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Abstract: The term “brain fog” has long been used both colloquially and in research literature in reference to various neurocognitive
phenomenon that detract from cognitive efficiency. We define “brain fog” as the subjective experience of cognitive difficulties, in keeping
with the most common colloquial and research use of the term. While a recent increase in use of this term has largely been in the context of
the post-coronavirus-19 condition known as long COVID, “brain fog” has also been discussed in relation to several other conditions
including mental health conditions such as post-traumatic stress disorder (PTSD). PTSD is associated with both subjective cognitive
complaints and relative deficits on cognitive testing, but the phenomenology and mechanisms contributing to “brain fog” in this population
are poorly understood. PTSD psychopathology across cognitive, affective and physiological symptom domains have been tied to “brain
fog”. Furthermore, dissociative symptoms common in PTSD also contribute to the experience of “brain fog”. Comorbid physical and mental
health conditions may also increase the risk of experiencing “brain fog” among individuals with PTSD. Considerations for the assessment of
“brain fog” in PTSD as part of psychodiagnostic assessment are discussed. While standard psychological intervention for PTSD is
associated with a reduction in subjective cognitive deficits, other cognitive interventions may be valuable when “brain fog” persists
following PTSD remission or when “brain fog” interferes with treatment. Limitations of current research on “brain fog” in PTSD include
a lack of consistent definition and operationalization of “brain fog” in the literature, as well as limited tools for measurement. Future research
should address these limitations, as well as further evaluate the use of cognitive remediation as an intervention for “brain fog”.
Keywords: subjective cognition, cognitive complaints, mental fatigue, trauma

Introduction

Post-traumatic stress disorder (PTSD) is a mental health condition that can develop following exposure to actual or threatened
death, serious injury, or sexual violence through direct experience, witnessing it occurring to others, learning about it occurring
to a close family member or friend, or repeatedly being exposed to aversive details of traumatic events." While 70% of
individuals will experience such exposure in their lifetime, only approximately 6% of them will develop PTSD.? Estimates of
PTSD prevalence range from 2-9% of the population, and risk of developing PTSD may be greater for individuals who have
experienced childhood, prolonged, or interpersonal traumatic events.* PTSD symptomology is characterized by four distinct
clusters: re-experiencing of traumatic experiences, avoidance of potentially triggering stimuli, negative alterations to mood
and cognition, and alterations to arousal and reactivity.'

Alterations to cognitive processes in PTSD include difficulty concentrating or maintaining attention, difficulty recalling
important aspects of traumatic events, involuntary recollections of traumatic events, as well as perceptual alterations during
dissociative experiences such as derealization (eg, feeling as if the world is unreal or dreamlike) and depersonalization (eg,
feeling as if one is outside their own body)." Beyond this, individuals with the disorder also report subjective cognitive failures in
daily living, including attentional slips leading to mistakes in tasks, forgetting tasks, and losing objects.” Such cognitive failures
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have been described as symptoms of “brain fog”,® which is neither a diagnostic symptom of PTSD, nor a formally used medical
term. What constitutes the phenomenology of “brain fog” in PTSD is unclear and currently, there is no unified definition of it in
the literature, particularly in the PTSD clinical population. This lack of conceptualization and understanding of brain fog may
reduce accuracy of assessment processes and ultimately lead to poor clinical outcomes. Importantly, 30-50% of those with PTSD
have poor responses to first-line interventions;’ given this, it is essential to consider associated complaints of the disorder that may
act as markers of treatment non-response.

Conceptualizations of “Brain Fog” in Other Clinical Populations
Notably, “brain fog” has been described as a consequence of PTSD following coronavirus exposure (ie, severe acute
respiratory syndrome [SARS] and Middle East respiratory syndrome [MERS]).® PTSD may be a differential diagnosis
for COVID-19 survivors,® where “brain fog” has been described as one of the major symptoms associated with the post-
COVID condition known as long COVID.’ ! In long COVID, the main symptom indicators of ‘brain fog’ appear to be
subjective memory impairment, word-finding difficulties, fatigue, non-orthostatic dizziness, and muscle pain.'?

The symptom of “brain fog” has also been reported by those with chronic fatigue syndrome, postural tachycardia
syndrome (POTS), fibromyalgia, mild and moderate-to-severe traumatic brain injury.>”'” Beyond medical conditions,

1819 and those with mental health

“brain fog” is also a common complaint for those experiencing menopause
conditions,” although the latter area is highly under-researched. Moreover, many of the chronic medical conditions
associated with symptoms of “brain fog” are highly comorbid with clinical anxiety and depression, which also involve
cognitive symptoms.?!** McWhirter et al*® examined over 1500 Reddit posts on “brain fog” and found that individuals
described forgetfulness, concentration issues, dissociation, cognitive “slowness”, brain “fuzziness”, and fatigue as
manifestations of “brain fog”. Corroborating this are the results of a study on individuals with POTS in which the
most endorsed descriptors of “brain fog” were “forgetfulness”, “cloudiness”, and “difficulty focusing, thinking and
communicating”.'® Paralleling heterogeneity in its colloquial description, the definition of ‘brain fog’ has also varied
tremendously in the literature. While some describe it as a subjective experience of cognitive deficits or impairment,'? it
is elsewhere described as a subclinical or preclinical form of a cognitive disorder, used interchangeably with cognitive

dysfunction or impairment,**** functional cognitive disorder,?” or as a symptom of chronic neuroinflammation.*®

Measuring “Brain Fog”

Unsurprisingly, given its nebulous nature, there is considerable variability in how “brain fog” is measured. For example, over the
last few years, four different scales have been developed to operationalize “brain fog”. These scales were validated across
heterogeneous populations, including samples of individuals with and without traumatic brain injury,?” (Elliott et al, 2023), Polish
university students,” the general population in Turkey,”” and individuals with coeliac-related gastrointestinal disease.*
Moreover, the factor structure between these four scales demonstrates significant variability with respect to number of factors
(two or three) and factor groupings identified (eg, fatigue and cognition; cognitive and affective or somatic for the two-factor
scales and cognitive, psychological, and physiological; mental fatigue, cognitive acuity and confusion for the three factor scales).
Given that the operationalization of “brain fog” for measurement has only begun recently, these scales were unsurprisingly not

assessed for convergence with one another. Excepting Knowles et al,*

these scales also lacked any comparison to existing scales
of subjective cognitive deficits. Finally, only Knowles et al*® evaluated their measure of “brain fog” for convergence with
neuropsychological test performance, with weak and non-significant results. Problems with operationalization and variance in
psychometric validation methodology may be tied to the inconsistent definition of “brain fog” within the literature, as selection of
measures for comparison with new scales is tied to construct conceptualization. Clearly, the lack of a unifying definition for
“brain fog” is a significant limiting factor for its study across various conditions, PTSD included.

