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ABSTRACT

Healthcare is presently experiencing a global workforce crisis, marked by the inability of hospitals to retain
qualified healthcare workers. Indeed, poor working conditions and staff shortages have contributed to structural
collapse and placed a heavy toll on healthcare workers’ (HCWs) well-being, with many suffering from stress,
exhaustion, demoralization, and burnout. An additional factor driving qualified HCWs away is the repeated
experience of moral distress, or the inability to act according to internally held moral values and perceived
ethical obligations due to internal and external constraints. Despite general awareness of this crisis, we currently
lack an organized understanding of how stress leads to poor health, wellbeing, and performance in healthcare
workers. To address this critical issue, we first review the literature on moral distress, stress, and health in HCWs.
Second, we summarize the biobehavioral pathways linking occupational and interpersonal stressors to health in
this population, focusing on neuroendocrine, immune, genetic, and epigenetic processes. Third, we propose a
novel Psychoneuroimmunological Model of Moral Distress and Health in HCWs based on this literature. Finally,
we discuss evidence-based individual- and system-level interventions for preventing stress and promoting
resilience at work. Throughout this review, we underscore that stress levels in HCWs are a major public health
concern, and that a combination of system-level and individual-level interventions are necessary to address
preventable health care harm and foster resilience in this population, including new health policies, mental
health initiatives, and additional translational research.

1. Introduction

Hospitals across the world are currently facing a critical dearth of
healthcare workers (HCWs) [1,2]. Such scarcity is especially severe
among nurses [3]. The consequences, in turn, are devastating, as many
hospitals have had to close units, cancel appointments, and divert pa-
tients due to inadequate numbers of professional medical personnel [4].
A unique and unprecedented event, the COVID-19 pandemic has addi-
tionally strained the already exhausted healthcare systems and placed a
heavy toll on HCWs’ well-being. Poor working conditions and staff
shortages have contributed to structural collapse, with HCWs suffering
from exhaustion, demoralization, burnout, and moral distress [5-9].
These experiences, and the consequent mental health problems, have
reduced HCWs’ capacity to provide high-quality patient-centered care,
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resulting in higher rates of medical error and hospital-acquired in-
fections, reduced patient satisfaction, increased job dissatisfaction, and
greater attrition at work [10-13]. Consequently, a vicious cycle has
emerged in which stressful working environments, including under-
staffing, limited resources, risky working conditions, impaired ability to
provide high quality patient care, and job dissatisfaction are both a
cause and a consequence of poor mental and physical health in HCWs
and employee attrition [14,15]. The healthcare crisis shows no signs of
abating, with the World Health Organization (WHO) predicting a
shortage of 15 million HCWs worldwide by 2030 [16]. Indeed, in
October 2023, in the United States, a record-breaking strike took place
at Kaiser Permanent in Modesto, California, involving 75,000 HCWs,
marking the largest healthcare strike in U.S. history [17].

Working in the healthcare industry means working in high-stress,
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high-risk environments. Work demands and responsibilities in the
healthcare sector are complex and have become increasingly chal-
lenging with the implementation of advanced medical technologies and
rising prevalence of chronic diseases in the aging population [18].
Compared to other occupations, the medical professions include work
stressors that are linked to sometimes grueling, often stressful environ-
ments that include repeated exposure to suffering, pain and death; sig-
nificant responsibility for patient outcomes; unpredictable workflow,
long and irregular working hours; exposure to personal health risks; a
fast work pace; and the need for rapid adaptations to changing standards
of care, and administrative and teaching duties [19]. Further complex-
ities of healthcare work include navigating the permeable boundaries
between work and non-work and family responsibilities, frequently
resulting in work-life conflicts [20]. Finally, HCWs are vulnerable
because they typically prioritize patients’ needs above their own [21,
22].

Another significant factor driving qualified HCWs away from the
bedside is the recurrent experience of moral distress, defined as an
HCW’s inability to act according to internally held moral values and
perceived ethical obligations due to a combination of internal and
external constraints [23]. Internal or personal constraints encompasses
factors like self-doubt, fear of job loss, perceived lack of competence, the
futility of past actions, or being socialized to follow orders. On the other
hand, external constraints involve institutional policies and practices
such as inadequate staffing ratios, overwhelming workloads, a poor
working culture, political pressure, economization, or austerity mea-
sures [24,25]. Studies addressing moral distress in HCWs during the
COVID-19 pandemic revealed that approximately 60 % — 80 % reported
experiencing situations that caused moral distress [26-29]. These ex-
periences appear to be one of the most influential forces driving quali-
fied HCWs away at present [1,9,30]. Ironically, this pattern of attrition
also worsens resource scarcity, contributing to an increased likelihood of
repeatedly morally distressing situations for those who remain at the
bedside.

Despite substantial work examining the negative effects of stress on
health, we currently lack an organized understanding of how stress leads
to poor health and functioning in HCWs [31]. In this review, therefore,
we apply the Job Demands-Resources (JD-R) health model [32],
combining its core concept with a psychoneuroimmunological approach
to elucidate neuroendocrine and neuroimmune mechanisms through
which occupational stress may impact inflammation and immune dys-
regulation, resulting in long-lasting health consequences for HCWs. To
accomplish this task, we first review the literature on moral distress,
stress, and health in healthcare workers. Second, we summarize the
main pathways linking occupational and interpersonal stressors to
health in this population, focusing on neuroendocrine, immune, genetic,
and epigenetic processes. Third, we propose a novel Psychoneur-
oimmunological Model of Moral Distress and Health in HCWs based on
this literature. Finally, we discuss evidence-based individual- and
system-level interventions for preventing stress at work and promoting
resilience. In conducting this review, we argue that high stress levels in
HCWs are a significant public health concern across the globe. More-
over, we suggest strategies to guide collective efforts for addressing
preventable healthcare harm and fostering resilience in HCWs,
including health policies, mental health initiatives, and fruitful avenues
for additional research.

To accomplish this review, we conducted a comprehensive literature
search on PubMed, Scopus, PsycInfo, and ClinicalTrials.gov to retrieve
all relevant studies published through October 2023. This search strat-
egy included a combination of the following keywords: occupational
stress, moral distress, resilience, frontline HCWs, mental health, physical
health, neuroendocrine, neuroimmune, inflammation, immunity, ge-
netic, epigenetic, and evidenced-based interventions. Medical Subject
Headings (MeSH) or equivalent and text word terms were used. To be
considered for this review, articles had to be peer reviewed and written
in English. This review was registered with the International Prospective
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Register of Systematic Reviews (PROSPERO) database (Registration No.
CRD42023393564).

2. Moral distress in frontline healthcare workers

The experience of moral distress is a critical contributor to the cur-
rent healthcare workforce shortage. As alluded to above, moral distress
refers to a clinician’s inability to take what they assess to be the ethically
appropriate action due to either external (systemic, institutional,
structural factors) or internal (intrapersonal, interpersonal factors)
constraints (Table 1) [23]. Moral distress is distinct from other forms of
psychological distress, as it refers to the violation of an individual’s
professional integrity and their inability to act according to their moral
beliefs, core values, and professional obligations [23]. Two other
defining features differentiate moral distress from other types of stress:
first, it creates long-lasting, invisible moral wounds that contribute to
mental suffering (i.e., moral residue) [33]; and second, it may build up
over time when an individual is repeatedly exposed to
morally-distressing situations (i.e., crescendo effect), resulting in moral
injury [23].

