N, et al: Baseline levels of rapid eye
movement sleep may protect against excessive activity in fear-
related neural circuitry. J Neurosci 2017; 37:11233-11244

Weber FC, Wetter TC: The many faces of sleep disorders in post-
traumatic stress disorder: an update on clinical features and
treatment. Neuropsychobiology 2022; 81:85-97

Short NA, Boffa JW, Wissemann K, et al: Insomnia symptoms
predict the development of post-traumatic stress symptoms fol-
lowing an experimental trauma. J Sleep Res 2020; 29:€12909
Neylan TC, Otte C, Yehuda R, et al: Neuroendocrine regulation of
sleep disturbances in PTSD. Ann N 'Y Acad Sci 2006; 1071:203-215
Bisson JI, Roberts NP, Andrew M, et al: Psychological therapies for
chronic post-traumatic stress disorder (PTSD) in adults. Cochrane
Database Syst Rev 2013; 12:CD003388

Markowitz JC, Petkova E, Neria Y, et al: Is exposure necessary? A
randomized clinical trial of interpersonal psychotherapy for
PTSD. Am J Psychiatry 2015; 172:430-440

Steenkamp MM, Litz BT, Hoge CW, et al: Psychotherapy for
military-related PTSD: a review of randomized clinical trials.
JAMA 2015; 314:489-500

Gillies D, Taylor F, Gray C, et al: Psychological therapies for the
treatment of post-traumatic stress disorder in children and
adolescents (review). Evid Based Child Health 2013; 8:
1004-1116

de Moraes Costa G, Zanatta FB, Ziegelmann PK, et al: Pharma-
cological treatments for adults with post-traumatic stress disorder:
anetwork meta-analysis of comparative efficacy and acceptability.
J Psychiatr Res 2020; 130:412-420

Hoskins MD, Bridges J, Sinnerton R, et al: Pharmacological
therapy for post-traumatic stress disorder: a systematic review and

ajp.psychiatryonline.org 717


http://ajp.psychiatryonline.org
https://psychiatryonline.org/servlet/linkout?type=rightslink&url=startPage%3D705%26pageCount%3D15%26copyright%3D%26author%3DArieh%2BShalev%252C%2BDayeon%2BCho%252C%2BCharles%2BR.%2BMarmar%26orderBeanReset%3Dtrue%26imprint%3DAmerican%2BPsychiatric%2BPublishing%26volumeNum%3D181%26issueNum%3D8%26contentID%3D10.1176%252Fappi.ajp.20240536%26title%3DNeurobiology%2Band%2BTreatment%2Bof%2BPosttraumatic%2BStress%2BDisorder%26numPages%3D15%26pa%3D%26issn%3D0002-953X%26publisherName%3Dnone%26publication%3Dajp%26rpt%3Dn%26endPage%3D719%26publicationDate%3D08%252F01%252F2024

NEUROBIOLOGY AND TREATMENT OF POSTTRAUMATIC STRESS DISORDER

88.

89.

90.

91

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

718

RIGHTS LI

meta-analysis of monotherapy, augmentation and head-to-head
approaches. Eur J Psychotraumatol 2021; 12:1802920

Raskind MA, Millard SP, Petrie EC, et al: Higher pretreatment
blood pressure is associated with greater posttraumatic stress
disorder symptom reduction in soldiers treated with prazosin. Biol
Psychiatry 2016; 80:736-742

Jaffer KY, Chang T, Vanle B, et al: Trazodone for insomnia:
a systematic review. Innov Clin Neurosci 2017; 14:24-34
Mellman TA, Birku K, Sandhu I, et al: Evaluation of suvorexant for
trauma-related insomnia. Sleep 2022; 45:zsac068

Steardo L, Jr., Carbone EA, Menculini G, et al: Endocannabinoid
system as therapeutic target of PTSD: a systematic review. Life
(Basel) 2021; 11:214

