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Abstract
As prevalence of anxiety and anxiety disorders continue to rise worldwide, increasing focus
has been placed on investigating the possible biological correlates of mental disorders.
Accumulating evidence has demonstrated the important role of the immune system in the
pathophysiology of mental disorders. However, the relations between inflammatory markers
and anxiety disorders, especially their symptomology, have been sparsely examined.
Therefore, the aim of this pilot study was to assess the associations between anxiety symptom
severity, panic attack history, and several pro-inflammatory markers. For this purpose,
structured interviews using the DSM-5 and the HAM-A were conducted to assess anxiety
symptom severity and panic attack history in 38 individuals (aged 18-76) over two time
points. Blood samples were collected to assess serum levels of C-reactive protein (CRP),
interferon-y (IFN-y), interleukin (IL)-1, IL-6, IL-8, and tumour necrosis factor (TNF)-a.
Anxiety symptom severity had small associations with decreased levels of CRP and IFN-y in
Pearson’s product-moment correlations. However, linear regression analyses attenuated these
associations after controlling for significant covariates, specifically, BMI, age, and sex. No
associations were found between other inflammatory markers and anxiety symptom severity,
or panic attack history. Although, this study was limited by a small sample size, and
consequently was underpowered to detect significant associations. Further research
examining these associations in a larger population may be worthwhile. Interestingly,
significant, large effects were found between BMI and inflammatory markers in models with
anxiety symptom severity and panic attack history, indicating potential avenues for

therapeutic interventions.
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The Association of Anxiety Symptom Severity and Panic Attacks with Inflammation

Anxiety disorders are widespread and often associated with longstanding disability
and several physiological and psychological conditions. Approximately one in four
individuals are likely to have a current or remitted anxiety disorder (Wittchen et al., 2011).
Psychoneuroimmunology research has led to considerable advances in understanding the
reciprocal interactions between the immune system and the central nervous system (CNS) in
psychological conditions (Ader et al., 1995; Bankier et al., 2008; Hou et al., 2017). Targeting
the biomarkers of psychological conditions may yield specialised identification, assessment,
and treatment procedures, as well as provide insight for future targets of drug and therapeutic
development (Belem da Silva et al., 2017).
Anxiety and Anxiety-Based Disorders: Classification, Prevalence, and Aetiology

Stress is an adaptive response, enabling one to escape from, or avoid danger (Parsons
et al., 2021). However, this innate response to stress is susceptible to dysregulation if the
stressor is excessive or prolonged (Vieira et al., 2010), and can become pathological if it
interferes with an individual’s well-being (Won & Kim, 2020). Anxiety disorders are a cluster
of mental health conditions defined by excessive fear and anxiety regarding real or perceived
threat (American Psychiatric Association (APA), 2022). Although these two states coexist,
fear is often associated with the emotional response to imminent threat, whereas anxiety is
the anticipation of future threat (APA, 2022). The Diagnostic and Statistical Manual of
Mental Disorders, 5th ed, Text Revision (DSM-5-TR) classifies the following as anxiety
disorders: Separation Anxiety Disorder, Selective Mutism, Specific Phobia, Social Anxiety
Disorder (SAD), Panic Disorder (PD), Agoraphobia, Generalized Anxiety Disorder (GAD),
Substance/Medication-Induced Anxiety Disorder, Anxiety Disorder Due to Another Medical
Condition, Other Specified Anxiety Disorder, and Unspecified Anxiety Disorder. These

disorders share similar characteristics of maladaptive anxiety, physiological symptoms,
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behavioural disturbances, distorted thinking, avoidance behaviours, and functional
impairment (APA, 2022). Panic attacks (PA) feature prominently among anxiety disorders as
part of the fear response. Panic attacks are characterised as abrupt surges of intense fear or
discomfort that occurs in conjunction with physical and cognitive symptoms: including
palpitations, sweating, and fear of losing control (APA, 2022). Panic attacks can also occur in
the context of other mental disorders (such as depressive disorders, posttraumatic stress
disorder (PTSD), and substance use disorders) and medical conditions (including cardiac,
respiratory, vestibular and gastrointestinal conditions) (APA, 2022).

Originally considered part of the DSM-IV anxiety disorder group, PTSD and
obsessive-compulsive disorder (OCD) have been reclassified into separate domains of
trauma- and stressor-related disorders, and obsessive-compulsive and related disorders,
respectively in the DSM-5. However, similarly to anxiety disorders, PTSD and OCD share
the underlying features of maladaptive anxiety (Lack, 2012; Taylor et al., 1992; Williams et
al., 2005), distorted thought patterns (Turner et al., 1992), and avoidance (APA, 2022; Hayes
et al., 1996). This study will be discussing and referring to specific phobia, SAD, PD,
Agoraphobia, and GAD collectively as anxiety disorders, and PTSD and OCD as anxiety-
based disorders (see Table 1 for list of included disorders and their key features).

Anxiety and anxiety-based disorders are among the most prevalent and disabling
mental health conditions (Buist-Bouwman et al., 2006; Kessler et al., 2005), with a global
prevalence rate as high as 28.3% (Baxter et al., 2013). These disorders tend to persist
throughout the lifetime, due to a recurrent-intermittent course involving waxing and waning
symptoms (Craske et al., 2017; Kessler et al., 2009). Consequently, this can lead to negative
outcomes in relation to quality of life and wellbeing, measured by physical and mental health,

and psychosocial functioning (Baxter et al., 2014; Mendlowicz & Stein, 2000).
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Table 1

Characteristics of Anxiety and Anxiety-Based Disorders

Anxiety and Anxiety- Key Features
Based Disorder
Specific Phobia Fearful and anxious about, or avoidant of, specific objects or
situations.

Social Anxiety Disorder Fearful or anxious about, or avoidant of, social interactions and

environments involving the potential of being scrutinised.

Panic Disorder Experience of recurrent unexpected panic attacks and
consistently worried about experiencing more panic attacks
or adopts maladaptive behaviour as a result of the panic

attacks.

Agoraphobia Fearful and anxious of being in several different situations
where escape may be difficult, or assistance may not be

available, e.g., public transport or standing in line.

Generalised Anxiety Persistent and excessive anxiety and worry regarding various
Disorder domains that may be difficult to control.

Posttraumatic Stress Development of characteristic symptoms after exposure to one
Disorder or more traumatic event. Symptoms include fear-based

recurrent recollections, anhedonia, and reactive-

externalising behaviours.

Obsessive-Compulsive  Presence of obsessions, and/or compulsions. Obsessions:
Disorder unwanted recurrent and persistent thoughts or urges.
Compulsions: repetitive behaviours in response to

obsessions or rigid rules.

Note. Adapted from American Psychiatric Association (APA) (2022). Anxiety Disorders;
Obsessive-Compulsive and Related Disorders; Trauma- and Stressor-Related Disorders. In
Diagnostic and statistical manual of mental disorders (5th ed., text revision. ed.). American

Psychiatric Association Publishing.
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Globally, anxiety disorders are the sixth largest contributor to non-fatal health loss and are
ranked in the top ten causes of years lived with disability (World Health Organisation, 2017).
These disorders contribute to the largest health burden in relation to cost (Gustavsson et al.,
2011), likely due to misdiagnosis and inappropriate treatment (Furtado & Katzman, 2015).
Therefore, it is imperative we understand the causes of these disorders to improve both
treatment outcomes and individual wellbeing.

To achieve improved treatment outcomes and wellbeing for those affected, an
increasing body of literature has focused on further investigating the aetiology of anxiety and
anxiety-based disorders. These disorders encompass a diverse range of categorically distinct
conditions, highlighting the unique neuropathophysiological mechanisms underlying each
condition. This reflects the heterogeneous nature of anxiety and anxiety-based disorders
(Craske et al., 2017). However, emerging research has indicated certain commonalities
regarding the psychophysiology of anxiety and fear. Anxiety disorders have strong
associations to common genetic and environmental risk factors (Faravelli et al., 2012;
Kendler & Baker, 2007; Shimada-Sugimoto et al., 2015; Waszczuk et al., 2014), and similar
treatment options have proven successful for several anxiety disorders (Roy-Byrne et al.,
2010). Current conceptualisations of the aetiology of anxiety and anxiety-based disorders
involves an interaction of biological factors (including genetics, sex differences,
neurotransmission impairment, and neural abnormalities in signal transduction mechanisms),
and psychosocial factors (such as trauma, stressful life events, and childhood and adolescent
adversity) (Craske et al., 2017; Hettema et al., 2005).

The exposure to stress and traumatic events leads to hypothalamic-pituitary-adrenal
(HPA) axis reactivity, and the subsequent activation of the immune system (Michopoulos et
al., 2017). Heightened interest in the field of psychoneuroimmunology research has led to

substantial advances in understanding the reciprocal relationship between the CNS and the
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immune system in psychological conditions (Ader et al., 1995; Au et al., 2015). Evidence
from clinical research elucidates the pivotal role of immune functioning, and its influence on
the brain and behaviour (Brambilla et al., 1994; Dantzer et al., 2008). Additionally, increasing
evidence has linked anxiety to neurological, vascular, respiratory, and metabolic conditions
(Bankier et al., 2008; Carroll et al., 2009; Roest et al., 2010; Seldenrijk et al., 2010;
Vogelzangs et al., 2010). As low-grade systemic inflammation is a key feature in the
aetiology of these physiological conditions, it has been hypothesised that inflammation has an
important function in anxiety and anxiety-based disorders (Vogelzangs et al., 2013). Leading
to the emergence of literature exploring the interactions between the immune system and
anxiety disorders.
Inflammation

Inflammation is the immune system’s response to harmful stressors, such as
pathogens and damaged cells. It acts by removing injurious stimuli and instigating the healing
process (Ferrero-Miliani et al., 2007). As such, inflammation is a defence mechanism, which
is critical to health (Nathan & Ding, 2010). Inflammation can be categorised as either acute
or chronic. During the acute inflammatory response, cellular and molecular interactions
effectively minimise the results of injury or infection (Chen et al., 2018). This process results
in the restoration of homeostasis and the resolution of the acute inflammatory cycle.

