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The relationship between stress and skin
health has been documented since ancient
times. Today, patients of aesthetic medical pro-
viders continue to cite psychological stress as a
common precipitating factor of exacerbations
in skin diseases such as acne, eczema, and pso-
riasis. This connection is invoked in scientific
literature and frequently discussed in the lay
media, with implications for general wellness
practices as well as the provision of appropri-
ate medical care. Despite this long history, the
precise mechanisms through which stress
impacts the skin are not yet well understood.
However, recent advancements have illumi-
nated multifactorial and bidirectional interac-
tions between the brain, nervous system,
microbiome, and skin, with key implications
for the inflammatory and microbiological
milieu. This area of investigation has the
potential to significantly inform aesthetic care
and should be regarded with great interest.

Basic Science Principles

Introduction

In this section, we provide an overview of the
biological pathways believed to play a role in

the relationship between psychosocial stress
and the physical appearance of skin. Stress is
defined as any set of aversive stimuli that pro-
voke an associated response, which can be
thought of as a coping mechanism in an indi-
vidual [1, 2]. Clinically significant effects
caused by stress are primarily due to impacts
on the internal processes that maintain and
restore skin homeostasis. We consider only
psychosocial stress and do not include somatic
forms of stress such as chronological aging,
photoaging, and/or physical shear stress,
unless the effects of somatic stressors are facili-
tated or potentiated by psychological stress. We
further emphasize the role of chronic stress.
Our discussion occurs in the context of known
neuroendocrine effects of stress. Stress increases
levels of cortisol [3], known as the “fight-or-
flight” hormone, which activates the hypotha-
lamic-pituitary-adrenal (HPA) axis [4, 5]. For
this reason, the HPA axis is also referred to as the
central stress axis. Overactivation of the stress
axis can have consequences across multiple
levels of molecular function, affecting the
sympathetic nervous system [4, 6], immune
response [7, 8], cholinergic response [9], and
microbiome [10-12]. There is also strong epide-
miological evidence that the presence and
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exacerbation of many skin conditions such as
acne [13], chronic itch [14], and psoriasis [15]
have an emotional component. Progression of
such skin diseases is often comorbid with nega-
tive outcomes in mental health and quality of
life, suggesting a bidirectional relationship [16,
17]. Indeed, nearly one-third of skin disorders
are estimated to occur with or be worsened by
psychiatric disorders and/or psychological dis-
tress [17]. The recent discovery of a fully func-
tional, peripheral HPA axis in the skin [18]
further clarifies this relationship and suggests
impacts across the inflammatory and atopic
responses, skin barrier dysfunction, vulnerabil-
ity to cutaneous infection, and impairment of
wound healing and melanogenesis. Additionally,
emerging evidence from studies of the cutane-
ous microbiome suggests that stress can act
through the “gut-brain-skin” axis to induce dys-
biosis [19]. This gives us further insight into how
lifestyle factors such as diet, personal care
(hygiene), and sleep can mediate the effects of
stress on skin health and appearance. This chap-
ter summarizes these clinically important rela-
tionships and emphasizes areas of significant
academic, clinical, and commercial impact.

The Central (Systemic) HPA Stress Axis

In times of psychological stress, the body mounts
a neuroendocrine-mediated immune response
controlled by the sympathoadrenal and central
nervous systems. Increased cytokine levels [20]
activate the locus coeruleus-norepinephrine
sympathetic adrenomedullary (LC-NE/SAM)
system, which secretes epinephrine and norepi-
nephrine that further upregulate the immune
response, as well as the HPA axis [21]. Notably,
the results of these changes differ by stress dura-
tion. During acute stress, cytokine proliferation
increases and lymphocytes are mobilized from
the blood to the surface of the skin [22]. This cre-
ates conditions of sympathetic hypersensitivity
and generates inflammation through the actions
of various proinflammatory factors [7, 21].
Conversely, chronic stress actually sup-
presses the inflammatory response. The HPA

axis negatively feeds back to the LC-NE/SAM
system, where secretion of corticotropin-
releasing hormone (CRH) and arginine vaso-
pressin (AVP) [23] stimulates the release of
anti-inflammatory peptides from the anterior
pituitary [21]. Adrenocorticotropic hormone
(ACTH) is also released, causing the adrenal
medulla to secrete cortisol and prolactin [21,
24]. Cortisol downregulates inflammatory
cytokines and upregulates anti-inflammatory
factors [25], suppressing Th-1 mediated cellu-
lar immunity in favor of Th-2 mediated
humoral immunity. At the same time, ACTH
upregulates glucocorticoid response elements
(GREs) and increases expression levels of anti-
inflammatory genes [26]. Under conditions of
high glucocorticoids, prolactin attenuates the
reactivity of the HPA axis by reducing input to
the hypothalamus [27]. Therefore, the chronic
stress response mobilizes resources within the
body while mitigating potentially dangerous
levels of inflammation [28].

