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Abstract

While immunity and psychological distress are strongly associated, studies seldom
consider how different types of distress relate to immune functioning. The literature tends to
emphasis the impact of stress on immunity. The present study estimated the unique
contributions of stress, depression and anxiety on immune function in culturally diverse
samples of adults from Italy, New Zealand and India. The participants were Italian (n =
1061), New Zealand (n = 1037), and Indian (n = 384) volunteers. Stepwise multiple linear
regression and dominance analysis were used to analyse differences in immunity uniquely
explained by anxiety, depression, and stress, with immune functioning defined by physical
symptoms. While samples from the three countries differed significantly, anxiety consistently
explained the greatest proportion of differences in immunity. After accounting for the effect
of anxiety, stress and depression explained only small portion of variation in immune
functioning, differing between countries. The association of anxiety with immune functioning
was consistent across three different countries and the unique impact was further confirmed
by the results of dominance analysis. These findings suggest a clear link between anxiety and
immunity, when disentangling between distress types. This challenges the prevailing stress-
disease model and calls for further research into the impact of anxiety on immunity. If future
research supports a causal link where anxiety precedes immunity deficiency, interventions to
reduce anxiety may improve immune functioning and health outcomes in the general
population.
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Chapter 1: Introduction

Stress, affective disorders and immune functioning are intertwined; with numerous
studies over the past half century examining the impact of specific psychological conditions
on immune dysfunction (Furman et al., 2019; Momen et al., 2020; Netea et al., 2020).
Consequently, there has been great interest in gaining a more nuanced understanding of the
relationship of psychological disturbances and immune functioning, with an ultimate view to
the impact on health and wellbeing (Cohen & McKay, 2020). Despite broad evidence that
distress contributes to immune dysregulation, there is a paucity of research which focuses on
the degree to which the specific types of distress facets impact immune functioning (Lasselin
et al., 2016). This work aims to examine the degree to which stress, depression and anxiety
influence immune functioning, detangling the unique impact of this distinct distress types on
immunity.

Evidence that distress leads to increased vulnerability to diseases through impaired
immune functioning has led to a proliferation of research highlighting the impact of various
psychological disturbances on the immune system, through the hypothalamic-pituitary
adrenal axis, autonomic nervous systems and chronic low level inflammation (Cohen &
McKay, 2020; Lamers et al., 2020; Marsland et al., 2002; O’Connor et al., 2021; Vinkers.,
2021). More recent work has drawn attention to the impaired blood-brain barrier (Welcome,
2020) and altered gut microbiome in those experiencing distress (Cruz-Pereira et al., 2020).
Low level chronic inflammation of various specific biomarkers has proved of particular
interest. Various psychological disturbances, whether they be clinical or non-clinical, are also
associated with inflammation and immune dysfunction, with some suggesting that the effects
of distress on immunity and poorer health outcomes may be reified through chronic low-level
inflammation (Miller & Raison, 2016; O’Connor et al.,2021). This relationship has been

dubbed the systemic inflammation hypothesis, and the hypothesis assumes interactions



between endocrinal and nervous systems through inflammatory proteins and cytokines
(Furman et al., 2019). A considerable body of evidence has developed around the myriad of
effects of low-level inflammation on immune functioning. Specific inflammatory markers,
the expression of which also correlate with psychological disturbances, have proved
predictive of poorer medical outcomes later in life (Momen et al., 2020; O’Toole et al., 2018;
Russ et al., 2012; Scott et al., 2016; Song et al., 2018; Turner et al., 2020).

However, biomarkers associated with immune dysfunction do not reliably distinguish
between individuals who are frequently ill, and those who rarely get sick (Liu et al., 2021).
Only the actual incidence of symptoms of illness is a reliable indicator of overall immune
functioning (Zhou et al., 2014). There is no low-level inflammatory biomarker which maps to
clear clinical threshold of immune functioning in the absence of disease symptoms. As such,
isolated biomarkers and physiological measures are not used for the diagnoses of illness (Liu
et al., 2021). Medical assessments are only undertaken after a patient self-refers. Biomarkers
and physiological measures may inform a prognosis, in addition to the adjacent presence of
physical symptoms and many other disease indices, identifying phenotypes responsive to
specific drugs (Zhou et al., 2014). However, even in the presence of self-report and physical
symptoms of disease, such as those used for diagnosis by general practitioners and health
professionals, establishing a diagnostic link with inflammatory biomarkers and assigning
clinically relevant threshold levels has proved a fraught exercise (Kananen et al., 2021; Liu et
al., 2021; Torres et al., 2020).

Illustrating this complexity, inflammation biomarkers show a dynamic, rather than
static response, and may act as pro-inflammatory or anti-inflammatory depending on the
circumstances (Netea et al., 2020). A patient may experience both chronic inflammation, yet
also show temporal variation in blood or plasma borne levels, with biomarkers acting in an

immuno-protective or immuno-dysfunctional manner at various points in time. This variation



limits the ability to make claims from static time point measurements (Virtanen, et al, 2015).
Moreover, in their detailed review, Del Giudice and Gangestad (2018) note that some studies
of inflammation, distress and immunity have omitted to name the specific protein isoform,
leading to other meta-reviews inappropriately grouping together different protein isoforms
from the same gene family for analysis. This is concerning, as the biochemical function of the
protein involved is known to vary with topography, misclassification which can only cloud
any correlational inferences (Del Giudice & Gangestad, 2018).

Furthermore, a consequence of low-level chronic inflammation is that most studies
carried out in this area show effect sizes which are small, with limited explained variance
(Vinkers et al., 2021). In examining the link between 150 biomarkers, disease and immunity,
Kananen et al. (2021) found 57 significant correlations of biomarkers with self-reported
immunity alongside those with disease symptom, with largely weak correlations. These
complexities, along with the lack of consilience of biomarkers and physiological measures
produced by those with an active immune system responding to diseases, underscore the
ecological validity of actual physical illness and symptoms as best indices of immune
functioning. Self-report and directly observable symptoms remain the basis of clinical disease
classification, and global immune functioning (Zhou et al., 2014)

Distress is a term which may be used to describe broad negative emotional affect,
with cognitive, emotional, behavioural, spiritual and social elements (Adeyemi et al., 2021).
Alternatively, it can be used as a narrower term encompassing various specific internalising
negative disorders and emotional stressors, such as hostility and stress (Osman et al., 2012;
Yarrington et al., 2022). Herein, the term distress will be used as a collective for the
combination of three components: depression, anxiety and stress. Depression, anxiety and
stress are prevalent forms of psychological distress. These negative affectivity facets

contributes to changes in immune functioning, both directly and indirectly. The indirect



efforts of increased emotional tension may occur through altered behaviours, such as
increased smoking or sleep disturbances (Lasselin, 2021). Alternatively, beliefs and
behaviours could be explained by the Health Belief Model (Jones et al., 2014). The Health
belief model encapsulates risk to ratio benefits for the individual, along with motivational and
accessibility issues, in deciding to take action, such as seeing a general practioner or
undergoing a diet change. Most studies examining the direct effects of emotional distress on
immune mechanisms have focussed on specific distress types and their impact on a focussed
combination of biological measures (Lamers et al., 2020; Miller & Raison, 2016; O’Connor
etal., 2021, Vinkers et al., 2021).

Stress is a feature of life, and can be adaptive or pathological. Stress is marked by
physiological arousal, which is common in response to stimuli including features of
challenges and novelty, and also common amongst affective disorders (Crosswell et al., 2022;
Lovibond & Lovibond, 1991; Epel, 2020). For example, the prospect of being a defendant in
a court case, or driving on a motorway in an unfamiliar area, may contribute to a sense of
feeling of being on edge, or even overwhelmed. Stress in this sense is an emergency state,
with heightened feelings of arousal in response a current or perceived threat, which may lead
to avoidance or defensive behaviours, or the seeking of support (Goette et al., 2015). Stress
responses may include muscle tension, due to physiological responses, or altered breathing or
heart rate (Daviu et al., 2019).

Conversely, stress can also be experienced in a positive way, during public
performances or recreational experiences of sky diving, and these brief experiences with
stress can show positive physiological and psychological outcomes (Epel, 2020). The degree
to which a novel, and potentially stressful, challenge is experienced as a negative stressor is
influenced by other factors, such as positive affect (Blevins et al., 2017). Some individuals

show overconfidence in the face of stressor (Goette et al., 2015). The event of realising a



successful outcome in the face of a stressor may lead to improvements in beliefs around self-
efficacy, influencing behavioural approaches in the future (Aschbacher et al., 2013). An acute
stress response may boost vigilance and appears to help an individual fight off disease
through immune activation (O’Connor et al., 2021), thus serving adaptive functions (Daviu et
al., 2019; Marsland et al., 2002).

However, while short-term stress responses may provide benefits, chronic stress is
strongly associated with poorer immune outcomes, induced through inappropriate immune
activation and inhibition (Epel, 2020; Dang et al., 2019; O’Connor et al., 2021; Turner et al.,
2020). The impacts of stress may be cumulative, increasing the total allostatic load of stress
with each subsequent stressor (Daviu et al., 2019). The adverse impacts of chronic stress have
long-standing recognition through both physiological and molecular responses, and
experiences of stress may contribute to the development of anxiety and depression (McEwen,
2017; Miller & Raison, 2016; Morey et al., 2015). Chronically elevated stress levels, saliently
those mediated through cortisol and the hypothalamic-pituitary axis, are associated with
damaging increases in pro-inflammatory markers and dysregulation of other inflammatory
indices (Aschbacher et al., 2013). Chronic stress may further sensitise those subject to
pressure to disproportionate subsequent responses to stressors of a lesser magnitude (Charney
& Maniji, 2004). This is of concerns, as rapid physiological reactivity to a perceived threat,
shown through swift increases in blood pressure, decreased heart rate variability, and relative
cortisol increases are predictors for poorer health outcomes later in life (McEwen, 2017,
Turner et al., 2020).

Stress was one of the first components of distress that was demonstrated to adversely
impact immunity (Cohen et al., 1991). This was formally reflected in the model of Morey et
al. (2015), linking stress with disease and immunity outcomes (O’Connor et al., 2021; Turner

et al., 2020). However, there may be semantic and diagnostic limits to the use of the term



stress, which conflict with the model as depicted (Crosswell et al., 2022). Various negative
adverse life events and experiences, such trauma and bereavement, are sometimes included
under the mantle of stress, without necessarily being defined by a stress-focussed
dimensional measure. Proponents of this unifying, lumping approach note that the broader
use of the term stress can be a useful heuristic for conveying important findings (Morey et al.,
2015; O’Connor et al., 2021; Song et al., 2018). Some detractors of this view note that while
many negative life events may feature stress, this approach limits the ability to tease the
impacts of stress out from other commonly covarying features, such as trauma, adjustment
disorder or anxiety (Crosswell et al., 2022; Pai et al., 2017). Those arguing for greater
precision in the definition of the term stress, calling to separate and name the different types
of stress within studies, contend that further delineation of specific stress subtypes provides
greater precision, which will enhance quality of comparisons of results between independent
studies (Epel, 2020; Marsland et al., 2017; Song et al., 2019). The distinction between
broader and narrower uses of the term stress can prove a significant one for interpretation of
studies within the area of stress, immunity and disease. The attempts to analyse the impacts
of stress on immunity may be impacted by the high comorbidity of stress alongside other
forms of negative affectivity, unless specific measures are taken to control for this

comorbidity (Charney & Manj, 2004; O’Connor et al., 2021).



Figure 1

Traditional Stress-Disease diagram based on Morey et al. (2015).
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Contextual moderators: life stage, ecological pressures,
stressor duration, protective factors

From the 1990s onwards, a considerable body of literature has been published
outlining the association between depression, immune malfunction and early mortality
(Dantzer et al., 2008; Miller & Raison, 2016). Like those affected by stress, those afflicted
with depression show automatic, endocrinal and inflammatory disturbances, along with
evidence of an impaired blood-brain barrier (Marsland et al., 2002; Lamers et al., 2020;

Welcome, 2020). Depression is marked by various behaviours, cognitions and emotions, such



as sleep disturbances, low mood and rumination (Dantzer et al., 2008). Beck et al. (1979)
developed what has become a prominent model relating depression to a triad of negative
cognitive beliefs regarding the self, the world and the future. Of the emotional disturbances,
depression shows the strongest, and clearest link with immunity, if immunity is defined by
measures using inflammatory markers (Milaneschi et al., 2021).

