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Abstract The previous chapter introduced the ImmunoEmotional Regulatory
System (IMMERS). Also, there was a brief discussion about psychological states/
psychiatric disorders that so far have been linked to the IMMERS. The present
chapter considers another aspect of the IMMERS in which physiological states/
physical diseases can be fit to the IMMERS.
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The Physiological States/Physical Diseases Associated
with the IMMERS

Allergic Rhinitis and Asthma

Evidence emerged supporting the notion that asthma-related characteristics are
linked to various emotions [1]. This link is thought to be mediated by stress-
induced corticotropin-releasing hormone (CRH) or related peptides followed by
activation of mast cells and an inflammatory process in the airway [2, 3].
Interestingly, forced expiratory volume in 1 s (FEV1), which is an indicator of
pulmonary function, was negatively correlated with emotional/mood states induced
by videos, particularly negative ones, in asthmatic patients, but not in control sub-
jects without asthma [4, 5]. Moreover, stress-induced situations led to reducing
emotional expression in asthmatic children, but not in nonasthmatic ones [4, 5].
The regulation of both emotional and cognitive processing involves anterior cingu-
late cortex (ACC) (for review, see reference [6]). To investigate the influence of ER
on the inflammatory response in asthmatic patients, Rosenkranz and colleagues
(2005) enrolled all asthmatic patients into three inhalation challenges (saline,
Meth, and Ag) and monitored them for lung function, inflammatory response, and
the pattern of brain activity as evaluated using FEV1, the percentage of various
immune cells, and functional brain imaging (fMRI), respectively. They demon-
strated that throughout the duration of the late-phase response (6—8 hours), there
was an increase in the percentage of eosinophils in the sputum sample among
asthmatic patients who showed a greater signal change in the ACC and left insula
produced by asthma-specific (As)-valence-neutral (Ne) words contrast [7].
Following LPS administration in nonstressed animals, alveolar macrophages pro-
duced all the cytokines studied, e.g., TNF-a, IL-1f, and IL-6, in a dose-dependent
biphasic manner as well as NO in a monophasic manner [8]. In stressed rats, LPS
injection led to induce the levels of TNF-a and IL-1p, but not IL-6, and to reduce
NO levels [8]. These lines draw the significance of stress situations to alveolar
macrophages (Table 10.1).

This influence of emotional problems is not limited to disease exacerbation, but
it might become a constraint to routine functioning as well. Allergic rhinitis with or
without asthma was demonstrated to associate significantly with “role limitations
due to emotional problems,” which was measured using the short-form 36 health
survey questionnaire (SF-36) [9].

Autoimmune Diseases (AIDs)

Patients with autoimmune disease (AIDs) commonly confront emotional problems.
Moreover, emotional stressors and disorders are capable of causing AIDs. Therefore,
emotional stressors have been well established as a potential trigger of some AIDs
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Table 10.1 Physiological states/physical diseases associated with the immunoemotional
regulatory system

Physiological states/physical diseases

Allergic rhinitis and asthma

Autoimmune diseases (e.g., systemic lupus erythematosus and multiple sclerosis)

Cardiovascular diseases

Cancer

Hemodialysis

Human immunodeficiency virus

Inflammatory bowel diseases

Infections

Neurological diseases
Obesity
Metabolic syndrome

Skin diseases

Sleep disturbances
Stroke
Traumatic injuries

Vaccination

such as pemphigus [10, 11]. Further, human studies provided evidence pointing to
the increased development of emotional problems and EDR-related disorders in
patients with various types of AIDs, such as SLE and multiple sclerosis (MS), in a
disease state/severity-dependent manner [12—17]. For example, among patients
with childhood-onset SLE, 95% manifest neuropsychiatric SLE (NSLE). Mood
and anxiety disorders were the most common psychiatric conditions with the preva-
lence rate of 60% and 20% [13]. Even about 40% of patients with SLE without
CNS manifestations suffer from psychological distress compared with 6% in con-
trols. It is, thus, not surprising that both emotional coping and depressive symptoms
were correlated with non-NSLE [14, 15]. Interestingly, there was an increased acti-
vation of the brain regions related to emotion regulation/processing (e.g., the amyg-
dala and superior temporal) in SLE patients. However further analyses led to
identifying this increased activity of emotional circuit as a consequence of CNS
involvement by SLE [18]. Among patients with MS, emotional troubles were more
than twofold more likely to occur in patients who had an exacerbation or progres-
sive nonremitting MS compared to stable patients. This was reflected by an
increased rate of using emotion-focused coping styles in patients with relapsing-
remitting multiple sclerosis (RRMS) compared to stable patients [16, 17]. Mood
disturbance was correlated negatively with sIL-2r levels and positively with joint
pain in patients with RA [19]. Consistent with data from human studies, animal
experiments have also supported the link between emotionality-related behaviors
and AIDs. Clearly, AIDs result from IMMDR. Interestingly, the AIDs-related
IMMDR has been observed in the specific brain regions associated with emotional
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behaviors, particularly anxiety- and depressive-like behaviors [20]. In this manner,
the link between AIDs and IMMERS is strengthened.

A high rate of increased emotionality and emotional-like behaviors in AIDs led
to propose the term autoimmune-associated behavioral syndrome (AABS). Studies
emphasize the pivotal role of cytokines and neuroendocrine factors in the patho-
genesis of AABS [21]. B-cell-activating factor (BAFF) transgenic mice model,
which is used as an experimental model of systemic lupus erythematosus (SLE),
rheumatoid arthritis (RA), and Sjogren syndrome, exhibited an anxious phenotype
along with the following changes in immune brain signaling, such as increased IgG
titers in the hippocampus, hypothalamus, and cortex and increased CD68 (as a
maker of activated microglia/macrophages) and GFAP (as a maker of activated
astrocytes) immunoreactivity in the hippocampus in mice at 4.5-5 months of age,
but not in young (2 months of age) mice [22]. EAE models of MS showed an
increase in levels of IL-1p and TNF-a in the hypothalamus. This indicates an
inflammatory central basis behind anxiety- and depressive-like behaviors [20].
These emotional deficits were shown to display before the onset of MS [20, 23].
Consistently, behavioral problems usually manifest before symptoms of impaired
cognitive and motor performance in dementia. Moreover, this model showed an
early (at day 4) and a meaningful increase in circulating cytokine levels and CD3*
T cell counts. Of note, these inflammatory markers began to decrease in the periph-
ery (at day 8) almost when their infiltration in the CNS (at day 10) started [23]. In
the MRL-Ipr model of AID, which is a well-documented model of emotional defi-
cits [24, 25], a reduced preference to glucose, and as an index of emotionality, was
detected in 5- to 6-week-old mice [26]. This deficit could be diminished by immu-
nosuppressive treatment with cyclophosphamide and was pronounced by means of
chronic administration of IL-6 [26].