The Cutaneous (Peripheral) HPA Stress Axis

We have recently discovered that the skin has
its own HPA stress axis made up of intracuta-
neous, crosstalking peripheral networks. The
cutaneous axis is a fully functional analog of
the central axis [29, 30], able to locally upreg-
ulate inflammatory cytokines [31, 32], release
cortisol and catecholamines [5, 6, 33-36],
and express a complete CRH/ACTH signal-
ing system [34, 37]. Furthermore, melano-
cytes and keratinocytes differentially express
regulators of the CRH/ACTH system as well
as other molecules important to neuroendo-
crine signaling [18, 38-41]. The skin also
locally expresses CRH [31] and ACTH [40,
42], where receptors for CRH are found in
epidermis, dermis, and subcutis cells [43].
These receptors have been implicated in the
development of several chronic skin dis-
eases [25, 44].

The cutaneous stress axis is organized
through regulatory feedback loops that mirror
those in the central axis [ 5, 30, 36, 45]. Increases



in cutaneous CRH caused by acute stress [43]
are associated with increased ACTH and glu-
cocorticoid levels in human skin cell popula-
tions [37]. ACTH increases, while CRH
decreases the expression of proinflammatory
factors [39, 46]. Therefore, the cutaneous stress
axis similarly increases cortisol levels through
CRH/POMC/ACTH pathways and negatively
feeds back on itself through interepithelial
CRH and POMC.

Though research is ongoing, evidence points
to bidirectional interaction between the central
and peripheral HPA axes. Namely, stress-
induced glucocorticoid elevation alters skin
barrier function [47, 48] and is known to con-
tribute to inflammatory skin diseases like
atopic dermatitis, chronic urticaria [49, 50],
and psoriasis [51]. While there are numerous
preclinical examples of the connectivity
between these axes, further research into the
mechanisms of this crosstalk will improve our
understanding of how stressed skin attempts
to restore homeostasis.

Clinical Correlates

The molecular factors that comprise the cen-
tral (systemic) and cutaneous (peripheral)
stress axes provide important background for
the clinical effects of stress on skin health.
The role of stress in inflammatory skin condi-
tions is particularly noteworthy, given the
link that has been established between psy-
chosocial stress and the development and
exacerbation of these conditions. In the fol-
lowing, we summarize significant clinical
findings that have been linked to psychosocial
stress and are of interest to the aesthetic prac-
titioner. While there are numerous clinical
correlates in the processes of psoriasis, atopic
dermatitis, and vitiligo, we will limit our dis-
cussion to cosmetic concerns, including the
skin barrier, skin aging, wound healing, infec-
tion, and lifestyle factors. While research is
still ongoing, many of these impacts are likely
affected if not caused by the downstream

Clinical Correlates

effects of interactions between the central
and peripheral stress axes.

Stress Impairs the Skin Barrier
and Increases Skin Thinning, Skin
Aging, and Sebum Production

Psychosocial stress is consistently associated
with impairment of the skin barrier in both
healthy individuals and those with preexisting
skin conditions [52, 53]. The skin barrier is a
permeable layer in the outermost layer of the
skin, called the stratum corneum (SC), that
prevents transepidermal water loss (TEWL)
and protects the skin from outside elements.
Lipid bilayers fill the internal barrier space and
sit between lamellae composed of ceramides,
cholesterol, and fatty acids [54]. Barrier health
is characterized by factors such as skin pH,
hydration, and sebum excretion, which are
often targeted by various clinical treatments
and impact skin health. Psychosocial stress, as
experienced through challenging social and
romantic relationships [55, 56], is associated
with decreases in skin barrier function includ-
ing TEWL and epidermal hyperplasia.
Additionally, hormones produced by the HPA
stress axes can damage the structural lipids
and proteins necessary for maintaining skin
hydration [57]. Increased endogenous gluco-
corticoids negatively affect epidermal growth
and lipid synthesis needed to restore the
SC [58, 59]; indeed, glucocorticoid blockade
reverses stress-induced SC damage [60, 61].
Topical and emulsion-formulated treatments
that replenish lipids and ceramides [62-64],
as well as psychological relaxation tech-
niques [65-67] that may inhibit the HPA
response have proven effective for skin condi-
tions like atopic dermatitis, where there is a
known barrier defect.

