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tions in immune function, perpetuating chronic inflammation even in the ab-

ors show elevated levels of C-reactive protein (CRP) and other markers of sys-

sence of ongoing stress. Future research should focus on longitudinal studies
assessing how the timing, duration, and type of stressors influence skin con-
dition severity, alongside evaluating interventions like cognitive-behavioral
therapy (CBT) and stress management techniques. By addressing these child-
hood stressors, there is potential to not only mitigate skin condition flares but
also reduce the long-term health consequences of chronic inflammation
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leading to therapeutic strategies that emphasize mental health alongside tra-
ditional dermatological treatments.
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1. Introduction

Emerging evidence reveals a concerning rise in the prevalence and incidence of
inflammatory skin conditions, such as atopic dermatitis (AD) and psoriasis, among
children. In the United States and Europe, atopic dermatitis disproportionately
affects children, with a prevalence of 20%, compared to 7% - 10% in adults [1].
Psoriasis, while less common, affects approximately 1% of children and adoles-
cents globally. The etiology of these inflammatory skin conditions is multifaceted,
involving genetic, immune, and environmental factors. However, growing re-
search emphasizes the significant role of childhood stress, encompassing familial
conflict, bullying, academic pressures, and traumatic events, in contributing to
this rise in pediatric inflammatory skin diseases [2]. These findings underscore
the need for a deeper exploration of how early-life psychosocial factors influence
skin health and the development of targeted, multidisciplinary interventions.

Stress, particularly psychological stress, activates the hypothalamic-pituitary-
adrenal (HPA) axis, leading to the release of cortisol and other stress hormones
that modulate immune responses and can manifest as skin inflammation [3] [4].
When stress becomes chronic, such as in children exposed to hostile home envi-
ronments or persistent bullying, the balance of proinflammatory and anti-inflam-
matory cytokines, including IL-17A and TNF-alpha, can become dysregulated.
This dysregulation perpetuates a chronic inflammatory state, as observed in con-
ditions like atopic dermatitis and psoriasis. Moreover, these inflammatory skin
conditions can further exacerbate stress in children, creating a vicious cycle that
compounds both psychological and physiological burdens [5]. Addressing this in-
terplay between chronic stress and immune dysregulation is critical for breaking
the cycle and improving both dermatological and psychological outcomes in af-
fected children.

This review explores the neuroimmune pathways that link childhood stress to
skin inflammation, with a focus on the pivotal role of the HPA axis and stress-
induced cytokine production. By investigating these mechanisms, we aim to shed
light on how adverse childhood experiences, such as familial discord and socioec-
onomic challenges, contribute to the onset and exacerbation of inflammatory skin
conditions. Furthermore, we discuss the importance of addressing childhood
stressors early in life to mitigate the long-term effects of inflammation and pro-

mote the vital balance between skin and mental health. These insights are critical
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for informing interventions that address both the psychological and dermatolog-

ical needs of affected children.

2. Methods

This literature review identified 37 peer-reviewed studies of the neuroimmune
mechanisms linking childhood stressors to inflammatory skin conditions.. A
comprehensive search was conducted across three databases—PubMed, Embase,
and Google Scholar. Search terms included “HPA axis dysfunction,” “childhood
adversity,” “psychological stress and skin,” “cytokine production,” “inflammatory
markers,” and “stress management”. Included studies were peer reviewed English
articles, that presented original research regarding the neuroimmune pathways
underlying stress-induced skin inflammation, specifically focused on the hypo-
thalamic-pituitary-adrenal (HPA) axis, pro-inflammatory cytokines, and systemic
biomarkers of stress within the pediatric population. Key data extracted included
study design, type of stressor, biological markers analyzed, skin condition out-
comes, and intervention effectiveness. The final selection comprised a variety of
study designs, including longitudinal cohort studies, randomized controlled trials
(RCTs), cross-sectional analyses, and reviews that provided novel information not
identified in other works. Data extraction included the evaluation of study meth-
odology, clinical impact, and outcomes regarding the dynamic relationship be-
tween psychological stress and skin inflammation in pediatric populations. The
included data was then qualitatively assessed to identify themes and gaps in the

literature.

