
Page 1 of 11

© AME Publishing Company.   J Lab Precis Med 2025;10:14 | https://dx.doi.org/10.21037/jlpm-25-4

Introduction

Stress response is individual, and it depends on the extent 
and the frequency of stressful events (1,2). When stress is 
mild, it modulates an adaptation process that can promote 
the resilience of the subject; this is achieved through a 

complex molecular mechanism of regulation of gene 
expression involving the adaptation process (2). On the 
contrary, when the stressful event is traumatic, prolonged 
and perceived as disturbing, it triggers a series of hormonal 
and molecular responses with consequences that vary 
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from subject to subject. In general, stress activates the 
hypothalamic-pituitary-adrenal (HPA) axis with secretion 
of corticotropin by the paraventricular nucleus of the 
hypothalamus; corticotropin promotes the release of 
adrenocorticotropic hormone that stimulates the release of 
cortisol from the adrenal cortex (3). Cortisol is a powerful 
epigenetic modulator that influences the activity of DNA 
methyltransferases (DNMTs) and ten-eleven translocation 
(TET) dioxygenases, enzymes responsible for regulating 
DNA methylation and demethylation, respectively, involved 
in the regulation of gene expression following stress. 
Cortisol production also influences lipid, carbohydrate, 
protein metabolism and the immune system (4), and 
prolonged-stress conditions can promote pro-inflammatory 
cytokines’ release and an increased risk of developing low-
grade systemic chronic inflammation, which is associated 
with the development of non-communicable diseases [i.e., 
neurodegeneration, cardiovascular diseases (CVD), cancer].

Several factors are involved in the activation of stress 
responses, negatively affecting individuals, animals, 
or ecosystems. Environmental stress occurs when 
environmental demands exceed an individual’s ability to 
cope, leading to psychological or physiological strain. 
Common environmental stressors are physical stressors 
(i.e., extreme temperatures, loud noises, pollution, 
overcrowding), social stressors (i.e., crime, war, workplace 
stress, social isolation), biological stressors (i.e., exposure 
to pathogens, toxins, or allergens) and climate-related 
stressors (i.e., natural disasters, droughts, rising sea levels); 

environmental stress can impact mental health, physical 
well-being, and ecological stability (5).

The aim of this narrative review is to highlight recent 
outcomes on the impact of social stress [i.e., stress-
associated trauma in early life/childhood, maternal stress, 
coronavirus disease 2019 work-related stress (COVID-19 
work-related stress)] in the modulation of epigenetic 
machinery and its potential inheritance and link to non-
communicable disease risk development (Figure 1).  
Currently, the gaps in the existing research on the 
association between social stress and epigenetics refer to 
the difficulty in quantifying the contribution of only social 
factors, due to the coexistence of multiple causes activating 
the same pathways, and to the role of individual genetic 
variability that is responsible for the personalized answer 
to the same stimulus by people. Thus, this review aims to 
highlight that social stress represents a significant risk factor 
for health and that epigenetics can modulate this response, 
impacting not only the exposed subject but potentially also 
future generations. For this reason, the present narrative 
review differs from others that identify the impact of 
exposome on aging because its main effort is related to the 
biological consequences of social stress (6,7). Considering 
the increased extent of social stressors in the world, the goal 
of this narrative review is to draw attention to the impact 
of this factor on human health, addressing information 
useful within a preventive strategy aimed at preserving 
people’s health and promoting educational health policy. I 
present this article in accordance with the Narrative Review 

Figure 1 Impact of social stress (i.e., trauma in childhood, maternal stress, COVID-19 work-related stress) on DNMTs and TET 
dioxygenases proteins, involved in the epigenetic modulation of genes associated with the development of non-communicable diseases (i.e., 
neurodegeneration, cardiovascular diseases, cancer). 5-hmC, 5-hydroxymethylcytosine; COVID-19, coronavirus disease 2019; DNMTs, 
DNA methyltransferases; TET, ten-eleven translocation.
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reporting checklist (available at https://jlpm.amegroups.
com/article/view/10.21037/jlpm-25-4/rc).