Cardiovascular Diseases

Along with psychosocial stressors, either chronic and acute, and social network-
related factors (i.e., social ties, social conflict, and social support), the experience
of unpleasant emotions, including anger, depression, sadness, and stress, or, in gen-
eral, extremely exciting emotions, often promptly, pulls susceptible individuals
into a steep road leading to cardiovascular events, particularly ACS (for review see
references [27-29]). For example, emotional stress is ranked as the second most
common neuropsychological cause of acute myocardial infarction (AMI) owing to
its record in approximately 40-50% of these patients [30, 31]. At the molecular
levels, these patients have shown increased levels of the proinflammatory cytokines
(e.g., TNF-a, IL-1, IL-2, IL-6, and IL-18) and decreased levels of the anti-inflam-
matory cytokine (IL-10). Thus, it is not surprising that the inflammatory response
and respective cytokines are supposed as one of the possible mechanisms linking
the experience of negative emotions or ER-related disorders and the progression of
cardiovascular diseases, of course along with the neuroendocrine system and apop-
tosis signaling pathways [27, 30, 32-35]. It is to be noted that when patients with
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cardiovascular diseases are stratified according to their emotional background,
some cytokines are more highlighted than others, for example, TNF-« and IL-10,
but not IL-6, considering depressive symptoms in CHF patients [35]. Cognitive
reappraisal is found to correlate positively with the engagement of the lateral and
prefrontal regions and inversely with the engagement of the amygdala and medial
orbitofrontal cortex [36]. The role of the inflammatory cytokine IL-6 in the pro-
gression of cardiovascular diseases is widely appreciated [37]. Studies show that
IL-6 is significantly involved in efforts to arbitrate between the sides of the rela-
tionship between the reappraisal-related activation of the dorsal anterior cingulate
cortex and preclinical atherosclerosis (evaluated by carotid artery intima-media
thickness and inter-adventitial diameter) in healthy individuals [38]. The Normative
Aging Study carried out a 3-year follow-up study in older men (mean
60.3 = 7.9 years). There was a dose-response relationship between negative emo-
tions, evaluated by the Minnesota Multiphasic Personality Inventory (MMPI), and
incidence of coronary heart disease (CHD) within the duration of the study
(p = 0.005) [39]. Meanwhile, the circulating levels of IL-6 were positively associ-
ated with the reappraisal-related activation of the dorsal anterior cingulate cortex in
healthy subjects [38]. However, higher reappraisals and suppressions were posi-
tively and inversely associated with the serum levels of CRP, respectively [40]. On
the other hand, the reflection of watching the ice hockey match, as a real-life emo-
tional excitement, on serum levels of endothelin-1 (ET-1) and IL-6 was more pro-
nounced in spectators with coronary artery disease compared with healthy
spectators [41].

Patients with type D personality display concurrently two absolute opposite,
positive and negative, tendencies towards the experience and the expression of
negative emotions by themselves and in front of other people, correspondingly.
Meta-analysis studies and comprehensive literature reviews have revealed that this
type of personality is positively associated with contracting cardiovascular condi-
tions and their consequent mortality and morbidity, as well as with a constellation
of non-cardiovascular complaints (for details, see [42—44]). Also, individual stud-
ies, either cross-sectional or follow-up, have providence evidence of increased lev-
els of proinflammatory cytokine TNF-a and its receptors, STNFR1 and sTNFR2
[45-48], an enhanced IL-6/IL-10 ratio, and decreased levels of anti-inflammatory
cytokine, IL-10, in CHF patients with type D personality compared to those with-
out type D personality [45]. Interestingly, in CHF patients, the inflammatory effect
of type D personality appears to resemble closely the effect of aging. There was a
similar increased pattern of sSTNFR1 and sTNFR2 in younger CHF patients with
type D personality and older patients without this personality trait [46].

Immunosenescence

Plasminogen activator inhibitor-1 (PAI-1) is a factor contributing to thrombosis-
related cardiovascular diseases in elderly people. Both cytokines and hormones
take part in the regulation of the gene expression of PAI-1 (for review, see
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reference [49]). In a model of premature immunosenescence, mice were assigned
to either fast or slow group if the amount of time taken to explore the first arm of
the maze was <20 s or >20 s, correspondingly [50]. When compared to fast mice,
slow mice expressed high emotional response to stress and had lower life span
[50]. At the immunological levels, slow mice showed a reduction in proliferative
response to concanavalin A (Con A) and related release of IL-2 and IL-1p and NK
cell activity, while increasing the production of TNF-a [50].

Cancer

An investigation on women who had to undergo breast biopsy indicated that this
procedure should be considered as an emotional stressor if the final diagnosis is
determined benign. In parallel with this emotional stress, the immune system pre-
pares itself before the procedure and seeks for ways to prolong this preparation
even 4 months after the procedure. This is a reflection of the joint regulation of our
body by both the immune system and the emotional brain [51]. The immune sys-
tem responds to this challenge by decreasing NK cell activity, decreasing produc-
tion of IFN-y, and increasing production of IL-4, IL-6, and IL-10 [51]. Further,
there was a significantly positive relationship between mothers with breast cancer
and their adult daughters on distress levels. This persuaded scientists to investi-
gate the immune profile and its association with distress in daughters’ group.
Daughters’ distress levels were inversely associated with IL-2, IL-12, and IFN-y
production and also with IL-2-induced natural cytotoxic activity (NCA) [52, 53].
Further, NCA activity and the production of Thl cytokines were both negatively
related to the emotional distress degree [53]. Antoni and his colleagues accom-
plished a genome-wide transcriptional analysis on leukocyte samples taken from
women subject to the treatment of stage O—III breast cancer and demonstrated that
the negative affect, evaluated by the affects balance scale (ABS), was significantly
associated with greater than 50% increased expression of leukocyte transcripts
such as proinflammatory marker-related genes [54]. Another multiplex analysis
on circulating concentration of 27 cytokines identified the IL-6 profile as the pre-
dictor of physical and cognitive functioning and also the vascular endothelial
growth factor (VEGF) profile as the predictor of emotional functioning [55].
Further, the experience of childhood emotional neglect/abuse was associated with
lower levels of NCA at the first evaluation after breast cancer surgery [56].

Emotional processing and expression (evaluated by emotional approach coping
scale), respectively, tended to be inversely and positively correlated with plasma
levels of IL-6, soluble TNF-receptor type 2 (STNF-RII), and CRP in male patients
with prostate cancer [57]. However, among those correlations, two of them, the cor-
relations of emotional expression with IL-6 and CRP, were not found significant
(p <0.10) [57].