2.1. Pathophysiology of Neuroimmune Pathways & Effects of Stress

2.1.1. Neuro-Immune Mechanism Linking Stress and Skin Inflammation
The systemic effects of stress, particularly its impact on immune regulation, are
often overlooked in both acute and chronic disease contexts. This is partly because
stress manifests in nonspecific clinical symptoms, making its role in disease pro-
gression challenging to diagnose. However, chronic exposure to stress can signif-
icantly disrupt immune homeostasis, contributing to widespread immune dysreg-
ulation. Under normal conditions, stress is integral to maintaining homeostasis,
primarily through the activation of the sympathetic nervous system. This activa-
tion triggers the hypothalamic-pituitary-adrenal (HPA) axis, leading to the rapid
release of cortisol from the adrenal glands. Cortisol initiates the “fight or flight”
response, mobilizing resources by increasing heart rate, enhancing respiratory
rate for improved oxygenation, and stimulating glucose release for immediate en-
ergy needs [6]. While these acute responses are essential for survival, chronic
stress and persistent elevation of cortisol levels can have harmful effects.

Chronic activation of the HPA axis leads to significant physiological disrup-
tions, particularly in cortisol regulation, with far-reaching effects on immune
function, inflammation, and metabolism. Prolonged HPA axis activation disrupts

normal cortisol regulation, resulting in immune suppression, heightened inflam-
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mation, and metabolic imbalances [7] [8]. Extreme cortisol dysregulation is evi-
dent in Cushing syndrome, characterized by central obesity, rounded facies,
dorsocervical fat pads, and skin thinning. While Cushing syndrome is rare, most
individuals exposed to chronic stress exhibit a continuum of cortisol dysregula-
tion, with varying degrees of metabolic and immune consequences [8].

Inflammatory skin conditions are profoundly influenced by the body’s stress
response, which often exacerbates their cutaneous symptoms. These conditions
present a therapeutic paradox: while glucocorticoids, the first-line treatment for
mild to moderate inflammatory skin diseases, offer rapid anti-inflammatory relief,
their prolonged use contributes to elevated cortisol levels. Glucocorticoids sup-
press inflammatory cytokines such as IL-1, IL-6, and TNF-alpha, providing short-
term benefits; however, extended use often leads to diminishing efficacy as tissues
adapt [1]. This adaptation can result in a rebound increase in pro-inflammatory
cytokines, fostering a chronic low-grade inflammatory state.

Additionally, prolonged glucocorticoid use suppresses IL-10, a critical anti-in-
flammatory cytokine, disrupting immune regulation. The lack of IL-10 permits
unchecked activation of macrophages and T-cells, perpetuating inflammation and
impairing tissue repair [1] [9]. Combined with glucocorticoid-induced skin thin-
ning, this inflammatory dysregulation complicates the management of stress-ex-
acerbated skin conditions. These challenges underscore the intricate relationship
between chronic stress, cortisol dysregulation, and immune imbalance, emphasiz-
ing the necessity for multifaceted treatment approaches that integrate psycholog-

ical support with interventions targeting immune and inflammatory pathways.

2.1.2. Specific Stressor-Induced Reactions

Exposure to adversity during pediatric years profoundly impacts both psycholog-
ical and biological systems, with far-reaching implications for health outcomes.
Adverse childhood experiences (ACEs), such as bullying, abuse, or familial con-
flict, are well-recognized contributors to systemic stress and inflammation. For
instance, bullying is increasingly identified as a significant ACE, negatively affect-
ing health outcomes, quality of life, and even suicidality rates [10]. Biologically,
victims of bullying exhibit higher levels of C-reactive protein (CRP), an acute-
phase reactant produced by the liver in response to interleukin-6 (IL-6) [11].
While CRP plays a critical role in identifying and removing pathogens, as well as
enhancing immune defenses, its elevation in response to stress can shift from a
protective function to a pathological driver of chronic inflammation. Elevated
CRP has been linked to dermal conditions such as acne vulgaris, psoriasis, atopic
dermatitis, alopecia, and sarcoidosis, highlighting the systemic nature of stress-
induced inflammation [11] [12]. Bullying is only one of many ACEs linked to el-
evated inflammatory markers. Other forms of abuse, including sexual, physical,
and emotional abuse, are similarly associated with heightened CRP levels [10].
While the physical manifestations of stress vary by individual, the biological re-
sponse remains consistent in its capacity to induce systemic inflammation.