Previously, the CNS and immune system were thought to act relatively independently
of one another (Lucas et al., 2009). However, recent literature suggests that the inflammatory
response can penetrate the blood-brain barrier, through humoral, neural, and cellular
pathways, and interacts with various areas of the brain relating to mood regulation,
neurocircuitry, and synaptic plasticity (Capuron & Miller, 2011). Consequently, prolonged,
uncontrolled inflammation can become chronic, contributing to negative health outcomes

such as cardiovascular disease, autoimmune conditions, and diabetes (Khansari et al., 2009),
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as well as neuropsychiatric and psychological disorders (Capuron & Miller, 2011; Dantzer et
al., 2008; Hou & Baldwin, 2012).
Markers of Inflammation and their Mechanism of Action

Interestingly, similar inflammatory mechanisms occur in response to traumatic and
stressful events, including the exposure to fear- and anxiety-provoking stimuli. The exposure
to stressful events results in HPA axis reactivity, activation of the immune system, and
subsequent inflammatory response (Furtado & Katzman, 2015; Michopoulos et al., 2017).
The inflammatory response is broadly orchestrated by proteins; C-reactive protein (CRP) and
a cluster of proteins termed cytokines. Cytokines function within a complex network and act
synergistically or antagonistically (Hou & Baldwin, 2012). These signalling proteins
primarily function to activate cell-mediated and anti-body mediated immunity (Glik &
Douvdevani, 2006), facilitate communication between cells, and modulate immune responses
(Zhang & An, 2007). Cytokines are broadly divided into either pro- or anti-inflammatory,
based upon their interaction with target cells (Furtado & Katzman, 2015). Although, some
cytokines present with both pro- and anti-inflammatory properties, such as interleukin (IL)-6
(Scheller et al., 2011). Pro-inflammatory cytokines act as a guide for the inflammatory
response to enhance the elimination of the illness, injury, or stressor, while anti-inflammatory
cytokines enable tissue repair and dampen the synthesis of pro-inflammatory cytokines
(Kronfol & Remick, 2000). Therefore, the balance between pro- and anti-inflammatory
cytokines is a critical determinant in the regulation of the inflammatory response (Hou et al.,
2017), and vital for normal neuropsychological functioning (Brambilla et al., 1994; Camacho,
2013).

In psychological conditions, such as anxiety disorders, anxiety-based disorders, and
major depressive disorder (MDD), the delicate balance between pro- and anti-inflammatory

cytokines is often altered (Furtado & Katzman, 2015). Over time, with the continued
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exposure to stressors, the HPA axis and immune function become dysregulated, leading to the
imbalance of cytokines (Michopoulos et al., 2017). Specifically, these disorders have been
associated with a heightened inflammatory state (Martino et al., 2012).

In order to assess inflammation in psychological conditions, blood-based markers of
inflammation are measured. Pro-inflammatory cytokines (such as tumour necrosis factor
(TNF)-a, IL-1pB, IL-6, IL-8, and interferon (IFN)-y) are produced predominantly by activated
white blood cells called macrophages and are increasingly being implicated in the aetiology
of psychological conditions (Zhang & An, 2007). CRP is manufactured in the liver and
secreted into the blood ensuing injury, infection or stressful stimuli (Ballantyne & Nambi,
2005). Additionally, CRP is highly sensitive and most commonly used as a marker for the
diagnosis of acute inflammation in humans (Sproston & Ashworth, 2018).

Inflammation and Anxiety and Anxiety-Based Disorders

Research examining the presence of inflammatory responses in psychological
disorders began in the field of depression. As signs of immune disturbances in depression
were reported in the early 1990s (Copeland et al., 2012; Dantzer et al., 2008; Decker et al.,
1996), the role of cytokines and the immune system in MDD have been extensively
researched. The current theory of inflammation and depression proposes that the imbalance of
pro- and anti-inflammatory states cause pro-inflammatory state dominance, resulting in
increased cytokine activity to the brain. This leads to behavioural correlates of depressive
mood (such as loss of appetite, and loss of interest in physical and social environments),
referred to as sickness behaviours (Dantzer et al., 2008; Kelley et al., 2003). Depression is
associated with significantly increased levels of pro-inflammatory cytokines IL-6, IL-10,
TNF-a, and CRP (Haapakoski et al., 2015; Howren et al., 2009; Kohler et al., 2017). The
high comorbidity of anxiety and anxiety-based disorders, and MDD, and the similar treatment

effects indicate shared neurobiological substrates (Hou et al., 2017). Moreover, the
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pronounced response of central and peripheral cytokines to stressors has incited further
interest in the role of the immune system in the aetiology of anxiety disorders.

Although associations between anxiety and anxiety-based disorders and inflammation
have been less extensively studied, ongoing research suggests immune system involvement
within these disorders. The established relationship between immune dysregulation and
depression and the highly comorbid nature of depression and anxiety, are but one of several
links associating anxiety and inflammation. As aforementioned, anxiety disorders have been
linked to physical conditions associated with low grade systemic inflammation (Carroll et al.,
2009; Roest et al., 2010; Seldenrijk et al., 2010; Vogelzangs et al., 2010), as well as chronic
stress and exposure to stressful and traumatic events, which have been found to incite an
inflammatory response (Hamer et al., 20006).

While the underlying mechanisms are not yet fully understood, it has been
hypothesised that the prolonged exposure to trauma and stress facilitates HPA axis reactivity
and increased immune activation in both the periphery and CNS, leading to the dysregulation
of these systems and the subsequent continued release of cytokines (Michopoulos et al.,
2017). Cytokine signals entering the CNS can influence the processes involved with mood
regulation and behaviour, such as anxiety, arousal, and alarm (Michopoulos et al., 2017).
Moreover, cytokine signalling can affect neurotransmitter systems that regulate the release of
serotonin and dopamine, which may facilitate the production or maintenance of anxiety-based
symptoms in these disorders (Michopoulos et al., 2017). Cytokines may also contribute to
fear- and anxiety-based symptom maintenance, as they can influence the activity and
connections of brain regions implicated in the aetiology of anxiety disorders, such as the
amygdala, hippocampus, and medial prefrontal cortex (Michopoulos et al., 2017). However,
numerous mechanisms may explain associations between immune activity and anxiety

disorders, it can also be expected that immune dysregulation may be confined to specific
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subgroups of individuals experiencing anxiety, rather than a generalisable phenomenon
(Copeland et al., 2012; Liu et al., 2021; Renna et al., 2018; Vogelzangs et al., 2013).
Gaps in the Literature

A growing body of research has assessed levels of inflammatory markers among
individuals with anxiety and anxiety-based disorders, although findings are often
inconsistent. Research has primarily focused on immune dysregulation in PTSD, whereby
raised levels of inflammatory markers have been observed. Specifically, increased pro-
inflammatory cytokines IL-1f3, IL-6, TNF-a (Gill et al., 2009; Hoge et al., 2009; Newton et
al., 2014), and CRP (Eraly et al., 2014; Heath et al., 2013; Spitzer et al., 2010) were found in
individuals with PTSD. Baseline CRP plasma concentrations were also found to be
significant overall predictors of PTSD (Eraly et al., 2014). Contrastingly, other studies have
failed to identify significant associations in IL-6 concentrations (Song et al., 2008) and CRP
(von Kénel et al., 2006) with PTSD.

A large cohort study found increased levels of CRP in males with anxiety, social
phobia, and agoraphobia, after adjusting for sociodemographic, lifestyle, and disease factors
(Vogelzangs et al., 2013). Interestingly, lower levels of CRP were found among women,
indicating potential sex differences (Vogelzangs et al., 2013). Elevated levels of CRP have
also been evidenced in individuals with GAD, independent of co-morbid depression (Bankier
et al., 2008; Khandaker et al., 2016). A comprehensive, longitudinal study demonstrated
associations between CRP and GAD, however the heightened levels of CRP were attributable
to body mass index (BMI) and medication use (Copeland et al., 2012). Mixed results have
been found regarding associations between cytokines and GAD. Significant increases in the
serum levels of IL-6 (O'Donovan et al., 2010; Zou et al., 2020), TNF-a (Hou et al., 2017;
Vieira et al., 2010), and IFN-y (Hou et al., 2017) in individuals with GAD have been found,

independent of age, sex, BMI, smoking and alcohol use, and the presence or degree of
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depression. However, few studies have found no associations between anxiety disorders and
IL-6 and TNF-a (Vogelzangs et al., 2013). Additionally, individuals with anxiety and
rheumatoid arthritis (RA) exhibited significantly elevated concentrations of IL-6 and TNF-a
compared to RA individuals without anxiety (Liu et al., 2012), indicating that disability is
increased when anxiety disorders are present in combination with medical conditions (Sareen
et al., 2005).