Moral distress was initially reported in nurses [34], but can be
experienced in HCWs across multiple different disciplines and pro-
fessions [27,35,36]. It is particularly pronounced in clinicians who care
for seriously and/or terminally ill patients [37]. Nurses are considered to
have an increased risk of moral distress, particularly those working in
high-stress environments, including intensive care units, neonatal
intensive care units (NICU), emergency departments, and surgery, and
oncology units [38]. The prevalence of moral distress in HCWs varies
depending on the profession, clinical setting, and psychometric instru-
ment used to screen for moral distress. In 2019, 20 % of HCWs reported
considering leaving their current position due to moral distress and 33 %
of new nurses left their position within two years due to moral distress
[39]. Alarmingly, the ongoing experience of moral distress can cause
severe mental health issues, including emotional exhaustion, burnout,
depression, and an increased risk of suicide [5-7,9,28]. These mental
health problems reduce HCWSs’ capacity to provide high-quality
patient-centered care, resulting in higher rates of medical error and
hospital-acquired infections, reduced patient satisfaction, and in turn,
increased job dissatisfaction, and attrition at work [10-13].

Major sources of moral distress in HCWs can be identified at a
patient-level (e.g., potentially non-beneficial, life-prolonging in-
terventions; conflicts over goals; proxy decision-making; withholding
versus withdrawing treatment), provider-level (e.g., poor communica-
tion; lack of respect for a patient’s dignity and/or autonomy; witnessing

Table 1
Causes of Moral Distress: external and internal constraints.

External constraints

- Institutional policies/practices

- Austerity

- Economic rationalization/ dehumanization
- Inadequate staffing ratio

- Shortage of resources

- Poor organizational culture

Internal constraints

- Inter-professional conflicts

- Disrespectful treatment with patients
- Lack of accountability

- Poor failure management

- Miscommunication

- Diffusion of responsibility

- Failure to respect patient’s dignity and autonomy
- Learned helplessness

- Re-experiencing futile actions

- Fear/ lack of courage to speak up

- Fear of losing their job

- Self-doubt

- Being socialized to follow orders
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unethical behaviors by colleagues), and system-level (e.g, working
under precarious conditions; inadequate resources; understaffing; aus-
terity, rationing and economization; and value incongruence between
the organization and HCWs) [39-41]. Healthcare system redesign and
systemic and political austerity measures that include changes in pri-
mary care practices (e.g., insufficient staffing ratio, reduced resources,
inadequate knowledge, reduced availability of certain treatments, lack
of acute care beds, reduced time at the bedside) to attempt to improve
the efficiency and effectiveness of patient care, have been shown to in-
crease HCWs’ moral distress and adversely impact patient outcomes
[24]. For example, the risk of inpatient mortality increases by 7 % for
every additional patient a nurse must care for [42]. Similarly, physicians
with burnout have more than twice the odds of self-reporting medical
error, even after adjusting for fatigue, specialty, work hours, and their
work unit’s safety rating [43]. These results are concerning, given that if
HCWs are pushed past their physical and mental limits, they will not
only make more mistakes but be at greater risk for developing serious
mental health problems. In contrast, amongst nursing facilities,
increasing the workforce by 20 min per day has been linked to 22 %
fewer COVID infections and a 26 % reduction in COVID-19-associated
mortality rate [44].

Taken together, the experience and consequences of moral distress in
HCWs create an occupational hazard in healthcare that jeopardizes
patient care, patient safety, HCWs’ health, and functioning of the
healthcare system itself. The high risk moral distress confers on co-
morbidity with psychiatric disorders is concerning, especially due to
HCWs’ already-elevated risks of burnout, depression, and suicide.

Although moral distress is conceptualized differently than other
forms of stress, the psychoneuroimmunological mechanisms underlying
moral distress-related mental and physical health problems are likely
similar. Studies on moral distress in HCWs started to increase in number
since the early 2000s and peaked during the COVID-19 pandemic.
Despite this surge in research, we were unable to identify any studies
that investigated the relation between moral distress and changes in the
neuroendocrine and neuroinflammatory markers in HCWs (Systematic
Review registration PROSPERO Nr. CRD42023393564).

Occupational stress shares some similarities with moral distress in
that both concepts explore job demands and its negative emotional
impact within the work environment, which can result in chronic stress
responses. Occupational stress is a broader concept related to work de-
mands, whereas moral distress is specifically tied to moral and/or
ethical conflicts in professional settings. Therefore, in the following
section, we review the literature on the effect of occupational stressors
on neuroendocrine, immune, genetic, and epigenetic processes, and
overall health of HCWs. Subsequently, we use the results of this syn-
thesis to develop a theoretical model of the psychoneuroimmunology of
moral distress and health in HCWSs, which can serve as a foundation to
build a series of novel hypotheses.

3. Occupational stress pathways and its deleterious effects on
health

Occupational stress can result from a misalignment between job
demands, job resources, and an individual’s capacity to cope with or
meet these demands. Prolonged exposure to high levels of occupational
stress can have negative effects on an employee’s health, well-being, job
performance, and overall quality of life [45]. The field of occupational
health and safety is primarily concerned with understanding and
addressing the impact of job characteristics and demands on the health
and well-being of workers. Its overarching objective is to enhance
workplace safety and promote the overall health of employees [46].
Throughout the 20th century and, particularly, in the aftermath of the
COVID-19 pandemic, the introduction of new working methods and
procedures has led to the establishment of various health and safety
management standards and guidelines, and underscores the importance
of management and leadership skills to protect HCWs [47-49].
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Simultaneously, research has been conducted not only to identify
occupational stressors but also to gain a deeper understanding of the
underlying mechanisms explaining how job demands can lead to nega-
tive health outcomes [45,50-52].

The Job Demands-Resources (J-DR) health model [32] represents a
further development of the Demand Control model (DCM) by Karasek
[50] and classifies job characteristics into two general categories: job
demands and job resources, encompassing both physical, mental, and
social aspects. The J-DR health model posits that job resources interact
with job demands and influence an employee’s well-being. The model
links job demands and job resources to positive and negative bio-
psychosocial health outcomes, as well as motivational processes,
through both pathogenic and a salutogenic pathways.

It has been consistently demonstrated that, irrespective of the
working context or specific task-related demands, job resources play a
particularly beneficial role in maintaining work engagement under
conditions of high job demands [53,54]. Consequently, employees
exhibit more positive work attitudes (e.g, motivation, task enjoyment,
commitment) when both job demands and job resources are high. In
other words, under high job demands, job resources can enhance work
engagement. Conversely, when job resources are scarce and job de-
mands exceed a HCW’s perceived capacity to cope, stress occurs, leading
to negative health outcomes (e.g, insomnia, exhaustion, burnout,
depression) and negative motivational processes (e.g., turnover inten-
tion) [55].

The J-DR health model is a useful instrument to analyze and identify
factors contributing to health impairment and negative motivational
processes at the workplace. It delineates key considerations for imple-
menting public health interventions aimed at improving the work
environment and safety of HCWs. Moreover, the model serves as a tool
for studying the underlying biological mechanisms linking occupational
stress to health [32]. Here, we present an adapted version of the J-DR
health model that specifically addresses job demands and job resources
of HCWs (Fig. 1).

Despite a large body of research examining the adverse health out-
comes resulting from occupational stressors, understanding and miti-
gating stressor exposures and responses in HCWs in the current
healthcare crisis continues to be overlooked. In the following section,
therefore, we delve deeper into the psychoneuroimmunology of occu-
pational stress, delineating the major stress pathways linking occupa-
tional and interpersonal stressors in HCWs with altered immune
function and inflammation, which can in turn lead to serious mental and
physical health problems. We then use this synthesis to model the
negative effects of moral distress in HCWs.