It is striking that some of the behaviours that define depression, such as disturbances
of appetite, sleep, and reduced motivation, are also behaviours associated with illness, and it
possible that these shared symptoms partially mediate the strength of the relationship seen
between depression and immunity (Andreason et al., 2018; Lasselin, 2021). For example, it
has been demonstrated that a temporary depression-like response to endotoxins can be
explained through an immune-mediated sickness response (Andreason et al., 2018; Lasselin,
2021). However, even within depressive disorders, there are a range of subtypes. Research in
this area had categorised depression types between the melancholic subtype, marked with
feelings of anhedonia and depressed mood and or the atypical, energy related depression
subtype, more closely linked with fatigue and sleep disturbances. When relating these
depression subtypes to biological stress systems, Lamer et al. (2021) found the symptoms of
fatigue, shifts in appetite and weight changes were most strongly associated with
inflammation biomarkers (Lamer et al., 2020). In contrast, the melancholic subtype of
depression was not significantly related to inflammation. The Lamers et al. (2021) study
highlights limitations of the use of inflammatory biomarkers to make inferences around
immunity, since the relationship between apparent sickness induced symptoms of depression
and inflammation may mask the relationship between depression and immunity.

The relationship between anxiety and immunity has been less well characterised,
despite long-standing recognition of an association between anxiety and poorer health

outcomes (Costello et al., 2019; Culpepper, 2009; Kariuki-Nyuthe & Stein, 2015; Otto-Meyer



etal., 2019). This is also despite the close association between stress and anxiety, as both
share features of high arousal or muscle tension (Patriquin & Mathew, 2017). Anxiety has
been characterised as a generalisation of the fear response, independent from acute challenges
(Patriquin & Mathew, 2017). It is the element of anticipation of the fear, or the maladaptive
repeated worries about various latent and looming threats which separates stress from anxiety
(Daviu et al., 2019). While a person may be stressed by exposure to reckless driving, the
emotions and cognitions differ for someone who is anxious and worries repeatedly that there
are dangerous individuals, whether they be driving or not, with whom they may come into
contact. Those with greater levels of anxiety are biased towards negative or fearful
interpretations of neutral stimuli. For example, those high in anxiety interpret surprised faces
to evince negative emotional states (Park et al., 2016).

Anxiety involves cognitive, emotional and behavioural elements (Behar et al., 2009).
While anxiety is defined by a generalised fear, anxiety transdiagnostic elements such as
intolerance of uncertainty and anxiety sensitivity (Dennis et al., 2021). Intolerance of
uncertainty is the incapacity to tolerate the aversive response generated by the absence of
desired specific information (Dennis et al., 2021). Anxiety sensitivity consists of three facets.
The first facet involves cognitive thoughts that the worries will led to an undesirable
outcome, such as loss of public composure or a mental breakdown. Moreover, anxiety
sensitivity involves social concerns, such preoccupation that others may notice one
hyperventilating or sweating. Lastly, anxiety sensitivity involves increased physiological
vigilance with the physical symptoms of anxiety. An instance of this would be interpretating
a racing heart as in indication of possible cardiac event, or vulnerability. This intolerance of
the physical symptoms shares features of disorders related to other anxiety disorders with an

emphasis on somatic symptoms, such as health anxiety (Jungmann and Witthoft, 2020).
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A systematic review and meta-analysis found that anxiety was significantly associated
with increased expression of inflammatory cytokines and proteins, and that this relationship
was not moderated by depression (Renna et al., 2018). Conversely, Lamers et al. (2020)
observed that high anxious-distress symptoms had a significant, inverse relationship with
indices of inappropriate immune inhibition. This inconsistency in outcomes contributes to
ambiguities in findings, when examining immunity defined by low level inflammation. Namli
et al. (2022) observed an inverse relationship between anxiety and systemic immune
inflammation, though anxiety was correlated with increases in immunological cell
proliferation indexes, in a study using cross-sectional analysis. Other research has also found
the relationship between immunity and anxiety to be inconsistent (Baldwin et al., 2018;
Milaneschi et al., 2021). Until recently, these interactions have seldom been the subject of
sustained scrutiny, and there is a paucity of research investigating the impact of anxiety on
immunity(Costello et al., 2019; Furtado & Katzman, 2015; Hou et al., 2017; Lasselin et al.,
2016).

While studies have shown stress often precedes anxiety and depression, anxiety and
depression also show high comorbidity at time points, as well as high life-course prevalence
(Charney & Manji, 2004; Kelly & Mezuk, 2017; Kessler et al., 2015; Lamers et al., 2011;
Plana-Ripoll et al., 2019). Furthermore, these types of distress show increased prevalence
amongst those facing impaired immune functioning and are associated with a poorer
prognosis (Ko et al., 2022; Otto-Meyers et al., 2019; Scott et al., 2016; Zamani et al., 2019).
However, research in this area has rarely considered the co-occurrence of depression, anxiety,
and stress as they impact immunity, even though these internalising negative mood states and
symptoms share commonalities (Kessler et al., 2015; Spinhoven et al., 2018; Yarrington et
al., 2022). The comorbidity is so pronounced that subclinical depression, anxiety and stress

may present within studies irrespective of whether they are measured, accounted, or
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controlled for (Medvedev et al., 2018). The comorbidity is notable for the frequent co-
occurrence of certain symptoms across these disorders in adults. For example, all three
distress types may exhibit common physical symptoms such as restlessness and muscle
tension.

These distress types share etiological pathways, and are often preluded by higher
negative affect, traumatic life events and biased cognitive processes (Caspi & Moffitt, 2018).
Anxiety and stress share features of dynamic fear (Patriquin & Mathew, 2017) and also what
has been varyingly referred to as stress-tension, or anxious arousal which involves
physiological outcomes (Osman et al., 2012; Yarrington et al., 2021). Depression shares the
characteristic of repeated intrusive, negative thoughts with anxiety (Taylor & Snyder, 2021),
as well as increased sensitivity to perceived slights, contributing to stress resulting from a
negative self-image, and a resulting stressful sense of foreboding regard the self, the world
and the future (Beck et al., 1979; Dondaville et al., 2023). For example, a disease diagnosis
could be a source of significant, repeated negative cognitions, psychological arousal, along
with elements of anxiety in the form of worry. Depression, anxiety and stress show some
shared negative affect features (Yarrington et al., 2021).

Despite these commonalities, each distress type shows distinct patterns in the
emotional and cognitive domains and are not considered overlapping emotional states
(Eysenck & Fajkowska, 2018). Differences between them may be due to their heterogeneous
nature, adaptive function, and relations with regulatory processes, positive affect, and
motivation or other complex cognitive processes. Anxiety tends to be characterised
physiological arousal and by excessive, repetitive, negative thinking focussed on potential
risks, often referred to as worry (Patriquin & Mathew, 2017). The recurrently feared potential
events which are the source of this angst may be purely conjectural (Patriquin & Mathew,

2017; Taylor & Snyder, 2021). Furthermore, anxiety often involves increased anxiety
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sensitivity, where reactive individuals show an intolerance for the physical symptoms of
anxiety (Taylor et al., 2007). By comparison, depression lacks arousal, though it is associated
with repetitive negative thinking, although this may encompass both the self, future and
world, and is often referred to as rumination, with themes of depreciation, anhedonia and
negative evaluations (Eysenck & Fajkowska, 2018; Spinhoven et al., 2018; Taylor & Snyder,
2021). In addition to these physiological and cognitive differences, meta-reviews note that
within non-clinical and clinical populations, the more depressed participants show attentional
biases, where positive stimuli are avoided (Winer & Salem, 2016). However, those prone to
anxiety show no such attentional bias (Armstrong & Olatunji, 2012).

Various researchers have suggested that stress, anxiety and depression exist as
sequential threat responses. For example, Miller and Raison (2016) argued that stress or
hyper-arousal typically precedes anxiety, which then contributes to the development of
depression. Each emotion can be viewed as a functional response, in relation to problem
solving potential threats. Stress first provides the energy to respond, anxiety provides
vigilance towards dangers, and depression may lead to retreat, recovery and reorientation
towards more suitable motivational goals (Danzter et al., 2008; Lasselin, 2021).
Alternatively, Clark and Watson’s (1991) classic tripartite model sought to explain the
association between depression and anxiety through shared negative affect and common
distress symptoms. Within the tripartite model, depression was characterised by anhedonia,
while anxiety was discernible through arousal, despite the conditions possessing shared
features. The third factor, stress, sometimes referred to as hyperarousal or stress-tension,
captures physiological arousal less closely associated with anxiety or depression (Clark &
Watson, 1991; Lovibond & Lovibond, 1993). Given the acceptance that depression, stress,

and anxiety are distinct conditions, consideration of these different constructs against robust
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self-reported immunity measures is a worthwhile project to separate the influence of each
strand (Lasselin et al., 2016; Osman et al., 2012).

Subjective reports of health or disease symptoms, such as fever, headache, cough and
joint pain, are important indices for measuring immune functioning used by general
practitioners and are primary indicators to suspect viral or bacterial infections such as flu or
COVID-19 (Alghamdi et al., 2021; Laracy, et al., 2023). Immune or illness questionnaires
capture information about experiences that may or may not lead to contact with public health
systems, whether to visit a medical professional or to begin behavioural changes, such as
sleep or exercise modifications to mitigate risk. Such patient -centred questionnaires capture
environmental validity that specific biomarkers may miss and have been found to be
expedient and cost-effective. They may be more accurate predictors than clinical measures
(Adeyemi et al., 2021; Ganna & Ingelsson, 2015; Schnittker & Bacak, 2014).

Few previous questionnaires focus on quantifying immunity. There is a pronounced
trend for health or illness questionnaires, such as the Sickness Questionnaire, Iliness
Perceptions Questionnaire and the General Health Questionnaire to conflate sickness
symptoms and psychological outcomes related to illness (Andreasson et al., 2018; Goldberg &
Hillier, 1979; Ware et al., 1996; Weinman et al., 1996). While the tendency for these surveys
to incorporate negative physical symptoms and distress domains underscores their close
relationship, they would not enable comparisons to immunity. Others have used self-rated
health instead of immunity scores (Adeyemi et al., 2021), and indeed, self-rated health has
been found to predict mortality (Adeyemi et al., 2021; Ganna & Ingelsson, 2015; Schnittker
& Bacak, 2014). However, while poor immunity is associated with poorer health, health is a
broader construct than immunity, involving more than the absence of physical disease
symptoms. For example, constructs of health may specifically incorporate elements of energy

or vitality (Megari, 2013; Folker et al., 2019; Verster et al., 2023).
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Focussing on immunity, the researchers Donners et al. (2015) used reduced immunity
as a binary category, allowing participants to indicate whether they were experiencing
perceived normal health status or reduced immunity at the moment of questioning. Others
have expanded this approach to assess immune fitness using a Likert scale (Merlo et al.,
2021; Verster et al., 2023). The use of such scales may still be limited, as the participants
may consider overall health more broadly, in the absence of specific symptoms that are
linked to immunity to guide those using this measure. The Immune System Assessment
Questionnaire focuses on disease diagnostics rather than immune fitness and activity (Wilod
Versprille et al., 2019). This questionnaire, from which later immunity measures were
refined, correlates with health and physician visits; however, it lacks relevant common
health-referral items such as incidence of muscle pain and the common cold (Romano et al.,
2017).

The Immune Status Questionnaire (1SQ) developed by the Wilod Versprille research
group assesses the most relevant symptoms linked to immune function and currently appears
to be the sole scale of this nature developed to measure immunity. While there are other
illness scales, none are designed to quantify immunity over the period of the past year (Wilod
Versprille et al., 2019). If the relationship between immunity and distress is to be explored,
then it is important that the immune scale be quantifiable and specific to immune functioning
(Husquin et al., 2018; Nédélec et al., 2016; Quintana-Murci & Barreiro et al., 2010). A small,
exploratory randomised controlled study with placebo sought to map biological responses
against 1SQ scores (Khadhke et al., 2023). ISQ scores did positively correlate with significant
increases in immunological cell populations, shifts cytokines to an anti-inflammatory state
and the reduction in measures of oxidative stress (Khadhke et al. 2023). While this could be
considered encouraging, the study was limited by small sample sizes, with shifts in measures

which were very modest, as is typical in this area (Kananen et al., 2021; Vinkers et al., 2021).
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Physical symptoms of disease remain the primary indices of immune activity (Zhou et al.,
2014).

Whether different emotional disturbances may be observed in immunological
outcomes across different populations is unclear. Others have noted that different cultures
may show differences in mental health stigma, which may affect self-reports of psychological
disturbances, due to social desirability effect (Krendl & Pescosolido, 2020). Furthermore,
different cultural groups may adopt different affective responses and coping mechanisms,
expressing distress through shared culturally specific forms (Khambaty & Parikh, 2022). For
example, different groups may vary in the degree of social integration and thus social
support, perhaps based around interdependent or independent self-construal, which could be
posited to be a protective feature, possibly boosting immunity through increasing resilience
by buffering stress (Cohen & Mckay, 2020; De Vaus et al., 2018).