The associations between inflammation and anxiety symptom severity have been
sparsely researched. Although, a few studies have indicated positive correlations between
anxiety symptoms and CRP (Liukkonen et al., 2011), TNF-a., IL-6 (Pitsavos et al., 2006), and
IFN-y (Zou et al., 2020). Additionally, while the relationship between PD and inflammation
has been studied, little has been reported regarding immune dysregulation and panic attacks.
As panic attacks are associated with extreme levels of stress, and experienced not only as part
of anxiety disorders, but in other psychological and physiological conditions, understanding
its relationship to inflammation is crucial. Nonetheless, PD has been associated with elevated
levels of CRP (Vogelzangs et al., 2013), IL-13 (Belem da Silva et al., 2017; Brambilla et al.,
1994; Quagliato & Nardi, 2022; Zou et al., 2020), IL-6, and TNF-o. (Hoge et al., 2009; Liu et
al., 2021).

Inconsistencies in the literature regarding anxiety and panic disorders, as well as gaps
in knowledge concerning symptom severity and panic attacks produces difficulties in
evaluating the role of specific inflammatory markers in these conditions. Moreover, whether
the underlying processes involved with anxiety and inflammation differ across disorders
remains unclear. The inconsistencies in findings may be attributable to a failure to control for
confounding variables. For example, age, BMI, medication, chronic illness, acute infection,
and mental health co-morbidities have the potential to affect inflammation (Michopoulos et

al., 2017). A recent meta-analysis examined moderating factors in the relationship between
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inflammatory markers and anxiety disorders (Renna et al., 2018). Significant overall
differences in pro-inflammatory cytokines were found between individuals with anxiety
disorders and healthy controls, with IL-1p3, IL-6, and TNF-a driving the effect (Renna et al.,
2018). Although, type of diagnosis was revealed to have significant moderating effects,
whereby individuals with PTSD showed significant differences to healthy controls (Renna et
al., 2018). Overall, determining the role inflammation plays in specific anxiety disorders is
pivotal to understanding their pathophysiology. This may lead us to the formulation of
alternative, specified approaches to the treatment and management of these conditions.
The Present Study

Review of the extant literature indicates that immune dysregulation and inflammation
are increasingly being associated with anxiety disorders and altered behaviour and mood,
although findings remain inconsistent. Additionally, individuals with anxiety disorders
frequently experience increased disability when there is a comorbid physical condition,
leading to decreased quality of life (Sareen et al., 2005). Therefore, further investigations are
required to better understand the underlying mechanisms of these disorders, leading to the
development of efficacious treatments targeting these associated inflammatory markers.

First, this study aimed to investigate the association between the severity of anxiety
symptoms and circulating levels of pro-inflammatory markers (CRP and cytokines IFN-y, IL-
1B, IL-6, IL-8, and TNF-a) over two time points. Based on previous research, we also aimed
to control for factors commonly known to influence inflammation (including comorbid
depression and autoimmune disorder, BMI, age, and sex assigned at birth) to further
discriminate the relationship between anxiety symptom severity and inflammation. As stress
is an innate part of anxiety symptom severity, we aimed to examine the associations between
individuals perceived levels of stress and inflammatory markers to assist with the

investigation of the first aim. Second, we aimed to explore the relation between a history of
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panic attacks and inflammation. Given the previous findings, we hypothesised that severity of
anxiety symptoms and perceived levels of stress would be positively associated with
heightened pro-inflammatory markers. While there is limited research examining panic
attacks and inflammation, we also hypothesised that a history of panic attacks would be
positively associated with greater levels of pro-inflammatory markers.

Methods
Participants

Individuals aged 12 years and older were recruited via flyers posted around the
University of Adelaide. Additional information about the study, and details on how to
participate were published on the university website. Individuals who were unable to provide
informed consent or, had a history of psychosis or Bipolar Affective Disorder were excluded.
All participants received a $20 Coles-Myer honorarium for their participation in the study at
baseline visit.

The sample of this pilot study consisted of 38 individuals aged 18 to 76 years.
Participants were recruited as cases (#=20) and controls (n=18). Cases included individuals
meeting the Diagnostic and Statistical Manual of Mental Disorders (DSM-5) criteria for
current or past anxiety or anxiety-based disorder, and controls comprised of individuals with
no history of: (1) an anxiety or anxiety-based disorder, (2) MDD, (3) Bipolar Affective
Disorder, or (4) psychotic disorder.

Measures
The Structured Clinical Interview for DSM-5 Disorders Clinician Version

To assess the presence of anxiety and anxiety-based disorders (GAD, PD,
Agoraphobia, SAD, Specific Phobia, OCD, PTSD), the Structured Clinical Interview for
DSM-5, Clinician Version (SCID-5-CV) (First et al., 2016) was conducted. Additionally, the

measure was used to screen for a history of MDD and psychosis. The SCID-5-CV is a semi-
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structured interview for making the DSM-5 diagnoses, and is administered by a clinician, or
trained mental health professional. The SCID-5-CV has been used extensively in psychiatric
research and has presented excellent reliability (level of positive agreement for diagnoses
>75%), high specificity and sensitivity (.70-.80), and clinical validity (Osério et al., 2019;
Shabani et al., 2021).

The presence of current or remitted co-morbid MDD was examined using the SCID-
5-CV, as raised levels of inflammatory markers have been associated with MDD (Dantzer et
al., 2008; Haapakoski et al., 2015; Howren et al., 2009; Kohler et al., 2017). Moreover, panic
attack history was assessed using the Panic Disorder subscale of the SCID-5-CV and was
characterised by individuals who have experienced one or more panic attacks in their
lifetime.

Anxiety Symptom Severity

Anxiety symptom severity was assessed using the Hamilton Anxiety Scale (HAM-A)
(Hamilton, 1959; Hamilton, 1969). The HAM-A is a frequently used anxiety symptom rating
scale in clinical research (Shear et al., 2001). The scale consists of 14 items: a 7-item
“Psychic” subscale and 7-item “Somatic” subscale, whereby items for “Somatic” are further
subcategorised into muscular and sensory groups. HAM-A also includes a variable evaluating
the individual’s behaviour during the interview. All items are rated on a 5-point Likert scale,
from 0 (Absent) to 4 (Very Severe), yielding a total severity score calculated by the
summation of all items (range from 0-56). The HAM-A has displayed good internal
consistency (.86) and reliability (interrater = .74 — .98; test-retest = .86) (Leentjens et al.,
2011; Maier et al., 1988; Shear et al., 2001), and moderate to good validity (Clark &

Donovan, 1994; Shear et al., 2001; Zimmerman et al., 2017).
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Perceived Stress

The Perceived Stress Scale (PSS) is a well-validated (Chiu et al., 2016; Soria-Reyes et
al., 2022) and widely used measure of an individual’s stress (Cohen et al., 1983). The PSS is
a brief, 10-item self-report questionnaire, where participants rated the degree to which they
perceived their lives to be uncontrollable, unpredictable, and overwhelming. All items are
rated on a 5-point Likert scale, from 0 (never) to 4 (very often). Items 4, 5, 7, and 8 are
reverse scored, and the total score is formed by the summation of all items. Higher scores
indicate greater stress levels.
Inflammatory Markers

Markers of inflammation from baseline and follow-up visits were assessed after the
follow-up data was collected for all individuals, as measuring all samples in the same batch
minimises measurement error. Non-fasting blood samples were collected using two 8ml tubes
containing gel for serum inflammatory markers (CRP, IFN-y, IL-1B, IL-6, IL-8, and TNF-a.).
The collection time of each blood sample was noted. Blood samples were processed and kept
frozen at -80 degrees Celsius in the Adelaide Mental Health Biobank (managed by the
University of Adelaide, Discipline of Psychiatry). For the measurement of serum
inflammatory markers, the relevant samples were thawed and measured using the Millipore
Human Cytokine Panel 5-plx (for cytokines IFN-y, IL-1p, IL-6, IL-8, and TNF-a), and high
sensitivity enzyme-linked immunosorbent assay (ELISA) for CRP.
Covariates

Demographic and lifestyle characteristics have been linked to both anxiety and
inflammation and are commonly used as covariates in studies examining the association
between anxiety and inflammation (Copeland et al., 2012; Kitahara et al., 2014; Shafiee et al.,
2017; Vogelzangs et al., 2013). These characteristics included age, sex assigned at birth, BMI,

medication use, smoking and alcohol use, and medical conditions. BMI was calculated from



ANXIETY SYMPTOM SEVERITY, PANIC ATTACKS AND INFLAMMATION 22

weight and height measurements completed at both assessments (weight in kilograms divided
by height in metres squared). Smoking and alcohol use were assessed during face-to-face
interviews at both assessments. Additionally, several disease-related covariates were assessed
through self-report measures at the initial visit (including rheumatoid arthritis, diabetes,
colitis, and systemic lupus erythematosus). Medication use was self-reported at both
assessments, and classified according to the Australian Medicines Handbook (Australian
Medicines Handbook, 2020). The use of systemic anti-inflammatory medication, and
medication with immunoregulatory effects such as statins and omega-3 (Almog, 2003;
Kiecolt-Glaser et al., 2011; Yan et al., 2011) were assessed. Antidepressants were included as
a covariate, as studies have shown antidepressants to produce anti-inflammatory effects
(Kubera et al., 2001; Lenze et al., 2011; Talmon et al., 2018). Antidepressant medications
included selective serotonin reuptake inhibitors (SSRI) and serotonin and noradrenaline
reuptake inhibitors.