Methods

This narrative review was performed using PubMed, 
MEDLINE, Cochrane Library and Google Scholar from 
January 2015 to June 2025; search terms used to identify 
relevant publications were: “stress AND epigenetics”, 
“stress AND DNA methylation”, “stress AND early-life”, 
“stress AND Covid-19”, “stress AND work”. Language was 
restricted to English (Table 1).

Stress and epigenetic age acceleration (EAA)

Epidemiological studies show a correlation between 
psychosocial stress and related psychiatric conditions, such 
as major depression, post-traumatic stress disorder (PTSD) 
and increased risk of aging (8). Acute stress disorders 
(ASDs) can manifest themselves within a month of the 
traumatic event and if the disorders persist for more than a 
month, they are diagnosed as PTSD. The number of events 
capable of inducing biological consequences is important 
in determining the development of the pathology; a trauma 
experienced in childhood can lead to consequences on the 
acceleration of epigenetic age, measurable already at the 
20-year-old (9). The acceleration of epigenetic age consists 
in the measurement of the variation of the biological age of 
an individual which can differ from the chronological one; 
an unhealthy lifestyle (i.e., stress, malnutrition, exposure 
to toxic substances, drugs, inactivity) can accelerate the age 
of our cells leading to an increased risk of diseases (10).  
It is possible to measure the acceleration of aging through 
epigenetic biomarkers, such as variations in DNA 
methylation in specific regions of our genome, that can 

also be monitored in white blood cells. DNA methylation 
consists of the addition of a methyl group to carbon 5 
of cytosine (C) located near guanine (G), known as a 
CpG island; the methylation of CpG sites represents an 
epigenetic mechanism, that is “above genetics”, capable of 
regulating gene expression without changing the nucleotide 
sequence (11). This mechanism can promote or reduce the 
amount of gene expression depending on the area in which 
the methylation is carried out.

It has been observed that of the over 20 million 
methylation sites on the human genome, there are several 
thousand in which the methylation levels are closely related 
to age; in particular, it is observed that with increasing aging 
each subject presents, in some positions of the genome, 
an increase (40%) in the methylation of CpG islands and 
other ones a decrease (60%) in their methylation. About 
a quarter of these CpGs are glucocorticoid-responsive 
elements, indicating a correlation between stress and 
accelerated aging. The measure of the change in the 
DNA methylation, “sensitive” to aging, has been used by 
researchers to build epigenetic clocks capable of evaluating 
the impact that environmental factors and lifestyle have on 
our biological aging process. However, other environmental 
factors like stress, nutrition, environment, drugs, etc., can 
promote acceleration/deceleration of biological age that 
can be quantified by specific epigenetic clocks. The first 
epigenetic clocks were developed by Horvath and Hannum 
in 2013, using 353 and 71 CpGs on independent tissues, 
respectively (12). In 2018, Horvath presented another 
epigenetic clock based on 391 CpGs useful to evaluate the 
EAA, that is the measure of how much the biological age 
of a subject is accelerated. Levine proposed an epigenetic 
clock (PhenoAge) on 513 CpGs able to predict the 
phenotypic age and the risks associated with mortality; 
PhenoAge reveals that education, income, physical exercise, 

Table 1 The narrative review search strategy

Items Specification

Date of search First search time: August 2024; second search time: June 2025

Databases and other sources searched PubMed, MEDLINE, Cochrane Library, Google Scholar

Search terms used Stress, epigenetics, DNA methylation, early-life, COVID-19, work-related stress

Timeframe January 2015–June 2025

Inclusion criteria Significant papers and reviews were included. Language was restricted to English

Selection process The research was conducted by R.G.

