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- WASHINGTON (Reuters) - Children in families facing
chronic stress such as conflict between
parents or violence in the home become
sick more often than children under less
Stress, according to a study published on Monday



Psychoneuroimmunology
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Psychoneuroimmunology



Psychoneuroimmunology

* is the field that studies how psychological factors such as stress
influence the immune system and immune functioning.

* It has been repeatedly demonstrated that many kinds of stressors are
associated with poor or weakened immune functioning (Glaser &
Kiecolt-Glaser, 2005; Kiecolt-Glaser, McGuire, Robles, & Glaser, 2002;
Segerstrom & Miller, 2004).



stress weakens the immune system, people with high stress levels should be
more likely to develop an iliness compared to those under little stress.

* there is a tangible physiological connection between the brain and
the immune system. o« g

* For example, the sympathetic nervous system innervates immune
organs such as the thymus, bone marrow, spleen, and even lymph
nodes

* One way they do this is by inhibiting the production of lymphocytes,
white blood cells that circulate in the body’s fluids that are important
in the immune response (Everly & Lating, 2002).






* Stress is the body's reaction to a condition such as physical and
psychological threats or challenges.

* In humans, the autonomic nervous system and the

hypothalamic-pituitary-adrenal (HPA) axis are the two major
systems that respond to stress (2).

e . Stressed patients have been found to have consistent behavioral
abnormalities (e.g., depressed mood and impaired sleep), along
with neuroendocrine and sympathetic nervous system (SNS)

dysregulations


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7604758/#b2-etm-0-0-09341

* |n different studies, depressed patients displayed elevated levels of
central corticotropin-releasing hormone (CRH) in the central nervous
system, and this neuropeptide is involved in the integration of different
types of stress response:

* behavioral,

e neural,

* neuroendocrine and
* immune.

* High levels of CRH induce strong declines in innate and cellular immune
responses and were related to changes in peripheral immunity



* stress slows down wound healing by impairing immune responses
important to wound repair (Glaser & Kiecolt-Glaser, 2005).



* . The Central Nervous System (CNS) has a reciprocal relationship
with the immune and endocrine systems, making them vulnerable
to fluctuations in stress levels.



How Stress Acts on the Immune System: The
Endocrine Route

* Stress triggers the sympathetic nervous system to release hormones as a
survival instinct. These hormones are produced by the sympathetic-
adrenal-medullary (SAM) axis and the hypothalamic-pituitary-adrenal
(HPA) axis. The HPA axis is modulated by cytokines and feedback to the
brain.

* The SAM axis stimulates the release of Epinephrine (Adrenaline) and
Norepinephrine (Noradrenaline) as an immediate response to stress.
These hormones are catecholamines that work in tandem to produce the
symptoms colloquially known as the ‘fight or flight’ response.
Norepinephrine is the main neurotransmitter for the sympathetic
nervous system while Epinephrine is released from the adrenal glands
situated above the kidneys.



* Epinephrine produces metabolic changes such as raised heart rate,
blood pressure, and raised blood sugar levels.

* . Norepinephrine is typically responsible for cardiac tone and is
active even during sleep

 However, when levels of Norepinephrine increase due to stress, it
activates a response from the HPA axis.



* The hypothalamus releases corticotrophin-releasing hormone (CRH),
which induces the pituitary gland to release adrenocorticotropic
hormone (ACTH).

* This hormone binds to the adrenal glands, causing the secretion of
Cortisol and other glucocorticoids.

* Cortisol increases blood sugar levels and diverts the glucose to the
muscles by suppressing systems deemed less important in the
present situation; this includes the immune system.



* Immune System Suppression and Health Consequences

* Hormones alter the function of the immune system by directly
binding to immune cell receptors or affecting brain chemistry
through the negative feedback of cytokines.

* This can affect appetite and sleep, producing more serious health
effects such as a reduced immune response to disease. These
immune consequences have been chronicled through multiple
studies.



» Stressed groups demonstrated a reduction in antibody and virus-
specific T-cell responses.

- individuals under stress are not only at a higher risk of poor
immune responses to infection but also to vaccinations.

* During these periods, individuals are at risk of poor immune responses to
infections, wound recovery, and reduced immunity conferred from
vaccinations. In addition to this, the production of pro-inflammatory
cytokines is increased, posing a tissue damage threat resulting from
prolonged inflammation


https://www.news-medical.net/health/What-are-T-Cells.aspx

Biological and behavioral mediators of the

relationship between stress and immunity
* How does stress get “under the skin” to influence immunity?