Procedure and Study Design

Data for this pilot study were collected by an ongoing study led by the University of
Adelaide, Discipline of Psychiatry. The study began in 2019 to investigate the longitudinal
relationship between inflammatory markers and anxiety disorders. Secure, password
protected de-identified data was provided to the researcher following ethics approval by
University of Adelaide Human Research Ethics Committee (HREC; H-2019-092).

An observational, longitudinal design was employed. All potential participants were
provided information sheets. Informed consent for the use of participants’ de-identifiable data
for the current study — with the option of consenting to the use of the data in future studies —
was obtained at the initial visit, prior to the administration of study interviews,
questionnaires, and blood collection. An optional consent to release information form was

given to participants, and if signed, allowed the research team to contact treating health
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practitioners in circumstances such as elevated scores from psychological measures where the
treating practitioner may be unaware.

The study involved an initial (baseline) visit and follow-up visit after 6 months.
During baseline visit, structured interviews were conducted using all measures and scales to
assess severity of anxiety symptoms (HAM-A) and panic attack history (SCID-5-CV). Other
psychometric scales used in the overall study were also administered. Participants completed
a self-report questionnaire evaluating their perceived level of stress (PSS). Demographic
information and additional factors that may confound the relationship between inflammation
and anxiety disorders (BMI, smoking and alcohol use, medical conditions, and current
medications) were collected. Blood samples were then taken and stored until use for
measurement of inflammatory markers.

All interviews, questionnaires, and phlebotomy were administered by trained
researcher staff, during visits to the Clinical Research Facility at the University of Adelaide.
Additional contact information of mental health care services was provided to all participants.
During the follow up visit 6 months later, repeat clinical and biological measures were
collected, including information regarding the confounding factors.

Data Analytic Strategy

After appropriate data for the pilot study were cleaned, analyses were conducted using
R statistical software (RStudioTeam, 2022). All variables were tested for normality, and
logarithmic transformations were applied to all inflammatory markers to normalise
distributions. Log-transformed inflammatory markers were used for all analyses. To address
the association between anxiety symptom severity and inflammation, Pearson’s product-
moment correlations were computed for each inflammatory marker and HAM-A and PSS
scores. Further examination of the differences in significant inflammatory markers between

participants who scored above the median HAM-A score and those who scored below were
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examined using t-tests. Additional t-tests were calculated to assess mean group differences in
each inflammatory marker between males and females, and individuals with a history of
panic attacks and those with no history. Cohen’s d was used to measure the effect sizes for
each t-test. The strength of these relationships was further analysed using linear regressions,
controlling for age, sex, BMI, medication use, smoking and alcohol use, presence of
autoimmune disorder, and co-morbid depression. As the study was underpowered to add all
covariates into the model, a systematic approach to the inclusion of specific covariates was
taken. Each model was run with each individual covariate — the covariate that contributed in a
statistically significant way to the model was included first. This method continued until there
were no other statistically significant contributors. To assess the first aim controlling for the
covariates, HAM-A scores were added to the larger model to assess any significant
contributions. Repeat procedures were conducted with data from both time points. To
contribute to the investigation of the first aim, PSS scores were added into the linear
regression models which included only the significant covariates. The second aim assessing
the relationship of panic attack history and inflammatory markers were calculated using
similar method, whereby panic attack history was added to the model that included only
significant covariates. Effect sizes for linear regression models were calculated by Cohen’s /%
R’ divided by 1 minus R? (Selya et al., 2012). A post hoc analysis to compute the achieved
power given the sample size was conducted using G*Power 3.1 (Faul et al., 2009). Assuming
a small to moderate effect size would be of interest, the study was underpowered (.39) to
detect such effect for multiple linear regression with four predictors. Although, a moderate
effect size (f2=.25) satisfied sufficient power of .62 using an alpha of .05.

There were 36 valid measures of IFN-y data for both time points, and 1 missing
measurement for follow up CRP. Antidepressant and anti-inflammatory medication were

combined as one variable, “Medication Use”, as there were insufficient data when considered
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separately (see Table 2 for number of participants using antidepressants or anti-
inflammatories).
Results

Descriptive Statistics

Baseline and follow-up characteristics of the total sample (N=38) are shown in Tables
2 and 3. Mean age of the pilot study sample at baseline was 32.2 (SD=14.9) years and 76.3%
were women. The sample consisted of 7 backgrounds: Asian, Caucasian, Indian, Italian,
Saudi Arabian, South American, and Swedish. On average, participants scored on the upper
limit of normal, approaching mild anxiety symptom severity at baseline (mean=12.8,
SD=7.5), according to National Institute of Neurological Disorders and Stroke: Common
Data Elements (2022) (HAM-A scores between 0 and 13 are classified as normal). Around
half of the participants at baseline and follow-up (50% and 52.6%, respectively) had
experienced at least one panic attack in their lifetime; 4 individuals recorded experiencing
panic attacks within the month of the initial visit, and 11 individuals recorded experiencing
panic attacks over a month prior to initial visit.
Correlations and Comparisons

To observe the relationship between inflammatory markers and anxiety symptom
severity before controlling for covariates, Pearson’s correlations were conducted, and all
other assumptions of Pearson’s correlations were met. Associations between inflammatory
markers and continuous covariates were also examined. The correlations are presented in
Table 2. HAM-A scores had significant small, negative correlations with CRP at baseline
(r=-.36, p=.03). Significant group differences in CRP levels at baseline were additionally
observed between participants who scored above the median HAM-A score (mean CRP=.8

mg/1) and those who scored below (mean CRP=1.9 mg/l) (#(24.3)=-2.10, p=.05).
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Table 2

Descriptive Statistics and Correlations® for Continuous Study Variables

. Time CRP IFN-y TNF-a IL-1p IL-6 IL-8
Vv I ) M(SD) R
arigble 5 oine MOD) Range i ogiml) (pg/ml) (pg/ml) (pg/ml) (pg/mi)
Covariates
32.2 18 — o
Age 1 149) 76 41 -.06 .01 .06 A1 15
(years) 34.2 18—
2 (15.0) 7 .23 18 .09 01 A1 A3
24.7 18 —
1 48" -1 1 . A1 12
BMI, (4.4) 36 8 > 6 09 0
kg/m? 25.1 18- -
2 (5.0) 39 52 -.23 A7 -.04 A1 .08
Alcohol =06 5 10 o4 07 01 -07 04 11
use (1.8)
(standard 0.3
drinks 2 (1'3) 0-7 10 -.09 -.13 -.13 -.05 -.04
Iweek) '
Primary
Anxiety 12.8 .
Symptom 1 (75) 0-35 -.36 -31 =27 -17 -.18 -.23
Severity 102
(HAM- 2 ) 0-27 .08 -.01 -.05 -.08 -.04 -.06
(6.3)
A)
. 16.4
Perceived 1 2-33 -24 =27 -13 -.19 -.29 =27
(8.2)
Stress 14.4
(PSS) 2 @ 'O) 0-29 -02 -.03 -.10 -.16 -11 -.14

Note. N = 38. HAM-A = Hamilton Anxiety Scale; PSS = Perceived Stress Scale; M(SD) =
mean (standard deviation); BMI = Body Mass Index; CRP = C-reactive protein; IFN-y =
interferon-y; TNF-o = tumour necrosis factor-o.; IL-1f = interleukin-1p; IL-6 = interleukin-6;
IL-8 = interleukin-8.

a All correlations use Pearson’s product-moment correlations between log-transformed
inflammatory markers and other variables.

“p <.05. "p <.01.
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HAM-A scores had a small, negative relationship, approaching significance with IFN-y
(r=-.31, p=.07). Correlations between other inflammatory markers and HAM-A scores were
non-significant, negative, and negligible. Similarly, PSS scores had negative, negligible
correlations with all inflammatory markers, although there was a small correlation with IL-6
at baseline approaching significance (r=-.29, p=.07). Moreover, age and BMI had significant,
moderate, positive correlations with CRP at baseline and follow-up (=.41-.52, p<.01).
Group differences in inflammatory marker levels for panic attack history and sex are
presented in Table 4. There were no significant group differences in inflammatory marker
concentrations between individuals who have experienced panic attacks and those who have
not. Although, small to moderate effect sizes (Cohen’s d=-0.22— -0.53) were observed in
mostly all inflammatory markers between individuals with a history of panic attacks and
those without. Interestingly, individuals who have never experienced a panic attack in their
lifetime had greater levels of inflammatory markers compared to individuals who have
experienced panic attacks. For example, IFN-y in individuals with panic attack
history=5.2pg/ml; IFN-y in individuals with no history=9.1pg/ml. Additionally, there were no
significant group differences in inflammatory marker concentrations between females and
males. However, small to moderate effect sizes (Cohen’s d=-0.21- -0.68) were observed in
most inflammatory markers between females and males, with baseline IFN-y indicating large
effects (Cohen’s d=-0.83). Moreover, males tended to exhibit greater levels of inflammatory

markers than females (for example, IFN-y in males=11.7pg/ml; IFN-y in females=5.7pg/ml).
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Table 3

Descriptive Statistics for Categorical Study Variables®

Variables Time Point Total Sample
N %
Primary
. . 1 19 50.0
History of Panic Attack ) 20 526
Covariates
Sex, female — 29 76.3
.. 1 15 395
Medication use . 12 316
) 1 6 15.8
A

ntidepressant 5 9 3.7
.. 1 9 23.7
Anti-inflammatory , 4 105

Smoking status, current L 0 0
g status, 2 2 5.3
) . . 1 11 29.0
Autoimmune/ inflammatory disease , 11 9.0
Diabetes Type 2 — 2 5.3
Psoriasis — 1 2.6
Colitis - 3 79
Rheumatoid Arthritis - 2 5.3
Systemic Lupus Erythematosus — 1 2.6
Celiac — 1 2.6
PCOS - 1 2.6
Eczema - 3 79
1 16 421
MDD 2 16 421

Note. N = 38. HAM-A = Hamilton Anxiety Scale; PSS = Perceived Stress Scale; MDD =
major depressive disorder; PCOS = polycystic ovarian syndrome.