For some children, academic pressure becomes a dominant source of stress,
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particularly for those who perceive learning or performance expectations as over-
whelming. Research shows that lower academic achievement, especially in verbal
ability, correlates with higher CRP levels, suggesting a potential link between
weaker cognitive performance and systemic inflammation [13]. Similarly, ele-
vated levels of Tumor Necrosis Factor-alpha (TNF-a), a cytokine critical for in-
flammatory responses, have been observed in students with low academic perfor-
mance across verbal, numerical, and reasoning skills [13] [14]. Additional bi-
omarkers, such as elevated white blood cell (WBC) counts and IL-6, have also
been associated with lower academic achievement [15]. While the precise rela-
tionship between academic stress and inflammation remains unclear, these find-
ings suggest a bidirectional or synergistic link. Academic stress may trigger in-
flammation, or alternatively, inflammation may serve as an indicator of cognitive
challenges. Regardless of causality, children with lower academic performance of-
ten demonstrate increased inflammation, which could predispose them to inflam-
matory skin conditions in the future.

Family dynamics further modulate the relationship between stress and inflam-
mation. Stressful family experiences, such as the loss of a loved one, divorce, sep-
aration, or abuse, have been shown to elevate inflammatory markers in children.
For example, children who experience parental separation or divorce are at in-
creased risk of developing atopic eczema later in life [16]. These events are also
linked to higher CRP levels in midlife, suggesting that early-life stress leaves a last-
ing biological imprint [17]. Beyond CRP, family-related stressors can elevate fi-
brinogen, a coagulation protein that also serves as an inflammatory marker. Ele-
vated fibrinogen levels have been specifically associated with the death of a loved
one, highlighting its role as a marker of stress-induced inflammation [17]. This
connection further underscores the profound inflammatory impact of familial
loss on overall health and well-being.

Parental mental illness adds another layer of complexity, creating a chronic
stressor for children that can elevate levels of IL-6 and CRP [18]. Observing a par-
ent’s mental health struggles not only affects psychological development but also
limits access to essential adult support, exacerbating stress and inflammation.
These findings emphasize the cumulative nature of life stressors; while individual
stressors contribute to systemic inflammation, their combined effects can amplify
the risk of inflammatory skin lesions. Understanding these multifaceted stressor-
induced reactions emphasizes the critical need for early intervention and holistic
care to address both the psychological and biological consequences of childhood

adversity.

2.1.3. Long-Term Impact of Early Life Stressors

Early life stressors (ELS), such as family conflict, neglect, abuse, or low socioeco-
nomic conditions, have profound and lasting effects on gene expression, brain
chemistry, and brain anatomy. These stressors, which exceed an individual’s ca-
pacity to cope, can lead to dysregulation of the HPA axis and immune system

dysfunction. Chronic exposure to stress results in elevated cortisol levels and low-
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grade systemic inflammation, even in the absence of active stressors, a phenome-
non referred to as “immune priming” [19]. This persistent state of immune acti-
vation makes the body more susceptible to inflammatory conditions. Pavlovic et
al. elaborate on this connection, explaining how stress-induced neuropeptides like
substance P activate skin immune responses, further fueling inflammation [20].
These findings highlight how chronic childhood stress predisposes individuals to
long-term immune dysregulation and inflammatory disorders.

Skin conditions such as AD and psoriasis are particularly susceptible to stress-
induced immune dysregulation. Even after reaching adulthood, individuals with
childhood AD often continue to experience symptoms and emotional challenges
linked to the disease, reflecting the enduring impact of early stress on the skin
[21]. Stress compromises skin barrier function by lowering local cortisol levels,
rendering it less resistant to irritants and infections. This impairment triggers the
release of pro-inflammatory cytokines, including IL-6 and TNF-alpha, which in-
tensify symptoms and drive disease progression [22]. Early intervention to ad-
dress childhood stressors can help mitigate these effects, reducing the severity and
progression of stress-exacerbated dermatological conditions.

