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Abstract

Background: Growing research links early-life stress (ELS) to poor physical and mental health later in life.
ELS involves abuse, neglect, parental death, and poverty. Immune system effects are a big concern. Long-term
childhood stress candysregulate the immune system, increasing the risk of inflammatory and autoimmune
disorders. Unfortunately, little is known about how ELS influences immune health and its long-term
repercussions.

Objective: This study aims to investigate the impact of ELS on adult immune function by assessing
inflammatory biomarkers and stress-related immune alterations in individuals with a history of childhood
adversity.

Methods: A retrospective cohort research compared 100 18-50-year-olds with ELS to a control group without
early-life suffering. Medical histories, psychological evaluations, and adverse childhood experience surveys
were employed to collect data. CRP, IL-6, cortisol, and WBC counts are used to measure immunological
function. Regression models, ANOVA, and t-tests were used to examine the relationship between
immunological dysfunction and ELS severity.

Results: 50 of 100 participants were in a control group and 50 were subjected to early-life stress. Both groups
had similar gender and age distributions, but the ELS-exposed group had a higher frequency of lower
socioeconomic status (68% vs. 32%), chronic diseases like hypertension (18% vs 8%, p = 0.03), and anxiety
disorders (30% vs 12%, p = 0.02). The ELS-exposed group had higher levels of CRP (3.8 £ 1.5 vs. 2.1 £ 1.1
mg/L, p<0.01), IL-6 (4.5 + 1.2 vs. 3.1 £0.9 pg/mL, p <0.01), and cortisol (16.5+4.3 vs. 11.8 £3.5 pg/dL, p <
0.01), indicating increased systemic inflammation and HPA-axis dysregulation. A dose-response relationship
exists between ELS severity and elevated CRP, IL-6, and cortisol levels (r = 0.48, p <0.01,r=0.52, p<0.01, r
=0.55, p < 0.001). Despite correcting for relevant confounders, regression analysis showed that ELS exposure
remains a significant predictor of immunological dysfunction (p < 0.05). The findings suggest that childhood
stress can affect the immune system into old age.

Conclusion: These findings underscore the lasting impact of early adversity on immune health, emphasizing the
need for early intervention strategies. Future longitudinal studies are essential to elucidate causal mechanisms
and develop targeted preventative measures.
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Introduction

Young children's negative experiences throughout
critical developmental phases can have long-term
effects on their physical and mental health.
Extreme emotional, physical, or environmental
stress can overwhelm adults' coping mechanisms,
creating maladaptive behavior [1]. Neurobiology
and immune system programming  occur
throughout early development, making ELS
critical. Chronic disorders as adults are linked to
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prolonged or extreme stress in infancy, which
impairs brain function, endocrine responses, and
immunological control [2]. ELS cause’s mental
health concerns and immunological dysregulation,
which increases adult sensitivity to infections,
autoimmune diseases, and inflammatory disorders,
according to extensive research. ELS encompasses
various adversities that a child may experience.
Childhood emotional and physical abuse over
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activates the hypothalamic-pituitary-adrenal (HPA)
axis, causing immune system dysregulation and
adult stress. Psychological trauma from sexual
assault affects systemic inflammation and
immunological resistance [3]. Emotional and
physical neglect deprives a child of essential needs
such as food, shelter, safety, and emotional
bonding, leading to chronic stress exposure and
subsequent immune alterations. Due to altered
immune responses and greater stress hormone
levels, children who lose a parent at a young age
are more prone to develop inflammatory and
autoimmune disorders [4].

Early childhood poverty, food insecurity, and
unstable housing can cause chronic stress that
affects long-term health through dysregulated
immune-inflammatory pathways Children exposed
to domestic violence, community violence, or war-
related trauma experience heightened stress
responses, leading to  sustained immune
suppression or hyperactivation. Different social,
cultural, and geopolitical factors affect ELS
prevalence between populations. Half of the
world's youngsters experience adversity before
adulthood, according to research.