Kaseda and Levine® have argued that the stressors experienced by individuals undergoing hospitalization may fulfill
the first diagnostic criteria for PTSD, leading to symptoms of “brain fog”. Thus, PTSD symptoms may, in part, explain
the experience of “brain fog” among individuals with chronic conditions. However, no studies have directly explored the
phenomenology or associated symptoms of “brain fog” in those with PTSD. Thus, it is unclear how and which aspects of
PTSD may lead to “brain fog”. Moreover, the lack of existing literature about “brain fog” in PTSD may be due to a lack
of consistent definition, both in the literature and in its colloquial use.
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Definition

Despite the lack of a consistent definition of “brain fog” in the research literature, and limited validated measures of
“brain fog”, it is valuable to critically review how PTSD may support “brain fog”. This review will use the following
definition of “brain fog”: a subjective experience of cognitive impairment or diminished mental capacity.">'® While other
studies have included objective cognitive deficits in their conceptualization of “brain fog”, we have elected not to do so
as a growing body of evidence includes self-report of “brain fog” among individuals with a lack of objective cognitive
impairment, and subjective cognitive deficits may not be associated with worse cognitive test performance in PTSD and

31735 although some studies have shown this association.*®*” Given that “brain fog” has been

trauma-exposed individuals,
mentioned across several physical and mental health conditions, it also may not be appropriate to tie it to a specific
preclinical or subclinical cognitive disorder, or as a symptom of neuroinflammation. Nonetheless, cognitive performance

on testing will be considered within this review insofar as it may corroborate subjectively reported cognitive deficits.

Purpose of the Review and Objectives

Individuals with PTSD are increasingly reporting “brain fog” as a complaint, yet the phenomenology and associated
clinical implications are poorly understood. To date, no studies have directly attempted to review the literature on “brain
fog” in individuals with PTSD, using an explicit definition of it. Moreover, the available literature on “brain fog” focuses
on other clinical populations, with fragmented definitions and conceptualizations of the phenomenon. Thus, the current
review will examine the literature on “brain fog” and its component parts (eg, subjective cognitive impairment,
difficulties with mental acuity, and fatigue) in individuals with a diagnosis of PTSD. First, the available evidence on
the experience of “brain fog” in PTSD populations will be described to elucidate its phenomenology. Within this section,
the different origins of “brain fog” symptomatology (ie, within PTSD, comorbid conditions such as depression and
anxiety, and physiological or organic causes of “brain fog”) will be explored. Next, the implications of “brain fog” in
those with PTSD on assessment and intervention outcomes will be discussed, and preliminary recommendations for
mental health professionals will be provided. Lastly, research gaps and future directions will be identified with the goal of
enriching current understandings of “brain fog” in individuals with PTSD and other mental health disorders.

Methods

This study employed a narrative review approach to examine existing research on “brain fog” among individuals with
PTSD. This approach was selected to allow for a comprehensive and flexible evaluation of the topic, which was crucial
given the dearth of literature specifically addressing “brain fog” in PTSD. Given the terminology related to “brain fog”
has been highly inconsistent across the literature, a narrative review allowed for a more detailed examination and
comparison of findings across studies meeting the present conceptualization of “brain fog”. Use of a narrative review
style also allowed for an iterative approach to provide a general overview of “brain fog” in PTSD as further information
was gathered and common themes in the research were identified.

An initial search was conducted using the Ovid Medline and APA PsycINFO databases for English-language papers
from 2004-present with key words to represent the concepts of “brain fog” and “PTSD”. A total of 2944 papers were
initially identified, and search strings are provided in Supplementary Table 1. As this was a narrative review, we selected

the literature we considered most relevant to our focus, and in keeping with our working definition of “brain fog”: the
subjective experience of cognitive impairment or diminished mental capacity. Following identification of papers relevant
to our review, reference lists were reviewed to identify more relevant literature. Additional papers were identified through
author suggestions. As additional key concepts were identified, searches were re-run to include them.

Overview of Trauma & “Brain Fog” Literature

While PTSD is associated with both self-reported cognitive difficulties and objective deficits on neuropsychological
measures, there is mixed evidence regarding their relation. Mattson et al®’ reported a significant association between
subjective and objective cognitive deficits among combat-exposed veterans, and that this relationship was mediated by
PTSD symptom severity. Multiple other studies, however, have not found a significant relationship between subjective
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and objective cognitive deficits in PTSD.*>**-® Interestingly, Samuelson et al*’ found that among military veterans the
association between PTSD and functional outcomes was mediated by subjective rather than objective cognitive deficits.
Objective cognitive deficits, however, may also have a significant relationship with outcomes in PTSD. In their review of
studies of attention deficits among adults with PTSD, Punski-Hoogervorst et al*® found that 61.2% (n = 30) of studies
found a significant correlation between PTSD symptoms and attention deficits, and 20.4% (n = 10) of studies found that
attention deficits were predictive of worse PTSD symptomology. Furthermore, cognitive deficits in verbal memory and
executive functions are associated with worse treatment outcomes among individuals with PTSD receiving
psychotherapy.*' > Similar effects have been found among individuals with depressive disorders, as deficits to executive
functions have been associated with worse outcomes of pharmacological therapy (see Groves et al,*® for a review). Thus,
understanding factors contributing to the development of both “brain fog” and objective cognitive deficits in PTSD is
highly relevant to improve functioning. These factors include additional PTSD symptoms and comorbid mental health
and physiological conditions.