Beyond skin conditions, the immune dysfunction induced by early-life stressors
is associated with systemic comorbidities, including cardiovascular disease, met-
abolic syndrome, and autoimmune disorders. Chronic inflammation resulting
from HPA axis dysregulation heightens the risk of these diseases, as evidenced by
heightened autoantibody production and vascular dysfunction in animal models
[23] [24]. Elevated inflammatory markers (e.g., CRP, IL-6) further contribute to
vascular dysfunction and increased aortic stiffness, linking ELS to cardiovascular
disease [24] [25]. Additionally, developmental programming influenced by ELS
alters physiological set points and gene regulation, predisposing individuals to
metabolic disorders later in life [26]. These findings underscore the broader health
challenges associated with adverse childhood experiences and highlight the im-
portance of addressing socioeconomic and lifestyle factors through comprehen-
sive stress management strategies to mitigate both short-term and long-term
health consequences.

The psychological consequences of early-life stressors are profound, increasing
the risk of anxiety, depression, post-traumatic stress disorder (PTSD), and social
isolation in affected individuals. Heightened amygdala activity and altered emo-
tional processing observed in those exposed to significant childhood stress pre-
dispose them to mood disorders, creating a self-perpetuating cycle of psychologi-
cal distress and physical burden, particularly in individuals with inflammatory
skin conditions [27] [28]. Social stressors, such as bullying or social rejection,
compound these effects, often leading to loneliness, poor social relationships, and
further anxiety or PTSD [29]. Combined social disadvantage and psychological
stress during childhood can have enduring impacts on brain development and
emotional regulation, increasing susceptibility to both mental illness and immune

dysfunction [28]. These interconnected challenges emphasize the importance of
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early intervention, such as cognitive-behavioral therapy (CBT) and resilience
training, which can mitigate the traumatic effects of stress, improve mental health,

and foster resilience across the lifespan.

2.2. Current and Future Treatments

Addressing the role of childhood stress in inflammatory skin conditions requires
a comprehensive treatment approach that goes beyond conventional symptom
management. While current therapies primarily rely on topical and systemic med-
ications, these methods often neglect the psychosocial dimensions that contribute

to disease onset and progression.

2.2.1. Cognitive Behavioral Therapy

Cognitive Behavioral Therapy (CBT) has proven to be a valuable tool in managing
stress-related dermatologic conditions [30]. CBT operates on the premise that
thoughts, emotions, and behaviors are interconnected. By identifying and modi-
fying negative thought patterns and behaviors, individuals can better manage their
stress responses and emotional triggers. Furthermore, CBT equips patients with
coping strategies to deal with stress, potentially reducing the physiological stress
response that exacerbates skin conditions. CBT has been recognized for its effec-
tiveness in managing stress-related conditions, including inflammatory skin dis-
eases like psoriasis and atopic dermatitis. Research from the Center for Dermatol-
ogy Research out of the Wake Forest School of Medicine, indicates that patients
who engage in CBT often demonstrate reduced flare-ups and improved psycho-
logical well-being; in particular, studies have shown that CBT can lead to a signif-
icant decrease in disease severity and enhance quality of life [30]. Evidence sug-
gests that addressing underlying psychological factors can improve both clinical
outcomes and quality of life. In psoriasis, heightened stress correlates with in-
creased disease severity, and patients who undergo CBT alongside medical treat-
ment report fewer flare-ups and improved psychological well-being compared to
those receiving medical treatment alone [30]. Similarly, CBT has shown efficacy
in reducing stress-induced scratching in atopic dermatitis, with studies demon-
strating enhanced outcomes when CBT is used as an adjunct to standard care [30].
These findings emphasize the importance of a dual approach that addresses both
the physical symptoms and the psychological contributors to skin disorders.
While CBT is effective for many, it may not be suitable for everyone. Some pa-
tients may find it challenging to engage fully with the therapy due to varying levels
of openness to psychological intervention or cognitive difficulties. Access and cost

can also be barriers, especially in underserved populations.