COVID-19, coronavirus disease 2019.

https://jlpm.amegroups.com/article/view/10.21037/jlpm-25-4/rc
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optimal fruit/vegetable consumption and HDL cholesterol 
are negatively associated with DNA methylation PhenoAge 
(i.e., a younger epigenetic age) (12). In contrast, C-reactive 
protein, insulin, glucose, triglyceride levels, body mass 
index, waist-hip ratio, systolic blood pressure, and smoking 
have a positive association with DNA methylation 
PhenoAge. Similarly, Topart et al. highlight in their elegant 
paper that Horvath in 2019 identified a novel epigenetic 
clock based on 1,030 CpGs that can quantify EAA by 
comparing biological age and chronological age (12); this 
clock can predict lifespan but also provide information 
on the risks of age-related conditions such as coronary 
heart disease, in relation to a specific lifestyle (12).  
McEwen identified an epigenetic clock on buccal 
mucosa cells for newborns, based on 35 CpGs, useful for 
quantifying the acceleration of biological age in newborns 
born from mothers at an advanced age and/or in whom an 
autistic syndrome subsequently developed (12). The key 
point is that many other epigenetic clocks (more than 50)  
have been developed to have more precise clocks and, 
when possible, with a smaller number of CpGs, able to 
identify the impact of a specific environmental factor on 
DNA methylation, maintaining the reliability of those with 
a high number of CpGs. This approach aims to facilitate 
the translation between research and clinical practice for 
an easy quantification of specific cues influencing biological 
age; by evaluation of these epigenetic biomarkers, it 
is possible to quantify in peripheral white blood cells 
how a selected factor (i.e., stress, food) can impact our 
methylome. 

Early life stress and epigenetic inheritance

The first 1,000 days of life, represented by the nine months 
of pregnancy plus the first two years of postnatal life, 
represent the window of maximum epigenetic plasticity 
during which adult health is programmed; in this period, 
the lifestyle and environment in which the mother lives are 
crucial for the health of the child. Food, stress, smoking, 
drugs, birth modality and breastfeeding are the factors that 
can modulate the epigenome and regulate the expression of 
genes; the mother’s stress (experienced during her childhood 
or in adulthood) has consequences on the epigenome 
of the child and can also impact that of the offspring 
through intergenerational epigenetic inheritance of these 
biomarkers. Furthermore, since epigenetic biomarkers can 
be acquired across all life when they occur during fertilize 
period of life can also be transmitted to progenies by 

epigenetic inheritance.
Epigenetic inheritance can occur following exposure to 

various risk factors; permanent experience of social stress 
can modulate the activity of DNMTs and TET proteins, 
modifying the methylation level. This change can be 
maintained in somatic and/or germinal cells; if the stimulus 
responsible for the epigenetic modification is continued, 
it can induce a change inherited by future generations 
(intergenerational effect); however, the epigenetic 
inheritance has also been observed without the maintenance 
of the risk factor responsible for the observed methylation 
(transgenerational effect). Moreover, DNA methylation/
demethylation can also be repaired because the risk factor 
that has promoted the epigenetic variation disappears or 
due to an additional stimulus that can counterbalance the 
occurred change; this is known as epigenetic reversibility. 
Intergenerational trauma refers to the impact that traumatic 
events have on the health, adjustment, and well-being 
of subsequent generations. Early evidence supporting 
the concept of intergenerational transmission of trauma 
comes from studies exploring the impacts of the Holocaust 
on the children born after World War II (13). However, 
studies on the intergenerational transmission of Holocaust 
trauma have yielded varying conclusions; for example, 
DNA methylation changes in the children of Holocaust 
survivors and in the sperm of combat veterans with PTSD 
have been observed. Stress on mothers can also impact 
a child prenatally; evidence of hormonal and immune 
alterations during pregnancy in women who experienced 
childhood trauma has been measured. Intergenerational 
studies indicate that exposure to stress during pregnancy 
or early life can lead to epigenetic modifications that affect 
offspring, influencing their stress response and susceptibility 
to mental health disorders if reversibility does not occur (14).  
The impact of stress on the HPA Axis can induce epigenetic 
changes that alter the function of the HPA axis, which 
regulates the body’s response to stress. This may contribute 
to increased anxiety and altered cortisol levels in future 
generations. Furthermore, epigenetic modifications linked 
to stress exposure have been associated with changes 
in brain function, immune response, and metabolic 
health, potentially increasing the risk of conditions like 
depression and CVD. A substantial body of research, 
often using animal models and human studies focusing 
on prenatal or early life adversity, has demonstrated a link 
between stress exposure and epigenetic inheritance. Genes 
involved in the HPA axis, the body’s main stress response 
system, are frequently studied in this context, including 
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the glucocorticoid receptor gene (NR3C1), FKBP5, and 
11β-hydroxysteroid dehydrogenase-2 (HSD11B2) (15). The 
serotonin transporter gene (SLC6A4), involved in emotional 
processing, is another candidate gene frequently examined. 
These genes show epigenetic sensitivity, particularly DNA 
methylation changes, in response to prenatal stress (16).