Cognitive complaints in PTSD are not only common, but they also represent a core diagnostic domain of the disorder.
For example, DSM-5-TR criteria E5, “problems with concentration”,' may capture the report of “brain fog” among
individuals with PTSD as attentional difficulties underpin its colloquial descriptors.'®*® Moreover, poor self-reported
attentional control, mediated by rumination, is related to PTSD symptoms.*’ In addition to self-reported attentional
difficulties, individuals with PTSD consistently perform worse on tests of attention and executive functions, such as
attentional control, working memory, inhibition, and switching.** " Critically, on several clinical trials the most
prominent deficits in PTSD (ie, executive functions, verbal memory) are associated with worse response to psychological
interventions.*' >

Alterations to arousal in PTSD, which include hyper- and hypo-arousal are also associated with concentration
difficulties. Both of these states can have significant implications for perceived cognitive challenges; hyperarousal,
characterized by heightened physiological and emotional reactivity, may overwhelm cognitive resources and contribute to
perceived cognitive deficits, while hypo-arousal, characterized by emotional numbing, detachment, and reduced physio-
logical reactivity, may lead to disengagement from the environment and reduced goal-directed cognitive activity.”>>> In
a study of Chinese breast cancer participants (n = 204), PTSD symptoms and fatigue independently accounted for
subjective cognitive impairment, and among PTSD symptom categories, only symptoms related to hyper-arousal
significantly contributed to subjective cognitive impairment.>*

Dissociative symptoms are associated with cognitive dysfunction across neuropsychiatric disorders (see McKinnon
et al,>* for a review), as well as with other negative outcomes in PTSD. For example, Boyd et al*> found that among
military members, veterans, and first responders, dissociative symptoms mediated the relationship between PTSD

156

symptoms and functional impairment. Interestingly, Park et al’® found that dissociative symptoms were a significant

predictor of impairment on objective neuropsychological test performance but not subjective cognitive impairment, while
PTSD symptom severity predicted subjective cognitive impairment but not test performance. Conversely, Gold et al®’
reported three case studies of women with lifetime trauma exposure and dissociative symptoms, who were referred for
neuropsychological assessment of memory decline complaints. The neuropsychological test results did not support
objective cognitive deficits among the women despite their subjective reports of poor daily functioning. The authors
proposed that dissociative symptoms interfered with cognitive processes supporting learning in daily living, leading to
lapses in memory. Indeed, dissociative symptoms are associated with worse attention, executive functions, and memory
in PTSD.>* As such, dissociation and hypo-arousal may explain distress related to altered cognitive functioning among
individuals with “brain fog”. Moreover, dissociation is associated with a diminished sense of agency among adults,*®
which may contribute to the perception of “brain fog”. The authors evaluated the role of post-traumatic stress and poor
sleep quality on dissociative symptoms and impaired sense of agency and found that they represented independent
pathways to both constructs.’®

Research also suggests that specific DSM-5 PTSD symptoms criteria may be more related to subjective cognitive
complaints than others. For example, Gunak et al’” used network models to explore the associations between PTSD
symptoms and subjective cognitive functioning among a large sample of military veterans (n = 1484) and found robust
relations between subjective cognitive functioning and the diagnostic criteria “trouble experiencing positive feelings”;
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and “difficulty concentrating”. While the findings were limited by observational design, the results were replicated in
a three-year follow-up (n = 713).%°

Individuals with PTSD reexperience traumatic events in mentally distressing ways (eg, intrusive memories, flash-
backs, dreams), and these symptoms and perceived inability to control them may also contribute to reports of “brain fog”
in PTSD. In their review of the role of attentional deficits in the symptomatology of PTSD, Punski-Hoogervorst et al*’
suggested that the disruptive interface between affective re-experiencing symptoms and attentional skills is a primary
driver of any correlation between PTSD symptom severity and attentional functions. To reduce intense negative
emotions, individuals with PTSD avoid thoughts, feelings and reminders of trauma memories; this avoidance depletes
necessary attentional resources for other tasks. Avoidance behaviors can include use of maladaptive emotion regulation
strategies such as emotion suppression, which individuals with PTSD use more frequently than individuals without
PTSD.®® Use of emotional suppression is associated with worse memory for information among healthy controls,®' * as
well as individuals with PTSD.®* Given increased use of emotion suppression among individuals with PTSD, the
associated memory deficits may contribute to perceived “brain fog”, but no evaluations of this potential relation were
found in the literature. Difficulties with emotion regulation may also contribute to alterations in arousal and reactivity, as
Park et al® found that among military member and veterans as well as public safety personnel (n = 61), difficulties with
emotion regulation along with PTSD symptom severity explained variance in self-reported cognitive functioning.
Furthermore, the consequences of difficulties with emotion regulation may include alterations to arousal and reactivity
in PTSD, leading to the “brain fog” associated with hypo- and hyper-arousal.

Comorbid Conditions and “Brain Fog”

PTSD is frequently comorbid with a myriad of mental health conditions, with approximately 80% of the clinical
population meeting diagnostic criteria for an additional mental health condition. The most commonly comorbid mental
health conditions are depressive disorders (eg, 54%) and anxiety and related disorders (eg, 36% for social anxiety
disorder; 28% for obsessive-compulsive disorder).”® The presence of these comorbid mental health disorders may
contribute to the experience of “brain fog” in those with experiences of trauma or PTSD, either directly due to experience
of cognitive impairment associated with the comorbid disorder (as cognitive impairment is also common among other
mood and anxiety disorders) mimicking or adding to symptoms associated with “brain fog”, or indirectly due to the
comorbid conditions’ aggravation of PTSD symptom severity.

Approximately 30-50% of individuals with PTSD also have comorbid clinical depression.®®*%” Even amongst those who
experience a traumatic event but do not meet diagnostic criteria for PTSD, the risk of developing depression is high.®®
Moreover, there are higher rates of trauma exposure, particularly childhood abuse and neglect amongst those with clinical
depression than healthy controls.*” The mechanism underlying the high co-occurrence between trauma or PTSD and
depression is still under investigation; however, one hypothesis is that the two disorders share risk factors, such as negative
affectivity and experiences of childhood adversity.”®’! Interestingly, although depressive disorders are best characterized by
symptoms of low mood and anhedonia, research suggests that cognitive impairment is also core feature of clinical
depression.’” Specifically, a meta-analysis using 24 studies found that those with depression show more deficits than healthy
controls in domains of executive functioning, memory, and attention.”* Furthermore, even those with remitted depression were
found to have persistently impaired cognitive abilities.”> Moreover, the diagnostic criteria for depressive disorders include
subjective reports of concentration or decision-making difficulties, and fatigue.”® Thus, even for those without objectively
impaired cognitive abilities, the clinical presentation and psychopathology of PTSD with comorbid depression may further
contribute to the risk of experiencing “brain fog”. Lastly, research suggests that experiences of childhood abuse and neglect in
those with clinical depression are associated with poorer cognitive functioning.®”

Research also suggests that melancholic depression (eg, a more severe subtype of depression that tends to be less
responsive to psychosocial interventions)’* may be associated with a higher risk for “brain fog” than non-melancholic
depression.”>’® In one study of combat veterans, over two-thirds endorsed symptoms related to melancholic depression and
the remaining sub-group endorsed symptoms related to catatonic, atypical, or no particular depression group subtype.’’ Here,
it is possible that those with PTSD and comorbid melancholic-type depression may be at the highest risk of experiencing
“brain fog” symptoms.