4. Effects of occupational stress on mental and physical health
in healthcare workers

During clinical practice, HCWs frequently experience both acute and
chronic stress and are at particularly high risk of developing stress-
related health problems. Research that has been conducted over the
past decade on chronic occupational stress exposure in HCWs has
revealed very high risk of burnout, depression, and suicide relative to
the general population. Prevalence rates of burnout in HCWs was as high
as 67 % during the pre-COVID period [56,57], whereas the overall
prevalence of depression in nurses and physicians range between 25 %
and 43 % [19,58], versus just 4 % in the general population [59].
Occupational burnout in physician is, in turn, associated with poor
mental health, including exhaustion, reduced productivity, detachment
from one’s work, depression, suicidal ideation, early job retirement, and
lower patient satisfaction [60]. In addition, accumulative evidence links
burnout in physicians with an increased risk of somatic diseases,
particularly cardiovascular diseases, chronic lung diseases, and skin
diseases [61,62].

Both burnout and depression are substantial risk factors for suicide in
HCWs [63]. Alarmingly, both nurses and physicians have a two-fold
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Fig. 1. Example of a Job Demands-Resources Health Model in Healthcare

The model links job demands and job resources through a pathogenic and a salutogenic path to both positive and negative health outcomes and motivational
processes. Job demands and job resources interact and determine HCWs’ well-being. The combination of high job demands and low job resources is a risk factor for
exhaustion and burnout, whereas the combination of high job demands and high job resources promotes a heightened level of motivation, task enjoyment,
and commitment.

increased risk of suicide relative to the general population [64]. Young Depression occurs in roughly 30 % of residents and young nurses
nurses and physicians are especially vulnerable to developing mental [67-69]. Moreover, mental health issues in HCWs are a serious
health issues because they often are required to manage excessive patient-safety issue, contributing to medical errors, patient dissatisfac-
workloads, which can increase their stress levels; moreover, elevated tion, and high healthcare worker turnover rates, and in turn, causing
levels of stress may compromise patient care, which may further exac- financial difficulties for hospitals [19,70].

erbate HCWSs’ stress experience and impair their mental health [65,66]. In addition, the COVID-19 pandemic - as such a highly stressful
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event — has taken a serious toll on HCWs’ mental health. Results from a
recent meta-analysis of eight studies revealed that HCWs have been
disproportionally affected by mental health problems, including
distress, anxiety, insomnia, depression and traumatization during the
COVID-19 pandemic, relative to other occupational groups [71]. Ac-
cording to recent estimates, during the COVID-19 pandemic, 39 % of
HCWs had insomnia, 23% had anxiety, and 23 % had depressive dis-
orders [72].

5. Pathways linking moral distress, stress, and health in
healthcare workers

5.1. HPA Axis

Under basal conditions, the hypothalamic-pituitary-adrenal (HPA) axis
continuously regulates the release of glucocorticoids (GCs) from the ad-
renal glands into the blood circulation, depending on circadian variations
[73]. Glucocorticoids are potent anti-inflammatory and immunosuppres-
sive agents and, with their ubiquitous expression of GC receptors
throughout the body, regulate a wide variety of cellular processes,
including immunologic, metabolic, reproductive, cardiovascular, and
cognitive functions, mainly through glucocorticoid-receptor-mediated
activation [74]. Their effect is largely mediated by protein-protein in-
teractions that involve the transcription factor NF-xB [75].

However, excessive or insufficient release of GCs caused, for
example, by chronic stress, exerts negative feedback on secretion-
driving mechanisms via the activation of glucocorticoid receptors. The
prolonged stress response disrupts the glucocorticoid signaling pathway
and induces abnormalities in glucocorticoid receptor sensitivity,
contributing to an increased inflammatory response, which is generally
immunosuppressive [75]. Increased levels of glucocorticoids in the
blood and glucocorticoid resistance are strongly linked to suppressed
immune function, indicated by suppressed natural killer (NK) cell ac-
tivity, antigen presentation, and T-cell proliferation, and a reduced
number of circulating lymphocytes (B cells and T cells). Importantly,
chronic, prolonged exposure to high circulating levels of GCs can result
in various adverse health effects, including osteoporosis, hypertension,
diabetes, dyslipidemia, and even neurodegeneration, and depression
[76-79].

HCWs are often engaged in shift work. Shift work, particularly night
shifts, interferes with the physiological circadian rhythm and has the
unwanted potential to alter autonomic nervous system, neuroendocrine,
and immune processes that, in turn, have been linked to the develop-
ment of many chronic health conditions like cardiovascular disorders
[80]. Salivary cortisol is commonly used as a biomarker of psychological
stress. Cortisol release follows a diurnal circadian rhythm, which is
typically elevated after waking, then drops rapidly within subsequent
hours and ultimately reaches a nadir in the evening [81]. Working night
shifts and sleep deprivation have been associated with HPA-axis dysre-
gulation, overall elevated levels of daily cortisol [82,83], suppressed
gonadal steroids [84], and reduced endothelial function [85] in HCWs
across different disciplines and occupational groups (nurses, physicians,
residents), reflecting elevated physiological stress. Concerningly, night
shifts and sleep deprivation not only affect mood, but also concentration
and vigilance, which results in more mistakes during shifts [84].

Hair cortisol is another useful marker for the retrospective assess-
ment of stress [86]. Consistent with the findings summarized above,
excessive workloads have been associated with higher hair cortisol
concentrations in HCWs, and HCWs who reported early life stress or
stress later in life, as well as depressive symptoms, have been shown to
have higher hair cortisol concentrations levels than those not reporting
adverse life events [87]. Similar findings have been reported for palli-
ative care clinicians suffering from burnout: they have an augmented
cortisol awakening response and higher levels of diurnal cortisol
secretion [88]. Analogously, medical residents have been shown to have
an increased stress response when they are on call in an emergency
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department, including increased heart-rate, blood-pressure, elevated
salivary alpha-amylase, and increases in their serum level of the key
inflammatory cytokine interleukin (IL)-1p. This association is indepen-
dent of gender [89]. Of note, elevated diurnal cortisol concentration has
been shown to correlate with an increased risk of occupational injury in
HCWs [90].

Triage refers to the categorization of patients with respect to their
disease severity and prognosis for the purpose of determining priority
for care, as was the case during both the first and second waves of the
COVID-19 pandemic. Typically, triage during mass casualty incidents is
linked with higher stress levels among HCWs [91]. Similar results have
been observed in HCWs during the COVID-19 pandemic. Findings from a
recent study found increased hair cortisol concentrations levels in HCWs
who, during the current pandemic, experienced high distress due to an
increased risk of exposure to the virus, fear of risk to their own and their
family’s health, greater workloads, and ethical and moral dilemmas
during triage and patient care [92]. Additionally, changes in hair
cortisol concentrations levels among HCWs three months after the
outbreak of the COVID-19 pandemic predicted future burnout among
HCWs [93]. Similar findings were reported for female nurses during the
first wave of the COVID-19 pandemic: they had higher hair cortisol
concentrations levels in the hair during the first wave relative to prior to
the pandemic. In addition, nurses who worked in high-risk environ-
ments had higher hair cortisol concentrations levels than nurses who
worked in low-risk settings [94].

Gender plays a crucial role in the inflammatory response to stress and
cytokine expression [95]. However, few studies have evaluated the ef-
fects of stress and changes in biomarkers isolated in female HCWs, even
though women are at the frontline of many healthcare professions,
including nurses and physicians, and other healthcare professionals in
social sector and administrative jobs. The U.S. Bureau of Labor Statistics
estimated that, in 2021, approximately 78 % of HCWs were women
[96]. Moreover, although both men and women can be affected by
mental health problems, women are nearly twice as likely as men to
develop depression [97]. Some studies in female HCWs have revealed
higher levels of perceived distress, elevated hair cortisol concentrations,
and impaired diurnal cortisol patterns [94,98].