Furthermore, there are also likely to be complex environmental variations between
populations and cultures due to a variety of features, including genetics, varying
environmental conditions and diet (Martin et al., 2020). For example, the Mediterranean or
the Blue Zone Diet, which has historically been common to certain geographic regions,
seems to confer positive benefits on health and longevity, and could be considered to
incorporate immune boosting elements (Liu et al., 2020; Suardi et al., 2021). There may also
be genetic differences between geographically distinct populations, relating to features such
as ethnicity (Sirugo et al., 2019). The selective pressure for genes linked with immunity is
considered to be very powerful (Martin et al., 2020; Sirugo et al., 2019). Overall, the
combination of the effects of cultural and environmental effects on immunity is unclear.

For the purposes of this study, a comparison between Italy, India, and New Zealand
(NZ) was undertaken, as it is possible that there are cultural, environmental or genetic

distinctions between impacts of the types of distress on immunity. This comparison of three
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different countries has the advantage of including distinctive multicultural populations, with
ethnicities, customs and traditions that diverge significantly. Italy and India contain a range
of different ethnic and religious groups. Likewise, NZ also possesses people who identify
with multiple different ethnic groups, in addition to an Indigenous population with a unique
culture. This grouping produces a heterogenous sample and enables some comparisons across
countries.

Evidence indicates that psychological distress types can impact immunity
detrimentally, and various studies have investigated the impact of specific psychological
disorders on immunity. However, there is a lack of research disentangling the impacts of
depression, anxiety, and stress, in order to assess their individual unique contributions to
immune functioning, as defined by physical symptoms. The present study examines the
unique contributions of depression, anxiety and stress on immune status in a cross-country,
non-clinical sample, using stepwise multiple linear regression and dominance analysis.
Stepwise multiple linear regression first identifies and extracts the first predictor, which
explains most of the variance using mathematical criteria (Roemer et al., 2021). Subsequent
predictors, which explain the unique variance not explained by the preceding predictors, are
extracted in descending order, and appear according to the proportion of the total variance
they explain. Subsequently, dominance analysis was undertaken to determine and rank the
impact of the distress facets on immunity by apportioning the variance between possible
models (Van Iddekinge & Ployhart, 2008). Since this study was undertaken to investigate the
relative importance of three distress components to immunity, dominance analysis is a useful
addition to regression analysis (Tonidandel & LeBreton, 2011). This further analysis permits
identification of the most relevant distress predictors, comparing their impact on immunity
while controlling for immune-related variance shared between the various distress predictors.

The aim of the study is to identify the distress facet with the strongest impact on immunity.
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Chapter 2: Method

Participants

The total sample (n = 2482) was composed of Italian university students and from the
general Italian population (n = 1061), NZ general population (n = 1037) and Indian university
students (n = 384) above the age of 18. The Italian sample was composed of 97.64% of people
who identified as European, Asiatic (0.26%), African (0.56%), American (0.56%) with the
remainder (0.94%) made up of other ethnicities not specified. The NZ sample was composed
of the general population of NZ European (64.6%), Maori (14.8), Pacific nations (3.9%), Asian
(12.6%) and (4.1%) of other ethnicities not specified. All India student participants identified
as Indian. The age distribution of the sample (M = 42.88, SD = 19.17) was mildly platykurtic.
When age was viewed by country, the average NZ sample age (M = 49.00, SD = 17.63) showed
greater variation. The Italian (M = 29.99, SD = 13.85) and Indian sample (M = 23.67, SD =
7.68) were relatively more youthful. A chi-square test of independence examined distribution
of sex by country, and noted significant differences in two of the countries, with the Italian
sample being weighted towards disproportionately more females (n = 834; 78.61%) to males,
p <.01) with the Indian sample (p < .01) likewise possessing significantly more females (n =
251; 67%) to males (p < .01), compared to the sex balanced NZ sample with females (n = 534;
51%) commensurate to males (n = 505; 49%). Under 4% of values in the data set were missing.
Preliminary checks suggested stochastic patterns, and due to the minimal size of missing data
points relative to the large and heterogenous data-set, these values were not included in the
analyses.
Procedure

The study was approved by the authors’ institutional ethics committee, which follows
internationally recognised ethical standards in accordance with APA 7 guideline editions. The

current study is one facets of a broader research project, funded by the University of Waikato.
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Written informed consent was obtained from all participants prior to completing the
questionnaire. Participation was anonymous, and the participants gave their consent after
reading information about the study. Data collection took place through an online survey and
no time limit was imposed. Participants were recruited by a combination of techniques. The
Italian students and general citizens were recruited through a convenient sample technique.
Further participants were recruited through outreach by snowballing techniques. All Italian
participants accessed the survey through the university based Qualtrics website, during October
2022. Dynata distributed the NZ survey online through their network, and participants obtained
compensation up to the value of $5 for completing the form. Further NZ participants were
recruited through outreach by snowballing techniques, during January to February 2022. The
Indian students were recruited through a convenient sample technique. The link of the study
was shared with teachers in different universities and shared with the associated classes.
Moreover, the link of the study was also shared with different students’ group, taking place
during March to May 2022. No compensation was provided to the Italian or Indian participants
for taking part in the study. While the survey was not subject to a time limit for submission,
data was excluded from those who completed the survey in less than ten minutes, to protect the
validity of the data, based on estimated likely completion times.

Measures

Depression, Anxiety and Stress Scales (DASS-21)

The DASS-21 is the widely used abbreviated variant of the original self-report 42-
item measure (Lovibond & Lovibond, 1993; Sinclair et al., 2021). The measure requires
participants to rank their agreement for each of the 21 items on a four-point Likert scale
based on participant perception of emotions over the past week. Possible responses range
from zero (did not apply to me at all — never); to three, (applied to me very much, or most of

the time — almost always) indicating greater distress. In addition to the benefits of brevity, the
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DASS-21 retains the three, seven-item subscales of depression, anxiety, and stress (Osman et
al., 2012). These broadly used scales show strong internal reliability, with an overall
McDonald’s Omega of .94; with McDonald’s Omega of .91, .85 and .85 for depression,
anxiety, and stress respectively. The DASS-21 is a robust and well-characterised scale
(Lightburn, et al., 2023).

Immune Status Questionnaire (1SQ)

The 1SQ is a recently developed and validated self-report seven-item measure of
immune functioning or immunity (Wilod Versprille et al., 2019). The participants are asked
to rank the frequency of experiencing common disease symptoms including fever, diarrhoea,
headache, skin problems, muscle, and joint pain, common cold and cough over the past
twelve months on 5-point Likert scale. Items range in severity from one (never) to five
(‘almost’ always), with higher score indicating poorer immune functioning. In the current
study, McDonald’s Omega was .72, highlighting the research reliability of this measure of
distinct physical symptoms.

MacArthur scale of Subjective Social Status (SSS)

The SSS is a self-report measure which asks the participants to assess and indicate
where they currently stand in their community on a 10-point scale, ranging from one (worst
off) to 10 (best off; Adler et al., 1994). The scale is widely used across industrial cultures and
is thought to capture subtleties of socio-economic status outcomes that more objective
measures may miss. The scale strongly correlates with objective measures (Oswald & Wu,

2010).



21

Data Analyses

Data analyses were undertaken using IBM statistical package for the Social Sciences
(SPSS) Version 27.0 software (IBM Corp.). The required sample size was estimated using
G*Power software 3.1.9.4, and indicated that with the maximum number of predictors limited
to 10 to detect a small effect size (.01), under the a=.05 with a certainty of 95% (1-B=.95), the
required sample size would be >254 participants. The dataset exceeded this figure, reflecting
strong statistical power. The data met the assumptions for multiple linear regression with
variables being normally distributed and with skewness and kurtosis falling within the
acceptable range between +2 and —2 (West et al., 1995). There was no multicollinearity
among predictor variables, according to the criterion of Variance Inflating Factors (VIF)
below 5 (Podsakoff et al., 2021; Roemer et al., 2021). Pearson correlation coefficients were
calculated between age, SSS, the 1SQ and the subscales of depression, anxiety, and stress.

Stepwise multiple linear regression was used to examine the relationships between the

three facets of distress and the ISQ outcome variable (immunity). The analysis, combined
forward and backward entry to ensure robustness (Babyak, 2004). Demographic variables
including sex, age and SSS were controlled for and entered together in the first block.
Following this, depression, anxiety, and stress were entered together using combined forward
and backward stepwise entry. The predictor, which explains the greatest amount of the total
variance, (known as the strongest predictor) was then identified. After accounting for, and
deducting, the variance of the predictors already extracted, the process was then continued
reiteratively to successively identify less important predictors, which progressively explain
less of the variance. This continued until no more significant predictors remained (Roemer et
al., 2021). The threshold for significant predictor inclusion was p < .05 and for removal was p

>.10. These analyses were conducted individually for the Italian, Indian and NZ samples,
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both due to marked difference in sociodemographic factors, and also to uncover any possible
further distinctions between countries.

Dominance analysis was undertaken to determine the direct comparison of measures
impacting the outcome of immunity (Van lddekinge & Ployhart, 2008). The utility of
dominance analysis is the way in which the analysis permits direct comparisons of measures
within a model (Tonidandel & LeBreton, 2011). When scales are highly correlated, such as
distress facets, the interdependence may impact the outcomes of unique predictor
combinations in regression analysis, with a significant shift in one predictor altering another
predictor (Budescu, 1993; Tonidandel & LeBreton, 2011). Dominance analysis reduces
potential distortions through multicollinearity and enables direct comparisons of predictors
within a model (that is, X is twice as important as Y).

Dominance analysis depicts and examines all possible combinations of the model in a
pairwise fashion, in this instance a 3-predictor model. Each predictor contribution of R? is
compared with one other predictor, and then with both other predictors. The general
dominance is produced by averaging all AR? values. Rescaled dominance is generated by
dividing the general dominance of a specific predictor by the sum of R? for the total number
of predictors. To conduct dominance analysis in the present study, which has three predictors,
seven regression analyses were run using SPSS, containing all possible combinations of
predictors. Following these analyses, the AR? values were averaged and compared to identify
the variable with the highest mean incremental contribution to variance explained, using
Excel (Tonidandel & LeBreton, 2011). The percentage value of relative importance of
predictors is derived by dividing the overall average incremental R? by the contribution of

average predictors to the model (Azen & Budescu, 2003).
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Chapter 3: Results

Demaographic characteristics such as means and confidence intervals for all study
variables split by country are represented in Table . Skewness and kurtosis values were given
for the overall sample. The subscales of depression, stress and anxiety all showed a slight
positive skew, indicative of the non-clinical origin of the sample. In comparing
sociodemographic, affective and immunity subscales scores, independent t-tests paired
between countries indicated substantive differences between the countries across domains of
age, immunity, and affective subscales. The Indian and Italian participants were significantly
younger, and their indices of average distress levels, saliently stress, were significantly higher
compared to the NZ sample. Immunity measures were lowest for the Italians. The NZ sample

reported lower perceived SSS, yet also produced lower average distress levels.



Table 1

Means (M), 95% confidence intervals (CI) of the samples by country and combined, also including skewness and kurtosis data for the total

sample.
Italian sample (n = 1061) Indian students (n = 384) NZ sample (n = 1037) Total sample (n = 2482)
Variable M Cl M Cl M Cl M Cl Skewness  Kurtosis
Age 29.99  [29.16, 30.83] 23.67 [22.84,24.50]  49.00 [47.92,50.07] 42.88  [41.87,43.90] 0.778 -0.609
SSS 6.56 [6.45, 6.66] 6.52 [6.29, 6.75] 5.60 [5.49,5.72] 5.83 [5.72,5.93] -0.357 0.040
Immunity 5.86 [5.70, 6.03] 6.41 [6.10, 6.72] 6.92 [6.77, 7.08] 6.80 [6.66, 6.94] -0.659 -0.342
Depression  6.81 [6.51, 7.12] 6.99 [6.45, 7.53] 5.70 [5.36, 6.03] 6.01 [5.72, 6.30] 0.805 -0.071
Stress 9.12 [8.84, 9.40] 7.36 [6.92, 7.80] 6.01 [5.73, 6.30] 6.34 [6.09, 6.58] 0.478 -0.275
Anxiety 5.95 [5.66, 6.23] 6.81 [6.31, 7.30] 4.36 [4.09, 4.63] 4.95 [4.70,5.19] 0.889 0.193

Note. n = sample.