2.2.2. Support Groups

Support groups are another effective modality, offering both emotional and prac-
tical benefits for individuals with inflammatory skin conditions and their caregiv-
ers. Online support groups have emerged as vital resources, fostering a sense of

community and providing access to shared experiences and coping strategies.
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This communal support has been associated with improvements in disease sever-
ity and emotional resilience [31]. For parents of children with chronic dermatoses,
familial support groups can alleviate caregiver stress, enhance mental resilience,
and improve their understanding of the condition. These groups also help miti-
gate the emotional and financial burdens associated with managing chronic skin

disorders, ultimately benefiting the affected children as well [32].

2.2.3. Mindfulness

Mindfulness has gained traction as a beneficial approach for reducing stress and
anxiety, with evidence supporting its use in managing symptoms of inflammatory
skin conditions. Mindfulness practices, including meditation and focused breath-
ing, promote a heightened awareness of the present moment, enabling individuals
to better regulate their emotional responses. This regulation can decrease the im-
pact of stress on the immune system, potentially leading to reduced inflammation
and improved skin health. Mindfulness-Based Stress Reduction (MBSR) is a well-
known program that has been adapted for chronic skin conditions. MBSR in-
cludes guided meditation, body awareness, and yoga, aiming to reduce overall
stress levels and enhance coping mechanisms. Programs incorporating MBSR
have been implemented in dermatology clinics with positive feedback on patient
outcomes. Programs that incorporate mindfulness practices have shown improve-
ments in patients’ emotional states, which can lead to better management of skin
flare-ups and overall health [33]. Research by Dr. Montongermy PhD found that
patients counseled on mindfulness techniques saw improvements in pain sensa-
tion, itch intensity, psychological wellness, and decreased disease severity [33].
These patients experienced decreased disease burden and also improved quality
of life, making mindfulness therapy a promising adjunct treatment to chronic der-
matologic conditions. Mindfulness interventions may offer beneficial, cost-effec-
tive intervention to patients with chronic dermatology conditions, improving not
only their quality of life, but potentially positively impacting the condition itself.
Mindfulness requires practice and commitment; hence, some individuals may
find it difficult to maintain a consistent routine. Additionally, the benefits might
take time to manifest, potentially leading to discouragement in patients seeking

immediate relief.

2.2.4. Biofeedback

Biofeedback is an emerging therapeutic approach that helps individuals gain con-
trol over physiological functions often linked to stress. Biofeedback is an emerging
therapeutic approach that helps individuals gain control over physiological func-
tions often linked to stress. In dermatology, biofeedback has been shown to effec-
tively reduce stress-induced scratching and improve self-regulation among pa-
tients with eczema and other inflammatory skin diseases [34]. In cases of chronic
itching due to various dermatitis conditions, biofeedback can profoundly affect
the patients' ability to cope. A study done by Dr. Sariti MD focused on adults with

chronic pruritus. Patients underwent biofeedback training that taught them to
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manage their physical reactions to itch triggers. By tracking their skin tempera-
ture, sweat production, and muscle tension, patients learned to implement mind-
fulness and deep-breathing techniques to mitigate the urge to scratch. Patients self
reported less itch desire and improved lichenification on previously scratched ar-
eas [34]. The results indicated a significant reduction in scratching episodes and
improved skin condition over time. Successful biofeedback interventions in clin-
ical settings often combine traditional treatment for skin conditions with sessions
that focus on teaching stress management through biofeedback techniques. For
instance, dermatology clinics may offer biofeedback sessions along with regular
dermatological care, allowing for comprehensive management of both physical
and psychological aspects of skin health. Access to biofeedback devices and
trained practitioners can be limited, and the effectiveness of this intervention can
vary based on individual engagement. Furthermore, the learning curve for pa-

tients who are new to this type of self-regulation may also present challenges.