Psychology Research and Behavior Management 2025:18 https: 593



Sanger et al

Similarly, anxiety and related disorders are highly comorbid with PTSD,*® with research also suggesting this
cooccurrence may be related to shared vulnerability factors.””® Even when studied in isolation, clinical anxiety is
associated with impaired performance on neuropsychological tests of executive functioning.”®’® Moreover, some clinical
features such as distressing emotional states, anticipation of perceived threat, and avoidance behaviors heavily overlap
between anxiety disorders and PTSD.*® The presence of symptoms of both disorders likely exacerbates symptoms of
hyperarousal, increasing the overall burden on cognitive capacity. Eysenck et al®' specify that some neurocognitive
functions may worsen due to anxiety, while others improve (eg, due to enhanced efforts). Regardless of the potential
benefit of the presence of clinical anxiety for cognition, the authors report that overall, anxiety reduces processing
efficiency,”’ which may be experienced as taxing, or a symptom of “brain fog”. This hypothesis was corroborated by
a recent study that found that the presence of repeated negative thinking (eg, worry, rumination) explained symptoms of
fatigue in a clinical anxiety sample, even when anxiety-related sleep disturbance was controlled for.*? Thus, even for
those with trauma, PTSD, and comorbid clinical anxiety without objective cognitive deficits, there may be subjective
cognitive complaints that are consistent with reports of “brain fog”. Research even suggests that for some, but certainly
not all, patients with psychiatric conditions, discrepancy between objective and subjective impairment may be driven
and/or exacerbated by perfectionism and unrealistic expectations for cognitive performance.®***

Additionally, some diagnostic criteria for anxiety disorders specifically refer to subjective reports of cognitive
difficulties. For example, a study found that in a sample of 175 adults with generalized anxiety disorder, 90% endorsed
the diagnostic criteria of “difficulty concentrating or mind going blank”.®> Another study found that the high rate of
endorsement of concentration difficulties persisted, even when depression was controlled for.*® In panic disorder, some
individuals experience dissociative symptoms,®® and dissociation within this clinical population is positively correlated
with the number of traumatic events experienced;®’ how this relationship interfaces with cognitive performance was not
investigated. Nonetheless, taken together, this research suggests that the source of “brain fog” complaints in those with
co-occurring PTSD and clinical anxiety depends on the specific symptoms reported, as well as the type of comorbid
anxiety disorder present.

Approximately 30% of those with PTSD report difficulties with alcohol use, and 25-50% report difficulties with

substance use,>®%’

which may further increase risk of experiencing “brain fog” symptoms. Problematic substance and/or
alcohol use is known to be directly associated with cognitive impairment.”® Risk of cognitive impairment is further
exacerbated by polysubstance use; a study with 753 individuals with polysubstance use found that 70% of the sample
reported experiencing cognitive deficits (ie, subjective cognitive impairment), 50% showed objective cognitive deficits,
and approximately 30% of the sample met criteria for substance-induced neurocognitive impairment.”’ Research suggests
there is a bidirectional relationship between PTSD symptom severity and alcohol and/or/ substance use difficulties.”
However, a study with 334 individuals participating in a specialized PTSD treatment program found that dissociative
symptom severity mediated this relationship, such that higher PTSD symptom severity was associated with higher
dissociative symptom severity, which was associated with greater levels of alcohol use difficulties.”> Given that
dissociative symptom severity in PTSD is linked to poorer functional outcomes,’® it is likely that alcohol and/or
substances are used in an attempt to cope with symptoms. Unfortunately, cognitive difficulties in both PTSD and alcohol
and/or substance use are likely exacerbated by their co-occurrence which may contribute to client complaints of
“brain fog”.

It is also worth noting that individuals with PTSD are frequently prescribed medications associated with subjective

949 sedative,”” and anti-psychotic medications.”® '

and objective cognitive changes, including anticholinergic,
Estimates of use of these medications are high. For example, in a cohort study of American veterans with PTSD (n =
1073183) found 34.4% were prescribed selective-serotonin reuptake inhibitors, 13.6% serotonin—norepinephrine reuptake
inhibitors, 17.1% trazodone, 7.5% mirtazapine, 8.7% benzodiazepines, 6.0% non-benzodiazepine hypnotics, and 7.0%
atypical antipsychotics.'”" Similarly, in a sample of inpatients (n = 1044) with PTSD in German-speaking countries,
72.0% were found to use antidepressants, 58.4% antipsychotics drugs, and 29.3% tranquilizing medications (29.3%).'*

In addition to mental health conditions, PTSD is often comorbid with several physical health conditions, including
cardiovascular disease, musculoskeletal conditions, sleep apnea and other sleep disorders, chronic pain, migraine, and

103-107

traumatic brain injury, even when confounders such as body mass index, age, substance use, and physical exercise
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are controlled for.'”® Importantly, these conditions are also associated with experiences of subjective cognitive

complaints, %114

and multimorbidity significantly increases likelihood of subjective cognitive complaints in the general
population.''> Among 224,842 adults from low- and middle-income countries, subjective cognitive complaints increased
with each chronic condition; interestingly, 30% of the association between multimorbidity and subjective cognitive
complaints was explained by psychological factors,''® suggesting a role of mental health conditions in exacerbating the
experience of cognitive impairment associated with physical health conditions.