Pearson’s correlations were computed between age, SSS and distress subscales, and
the results can be seen in Table 2. The distress subscales of depression, stress, and anxiety
were strongly and significantly positively correlated with each other, with correlation
coefficients ranging from .72 to .76. Immunity was significantly inversely correlated with all
negative affectivity subscales, with the strongest inverse relationship observed with anxiety (r
=-.49, p <.01), closely followed by stress (r = -.45, p < .01). Age had an inverse relationship
with the distress scores, yet within the study age showed a modest positive association with
immunity (r = .26, p < .01). Immunity also showed a modest yet significant positive
correlation with SSS (r = .13, p < .01).

Table 2
Pearson correlation matrix between age, SSS, negative affectivity subscales and immunity for

the full sample (n = 2484)

Variables Age SSS Depression Anxiety Stress
SSS -.075™
Depression -.256™ =271
Stress -.332™ -.148™ 724
Anxiety -.366™ -.142" .755™ 740™
Immunity 264" 126™ -.403™ -.485™ -.453™

Note. **p<.01.

Table 3 presents the results of stepwise multiple linear regression predicting immunity
as the dependent variable within the Italian, Indian and NZ samples. Within the Italian
sample, sociodemographic features accounts for 11% of the variance, with age showing the
strongest impact (£ = .27, p <.01) on immunity. Anxiety was the strongest affective

influence on immunity (8= .4, p = .015), accounting for the further 14% of the variance.
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Depression also appeared to explain a further 1.1% of the variance. Stress was not observed
to be a significant predictor within the Italian sample.

The NZ socio-demographic characteristics of sex, SSS and age accounted for 9.3% of
the variation with SSS (= .19, p <.01) and age (= .17, p <.01), showing a significant
association with immunity. When the socio-demographics were controlled for, anxiety was

the variable with the strongest association with immune outcomes compared with the other
variables (£ = -.48, p < .001), accounting for 20% of the variation in immunity scores, a
medium effect size according to Cohen’s standards (Cohen, 1992). After this, stress was
identified as accounting for a further 0.5% of the variance. Depression was not observed to

influence immune outcomes of the Indian or NZ samples.
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Table 3
Summary of multiple linear stepwise regression analyses predicting immunity and the impact
of affective subscales from the Italian sample (n =1061), Indian sample (n = 384) and NZ

sample (n = 1039)

R? Standardized
Outcome Step Block and Predictors R? change B p
Italian
sample Control .106 .106
1 Age .266 p<.01
2 SSS 122 p<.01
3 Sex -.080 .007**
Affective
subscales 1 .249 143
Anxiety -.400 p<.01
2 257 011
Depression -.162 p<.01
Indian
sample Control .036 .036
1 Age .099 .072
2 SSS 135 .013*
3 Sex -.048 .382
Affective
subscales 1 .186 151
Anxiety -.405 p<.01
2 197 011
Stress -.142 .036*
NZ sample  Control .093 .093
1 Age .166 p<.01
2 SSS 193 p<.01
3 Sex -.107 p<.01
Affective
subscales 1 .293 .200
Anxiety -.480 p<.01
2 .298 .005
Stress -117 .007**

Note. **p <.01; *p < .05

27



Table 4 shows results summarised results of the dominance analysis; full results can
be viewed in the appendix. Values in the table show the average AR? of the focal predictor
when added to regression analysis with different combinations of the distress predictors.
Table 4 shows that anxiety consistently has the greatest dominance value for samples from
different countries, showing general dominance over the other distress facets (Budescu,
1993). Anxiety accounts for between 42% to 50% of variance explained, indicating that
anxiety is the most import contributor to differences in immune functioning in the model.
Stress was the second most important contributor for the NZ and Indian samples, while
depression was the most important second contributor for the Italian sample (Azen &
Budescu, 2003).

Table 4
Dominance analysis: average R?, general dominance and rescaled dominance across distress

facets and countries

Outcome Numbers of predictors in the model Depression Anxiety  Stress
Italy 0 0.181 0.212 0.172
1 0.022 0.050 0.016

2 0.006 0.032 0.003

General dominance 0.070 0.098 0.064

Rescaled dominance % 30.09 42.42 27.49

India 0 0.100 0.169 0.132
1 0.005 0.058 0.023

2 0.000 0.036 0.003

General dominance 0.035 0.088 0.053

Rescaled dominance % 20.00 50.00 30.00

NZ 0 0.156 0.268 0.215
1 0.003 0.087 0.036

2 0.000 0.057 0.007

General dominance 0.053 0.137 0.086

Rescaled dominance % 19.14 49.76 31.10
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Chapter 4: Discussion

This study focused on investigating the unique contributions of depression, anxiety
and stress to immune functioning within a large sample with participants drawn from Italy,
India and NZ. The study has shown that when considering the unique impacts, anxiety
consistently demonstrated the strongest negative association with immune functioning. After
accounting for the effects of anxiety, stress was found to exert a minor effect on immunity, in
the Indian and NZ samples and finally, depression was found to have an equally negligible
impact on immunity solely in the Italian sample. These results showed that contributions
from the three distress constructs were indeed found to vary between countries, however the
strength and consistency of the close association of anxiety with immunity was the most
salient feature of the study. In contrast to expectations, this study did not find a strong, unique
association between stress and immunity as proposed by the Morey stress-immune model,
shown in Figure 1 (Morey et al., 2015). Furthermore, the results did not indicate a strong
relationship between immunity and depression (Lamers et al., 2020). As the body of literature
investigating psychological disorders impacting immunity has emphasised the relationship of
stress and depression to immune dysfunction, this finding was unexpected (Lamers et al.,
2020; Lasselin et al., 2016). However, there is currently a relative rarity of research into the
effects of anxiety on immune functioning. Research differentiating between the unique
contributions of mental health disorders and their relationship to immune functioning is
scarcer still.

The present findings indicate that the associations of immunity between stress and
depression in previous studies may be partially explained by unmeasured anxiety, which
tends to be strongly associated and frequently comorbid with depression and stress (Lasselin
et al., 2016; Medvedev et al., 2018). This strong association with anxiety becomes apparent

when the unique variance associated with each disorder is controlled for (Barlow et al., 2014;
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Budescu, 1993). The associations found within the study did not support a strong, unique
relationship between stress, immunity, and disease (Morey et al., 2015). In view of this, an
anxiety-disease model, such as that outlined in Figure 2, may convey the impacts of negative
affectivity, immunity, and adverse health outcomes, in a manner more consistent with the
evidence from the large, cross-country sample within this study.

While to date, relatively scant attention has been given to the association of anxiety
and immunity, the results from this study suggest that anxiety is the strongest emotional state
contributing to differences in immune functioning. This divergence from the established
literature, which has focused on the impact of stress and depression on immune dysfunction
suggests avenues for future studies to explore possible protective mechanisms or other
moderating biomarkers, given the discrepancy seen in results from immunity considered by
self-report of physical symptoms, contrasted with immunity considered using various
biomarkers and physiological parameters fg(Lasselin et al., 2016; Renna et al., 2018). Future
work could make use of methodologies which control for covarying affective conditions,

when examining the impacts of types of distress or psychological disorders on immunity.
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Figure 2

Proposed Anxiety-Disease model.

4

o o

Contextual moderators: life stage, ecological pressures,
stressor duration, protective factors

There are similarities between this study’s findings and those of a recent cross-
sectional study in Saudi Arabia (Alghamdi et al., 2021). Participants in that study reported
distress impacting immunity, and they also differentiated between depression, anxiety and
stress, with data collection undertaken one month after severe movement restrictions had
been imposed to minimise the spread of COVID-19. Using stepwise binary logistic

regression, those reporting mild to moderate anxiety were between two and four times more
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likely to report reduced immune status, measured using DASS21 and ISQ (Alghamdi et al.,
2021). As in the current study, anxiety and immunity also showed the strongest relationship.
More severe anxiety was associated with much poorer immune functioning, in a manner
which is suggestive of a dose-dependent relationship (Alghamdi et al., 2021).

That study also found strong and significant associations between stress and immunity
(Alghamdi et al., 2021). However, the variance explained by anxiety, while estimating the
contribution of stress, was not controlled for. Consequently, the Alghamdi et al. (2021)
findings of associations of immune functioning with stress might be due to shared variance
between anxiety and stress. In the current study, we controlled for anxiety and found only
very weak remaining associations between stress and immune functioning within the Indian
and NZ samples. This difference in results between the studies highlights the influence of the
methodology which, in this case, allowed the identification of the unique effects of specific
predictors, such as anxiety. The capacity to disentangle distress types was limited in the Saudi
Arabian study by methodology that dichotomized continuous variables, namely immune
functioning, which inevitably leads to a loss of information and consequently, reduced
accuracy of estimates. These factors may have reduced the power of their analysis and
contributed to the differences in association found in outcomes between Alghamdi et al.
(2021) and the associations found in this study (Roemer et al., 2021). However, it is striking
that anxiety exhibited the strongest relationship to immunity in both Alghamdi et al. (2021)
and the present study.

Anxiety was the strongest factor impacting immunity between countries. This
persisted despite differences in culture, age and slight differences in time of data collection,
and this consistency is striking. Comparisons of types of distress relationships tend to show
differences between countries (De Vaus et al., 2018; Long et al., 2022). When controlling for

the variance shared between distress types, the analysis of the Italian sample showed a
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negligible association between immunity and depression, despite the very high levels of
depression and stress seen in the Italians (Caldirola et al., 2022; Fioravanti et al., 2022).
Stress levels were detected, albeit were negligible, in the NZ citizens and Indian students. It is
unclear from this work, though interesting to speculate, as to what degree this may be a
culturally mediated effect. There are certainly Eastern cultural traditions that increase mind
and body awareness, together with a more interdependent, collectivist outlook (De Vaus et
al., 2018; Khambaty and Parikh, 2022).

However, it is also possible that the difficulties faced by the Indian students, around
exams and financial strain, are experienced as short-term difficulties, which contribute to
arousal, which the students learn to adapt to. NZ citizens, with lower SSS scores suggestive
of economic strain may likewise experience arousal, but navigate challenges faced, using
other resources, such as coping skills developed with increased age. Alternatively, the faint
associations may simply reflect recent localised geopolitical events and conditions. For
example, markedly increased stress and depression within Italy around the period of data
collection may be due to the relative economic strain and high levels of unemployment that
the country faced, and this may be partially reflected in the slight differences in emotional
associations with immunity (Fioravanti et al., 2022; Caldirola et al., 2022; Pompili et al.,
2022).

It is curious that, unlike the New Zealand population or the younger Indian students,
the Italian sample was characterised by high levels of stress and depression, relatively high
self-perceived socioeconomic status, yet good immune status (Fioravanti et al., 2022). This
grouping is partially accounted for and explained by age and socio-economic differences
between the different populations in this study, which was controlled for (Melku et al., 2019).
However, it may also be a culturally mediated effect reflecting features of diet, or social

integration (Liu et al., 2020; Suardi et al., 2021). On the other hand, both the NZ and Italian
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samples, with the latter simply identifying as ‘European’ encompass a diverse range of
cultures, so the diversity inherent to each sample could be used challenge any specific claim.
The strength of the relationship of anxiety to immunity, once socio-demographic features
were controlled for, remains the most distinctive feature of the study.

Despite the literature emphasising the close association between depression and
inflammation markers (Milaneschi et al., 2021; Miller & Raison, 2016) our regression results
did not show a strong impact of depression on immune symptoms. Since depression shares
common variance with both anxiety and stress, there are limitations for studies connecting
immunity with depression, as analysis may not control for other commonly comorbid types of
distress, such as non-clinical or clinical anxiety and stress (Medvedev et al., 2018; Roemer et
al., 2021; West et al., 1995). There are suggestions that the relationship between depression
and the immune system is partially mediated through fatigue and sleep disturbances, as part
of sickness behaviour in correlational studies (Andersson et al., 2018; Milaneschi et al., 2021;
Vinkers et al., 2021). Unlike self-rated health, neither the DASS-21 nor I1SQ includes self-
report of prompted symptoms such as self-perceived fatigue or vitality (Lovibond &
Lovibond, 1993; Verster et al., 2023; Wilod Versprille et al., 2019). Once the portion of those
whose depression most clearly aligns with the atypical energy, fatigue sub-group, the link
between depression and inflammation greatly weakens (Milaneschi et al., 2021; Vinkers et
al., 2021).