The stress-activated reductase 11p-hydroxys-
teroid dehydrogenase (118-HSD) has been
implicated in the relationship between gluco-
corticoid levels and skin barrier function. 11-
HSD1 is directly activated by psychological
stress [68] and induces the active form of
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cortisol in keratinocytes [68, 69]. Under
conditions of stress, its activity is associated
with itch [70], delayed wound healing [71],
impaired skin cell proliferation [72], and
TEWL [73, 74]. 11B-HSD1 also modulates the
effects of steroidal products on sebocytes and
has been linked to excess sebum production
and acne development [74]. Blockades of 11f-
HSD1 restore glucocorticoid levels [75, 76],
epidermal integrity [77], and wound heal-
ing [78], and are also found to increase colla-
gen content in the skin [79]. In patients with
anxiety, stress-relieving medications (selective
serotonin reuptake inhibitors, SSRIs) similarly
reverse the effects of 11p-HSD1 through atten-
uation of the HPA axis [68].

Stress Suppresses Mechanisms that Protect
the Skin from Infection

Psychosocial stressors are a well-documented
risk factor for the development and recur-
rence of viral cutaneous infections like herpes
simplex [80] as well as skin diseases such as
acne, atopic dermatitis, and psoriasis [81-85].
The disease processes of these conditions
share an important feature: microbial coloni-
zation. Emerging research suggests that
chronic stress downregulates the expression
of antimicrobial peptides (AMPs) on the epi-
dermis, compromising cutaneous defenses
that leave the skin more susceptible to infec-
tion [86, 87]. Under normal circumstances,
AMPs help destroy foreign microbes and are a
critical part of infection prevention. AMPs are
delivered to the SC by lamellar bodies, which
cannot be produced as effectively in the high
adrenergic and glucocorticoid conditions
caused by stress [88-91]. Excess glucocorti-
coids also impair the production of lipids,
which are needed for encapsulation of
AMPs [92]. While stress appears to increase
the expression of AMPs and beta-defensins,
the actual delivery of these peptides is
impaired and causes reduced clearance of
skin bacterial pathogens like Staphylococcus
aureus and Staphylococcus pyogenes [93-95].

Therapies that reduce the physiological
effects of stress appear to restore normal levels
of AMPs and reduce the risk of cutaneous
infection. These findings are demonstrated in
studies of glucocorticoid inhibitors, CRH
inhibitors, and topical lipid-containing treat-
ments [86]. Psychological stress-reduction
techniques, including cognitive behavioral
stress management, relaxation training, bio-
feedback, and visualization similarly reduce
the severity of several chronic cosmetically
challenging skin conditions [96-99].

Chronic Stress Impairs Wound Healing
in Skin

The immunosuppressive effects of chronic
psychological stress delay wound heal-
ing [100]. While regulating inflammation can
be protective, this response also disrupts the
inflammatory environment needed to initiate
the healing process. Specifically, high gluco-
corticoid levels downregulate components of
the immune response that play a critical role in
early healing [101]. These include inflamma-
tory cytokines and chemoattractants that act
quickly at wound sites. Accordingly, psycho-
logical stressors such as hostile marital interac-
tions, extended housing insecurity, and
examination stress reduce these inflammatory
components and delay cutaneous healing [7,
102-105]. Conversely, the inhibition of gluco-
corticoids improves healing rates in situations
of stress [106], as do anti-anxiety medica-
tions [107], social supports, and psychological
interventions [108, 109].