Violence-prone and low-income neighbourhoods
have higher rates. According to the negative
Childhood Experiences (ACE) research, 67% of
American adults have had one negative childhood
incident, while 16% have four or more [5]. ELS is
more likely to affect low-income children because
to communal violence, parental separation, and
neglect. Systemic pressures including racial
discrimination, unstable housing, and food
instability worsen ELS's long-term health impacts
for marginalised individuals [6].

The immune system fights infections, maintains
homeostasis, and prevents chronic diseases. The
adaptive immune system uses memory-based
immunity to generate specialised responses, while
the innate immune system protects against invaders
quickly. Environmental factors, genetics, and
neuroendocrine  interactions regulate immune
function [7].Stress can permanently affect
immunological programming in a person's immune
system's early years.

Prolonged exposure to stress hormones like cortisol
disrupts the delicate balance between pathways that
promote inflammation and those that prevent it,
suppressing or hyperactivating the immune system.
This imbalance makes patients more susceptible to
infections, allergies, autoimmune diseases, and
chronic inflammatory ailments like metabolic
disorders and cardiovascular disease. Epigenetic
changes caused by stress can also alter immunity
gene expression, so decreased immunity may
remain even when stress levels are low [8].
Multiple studies have connected ELS to persistent
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immunosuppression. Studies have shown that
children who endured poverty have higher
inflammatory markers, suggesting a persistent
inflammatory disease [9].

These indications include CRP, IL-6, and TNF-q.
According to research, ELS impairs immune cell
function, making patients more susceptible to
infections and autoimmune illnesses. There is
decreased NK cell activity and altered T-cell
responses. Despite these results, the research is
incomplete. Since many research use self-reported
stress levels instead of biomarkers, causal links are
difficult to prove [10].

Understanding ~ stress-induced immune system
changes requires more research. This includes
studying gut microbiota interactions and
epigenetics. Since most research has been done in
Western nations, cross-cultural studies are needed
to determine how genetic, environmental, and
socioeconomic factors affect immunological
outcomes. Filling these gaps is crucial to better
understand ELS' impacts on adult immune function
and create customised interventions to mitigate
them.

This study aims to examine the effects of early-life
stress on adult immune system functioning by
looking back at people who have experienced
adversity as children.

The study intends to shed light on the biochemical
repercussions of ELS and its long-term
implications for immune health by analysing
immunological biomarkers and comparing those
who were exposed to stress with those who were
not..

Methods

Study Design & Setting: This retrospective cohort
study examines how early-life stress (ELS)
influences adult immune system function. This
study will include health questionnaires, tertiary
medical records, and psychological evaluations.

The study will include 18-50-year-olds with stress
disorders, inflammatory illnesses, or
immunological dysfunction.

Psychological examinations will determine ELS
exposure to examine childhood adversity and its
immunological effects.

Sample Size & Selection Criteria

The study will include 100 participants, categorized
into two groups:

e ELS-exposed group: Individuals with a
documented history of early-life stress.

e  Control group: Individuals with no reported or
documented history of ELS.
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Participants will be selected based on the following
criteria:

Inclusion Criteria

e Adults aged 18-50 years.

e  Documented history of early-life stress (abuse,
neglect, parental loss, or socioeconomic
adversity) based on clinical records and
validated psychological assessments.

e Availability of immune biomarker data from
hospital records or laboratory assessments.

Exclusion Criteria

o Individuals diagnosed with chronic
immunodeficiency disorders (e.g., HIV,
primary immunodeficiencies).

e Presence of autoimmune diseases unrelated to
stress exposure.

e Individuals currently on immunosuppressive
therapy (e.g., corticosteroids, biologic agents).

e Incomplete or missing medical records
regarding stress exposure or immune function.