While there is less available literature comparing associations between these physical health conditions and cognitive
complaints in the context of co-morbid PTSD, Martindale et al''® found that sleep quality affected cognitive test
performance independently of and beyond the effects of PTSD symptoms among military combat veterans (n = 135).
The mechanism underlying the association between these various conditions and the experience of subjective cognitive
impairment is poorly understood. However, “brain fog” has been previously described as a consequence of chronic
neuroinflammation damaging healthy cells,”® and a growing body of evidence consisting of post-mortem and in-vivo
studies in humans as well as experimental studies in animals has indicated significant microglial activation associated

1''® summarized evidence

with psychiatric conditions.''” In a recent review of neuroinflammation in PTSD, Lee et a
indicating that psychological stress in PTSD mediates the relationship between the immune system and the brain to

produce neuroinflammation.

Discussion

Overall, the experience of “brain fog” or subjective cognitive complaints is frequently reported among individuals with
trauma, PTSD, and other related mental health concerns. It is unclear whether symptoms of “brain fog” always converge
with objective measurements of cognitive deficits, however they nonetheless represent a form of functional impairment
and suffering that may interfere with treatment. Given this significance, there are several clinical implications and
considerations when clients with PTSD or trauma present reporting “brain fog”.

Clinical Implications

Assessment

The most critical step of effective care is a comprehensive assessment, including for individuals with PTSD who report
“brain fog” symptoms. The colloquial language used by individuals to describe the experience of subjective cognitive
complaints (eg, “fuzziness”, “slowness”, “forgetfulness”) does not always clearly correspond to the diagnostic criteria for
PTSD or comorbid conditions. Moreover, subjective cognitive complaints reported by those with psychiatric conditions,

PTSD included, do not always converge with objective measurements®>->3%

that may be used in neuropsychological
assessments, despite their reflection of the everyday experience of sufferers in uncontrolled real-world conditions that
may trigger disease symptoms and affective dysregulation associated with poor cognitive performance. As such,
individuals reporting “brain fog” that screen negative on clinical or neuropsychological assessments may be overlooked.
Nonetheless, those reporting “brain fog” can often identify functional impairment and distress associated with their
symptoms.''? Research also suggests that experiences of subjective cognitive complaints in those with PTSD may signal
a higher risk of suicidality, further necessitating robust screening for “brain fog”.'?® Therefore, these complaints
represent a form of suffering, mirrored for some in functional impairment in real-world circumstances (as opposed to
intact performance that might be obtained in the highly controlled and structured neuropsychological testing environ-
ment) that warrants clinical attention. It is further notable that for individuals who performed above average on
neuropsychological testing prior to disease onset (as also indexed in measures of pre-morbid intellectual functioning
and occupational and educational attainment), neuropsychological performance in the average or low average range is
nonetheless a performance decrement and likely to be experienced as such.

Screening

PTSD-related cognitive symptoms may improve following treatment of PTSD, particularly for memory;'*" therefore,
screening of cognition may suffice when clients report some symptoms of “brain fog”. Screening can be completed by
trained mental health professionals and includes interviewing to assess psychiatric and cognitive symptoms, and
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screening-based standardized measurement of cognition and subjective cognition. Clinicians are encouraged to conduct
an evidence-based standardized diagnostic interview with clients with PTSD symptoms to screen for clinically significant
problems with concentration, memory, processing speed, and executive functioning (DSM-5-TR criterion E5 for PTSD')
as well as other PTSD symptoms and co-occurring symptoms. During these psychodiagnostic assessments, clinicians
should assess for and document-specific factors that place clients at higher risk of experiencing subjective cognitive

7 anxiety symptoms,®*® 75.76

complaints are present, including: levels of dissociation,’ comorbid melancholic depression,
and the use of emotional suppression.®'**> Clients who report a diminished sense of agency or self-efficacy may also be
considered higher risk.”® Notably, in emerging research among individuals with PTSD, higher levels of self-compassion
are associated with lower PTSD symptoms, and lower fear of self-compassion is associated with lower PTSD sympto-
matology (see Winders et al,'** for a review).

Also, critical to consider during the psychodiagnostic assessment are factors related to the nature of the traumatic
events also affect cognitive complaints, as dissociation is more common among individuals with more frequent and
earlier onset of traumatization.'**'?* Severity of traumatic exposure may also be predictive of cognitive complaints, as

1'*5 and Stein et al'*® found that among responders to the World Trade Center attacks, higher intensity exposure

Singh et a
was associated with greater cognitive concerns. While Singh et al'*® found that the relationship between high-intensity
traumatic exposure was predictive of self-reported cognitive change even after controlling for PTSD, depression, and
alcohol abuse, Stein et al'*® found that the relationship between the highest high-intensity traumatic exposure and
cognitive concerns was attenuated when accounting for depression, anxiety, PTSD and psychotropic medication use.
Clinicians are also encouraged to query the onset of “brain fog” symptoms, as well as how they are precipitated in
day-to-day life (eg, did the brain fog start before the traumatic event, after, or was it associated with a physical health
change, such as menopause? Do the symptoms get precipitated by intrusion-type symptoms, such as a flashback of the
traumatic event, or by experiences of anhedonia?) to parse out the various contributing factors of the symptoms and
determine if “brain fog” may be greater than typical of PTSD.

Existing standardizing screening interviews for cognitive complaints (eg, Cognitive Complaints Toolkit [California
Alzheimer’s Disease Centers]; Cognitive Complaint Interview)'?” have largely centered on evaluating for cognitive
complaints in the context of dementia, which may not be appropriate for cognitive complaints seen in “brain fog” for

128 was developed to assess daily

PTSD. Another standardized interview, the Cognitive Assessment Interview (CAI),
functioning among individuals with schizophrenia, who also experience significant cognitive deficits but typically have
a higher level of cognitive functioning than individuals with dementia. While the pattern and severity of cognitive deficits
and complaints in schizophrenia and PTSD may not be the same, use of this tool may present an opportunity to screen for
“brain fog” with standardized interviewing developed for a primary mental health population.