 Immune cells have receptors for neurotransmitters and hormones such
as norepinephrine, epinephrine, and cortisol, which mobilize and traffic

immune cells, ideally preparing the body to mount an immune response
if needed [25].

* Recent evidence shows that immunological cells (e.g., lymphocytes)

change their responsiveness to signaling from these neurotransmitters
and hormones during stress [26].

* However, immunological responses are biologically and energetically
costly, and over time, chronic stress produces negative systemic
changes both in immune trafficking and in target tissues



* The linkages between stress and immunity may be mediated by specific
health behaviors, psychosocial factors, or both.

* For instance, stress has been linked to being in troubled relationships,
having negative or competitive social interactions, and feeling lonely,
which have each in turn been linked to increases in pro-inflammatory
responses to stress [27-29].

* Other potential mediators, like getting good sleep, are increasingly being
recognized as important pieces of the stress-immunity puzzle [30].

* Even one night of total sleep deprivation was recently found to

significantly increase neutrophil counts and decrease neutrophil function
in healthy men [31].



* Psychological stress is known to affect immune function
and to predict infectious disease susceptibility

* High sympathetic responders showed stress-induced
increases in cytotoxic T cells numbers and a diminished
mitogenic response to PHA, whereas low sympathetic
reactors showed no stress-related change in immunity

e cortisol is associated with longer-term down regulation of
cellular immune function [18], which may render
biologically reactive individuals more susceptible to
immune-mediated disease.



Mechanisms involved in brain functioning and

Immune response

. The brain and the immune system change, in different formes,
functionally relevant messages, the main function being homeostasis.
These two systems communicate through complex chemical
messengers that can leave their specific anatomical locations

e Several substances in the category of chemical messengers [small
molecules, such as nitric oxide or neuroendocrine peptides, such as
corticotrophin-releasing hormone (CRH); large proteins, including
cytokines and growth factors with the respective receptors] also
correlate these two systems



* Two important pathways correlate the brain and the immune
system:

* The autonomic nervous system (ANS) through the direct neuronal
circuits and the neuroendocrine pathway through the pituitary gland.
ANS is mostly autonomous because its activities are not under direct
conscious control.

* ANS works by three components: the sympathetic (noradrenergic)
and parasympathetic (cholinergic) systems, which originate in the
central nervous system (CNS) (cell bodies in the brainstem and
spinal cord), and the enteric system, which is located in the wall of
the gastrointestinal tract (9).


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7604758/#b9-etm-0-0-09341

 Studies underlined the role of inflammation in depression and have
shown the existence of neural connections with lymphoid tissue .
There are lymphocyte receptors for various neurotransmitters in
addition to acetylcholine and norepinephrine. The area where, at
the parasympathetic level, acetylcholine modulates several immune
reactions through the vagus nerve, the sympathetic nervous system
can intervene in the T helper 1 and T helper 2 (TH1/TH2 which
express different cytokine patterns) balance by stimulating the B-
adrenergic receptor, for example .






* Chronic stress has a ripple effect on the health of an individual.

» Stress diverts the metabolic resources of the body towards facing the
source and repressing less immediate bodily functions.

* The immune system is directly disrupted by the endocrine response
to stress.
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* but chronic, systemic inflammation represents dysregulation of the
immune system and increases risk for chronic diseases, including

atherosclerosis and frailty [4].

* Another consequence of chronic stress is activation
of latent viruses.

* Latent virus activation can reflect the loss of

immunological control over the virus, and frequent
activation can cause wear-and-tear on the immune

system [5].



* Interestingly, these responses may not be the same for everyone. Those
who have experienced early adversity, for example,

may be more likely to exhibit exaggerated immune

reactions to stress [6, 7]. Currently, the field is moving toward a

greater understanding of who might be most at risk for chronic
inflammation and other forms of immunological dysregulation, and why.
This question is important not only for health, but also for longevity, as
evidence suggests that the immunological effects of chronic stress can
advance cellular aging and shorten telomere length [8].