This study has shown a weak association between stress and immune functioning. The
term ‘stress’ has been used in research to cover a range of conditions, which may include
various features covarying with stress, such as trauma and socioeconomic deprivation
(Dieleman et al., 2015), which remain buried but blur the ability to separate out the specified
components of distress, and consequently effect the descriptive accuracy of relationships

observed. This is partially captured in the historic use of the term trauma, which has seen the
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diagnosis classed under stress related disorders, until later research separated these disorders
into distinct conditions (Pai et al., 2017). Whilst research using stress within the broad sense
of the term conveys important information, such usage could be considered to come at a cost
of precision in terminology for a myriad of specific details which may covary with the
broader use of the term stress (Crosswell et al., 2022; Epel, 2020). Again, this highlights the
significance methodological decisions have in affecting the outcome of the analyses. In this
case, our use of stepwise multiple linear regression followed by dominance analysis appeared
to assist our examination of the unique contributions of distress symptoms on immunity,
since the effects of stress and depression are forced away when analysed simultaneously
(Babyak, 2004; Budescu, 1993).

The lack of association between stress and immune functioning, after accounting for
the effect of anxiety, was salient, given the high statistical power of this experimental design.
There are a couple of possible explanations. Firstly, the method of stepwise multiple linear
regression deducts the variance of predictors already explained by the model, and as noted,
anxiety explained most of the variance (Roemer et al., 2021; Budescu,1993). Secondly, as
well as negative effects, acute stress-response hormesis can have some beneficial effects on
both immunity and distress levels (Dang et al., 2019; O’Connor et al., 2020). Such processes
could weaken the broad association of stress and immunity found within this study, since the
current study’s measurement, and the measurements used in many studies considering stress
(Aschbacher et al., 2013; Lasselin et al., 2016) does not distinguish acute from chronic stress.
Other types of acute stress, such as public speaking, the illusion of imminent danger from
theme parks and various risky recreational activities such as skydiving, skiing or swimming
with sharks may all produce stress, but the type of stress generated by such activities may
have positive, generative affects, conveying various benefits such as coping skills, improved

emotional regulation and health benefits (Epel, 2020). By contrast anxiety, with features of
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intrusive, repetitive worries and negative appraisals of coping capacity possesses pronounced
features of negative affect, and is less compatible with mood stability (Spinhoven et al., 2018;
Taylor & Snyder, 2021).

Strengths, Limitations and Directions of Future Research

As has been discussed, the strengths of this study lie in its statistical power, cross-
country participation encompassing significant cultural diversity and participant
heterogeneity. The statistical power arises from the use of appropriate statistical techniques
used to undertake preliminary analysis, and the large sample size. The central limitation of
the study is the cross-sectional nature, which means it is not possible to make causal
inferences, so the associations found cannot be deemed deterministic (Roemer et al., 2021).
For example, psychological disorders and immune dysfunction may share other
commonalities which fall outside of the scope of this study, such as adverse experiences early
in life (Caspi & Moffitt, 2018; Dieleman et al., 2015). Alternatively, experiences of a disease
with physical symptoms may sensitise individuals towards greater anxiety, and cross-
sectional analysis cannot indicate the factor which operated as an antecedent (Dennis et al.,
2021). Temporal investigations could be more suitably explored through longitudinal
analysis. The Environmental Risk Longitudinal Twin Study could examine and compare
adverse early life events, or the effects of anxiety and depression on inflammation and health
outcomes of the cohort during varying life stages, while controlling for socioeconomic
factors and genetics (Baldwin et al., 2018).

Psychological distress from participants who were members of the general population
was generally skewed towards being subclinical, and consequently the study may benefit
from the inclusion of a broader psychiatric range (Antony et al., 1998). Continuing on this
theme, the addition of participants encompassing greater heterogeneity in self-reported

immunity, such as patients in primary medical health care, may have strengthened the study.
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The involvement of those in primary healthcare could reduce potential criticisms around
possible recall biases, through third party confirmation of disease symptoms and impaired
immunity (Kananen et al., 2021). Research in this arena would also benefit from further
exploration by examination using alternative psychological assessments. Different subtypes
of emotional disorders may display different relationships to immunity. Only three types of
distress disorders were examined within this study; future research may wish to investigate
further conditions associated with distress in a broader sense, such as negative effect or
trauma, which also appear to impact immunity (Renna et al., 2018; Schnurr et al., 2007;
Shattuck & Muehlenbein, 2015).

With a focus on anxiety, future research could explore the relationship towards state
and trait anxiety, or anxiety sensitivity (Lasselin et al., 2017; Taylor et al, 2007). It is possible
that anxiety sensitivity, or undue interest in the physical effects of anxiety on the body
influences research into disease symptoms and consequently, recall of immune symptoms
(Jungmann & Witthoft, 2020). This association leads people more impacted by anxiety to
conclude that they have poorer health, though influences around health research and health
risk perception (Jones et al., 2014; Jungmann & Witthoft, 2020). In the same manner that
fatigue may blur the relationship between inflammation and depression (Vinkers et al., 2021),
some symptoms of anxiety, such as muscle and joint pain or skin problems may be related to
physiological or behavioural elements of immunity symptoms, such muscle tension and
dermatitis (Pluess et al., 2009; Sun et al., 2021). For example, dermatitis could have a
relationship between immunity and anxiety sensitivity, namely intrusive, repetitive negative
thinking catastrophising the social consequences of dermatitis, magnifying perception of the
skin damage (Dennis et al., 2021). Future work could look to examine various specific 1ISQ
symptoms and their relationship with negative affect, to examine whether muscle or joint

pain or more experiences of fever more clearly emphasise distress. Alternatively, work could
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look to break down the impact of cognitive, behavioural and physiological symptoms of
negative affect on 1ISQ scores, to investigation the variance that distress symptoms explain.
However, dimensional measures of emotional disturbances used in this study are robust and
very well established (Lightburn et al., 2023; Osman et al., 2012).

It would be interesting to observe whether greater levels of anxiety impacted known
immunological responses, in a dose dependent pattern, as was suggested in the cross-
sectional Alghamdi et al. (2021) study. For example, evidence whether higher anxiety levels
correspond to reduced immune responses when volunteers are injected with endotoxins
known to stimulate immune responses could support or falsify any causal relationship, if
depression and stress were controlled for (Lasselin, 2021). Alternatively, the immune
responses of non-clinical participants to standard immunisation compared with placebo in
randomised controlled trials could be measured against anxiety levels. Such work could
demonstrate proof of concept, and the effectiveness of interventions, such as vaccinations, are
based on the assumptions of typical immune functioning (Ballesio et al., 2023). Further
insights about features that may impact the success of vaccines would be useful for those
looking to enhance responses (Schakel et al., 2019).

The study is also limited by common method bias; multiple constructs being assessed
using common methods (that is, multiple-item scales presented within the same survey) may
lead to spurious effects due to the assessment instruments, rather than to the constructs
themselves (Podsakoff et al., 2012). For example, participants are asked to report their
subjective perceptions or impressions on two or more constructs within the same survey. This
includes similar items such as 1 felt that | had nothing to look forward to and | was worried
about situations in which I might panic and make a fool of myself. The close sequence of
certain questions is likely to produce some spurious correlations among the items measuring

these constructs owing to response styles, social desirability, and priming effects. These
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issues may create some distortions, which may be affect the true associations between the
constructs that the study intended to measure (Podsakoff et al., 2012). A similar cause for
concern arises because participants are required to consider different assessments over
different time periods: the DASS-21 refers to the past week, the ISQ refers to the past year,
and the SSS refers to the participants current point in life (Adler et al., 1994; Lovibond &
Lovibond, 1993; Wilod Versprille et al., 2019). While a set temporal reference point reflects
common practice to capture health and affective variability, the window ranges being
considered could be critiqued as inviting multiple recall biases associated with the varying
time periods.

The DASS-21 and SSS used for mood and socioeconomic measures are both highly
validated and robust measures (Antony et al., 1998; Lightburn et al., 2023; Oswald & Wu,
2010). In contrast, the recently developed 1SQ, while increasingly globally used, including in
other English, Indian and Italian studies, has been subject to less scrutiny (Nesari et al., 2022;
Tarantino et al., 2021; Verster et al., 2023). While physical symptoms have the advantages of
environmental validity, there are limits to the strengths of associations between different
immunity symptoms. The symptoms for certain immune conditions, such as headaches and
rashes, are not necessarily closely related, nor are expected to correlate highly with one
another, although both have ramifications for overall immune system functioning (Wilod
Versprille et al., 2019). Analysing the outcomes using Rasch transformed measures would
improve the precision of the study, as analysis of immunity and distress relationships was
undertaken using raw scores, and there is no particular reason to assume that the outcomes
would be linear. Rasch transformed scores do exist for the DASS-21(Medvedev et al., 2020).,
yet do not yet appear to have been created for the 1ISQ. Examination with Rasch transformed

measures would improve the accuracy of the model
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Within this comparison across countries, there were marked differences in age, sex,
and distress levels between members of the general public and university students. The
participants were youthful, and the sex ratio was disproportionately weighted towards
females, which may partially account for the high rates of distress, given prevalent mental
unwellness in females (Kessler et al., 2015; Long et al., 2022). Relative to the general public,
students are generally higher on distress indices, which echoes research highlighting
enhanced psychological distress in females and students (Cvetkovski et al., 2019; Kessler et
al., 2015; Spence et al., 1987). While the increased distress did recommend inclusion for the
purposes of the current study, results specific to university students may not be readily
generalised to the broader population. It has been noted that student populations possess some
unique features associated with improved reported parenting and psychological resilience
when matched with non-university attending age-related peers (Cvetkovski et al., 2019).
Future studies could use a make use of clinical, general citizen participants to strengthen the
comparison.

Conclusions

Although there is keen interest in the relationship of psychological distress and
immune functioning, most studies have investigated and emphasised the relationship of stress
and depression to immune functioning (Dantzer et al., 2008; Marsland et al., 2017). The
impact of anxiety on immunity has remained relatively neglected (Costello et al., 2019).
Within the present study, which uses physical immunity symptoms and dimensional affective
measures, anxiety consistently explained the greatest proportion of differences, when
investigating the unique contributions of common psychological distress types on immune
status. After accounting for effects of anxiety, other distress symptoms explained only
negligible variation in immune function. While preliminary, these cross-country results

highlight a close relationship between anxiety and immunity, and strongly encourage greater
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examination into the impact of anxiety on immune functioning, with a view to fortifying

immune functioning and disease outcomes.
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Introduction

The relationship between affective conditions and
immune dysfunction has garnered significant
attention in recent studies, especially considering
the adverse health outcomes resulting from immune
system disruptions due to stress (Andreasson et al.,
2018; Momen et al., 2020; Lasselin, 2021; Seiler et
al., 2020). While the general impact of negative
affect on immune imbalances is understood, there
remains a paucity of research focusing on specific
negative affect facets, such as depression and
anxiety, and their unique roles on immune
functioning.

Subjective reports of infectious symptoms, such as
fever and cough, serve as pivotal indices in immune
functioning and play a crucial role in the
preliminary diagnosis of infections like flu or
COVID-19 (Alghamdi et al., 2021; Libet, 2004).
These patient-centred reports, though cost-effective,
sometimes yield inconsistent results when mapped
with inflammatory biomarkers, stressing the
complexity of the immune system and the
challenges of having clear clinical thresholds for

these biomarkers (O’Connor et al., 2021; Lodin et

al., 2017). Depression, anxiety, and stress, while
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often coexisting, manifest distinct patterns and
impacts on immune function (Barlow et al., 2014;
Eysenck and Fajkowska, 2018; Mariani et al., 2021;
Momen et al., 2020). While depression’s association
with immune deregulation is well-documented, the
nuances of anxiety’s relationship with immunity
require more comprehensive research (Dantzer et
al., 2008; Culpepper, 2009; Renna et al., 2018).
The comorbidity of depression, anxiety, and stress
is evident, with shared symptoms like repetitive
negative thinking. However, their unique emotional
and cognitive domains highlight the need to
understand them as separate entities (Spinhoven et
al., 2018; Eysenck and Fajkowska, 2018). Various
models, such as Clark and Watson’s tripartite
model, have sought to explain their
interrelationships, emphasizing their distinct
conditions and the importance of analyzing their
individual impacts on immune functioning (Clark
and Watson, 1991; Lasselin, 2021).

Given the variability of affective responses across
populations and the cultural nuances in expressing
negative affect, this study undertakes a comparison
among Italy, India, and New Zealand (NZ),

leveraging their diverse cultural backgrounds to



provide richer insights. In response to the existing
literature, our research seeks to delineate the unique
contributions of depression, anxiety, and stress to
immune status by examining a cross-country non-

clinical sample from these three countries.

Method

Participants

The total sample (n = 2482) was composed of
Italian university students and general population,
NZ general population and Indian university
students above the age of 18. The Italian sample
was composed of 97.64 % of people who identified
as European, Asiatic (0.26 %), African (0.56 %),
American (0.56 %), with the remainder (0.94 %)
made up of other ethnicities not specified. The NZ
sample was composed of NZ European (64.6 %),
Maori (14.8), Pacific nations (3.9 ~ %), Asian (12.6
%) and (4.1 %) of other ethnicities not specified.