Blake DJ: Treatment of acute posttraumatic stress disorder with
tricyclic antidepressants. South Med J 1986; 79:201-204
Cipriani A, Williams T, Nikolakopoulou A, et al: Comparative
efficacy and acceptability of pharmacological treatments for post-
traumatic stress disorder in adults: a network meta-analysis.
Psychol Med 2018; 48:1975-1984

Brady KT, Sonne S, Anton RF, et al: Sertraline in the treatment of
co-occurring alcohol dependence and posttraumatic stress dis-
order. Alcohol Clin Exp Res 2005; 29:395-401

Petrakis IL, Poling J, Levinson C, et al: Naltrexone and disulfiram
in patients with alcohol dependence and comorbid post-traumatic
stress disorder. Biol Psychiatry 2006; 60:777-783

Petrakis IL, Ralevski E, Desai N, et al: Noradrenergic vs se-
rotonergic antidepressant with or without naltrexone for
veterans with PTSD and comorbid alcohol dependence. Neu-
ropsychopharmacology 2012; 37:996-1004

Merz J, Schwarzer G, Gerger H: Comparative efficacy and ac-
ceptability of pharmacological, psychotherapeutic, and combi-
nation treatments in adults with posttraumatic stress disorder:
a network meta-analysis. JAMA Psychiatry 2019; 76:904-913
Monson CM, Wagner AC, Mithoefer AT, et al: MDMA-facilitated
cognitive-behavioural conjoint therapy for posttraumatic stress
disorder: an uncontrolled trial. Eur J Psychotraumatol 2020; 11:
1840123

Storey D: Why FDA panel rejected MDMA for PTSD treatment.
Psychiatrist.com, June 5, 2024. https://www.psychiatrist.com/
news/why-fda-panel-rejected-mdma-for-ptsd-treatment/#: ~:text
=Clinical%20relevance%3A%20An%20FDA%20advisory
Gallegos AM, Crean HF, Pigeon WR, et al: Meditation and yoga for
posttraumatic stress disorder: a meta-analytic review of ran-
domized controlled trials. Clin Psychol Rev 2017; 58:115-124
Brunet A, Saumier D, Liu A, et al: Reduction of PTSD symptoms
with pre-reactivation propranolol therapy: a randomized con-
trolled trial. Am J Psychiatry 2018; 175:427-433

Roullet P, Vaiva G, Véry E, et al: Traumatic memory reactivation
with or without propranolol for PTSD and comorbid MD symp-
toms: arandomised clinical trial. Neuropsychopharmacology 2021;
46:1643-1649

Raut SB., Canales JJ., Ravindran M, et al: Effects of propranolol on
the modification of trauma memory reconsolidation in PTSD
patients: a systematic review and meta-analysis. J Psychiatr Res
2022; 150:246-256

Loflin MJ, Babson KA, Bonn-Miller MO: Cannabinoids as thera-
peutic for PTSD. Curr Opin Psychol 2017; 14:78-83

Feder A, Costi S, Rutter SB, et al: A randomized controlled trial of
repeated ketamine administration for chronic posttraumatic stress
disorder. Am J Psychiatry 2021; 178:193-202

DuY, Li Y, Zhao X, et al: Psilocybin facilitates fear extinction in
mice by promoting hippocampal neuroplasticity. Chin Med
J (Engl) 2023; 136:2983-2992

Carhart-Harris RL, Leech R, Williams TM, et al: Implications for
psychedelic-assisted psychotherapy: functional magnetic reso-
nance imaging study with psilocybin. Br J Psychiatry 2012; 200:
238-244

ajp.psychiatryonline.org
, 1’_

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

Belsher BE, Beech EH, Reddy MK, et al: Advances in repetitive
transcranial magnetic stimulation for posttraumatic stress disor-
der: a systematic review. J Psychiatr Res 2021; 138:598-606
Fruchter E, Goldenthal N, Adler LA, et al: Amygdala-derived-EEG-
fMRI-pattern neurofeedback for the treatment of chronic post-
traumatic stress disorder: a prospective, multicenter, multinational
study evaluating clinical efficacy. Psychiatry Res 2024; 333:115711
Lamb DG, Porges EC, Lewis GF, et al: Non-invasive vagal nerve
stimulation effects on hyperarousal and autonomic state in pa-
tients with posttraumatic stress disorder and history of mild
traumatic brain injury: preliminary evidence. Front Med (Lau-
sanne) 2017; 4:124