In vivo model of ultraviolet-B light-induced squamous cell carcinoma con-
cluded that the high stress and anxiety levels can leave mice prone to the more
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considerably progression of the tumor through increasing the expression of
immunosuppressive (CCL2 and T regulatory cells) and angiogenic (VEGF: vas-
cular endothelial growth factor) markers and decreasing the expression of antitu-
mor immune markers (CTACK/CCL27, IL-12, and IFN-y) [58]. On the other
side, a peripheral tumor, by itself, could lead to a reduction in the hippocampal
function, as reflected in increased depressive-like behaviors and memory impair-
ment. This was, at least in part, underpinned by triggering an inflammatory pro-
cess both in the hippocampus (1IL-1f, 1IL-6, TIL-10, and 1TNF-a) and in the
circulation (tIL-6, tIL-1p, and 1IL-10) [59, 60]. This process was found to be
significantly strengthened in infection models compared to peripheral tumor
models, explaining the presence and absence of the sickness state in these models,
respectively [60].

Hemodialysis

Using Hospital Anxiety and Depression Scale (HADS) test, it was estimated that
nearly half of patients with hemodialysis (HD) were in a depressive mood, which
was significantly higher than what was reported for control group [61]. Also, there
was a higher production of IL-6 in HD patients with anxiety (HADS>8) than those
without anxiety (HADS<S) [61].

Human Immunodeficiency Virus (HIV)

At least one major psychiatric illness, particularly depression, affects greater than
60% of HIV patients [62]. By virtue of the fact that specific substances of abuse
aggregate further the situation of HIV patients at the neuropathological level [62],
the inverse correlation between affect regulation and regular substance motivates us
to utilize ER as a therapeutic intervention in this population [63].

HIV patients encounter commonly with situations where the social self is threat-
ened. This threat causes shame feelings, which have been associated with increased
proinflammatory cytokines [64].

Inflammatory Bowel Diseases

Both emotional and environmental factors affect the gut [65]. Similar to that men-
tioned for asthma, this affect is mediated by CRF and similar neuropeptides and
also by mucosal mast cells [65]. Immunoregulatory factors along with genetic and
environmental factors contribute to the pathogenesis of inflammatory bowel dis-
ease (IBD). Patients with IBD confront various ER-related problems in their social
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life in a disease severity-dependent manner, such as higher sensitivity to negative
emotions, fewer dropping into bar/disco and delayed falling in love, and experienc-
ing more depressive and anxious symptoms, not only compared to controls, but
also compared to patients with other chronic conditions [66—70]. Neuroimaging
studies have indicated a reduction in both the volume and the activation of brain
regions related to emotional processing [71, 72]. The gray matter (GM) volume of
both the frontal cortex and the anterior midcingulate cortex was reduced in patients
with Crohn’s disease (a type of IBD) compared to controls. More interestingly,
disease duration was found to correlate with the GM volumes of some brain
regions, importantly, limbic areas [71]. Also, patients with ulcerative colitis
(another type of IBD) showed reduced activity, evaluated by BOLD signal, within
the amygdala, thalamic regions, and cerebellar areas during the emotional visual
task, compared to the control group [72].

Infections

For the first time in 1991, Cohen and his colleagues demonstrated that higher
psychological stress is associated with lower resistance to respiratory viruses
(rhinovirus type 2, 9, or 14, respiratory syncytial virus, or coronavirus type 229E)
in a dose-response manner [73], while positive emotional style (PES), but not
negative emotional style (NES), was found to correlate inversely with suscepti-
bility to common cold and upper respiratory infections following exposure to
rhinoviruses and influenza A virus in a dose-response manner [74, 75]. Various
regression analyses showed that this correlation is independent of prechallenge
virus-specific antibody, virus type, age, sex, education, race, body mass, season,
and NES, optimism, extraversion, mastery, self-esteem, purpose, and self-
reported health [74, 75]. By contrast, childhood socioeconomic status, as assessed
by “the number of childhood years during which their parents owned their home,”
was found to correspond negatively with both the risk of illness and infection
and, in a word, with vulnerability to common colds [76]. This finding along with
approximately the similar increased risk of common colds in “those whose par-
ents did not own their home during their early life but did during adolescence” in
“those whose parents never owned their home” [76] indicate that (a) the child-
hood period takes more impression of socioeconomic status of their family than
other lifetime periods (e.g., adolescence) such that (b) it would influence the
mind-body background of future life. Meanwhile, PES and NES were negatively
and positively related to the subjective report of unfounded symptoms of com-
mon cold, respectively [74, 75].

However, the basal protein levels of all the investigated proinflammatory
cytokines, e.g., IL-1p, IL-6, and IL-8, were associated with illness symptoms/
signs after exposure to rhinoviruses. However, IL-6 was the best cytokine which
could predict nasal symptoms/signs [77]. Further, daily evaluation of emotional
style and cytokine production in infected individuals on each one of 5 days after
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exposure to rhinoviruses and influenza virus showed that the production of
inflammatory cytokines including IL-6, IL-1p, and TNF-a was negatively related
to positive affect (PA) on that day or on the next day [78].

Neurological Diseases (NDs)

Neurological diseases including Parkinson’s disease (PD) and Alzheimer’s dis-
ease (AD) are accompanied by serious shortfalls in emotional processing in a
severity-dependent manner. For example, patients with frontotemporal dementia
(FTD) represent a poor recognition of several basic emotions, e.g., anger, sadness,
disgust, fear, and contempt. Also, patients with the probable AD are more likely to
fail to recognize fear and contempt compared with controls [79]. In patients with
mild AD, the recognition of more basic emotions are missed, and they are less able
to differentiate between some emotions, e.g., happiness and sadness [80]. Apathy
in patients with AD was found to correlate positively with dysfunction in the pre-
frontal and anterior temporal regions [81]. Regarding memory recall, individuals
with AD presented no preference to recall better emotional memories other than
nonemotional ones, standing in stark contrast to healthy subjects, either young or
older [82]. Experimental models provided evidence that there are deficits in the
emotional memory performance in AD, which can be diminished by treatment
with cytotoxic necrotizing factor 1 (CNF1) [83]. This pleasant effect of CNF1 was
accompanied by a reduced IL-1f expression in the hippocampus, along with other
encouraging events, especially enhancing the energy amount evaluated by the ATP
(Adenosine triphosphate) levels [83]. There is a spectrum of behavioral problems
in patients with AD [84]. Agitation is the second most common behavior in AD,
after apathy. It has been associated with cognitive impairment [84]. Inflammatory
changes appear to pave the way for agitation. There were higher IL-1p levels and
decreased NK cell activity in both the morning and evening periods corresponding
with preagitation and agitation phases of AD [85].

Even, Esterling and his colleagues demonstrated changes in the immune profile
of AD patients’ spousal caregivers, either former or current. There was a reduced
response of enriched NK cells to either rIL-2 or rIFN-y cytokines in patients’ care-
givers than controls [86]. Interestingly, this response was related positively to the
emotional and tangible social support levels [86].

Obesity

Women with severe or morbid obesity had significantly increased levels of proin-
flammatory markers IL-6 and hsCRP in a BMI-dependent manner, which were
closely related to anxiety and depression subscales of neuroticism, even after the
BMI adjustment [87]. Since these patients had to undergo gastric surgery, these
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markers were measured again after surgery. Interestingly, decreased levels of IL-6
and hsCRP were correlated with lower anxiety and depressive behaviors post-
operation [87].