Data Collection: ELS and immunological function
will be studied using laboratory biomarkers,
clinical interviews, and self-reported
questionnaires. Psychologists will assess ELS
exposure using clinical interviews and the
Childhood Adversity Questionnaire (CAQ). The
CAQ will assess childhood abuse, neglect, parental
separation, socioeconomic adversity, violence, and
other adverse experiences. Verification will use
hospital and mental health records. Using medical
records, immunological function can be assessed
by measuring CRP, IL-6, cortisol, and white blood
cell count. Compare immune biomarkers in two
groups: one exposed to ELS and the other not
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exposed to determine the influence of early life
stress on immunological function.

Statistical Analysis: We'll analyse data with SPSS
25.0. Demographics, stress, and immunological
biomarkers will be summarised using descriptive
statistics. We will employ independent t-tests to
assess CRP, IL-6, cortisol, and white blood cell
counts in ELS-exposed and control groups. We will
use one-way ANOVA to assess stress levels. After
controlling for demographic variables such age,
gender, BMI, and lifestyle choices, multiple linear
regression models will examine the relationship
between ELS and immunological biomarkers,
while logistic regression will evaluate immune
dysfunction. Subgroup research will examine
gender and socioeconomic level differences, and
sensitivity analysis will evaluate the effects of
neglect and abuse on immunological markers to
understand ELS-related immune dysregulation.

Results

Demographic & Clinical Characteristics: Half of
the individuals received ELS, while the other half
were controls. The study has 100 participants.
Participants' ages were not significantly different (p
= 0.78), with a mean of 35.2 = 7.4 years. A close
gender split occurred with 52% males and 48%
women participating.

The socioeconomic background of ELS-exposed
participants differed significantly (68% vs. 32%, p
< 0.01) from the control group. The ELS-exposed
group exhibited higher rates of chronic illnesses
such hypertension (18%) and anxiety disorders
(30%) compared to the control group (8% and
12%, respectively; p < 0.05).

Table 1: Demographic and Clinical Characteristics of Study Participants

Characteristic ELS-Exposed (n = 50) Control (n = 50) p-Value
Age (Mean + SD) 354+72 35.0+7.6 0.78
Gender (Male/Female) 26/24 26/24 1.00
Socioeconomic Status (Low) 34 (68%) 16 (32%) <0.01
Hypertension 9 (18%) 4 (8%) 0.03
Anxiety Disorders 15 (30%) 6 (12%) 0.02

Immune Biomarkers & Stress Exposure:
Cortisol, IL-6, and CRP levels were considerably
higher in ELS participants, indicating systemic
inflammation and stress response dysregulation.
Mean CRP levels in the control group were 2.1 +
1.1 mg/L, while the ELS-exposed group had 3.8 +
1.5 mg/L, a significant difference (p < 0.01). ELS

group IL-6 levels rose 45%, indicating increased
inflammation.

In response to early childhood stress, the ELS
group had significantly higher cortisol levels (16.5
+ 4.3 pg/dL) than the control group (11.8 + 3.5
pg/dL, p < 0.01). The two groups' WBC counts
were not significantly different.

Table 2: Immune Biomarker Levels in ELS-Exposed and Control Groups

Biomarker ELS-Exposed (n =50) Control (n =50) p-Value
CRP (mg/L) 3.8+1.5 2.1+1.1 <0.01

IL-6 (pg/mL) 45+12 3.1+0.9 <0.01
Cortisol (ng/dL) 16.5+4.3 11.8+3.5 <0.01

WBC Count (10°/L) 6.8+14 6.5+1.3 0.31
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Correlation between ELS Severity and Immune
Dysregulation: Higher immune biomarker levels
predicted ELS severity. Pearson's correlation
analysis revealed a significant association between
severe ELS symptoms (evaluated by the Childhood
Adversity Questionnaire) and increased levels of
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CRP, IL-6, and cortisol (r = 0.48, p < 0.01, r =
0.52,p<0.01,r=0.55,p <0.001).

These findings indicate a  dose-response
relationship between childhood stress and adult
immune system damage.