4 Reflects the number and percentage of participants answering “yes” to this question.
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Table 4

29

Descriptive Statistics and Mean Group Comparisons® between Categorical Study Variables

Outcome Time History of No History of ¢ 5 q
variable Point Panic Attack Panic Attack
M SD M SD
CRP (mg/l) 1 1.1 1.6 1.6 1.6 -0.87 39 -0.28
2 15 1.8 1.4 1.3 0.24 .81 0.08
IFN-y (pg/ml) 1 5.2 7.0 9.1 16.4 -1.58 12 -0.53
2 8.7 7.8 10.9 11.3 -0.47 .65 -0.15
TNF-a (pg/ml) 1 114 39 18.5 4.8 -1.57 .13 -051
2 13.0 19.3 26.0 47.0 -1.17 26 -0.40
IL-1B (pg/ml) 1 1.7 1.6 2.7 6.2 -0.92 37  -0.30
2 2.9 4.6 5.3 14.7 -0.65 53 -0.22
IL-6 (pg/ml) 1 31.8 43.0 40.6 42.9 -0.58 57 -0.19
2 31.9 50.7 47.0 57.7 -0.91 37  -0.30
IL-8 (pg/ml) 1 45.7 69.0 50.7 54.1 -0.23 .82 -0.07
2 39.6 71.6 62.8 82.1 -1.01 32 -0.34
Outf:ome Tw_ne Female Male t p d
variable Point
M SD M SD
CRP (mg/l) 1 1.2 1.5 1.9 2.3 -0.84 42 -0.40
2 15 1.6 1.4 0.9 0.08 94 -0.02
IFN-y (pg/ml) 1 5.7 6.4 11.7 9.4 -1.78 .10 -0.83
2 9.0 14.7 12.0 12.7 -0.60 56 -0.21
TNF-a. (pg/ml) 1 14.2 16.0 17.3 5.3 -0.90 37 -0.22
2 20.0 37.5 16.4 4.5 0.50 62 -0.11
IL-1B (pg/ml) 1 2.0 3.7 2.9 2.6 -0.85 41 0.27
2 4.5 125 25 2.4 0.82 42 018
IL-6 (pg/ml) 1 29.1 419 59.0 55.9 -1.48 17 -0.66
2 325 43.2 60.2 67.3 -1.17 27  -0.56
IL-8 (pg/ml) 1 38.6 58.4 78.8 94.7 1.20 26 -0.59
2 39.6 50.9 85.6 106.2 -1.25 24 -0.68

Note. N = 38. M = mean; SD = standard deviation; CRP = C-reactive protein; IFN-y =

interferon-y; TNF-a = tumour necrosis factor-o.; IL-1f = interleukin-1p; IL-6 = interleukin-6;

IL-8 = interleukin-8.

2 All analyses use t-tests between log-transformed inflammatory markers and variables.
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Analyses of Anxiety Symptom Severity and Inflammatory Markers
HAM-A scores and Inflammatory Markers

After systematically assessing the significant contributions of each covariate, sex
ultimately had the greatest significant association with most inflammatory markers (IFN-y,
IL-1B, IL-6, IL-8, and TNF-a at baseline). BMI, age, and medication use were also found to
significantly contribute to CRP, IFN-y at baseline, and TNF-a at follow-up. As shown in
Table 5, the first set of regression models present associations between CRP and HAM-A
scores at each time point. This includes BMI and age as covariates for baseline, and BMI as a
covariate for follow-up. The overall model for baseline CRP was significant (F(3,34)=7.12,
p<.001, R’=.33), and had a large effect size (Cohen’s /°=.49). HAM-A scores, BMI and age
accounted for 33.2% of the variance in CRP levels. BMI (#34)=2.80, p=.008) had significant
associations with CRP, with age (#(34)=1.89, p=.068) approaching significance. However,
following the inclusion of BMI and age, associations with HAM-A became non-significant
(1(34)=-1.76, p=.088). Comparatively, CRP at follow-up produced similar results, whereby
the overall model was significant (F(2,34)=6.28, p=.004, R’=.23) and had a large effect size
(Cohen’s £=.30). HAM-A scores and BMI accounted for 23.7% of the variance in CRP
levels. Although, like baseline, BMI (#34)=3.50, p=.001) remained significantly associated
with CRP, while associations between CRP and HAM-A (#(34)=-0.10, p=.918) became non-
significant following the inclusion of BMI in the model.

The second set of regression models presented in Table 5 assess associations between

IFN-y and HAM-A scores at each time point. Including sex and medication use as covariates

for baseline, and sex as a covariate for follow-up. The overall model for baseline IFN-y was
significant (F(3,32)=3.54, p=.025, R’=.18), with a moderate effect size (Cohen’s /°=.22).

HAM-A scores, sex, and medication accounted for 17.9% of the variance in IFN-y levels.
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Table 5

Associations® between Inflammatory Markers® and Anxiety Symptom Severity at each time

point
95% Cls
Covariate Estimate SE LL UL p Adjusted R?

CRPT1
HAM-A -0.04 0.03 -0.09 0.01  .088 33
BMI 0.12 0.04 0.03 0.21  .008
Age 0.02 0.01 -0.01 0.05 .068

CRP T2
HAM-A -0.01 0.03 -0.06 0.06  .918 23
BMI 0.15 0.04 0.06 024 .001

IFN-y T1
HAM-A -0.02 0.03 -0.08 0.04 534 18
Sex -1.00 0.47 -1.95  -0.05 .040
Medication use  -0.82 0.42 -1.68 0.04 .062

IFN-y T2
HAM-A 0.01 0.04 -0.08 0.09 .924 -.04
Sex -0.45 0.55 -1.56 0.67  .423

IL-18 T1
HAM-A -0.01 0.02 -0.05 0.03 535 .05
Sex -0.53 0.31 -1.16 0.10 .098

IL-1B T2
HAM-A -0.01 0.03 -0.07 0.05 .702 -.05
Sex -0.15 0.41 -0.99 069 721

IL-6 T1
HAM-A -0.03 0.04 -0.11 0.06  .496 .06
Sex -1.29 0.74 -2.79 0.19  .086

IL-6 T2
HAM-A 0.01 0.05 -0.10 0.10  .940 .03
Sex -1.24 0.71 -2.68 021  .092

IL-8T1
HAM-A -0.03 0.03 -0.08 0.03  .296 .06
Sex -0.70 0.46 -1.64 024 137

IL-8 T2
HAM-A -0.01 0.03 -0.07 0.07  .961 .01
Sex -0.68 0.47 -1.64 0.28 .160

TNF-a T1
HAM-A -0.02 0.01 -0.04 0.01  .209 .09
Sex -0.33 0.21 -0.75 0.09 121

TNF-0. T2
HAM-A -0.01 0.02 -0.04 0.02 .624 .01

BMI 0.03 0.02 -0.01 0.07 170
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Note. CRP = C-reactive protein; IFN-y = interferon-y; IL-1p = interleukin-1p; IL-6 =
interleukin-6; IL-8 = interleukin-8; TNF-a = tumour necrosis factor-o.; SE = standard error;
CI = confidence interval; LL = lower limit; UL = upper limit; HAM-A, Hamilton Anxiety
Rating Scale; T1 = baseline visit; T2 = follow up visit.

2 Based on linear regression analyses.

b Inflammatory markers were log-transformed to normalize distributions.

Sex (#32)=-2.14, p=.040) had significant associations with [FN-y, while medication use
(1(32)=-1.93, p=.062) was approaching significance. Similarly to the CRP models, following
the inclusion of the covariates, associations between HAM-A and IFN-y became non-
significant (#32)=-0.63, p=.534). At follow-up, the overall model of IFN-y was non-
significant (F(2,33)=0.33, p=.721, R’°=-.04), with a small effect size (Cohen’s f°=-.04),
whereby HAM-A scores and sex accounted for 4% of the variance in IFN-y levels.

The proceeding regression models shown in Table 5 measures the associations
between IL-1, IL-6, IL-8, and TNF-a and HAM-A scores, respectively. There were no
statistically significant overall models, or individual associations within each model,
nevertheless, these associations had small effect sizes, ranging from Cohen’s 2 of .002
to .094.