* ]. Chronic stress has been shown to enhance risk for

developing autoimmune disease [e.g., 43]. Individuals with

autoimmune disease also appear to have difficulty down-regulating their
immune responses after exposure to stressors. In MS, neuropeptides
secreted under stress (e.g., corticotropin-releasing hormoneg)activate glial
cells in the brain to release inflammatory molecules that result in brain
inflammation and worsen MS pathology [44]. Similar immune activation
and symptom exacerbation is evidenced in those with other autoimmune
diseases [40]. Currently, possible mechanisms by which autoimmune
diseases alter individual responses to stress are being explored. This
knowledge may lead to interventions that decrease stress-induced immune
responses and improve outcomes in autoimmune diseases.



Conclusions and future directions

e Research on the immunological effects of stress has burgeoned over
the past decade following Segerstrom and Miller's meta-analysis [1].
This research has explored new avenues, including the areas reviewed
here, that show particular promise for illuminating the conditions
under which stress impacts the immune system. Research on
stressors occurring early (i.e., childhood and adolescence) and late
(i.e., aging) in the lifespan have suggested that individuals exposed to
chronic stressors (e.g., abuse, caregiving) can exhibit immune
dysregulation that may be persistent and severe. Stressor qualities
(e.g., type, timing) as well as individual characteristics that make

individuals more or less susceptible to these effects are targets for
future work.



Early life stress

» Stress that occurs early in development (e.g., maltreatment,
poverty, and other adverse experiences) has
immunological consequences that can be observed both
in the near and long term after the stressor occurs.

* Early life stress (ELS) in children associates with
immunological dysregulation, including low basal levels of
cytokines that control immune responses [10].

 When immune cells were stimulated in vitro (e.g., with tetanus toxoid),
those cells from children who experienced ELS produced more pro-
inflammatory cytokines [10].



 Whereas much of the extant research focuses ON
maltreatment or poverty, a recent study into
the effects of a less-studied adversity, bullying,

also suggests that chronic peer victimization

predicts a steeper increase in CRP from childhood into young
adulthood [11].

* EBV antibody levels in a younger adult sample were also found to
differ based on the type, timing, and frequency of exposure to ELS.
[12].



» Individuals exposed to sexual abuse more than 10
times, as well as those physically abused starting

between ages 3 and 5, had elevated levels of antibodies
against EBV as adults, a signal of viral reactivation



* In adults, a meta-analysis of ELS and inflammation found a positive
association between maltreatment and several inflammatory
markers, with the most robust association for circulating CRP [13].
Recent work has investigated mechanisms linking ELS to immune
alterations over time (e.g., self-control, adiposity, smoking, and stress;
14, 15] as well as examining inflammatory dysregulation as a pathway
through which ELS affects adult disease prevalence and outcomes
[16]. Finally, empirically based interventions to target immunological
consequences of ELS are a necessary next step; recent evidence
suggests the plausibility of such interventions to improve
inflammatory profiles for youth raised in low-income families



* ]. Research has suggested that older adults are unable to terminate
cortisol production in response to stress. Cortisol is ordinarily anti-
inflammatory and contains the immune response, but chronic elevations
can lead to the immune system becoming “resistant,” an accumulation of
stress hormones, and increased production of inflammatory cytokines
that further compromise the immune response [18]. Older adults often
have to provide long term care for an ailing spouse or partner.

e Caregiving has been implicated in significantly lower antibody and cell-
mediated immune responses after vaccination [19, 20].

e Caregivers also experience longer wound healing times, lower
lymphocyte proliferation, increased proinflammatory cytokine levels, and
more reactivation of latent viruses



* An important direction in aging research involves an examination of
telomeres. Telomere length has been used as a measure of biological
aging and is associated with psychological, physiological, and social
factors. Chronic stress is linked to shortened telomere length along
with increased disease in older adults [22]. Socioeconomic factors
such as marital status and income have been linked with telomere
length: those married for longer periods of time and who make
more money are biologically younger than others in their cohort
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WHO-Consequences of maltreatment

* Child maltreatment has often severe short- and long-term physical, sexual
and mental health consequences. These include injuries, including head
injuries and severe disability, in particular in young children; post-
traumatic stress, anxiety, depression, and sexually transmitted infections
(STIs) including HIV.

* Adolescent girls may face additional health issues, including gynaecological
disorders and unwanted pregnancy.

* Child maltreatment can affect cognitive and academic performance and is
strongly associated with alcohol and drug abuse and smoking — key risk
factors for noncommunicable diseases (NCDs) such as cardiovascular
diseases and cancer.