Table 3: Correlation between ELS Severity and Immune Biomarkers

Biomarker Pearson Correlation (r) p-Value

CRP (mg/L) 0.48 <0.01

IL-6 (pg/mL) 0.52 <0.01

Cortisol (ng/dL) 0.55 <0.001

WBC Count (10%/L) 0.12 0.24

Discussion increasing their risk of inflammatory diseases and

This study's strong findings show that early-life
stress  (ELS) causes chronic  low-grade
inflammation and HPA axis dysfunction.
Participants exposed to ELS had higher cortisol,
CRP, and IL-6 levels and a higher stress response.
Early suffering may enhance immunological
hyperactivation, which increases the risk of
autoimmune, cardiovascular, and metabolic
problems. The dose-dependent link between ELS
severity and immunological dysfunction suggests
that cumulative childhood stress affects future
physiological health. Early stress can cause long-
term inflammation, and our data support the idea
that ACEs can promote systemic inflammation in
adults. Researchers found a relationship between
childhood maltreatment and elevated inflammatory
cytokines, which can cause depression, type 2
diabetes, and high blood pressure [11]. Studies also
suggest that children who endure long-term
adversity may have a permanently imprinted
immune system that makes them more vulnerable
to stress and inflammatory indicators [12].
Different research populations, techniques, and
stress exposure timing may explain biomarker level
differences in the literature. Our findings support
earlier research linking immunological
dysregulation to ELS, but further study is needed to
confirm a causal link and uncover the routes.

Dysregulating the HPA-axis is one way ELS
affects immune function. Early childhood stress
keeps the HPA axis hyperactive, which
overproduces cortisol. Glucocorticoid tolerance and
persistent high cortisol levels can suppress the
immune system and increase pro-inflammatory
cytokines. This imbalance may explain our study's
higher inflammatory biomarkers in ELS-exposed
patients. Epigenetic changes also link childhood
stress to immune malfunction. In response to early
stress, immune-regulating genes may undergo
DNA methylation and histone modifications, which
may modify gene expression over time. Epigenetic
modifications may alter immune system
responsiveness  throughout a person's life,
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infections. Results have substantial public and
clinical health implications. Early screening for
childhood adversity may detect at-risk individuals.
This allows quick treatments to reduce ELS's long-
term health impacts. Psychological therapies like
stress management and cognitive behavioural
therapy can reduce inflammation and improve
immunological control in childhood trauma
survivors.  Regulations  that promote safe
childhoods, parent support, and socioeconomic
changes can reduce stress-related immune
dysfunction. Public health initiatives should teach
health educators on the biological effects of early
adversity to educate them to provide trauma-
informed care.

Although our results are strong, there are some
caveats. This study's retrospective approach may
include recollection bias and missing data,
compromising childhood stress exposure statistics.
Even after controlling for socioeconomic position
and lifestyle, unmeasured variables may affect the
connections found. Due to our 100-person sample
size, our findings are not generalizable and need to
be confirmed by larger, more diverse cohorts.
Future longitudinal studies should follow people
from childhood to maturity to better understand the
temporal connection between ELS and immune
disorders. Some people can handle early stress
better than others, while others develop chronic
inflammatory disorders. Studying genes and the
environment may help us understand why.

Anti-inflammatory drugs and mindfulness-based
stress reduction may reduce the harmful effects of
early trauma on immunological health. By studying
the molecular processes linking childhood stress to
long-term health, researchers can assist at-risk
groups improve prevention and treatment.

Conclusion

This study reveals that early-life stress (ELS) has
long-term consequences on the immune system in
adults and that childhood trauma increases
inflammatory responses. As seen by increased
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cortisol, IL-6, and CRP levels in ELS-exposed
adults, epigenetic alterations and HPA axis
dysfunction may lead to immunological
dysregulation. These findings are consistent with
the literature, but more research is needed to verify
causality and explore remedies.

Given the tremendous public health implications,
we must prioritise early detection and intervention
to prevent long-term health risks from child stress.
Psychological assistance, government reforms, and
targeted medication interventions can improve ELS
patients' health and reduce stress-related
immunological disorders.

Future research should focus on longitudinal
investigations to determine the molecular processes
linking ELS to immune dysfunction and develop
effective therapies and preventions.
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