PSS scores and Inflammatory Markers

As the significant associations between each covariate and inflammatory markers had
been previously assessed, covariates that had the greatest significant associations were
included in the models. As shown in Table 6, the first set of regression models examine
associations between CRP and PSS scores at each time point. The overall model for baseline
CRP was significant (F(3,34)=5.84, p=.003, R’=.28), with a large effect size (Cohen’s

°=.39). PSS scores, BMI and age accounted for 28.2% of the variance in CRP levels. BMI
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(1(34)=2.88, p=.007) had significant associations with CRP, while age (#(34)=1.74, p=.091)
and PSS scores (#34)=-0.71, p=.485) had non-significant associations. Follow-up CRP
produced similar results, whereby the overall model was significant (£(2,34)=6.39, p=.004,
R’=.23), and had a large effect size (Cohen’s f°=.30). PSS scores and BMI accounted for 23%
of the variance in CRP levels. Similarly to baseline, BMI (#34)=3.57, p=.001) had significant
associations with CRP, while PSS (#34)=-0.41, p=.684) had non-significant associations.

The second set of regression models presented in Table 6 assess associations between
IFN-y and PSS scores at each time point. The overall model for baseline IFN-y was
significant (F(3,32)=3.38, p=.030, R’=.17), with a moderate effect size (Cohen’s f’=.21). PSS
scores, sex, and medication use accounted for 17% of the variance in [FN-y levels. Both sex
(1(32)=-2.22, p=.034) and medication use (#32)=-2.07, p=.047) had significant associations
with IFN-y, although PSS (#(32)=-0.20, p=.843) had non-significant associations. At follow-
up, overall IFN-y model was non-significant (£(2,33)=0.33, p=.722, R’=-.04), with a small
effect size (Cohen’s f°=-.04), whereby PSS scores and sex accounted for 4% of the variance
in IFN-y levels.

The fourth set of regression models in Table 6 depict associations between IL-6 and
PSS scores, with sex as a covariate for each time point. The overall model for baseline IL-6
was approaching significance (F(2,35)=2.94, p=.066, R°=.10), with a moderate effect size
(Cohen’s 2=.11). PSS scores and sex accounted for 9.5% of the variance in IL-6 levels.
However, with the inclusion of sex in the model, associations with both variables became
non-significant (PSS: #(35)=-1.33, p=.193; sex: #(35)=-1.56, p=.128). The overall model for
follow-up IL-6 was non-significant (F(2,35)=2.22, p=.124, R’=-.02), with a small effect size
(Cohen’s f°=-.02), whereby PSS scores and sex accounted for merely 2.4% of the variance in
IL-6 levels. While PSS scores (#(35)=-0.68, p=.498) had non-significant associations with IL-

6, sex (#(35)=-1.91, p=.065) had associations approaching significance.
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Table 6

Associations® between Inflammatory Markers® and Perceived Stress at each time point

95% Cls
Covariate Estimate  SE LL UL p  Adjusted R?

CRPT1
PSS -0.02 0.03 -0.07 0.03 485 .28
BMI 0.13 0.04 0.04 0.22 .007
Age 0.03 0.01 -0.01 0.05 .091

CRP T2
PSS -0.01 0.03 -0.07 0.04 .684 23
BMI 0.15 0.04 0.06 0.23 .001

IFN-y T1
PSS -0.01 0.03 -0.06 0.05 .843 A7
Sex -1.06 0.48 -2.03 -0.09 .034
Medication use -0.89 0.43 -1.76 -0.02  .047

IFN-y T2
PSS -0.01 0.03 -0.07 0.07 944 -.04
Sex -0.43 0.54 -1.54 0.67 433

IL-1B T1
PSS -0.01 0.02 -0.05 0.02 .505 .05
Sex -0.51 0.31 -1.15 0.13 112

IL-1B T2
PSS -0.02 0.03 -0.08 0.03 344 -.02
Sex -0.14 0.40 -0.96 0.68 731

IL-6 T1
PSS -0.05 0.04 -0.13 0.03 193 10
Sex -1.14 0.73 -2.63 0.34 128

IL-6 T2
PSS -0.03 0.04 -0.12 0.06 498 -.02
Sex -1.37 0.72 -2.83 0.09 .065

IL-8 T1
PSS -0.03 0.02 -0.08 0.02 211 .08
Sex -0.65 0.47 -1.59 0.29 A71

IL-8 T2
PSS -0.02 0.03 -0.08 0.04 470 .02
Sex -0.65 0.46 -1.59 0.29 170

TNF-a T1
PSS -0.01 0.01 -0.03 0.02 77 .05
Sex -0.37 0.21 -0.81 0.06 .089

TNF-a T2
PSS -0.01 0.01 -0.04 0.02 .540 .01
BMI 0.03 0.02 -0.01 0.07 .186

Note. CRP = C-reactive protein; IFN-y = interferon-y; IL-1p = interleukin-1p; IL-6 =

interleukin-6; IL-8 = interleukin-8; TNF-a = tumour necrosis factor-o.; SE = standard error;
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CI = confidence interval; LL = lower limit; UL = upper limit; PSS = perceived stress scale;
T1 = baseline visit; T2 = follow up visit.
4 Based on linear regression analyses.

b Inflammatory markers were log-transformed to normalize distributions.

The additional regression models presented in Table 6 examine the associations
between IL-1, IL-8, and TNF-a and PSS scores, respectively. There were no significant
overall models, or individual associations within each model, although these inflammatory
makers had small effect sizes, ranging from Cohen’s /? of 005 to .081.

Analyses of Panic Attack History and Inflammatory Markers

The relationship between a history of panic attacks and inflammatory markers,
controlling for confounding factors were examined, and results are presented in Table 7. As
the significant contributions of each covariate to inflammatory markers had been previously
assessed, covariates that had the greatest significant associations were included in the models.
The first set of regression models assess associations between CRP and panic attack history at
each time point. The overall model for baseline CRP was significant (F(3,34)=6.06, p=.002,
R’=.29), with a large effect size (Cohen’s f°=.41). Panic attack history, BMI, and age
accounted for 29.1% of the variance in CRP levels. Both BMI (#34)=2.95, p=.006) and age
(1(34)=2.10, p=.043) had significant associations with CRP, while panic attack history
(1(34)=-0.97, p=.337) had non-significant associations. Follow-up CRP produced similar
results, whereby the overall model was significant (£(2,34)=6.28, p=.005, R’=.23), with a
large effect size (Cohen’s f°=.29). Panic attack history and BMI accounted for 22.7% of the
variance in CRP levels. BMI (#(34)=3.54, p=.001) had significant associations with CRP,

however panic attack history (#(34)=0.06, p=.954) had non-significant associations.
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The second set of regression models in Table 7 examine associations between IFN-y
and panic attack history at each time point. The overall model for baseline IFN-y was
significant (F(3,32)=3.83, p=.019, R?=.20), with a large effect size (Cohen’s f°=.24). Panic
attack history, sex, and medication use accounted for 19.5% of the variance in I[FN-y levels.
Both sex (#(32)=-2.21, p=.034) and medication use (#(32)=-2.15, p=.039) had significant
associations with IFN-y, although panic attack history (#32)=-1.03, p=.311) had non-
significant associations. At follow-up, the overall IFN-y model was non-significant
(F(2,33)=0.74, p=.487, R’=-.02), with a small effect size (Cohen’s f*=-.02), whereby panic
attack history and sex accounted for 1.5% of the variance in IFN-y levels.

The fourth set of regression models in Table 7 assess associations between IL-6 and
panic attack history at each time point. The overall model for baseline IL-6 was non-
significant (F(2,35)=1.98, p=.153, R?=.05), with a small effect size (Cohen’s /*=.05), whereby
panic attack history and sex accounted for 5% of the variance in IL-6 levels. Although sex
(1(35)=-1.98, p=.055) had significant associations with IL-6, panic attack history (#35)=0.21,
p=.836) had non-significant associations. Competitively, the overall model for follow-up IL-6
was non-significant (F(2,35)=2.05, p=.144, R’=.05), with a small effect size (Cohen’s
f°=-.06), whereby panic attack history and sex accounted for 5.4% of the variance in IL-6
levels. Yet, similar to baseline, sex (#35)=-2.03, p=.051) had significant associations with IL-
6, while panic attack history (#35)=0.42, p=.680) had non-significant associations.

The subsequent regression models shown in Table 7 measure associations between IL-
1B, IL-8, and TNF-a and panic attack history, respectively. There were no significant overall
models, and individual associations within each model, nonetheless these inflammatory

markers had small effect sizes, ranging from Cohen’s /> of .021 to .094.
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Table 7

Associations® between Inflammatory Markers® and Panic Attack History® at each time point

95% Cls
Covariate Estimate SE LL UL p  Adjusted R?