* Maltreatment causes stress that is associated with disruption in early brain
development.

e Extreme stress can impair the development of the nervous and immune
systems.

* Consequently, as adults, maltreated children are at increased risk for behavioural,
physical and mental health problems such as:

e perpetrating or being a victim of violence
* depression

* smoking

* obesity

* high-risk sexual behaviours

* unintended pregnancy

alcohol and drug misuse.



* Violence against children is also a contributor to inequalities in
education.

* Children who experienced any form of violence in childhood have a
13% greater likelihood of not graduating from school.

* Beyond the health, social and educational consequences of child
maltreatment, there is an economic impact, including costs of
hospitalization, mental health treatment, child welfare, and
longer-term health costs.






Impact of violence

Violence against children has lifelong impacts on health and well-

being of children, families, communities, and nations. Violence against
children can:

* Result in death. Homicide, which often involves weapons such as
knives and firearms, is among the top four causes of death in
adolescents, with boys comprising over 80% of victims and
perpetrators.

* Lead to severe injuries. For every homicide, there are hundreds of
predominantly male victims of youth violence who sustain injuries
because of physical fighting and assault



(pa|r bram and nervous system development
Exp S

ure to violence at an early age can impair
* brain development and
 damage other parts of the nervous system, as well as the
e endocrine,
 circulatory,
 musculoskeletal,
* reproductive,
* respiratory and

* immune systems, with lifelong consequences. As such, violence against
children can negatlvely affect

* cognitive development and results in
* educational and
* vocational under-achievement.



* Result in negative coping and health risk behaviours.

* Children exposed to violence and other adversities are substantially
more likely to smoke, misuse alcohol and drugs, and engage in high-
risk sexual behaviour.

* They also have higher rates of anxiety, depression, other mental
health problems and suicide.



Lead to unintended pregnancies,

induced abortions,

gynaecological problems, and

sexually transmitted infections, including HIV.



Contribute to a wide range of non-communicable diseases as
children grow older. The increased risk for

cardiovascular disease,
cancer,
diabetes, and

other health conditions is largely due to the negative coping and
health risk behaviours associated with violence.



* Impact opportunities and future generations. Children exposed to
violence and other adversities are more likely to

e drop out of school,
* have difficulty finding and keeping a job,
* and are at heightened risk for

* |ater victimization and/or perpetration of interpersonal and self-
directed violence,

* by which violence against children can affect the

* next generation.






Risk factors

Child

* |t is important to emphasize that children are the victims and are never to
blame for maltreatment. Characteristics of an individual child that may
increase the likelihood of being maltreated include:

* being either under four years old or an adolescent
* being unwanted, or failing to fulfil the expectations of parents

* having special needs, crying persistently or having abnormal physical
features

* having an intellectual disability or neurological disorder
* identifying as or being identified as lesbian, gay, bisexual or transgender.






Risk factors

Violence against children is a multifaceted problem with causes at the

individual, close relationship, community and societal levels. Important risk
factors are:

* Individual level:

* biological and personal aspects such as sex and age

* lower levels of education

* low income

* having a disability or mental health problems

* identifying as or being identified as lesbian, gay, bisexual or transgender
* harmful use of alcohol and drugs

* a history of exposure to violence.






Parent or caregiver

* Characteristics of a parent or caregiver that may increase the risk of child
maltreatment include:

e difficulty bonding with a newborn

* not nurturing the child

* having been maltreated themselves as a child

* lacking awareness of child development or having unrealistic expectations
* misusing alcohol or drugs, including during pregnancy

* having low self-esteem

 suffering from poor impulse control

* having a mental or neurological disorder

* being involved in criminal activity

* experiencing financial difficulties.



Relationship

* Characteristics of the relationships within families or among intimate
partners, friends and peers that may increase the risk of child
maltreatment include:

e family breakdown or
* violence between other family members
* being isolated in the community or

* lacking a support network
* a breakdown of support in child rearing from the extended family.






Close-relationship level:

* lack of emotional bonding between children and parents or
caregivers

* poor parenting practices

* family dysfunction and separation

* being associated with delinquent peers

* witnhessing violence between parents or caregivers
* early or forced marriage.