All India student participants identified as Indian.

Procedure

The study was approved by the ALPSS Divisional
Human Research Ethics Committee of the
University of Waikato (FS2021-58), New Zealand,

which is following the internationally recognised
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ethical standards consistent with APA 7 edition.
Written informed consent was obtained from all
participants prior to completing the questionnaire.
Participation was anonymous, and participants gave
their consent after reading information about the
study. Data collection took place through an online
survey and no time limit was imposed. Participants
were recruited by a combination of techniques. The
Italian students were recruited in October 2022
through a convenient sample technique. Further
participants were recruited through outreach by
snowballing techniques. All Italian participants
accessed the survey through the university based
Qualtrics website. Dynata distributed the NZ survey
online through their network in January-February
2022, and participants obtained compensation up to
the value of $5 for completing the form. Further NZ
participants were recruited through outreach by
snowballing techniques. The Indian students were
recruited in March-May 2022, through a convenient
sample technique. The link of the study was shared
with teachers in different universities and shared
with associated classes. Moreover, the link of the

study was also shared with different students’ group.

No compensation was provided to the Italian or



Indian participants for taking part in the study
because these data collection methods did not
involve monetary compensation, unlike Dynata in
New Zealand. To ensure the reliability and integrity
of our data, we implemented specific quality control
measures. Although participants were not confined
to a strict time limit for survey completion, we
recognized the potential risk of hastily filled-out or
random responses. Using the Qualtrics software, we
estimated the expected completion time for our
survey to be between 10 and 30 min. Based on this
estimation, we made the decision to exclude any
data from participants who completed the survey in
less than 10 min. This approach was adopted to
filter out potential responses from participants who
might have skimmed through questions or selected
options without genuine contemplation, thereby
ensuring the validity of the collected data.

Measures

Depression, anxiety and stress scales (DASS-21)
The DASS-21 is an abbreviated 21-item version of

the original self- report measure that captures
perceptions of emotions over the past week with
strong reliability (Lovibond and Lovibond, 1993). It
consists of three subscales: depression, anxiety, and

stress, with reliability indices ranging from 0.83 to
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0.94 across scales and countries (Lightburn et al.,
2023). In our study, the scores from these subscales

were used as continuous variables.

Immune status questionnaire (1SQ)
The 1SQ is a seven-item self-report tool that gauges

the frequency of infectious symptoms experienced
over the past twelve months and overall health
perceptions (Wilod Versprille et al., 2019). Its
reliability metrics in our study were between 0.70 to
0.76 across countries, showecasing its consistent

research reliability.

MacArthur scale of subjective social status (SSS)
The SSS is a self-assessment measure where

participants indicate their perceived social standing
within their community on a 10-point scale (Adler
et al., 1994). It offers insights into socio-economic
status nuances and has been shown to correlate well
with objective measures in industrial cultures

(Oswald and Wu, 2010).

Data analyses

Data analyses were undertaken using IBM SPSS
Statistics (Version 27). The required sample size
was estimated using G*Power software 3.1 (Faul et
al., 2009) and indicated that with the maximum

number of predictors limited to 10 to detect a small



effect size (0.01) under the «-0.05 with a certainty
of 95 % (1-B-0.95), the required sample size would
be >254 participants. The dataset exceeded this
figure, reflecting strong statistical power. During
data preparation, we noted that less than 4 % of our
dataset values were missing. Despite its low rate,
we carefully evaluated methods for handling
missing data, including multiple imputations, mean
imputation, and model-based methods. Ultimately,
we chose to exclude missing values for several
reasons: the missingness was minimal and unlikely
to affect our analysis’s power or generalizability
given our sample’s size and diversity; our
preliminary checks indicated the data was missing
completely at random (MCAR), ensuring no
systematic bias; and this direct exclusion approach
provided simplicity, transparency, and ease of
interpretation or replication by peers. This approach
underpins the integrity and clarity of our results.
The data met the assumptions for multiple linear
regression. with variables being normally
distributed and with skewness and kurtosis falling
within the acceptable range between +2 and — 2
(West et al., 1995). There was no multicollinearity

among predictor variables, according to the criterion

of Variance Inflating Factors (VIF) below 5
(Roemer et al., 2021; Podsakoff et al., 2021). For
linearity, we visually inspected scatter plots of the
observed versus predicted values. Additionally, we
used the Partial Regression Plots for individual
predictors to ensure that the relationship was linear
with the outcome variable. Homoscedasticity, or the
assumption of equal variance of the errors, was
assessed using the residuals-versus-fits plot. We
looked for any evident patterns in these plots; a
random distribution of points suggested that the
assumption was met. Pearson correlation
coefficients were calculated between age, SSS, the
ISQ and the subscales of depression, anxiety, and
stress.

Stepwise multiple linear regression on the outcome
variable the ISQ (immunity), combining forward
and backward entry to ensure robustness was used
to examine the unique contributions of depression,
anxiety, and stress on immune status (Babyak,
2004). Stepwise multiple linear regression extracts
and lists the strongest predictor which explains most
of the variance first, using mathematical criteria

(Roemer et al., 2021).



Demographic variables including sex, age and SSS
were controlled for and entered together in the first
block. Analysis was undertaken by country, as
although socio-demographic differences were
controlled for, cross-country variation was to be
explored. Following this, depression, anxiety, and
stress were entered using combined forward and
backward stepwise entry, by country. In this
method, the strongest significant predictor that
explains the greatest amount of the variance is
extracted first based on mathematical criteria.
Subsequent predictors, which explain the unique
variance not explained by the first predictor, appear
in order of their unique predictability and were
extracted sequentially, while reiteratively
accounting for and deducting the variance of
predictors which were already extracted, until no
more significant predictors remained (Roemer et al.,
2021). The threshold for inclusion was p < .05 and
for removal was p > .10. These analyses were
conducted individually for the Italian, Indian and
NZ samples due to significant differences between
samples demographics for the countries.

To determine the unique variance explained by each

of the predictors, dominance analysis was
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conducted (Budescu, 1993). In dominance analysis,
all subsets of predictors are examined in relation to
the dependent variable and the unique contribution
of each predictor is estimated. Dominance analysis
reduces potential distortions through
multicollinearity and enables direct comparisons of
predictors within a model. To conduct dominance
analysis in the present study, that included three
predictors, seven regression analyses were run using
SPSS, containing all possible combinations of
predictors. Following these analyses, the AR? values
were averaged and compared to identify the variable
with the highest mean incremental contribution to
variance explained, using Excel (Tonidandel and
LeBreton, 2011). The percentage value of relative
importance of predictors is derived by dividing the
overall average incremental R? by the contribution

of average predictors to the model.

Results

Demographic characteristics of the sample are
shown in Table 1. When age was viewed by
country, the average NZ sample age showed greater
variation relative to the more youthful Italian and
Indian sample. A chi-square test of independence

examined distribution of sex by country, and noted



significant differences in two of the countries, with
the Italian and Indian sample being weighted
towards significantly more females compared to
males (p < .01). Descriptive statistics are
represented in Table 2, with skewness and kurtosis
values being in the acceptable range. The Indian and
Italian participants were significantly younger, and
their indices of negative affect levels, notably stress,
were significantly higher compared to the NZ
sample. The NZ sample reported lower perceived
SSS and lower average negative affect levels.

Table 3 presents the results of stepwise multiple
linear regression predicting immunity in each
sample. Within the Italian sample,
sociodemographic features accounted for 11 % of
the variance, with age showing the strongest impact
on immunity. After accounting for the effect of
demographics, anxiety was significantly associated
with immunity and the strongest affective predictor
and accounted for a further 14 % of the variance.

In the Indian sample, sociodemographic
characteristics accounted

for 3.6 % of the variation with SSS being the only
significant predictor. After controlling for

demographics anxiety was significantly associated
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with immunity and the strongest affective predictor
and accounted for a further 15 % of the variance.

In the NZ sample, sociodemographic characteristics
accounted for 9.3 % of the variation with SSS and
age being a significant predictors. After accounting
for demographics, anxiety was significantly
associated with immunity and the strongest
affective predictor and accounted for a further 20 %
of the variance.

Table 4 shows the results of the dominance
analyses; full results are available by request from
the first author. Anxiety had the greatest dominance
value in all samples, showing general dominance
over the other affect facets and accounting for
between 42 % to 50 % of the total variance
explained. Stress was the second most important
contributor in the NZ and Indian samples, while
depression was the second most important second

contributor for the Italian sample.

Discussion

This study focused on investigating the unique
contributions of depression, anxiety and stress to
immune functioning within a large sample drawing
participants from Italy, India and NZ. When

disentangling the three constructs, anxiety



consistently demonstrated the strongest negative
impact associated with immune functioning. After
accounting for the effects of anxiety, stress had only
negligible association with immunity in the Indian
and NZ samples. Depression had a modest impact
on the Italian sample, indicating variation between
countries. While this study found an association
between stress and immunity as proposed by the
stress immune model (O’Connor et al., 2021;
McEwen, 2017; Morey et al., 2015), the association
was notably stronger for anxiety and immunity.
The present findings indicate that associations
between stress, depression and immunity in
previous studies may have been partially explained
by unmeasured anxiety, which tends to be strongly
associated and frequently comorbid with depression
and stress (Patriquin and Mathew, 2017; Renna et
al., 2018). This is irrespective of whether negative
affect types are differentiated between, or whether
disorders are controlled for (Barlow et al., 2014;
Budescu, 1993). The results suggest that when the

frequently comorbid and co-varying constructs of

Country n Sample Age M (SD) %

Females

Nz 1037 49.00

(17.63)

General Population 51.0
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stress and depression are controlled for, anxiety is
shown to have the greatest impact on immunity. As
such, an anxiety-disease model, as outlined in Fig.
1, would appear to outline the relationship more
accurately between types of negative affect,
immunity, and adverse health outcomes, which is
supported by this study. While relatively scant
attention is provided to the association of anxiety
and immunity, these results suggest that anxiety is
the strongest affective condition contributing to
differences in immune deregulation across different
countries (Culpepper, 2009; Renna et al., 2018).
There are similarities in this study’s findings to
those of a recent cross-sectional study in Saudi
Arabia (Alghamdi et al., 2021). Those reporting
mild to moderate anxiety were two to four times
more likely to report reduced immune status.
Anxiety and immunity also showed the strongest
relationship, with a trend for severe anxiety to be
associated with poorer immune functioning, in a
dose dependent manner (Alghamdi et al., 2021).

The study also found significant associations with
stress and immu-



Italy 1061 University Students & General 29.99 78.6
Population (13.85)
India 384 University Students 23.67 67.0
(7.68)
Table 1

Demographic Characteristics of Participants.

nity (Alghamdi et al., 2021). However, the variance explained by anxiety while estimating contribution of

stress was not controlled for. Therefore, the association with stress might be due to shared variance between

anxiety and stress. In the current study, we controlled for anxiety and only found weak associations between

stress and immune functioning within the Indian and NZ samples. This highlights the importance of using

appropriate methodology that allows identification of the unique effects of specific predictors, such as

anxiety. The limitation of the Saudi Arabian study is related to using methodology that involved

dichotomization of continuous variables, namely immune

Table 2

Means (M), 95 % confidence intervals (CI) of the samples by country and combined, also including skewness and kurtosis data for the total sample.