Some researchers have also evaluated the use of cognitive testing to screen for “brain fog” in long COVID. Lynch

et a1129 130

used the Montreal Cognitive Assessment (MoCA), ~~ a cognitive screening tool designed to be sensitive to mild
cognitive impairment, along with a neuropsychological test battery to validate objective cognitive impairment in 60
participants with long COVID seeking care for “brain fog”. They found that only approximately 37% of participants
reporting “brain fog” scored below the MoCA cutoff for mild cognitive impairment, and that the MoCA was approxi-
mately 63% accurate at detecting diminished performance on the neuropsychological test battery.'*” Overall, the authors
concluded that the MoCA was not suitable at detecting cognitive impairment among participants presenting with “brain
fog” and long COVID,'* a finding that may be related to ceiling effects on this measure and its inability to capture more
subtle cognitive performance decrements in this population.

Administration of a self-report measure of subjective cognitive concerns may be helpful to determine whether
neuropsychological investigation is required. Although there are some self-report questionnaires that have been recently
developed to measure “brain fog”,”” >’ there are other, more validated ones that assess general subjective cognitive
complaints. A systematic review examining the utility of measures of subjective cognitive complaints in a variety of
psychiatric populations identified 35 studies, with 11 different questionnaires used.'*' Groenman et al'*' found that the
Behavior Rating Inventory of Executive Function (BRIEF),'*? followed by the Cognitive Failures Questionnaire
(CFQ),'** was most frequently used across different psychiatric diagnoses. Both the BRIEF'**'3¢ and the CFQ**

have been used to capture subjective cognitive complaints in samples with PTSD and trauma, however the research
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on how well these measures correlate with objective cognitive impairment is limited. Although further research is needed
to fully understand these screening tools’ psychometric performance in those with PTSD and trauma, they may provide
clinical utility for determining severity of “brain fog” symptoms.

Neuropsychological Assessment

For a subset of patients who report severe cognitive symptoms beyond what is typical of PTSD and co-morbidities, or whose
cognitive symptoms interfere with treatment, or whose cognitive symptoms persist even after other PTSD symptoms improve
(eg, with psychotherapy or pharmacological intervention),"*” formal neuropsychological evaluation is recommended.
Neuropsychological assessment using standardized measures with greater levels of sensitivity to mild to moderate cognitive
deficits may be required in this condition. Given that there may be a separation between reported “brain fog” and objective
cognitive deficits in PTSD (as in other mental health conditions), it remains unclear whether objective neuropsychological
testing would consistently produce findings consistent with subjective cognitive complaints. Nonetheless, neuropsychological
assessment may be beneficial in characterizing the cognitive profile of individuals with “brain fog”. Objective neuropsycho-
logical assessment is conducted in neutral, distraction-free, quiet, standardized settings intended to allow individuals to
perform at their best. Skilled examiners attend to behavioral indicators of emotional distress, fatigue, and even dissociation, to
support clients to perform at their best by offering breaks and non-specific support. The results can then be used to extrapolate
how well an individual might perform in less optimal, real-world settings characterized by distractions, fatigue, and emotional
distress, in which cognitive failures may be more likely to occur. In addition to obtaining detailed information on objective
cognitive performance, comprehensive neuropsychological assessment also includes a review of medical, neurological, and
psychological factors to investigate the probable contributors to “brain fog” complaints and yield recommendations for
lifestyle modifications or other medical interventions that might improve cognitive functioning (eg, sleep study, cognitive-
behavioral therapy for insomnia, etc.) as well as individualized compensatory strategies or accommodations based on the
individual’s profile of cognitive strengths and weaknesses.

Feedback

An additional critical assessment consideration is the provision of psychoeducation related to “brain fog” symptoms
during feedback. Clients may not be aware that some “brain fog” symptoms correspond directly to diagnostic criteria of
PTSD and other mental health conditions, or associated features and that various malleable lifestyle factors such as poor
sleep, poor diet, lack of activity, and alcohol and substance use may also contribute to a subjective experience of “brain
fog”. Also, the self-labelling of symptoms as “brain fog” may cause distress about the cause of symptoms as well as
whether it is even a treatable condition, or possibly a degenerative condition. As such, providing psychoeducation around
what individual “brain fog” symptoms represent by referring to them as symptoms of other conditions (eg, “PTSD-
related concentration difficulties” or “subjective cognitive complaints due to depression”) is recommended. Using these
more appropriate labels may reduce feelings of alarm and lack of control associated with the poorly understood
experience of “brain fog”. The importance of psychoeducation was highlighted in a study by Rosada et al,'** wherein
they found that in comparison to a no-feedback control condition, neuropsychological assessment feedback was
associated with improved quality of life, insight into condition, as well as ability to cope with its effects at follow-up
(n = 218). Taken together, demystifying the confusing experience of “brain fog” by validating the associated distress and
impairment, while shifting to a more specific explanation of the symptoms (eg, subjective cognitive difficulties or PTSD
symptoms) and strategies for remediating and compensating for difficulties after assessment is highly recommended.

Intervention

First-line psychological interventions for PTSD include cognitive-behavioral therapy, cognitive-processing therapy, and
prolonged exposure therapy.'*° For individuals that report “brain fog” or subjective cognitive complaints, an augmented
treatment approach may be most appropriate. The treatment plan used to target “brain fog” is dependent on the
underlying mechanisms contributing to symptoms (eg, is it due to PTSD, comorbid mental health conditions, or health
issues). Research suggests that “brain fog” symptoms that appear to be rooted in psychopathology tend to improve
following psychological treatments (see Krysta et al,'*® for a review). Based on the results of the current review,
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specifically targeting dissociation, emotion dysregulation, low self-efficacy, and melancholic depression in therapy may
mediate clinically significant improvement. Alternatively, “brain fog” symptoms rooted in comorbid physical health
conditions, hormone-related changes, or medication side-effects may necessitate a multidisciplinary approach. For

example, Krishnan et al'*!

recommend a multidisciplinary approach for treating “brain fog” in long COVID, involving
improving sleep hygiene, addressing psychological factors, and reducing neuroinflammation through better nutrition.

Critically, on several clinical trials, the most prominent cognitive deficits in PTSD (ie, executive functions, verbal
memory) are associated with worse response to psychological interventions.*' ** While subjective cognitive complaints
may not always be linked with objective deficits on standardized cognitive testing, it is important to recognize that PTSD
is associated with significant subjective cognitive deficits that may nevertheless be functionally impairing. Clients with
severe subjective cognitive complaints (eg, higher levels of associated distress or impairment) may benefit less from
psychological interventions, given the cognitive demand of structured psychotherapy. Indeed, Samuelson et al** found
that self-reported cognitive problems, and not performance on cognitive tests, mediated the relationship between PTSD
diagnosis and functional outcomes. As such, targeting “brain fog” symptoms and subjective cognitive failures as part of
intervention for PTSD may not only be appropriate, but essential for some individuals.