Another stressor frequently reported among HCWs is the challenge to
balance work, non-work, and family responsibilities. At this time, female
physicians with children continue to be disproportionally represented in
lower-status and lower-paid medical specialties, like family medicine,
pediatrics, and psychiatry, whereas male physicians who are also fathers
are more likely to work full-time and benefit from their spouses working
part-time [99]. This said, more and more men working in healthcare
continue to engage in multiple family roles (father, informal caregiver,
or both) alongside pursuing an academic career; yet, little is known
about the health effects of various family responsibilities for men rela-
tive to women [100]. One Canadian study collected salivary cortisol
levels in physicians to assess the interactive effects of job strain and
family responsibilities on physical functioning in 18 female and 23 male
physicians. Interestingly, although both female and male physicians
showed changes in their levels of the stress-sensitive hormone cortisol,
no significant gender differences in diurnal mean salivary cortisol levels
were observed, indicating that both female and male physicians react to
the increasing responsibilities stemming from managing the
work-family balance; and that this might be reflected by disruptions in
HPA functioning (lower early morning cortisol levels; higher evening
levels, a flattened stress response) [101]. Contrary to this finding, other
studies have found that having a family can help to create meaning and
enhance satisfaction in life, and contribute to a positive life orientation,
and this may have a protective effect against cumulative work stress
[102].

Moreover, violence against HCWs, especially against nurses —
including verbal threats, physical and sexual abuse, and racial and
ethnic harassment — has become an occupational hazard in acute patient
care that can increase HCWs’ distress and feelings of fear or anger,
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contributing to increased stress levels, emotional exhaustion, and
burnout [103]. Consistent with this finding, HCWs who have experi-
enced verbal and physical aggression have been found to have higher
hair cortisol concentrations levels, and to report increased burdens and
more burnout symptoms [104].

5.2. Sympathetic nervous system

The catecholamines epinephrine and norepinephrine are the major
mediators of the acute stress response released by the sympathetic
nervous system (SNS), causing increases in blood pressure and heart
rate, and the release of glucose from energy stores [77]. Catecholamines
bind to G-coupled protein receptors, which are divided into a-adrenergic
receptors and f-adrenergic receptors. Adrenergic receptors are
expressed on many tissues throughout the body and are responsible for
transmitting information from the extracellular environment to the
interior of cells. Through these pathways, epinephrine and norepi-
nephrine regulate immune and inflammatory function by secreting in-
flammatory factors [105]. During chronic stress, epinephrine and
norepinephrine levels are elevated, which can foster a pro-inflammatory
microenvironment in both the periphery and brain via the release of
pro-inflammatory cytokines, including IL-1, interleukin-6 (IL-6), and
tumor necrosis factor alpha (TNF-a), as well as the inflammatory
biomarker, C-reactive protein (CRP) [106,107], all of which exert
immunosuppressive effects. In addition, the constant release of cyto-
kines into the circulation may trigger an over-regulated glucocorticoid
response that induces glucocorticoid resistance, contributing to cytokine
over-secretion and increased inflammation [106]. Increased and sus-
tained levels of catecholamines have been linked to T-lymphocyte
apoptosis, altered distribution of NK cells and granulocytes, suppressed
NK cell activity [108,109], and DNA damage [110], all of which are
important defense mechanisms against different diseases. These effects
may have long-lasting consequences, including DNA mutations, and
thereby increase the potential for abnormal cellular transformation
[111-113].

A substantial body of research highlights plausible mechanisms
through which chronic stress and low-grade inflammation may
contribute to adverse health consequences in HCWs. For instance, par-
tial and total sleep deprivation due to night shifts and 24-h shift-work
impair immune function, resulting in the elevated excretion of
epinephrine [114] and several pro-inflammatory cytokines, namely
IL-1B, IL-6, and TNF-a [115-117]. Low-grade systemic inflammation in
turn, as reflected by increased CRP and elevated concentrations of cy-
tokines (e.g., IL-1p, IL-6; TNF-a) is a robust risk factor for the onset of
many diseases, including major depression, cardiovascular disease, and
stroke [118-120].

Neuroendocrine changes also are observed in female HCWs working
under high job strain, which is associated with increased peripheral
levels of neuroendocrine stress hormone (e.g., epinephrine, norepi-
nephrine, cortisol) that persists over time relative to HCWs with low job
strain [121]. Similar results have been reported for surgical nurses who
met the clinical criteria for PTSD and depression, who also demonstrated
higher inflammatory cytokine levels; moreover, this association is
thought to be mediated through immune dysregulation [122]. Sustained
low-grade inflammation also has been observed in emergency physi-
cians (age range 32-46 years) at least three days following a 24-h shift,
while IL-8 secretion was found to be considerably higher with advancing
age [123]. Lastly, a similar association has been identified between
stress exposure and the sympathetic regulation of immune responses.
Salivary alpha-amylase activity (sAA) is a surrogate marker of sympa-
thetic nervous system activity in response to stress. Nurses with
self-reported stress have been found to have more pronounced changes
in sAA, and smoking and medication use strengthened this link [124].
Interestingly, job resources — defined as social support through the su-
pervisor and job autonomy - seem to buffer the negative impact of job
demand (i.e., emotional demands, interpersonal conflicts) on health, as
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manifested by a decreased sAA awakening response and lower serum
IL-6 levels [125,126].

Lastly, the negative effect of stress on health and work performance
can be mediated by other life stressors, including personal, social, and
environmental factors experienced earlier in life [120,127]. A recent
study investigating stress and health in nursing students found a close
relationship between nurses’ lifetime stress exposure with several bio-
markers, including IL-6, IL-8, and TNF-a, which in turn increased the
risk for various health conditions, including hypertension, diabetes, and
depression [128].

5.3. Vagus nerve

The vagus nerve is a major pathway within the parasympathetic
nervous system (PNS) which, in conjunction with the SNS, forms the
autonomic nervous system (ANS). The vagus nerve plays a critical role in
regulating metabolic homeostasis by controlling digestion, heart and
respiratory rates, and gastrointestinal motility, and secretion. Its main
function is to down-regulate stress responses and restore homeostasis
[129]. The vagus nerve also has important immune modulating func-
tions [130]. Any disruption of this finely-tuned brain-gut-immune axis
can result into various disorders, including inflammatory, cardiovascu-
lar, metabolic, and neuropsychiatric disorders [131,132].

Chronic stress and the sustained release of glucocorticoids and cat-
echolamines inhibit the vagus nerve and, thus, impede its anti-
inflammatory effects, leading to increased concentrations of cytokines
(e.g., IL-6, TNF-a) in the gut. Furthermore, stress-induced release of
glucocorticoids and catecholamines affects the gut by binding to
glucocorticoid and adrenergic receptors in the enteric nervous system,
inducing intestinal inflammation, thereby modulating gut microbiota,
intestinal motility and permeability that, all together, compromise in-
testinal barrier integrity [133-135].

Given its complexity, vagal function is difficult to measure directly.
However, because some vagus nerves innervate the heart, vagus nerve
activation can be determined by measuring heart rate and heart-rate
variability (HRV), or variations in the time interval between consecu-
tive heartbeats. During conditions of chronic stress, heart rate increases
and HRV decreases, leading to dysregulation of the HPA axis and SNS
[136,137]. For example, in highly-stressful situations, such as working
in an NICU, cortisol values correlate positively with HR and inversely
with HRV, suggesting that the HPA axis and the autonomic system work
in synergy under conditions of high stress [138]. Furthermore, reduced
HRV and endothelial dysfunction have been reported in HCWs as
long-term effects of their job strain and shift work, underlying an
important pathway linking chronic stress with cardiovascular disease
[85]. These results are consistent with robust evidence linking pro-
thrombotic changes - including elevated heart-rate, lower heart rate
variability, and higher systolic blood pressure — with an increased risk of
cardiovascular disease and mortality [139].