2.2.5. Integrative Treatments

Socioeconomic status (SES), nutrition, and sleep are lifestyle factors that can play
a significant role in both stress and skin inflammation. Its association underscores
the complexity of the mind-skin connection, and disproportionately impacts chil-
dren of low SES who face chronic stressors including financial instability and lim-
ited access to healthcare. These challenges contribute to imbalanced hormone lev-
els and hinder timely, proficient medical intervention, creating an environment
where inflammatory conditions like psoriasis and eczema may persist or worsen
[35]. Poor diets, which may stem from financial constraints or lack of education,
rely on highly processed foods. These foods are deficient in nutrient density and
diversity further contributing to oxidative stress and systemic inflammation. Ad-
ditionally lack of sleep, which when optimal helps regulate cortisol levels and re-
pair the skin barrier, can worsen inflammatory conditions [36]. While this study
primarily examined the impact of psychological stressors on the skin and targeted
treatments, adopting a broad holistic approach to chronic inflammatory condi-
tions may be beneficial. By screening for socioeconomic barriers, healthcare pro-
viders can curate a treatment plan that includes cost-effective, sustainable thera-
pies and resources. This may include previously mentioned stress management
techniques like mindfulness, education on sleep hygiene and guidance toward ser-
vices that offer healthy, balanced meals at affordable rates.

Future treatment paradigms should integrate holistic strategies, combining es-
tablished modalities such as Cognitive Behavioral Therapy (CBT) with stress
management techniques to target both the psychological and physiological aspects
of these conditions. By acknowledging the intricate relationship between stress
and skin health, treatment efficacy and patient outcomes can be significantly im-
proved. Emerging therapeutic strategies that leverage advances in understanding
the neuroimmune connection present exciting possibilities for future care. Tech-
niques such as biofeedback and integrative therapies focus on enhancing self-reg-

ulation and building resilience against stress [37]. Virtual reality therapy, for
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example, provides immersive experiences that distract from pain and anxiety, of-
fering children innovative tools to manage their conditions more effectively. In-
tegrating such novel approaches into a holistic treatment framework can address
the interplay of stress, immune dysfunction, and skin health, creating more per-
sonalized and effective care models for children with inflammatory skin condi-
tions.

Incorporating interventions such as CBT, mindfulness, and biofeedback into
treatment plans for inflammatory skin conditions has the potential to significantly
enhance outcomes by addressing the interconnectedness of psychological and
physical health. While each intervention has its strengths and limitations, a tai-
lored and holistic approach that considers the individual patient’s needs can lead
to more effective management of inflammatory skin conditions, ultimately im-
proving quality of life. Despite recent advancements in recognizing the neuroim-
mune mechanisms underlying inflammatory skin disorders, significant research
gaps remain. Current studies often neglect to explore the direct impact of child-
hood stress on immune responses or the long-term consequences of early-life
stress on skin health and resilience. Comprehensive studies are needed to examine
the direct effects of childhood stress on immune responses and the subsequent
development of skin conditions. Addressing these gaps is crucial for developing
targeted interventions that not only reduce symptoms but also address the psy-
chosocial stressors that exacerbate these conditions. By prioritizing research into
these areas, the field can move closer to creating comprehensive and lasting solu-

tions for patients and their families.

3. Conclusion

The connection between early-life stressors, immune dysregulation, and inflam-
matory skin conditions demonstrates the significant influence of psychosocial fac-
tors on overall health. Adverse childhood experiences disrupt the hypothalamic-
pituitary-adrenal axis, leading to chronic inflammation and immune dysfunction
that exacerbate conditions such as atopic dermatitis and psoriasis while increasing
the risk of systemic comorbidities like cardiovascular disease, metabolic syn-
drome, and autoimmune disorders. The psychological toll, including heightened
risks of anxiety, depression, and PTSD, perpetuates a cycle of stress and inflam-
mation, further complicating these conditions. To address these challenges, treat-
ment must move beyond symptom management to embrace a holistic approach.
Integrating conventional therapies with modalities like Cognitive Behavioral
Therapy, support groups, and emerging techniques such as biofeedback offers a
comprehensive way to tackle both the physical and psychological dimensions of
care. While promising, significant research gaps remain in understanding the
long-term effects of early-life stress on immune and skin health. Future studies
must focus on these mechanisms and the role of socioeconomic and lifestyle fac-
tors in informing targeted interventions. By adopting a multidisciplinary ap-

proach, we can improve treatment outcomes, foster resilience, and enhance the
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quality of life for individuals affected by these complex conditions.
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