While there may be some disassociation between the measurement of objective and subjective cognitive symptoms
among individuals with PTSD, the probable underlying domain of these deficits appears similar. Namely, attentional and
executive deficits often contribute to deficits across other cognitive domains and are also likely to underlie the subjective
symptoms cited in the experience of “brain fog” (eg, concentration issues, “slowness”). Thus, targeting attention and
executive cognitive functioning may be particularly beneficial. Cognitive remediation therapies target cognitive deficits
in varying domains (eg, attention, executive functioning, metacognition) to improve functioning and lead to long-lasting,
generalizable improvements in these areas (as defined at the Cognitive Remediation Experts Workshop, 2010). While
cognitive remediation therapies have largely been developed for brain injury populations, they have, in more recent
years, been effectively applied for mental disorders (see Kim et al'** for a review).

Metacognitive strategy training has emerged as the practice standard for targeting executive deficits (including
impairment in emotion regulation) in acquired brain injury.'*® These training programs are typically structured, short-
term, and include components such as psychoeducation on cognitive deficits associated with PTSD, strategies for self-
monitoring, mindfulness activities, and skills to improve various executive functions such as planning, memory, and
more.'** Administration involves a clinician skilled in PTSD and its associated cognitive deficits, instructional materials,
and worksheets for homework tasks between sessions.'*’ Emerging evidence on the application of metacognitive strategy
training for executive deficits in PTSD has promising results for subjective cognition and objective test performance. In

a pilot randomized control trial (n = 40) of Goal Management Training (GMT)'4¢

a metacognitive strategy training
program in an outpatient PTSD clinic, Protopopescu et al,'*’ found that GMT was uniquely associated with improve-
ments in measures of subjective cognition and functional outcomes, as well as cognitive test performance, particularly in
the domain of executive functions. Boyd et al'** found that in an inpatient PTSD context, GMT with standard treatment
but not standard treatment alone was associated with improvements on cognitive testing, while both conditions were
associated with improvements of subjective cognition. Another metacognitive training program, goal-oriented attentional
self-regulation (GOALS) has also been associated with improvement in executive functions as well as complex
functional task performance among veterans with comorbid PTSD and TBIL.'* In addition to metacognitive strategy
training, other cognitive remediation strategies have been applied in PTSD with significant improvements in objective
measurements of cognitive skills and PTSD symptoms.'>* '

Larger-scale clinical trials are required to fully realize the benefits of cognitive remediation therapy for PTSD and
determine the treatment suitability requirements (eg, which target populations and conditions are most appropriate).
Moreover, referral to and administration of these interventions may not be feasible in resource-limited settings or by non-
specialists. There is preliminary evidence that some cognitive remediation strategies, including GMT, may be adapted for
single-session administration with improvement in subjective cognitive function (Caseletto et al, 2016; Carstens, 2016),
but it is unclear whether this approach would be efficacious for “brain fog” in PTSD. However, it remains a promising

intervention for the cognitive symptoms that may be referred to as ‘brain fog’ in this clinical population.
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Limitations

The current study is the first to our knowledge to provide a descriptive summary of the current state of the literature on “brain
fog”, a complex, poorly understood phenomenon, particularly in individuals with PTSD. However, given the dearth of
research in this area, there are some limitations of the current study to be noted. Firstly, the lack of research on “brain fog” in
those with PTSD necessitated the methodological approach (eg, narrative review rather than a systematic review). Despite the
authors’ efforts to follow a semi-structured approach, the narrative review process is iterative and semi-structured; therefore, it
is possible that researcher bias influenced the selection of databases used or inclusion of literature. Moreover, we centered our
review of “brain fog” associated with PTSD on subjective cognitive complaints, however, it remains that the various “brain
fog” definitions in the larger literature have yet to be validated. As such, the findings of the study correspond to our definition,
but may not generalize to divergent understandings of the phenomenon. Lastly, given the construct validity of ‘brain fog’
associated with PTSD is yet to be established, it is important to note that we cited empirical findings on subjective cognitive
complaints to inform the clinical recommendations. In addition, these recommendations are preliminary and there remain
several research gaps that necessitate further empirical investigation.

Future Research Directions
Cognitive complaints are common in those with PTSD, but it is unclear which cognitive complaints would fall within the
concept of “brain fog”, and which would not. Furthermore, given the variation in the colloquial use of “brain fog”,? it is also
apparent that the patients reporting it may not be referring to the same phenomenon. To better elucidate “brain fog” in
individuals with PTSD, employing a phenomenological qualitative approach (eg, with semi-structured in-depth interviews,
focus groups) may provide an opportunity to initially understand the component parts of this construct and the features that
differentiate it from subjective cognitive complaints in other conditions. Furthermore, learning about the lived experiences of
individuals with PTSD and “brain fog” symptoms may provide insight into functional correlates and clinical areas to target.

A key finding of this review was that several factors may support “brain fog” among individuals with PTSD, including PTSD
symptoms such as intrusions, avoidance, alterations to arousal and reactivity, and negative changes in thinking and mood,
frequently comorbid mental and physical health conditions such as mood and anxiety disorders, sleep disorders, substance use
disorders, cardiovascular disease, musculoskeletal conditions, chronic pain, migraine, and traumatic brain injury. Moreover,
medications often prescribed for PTSD are also associated with “brain fog”. It is unclear, however, whether these factors
contribute to the same facets of “brain fog” and the mechanisms by which they may contribute to subjective cognitive complaints.
Key targets for assessment and intervention may also vary with the factors contributing to “brain fog”. To that end, future studies
will require multiple modalities of inquiry. Given that there may be significant variability between individuals in the aspects of
PTSD and related conditions contributing to “brain fog”, case-analyses are likely to be an effective method of presenting key
findings in the assessment of and intervention for “brain fog”, which may be studied in larger follow-up investigations.