Italian (n = 1061)

Indian (n = 384)

New Zealand (n = 1037)

Total sample (n = 2482)

Variable M Confidence intervals M Confidence intervals M Confidence intervals M Confidence intervals Skewness Kurtosis
Age 29.99 [29.16, 30.83] 23.67 [22.84, 24.50] 49.00 [47.92, 50.07] 42.88 [41.87, 43.90] 0.778 -0.609
SSS 6.56 [6.45, 6.66] 6.52 [6.29, 6.75] 5.60 [5.49,5.72] 5.83 [5.72,5.93] -0.357 0.040
Immunity 5.86 [5.70, 6.03] 6.41 [6.10, 6.72] 6.92 [6.77,7.08] 6.80 [6.66, 6.94] - 0.659 -0.342
Depression 6.81 [6.51,7.12] 6.99 [6.45, 7.53] 5.70 [5.36, 6.03] 6.01 [5.72, 6.30] 0.805 -0.071
Stress 9.12 [8.84,9.40] 7.36 [6.92,7.80] 6.01 [5.73, 6.30] 6.34 [6.09, 6.58] 0.478 -0.275
Anxiety 5.95 [5.66, 6.23] 6.81 [6.31, 7.30] 4.36 [4.09, 4.63] 4.95 [4.70,5.19] 0.889 0.193
Note. n = sample size, M = mean.
Table 3
Summary of multiple linear stepwise regression (n =
384) and NZ sample (n = 1039). o i . . . '
analyses predicting immunity a nd the im pact of affective subsc ues from ‘he Italian sample (n=  1061) ian sample
Outcome Step Block and Predictors R2 R?change Standardized 8 p
Italian sample Demographics .106 .106
1 Age .266[.205, 0.321] <0.001
2 SSS .122[.064, 0.180] <0.001
3 Sex -0.080[- 0.138,- 0.022] .007
Affective scales 1 Anxiety .249 .143 - 0.400[- 0.455,- 0.345] <0.001
2 Depression .257 .011 -0.162[- 0.243,- 0.083] <0.001
Indian sample Demographics .036 .036
1 Age .099[- 0.008, 0.206] .072
2 SSS .135[.029, 0.242] .013
3 Sex -0.048[- 0.156, 0.060] .382
Affective scales 1 Anxiety .186 .151 - 0.405[- 0.507,- 0.303] <0.001
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NZ sample

Demographics

Affective scales

Stress

Sex

SSS

Age

Anxiety

Stress

.197

.093

.293

.298

.011

.093

.200

.005

- 0.142[- 0.274,- 0.010]

-0.107[- 0.047, - 0.0167]

1193[.135, 0.251]

.166[.111, 228]

- 0.480[- 0.535,- 0.425]

- 0.117[- 0.202,- 0.031]

.036

<0.001

<0.001

<0.001

<0.001

.007
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Table 4

Dominance analysis: average R?, general dominance and rescaled dominance across negative affect facets and countries.

Outcome Numbers of predictors in the model Depression Anxiety Stress
Hedy T 5:18% 5212 6372
2 0.022 0.050 0.016

3 0.006 0.032 0.003

General dominance 0.070 0.098 0.064

Rescaled dominance% 30.09 42.42 27.49

India 1 0.100 0.169 0.132
2 0.005 0.058 0.023

3 0.000 0.036 0.003

General dominance 0.035 0.088 0.053

Rescaled dominance% 20.00 50.00 30.00

Nz 1 0.156 0.268 0.215
2 0.003 0.087 0.036

3 0.000 0.057 0.007

General dominance 0.053 0.137 0.086

Rescaled dominance% 19.14 49.76 31.10

dysfunction, which inevitably leads to

losing information and consequently,

accuracy of estimates. This may have

reduced the power of the analysis and

contributed to differences compared with

our findings (Roemer et al., 2021).

However, it is striking that anxiety

exhibited the strongest relationship to

immunity in both studies.

Anxiety was the strongest factor associated

with immunity across countries. This

persisted despite discrepancies in culture,

age and other demographic factors, and
this consistency is salient. Comparisons of
types of affective relationships do show
some differences between countries (De
Vaus et al., 2018; Long et al., 2022). Stress
levels were detected in the Indian students
and NZ citizens. Depression was found to
be the second most important feature for

the Italians. Again, despite the
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&9

Contextual moderators: life stage, ecological pressures,

stressor duration, protective factors

Fig. 1. Anxiety-disease model.

high recent prevalence of depression and
anxiety in Italy, the methodology showed a
negligible association between immunity
and depression (Caldirola et al., 2022;
Fioravanti et al., 2022). It is unclear
though interesting to speculate to what
degree this may be a culturally mediated
effect. There are Eastern cultural traditions
that increase mind and body awareness, in
addition to other features (De Vaus et al.,
2018; Khambaty and Parikh, 2022; Long
et al., 2022). Alternatively, it may simply
reflect recent geopolitical events and
conditions, which may have contributed to

a relative increase in mood languor within
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Italy (Caldirola et al., 2022; Fioravanti et
al., 2022).

The regression results indicated that after
accounting for the effect of anxiety, stress
and depression did not appear to have a
strong association with immunity. This is
despite the literature emphasising the close
association between depression, stress,
immunity and sickness (Andreasson et al.,
2018; Binder and Nemeroff, 2010). Since
depression shares common variance with
both anxiety and stress, studies on stress
and depression may not be able to control
for effects of anxiety and stress when
measuring solely depression (Medvedev et
al., 2018; Roemer et al., 2021; West et al.,
1995). It does highlight the advantages of
using appropriate methodology including
stepwise multiple linear regression and
dominance analysis when examining
unique contributions of psychological
symptoms on immunity, since the effects
of stress and depression are forced away
when analysed simultaneously (Babyak,

2004; Budescu, 1993).



The lack of association between stress and
immune functioning after accounting for
the effect of anxiety was salient given the
high statistical power of this sample. There
are a couple of possible explanations.
Firstly, the method of stepwise multiple
linear regression deducts the variance of
predictors already explained by the model,
and as noted, anxiety accounted for most
of the variance (Budescu,1993; Roemer et
al., 2021). Secondly, acute stress-response
hormesis can have some beneficial effects
on immunity, which may weaken the
broader association of stress and immunity
within this study, since the measurement
used may not distinguish acute from
chronic stress, as is true of many studies
considering stress (Aschbacher et al.,
2013); Lovibond and Lovibond, 1993). For
example, theme parks may induce stress
levels through illusions of imminent
danger, but the acute stress response from
the fear produced may not necessarily lead
to illness, as this type of stress is still

compatible with positive affect

7

(Aschbacher et al., 2013). Anxiety, with
features of incessant worry and the
negative appraisals of one’s ability to cope
with looming potential threats possesses
clearer features of negative affect, and is
less compatible with mood stability
(Spinhoven et al., 2018; Taylor and
Snyder, 2021).

Our study emphasizes the intricate
relationships between psychological
constructs, such as depression, anxiety,
and stress, and immune functioning across
populations from Italy, India, and New
Zealand. Most strikingly, anxiety was
identified as having a consistent negative
link with immune functioning. On the
other hand, depression demonstrates a
robust connection with immune
deregulation, with some immunological
reactions differing from those elicited by
stress (Dantzer et al., 2008; Lasselin, 2021,
Mariani et al., 2021; Miller and Raison,
2016). Our results supported a modest link
between depression and immune

functioning in the Italian sample.



Contrastingly, the relationship between
stress and immunity in our study was
weaker than suggested by the stress-
immune model. This deviation from
established literature, which often
underscores a robust connection between
stress and immune response, invites
speculation on potential protective
biological mechanisms or other
moderating biomarkers. Such factors
might be influenced by genetic,
environmental, or lifestyle differences
inherent to the populations studied. In
sum, delving deeper into the biological
mechanisms, such as hormonal, genetic,
and inflammatory pathways, could
elucidate our findings and account for the

observed inter-country variations.

Strengths, limitations and directions of
future research

Naturally, this study has strengths and
limitations. The strengths lie in the size of
the study, statistical power, cross-country
participants which encompasses great

cultural diversity and participant
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heterogeneity, the use of appropriate
statistical techniques to undertake
preliminary analysis. However, some of
the common limitations are related to the
cross-sectional nature of the study, which
does not permit causal inferences, so the
association found across countries cannot
be deemed deterministic. Psychological
disorders and immune dysfunction may
share other commonalities, such as adverse
experiences early in life (Dieleman et al.,
2015). Also, temporal snapshots lack the
ability to detect time related nuances. For
example, the impact of negative affect on
immunity may vary during time-sensitive
windows, which could be further explored
through longitudinal analysis, such as the
Environmental Risk Longitudinal Twin
Study (Baldwin et al., 2018).

Considering that psychological symptoms
from participants who were members of
the general population was generally
skewed toward being subclinical, the study
may benefit from the inclusion of a

broader psychiatric range (Antony et al.,



1998). Further research which
encompasses and targets certain features,
such as patients in primary medical health
care, would augment the study. The study
would also benefit from further refinement
by examination with other assessments,
such as anxiety sensitivity (Lasselin et al.,
2016; Taylor et al., 2007).

From biological perspective, it would be
interesting to observe whether greater
levels of anxiety impacted known
immunological responses, in a dose
dependent pattern. For example, whether
higher anxiety levels correspond to
reduced immune responses to deliberate
viral exposure challenges could support or
falsify these findings. Alternatively, the
immune responses of non-clinical
participants to standard immunisation can
be compared with placebo in randomised
controlled trials while accounting for
anxiety levels. This research may prove
very useful, as the effectiveness of

interventions, such as vaccinations, are
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based on the assumptions of typical
immune functioning.

The study results may also be affected by
common method bias (Podsakoff et al.,
2012). The fact that multiple constructs are
measured using common methods (e.g.,
multiple-item scales presented within the
same survey) leads to spurious effects due
to the assessment instruments rather than
to the constructs being measured. For
example, the fact that subjects are asked to
report their own perceptions or
impressions on two or more constructs in
the same survey is likely to produce
spurious correlations among the items
measuring these constructs owing to
response styles, social desirability, and
priming effects, which may be
independent from the true correlations
among the constructs being measured.

In addition, there was no consistency time
periods indicated in the measures for
participants to consider, with the DASS
referring to the past week, the 1ISQ

referring to the past year, and the SSS



referring to the participants’ current point
in life (Adler et al., 1994; Lovibond and
Lovibond, 1993; Wilod Versprille et al.,
2019). While common, such discrepancy
could be criticised due to recall bias, and
variation. However, the DASS subscales
were well validated as a trait measures
while changes in the SSS are very unlikely
withing a short period of time (Antony et
al., 1998; Lightburn et al., 2023). The I1SQ,
while increasingly globally used, including
in English, Indian and Italian studies has
been validated to the lesser extent (Nesari
et al., 2022; Tarantino et al., 2021; Verster
etal., 2022).

Given the highly comorbid nature of
depression, stress and anxiety, it is not
possible to conclude that individual
conditions of anxiety, depression and
stress in isolation are contributing to
immunity, because shared factors between
the conditions may drive this association.
While the DASS-21 has been employed as
a reliable instrument to assess the severity

of these conditions, it is inherent to the
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tool’s design to measure domains that have
shared variance. Our analyses sought to
discern unique contributions of each
domain. However, we recognize the
challenge posed by their interrelatedness.
It's conceivable that shared factors among
depression, anxiety, and stress might
influence the observed associations with
immunity. Thus, while our findings shed
light on the differential contributions of
these psychological states, the potential for
underlying shared factors to drive these
associations remains. In the context of our
study, it’s essential to interpret the results
with an understanding of this overlap and
the limitations of any single tool, including
the DASS-21, in fully isolating the unique
effects of intertwined psychological
domains. Future research employing a
multi- faceted assessment approach,
perhaps incorporating multiple tools and
methodologies, could provide additional
clarity on this matter.

Among the limitations of our study, a

significant concern relates to the sampling



strategy employed. While drawing
comparisons across countries, we noted
marked differences in factors such as age,
sex, and negative affect levels between
members of the general public and
university students. The participants were
predominantly youthful with a
disproportionate representation of females.
This skewness towards younger females
could partially explain the elevated rates of
negative affect observed, considering the
heightened mental unwellness typically
associated with this demographic
(Medvedev et al., 2018; Spence et al.,
1987). Moreover, the student participants
tended to score higher on negative affect
indices, underscoring the prevalent
negative affect challenges faced by
females and students (Spence et al., 1987).
However, it’s essential to highlight that
findings specific to university students
might not generalize to the broader
population, as student cohorts often exhibit
unique attributes like enhanced reported

parenting and psychological resilience
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compared to their non-university attending
peers (Cvetkovski et al., 2019).
Furthermore, we acknowledge the
potential for volunteer bias, which may
influence our results. Individuals more
inclined to participate in such studies
might possess particular characteristics or
be more motivated by specific factors,
potentially skewing our sample. Our
recruitment strategies varied across
countries, and only participants from New
Zealand were compensated for their time.
Such variations in recruitment and
compensation might have led to
differential participation motivations and
could introduce biases in the sample
composition. The lack of compensation in
other regions, compared to New Zealand,
might affect the motivation and the
demographic mix of the participants,
possibly influencing their responses.
Future research would benefit from more
standardized recruitment strategies and

broader, more representative participant



populations to bolster cross-country

comparisons.

Conclusions

Studies which have examined the
relationship between immunity and
affective conditions have greatly
emphasised stress and depression. The
impact of anxiety on immunity has
remained relatively neglected. Within the
present study, anxiety consistently
explained the greatest proportion (between
14 % and 20 %) of differences, when
investigating the unique contributions of
affective symptoms on immune status.
After accounting for effects of anxiety,
other affective symptoms explained only
negligible variation in immune function.
While preliminary, these cross-country
results highlight a relationship between
anxiety and immunity, and strongly
encourage greater examination of the
impact of anxiety on immune functioning,

with a view to improving health outcomes.
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Appendix B General recruitment poster for participants (general population)

v
ARTICIPANTS WANTED!
- What are psychological protective and risk factors of immune Function?