The long-term maternal exposure (4 weeks before mating and during pregnancy
and lactation) to a high-fat diet (HFD) led to a decrease in the basal serum levels of
CORT in offspring [88]. In addition, the steps toward normalizing the stress-induced
CORT levels were made with the lower speed in long-term HFD-exposed offspring
than standard chow diet (SD)-exposed offspring at the end of stress challenge [88].
Regarding inflammation-related markers, the increased expression of IL-6 and
IL-1Ra in long-term HFD-exposed offspring than chow-exposed ones in the amyg-
dala was found in both females and males [88], while changes in the expression of
NF-kB and I-kappa-B-alpha (IkBa) were observed only in female, but not in male,
offspring [88]. Mice subjected to short-term (1-3 weeks) HFD also exhibited
anxiety-like behaviors in addition to learning and memory impairments and had
significantly higher levels of homovanillic acid—a metabolite of dopamine—in
their hippocampus and cortex but without any alteration in the gene expression of
inflammatory markers [89]. Further, chronic western diet (WD) intake led to the
increased responsiveness to LPS, which was represented in higher and more pro-
longed protein/mRNA measures of IL-6 in both plasma and hypothalamus, while
there was no significant difference in the plasma levels of other proinflammatory
cytokines such as TNF-a, IL-1p, and IFN-y between WD and SD groups [90]. In
parallel with the increased expression of IL-6, there was significantly increased
mRNA expression of SOCS-3, which belonged to the suppressors-of-cytokine-
signaling (SOCS) family of proteins, in the hypothalamus in WD than SD mice
[90]. However, the LPS-induced mRNA expressions of TNF-a and IFN-y in the
hippocampus were significantly higher in WD than SD mice. Also, LPS augmented
the levels of adipokines, e.g., CST, leptin, and resistin, more significantly in WD
mice when compared with mice exposed to SD [90]. Altogether, both short-term
and long-term obesity in either young adult or maternally can lead to display dis-
turbed anxiety-like behaviors and impaired learning/memory, and brain inflamma-
tion might be one of the reasons behind these HFD-related events [88-91].
Chronologically, at first, learning/memory and then anxiety-like behaviors are
impaired, and disturbance in depressive-like behaviors is subject to exposure to an
immune challenge, such as LPS [90].

Metabolic Syndrome

A high age-adjusted prevalence rate of ~24% is estimated for metabolic syndrome
(visceral obesity, dyslipidemia, hyperglycemia, and hypertension) in the United
States [92]. Both ER- and EDR-related subscales have been associated with the
metabolic syndrome factor [93]. Even, a disease pathway involving EDR can be
proposed, which is triggered by low socioeconomic status (SES), followed with low
reserve capacity for high negative emotions and eventuated in the metabolic syn-
drome factor [94].
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Inflammation plays a major role in metabolic syndrome [95]. It has also been
indicated that this role is not performed in the periphery merely, but a mice model
of metabolic syndrome proved the presence of central inflammation (1TNF-a, 11L-
1B, and 1IL-6) in the hippocampus, explaining the anxiety-like behavior in this
model [96].

A possible pathogenic pathway for metabolic syndrome is initiated by emotional
stress and ensuing enhancement in the levels of proinflammatory cytokines, e.g.,
IL-1, IL-6, and TNF-a. Then, these cytokines lead to increased levels of NGF, which
in turn stimulates a series of cascades toward insulin resistance and finally resulting
in diabetes mellitus (for review, see [97]).

Skin Diseases

Skin diseases are frequently associated with troubled ER, reflecting in problematic
emotional expression. For instance, patients with psoriasis, who are more likely to
be alexithymic, employ more control over negative emotions and more avoidance of
emotional closeness and intimacy compared with controls [98]. It may explain the
negative relationship between psoriasis symptoms and affective expression in a
severity-dependent manner [99]. When patients with atopic dermatitis were com-
pared to healthy controls, the effect of psychological stress on the various immune
parameters, such as 1 eosinophil count, T CD8"/CDI11* and CLA*T cells, and 1
cytokines (IL-5 and IFN-y), was significantly strengthened [100].

The route from EDR to IMMDR in acnegenesis has been explained elsewhere
[101]. In summary, emotional distress would make sebocytes prone to the increased
expression of receptors for CRH, melanocortins, b-endorphin, vasoactive intestinal
polypeptide, neuropeptide Y, and calcitonin gene-related peptide, and then the pro-
duction of proinflammatory cytokines are stimulated by means of these receptors
and binding to their ligands.

Sleep Disturbances

This notion that sleep disturbances are, irrespective of their cause, seen as chronic
stressors is supported by evidence at different levels, e.g., immunological, neuro-
pathological, and neuroimaging studies (for review, see [102]).

To assess the effects of sleep and its efficiency on susceptibility to respiratory
infections, Cohen and his colleagues conducted an investigation on healthy indi-
viduals and recorded at first their sleep duration and its efficiency within 14 con-
secutive days and then made them exposed to rhinoviruses, and after 5 days
postchallenge, calculated the rate of clinical cold development [103]. This inves-
tigation indicated that those who had average sleep duration (ASD) <7 hours were
three times more susceptible to clinical cold than those with ASD>8 hours.
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Further, there was a 5.5-fold increased risk of clinical cold in individuals with
sleep efficiency <92% compared to those with an efficiency of >98%.

Therefore, it is well expected that circadian arrhythmia has been associated with
EDR-related parameters, e.g., decreased social motivation/functioning, decreased
exploratory anxiety, and decreased emotional functioning [104, 105]. In a cancer
population, the presence of circadian arrhythmia was associated with decreased
levels of all the investigated cytokines, e.g., TNF-a, TGF-a, and IL-6 [105].

Stroke

Alexithymic patients were more likely to suffer from severe forms of stroke when
compared with non-alexithymic patients. This alexithymia trait appears to contain
an inflammatory component either as a cause or an effect [106]. Study of patients
with a first-ever symptomatic ischemic stroke revealed that (a) the circulating lev-
els of IL-18 were correlated positively with the severity of alexithymia, (b) strati-
fication of patients made this correlation more statistically significant in those who
had right hemisphere lesions, and (c) these increased IL-18 levels were pronounced
in alexithymic (TAS-20 score 61) than non-alexithymic patients [106].

Traumatic Injuries

In patients hospitalized for orthopedic injuries, the use of emotion-focused coping
was found to correlate positively with the levels of proinflammatory cytokines, IL-6
and IL-8, whereas it was negatively correlated with TGF-p levels [107].