5.4. Immunity

Immunity refers to the natural and acquired resistance of an organ-
ism to bacterial and viral pathogens, infections or disease, while at the
same time being adequately tolerant to avoid allergic reactions and
autoimmune disease [140]. Chronic and elevated concentrations of
stress hormones (e.g., catecholamines; corticosteroids) can dysregulate
or suppress cellular and humoral immune responses by altering the type
1/type 2 cytokine balance and, by doing so, induce low-grade inflam-
mation, which as a consequence suppresses the immune-protective
function of the cells [141]. Moreover, T and B lymphocytes, macro-
phages, neutrophiles, and natural killer cells have B-adrenergic re-
ceptors. Through these pB-adrenergic pathways, chronic stress can
modulate and suppress different aspects of immune function, including
lymphocyte migration and proliferation, antibody secretion, cytotoxic
activity, and macrophage activation, principally through the
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stress-induced release of catecholamines and glucocorticoids [105,142].

Natural killer cells have a critical role in the defense against viral
infections and their malfunction can have severe health consequences;
for instance, through impaired protection against neoplastic growths
[77,140]. Stress-induced immune dysfunction can also be observed in
otherwise healthy nurses, among whom job stress and workload have
been linked to increased concentrations of catecholamines and
decreased NK cell activity [143], thereby negatively impacting immune
function.

5.5. Genetic and epigenetic changes

Individuals vary substantially in their response to adversity, with a
considerable proportion manifesting resilience [144]. Epigenetic
mechanisms, especially alterations in DNA methylation and abnormal
microRNAs (miRNA) expression, may be an important molecular
pathway explaining individual differences in stress responses and
through which psychopathology and human diseases occurs [145-151].

Epigenetic modifications refer to heritable phenotype changes that
do not involve changes in the underlying DNA sequence but rather
impact gene activity and expression. These epigenetic modifications
result from external or environmental influences, such as exposure to
temperature changes, chemical compounds, diet, or other forms of stress
[152]. Stress-induced epigenetic modifications in a genome (ie.,
changes in gene expression) are associated with altered DNA methyl-
ation patterns, altered histone modifications, and several non-coding
RNA-mediated processes [153]. Specifically, miRNAs play an impor-
tant role in the regulation of gene expression at the posttranscriptional
level [154]. miRNAs are expressed in the central nervous system and in
all body fluids (serum, plasma, saliva), crucial for the development of
neural structures, and have been implicated in inflammatory and auto-
immune processes [151].

Chronic stress, via activation of the SNS and HPA axis and release of
catecholamines and glucocorticoids, can affect gene expression and
cellular and molecular functions in part through epigenetic mechanisms,
thereby dysregulating immunity [155,156]. For instance, elevated
glucocorticoid levels have been linked to the deacetylation of histones
and reduced expression of immune response genes [156,157]. More-
over, stress hormones can mediate immunosuppression by altering the
expression of the transcription factors AP-1 and NF«B, both of which
have critical roles regulating and activating the immune system,
including lymphocyte function [158].

Multiple factors including genetic, epigenetic, and environmental
influences and their interactions synergistically contribute to the
manifestation of vulnerability and resilience following early-life adver-
sity [159]. The three-hit concept of vulnerability and resilience suggests that
interactions between someone’s genetic predisposition (hit 1), early life
environment (hit 2), and later-life environment (hit 3) determines
vulnerability or resilience in different scenarios. Accordingly, depending
upon a person’s genetics and early-life environment(s), later-life envi-
ronments may compromise mental functioning and vulnerability may
arise, though the same individual might be resilient to stress when it
occurs within supportive environmental conditions [160]. This is espe-
cially crucial when we consider how to establish work environments for
HCWs that allow them to bring out their best selves, enhance their
commitment, work engagement, and job satisfaction, and promote
human flourishing.

Although stress-induced epigenetic changes can occur during all life
phases [161-164], the epigenome is particularly sensitive to stress
exposure during the early phase of conception, and during the prenatal
and postnatal periods. This is important as the healthcare workforce is
predominantly female [96] and the quota of female doctors has
increased in all OECD countries over the past two decades while female
doctors are on average younger than male doctors. Most likely, a big
proportion of the female workforce in healthcare are mothers [165].
Animal models indicate that stress exposure during these sensitive
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periods may lead to stress-induced changes in DNA methylation in the
hippocampus and prefrontal cortex in the offspring that, in turn, may
influence several downstream neuroendocrine, neuroimmune, and
neurocognitive pathways, contributing to variances in individual stress
vulnerability and resilience [166-168]. For instance, prenatal maternal
depression and postnatal exposure to adversity are both linked to al-
terations in the offspring’s DNA methylation of several genes, including
the glucocorticoid receptor gene NR3C1, serotonin-transporter gene
SLC6A4, and oxytocin receptor OXTR [169-171]. It is hypothesized that
these variations in methylation patterns may confer disease suscepti-
bility or resilience for psychopathology in the face of adversity during
later life [172].

Epigenetic modifications in response to stress exposure have been
observed in HCWs, particularly when working night shifts that entail
significant disruptions in the chronotype (sleeping patterns), which may
lead to alterations in HCWs biological aging. Findings indicate an as-
sociation between the duration of night shifts and reduced telomere
length [173,174], alterations in DNA methylation, and accelerated
aging in HCWs [175]. These epigenetic modifications have been found
to be especially prevalent in HCWs who are stressed, obese, or both. A
more recent study compared the onset of depression and PTSD with
methylation levels among frontline HCWs working in COVID-19 wards
versus those working in non-COVID-19 wards [176]. In this study,
frontline HCWs more often met the criteria for clinically-relevant
depression and PTSD and also exhibited upregulated methylation of
corticotropin-releasing hormone receptor 1 (CRHR1), which is involved
in regulating the HPA axis and the dopamine receptor D2 (DRD2), which
may account for the development of behavioral and substance disorders
like anhedonia, depressed mood, and psychotic symptoms. DNA
methylation in CRHR1 and DRD2 also was associated with increased
cortisol levels [177]. These results highlight the neuroplasticity of gene
expression involved in the stress response and suggest that CRHR1 and
DRD2 methylation can be modulated through the experience of chronic
stress and that epigenetic modification in these genes might be impli-
cated in the development of depression and PTSD [176,178].

As a corollary to this, it might be possible to reverse stress-induced
methylation modifications and thereby improve mood and symptom
burden in HCWs. To give an example, in animal models, prolonged
periods of social isolation have been found to cause neuroinflammation
and altered immune functioning, including elevated levels of serum
glucocorticoids and cytokines [179], as well as alterations in the DNA
methylation of various genes in the hippocampus and prefrontal cortex
(e.g., the CRF-promoter and serotonin transporter or the brain-derived
neurotrophic factor (BDNF) genes) [178,180]. These stress effects are
partially mediated through NF-«B, a key pro-brain-derived neurotrophic
transcription factor [181]. It is plausible to assume that social distancing
measures during the early COVID-19 likely exacerbated these neuro-
psychobiological effects in HCWSs' stress. Intriguingly, these
stress-induced epigenetic alterations and immune system deregulation
could be reverted, at least in part, with environmental changes [144],
the provision of care and social support [182,183], and antidepressant
treatment with imipramine or escitalopram [180,184,185]. These re-
sults highlight the enormous potential that the brain has, which enables
it to continuously form new neural connections (i.e., neuroplasticity)
following adversity and the important role that social and environ-
mental influences have on neuroplasticity and resilience.