Community and societal factors

Characteristics of communities and societies that may increase the risk of
child maltreatment include:

e gender and social inequality;

* lack of adequate housing or services to support families and institutions;
* high levels of unemployment or poverty;

 the easy availability of alcohol and drugs;

* inadequate policies and programmes to prevent child maltreatment,
child pornography, child prostitution and child labour;

* social and cultural norms that promote or glorify violence towards
others, support the use of corporal punishment, demand rigid gender
roles, or diminish the status of the child in parent—child relationships;

* social, economic, health and education policies that lead to poor living
standards, or to socioeconomic inequality or instability.






Community level:
* poverty
* high population density
* low social cohesion and transient populations
* easy access to alcohol and firearms
* high concentrations of gangs and illicit drug dealing.
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Society level:

* social and gender norms that create a climate in which violence is
normalized

* health, economic, educational and social policies that maintain
economic, gender and social inequalities

* absent or inadequate social protection
 post-conflict situations or natural disaster
 settings with weak governance and poor law enforcement.






Types of violence against children

* Maltreatment (including violent punishment) involves physical, sexual
and psychological/emotional violence; and neglect of infants, children
and adolescents by parents, caregivers and other authority figures,
most often in the home but also in settings such as schools and
orphanages.
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 Bullying (including cyber-bullying) is unwanted aggressive behaviour
by another child or group of children who are neither siblings nor in a
romantic relationship with the victim. It involves repeated physical,
psychological or social harm, and often takes place in schools and
other settings where children gather, and online.
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* Youth violence is concentrated among children and young adults
aged 10-29 years, occurs most often in community settings between
acquaintances and strangers, includes bullying and physical assault

with or without weapons (such as guns and knives), and may
involve gang violence
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* Intimate partner violence (or domestic violence) involves physical,
sexual and emotional violence by an intimate partner or ex-partner.
Although males can also be victims, intimate partner violence
disproportionately affects females. It commonly occurs against girls
within child marriages and early/forced marriages. Among
romantically involved but unmarried adolescents it is sometimes
called “dating violence”.



e Sexual violence includes non-consensual completed or attempted
sexual contact and acts of a sexual nature not involving contact (such
as voyeurism or sexual harassment); acts of sexual trafficking

committed against someone who is unable to consent or refuse; and
online exploitation.
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* Emotional or psychological violence includes restricting a child’s
movements, denigration, ridicule, threats and intimidation,
discrimination, rejection and other non-physical forms of hostile
treatment.
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Good News

*Social support was also identified to have an
ameliorating effect on immune alterations



e Stress, immunity, and disease can affect each
other in reciprocal ways,
but these relationships can be moderated by
life stage, other ecological pressures and goals,
stressor
duration,

and
protective factors such as good sleep



.. Psychosocial interventions suggest an
increased efficiency in decreasing inflammation
and improving the function of the immune
system
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* Affective structures that are perceived to be stressful are accompanied by
autonomic and neuroendocrine changes capable of influencing immune
function and thus likely susceptibility to a variety of diseases (24). In

contrast, behavioral interventions that reduce anxiety
or stress decrease the intensity or duration of
neuroendocrine responses and thus achieve a
balance of immune function that promotes well-
being and health (25,26

» Studies show that there is an irr_iporta nt ability Qf .
psychosocial interventions to enhance immunity and
Improve immunity-related health outcomes.

* These studies show that the processes of the immune system are
influenced by social, neurocognitive and behavioral factors


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7604758/#b24-etm-0-0-09341
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7604758/#b25-etm-0-0-09341
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7604758/#b26-etm-0-0-09341
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*Dissemination of knowledge of
the relationship between stress
and the immune system is

important to improve collective
public health
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* NICU

* PICU

* SUGICAL WARD
* EMERGENCY

* OTHER WARDS
* Lab

* RADIOLOGY

* Dentistry



Healthcare Providers’ Guide to

Traumatic Stress in lll or Injured Children
-==AFTER THE ABCs, CONSIDER THE DEFs

= Assess and manage pain.

Eﬂ' DISTRESS « Ask about fears and worries.
_ . = Consider grief and loss.

EMOTIONAL = Who and what does the patiend need now?
SUPPORT : - Barriers to mobilizing existing supports?

. - Assess parents’ or siblings’ and others’ distress.
F FAMILY . - Gauge family stressors and resources.

- Address other needs (beyond medical).
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