Rae Olmsted KL, Bartoszek M, Mulvaney S, et al: Effect of stellate
ganglion block treatment on posttraumatic stress disorder symp-
toms: arandomized clinical trial. JAMA Psychiatry 2020; 77:130-138
Rose S, Bisson J, Churchill R, et al: Psychological debriefing for
preventing post traumatic stress disorder (PTSD). Cochrane Da-
tabase Syst Rev 2002; 2:CD000560

Ehlers A, Clark D: Early psychological interventions for adult
survivors of trauma: a review. Biol Psychiatry 2003; 53:817-826
Rothbaum BO, Kearns MC, Price M, et al: Early intervention may
prevent the development of posttraumatic stress disorder:
a randomized pilot civilian study with modified prolonged ex-
posure. Biol Psychiatry 2012; 72:957-963

Bisson JI, Shepherd JP, Joy D, et al: Early cognitive-behavioural
therapy for post-traumatic stress symptoms after physical injury.
Br J Psychiatry 2004; 184:63-69

Foa EB, Dancu CV, Hembree EA, et al: A comparison of exposure
therapy, stress inoculation training, and their combination for
reducing posttraumatic stress disorder in female assault victims.
J Consult Clin Psychol 1999; 67:194-200

Sijbrandij M, OIff M, Reitsma JB, et al: Treatment of acute post-
traumatic stress disorder with brief cognitive behavioral therapy:
a randomized controlled trial. Am J Psychiatry 2007; 164:82-90
Ford J, Rosman L, Wuensch K, et al: Cognitive-behavioral treat-
ment of posttraumatic stress in patients with implantable car-
dioverter defibrillators: results from a randomized controlled trial.
J Trauma Stress 2016; 29:388-392

Mouthaan J, Sijbrandij M, de Vries GJ, et al: Internet-based early
intervention to prevent posttraumatic stress disorder in injury
patients: randomized controlled trial. J Med Internet Res 2013; 15:
el65

Roberts N: Early intervention following traumatic events. Psy-
chiatry 2009; 8:297-300

Simon N, Robertson L, Lewis C, et al: Internet-based cognitive and
behavioural therapies for post-traumatic stress disorder (PTSD) in
adults. Cochrane Database Syst Rev 2021; 5:CD011710
Kothgassner OD, Pellegrini M, Goreis A, et al: Hydrocortisone
administration for reducing post-traumatic stress symptoms:
a systematic review and meta-analysis. Psychoneuroendocrinol-
ogy 2021; 126:105168

Delahanty DL, Gabert-Quillen C, Ostrowski SA, et al: The efficacy
of initial hydrocortisone administration at preventing posttrau-
matic distress in adult trauma patients: a randomized trial. CNS
Spectr 2013; 18:103-111

Cai CY, Chen C, Zhou Y, et al: PSD-95-nNOS coupling regulates
contextual fear extinction in the dorsal CA3. Sci Rep 2018; 8:12775
Qi W, Gevonden M, Shalev A: Prevention of post-traumatic stress
disorder after trauma: current evidence and future directions. Curr
Psychiatry Rep 2016; 18:20

Guina J, Rossetter SR, DeRhodes BJ, et al: Benzodiazepines for
PTSD: a systematic review and meta-analysis. J Psychiatr Pract
2015; 21:281-303

Barros M, Giorgetti M, Souto AA, et al: Persistent anxiety-like
behavior in marmosets following a recent predatory stress con-
dition: reversal by diazepam. Pharmacol Biochem Behav 2007; 86:
705-711