6. Psychoneuroimmunological Model of moral distress and
health

Our literature review indicates that HCWs have an increased risk for
low-grade chronic inflammation and dysregulated immune function
secondary to occupational stress. Low-grade systemic inflammation and
immune dysregulation have been consistently associated with an
increased risk of adverse health outcomes, including burnout, depres-
sion, cardiovascular disease, stroke, and early mortality [120,186]. In
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accordance with the literature on occupational stress, we argue that
moral distress in HCWs is a significant source of stress that has the po-
tential to dysregulate the autonomic, neuroendocrine, and immune
systems, leading to long-lasting negative health outcomes. Building
upon this premise, we propose a Psychoneuroimmunological Model of
Moral Distress and Health elucidating the impact of moral distress on
neuroendocrine, immune, genetic, and epigenetic processes, providing a
hypothetical explanation for the increased risk of morbidity and mor-
tality among HCWs (Fig. 2). Alongside the J-DR health model in HCWs
(Fig. 1), this theoretical model can serve as a foundation for providing a
deeper understanding of the clinical significance of moral distress in
HCWs and its implication for the immune system and health. The test-
able model, which links moral distress in HCWs to immune dysregula-
tion, generates a multitude of hypotheses, paving the way for future
research avenues linking moral distress with psychoneuroimmuno-
logical outcomes. The results of this work may, in turn, serve as a
catalyst for ethics quality improvement projects, thereby aiding in the
transformation and improvement of the healthcare environment
through evidence-based practice.

7. Call to action: Responding to stress in healthcare
environments and clinical practice

The ramification of stress in HCWs is a public health concern. Stress-
related disorders in HCWs, including burnout, depression, and increased
risk of suicide, are major contributors to disease burden, disability, and
suffering, with significant personal, professional, and financial conse-
quences [70]. The impact of stress on the mental and physical health of
HCWs are tragic outcomes, particularly given their onset is largely
avoidable.

Stress is deeply entrenched in healthcare environments and clinical
practice. In particular, situations in which HCWs are unable to take what
they assess to be the ethically appropriate action due to lack of resources
or other system-level factors, trigger moral stress that compromise their
well-being. The current healthcare crisis highlights the urgent need for a
paradigm shift from the long-held standard of crisis management to a
focus on prevention and health promotion for HCWs. Efforts to improve
HCWs’ working conditions with evidence-based interventions to pre-
serve their health and thereby ensure high-quality patient care and pa-
tients’ safety are paramount to prevent healthcare harm. A
multidimensional approach is necessary to address the complex under-
lying systemic and social factors that give rise to moral stress. Mean-
ingful changes to improve healthcare environments require a shift from
interventions occurring at an individual level to a system-wide effort.
Furthermore, the implementation of a public health response necessi-
tates the coordination and partnerships among different stakeholders,
including policy agencies, healthcare organizations, insurers, healthcare
leaders, HCWs, and other members of the healthcare workforce.

In the following sections, we will summarize system-level and
evidence-based individual-level interventions that could guide collec-
tive efforts to improve work environments, mitigate deleterious effects
of stress, and promote resilience in HCWs.

8. System-level interventions to improve work environments,
reduce stress, and promote resilience

8.1. Health policy responses

Attracting and retaining the nursing workforce will require a more
nuanced understanding of sources of stress and what nurses are looking
for in their profession and employer. Stressful work conflicts emerged in
part because HCWs’ family and work responsibilities collide: the
increased work exposure to communicable diseases often put at risk
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their families’ health, and their increased workload conflicts with their
family responsibilities, while at the same time, HCWs feel torn between
their duty at work and responsibilities toward their patients. According
to a nursing survey over the past two years, flexibility, meaning, and
balance emerged as the most important factors to stay in direct patient
care [187]. Following these gleaned insights, system-level interventions
and structural solutions that help ensure a manageable workload and
reduce the risk of moral distress and burnout in HCWs include, among
other things, sufficient staffing, limited duration of shifts at the frontline,
a safe environment, protected biobreaks during shifts for sitting down,
eating and drinking, predictability of schedule, ability to take paid time
off, and compensation with practical support, such as paid childcare
services, elderly or animal care, as well as leadership training. These
system-level interventions continue to be critical in retraining the
healthcare workforce [188-190].

8.2. Employee participatory programs

Given the increased risk of mental health issues in HCWs and the
negative impact of occupational stress on immune function and disease
susceptibility, a holistic, system-based approach is needed to address
and mitigate moral distress and burnout in HCWs. We, therefore,
advocate for a system-based approach to creating working environments
that aim to reduce stress in HCWs. Consistent with this goal, research has
demonstrated that targeting organizations rather than individuals is
more effective at reducing moral distress resulting from austerity,
because such interventions are tailored toward improving the workplace
climate, health behaviors, and absenteeism [191]. Employee participa-
tory programs are one example of an effective organizational interven-
tion. Such interventions prompt employees to actively engage in
identifying workplace problems and feasible solutions/actions to
improve their working environment [192]. One recently published
study investigated the effects of participatory workplace improvement
programs on stress biomarkers and found a significant decrease in
different inflammatory markers (i.e., IL-6, IL-12) both one week and
three months following completion of the program [192], underscoring
the potential and effectiveness of such programs at improving mental
and physical health among HCWs. In support of these results, a national
study among U.S. internal medicine physicians found that perceived
organizational support and the feeling of being valued by their health-
care institution could significantly lower moral distress [28].

8.3. Ethics consultations

Ethics consultations may be another potential bridge that can be
used to mitigate the negative effects of stress in HCWs. Evidence in-
dicates that involving clinical ethicists in ethical deliberations helps to
diminish moral distress in HCWs [193]. In particular, the creation of
“safe spaces” is an opportunity to facilitate conversations about ethical
difficulties and distressing events where diverse moral insights, voices,
and perspectives can be heard, considered, and discussed, without ul-
terior motives, as a means to finding a path forward to navigate these
difficult ethical issues [194]. By viewing situations through an ethical
lens, clinical ethicists may also help others to recognize mechanisms or
parts of a system that are not working well and identify solutions to
either fix or overcome them.

8.4. Narrative medicine

Finally, narrative medicine could make a powerful contribution to
improving healthcare practices, and reducing stress and promoting
resilience in HCWs in many ways [195,196]. Narrative training prompts
health care providers to write about a clinical encounter that had struck
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Fig. 2. Psychoneuroimmunological Model of Moral Distress and Health

The stress response is mediated, in part, by three bidirectional pathways that
enable the brain to communicate with the peripheral immune system and vice
versa. These signaling pathways include the (a) hypothalamic-pituitary-adrenal
(HPA) axis, (b) sympathetic nervous system (SNS), and (c) vagus nerve.
Exposure to a stressor activates the HPA axis and the SNS, which in turn triggers
the release of hormones that modulate immune functions, including catechol-
amines (epinephrine and norepinephrine), glucocorticoids, and pro-
inflammatory cytokines (interleukin-1p, IL-1p; interleukin-6, IL-6; tumor ne-
crosis factor-a, TNF-a). During acute stress, the release of these neuroendocrine
modulators enhances immune function, and thus is an adaptive psychophysi-
ological mechanism that confers immune protection in response to an infection
or an injury and aims to restore homeostasis. Conversely, exposure to chronic or
prolonged stress results in upregulated autonomic, neuroendocrine, and in-
flammatory pathways and, by doing so, increases inflammation and induces
immune dysregulation that may alter immune defense mechanisms and elevate
someone’s susceptibility to certain diseases and mental illnesses.