This study seeks to find out!

Evidence shows that a healthy immune system can successfully combat
most viruses and psychological factors play an important role in healthy
immune function. We will pioneer the use of novel network analysis to
investigate psychological protective and risk factors predicting human

immune resilience in a survey study. The project will contribute to

hintergrund-4822807/
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Appendix C Recruitment email — general participants

Téna koe [name of recipient],

My name is Oleg Medvedev and I’m a Senior Lecturer at the University of Waikato.

You recently indicated interest in participating in my research.

You are invited to take part in the project, which will explore protective and risk factors of
immune function. Your input will help to investigate psychological protective and risk factors
predicting human immune resilience in a survey study. The project will contribute to
knowledge and understanding of interactive network mechanisms involved in immune

function and inform development of interventions to enhance immune resilience in humans.

The results of the study may feature in academic articles and presented at national and
international conferences.

Please note that this research study is not connected to any type of commercial interest.
The (fully-anonymised) data from this study may be used for educational purposes.

The research project has received ethical approval from the Division of Arts, Law,
Psychology & Social Sciences Human Research Ethics Committee at the University of
Waikato. Any questions about the ethical conduct of this research may be sent to the
Secretary of the Committee, email alpss-ethics@waikato.ac.nz, postal address, Division of
Arts, Law, Psychology and Social Sciences, University of Waikato, Te Whare Wananga o
Waikato, Private Bag 3105, Hamilton 3240

The questionnaire asks for personal responses and should take around 25 minutes to
complete.

If you agree to participate in the questionnaires, all information and responses you provide

will be kept private and treated in a strictly confidential manner.
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Through completing the questionnaire, you demonstrate consent to participate in the survey.
You can withdraw from the study at any time by simply closing the browser window without
finishing the questionnaire.

If you would like further information on this research study, please contact me by email:
oleg.medvedev@waikato.ac.nz

Nga mihi nui

Oleg Medvedev
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Appendix D: Research project information and informed consent

Research project information and informed consent
Teénd koe,
You are invited to take part in the project, which will explore protective and risk factors of
immune function. Your input will help to investigate psychological protective and risk factors
predicting human immune resilience in a survey study. The project will contribute to
knowledge and understanding of interactive network mechanisms involved in immune

function and inform development of interventions to enhance immune resilience in humans.

This study is being conducted by Oleg Medvedev, a Senior Lecturer at the School of
Psychology, University of Waikato.

The results of the study may feature in academic articles and presented at national and
international conferences.

The research project is not connected to any type of commercial interest.

The research project has received ethical approval from the Division of Arts, Law,
Psychology & Social Sciences Human Research Ethics Committee at the University of
Waikato. Any questions about the ethical conduct of this research may be sent to the
Secretary of the Committee, email alpss-ethics@waikato.ac.nz, postal address, Division of
Arts, Law, Psychology and Social Sciences, University of Waikato, Te Whare Wananga o
Waikato, Private Bag 3105, Hamilton 3240The following questionnaire asks for personal
responses.

All information and responses you provide will be kept private and treated in a strictly
confidential manner.

The data from this study will be fully-anonymised before the facilitation of statistical

analyses that may be conducted for both research and teaching purposes.
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The questionnaire asks for personal responses and should take around 25 minutes to
complete.

Through completing the questionnaire, you give your informed consent to participate in this
study and agree that your fully-anonymised data will be used for research and teaching
purposes.

You can withdraw from the study at any time by simply closing the browser window without
finishing the questionnaire.

If you have any questions regarding this research project before beginning the questionnaire,

please contact me (Oleg Medvedev) at oleg.medvedev@waikato.ac.nz.

Thank you so much for participating — nga mihi nui ki a koe! Your input will help in the
advancement of our understanding of mindfulness, contemplation, and their relationship with

mental health.
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Appendix E Ethics Approval
The study was approved by the University ethics committee, which follows internationally
recognised ethical standards. Studies undertaken in Italy and India followed similar

internationally recognised ethical standards.

Te Wananga o Nga Kete | Division of Arts,  Te Piringa — Faculty of Law

Law, Psychology & Social Sciences Dr Nathan John Cooper THE UNIVERSITY Ol
Tel: +64 7 838 4463

The University of Waikato Email: nathan.cooper@waikato.ac.nz VVAI KATO

Private Bag 3105 www.waikato.ac.nz

Hamilton 3240 Te Whare Wananga o Waikatc

New Zealand

Dr Oleg Medvedev

School of Psychology

26 October 2021

Dear Oleg

Re: FS2021-58: Investigating Protective and Risk Factors of Inmune Function: A Network

Analysis

Thank you for submitting your revised application to the ALPSS Human Research Ethics
Committee. We have reviewed the final electronic version of your application and the Committee
is now pleased to offer formal approval for the research activities detailed therein.

Please contact the Committee should other issues arise during your data collection, or should you
wish to add further research activities or make changes to your project as it unfolds. All the best
with your research. Thank you for engaging with the process of ethical review.

Kind regards

Nathan Cooper, Chair
Division of Arts, Law, Psychology & Social Sciences Human Research Ethics Committee
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Appendix F The DASS21
This scale consists of a number of words that describe different feelings and
emotions. Read each item and then indicate the appropriate answer. Indicate
to what extent you felt this way over the past week.
1. | found it hard to wind down.

____ Did not apply to me at all

_____Applied to me to some degree, or some of the time

____Applied to me to a considerable degree, or a good part of time

Applied to me very much, or most of the time

2. | was aware of dryness of my mouth
____Did not apply to me at all
____Applied to me to some degree, or some of the time
____Applied to me to a considerable degree, or a good part of time

_____Applied to me very much, or most of the time

3. | couldn’t seem to experience any positive feeling at all
____Did not apply to me at all
___Applied to me to some degree, or some of the time
____Applied to me to a considerable degree, or a good part of time

_____Applied to me very much, or most of the time

4, | experienced breathing difficulty (e.g., excessively rapid breathing,

breathlessness in the absence of physical exertion)

____Did not apply to me at all
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Applied to me to some degree, or some of the time
Applied to me to a considerable degree, or a good part of time

Applied to me very much, or most of the time

5. | found it difficult to work up the initiative to do things
____ Did not apply to me at all
_____Applied to me to some degree, or some of the time
____Applied to me to a considerable degree, or a good part of time

Applied to me very much, or most of the time

6. | tended to over-react to situations
____Did not apply to me at all
____Applied to me to some degree, or some of the time
____Applied to me to a considerable degree, or a good part of time

_____Applied to me very much, or most of the time

7. | experienced trembling (e.g., in the hands)
____Did not apply to me at all
___Applied to me to some degree, or some of the time
____Applied to me to a considerable degree, or a good part of time

Applied to me very much, or most of the time
8. | felt that | was using a lot of nervous energy

____Did not apply to me at all

Applied to me to some degree, or some of the time
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____Applied to me to a considerable degree, or a good part of time

_____Applied to me very much, or most of the time

9. | was worried about situations in which | might panic and make a fool of
myself

____Did not apply to me at all
____Applied to me to some degree, or some of the time
____Applied to me to a considerable degree, or a good part of time

Applied to me very much, or most of the time

10. Ifeltthat | had nothing to look forward to
____Did not apply to me at all
____Applied to me to some degree, or some of the time
____Applied to me to a considerable degree, or a good part of time

_____Applied to me very much, or most of the time

11. | found myself getting agitated
____Did not apply to me at all
_____Applied to me to some degree, or some of the time
____Applied to me to a considerable degree, or a good part of time

_____Applied to me very much, or most of the time

12. | found it difficult to relax
____Did not apply to me at all
____Applied to me to some degree, or some of the time

_____Applied to me to a considerable degree, or a good part of time
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Applied to me very much, or most of the time

13. | felt down-hearted and blue
____Did not apply to me at all
_____Applied to me to some degree, or some of the time
____Applied to me to a considerable degree, or a good part of time

_____Applied to me very much, or most of the time

14. 1 was intolerant of anything that kept me from getting on with what | was doing

____Did not apply to me at all
_____Applied to me to some degree, or some of the time
____Applied to me to a considerable degree, or a good part of time

_____Applied to me very much, or most of the time

15. Ifelt] was close to panic
____Did not apply to me at all
___Applied to me to some degree, or some of the time
____Applied to me to a considerable degree, or a good part of time

_____Applied to me very much, or most of the time

16. | was unable to become enthusiastic about anything

Did not apply to me at all
Applied to me to some degree, or some of the time

____Applied to me to a considerable degree, or a good part of time
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Applied to me very much, or most of the time

17.  |felt | wasn’'t worth much as a person
____Did not apply to me at all
_____Applied to me to some degree, or some of the time
____Applied to me to a considerable degree, or a good part of time

_____Applied to me very much, or most of the time

18. I feltthat | was rather touchy
____Did not apply to me at all
___Applied to me to some degree, or some of the time
_____Applied to me to a considerable degree, or a good part of time

____Applied to me very much, or most of the time

19. I was aware of the action of my heart in the absence of physical exertion (e.g.,
sense of heart rate increase, heart missing a beat)

____ Did not apply to me at all
_____Applied to me to some degree, or some of the time
____Applied to me to a considerable degree, or a good part of time

Applied to me very much, or most of the time

20. Ifelt scared without any good reason
____Did not apply to me at all
____Applied to me to some degree, or some of the time
____Applied to me to a considerable degree, or a good part of time

____Applied to me very much, or most of the time
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21. Ifelt that life was meaningless
____Did not apply to me at all
_____Applied to me to some degree, or some of the time
____Applied to me to a considerable degree, or a good part of time

Applied to me very much, or most of the time
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Appendix G I1SQ
Please indicate how often you have had the following complains in the past 12

months:

Never Sometimes Regularly  Often Almost
always
1. Sudden high fever
2.Diarrhea
3. Skin problems
(e.g. acne & eczema)
4. Muscle & joint pain
5. Common Cold
6. Coughing

7. Headache

How you feel at this moment?

1s.High fever Yes/No

2s. Diarrhea Yes/No

3s. Skin problems (e.g. acne & eczema) Yes/No

4s. Muscle & joint pain Yes/No
5s. Common Cold Yes/No
6s. Coughing Yes/No

7s. Headache
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A. | score my general health the following grade (from O=very bad to 10=very
good):

B. I score my immune functioning the following grade (from O=very bad to
10=very good):

C. Do you have reduced immune functioning at the moment Yes/No

D. Do you have a chronic disease Yes/No

If Yes, please SpecCify........cooieiiiiiii i,
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Appendix H — SSS - Demographic Information

Demographic information

1. What is your sex?
[IMale [Female

2. What is your age?
years.

3. Which ethnic group(s) do you identify with?
L] European/Pakeha

L] Maori
[ pasifika
L] Asian

e Other (please specify):

4. Which religion do you identify with? or Which religion do you belong to?
1. Hindu

2. Muslim
3. Sikh

4. Christian
5. Buddhist

6. Other (please specify)

5. Think of this ladder as representing where people stand in their communities. People
define community in different ways; please define it in whatever way is most
meaningful to you. At the top of the ladder are people who have the highest
standing in their community. At the bottom are the people who have the lowest
standing in their community.
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At this time in your life, where would you place yourself on this ladder
relative to other people in your community? Please write the corresponding number

in the space below.

Best off —» 10

«— Worst off
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Appendix | Dominance analysis
Model for Dominance Analysis for the three predictors (depression, anxiety and stress) on the

outcome of immunity.

Dominance Analysis for 3 Predictors
ImmuneStatus
Y= final

X1= Depression

X2=Anxiety
X3= Stress
Table Five
Predictors Model X1 X2 X3
in the
Model R-Square  Depression  Anxiety Stress
-- 0.1560 0.2680 0.2150
X1 0.156 0.1130 0.0630
X2 0.268 0.0010 0.0080
X3 0.215 0.0040 0.0610
X1,X2 0.269 0.0070
X1,X3 0.219 0.0570
X2,X3 0.276 0.0000

X1,X2,X3 0.276
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Table Six Computing R-Squared averages to view dominance

Average R-Square Across Subsets

X1 X2 X3
k Depression  Anxiety  Stress
0 0.1560 0.2680  0.2150
1 0.0025 0.0870  0.0355
2 0.0000 0.0570  0.0070
General
Dominance 0.0528  0.1373  0.0858
Rescaled
Dominance 19.1425 49.7585 31.0990

R-squared 0.2760
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