CRPT1
Panic attack history -0.36 0.04 -111 0.39  .337 .29
BMI 0.13 0.04 0.04 0.22  .006
Age 0.03 0.01 0.01 0.05 .043

CRP T2
Panic attack history 0.02 037 -0.73 0.77  .954 .23
BMI 0.15 0.04 0.06 0.23 .001

IFN-y T1
Panic attack history -0.40 039 -1.19 039 311 .20
Sex -0.99 045 -1.90 -0.08 .034
Medication use -0.84 039 -164 -0.04  .039

IFN-y T2
Panic attack history -0.43 048 -1.39 054  .377 -.02
Sex -0.33 055 -144 0.79 556

IL-1p T1
Panic attack history -0.03 026 -0.56 0.50 .915 .04
Sex -0.57 031 -1.19 0.06 .074

IL-1B T2
Panic attack history -0.19 035 -091 0.52  .586 -.04
Sex -0.13 041 -0.97 0.71 754

IL-6 T1
Panic attack history 0.13 0.62 -1.13 1.39 .836 .05
Sex -145 073 -2.93 0.03 .055

IL-6 T2
Panic attack history 0.26 0.63 -1.01 1.53 .680 .05
Sex -149 073 -2.98 0.01 .051

IL-8T1
Panic attack history -0.08 039 -0.88 0.72  .846 .03
Sex -0.80 046 -1.74 0.14 .092

IL-8 T2
Panic attack history -0.30 040 -1.12 051 454 .02
Sex -0.61 047 -157 0.35 .206

TNF-a

Tl Panic attack history -0.22 017 -0.57 0.13  .208 .09
Sex -0.34 020 -0.76 0.07 .101

TNF-a

T2 Panic attack history -0.31 019 -0.69 0.07 .106 .07
BMI 0.03 0.02 -0.01 0.07 .153

Note. CRP = C-reactive protein; IFN-y = interferon-y; IL-1p = interleukin-1p; IL-6 =

interleukin-6; IL-8 = interleukin-8; TNF-a = tumour necrosis factor-o.; SE = standard error;
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ClI = confidence interval; LL = lower limit; UL = upper limit; T1 = baseline visit; T2 = follow
up visit.

4 Based on linear regression analyses.

b Inflammatory markers were log-transformed to normalize distributions.

¢ Reflects participants who have experienced at least one panic attack in their lifetime.

Discussion

Previous research suggests that chronic exposure to stressors may alter the HPA axis
response, resulting in an increase in the production of inflammatory markers (Furtado &
Katzman, 2015; Liu et al., 2021; Michopoulos et al., 2017; Passos et al., 2015; Renna et al.,
2018; Won & Kim, 2020). In order to investigate the role of inflammation in anxiety disorder
symptomology, specifically symptom severity and panic attacks, concentrations of circulatory
inflammatory markers were assessed in 38 individuals. We hypothesised that anxiety
symptom severity and panic attack history is positively associated with elevated levels of
inflammatory markers. A series of linear regression analyses of five cytokines and CRP were
conducted. Although significant associations were initially found between anxiety symptom
severity, CRP, and IFN-y, these relationships were attenuated to non-significance after
controlling for confounding factors. Additionally, we found no significant associations
between perceived stress, individuals with a history of panic attacks and inflammatory
markers. However, the study was powered to only detect large effects. Further research
examining these relationships utilising a larger population may be valuable. This chapter will
critically discuss findings from this study, with reference to their implications in clinical and

research settings.
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Anxiety Symptom Severity

Results from linear regression analyses of CRP and five cytokines — TNF-a, IFN-y,
IL-1B, IL-6, and IL-8 — showed no significant associations with anxiety symptom severity or
perceived stress after controlling for significant covariates. Although heightened CRP and
IFN-y (at baseline only) had significant correlations with reduced anxiety symptom severity,
this was attenuated by BMI, age, and medication use. Additionally, the results for all
inflammatory markers indicated a negative relationship between inflammation and anxiety
symptom severity and perceived stress, after controlling for covariates. The results from the
study do not support the hypothesis that anxiety symptom severity is positively associated
with inflammatory marker concentrations. This is in concordance with previous findings by
McCanlies et al. (2011) who observed no significant associations of CRP and IL-6 levels with
PTSD symptomology. Comparatively to our findings, police officers with high PTSD
symptomology had lower mean levels of CRP and IL-6 compared to those with low PTSD
symptomology, although these group differences were not significant (McCanlies et al.,
2011). It was suggested that differences in observed study populations and small sample size
may have resulted in negative associations between PTSD symptomology and inflammatory
markers (McCanlies et al., 2011). Likewise, Vogelzangs et al. (2013) and Duivis et al. (2013)
examined participants from the Netherlands Study of Depression and Anxiety. While
Vogelzangs et al. (2013) found no significant associations between anxiety symptom severity
and inflammation, similar negative relationships were observed, with negative beta values
reported for symptom severity. Duivis et al. (2013) however, found associations between
somatic anxiety symptoms with elevated concentrations of CRP, IL-6, and TNF-a, and
cognitive anxiety symptoms with elevated levels of CRP. Yet, similarly to our findings,
lifestyle factors, specifically BMI, played an important role in the relationship (Duivis et al.,

2013).
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In contrast to our findings, several studies have reported clear positive associations
between inflammatory markers and severity of anxiety symptomology after adjusting for
confounding factors. Liukkonen et al. (2011) observed that males reporting anxiety symptoms
had greater CRP levels compared to those who did not report symptoms of anxiety. Our
results became non-significant when controlling for factors that affect inflammation, with
BMI incurring the strongest effect on the association. Whereas their findings remained
unaltered when adjusted for a range of covariates including BMI. Moreover, van Eeden et al.
(2021) found positive associations between inflammatory marker concentrations and levels of
anxiety, specifically regarding somatic anxiety symptoms and symptoms of agoraphobia.
Studies by Fonkoue et al. (2020) and Lindqvist et al. (2017) reported similar associations
with increased inflammation and symptom severity of PTSD, which were mostly maintained
following the adjustment of confounding factors MDD and BMI, respectively. Specifically,
elevated levels of TNF-a, IL-1p, and IL-6 were found in severe PTSD (Fonkoue et al., 2020).

The discrepancies observed between our findings and results of others may be a result
of differences in the studied populations, sample sizes, or clinical and biological differences
between specific anxiety disorder symptomologies. The negative associations may be
explained by less severe symptom presentations, since participants were recruited in
community settings. Additionally, a lack of association may occur if inflammation is related
to specific symptoms of anxiety disorders. Thus, the role of inflammation in anxiety
symptoms may be better gleaned by examining the individual symptoms of anxiety disorders,
as an alternative to total number of symptoms or anxiety in general. Further research
examining the role of the immune system in a range of anxiety disorders and specific

symptomology may aid in disentangling these relationships.
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Panic Attack History

The linear regression analyses of CRP and the five cytokines reported no significant
associations with panic attack history. However, this finding should be interpreted with
caution as it is limited by the categorisation of history of panic attacks. To our knowledge,
this is the first study to examine the relationship between panic attacks and several pro-
inflammatory markers. As such, results can only be compared to those of PD studies.
Although comparisons made should also be cautiously inferred, as these studies have
recruited from clinically diagnosed patients with PD. Therefore, it is likely that they will have
greater symptom severity. Nonetheless, several studies investigating PD have found
significant associations with inflammatory markers. Similarly to the negative associations
found in this study, Ttikel et al. (2012) reported that mean concentrations of IFN-y were
significantly lower in patients with PD compared to healthy controls. Additionally, they found
no significant associations in IL-1f3, IL-6, and TNF-a levels between patients with PD and
healthy controls. Though, the authors acknowledge that their study was underpowered, which
may indicate issues regarding the interpretation of their findings. Low statistical power can
lead to increased risks that a statistically significant finding is a Type I error — the rejection of
a true null hypothesis (Christley, 2010). Moreover, the lack of associations may have resulted
from the absence of sufficient power to detect such differences.

Conversely, findings from a meta-analysis of fourteen studies indicated that only CRP,
IL-6, and TNF-a were significantly elevated in PD patients compared to healthy controls (Liu
et al., 2021). The meta-analysis reported moderate effect sizes between CRP and PD (Liu et
al., 2021), unlike the large effects found in our study, however, small effect sizes were
reported between TNF-a and PD, similarly to our study’s findings. Although, no significant

differences in IL-1 and IFN-y were identified.
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Comparably to results in this study, Belem da Silva et al. (2017) found strong
associations between inflammation and BMI. Although the relationship found was between
IL-6 and BMI, unlike CRP in this study, this finding remains an important avenue for future
research to examine further. Assessing the effects of BMI on panic attack prevalence and
recency would be pivotal regarding therapeutic interventions.

Overall, as this is one of the first studies to evaluate the association between panic
attacks and inflammatory markers, this study and its findings highlight the lack of
understanding and research regarding the role of the immune system in panic attacks,
indicating a need for future research in this area. It is important that future studies consider
panic attacks in not only anxiety disorders, but several other psychological and physiological
conditions, as it may assist in understanding whether inflammation plays a significant role in
its aetiology.

Confounders

Correspondingly to previous research (Copeland et al., 2012; Duivis et al., 2013;
Farris et al., 2016; Shafiee et al., 2017; Vogelzangs et al., 2013), this study signifies that
demographic and lifestyle factors are significant contributors to the relationship between
anxiety and inflammation. Particularly, as found in this study and previous research, BMI
explained a considerable amount (or all) of the relationship between CRP and anxiety
symptom severity (Copeland et al., 2012; Duivis et al., 2013; Farris et al., 2016). A higher
BMI has been linked to increased inflammation (Khaodhiar et al., 2004; Kitahara et al., 2014;
O’Connor et al., 2009). Research suggests that adipose tissue acts as a source to produce pro-
inflammatory cytokines IL-6 and TNF-a, and with increases in the severity of obesity, CRP
production is elevated in response to the stimulation of IL-6 (Khaodhiar et al., 2004). This is
further evidenced by the significant associations between CRP and BMI in this study.

Moreover, Hartmann et al. (2021) found that positive lifestyle changes, such as exercise, can
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have significant effects on reducing anxiety symptom severity. As aerobic capacity had
negative correlations with adiposity and anxiety, it can be suggested that enhancing exercise
to reduce adipose tissue in the body can decrease the severity of anxiety symptoms. The
specific causal mechanisms underlying inflammatory responses in anxiety symptom severity
are yet to be determined, although exploring therapeutic interventions that target BMI would
be an important direction for future research.