In the brain, changes in DNA methylation and 
demethylation leading to 5-hydroxymethylcytosine (5-hmC),  
are involved in neurogenesis, synaptic plasticity and 
response to neuronal activity (17). 5-hmC interacts with 
histone markers and chromatin modulating architecture, 
finally affecting transcriptional regulation; the interaction 
between 5-hmC and H3K4me3 or H3K27ac has been 
associated with gene activation, whereas its connection with 
H3K9me3 or H3K27me3 maintains gene silencing (17). 
Acute stress, in preclinical studies, has been linked to the 
development of depressive behaviour where higher 5-hmC 
levels in the hippocampus and lower 5-hmC in the amygdala 
have been measured (18). Post-traumatic and social stress 
have been associated with susceptibility to depression 
and changes in 5-hmC in mice (19). Furthermore, animal 
studies demonstrated that alterations in the 5-hmC at the 
hypothalamus can be measured in adult females affected by 
anxiety-like behaviour (20).

In the context of the relationship between stress and 
epigenetic variations, the literature reports a plethora of 
research; many of these concern stress in neonatal age or the 
first years of life. This period of life is of particular importance 
for the modulation of the epigenome as it is characterized 
by maximum epigenetic plasticity, able to optimize cellular 
differentiation that allows to obtain more than 300 different 
types of cells; these, learn the “epigenetic memory” of this 
differentiation that they transfer to daughter cells during 
replication, thus allowing the conservation of specific 
functions throughout life (12). It is in the first years of our 
life that epigenetics is most sensitive to the environment; 
studies on three independent cohorts of children (n>300) 
who have experienced severe stress (trauma) show that 
the FKPB5 gene is hypomethylated in subjects who have 
developed depressive syndrome during their life and who 
also have high levels of cortisol with advancing age (21). 
FKPB5 is a key gene because it modulates not only the 
activity of the glucocorticoid receptor in response to stress, 
but also other cellular processes both in the brain and in the 
periphery; FKBP5 is regulated through complex interactions 
between environmental stress, FKBP5 genetic variants 
and epigenetic modifications of glucocorticoid-sensitive 
genomic sites. Children who have suffered stress due to 

separation from their parents have lower levels of FKBP5 
methylation (21); studies on three independent cohorts 
show that the decrease in FKBP5 methylation is related to 
age/stress and is associated with a history of myocardial 
infarction in two of the three independent cohorts involved 
in the longitudinal study (21). 

Another study shows that, early life stress during neonatal 
age and/or pre-puberal age has been associated with release 
of pro-inflammatory cytokines and stress hormones; they 
can reach the infant via placenta or breastmilk inducing 
epigenetic changes which perturb neuronal development and 
increase the risk to develop autism spectrum disorder and 
psychiatric disorders like anxiety, mood and psychosis (22)  
Children with developmental delays have been studied to 
measure salivary DNA methylation biomarkers associated 
with inflammation before and after 12 months of internet-
based parent-child interaction training program; results 
show a slower pace of aging and reduced DNA methylation-
derived C-reactive protein among children who received 
the intervention (23).