Vaccination

Compared with controls who received placebo, circulating levels of cytokines, in
particular, IL-6, were increased at 3 hours after the first-ever typhoid vaccination. It
coincided with significant mood impairment [108, 109]. It has been elucidated that
when subjects perform psychological tasks (i.e., stress condition) after injection, the
IL-6 response is inversely related to optimism in either the Typhim Vi typhoid vac-
cine or saline placebo group [110].

In response to the implicit emotional face perception task, there was an increased
activity in the subgenual anterior cingulate cortex (SACC) along with reduced func-
tional connectivity between sACC and reduced activity within the anterior rostral
medial prefrontal cortex (arMPFC), MNI coordinates, nucleus accumbens, right
amygdala, STS, and FFAs. These changes were observed in inflammation-associated
mood change compared to the placebo group [108].
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Conclusions

Chapter 10 presented evidence supporting the notion that there are a variety of
psychological states/psychiatric diseases where the immune responses, as well as
the emotion regulation, are impaired. This chapter provided evidence linking phys-
iological states/physical diseases to the impairment of both the immune system
and emotion regulation. Altogether, the immunoemotional regulatory system
(IMMERS) covers both psychological states/psychiatric diseases and physiologi-
cal states/physical diseases. Inevitably, such a system must comprise both the
immune mediators and the neuroendocrine messengers, which will be discussed in
the next chapter.

References

1. Lehrer PM, Isenberg S, Hochron SM. Asthma and emotion: a review. J Asthma.
1993;30(1):5-21.

2. Theoharides TC, Kalogeromitros D. The critical role of mast cells in allergy and inflamma-
tion. Ann N'Y Acad Sci. 2006;1088(1):78-99.

3. Theoharides TC, Enakuaa S, Sismanopoulos N, Asadi S, Papadimas EC, Angelidou A, et al.
Contribution of stress to asthma worsening through mast cell activation. Ann Allergy Asthma
Immunol. 2012;109(1):14-9.

4. Ritz T, Steptoe A. Emotion and pulmonary function in asthma: reactivity in the field and
relationship with laboratory induction of emotion. Psychosom Med. 2000;62(6):808-15.

5. Florin I, Freudenberg G, Hollaender J. Facial expressions of emotion and physiologic reac-
tions in children with bronchial asthma. Psychosom Med. 1985;47(4):382-93.

6. Bush G, Luu P, Posner MI. Cognitive and emotional influences in anterior cingulate cortex.
Trends Cogn Sci. 2000;4(6):215-22.

7. Rosenkranz MA, Busse WW, Johnstone T, Swenson CA, Crisafi GM, Jackson MM, et al.
Neural circuitry underlying the interaction between emotion and asthma symptom exacerba-
tion. Proc Natl Acad Sci U S A. 2005;102(37):13319-24.

8. Persoons JH, Schornagel K, Breve J, Berkenbosch F, Kraal G. Acute stress affects cytokines
and nitric oxide production by alveolar macrophages differently. Am J Respir Crit Care Med.
1995;152(2):619-24.

9. Leynaert B, Neukirch C, Liard R, Bousquet J, Neukirch F. Quality of life in allergic rhi-
nitis and asthma: a population-based study of young adults. Am J Respir Crit Care Med.
2000;162(4):1391-6.

10. Ruocco V, Ruocco E, Lo Schiavo A, Brunetti G, Guerrera LP, Wolf R. Pemphigus: etiol-
ogy, pathogenesis, and inducing or triggering factors: facts and controversies. Clin Dermatol.
2013;31(4):374-81.

11. Stojanovich L, Marisavljevich D. Stress as a trigger of autoimmune disease. Autoimmun Rev.
2008;7(3):209-13.

12. Minden SL, Schiffer RB. Affective disorders in multiple sclerosis review and recommenda-
tions for clinical research. Arch Neurol. 1990:;47(1):98-04.

13. Sibbitt WL, Brandt JR, Johnson CR, Maldonado ME, Patel SR, Ford CC, et al. The incidence
and prevalence of neuropsychiatric syndromes in pediatric onset systemic lupus erythemato-
sus. J Rheumatol. 2002;29(7):1536-42.

14. Kozora E, Thompson LL, West SG, Kotzin BL. Analysis of cognitive and psychological defi-
cits in systemic lupus erythematosus patients without overt central nervous system disease.
Arthritis Rheum. 1996;39(12):2035-45.


https://doi.org/10.1007/978-3-030-10620-1_10

150

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

A. Saghazadeh and N. Rezaei

. Kozora E, Ellison MC, Waxmonsky JA, Wamboldt FS, Patterson TL. Major life stress, coping
styles, and social support in relation to psychological distress in patients with systemic lupus
erythematosus. Lupus. 2005;14(5):363-72.

. Dalos NP, Rabins PV, Brooks BR, O’Donnell P. Disease activity and emotional state in
multiple sclerosis. Ann Neurol. 1983;13(5):573-7.

. Warren S, Warren KG, Cockerill R. Emotional stress and coping in multiple sclerosis (MS)
exacerbations. J Psychosom Res. 1991;35(1):37—47.

. Mackay M, Bussa MP, Aranow C, Ulug AM, Volpe BT, Huerta PT, et al. Differences in
regional brain activation patterns assessed by functional magnetic resonance imaging
in patients with systemic lupus erythematosus stratified by disease duration. Mol Med
(Cambridge, MA). 2011;17(11-12):1349-56.

. Harrington L, Affleck G, Urrows S, Tennen H, Higgins P, Zautra A, et al. Temporal covaria-

tion of soluble interleukin-2 receptor levels, daily stress, and disease activity in rheumatoid

arthritis. Arthritis Rheum. 1993;36(2):199-203.

Acharjee S, Nayani N, Tsutsui M, Hill MN, Ousman SS, Pittman QJ. Altered cognitive-

emotional behavior in early experimental autoimmune encephalitis--cytokine and hormonal

correlates. Brain Behav Immun. 2013;33:164-72.

Sakic B, Szechtman H, Denburg JA. Neurobehavioral alterations in autoimmune mice.

Neurosci Biobehav Rev. 1997;21(3):327-40.

Crupi R, Cambiaghi M, Spatz L, Hen R, Thorn M, Friedman E, et al. Reduced adult neuro-

genesis and altered emotional behaviors in autoimmune-prone B-cell activating factor trans-

genic mice. Biol Psychiatry. 2010;67(6):558—-66.

Piras G, Rattazzi L, McDermott A, Deacon R, D’ Acquisto F. Emotional change-associated T

cell mobilization at the early stage of a mouse model of multiple sclerosis. Front Immunol.

2013;4:400.

Saki¢ B, Szechtman H, Talangbayan H, Denburg SD, Carbotte RM, Denburg JA. Disturbed

emotionality in autoimmune MRL-Ipr mice. Physiol Behav. 1994;56(3):609-17.

Szechtman H, Sakic B, Denburg JA. Behaviour of MRL mice: an animal model of disturbed

behaviour in systemic autoimmune disease. Lupus. 1997;6(3):223-9.