This study found considerable differences in concentrations of inflammatory markers
between females and males. Although the differences were not significant, sex as a
confounding factor had the greatest level of association with IFN-y, IL-13, IL-6, IL-8, and
TNF-a. Specifically, males had greater inflammatory marker concentrations in this study.
These results can be further evidenced by studies that have found significant sex differences
in the relationship between inflammation and anxiety, whereby males had significant positive
associations between inflammation and anxiety symptom severity (Duivis et al., 2013;
Liukkonen et al., 2011; Shafiee et al., 2017; Vogelzangs et al., 2013). Sex differences in
inflammation and anxiety symptom severity may be attributable to hormonal changes.
Pitsavos et al. (2006) found significant associations between both sexes, although had a
sample with individuals of a greater age (mean age 45 years, 18-89 years), compared to
Liukkonen et al. (2011) (all 31 years old), and our study (mean age 34 years, 18-76 years). It
is likely that sex differences become less distinguishable with increasing age, resulting from
hormonal changes across the lifespan of women, which influence inflammation levels
(Cushman et al., 1999). Understanding specific mechanisms which differentiate males and
females regarding inflammation and anxiety symptom severity is crucial to uncovering the

immune systems role in the aetiology of anxiety.
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Study Limitations and Strengths

A number of limitations should be considered when interpreting findings from this
pilot study. The main limitation was the small sample size, resulting in an underpowered
study. Low statistical power can lead to increased risks of Type II errors — failure to reject a
false null hypothesis — minimising the likelihood of observing significant associations in the
data, where associations exist (Christley, 2010). This is problematic as this study was
underpowered to detect significant, small to moderate effect sizes, where previous literature
on inflammation in adults with depression (Howren et al., 2009) and anxiety-based disorders
(Renna et al., 2018) demonstrated effects of small to moderate sizes. Therefore, the results
from this study cannot conclusively dismiss any potential associations between inflammation
and anxiety symptom severity or panic attacks.

In addition, the study was underpowered to adequately adjust for potential
confounders. A maximum of three variables were included into each linear regression
analysis, despite obtaining measurements of eight different confounding factors (BMI, age,
sex, medication, presence of autoimmune disorder, comorbid MDD, smoking and alcohol
use) that have been associated with increased systemic inflammation (Baumeister et al., 2016;
Carroll et al., 2009; Haapakoski et al., 2015; Kiecolt-Glaser et al., 2011; Kitahara et al., 2014;
Kubera et al., 2001). Recommendations from other research and reviews have indicated a
need to assess all confounders, therefore, recruiting samples of a sufficient size to control for
the effects of the aforementioned variables may increase study quality (Parsons et al., 2021).

Moreover, the limited sample size restricted the ability to differentiate symptom
severity among specific anxiety disorders. Therefore, the study was not able to discern
potential specific effects of inflammation on the symptom severity of GAD, PD, SAD, or

agoraphobia. Future studies would benefit from an adequate sample size in order to determine
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whether associations between inflammation and anxiety disorder are universal or specific to a
condition or symptom.

Furthermore, while the overall study was longitudinal in design, the pilot sample size
was underpowered to examine the longitudinal relationship of anxiety symptom severity and
inflammation. Instead, the second time point was utilised to further evidence the relationships
occurring at baseline. Therefore, no inferences can be made on the direction of the
relationship of anxiety symptom severity with inflammation.

Finally, participants were categorised into two groups when examining the
relationship between panic attacks and inflammatory markers: one including individuals who
have experiences at least one panic attack in their lifetime, and the other including those who
have never. This classification may have led to a considerable amount of variability in the
“yes” group, as individuals experiencing severe and/or often panic attacks were grouped with
individuals who may have experienced few attacks in the past. Therefore, the exact
relationship between panic attacks was unable to be determined.

Despite these limitations, the current study also contains numerous strengths. First, it
represents the first study to examine the relationship between panic attacks and several
inflammatory markers. Hence, significant relationships were identified between inflammatory
markers and covariates including BMI and sex in relation to panic attacks. These results
highlight important avenues of study that future research can build upon.

Second, several widely utilised pro-inflammatory markers and their associations with
anxiety symptom severity and panic attacks were examined. Additionally, all data collection
(blood sampling and psychometric measures) were performed in a clinical setting by trained
staff members and blood samples were processed at a laboratory using standardised methods.

Finally, the study sample was recruited from the general population and included

individuals from seven different backgrounds. While statistically significant associations
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between anxiety symptom severity, stress, or panic attacks and inflammation were not found,
this study has the potential to be generalisable to other samples, or the broader population of
individuals with anxiety and anxiety-based disorders. A recent review indicated limitations
regarding the generalisability of extant literature, as the vast majority of studies recruited
participants from hospital settings (Parsons et al., 2021). Therefore, it is also unlikely that the
study has biases regarding severity and acuity of clinical presentations (Carr et al., 2002).
Clinical Implications and Future Research

Based on the results of this pilot study, and the limitations to their interpretation, the
association between inflammation and anxiety symptom severity or panic attacks cannot be
concluded. However, there remains important, potential clinical implications in
psychoneuroimmunology research, primarily regarding therapeutic interventions. While the
findings of this study were statistically underpowered, clinically significant relationships
were observed between CRP and BMI, in relation to both symptom severity and panic attack
history. As aforementioned, BMI is a notable confounding factor to the relationship between
anxiety and anxiety-based disorders and inflammation (Copeland et al., 2012; Duivis et al.,
2013; Farris et al., 2016). The strong association with BMI and inflammation in the symptom
severity of anxiety and anxiety-based disorders highlights a potential novel avenue for
therapeutic research. Future research targeting BMI reducing strategies in conjunction with
psychotherapies may aid in improving treatment outcomes.

Moreover, anxiety and anxiety-based disorder have been linked to inflammatory
conditions including metabolic syndrome (Carroll et al., 2009), atherosclerosis (Seldenrijk et
al., 2010), and coronary heart disease (Roest et al., 2010). Further associations with elevated
levels of CRP (Di Angelantonio et al., 2010) and IL-6 (Sarwar et al., 2012) and the

development of cardiovascular disease in individuals with anxiety-based disorders have been
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established. Therefore, early treatment may reduce the risks of developing these co-
morbidities and improve overall health and wellbeing of these individuals.

Furthermore, our study observed significant relationships between medication use,
sex, and IFN-y, with implications to both panic attack history and anxiety symptom severity.
Antidepressants and antipsychotics in conjunction with psychotherapies have demonstrated
anti-inflammatory effects and better treatment outcomes in anxiety disorders (Koh & Lee,
2004; Lenze et al., 2011). Similarly, anti-inflammatory drugs in combination with
antidepressants or antipsychotics have demonstrated favourable effects on symptom
reduction in patients with schizophrenia (Cho et al., 2019) and MDD (Faridhosseini et al.,
2014). Thus, if inflammation truly plays an integral part in the aetiology or severity of
anxiety and anxiety-based disorders, similar treatment options may prove beneficial.

Taking into consideration the implications and limitations found in this study, we
highlight the need for further research in this field. First, studies should aim to recruit large
sample sizes that are adequately powered to detect small to moderate effects. The Australian
Department of Health provide suggestions for the recruitment of clinical participants,
including: raising awareness amid health care professionals of clinical research prior to the
commencement of the study, devoting research staft to recruitment procedures, and
highlighting the benefits of research regarding therapeutic treatments to potential participants
(Ernst & Young, 2016).

Second, understanding the associations between panic attacks and inflammation may
have important novel implications to therapeutic research. Future studies investigating panic
attacks would be recommended to examine the relationship regarding recency of attack or
prevalence. It is crucial that research examining panic attacks encompass several mental

health conditions without limiting investigations to PD specifically. This will aid to mitigate
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the exclusion of many individuals who do not satisfy the high severity and prevalence
associated with PD diagnosis.

Third, the continuation of comparative examinations between healthy controls and
individuals with anxiety would aid in establishing clear associations between inflammation
and anxiety symptom severity. Additional within group differences is recommended to
discern the specific relationships between inflammatory markers and normal, low, medium,
and high levels anxiety symptom severity.

Finally, as aforementioned, van Eeden et al. (2021) and Duivis et al. (2013) found that
inflammatory markers were significantly associated with somatic symptoms of anxiety and
agoraphobia symptoms. Somatic symptoms of anxiety include hot flushes, heart palpitations,
shaking hands, and difficulty breathing. These findings indicate potentially pivotal links
between inflammation and anxiety. Future studies would be recommended to examine the
relationship between inflammatory markers and specific symptoms. Understanding if
inflammation plays a role in the specific symptomology of anxiety disorders could have
implications for therapeutic developments.

Conclusions

This pilot study provides a steppingstone towards the continued investigation of the
role inflammation plays in anxiety and anxiety-based disorders. Although no significant
associations were observed in relation to any inflammatory marker, the limited sample size
and associated consequences for power render these findings provisional. Research in
psychoneuroimmunology has the potential for significant clinical implications regarding
therapeutic interventions. This study demonstrates the need for further research
encompassing sufficiently powered samples and adequate inclusion of confounding factors
within a broad range of anxiety and anxiety-based disorders. Implementing the

recommendations provided in this study may aid in obtaining a greater understanding of the
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potential associations between the symptomology of anxiety and anxiety-based disorders and

inflammation.
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