Change in DNA methylation has been observed with 
early life adversity; an inverse association between the time 
spent in institutional care and lower DNA methylation at 
specific CpG of FKBP5 and SLC6A4 genes was measured in 
children (6 and 31 months old) with developmental delays, 
suggesting that changes in methylation function is one 
pathway through which adverse early factors are biologically 
embedded (24). 

Among the risk factors, the COVID-19 pandemic 
has added a new layer of complexity to prenatal stress 
experiences and has been linked to epigenetic changes. For 
instance, studies have investigated the epigenetic signatures 
of the COVID-19 pandemic lockdown in mothers and 
infants; findings suggest that maternal exposure to the 
lockdown during pregnancy was associated with altered 
methylation patterns in stress-related genes (NR3C1 and 
SLC6A4) in both mothers and their newborns (25). 

The timing of this prenatal exposure to the COVID-19 
lockdown appeared to be significant, with greater epigenetic 
sensitivity observed when the exposure occurred during the 
second and third trimesters of pregnancy compared to the 
first. This highlights that major stressful events, like the 
pandemic, provide opportunities to study the timing effects 
of adversity on epigenetic regulation. Beyond prenatal 
exposure, the pandemic’s widespread impact and associated 
stressors are likely to have broader implications for 
epigenetic regulation in affected individuals across different 
contexts, though the provided sources focus heavily on the 
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prenatal link (26).

Maternal stress and epigenetic inheritance

Maternal stress during pregnancy can affect the health 
of children and of the subsequent generations; sources of 
stress include malnutrition, alcohol consumption, smoking, 
exposure to polychlorinated biphenyls, chronic psychosocial 
stress (e.g., psychiatric disorder, caring for terminally ill 
relatives or being exposed to domestic violence or living in 
a war zone), low socioeconomic status and acute traumatic 
stress (e.g., natural disasters, terrorism or genocide), 
which can cause the development of PTSD. Common 
mechanisms are involved in maternal and childhood stress 
response; maternal and child stress-induced cortisol release, 
which alters gene expression of important regulators 
of neurogenesis, synaptogenesis and neuronal health in 
adulthood. A recent meta-analysis shows an association 
between maternal prenatal stress and methylation of 
the NR3C1 (27). Chronic stress and war trauma alter 
methylation of HPA axis genes, with significant effects 
observed at transcription factor binding sites in all target 
genes tested; in particular, DNA methylation changes have 
been reported in neonatal cord blood and placenta among 
the CRH, CRHBP, NR3C1 and FKBP5 genes. Following 
prenatal exposure to traumatic stress (i.e., war-related), 
associations differed across tissues and were weaker for 
chronic stress than trauma and were associated with birth 
weight changes (28). Low birth weight correlated with 
different methylation of genes involved in HPA regulation 
has been observed; in this regard, it is worth mentioning 
the Baker’s study that associates low birth weight with an 
increased incidence of death from CVD in both males and 
females (29).

Hjord et al. show that severe maternal stress (i.e., sexual 
violence/torture during the Kosovo war) influences the risk 
of PTSD during pregnancy in 72% of women, as well as an 
increase in cortisol levels in their children, where a change 
in methylation of genes involved in HPA regulation has 
been measured (30).

Considering that epigenetic biomarkers can be inherited 
from the mother, the father and even from grandparents, 
it has been observed that male children born from mothers 
who suffered childhood abuse showed an increased 
expression of brain-derived neurotrophic factor (BDNF); 
furthermore, maternal fear during the mother’s life resulting 
from a trauma experienced, has been associated with a 
variation in DNA methylation in the BDNF gene with 

consequent difference of its gene expression in children (31). 
Maternal stress-induced cortisol release alters BDNF gene 
expression, an important regulator of neurogenesis and 
synaptogenesis.

Maternal exposure to traumatic events during childhood, 
maternal distress during pregnancy (i.e., depressive 
symptoms, anxiety symptoms, and exposure to childhood 
trauma) have been associated with alterations in the 
development of focused attention in childhood and with 
infants’ decreased attention to audiovisual stimuli at 6, 10, 
and 18 months of age (32).