Sakic B, Szechtman H, Braciak T, Richards C, Gauldie J, Denburg JA. Reduced pref-

erence for sucrose in autoimmune mice: a possible role of interleukin-6. Brain Res Bull.

1997;44(2):155-65.

Steptoe A, Brydon L. Emotional triggering of cardiac events. Neurosci Biobehav Rev.

2009;33(2):63-70.

Strike PC, Steptoe A. Behavioral and emotional triggers of acute coronary syndromes: a

systematic review and critique. Psychosom Med. 2005;67(2):179-86.

Everson-Rose SA, Lewis TT. Psychosocial factors and cardiovascular diseases. Annu Rev

Public Health. 2005;26:469-500.

Singh RB, Pella D, Neki NS, Chandel JP, Rastogi S, Mori H, et al. Mechanisms of

acute myocardial infarction study (MAMIS). Biomed Pharmacother (Biomedecine &

Pharmacotherapie). 2004;58(Suppl 1):S111-5.

Singh RB, Kartik C, Otsuka K, Pella D, Pella J. Brain-heart connection and the risk of

heart attack. Biomed Pharmacother (Biomedecine & Pharmacotherapie). 2002;56(Suppl

2):257s—65s.

Smith PJ, Blumenthal JA. Psychiatric and behavioral aspects of cardiovascular disease: epi-

demiology, mechanisms, and treatment. Rev Esp Cardiol (Engl Ed). 2011;64(10):924-33.

Denollet J, Conraads VM. Type D personality and vulnerability to adverse outcomes in heart

disease. Cleve Clin J Med. 2011;78(Suppl 1):S13-9.

Bhattacharyya MR, Steptoe A. Emotional triggers of acute coronary syndromes: strength

of evidence, biological processes, and clinical implications. Prog Cardiovasc Dis.

2007;49(5):353-65.

Parissis JT, Adamopoulos S, Rigas A, Kostakis G, Karatzas D, Venetsanou K, et al.

Comparison of circulating proinflammatory cytokines and soluble apoptosis mediators in

patients with chronic heart failure with versus without symptoms of depression. Am J Cardiol.

2004;94(10):1326-8.



10

36.

37.

38.

39.

40.

4

—_

42.

43.

44.

45.

46.

47.

48.

49.

50.

5

—

52.

53.

54.

55.

The Physical Burden of Immunoperception 151

Ochsner KN, Bunge SA, Gross JJ, Gabrieli JDE. Rethinking feelings: an FMRI study of the
cognitive regulation of emotion. J Cogn Neurosci. 2002;14(8):1215-29.

Hedayat M, Mahmoudi MJ, Rose NR, Rezaei N. Proinflammatory cytokines in heart failure:
double-edged swords. Heart Fail Rev. 2010;15(6):543-62.

Gianaros PJ, Marsland AL, Kuan DC, Schirda BL, Jennings JR, Sheu LK, et al. An inflam-
matory pathway links atherosclerotic cardiovascular disease risk to neural activity evoked by
the cognitive regulation of emotion. Biol Psychiatry. 2014;75(9):738-45.

Todaro JF, Shen B-J, Niaura R, Spiro [ii A, Ward KD. Effect of negative emotions on frequency
of coronary heart disease (The Normative Aging Study). Am J Cardiol. 2003;92(8):901-6.
Appleton AA, Buka SL, Loucks EB, Gilman SE, Kubzansky LD. Divergent associations of
adaptive and maladaptive emotion regulation strategies with inflammation. Health Psychol.
2013;32(7):748-56.

. Piira OP, Miettinen JA, Hautala AJ, Huikuri HV, Tulppo MP. Physiological responses to

emotional excitement in healthy subjects and patients with coronary artery disease. Auton
Neurosci. 2013;177(2):280-5.

O’Dell KR, Masters KS, Spielmans GI, Maisto SA. Does type-D personality predict out-
comes among patients with cardiovascular disease? A meta-analytic review. J Psychosom
Res. 2011;71(4):199-206.

Mols F, Denollet J. Type D personality among noncardiovascular patient populations: a sys-
tematic review. Gen Hosp Psychiatry. 2010;32(1):66-72.

Pedersen SS, Denollet J. Type D personality, cardiac events, and impaired quality of life: a
review. Eur J Cardiovasc Prev Rehabil. 2003;10(4):241-8.

Denollet J, Schiffer AA, Kwaijtaal M, Hooijkaas H, Hendriks EH, Widdershoven JW, et al.
Usefulness of Type D personality and kidney dysfunction as predictors of interpatient variabil-
ity in inflammatory activation in chronic heart failure. Am J Cardiol. 2009;103(3):399-404.
Denollet J, Vrints CJ, Conraads VM. Comparing Type D personality and older age as cor-
relates of tumor necrosis factor-alpha dysregulation in chronic heart failure. Brain Behav
Immun. 2008;22(5):736-43.

Conraads VM, Denollet J, De Clerck LS, Stevens WJ, Bridts C, Vrints CJ. Type D personal-
ity is associated with increased levels of tumour necrosis factor (TNF)-alpha and TNF-alpha
receptors in chronic heart failure. Int J Cardiol. 2006;113(1):34-8.

Denollet J, Conraads VM, Brutsaert DL, De Clerck LS, Stevens WJ, Vrints CJ. Cytokines
and immune activation in systolic heart failure: the role of Type D personality. Brain Behav
Immun. 2003;17(4):304-9.

Yamamoto K, Takeshita K, Kojima T, Takamatsu J, Saito H. Aging and plasminogen activator
inhibitor-1 (PAI-1) regulation: implication in the pathogenesis of thrombotic disorders in the
elderly. Cardiovasc Res. 2005;66(2):276-85.

Guayerbas N, Puerto M, Victor VM, Miquel J, De la Fuente M. Leukocyte function and life span
in a murine model of premature immunosenescence. Exp Gerontol. 2002;37(2-3):249-56.

. Witek-Janusek L, Gabram S, Mathews HL. Psychologic stress, reduced NK cell activ-

ity, and cytokine dysregulation in women experiencing diagnostic breast biopsy.
Psychoneuroendocrinology. 2007;32(1):22-35.

Cohen M, Pollack S. Mothers with breast cancer and their adult daughters: the relationship
between mothers’ reaction to breast cancer and their daughters’ emotional and neuroimmune
status. Psychosom Med. 2005;67(1):64-71.

Cohen M, Klein E, Kuten A, Fried G, Zinder O, Pollack S. Increased emotional distress in
daughters of breast cancer patients is associated with decreased natural cytotoxic activity,
elevated levels of stress hormones and decreased secretion of Thl cytokines. Int J Cancer.
2002;100(3):347-54.

Antoni MH, Lutgendorf SK, Blomberg B, Carver CS, Lechner S, Diaz A, et al. Cognitive-
behavioral stress management reverses anxiety-related leukocyte transcriptional dynamics.
Biol Psychiatry. 2012;71(4):366-72.