Am J Psychiatry 181:8, August 2024


https://www.psychiatrist.com/news/why-fda-panel-rejected-mdma-for-ptsd-treatment/#:%7E:text=Clinical%20relevance%3A%20An%20FDA%20advisory
https://www.psychiatrist.com/news/why-fda-panel-rejected-mdma-for-ptsd-treatment/#:%7E:text=Clinical%20relevance%3A%20An%20FDA%20advisory
https://www.psychiatrist.com/news/why-fda-panel-rejected-mdma-for-ptsd-treatment/#:%7E:text=Clinical%20relevance%3A%20An%20FDA%20advisory
http://ajp.psychiatryonline.org
https://psychiatryonline.org/servlet/linkout?type=rightslink&url=startPage%3D705%26pageCount%3D15%26copyright%3D%26author%3DArieh%2BShalev%252C%2BDayeon%2BCho%252C%2BCharles%2BR.%2BMarmar%26orderBeanReset%3Dtrue%26imprint%3DAmerican%2BPsychiatric%2BPublishing%26volumeNum%3D181%26issueNum%3D8%26contentID%3D10.1176%252Fappi.ajp.20240536%26title%3DNeurobiology%2Band%2BTreatment%2Bof%2BPosttraumatic%2BStress%2BDisorder%26numPages%3D15%26pa%3D%26issn%3D0002-953X%26publisherName%3Dnone%26publication%3Dajp%26rpt%3Dn%26endPage%3D719%26publicationDate%3D08%252F01%252F2024

SHALEV ET AL.

128. Holbrook TL, Galarneau MR, Dye JL, et al: Morphine use after 131. Marmar CR, Brown AD, Qian M, et al: Speech-based markers for
combat injury in Iraq and post-traumatic stress disorder. N Engl posttraumatic stress disorder in US veterans. Depress Anxiety
J Med 2010; 362:110-117 2019; 36:607-616

129. Mannarino AP, Cohen JA, Deblinger E: Trauma-focused 132. Spence J, Titov N, Johnston L, et al: Internet-based trauma-
cognitive-behavioral therapy, in Evidence-Based Approaches for focused cognitive behavioural therapy for PTSD with and with-
the Treatment of Maltreated Children: Considering Core Com- out exposure components: a randomised controlled trial. J Affect
ponents and Treatment Effectiveness. Edited by Timmer S, Disord 2014; 162:73-80
Urquiza A. Dordrecht, Netherlands, Springer, 2014, pp 165-185 133. Scott AM, Bakhit M, Greenwood H, et al: Real-time telehealth

130. Bryant RA, O’Donnell ML, Creamer M, et al: A multisite analysis of versus face-to-face management for patients with PTSD in primary

the fluctuating course of posttraumatic stress disorder. JAMA
Psychiatry 2013; 70:839-846

care: a systematic review and meta-analysis. J Clin Psychiatry
2022; 83:21r14143

Am J Psychiatry 181:_8, August 2024
RIGHTS | Pu "l;

ajp.psychiatryonline.org 719


http://ajp.psychiatryonline.org
https://psychiatryonline.org/servlet/linkout?type=rightslink&url=startPage%3D705%26pageCount%3D15%26copyright%3D%26author%3DArieh%2BShalev%252C%2BDayeon%2BCho%252C%2BCharles%2BR.%2BMarmar%26orderBeanReset%3Dtrue%26imprint%3DAmerican%2BPsychiatric%2BPublishing%26volumeNum%3D181%26issueNum%3D8%26contentID%3D10.1176%252Fappi.ajp.20240536%26title%3DNeurobiology%2Band%2BTreatment%2Bof%2BPosttraumatic%2BStress%2BDisorder%26numPages%3D15%26pa%3D%26issn%3D0002-953X%26publisherName%3Dnone%26publication%3Dajp%26rpt%3Dn%26endPage%3D719%26publicationDate%3D08%252F01%252F2024