<

them at the core and elicited a strong feeling in them, be it sadness,
frustration, anger, or joy. Health care workers are instructed to focus on
the inside (their emotions) rather than on the outside, and thereby reflect
on patient encounters and clinical situations and why, in part, they
reacted the way they did. Upon sharing the text with their peers, the
group analyzes the story’s structure, and thereby adopting multiple
perspectives, recognizing metaphors and allusions, gaining new in-
sights, and reflecting on their own feelings. Telling stories provides
meaning, context, and improves the understanding of what matters,
while prompting providers to reflect on their own feelings, actions, and
modes of expression [197].

The mechanisms through which narrative training benefits HCWs’
health may be multifold: narrative medicine allows for self-reflection in
a safe, collective space. It encourages a shift into a state of vulnerability,
in which an individual may find themselves appealed by sharing their
strongly felt experiences with peers. This, in turn, may encourage col-
leagues to express their own experiences, in which insecurity, unset-
tlement, frustration, or any other type of uneasy reaction were
experienced in the clinical environment. We believe that it is the human
connection that occurs while sharing stories and the confrontation with
our own vulnerability and the vulnerability of others that reduces stress,
promote meaning-making and resilience, and provides hope. As a result
of narrative competence, individuals may experience validation and
increased awareness of their own subjective emotions, thoughts, and
experience. Much like their patients, articulating the challenges they
encounter in their medical practice may yield a healing effect, restoring
their compromised professional and personal integrity, and fostering
moral repair [198]. This process can assist HCWs in maintaining a sense
of moral agency and control [199].

9. Individual-level interventions to reduce stress and promote
resilience

A number of psychosocial interventions and lifestyle modifications
including dietary changes, environmental improvements, psychological
support, mind-body interventions, and even pharmacological treat-
ments have documented potential therapeutic benefits for mitigating the
negative effects of stress and reducing inflammation, thereby improving
immune function and promoting wellbeing. In particular, interventions
that activate vagal function (and thus increase/normalize heart rate
variability and improve HPA axis function) such as relaxation tech-
niques and mindfulness-based stress reduction, but also exercise, a
balanced diet, and psychosocial support have shown promise for
restoring balance between SNS and PNS arousal [128,200-203].
Therefore, such interventions may have the potential to mitigate stress,
including moral distress, in HCWs and may be of particular relevance to
those experiencing high job strain.
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9.1. Mind-body interventions

The vagus nerve can be influenced through slow breathing and mind-
body interventions like meditation and yoga, and mindfulness-based
therapy can increase vagal tone and has been shown to improve
mood, reduce anxiety, and restore resilience in HCWs [204]. Further-
more, its stimulation has been documented to attenuate glucocorticoid
and cytokine production [130,205], enhance telomerase activity [203],
and improve neuroplasticity and functional connectivity within the
hippocampus and prefrontal cortex, both of which are key sites of pa-
thology in major depressive disorder [206]. However, such positive
health effects only are sustained if stress-management techniques are
continued [205], and finding time for such exercise is challenging in the
fast-paced healthcare environment. In addition, vagus nerve stimulation
has demonstrated promising results in treating treatment-refractory
depression, PTSD, and inflammatory bowel disease, its therapeutic ef-
fect argued to be mediated through its relaxing and anti-inflammatory
properties [207].

9.2. Exercise

Regular physical exercise of moderate intensity influences neurobi-
ological mechanisms and promotes resilience against stress through
multiple mechanisms. First, physical exercise activates vagal tone,
whereas prolonged periods of sedentary time reduce heart rate vari-
ability and vagal nerve function [208]. Second, physical activity has a
positive influence on endocrine and immune function. Physical exercise
can activate the HPA axis and trigger cortisol secretion, which has a
beneficial anti-inflammatory effect. Likewise, physical activity reduces
levels of pro-inflammatory cytokines and CRP [208,209]. Interestingly,
individuals who train on a regular basis have better protection against
stress-induced increases in cortisol [210]. If implemented correctly,
exercise may have several health benefits relevant for HCWs, as exercise
may have the potential to prevent infections and strengthen the immune
system [211]. The implementation of workplace wellness programs,
aiming to strengthen the immune system, overall health, and increase
job satisfaction despite numerous work constraints, could be a valuable
resource [212]. However, without protected biobreaks for HCWs to sit,
eat, and drink, any additional activities added to their already limited
personal time do not yield discernible health benefits. Therefore, these
interventions require careful consideration.

9.3. Diet

A healthy, balanced diet has the potential to positively impact the gut
microbiota and, thereby, reduce gut inflammation while enhancing
body metabolism, and physical and emotional functioning [213].
Robust evidence links specific nutrients [214] and probiotics [215] with
an improved vagal messenger pathway that strengthens the communi-
cation between the gut and brain, specifically brain regions that include
the prefrontal cortex, hippocampus and amygdala, thereby promoting
resilience in the face of adversity [216]. As a corollary to this point,
high-carbohydrate and high-fat diets have been related to inhibited
vagus activity [217]. In fact, busy HCWs are particularly bad at eating
well, especially when working clinically [218]. Particular attention has
focused on omega-3-polyunsatured fatty acids (O3PUFAs), which can be
found in fish and other seafood, in some plant oils, and in nuts, because
of several health benefits—namely, they regulate blood pressure, in-
flammatory processes, and several cellular functions, including
cell-signaling, cell membrane fluidity, and structural maintenance. In
addition, O3PUFAs are known to have cardioprotective effects [219]
and are effective at reducing depressive symptoms [220]. Daily intake of
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O3PUFAs also appears to have positive health effects in both female and
male nurses: after O3PUFAs intake for eight consecutive weeks, both
genders had lower diurnal saliva cortisol concentrations and reported
diminished symptoms of occupational burnout, including reduced
emotional exhaustion and increased feelings of personal accomplish-
ment [221]. Taken together, these results suggest beneficial effects of
O3PUFAs on HPA function, immune function, and regional brain ac-
tivity [222].

9.4. Psychosocial support

Results from several other studies suggest promising avenues to
counterbalance the negative effects of stress while building resilience
through behavioral, psychosocial, pharmacological, or phytochemical
modulation of several factors implicated in HPA-axis function, the im-
mune system, DNA methylation, and neuronal plasticity [223-226].
Social support is an important protective factor when one is confronted
with stress and adversity and it exhibits potentially modifying effects on
stress-induced DNA methylation [182,183]. Consistent with these re-
sults, during the COVID-19 pandemic, perceived social support signifi-
cantly reduced psychological distress in HCWs [227,228], underscoring
the importance of facilitating opportunities to create social ties with
colleagues during stressful situations and times. Emerging evidence also
supports the therapeutic potential of psychological interventions to
positively influence epigenetic processes in HCWs [226,229]. Further-
more, some experimental drug trials have revealed the ability for
medication to partially reverse stress-induced HPA-axis dysregulation
and DNA methylation, suggesting the potential benefit of the prophy-
lactic or early use of antidepressants as protection against depressive
symptoms in high-risk or frontline HCWs [180,184,185,230].

10. Discussion

Moral distress is an occupational hazard that can translate into se-
vere mental health problems in HCWs, jeopardizing the quality of pa-
tient care and likely being responsible in part for the current healthcare
turnover crisis. Despite the robust link between moral distress, mental
health issues, and HCWs’ intent to leave patient care, the immunological
impact of moral distress in HCWs remain poorly investigated. In this
review, we thoroughly examined both psychological and biological
factors contributing to health impairment in HCWs. We have proposed
an adapted version of the J-DR health model that specifically reflects the
distinct job demands and job resources of HCWs, drawing insights form
the occupational health psychology literature. Expanding on this model,
which links occupational stress to health, we present a testable Psy-
choneuroimmunological Model of Moral Distress and Health in HCWs
(Fig. 2), illustrating the potential neuroendocrine and neuroimmune
mechanisms underlying moral distress in HCWs that may be used as a
framework for future research to better understand how moral distress
can affect psychobiological processes that impact health. Built upon our
premise that moral distress in HCWs is a significant source of stress with
the potential to impact the immune system and health, we have designed
a conceptional framework featuring targeted health interventions aimed
at mitigating the adverse effects of moral distress and promoting resil-
ience in HCWs (Fig. 3).