An important area of future inquiry is the relationship between objective cognitive deficits (as reflected by worse
performance on cognitive test scores) and “brain fog”. It is unclear why some studies have found a disassociation

D,>*3338 while others have found the

between objective and subjective cognitive function among individuals with PTS
two to be correlated.*®*’ Building off qualitative approaches to better understand the component parts of “brain fog” in
PTSD, future studies may use quantitative methods to understand how these parts relate to other factors influencing
cognitive function. Linear model frameworks (eg, structural equation modeling) may be used to evaluate how objective
cognitive deficits interact with factors influencing cognitive function in daily living (eg, dissociation, difficulties in
emotion regulation), and how this relates to the experience of “brain fog”. Understanding how different factors relate to
both objective and subjective cognitive deficits may elucidate key targets for intervention approaches.

Validation of the scales and tools to screen for “brain fog” symptoms in PTSD may also be useful. Evaluating existing
scales first rather than development of new, standalone tools may be a more pragmatic approach given content overlap
with other scales, and recently developed scales explicitly centering on “brain fog” have not been validated alongside
existing scales of subjective cognitive function. It will also be valuable to conduct factor analyses informed by insight
gained from qualitative work to identify key factors thought to inform the subjective report of “brain fog”, as there has
been significant variation in the factor structure between recently developed scales. Inclusion of objective cognitive tests
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in psychometric evaluation may be valuable to better characterize “brain fog”, however based on findings to date, it is
likely that the subjective reports of cognitive deficits may not correlate with cognitive test performance. This may reflect
ceiling effects of certain tests, suggest that cognitive changes may be very subtle, or may only appear under “real world”
situations in which greater cognitive flexibility, inhibition of distraction, or coping with negative self-appraisals or other
sources of emotional distress may be layered on top of cognitive performance. As such, selecting tests that are more
reflective of daily tasks would be important. Complex functional tasks (eg, Complex Task Performance Assessment)'>
emulating activities of daily living may be more ecologically valid and consistent with subjective cognitive complaints.

Recognizing that “brain fog” among individuals with PTSD reflects a subjective experience supported by several factors
highlights the need for multidisciplinary collaboration by experts across fields in its investigation. Particularly, neuroimaging
techniques (eg, functional magnetic resonance imaging) may be used to study the neuroscience of “brain fog” and alterations
in regions supporting attentional and executive deficits likely to underlie subjective cognitive complaints. Alterations to large-
scale brain networks have been posited to underly PTSD symptomology, including the default mode network (DMN involved
in self-referential processing and memory, the salience network (SN) involved in detecting salient external and internal
stimuli, and the central executive network (CEN) involved in executive functions including attentional control, planning, and

1547156 Among individuals with PTSD, DMN dysfunction is associated with an altered sense of self, SN

decision making.
dysfunction is associated with hypervigilance and hyperarousal, and CEN dysfunction is associated with cognitive dysfunc-
tion, including memory and executive function deficits.'>® As each of these alterations has been associated with “brain fog”,
future studies should employ neuroimaging techniques in conjunction with task-based measures as well as self-report
measures to evaluate which alterations may support subjective cognitive deficits.

It is unclear whether certain conditions associated with PTSD and “brain fog” develop prior to or after the onset of
PTSD. Inclusion of self-report measures of “brain fog” in longitudinal population studies will also be valuable in
understanding in its development. An existing longitudinal study has shown that multimorbidity significantly increases
likelihood of subjective cognitive complaints in the general population, partially explained by psychological factors.'"?
Future longitudinal studies may further our understanding on the development of “brain fog” over time with the inclusion
and analysis of measures of factors thought to support “brain fog” among individuals with PTSD.

Use of the term “brain fog” has little specificity to inform assessment or intervention currently, but it does provide
sensitivity for further evaluation to define more specific complaints, cognitive challenges, and any clinical implications of
these. Given that perceived cognitive problems, rather than test performance, mediate the relationship between PTSD and
functional outcomes, further exploration of how reported “brain fog” contributes to functional outcomes may provide
insights into factors to consider during assessment and intervention.

Regarding assessment, evaluating the use of complex functional tasks for individuals with reported “brain fog” would
assist in identifying whether “brain fog” uniquely contributes to failures in activities of daily living rather than
comparatively simple tasks. Feedback following assessment is another valuable area of future study because, while
feedback is associated with therapeutic benefits, this may not be the case for individuals with “brain fog” whose
subjective cognitive functioning may not be captured on testing. That said, neuropsychologists experienced in working
with mental health populations may nevertheless be able to use the feedback session to provide psychoeducation related
to the impact of psychological factors in daily life that interfere with an individual’s intact objective function as
determined based on the assessment results. Future studies may evaluate the effect of feedback in these cases, as well
as investigate whether there are any components of feedback that are especially valuable in improving outcomes (eg,
psychoeducation on “brain fog”, motivational interviewing, highlighting any strengths in cognitive profile).

Future directions for the treatment of “brain fog” is linked to its understanding and assessment, but large-scale
evaluations of cognitive remediation therapies, particularly metacognitive training strategies will be of benefit as
preliminary results indicate improvements to both subjective and objective measures of cognition, among other
therapeutic effects in PTSD samples. As metacognitive cognitive training strategies such as GMT contain multiple
components, such as psychoeducation, strategy training, and group participation, follow-up studies should investigate
effective interventions for the most potent active ingredients. Abbreviated interventions containing the most potent
components of these interventions should also be developed and evaluated for use in resource-limited settings. Another
important consideration for evaluation of intervention for “brain fog” in PTSD will be the temporal order of cognitive
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remediation in relation to other treatments. While standard interventions for PTSD are frequently associated with

improvement in subjective cognition,'*’

41-45

it is also the case that cognitive deficits in PTSD can reduce the effectiveness

137

of PTSD interventions, and problems with concentration can persist even after PTSD is in remission.

Conclusions

“Brain fog” is a term used colloquially by clients with various health conditions, trauma and PTSD included, to refer to
subjective experiences of deficits in cognitive functioning. There is a lack of consistent definition and operationalization
of “brain fog” in the research literature, limiting current understandings of its phenomenology and implications for
assessment and intervention. Given this, the current review synthesized available research on “brain fog” in those with
PTSD and identified several themes including the association of cognitive complaints with PTSD symptoms, the role of
physical and mental health comorbidities, considerations for assessment and intervention, as well as important areas of
future investigation.
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