Sosnowsky et al. show an association between maternal 
adverse childhood experiences (ACEs), restless sleep during 
pregnancy, and accelerated childhood epigenetic age; only 
infants whose mothers reported exposure to both ACEs 
(during the second trimester of pregnancy) and restless 
sleep demonstrated accelerated epigenetic aging at 7, 9, and 
14 years of age (33).

Luo et al., in a study of 4,243 mother-child dyads in 
Chengdu, China, show that mothers who have ≥2 adverse 
experiences during their childhood (e.g., physical or 
emotional abuse, physical or emotional neglect, witnessing 
domestic violence, substance abuse in the family, mental 
illness in the family, incarcerated family member, parental 
separation or divorce, parental death, bullying and 
community violence), have children with a significantly 
increased risk of behavioural problems (e.g., conduct 
problems, learning problems, psychosomatic problems, 
impulsivity-hyperactivity, anxiety and hyperactivity) (34).

COVID-19 work-related stress and impact on 
health

The COVID-19 pandemic had a significant and widespread 
impact on the daily lives of individuals, causing high 
levels of distress in various adult populations. It has been 
described as having the potential of being considered a 
mass traumatic event due to its global scope and impact 
on all aspects of society, exacerbated by public exposure 
to information via the internet and social media. The 
pandemic starkly highlighted and intensified challenges, 
leading to a surge of burnout and stress across various 
professions and the general population. The relationship 
between COVID-19 and stress is significant, as the 
pandemic has triggered widespread psychological distress. 
Studies indicate that COVID-19-related stress has led to 
increased anxiety, depression, and social isolation (35). The 
World Health Organization reported a 25% rise in anxiety 
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and depression worldwide due to the pandemic. Factors 
such as fear of infection, financial instability, and disruptions 
in daily life contributed to heightened stress levels. 
Additionally, research suggests that uncertainty and poor 
sleep quality exacerbate test anxiety among students (36).  
The COVID-19 pandemic significantly increased and 
highlighted various forms of stress across different 
populations, including healthcare professionals, remote 
workers, working parents, and university students (37). This 
stress stemmed from factors like high workloads, fear of 
contagion, lack of resources, moral dilemmas, work-family 
conflict, social isolation, and financial instability (38).

Furthermore, the COVID-19 pandemic had a significant 
impact and exacerbated pre-existing stress and burnout in 
various professional groups. This stress manifested across 
different contexts, including healthcare settings, academia, 
and remote work environments. Factors contributing to 
work-related stress during the pandemic are the sources 
describe several pandemic-specific factors that contributed 
to or intensified work-related stress for particular groups; 
thus, healthcare professionals, were notably vulnerable 
subjects where factors like high workloads and staff 
shortages, fear of contagion, lack of resources, moral 
injury and ethical dilemmas, insufficient communication 
and support, redeployment to unfamiliar units, especially 
intensive care units, violence at work, stigma and alienation.

On the other end, a relationship between COVID-19 and 
epigenetics is an emerging area of research; studies suggest 
that epigenetic mechanisms, such as DNA methylation and 
histone modifications, play a role in how the body responds 
to severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) infection. Some key findings include epigenetic 
markers of disease severity, impact on immune response, 
long-term effects and therapeutic potential. Research has 
identified specific epigenetic signatures that can predict the 
severity of COVID-19 outcomes; these markers may help 
in early diagnosis and personalized treatment strategies (39). 
Furthermore, epigenetic changes influence immune system 
function, potentially affecting how individuals respond 
to the virus and vaccines. This could explain variations 
in disease progression among patients (40). On the other 
hand, COVID-19 may induce epigenetic modifications 
that persist beyond the infection, potentially contributing 
to long COVID or increased susceptibility to other 
diseases (41). Finally, understanding epigenetic alterations 
in COVID-19 patients could lead to new treatments, 
including epigenetic drugs that modulate gene expression 
to improve recovery (40). 