Recent insights from studies on the neurobiology of stress and its
impact on vulnerability and resilience indicate that stress-induced al-
terations in HPA function, neuroendocrine and immune markers, epi-
genetics regulation, and brain activity may be partially reversed through
lifestyle modification, psychosocial support and even psychopharma-
cological interventions. This suggests several potential targets for in-
terventions designed to promote resilience and mitigate the effects of
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moral distress in HCWs. Therefore, interventions that aim to improve
heart rate variability and, thereby, improve HPA axis function and SNS
activity represent promising avenues for building resilience and coun-
terbalancing the adverse effects of moral distress among HCWs.

The creation of “safe spaces” seems to be one of the most effective
solutions to prevent and mitigate stress in HCWs. Balint and support
groups as part of the institutional infrastructure demonstrate an insti-
tutional, not individual response, to stress. In support of this notion,
Balint-like groups as a low-cost model have shown effectiveness in
attenuating stress through mechanisms like building connections, vali-
dating HCWs’ experiences, and gaining an accurate understanding how
colleagues navigate these challenges [231]. Although many HCWs may
think they lack the time to engage in supervision, Balint and support
groups, seeking help and having conversations with others may help
them to achieve different perspectives on morally-distressing situations,
which in turn might reduce their overall stress levels.

In addition, narrative medicine practices may lessen feelings of
distress and prevent moral injury. Through the training of narrative
competence, including reflective writing, close reading, telling their
stories, and listening to the narratives of others, HCWs can strengthen
the commitment to their own health and health behaviors, improve
empathy and care towards themselves and their colleagues, and expe-
rience improved self-awareness and increased work satisfaction [232].
By bridging emotions, vulnerability, and human connection with med-
ical practice, narrative approaches can help HCWs offer accurate,
engaged, authentic, compassionate, and effective patient care [197],
while at the same time reducing emotional exhaustion and burnout
[195,196]. We believe that reintegrating the perspectives of humanities
and narrative medicine into clinical practice, could greatly improve the
healthcare environment, which currently is driven by economization
and rationalization as its central values, often at the expense of patient
care, quality of care, and patient safety.

One limitation we encountered while writing this review was the
inherent ambiguity in the terminology associated with occupational
stress and moral distress, making it challenging to differentiate between
these concepts. Moral distress could be viewed as a subcomponent
within the broader realm of occupational stress, highlighting the need
for further clarification. Indeed, a shift in “framing” moral distress away
from an individual problem and towards framing as an occupational
hazard may result in novel ways of thinking about its reduction and
mitigation.

From our perspective, the pandemic has given rise to a unique phe-
nomenon where, despite HCWs knowing what to do in the moment, and
even being able to perform what they perceive as the right action, they
may still experience stress due to the context surrounding their de-
cisions. We believe that a reconceptualization of moral distress in HCWs
is essential; one that can provide a framework for addressing the com-
plex social and structural factors contributing to the current healthcare
crisis. The concept of entrapment stressors [233,234], which refers to
working situations where individuals feel unable to escape from dis-
tressing circumstances, often characterized by a perceived lack of con-
trol and a feeling of hopelessness, may offer an alternative perspective
on moral distress in HCWs in the post-pandemic transformation. This
conceptualization could open up new avenues to explore public health
responses to improve the health and well-being of HCWs and address
preventable healthcare harm.

Today, the main triggers for occupational stress in HCWs originate
from organizational and system-level issues (e.g., excessive work load
demands; poor staffing; poor workplace environment, misalignment
between individual, team and organizational goals etc.) [235,236]. To
achieve systemic changes within healthcare, it will be important that
leaders are aware of the impact of occupational stressors on the immune
system and health. Systemic changes can only be implemented if leaders
hold themselves accountable to ensure justice in our institutions and
advocate for policies and resources that support a healthy workforce.
Lastly, only when HCWs are valued and acknowledged by their leaders
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and the healthcare system, they can provide high-quality patient care
and stay mentally and physically healthy [237]. Given the considerable
contribution of HCWs to our healthcare system and patient-care,
healthcare systems have an ethical obligation to take care of their em-
ployees’ health and create healthy, safe, and sustainable working envi-
ronments for them.

11. Clinical implications and avenues for future research

The adaptation of the J-DR health model for HCWs is a valuable tool
for analyzing and identifying existing job demands and job resources.
This facilitates the development and implementation of public health
policies and targeted mental health interventions to improve the work
environment, ensure the safety, health, and well-being of HCWs and
better protect them from the negative effects of stress. Furthermore, the
J-DR health model can serve as a valuable framework for initiating an
ethics quality improvement project withing a hospital system. By
employing this model, healthcare institutions can strategically address
occupational stressors, fostering a work environment that prioritizes
both the well-being of HCWs and the quality of patient care.

Furthermore, we suggest a testable model linking moral distress in
HCWs to immune dysregulation (Fig. 2). In fact, the impact of moral
distress on immunity and health in HCWs and its underlying biological
mechanisms remain poorly investigated. Longitudinal, large-scale
studies are warranted that include validated psychometric instruments
to screen for moral distress, anxiety, depression, and burnout in com-
bination with biological stress markers (e.g., CRP, serum level of IL-6;
TNF-a) to better illustrate the prevalence and severity of moral
distress in HCWs and its implications over time for psychoneuroendo-
crine and psychoneuroimmune outcomes.

Immune and, more specifically, inflammatory markers of stress may
be important for identifying HCWs at higher risk for adverse health
outcomes in response to stress, thereby providing an opportunity for
early intervention. Because gender plays a critical role in cytokine
expression, future studies on moral distress and biological stress markers
should also account for gender differences. Furthermore, using validated
and reliable instruments to assess moral distress in research is critical.
Recently, Epstein and colleagues [39] revised the Moral Distress Scale
(MDS-R) and now recommend using the Measure of Moral Distress for
Health Care Professionals (MMD-HP) to assess the impact of moral
distress on healthcare professionals. Lastly, from a public health ethics
perspective, it will be equally important to collect data regarding HCW
disability, job turnover, and healthcare costs, as well as to track the
career trajectories of those HCWs who leave their healthcare positions
due to moral distress.

12. Conclusion

In conclusion, occupational stress is prevalent in HCWs, leading to
severe mental and physical health issues, compromised patient care, and
high attrition rates. Our review has explored neuroendocrine, immune,
genetic, and epigenetic mechanisms of occupational stressors in HCWs,
offering insights into how moral distress can affect HCWs’ immune
system and health. Investigating the immunological impact of moral
distress in HCWs is a promising area of study, given the public health
implications of stress in this population. This review underscores the
imperative for healthcare systems to prioritize HCWs’ mental health and
invest in burnout prevention. We advocate for a comprehensive
approach to prevent and mitigate stress and its adverse health effects on
HCWs. Such interventions should encompass both organizational and
structural strategies, such as the creation of reflective spaces, along with
individual-level interventions like counseling programs or stress-
reduction initiatives. Target high-risk groups, including trainees, early
career professionals, women, frontline HCWs (especially nurses), and
those in high-stress areas like emergency departments, intensive care
units, and palliative care, is crucial. Lastly, we must collectively take
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responsibility for addressing the root causes of occupational stressors
and burnout in our institutions. Upholding moral standards and
fostering supportive environment where HCWs feel valued and
acknowledged are essential for enabling them to carry out the much-
needed work for our patients.
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