Ishikawa T, Kokura S, Sakamoto N, Okajima M, Matsuyama T, Sakai H, et al. Relationship
between circulating cytokine levels and physical or psychological functioning in patients
with advanced cancer. Clin Biochem. 2012;45(3):207-11.



152

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

A. Saghazadeh and N. Rezaei

Witek Janusek L, Tell D, Albuquerque K, Mathews HL. Childhood adversity increases
vulnerability for behavioral symptoms and immune dysregulation in women with breast can-
cer. Brain Behav Immun. 2013;30(Suppl):S149-62.

Hoyt MA, Stanton AL, Bower JE, Thomas KS, Litwin MS, Breen EC, et al. Inflammatory
biomarkers and emotional approach coping in men with prostate cancer. Brain Behav Immun.
2013;32:173-9.

Dhabhar FS, Saul AN, Holmes TH, Daugherty C, Neri E, Tillie JM, et al. High-anxious
individuals show increased chronic stress burden, decreased protective immunity, and
increased cancer progression in a mouse model of squamous cell carcinoma. PLoS One.
2012;7(4):e33069.

Yang M, Kim J, Kim JS, Kim SH, Kim JC, Kang MJ, et al. Hippocampal dysfunctions in
tumor-bearing mice. Brain Behav Immun. 2014;36:147-55.

Pyter LM, Pineros V, Galang JA, McClintock MK, Prendergast BJ. Peripheral tumors induce
depressive-like behaviors and cytokine production and alter hypothalamic-pituitary-adrenal
axis regulation. Proc Natl Acad Sci U S A. 2009;106(22):9069-74.

Montinaro V, Iaffaldano GP, Granata S, Porcelli P, Todarello O, Schena FP, et al. Emotional
symptoms, quality of life and cytokine profile in hemodialysis patients. Clin Nephrol.
2010573(1):36-43.

Kopnisky KL, Bao J, Lin YW. Neurobiology of HIV, psychiatric and substance abuse comor-
bidity research: workshop report. Brain Behav Immun. 2007;21(4):428-41.

Carrico AW, Johnson MO, Moskowitz JT, Neilands TB, Morin SF, Charlebois ED, et al.
Affect Regulation, stimulant use, and viral load among HIV-positive persons on anti-
retroviral therapy. Psychosom Med. 2007;69(8):785-92.

Dickerson SS, Gruenewald TL, Kemeny ME. When the social self is threatened: shame,
physiology, and health. J Pers. 2004;72(6):1191-216.

Caso JR, Leza JC, Menchen L. The effects of physical and psychological stress on the gastro-
intestinal tract: lessons from animal models. Curr Mol Med. 2008;8(4):299-312.

Hummel TZ, Tak E, Maurice-Stam H, Benninga MA, Kindermann A, Grootenhuis
MA. Psychosocial developmental trajectory of adolescents with inflammatory bowel disease.
J Pediatr Gastroenterol Nutr. 2013;57(2):219-24.

Greenley RN, Hommel KA, Nebel J, Raboin T, Li S-H, Simpson P, et al. A meta-analytic
review of the psychosocial adjustment of youth with inflammatory bowel disease. J Pediatr
Psychol. 2010;35(8):857-69.

Vaisto T, Aronen ET, Simola P, Ashorn M, Kolho KL. Psychosocial symptoms and compe-
tence among adolescents with inflammatory bowel disease and their peers. Inflamm Bowel
Dis. 2010;16(1):27-35.

Wolfe BJ, Sirois FM. Beyond standard quality of life measures: the subjective experiences of
living with inflammatory bowel disease. Qual Life Res. 2008;17(6):877-86.

Jones NP, Siegle GJ, Proud L, Silk JS, Hardy D, Keljo DJ, et al. Impact of inflammatory
bowel disease and high-dose steroid exposure on pupillary responses to negative information
in pediatric depression. Psychosom Med. 2011;73(2):151-7.

Agostini A, Benuzzi F, Filippini N, Bertani A, Scarcelli A, Farinelli V, et al. New insights into
the brain involvement in patients with Crohn’s disease: a voxel-based morphometry study.
Neurogastroenterol Motil. 2013;25(2):147-e82.

Agostini A, Filippini N, Cevolani D, Agati R, Leoni C, Tambasco R, et al. Brain functional
changes in patients with ulcerative colitis: a functional magnetic resonance imaging study on
emotional processing. Inflamm Bowel Dis. 2011;17(8):1769-77.

Cohen S, Tyrrell DAJ, Smith AP. Psychological stress and susceptibility to the common cold.
N Engl J Med. 1991;325(9):606—12.

Cohen S, Doyle W, Turner RB, Alper CM, Skoner DP. Emotional style and susceptibility to
the common cold. Psychosom Med. 2003;65(4):652-7.

Cohen S, Alper CM, Doyle W1J, Treanor JJ, Turner RB. Positive emotional style predicts resis-
tance to illness after experimental exposure to rhinovirus or influenza A virus. Psychosom
Med. 2006;68(6):809-15.



10

76.
71.

78.

79.

80.

81.
82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.
. Dinel AL, Andre C, Aubert A, Ferreira G, Laye S, Castanon N. Cognitive and emotional alter-

97.

The Physical Burden of Immunoperception 153

Cohen S, Doyle WJ, Turner RB, Alper CM, Skoner DP. Childhood socioeconomic status and
host resistance to infectious illness in adulthood. Psychosom Med. 2004;66(4):553-8.
Doyle WJ, Gentile DA, Cohen S. Emotional style, nasal cytokines, and illness expression
after experimental rhinovirus exposure. Brain Behav Immun. 2006;20(2):175-81.
Janicki-Deverts D, Cohen S, Doyle WJ, Turner RB, Treanor JJ. Infection-induced proinflam-
matory cytokines are associated with decreases in positive affect, but not increases in nega-
tive affect. Brain Behav Immun. 2007;21(3):301-7.

Lavenu I, Pasquier F, Lebert F, Petit H, der Linden MV. Perception of emotion in frontotem-
poral dementia and Alzheimer disease. Alzheimer Dis Assoc Disord. 1999;13(2):96-101.
Kohler CG, Anselmo-Gallagher G, Bilker W, Karlawish J, Gur RE, Clark CM. Emotion-
discrimination deficits in mild Alzheimer disease. Am J Geriatr Psychiatry.
2005;13(11):926-33.

Craig AH, Cummings JL, Fairbanks L, et al. CErebral blood flow correlates of apathy in
Alzheimer disease. Arch Neurol. 1996;53(11):1116-20.

Kensinger EA, Brierley B, Medford N, Growdon JH, Corkin S. Effects of normal aging and
Alzheimer’s disease on emotional memory. Emotion. 2002;2(2):118.