Even in adulthood, we can influence the responses of our 
methylome following stress; the pregnant woman and/or 
mother, and at the same time, workers can be subjected to 
multiple stressors that can impact her health and that of her 
child. Research conducted on healthcare workers during the 
COVID-19 period is a clear example. Pappa et al. in their 
meta-analysis of healthcare workers show that at least one 
in five healthcare workers report symptoms of depression 
and anxiety, and four in ten healthcare workers suffer from 
difficulty sleeping and/or insomnia (42). 

Rates of anxiety and depression are higher among female 
healthcare workers and nurses. In a meta-analysis, Batra et al.  
identified in a sample of 79,437 participants the overall 
prevalence of anxiety, depression, stress, post-traumatic 
stress syndrome, insomnia, psychological distress, and 
burnout of 34.4%, 31.8%, 40.3%, 11.4%, 27.8%, 46.1% 
and 37.4%, respectively (43). Subgroup analysis indicated a 
higher prevalence of anxiety and depression among women, 
nurses and frontline healthcare workers compared to men, 
physicians and second-line healthcare workers (43). 

In another meta-analysis, involving 18,935 nurses, 
during the COVID period, Galanis et al. show that the 
overall prevalence of emotional exhaustion among staff is 
34.1%, depersonalization is 12.6%, and lack of personal 
accomplishment is 15.2% (44). 

In a study of 448 Jordanian nurses (73% women), 
the majority (64%) suffered from ASD due to stressful 
conditions during the COVID-19 pandemic and are 
therefore at risk for PTSD. Over a third of nurses (41%) 
also suffered from significant psychological distress; younger 
nurses were more likely to experience psychological distress 
than older ones (45). 

In the cross-sectional observational study conducted 
2 months after the lockdown in Argentina on physicians, 
Appiani et al. identified that the prevalence of stress was 
93.7%, burnout syndrome 73.5%, anxiety 44%, and 
depression 21.9%. No association was observed between 
attendance and medical specialty, while with respect to 
gender, the frequency of burnout syndrome, anxiety, and 
depression was significantly higher among residents and 
physicians working in the emergency department (46). 

In another cross-sectional study managed in intensive 
care and emergency room nurses in 26 public hospitals 
in Madrid, during the COVID-19 period, 37.5% of staff 
reported working with the fear of being infected and its 
consequences, 28.2% described high workloads, inadequate 
patient-to-nurse ratios, and shifts that did not allow them to 
disconnect or rest, while taking on greater responsibilities in 
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the management of COVID-19 patients (23.9%). They also 
reported deficiencies in communication with management 
(middle management) (21.2%), inability to provide 
psychosocial care to patients and families, being emotionally 
exhausted (53.5%), and having difficulty venting emotions 
(44.9%) (47).

Resources, measures, and information can be a protective 
factor to address psychosocial risks of staff, especially 
during a pandemic; studying the relationships between 
psychosocial risk and perception of a health emergency is 
essential to protect and care for nurses, health professionals, 
and society. In a study during the COVID-19 pandemic, 
among 92 nurses from two public hospitals in the Valencian 
Community-Spain (74 women, 79.1%), aged 24 to  
63 years [mean (M) =43.37, standard deviation (SD) =11.58] 
and 325 graduate nurses from the Philippines, resilient 
nurses and those who perceived greater organizational and 
social support developed less anxiety related to COVID-19 
(48,49).

One key point is to evaluate if work related stress can 
impact health longer in life; studies on 600,000 men and 
women from 27 cohort studies in Europe, USA and Japan 
suggest that work stressors, such as job strain and long 
working hours, are associated with a moderately elevated 
risk of CVD and stroke (50). A prospective analysis of 
5,651 healthy participants aged 50 years and older, followed 
for 13 years, assessed the impact of work stress on the 
incidence of CVD. The results showed that high physical 
demands [hazard ratio (HR), 1.30] and low reward (HR, 
1.19) compared with their counterparts, as well as active 
physical jobs (HR, 1.41) and high physical effort (HR, 1.45) 
compared with low physical effort were associated with a 
higher risk of CVD (51).