Loizzo S, Rimondini R, Travaglione S, Fabbri A, Guidotti M, Ferri A, et al. CNF1 increases
brain energy level, counteracts neuroinflammatory markers and rescues cognitive deficits in
a murine model of Alzheimer’s disease. PLoS One. 2013;8(5):e65898.

Mega MS, Cummings JL, Fiorello T, Gornbein J. The spectrum of behavioral changes in
Alzheimer’s disease. Neurology. 1996;46(1):130-5.

Higuchi M, Hatta K, Honma T, Hitomi YH, Kambayashi Y, Hibino Y, et al. Association
between altered systemic inflammatory interleukin-lbeta and natural killer cell activ-
ity and subsequently agitation in patients with Alzheimer disease. Int J Geriatr Psychiatry.
2010;25(6):604-11.

Esterling BA, Kiecolt-Glaser JK, Glaser R. Psychosocial modulation of cytokine-induced
natural killer cell activity in older adults. Psychosom Med. 1996;58(3):264-72.

Capuron L, Poitou C, Machaux-Tholliez D, Frochot V, Bouillot JL, Basdevant A, et al.
Relationship between adiposity, emotional status and eating behaviour in obese women: role
of inflammation. Psychol Med. 2011;41(7):1517-28.

Sasaki A, de Vega WC, St-Cyr S, Pan P, McGowan PO. Perinatal high fat diet alters glucocor-
ticoid signaling and anxiety behavior in adulthood. Neuroscience. 2013;240:1-12.
Kaczmarczyk MM, Machaj AS, Chiu GS, Lawson MA, Gainey SJ, York JM, et al.
Methylphenidate prevents high-fat diet (HFD)-induced learning/memory impairment in juve-
nile mice. Psychoneuroendocrinology. 2013;38(9):1553—-64.

Andre C, Dinel AL, Ferreira G, Laye S, Castanon N. Diet-induced obesity progressively alters
cognition, anxiety-like behavior and lipopolysaccharide-induced depressive-like behavior:
focus on brain indoleamine 2,3-dioxygenase activation. Brain Behav Immun. 2014;41:10.
Peleg-Raibstein D, Luca E, Wolfrum C. Maternal high-fat diet in mice programs emotional
behavior in adulthood. Behav Brain Res. 2012;233(2):398-404.

Ford ES, Giles WH, Dietz WH. Prevalence of the metabolic syndrome among us adults:
findings from the third national health and nutrition examination survey. JAMA.
2002;287(3):356-9.

Kinnunen M-L, Kokkonen M, Kaprio J, Pulkkinen L. The associations of emotion regulation
and dysregulation with the metabolic syndrome factor. J Psychosom Res. 2005;58(6):513-21.
Matthews KA, Riikkonen K, Gallo L, Kuller LH. Association between socioeconomic sta-
tus and metabolic syndrome in women: testing the reserve capacity model. Health Psychol.
2008;27(5):576.

Hotamisligil GS. Inflammation and metabolic disorders. Nature. 2006;444(7121):860-7.

ations are related to hippocampal inflammation in a mouse model of metabolic syndrome.
PLo0S One. 2011;6(9):e24325.

Hristova M, Aloe L. Metabolic syndrome--neurotrophic hypothesis. Med Hypotheses.
2006;66(3):545-9.



154

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

A. Saghazadeh and N. Rezaei

Kossakowska MM, Ciescinska C, Jaszewska J, Placek WJ. Control of negative emotions
and its implication for illness perception among psoriasis and vitiligo patients. J Eur Acad
Dermatol Venereol. 2010;24(4):429-33.

Devrimci-Ozguven H, Kundakci N, Kumbasar H, Boyvat A. The depression, anxiety, life sat-
isfaction and affective expression levels in psoriasis patients. J] Eur Acad Dermatol Venereol.
2000;14(4):267-71.

Raap U, Werfel T, Jaeger B, Schmid-Ott G. Atopic dermatitis and psychological stress.
Der Hautarzt; Zeitschrift fur Dermatologie, Venerologie, und verwandte Gebiete.
2003;54(10):925-9.

Zouboulis CC, Bohm M. Neuroendocrine regulation of sebocytes — a pathogenetic link
between stress and acne. Exp Dermatol. 2004;13(Suppl 4):31-5.

McEwen BS. Sleep deprivation as a neurobiologic and physiologic stressor: allostasis and
allostatic load. Metab Clin Exp. 2006;55(10 Suppl 2):S20-3.

Cohen S, Doyle W, Alper CM, Janicki-Deverts D, Turner RB. Sleep habits and susceptibility
to the common cold. Arch Intern Med. 2009;169(1):62-7.

Prendergast BJ, Onishi KG, Patel PN, Stevenson TJ. Circadian arrhythmia dysregulates emo-
tional behaviors in aged Siberian hamsters. Behav Brain Res. 2014;261:146-57.

Rich T, Innominato PF, Boerner J, Mormont MC, Iacobelli S, Baron B, et al. Elevated
serum cytokines correlated with altered behavior, serum cortisol rhythm, and dampened
24-hour rest-activity patterns in patients with metastatic colorectal cancer. Clin Cancer Res.
2005;11(5):1757-64.

Bossu P, Salani F, Cacciari C, Picchetto L, Cao M, Bizzoni F, et al. Disease outcome, alexi-
thymia and depression are differently associated with serum IL-18 levels in acute stroke. Curr
Neurovasc Res. 2009;6(3):163-70.

Cohen M, Meir T, Klein E, Volpin G, Assaf M, Pollack S. Cytokine levels as potential bio-
markers for predicting the development of posttraumatic stress symptoms in casualties of
accidents. Int J Psychiatry Med. 2011;42(2):117-31.

Harrison NA, Brydon L, Walker C, Gray MA, Steptoe A, Critchley HD. Inflammation causes
mood changes through alterations in subgenual cingulate activity and mesolimbic connectiv-
ity. Biol Psychiatry. 2009;66(5):407-14.

Harrison NA, Brydon L, Walker C, Gray MA, Steptoe A, Dolan RJ, et al. Neural ori-
gins of human sickness in interoceptive responses to inflammation. Biol Psychiatry.
2009;66(5):415-22.

Brydon L, Walker C, Wawrzyniak AJ, Chart H, Steptoe A. Dispositional optimism and stress-
induced changes in immunity and negative mood. Brain Behav Immun. 2009;23(6):810-6.



	Chapter 10: The Physical Burden of Immunoperception
	The Physiological States/Physical Diseases Associated with the IMMERS
	Allergic Rhinitis and Asthma
	Autoimmune Diseases (AIDs)
	Cardiovascular Diseases
	Immunosenescence
	Cancer
	Hemodialysis
	Human Immunodeficiency Virus (HIV)
	Inflammatory Bowel Diseases
	Infections
	Neurological Diseases (NDs)
	Obesity
	Metabolic Syndrome
	Skin Diseases
	Sleep Disturbances
	Stroke
	Traumatic Injuries
	Vaccination

	Conclusions
	References