A key point is represented by the hours of work; long 
working hours (>55 hours/week) have been associated with 
an increased risk of chronic diseases such as stroke or breast 
cancer; overwork is a risk factor that can reduce hours of 
sleep and difficulty falling asleep (52). 

Stress can induce acceleration of biological age; a study 
on a Finnish court showed that the association between 
work stress, effort-reward imbalance and accelerated 
epigenetic age is about two years (53).

Overall, these studies highlight how work-related stress 
can be associated with health perturbation as well as an 
increased risk for health; however, it is not clear yet if it can 
be identified a gender impact of stress. The data collected 
is not well defined, in males and females, the impact of 
stress induced by COVID-19, because outcomes currently 

available do not permit to have a clear difference.

Conclusions

In conclusion, stress is a key risk factor able to perturb 
epigenetic mechanisms. Experimental outcomes on 
early life stress suggest that epigenetic mechanisms, 
like DNA methylation/demethylation state, are key 
players in mediating the long-term effects of stress on 
brain development and vulnerability to neuropsychiatric 
disorders. Epigenetic alterations induced by stress can 
influence gene expression and may contribute to altered 
physiological outcomes, such as stress reactivity and 
increased risk for psychiatric conditions. For example, 
changes in NR3C1 methylation have been linked to altered 
stress regulation and poorer neurodevelopmental outcomes. 

Individual responses to stress vary according to the period 
and the frequency of exposure; early life trauma, maternal 
trauma, as well as the long working hours, reduce sleep 
hours and increase the risk of chronic diseases such as CVD, 
stroke, and breast cancer. Data from the COVID-19 period 
has highlighted significant stress-related consequences in 
women and young healthcare workers. The COVID-19 
pandemic was a major catalyst for stress in adults, driven by 
a multitude of interconnected factors across work, health, 
and social domains, leading to significant psychological, 
physical ,  behavioural  and profess ional/relat ional 
consequences. COVID-19 has been associated with various 
epigenetic changes that could accelerate aging and impact 
long-term health outcomes; understanding the correlation 
between stress and epigenetics is crucial for developing 
effective interventions to support adult well-being during 
and after such crises.

Strategies to prevent or counterbalance early and 
maternal stress, maybe associated with the education 
process, as well as for stress-associated work, scheduling 
work hours with breaks (e.g., every four hours) can be 
useful, because this approach could improve physical and 
emotional well-being.

Guidelines for training and clinical practice with clear 
and precise instructions can be helpful for some healthcare 
personnel (e.g., nurses), as well as interventions aimed at 
providing greater organization and social support can help 
to manage stress.

The strength of this review is its selected focus on social 
stress and the key correlation with epigenetics in early 
life and adulthood; the knowledge on what, when, and 
how social stress can impact health could help to develop 
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protective strategies to prevent stress-related diseases.
Limitations in this narrative review are related to the 

ineffectiveness in identifying the selected impact of the 
social stress in humans due to the confluence of multiple 
factors and to individual response associated with genetic 
variability, which limits the analysis of the consequences of 
trauma. Another limit is related to the sample collection: 
DNA methylation is cell/tissue/organ specific, while the 
main data acquired to develop epigenetic clocks come from 
white blood cells, so they give indirect information on the 
methylome (only studies on cancer cells permit an ethical 
isolation of cells from a specific organ). Another limit 
related to the use of epigenetic biomarkers as a diagnostic 
tool is that it is necessary to consider that they are currently 
used only within research studies, due to the high costs 
associated with their analysis. Finally, this review considered 
social stress mainly in women (due to the female role in 
pregnancy) and does not consider the epigenetic inheritance 
of social stress in men during their fertile period of life, 
which, by sperm microRNAs (miRNAs), can contribute to 
epigenetic inheritance.

Future research needs to screen which individual factors 
contribute to promoting stress-induce disease to explain 
why and how the same risk factor (stress) impacts differently 
each subject.
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