The Gut-Brain-Skin Axis: Probiotics
and the Promise of Treating the Skin
Microbiome

New advances in our understanding of the
cutaneous microbiome have established a link
between dysbiosis and the development of
skin disease. For instance, the bacterium
Cutibacterium acnes makes up the vast major-
ity of microbiota colonizing sebum-rich areas



of the skin, can be pathologic in acne patients,
and is affected by treatment with retinoids and
antibiotics [110-112]. There is also interplay
with other bacterial species; for example, the
acne-inducing effects of C. acnes seem to be
inhibited by S. epidermidis [113]. The cutane-
ous microbiomes of patients with conditions
including acne and seborrheic dermatitis show
higher proportions of Malassezia species [114-
116], while Firmicutes is overrepresented in
vitiligo lesions [117]. Disproportionate coloni-
zation by S. aureus correlates with immune
dysfunction in psoriasis [118], dysbiosis in
eczema [119], and inflammatory flares in
atopic dermatitis [120-122].

Disturbances to the skin microbiome are
clearly useful signals of skin disease. However,
certain shifts in the structure and diversity of
microbiota can actually be therapeutic in a
variety of conditions [123]. Specifically,
increased colonization with commensal bacte-
ria appears to protect against inflammatory
allergic reactions and the development of
atopic dermatitis [124-126]. These species play
an important role in maintaining the skin bar-
rier and help immunize the skin from external
pathogens [127]. Similarly protective effects
are observed in adults and their children [125,
128], implicating the maternal microbiome in
the health of offspring [129].

Studies of probiotics show promise for thera-
peutic use in acne [130, 131] and have been
shown to have other positive effects such as
reducing inflammatory skin conditions and
increasing hair growth [19, 132, 133].
Treatments that affect microbiota also have
implications for disease development and
wound healing [134-136].

The gut-brain-skin axis theory describes a
relationship between emotional states and
changes in gastrointestinal function, microbial
colonization, and systemic inflammation that
has been validated in translational research [130,
137]. Differences in microbiota appear to drive
differential activity of the HPA stress axis in
response to psychological stress [138-141] and
in cases of psychiatricillness [142]. This response

Clinical Correlates

has been explained by two stress-related
pathways: (i) steroid/glucocorticoid-associated
regulation and (ii) the increased permeability of
epithelial barriers. In animal models, the
absence of commensal bacteria results in higher
corticosterone levels and thus hyperreactivity of
the HPA axes upon exposure to stress [9, 143,
144]. Stress also facilitates the crossing of exter-
nal bacterial material through barriers that usu-
ally prevent entry into the skin and gut. These
components can trigger or upregulate inflam-
mation, as has been observed in the brain, intes-
tinal tract, and hair and skin disease [145-149].

Stress Impacts Lifestyle Factors Including
Diet, Personal Care, and Sleep that Have
Consequences for Skin and Hair Health

Diet

In addition to directly affecting neuro-immuno-
endocrine systems, psychosocial stress impacts
lifestyle factors that have implications for skin
and hair health [150-153]. Diet is particularly
important, given its influence on the aging pro-
cesses of skin cells, skin inflammation, and the
cutaneous microbiome. For instance, studies
of the transcriptome find that high-fat diets
lead to the accumulation of pro-adipogenic
traits in dermal cells [154]. These traits indi-
cate accelerated aging of the upper layers of
skin [154], a process that can be partially pre-
vented through caloric restriction [155]. High-
fat diets, coupled with increased alcohol intake
also disrupt collagen fibers, impair wound
repair [156], and reduce adhesion proteins
needed to maintain the connective integrity of
skin [157, 158]. In mice models, western diets
rich in cholesterol and fat are linked to
decreased ceramide levels, increased skin
inflammation, hair loss, and hair discolora-
tion [159]. Other studies have found similar
associations with increases in sebum, altered
skin pH, and decreased skin hydration [160].
These factors influence the physical environ-
ments required for skin microbiota to survive
and such changes can leave the microbiome
vulnerable to dysbiosis [161].
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Consuming foods that cause high glycemic
loads, such as dairy, red meat, refined carbohy-
drates, and sugary foods, is correlated with
increased acne severity [156, 162]. High glyce-
mic indexes are known to increase concentra-
tions of insulin and insulin-like growth factor,
known contributors to acne [163]. These foods
also frequently contain advanced glycation end
products (AGEs), byproducts of modern food
processing procedures. Higher AGE levels are
linked to inflammatory skin responses that are
implicated in psoriasis development and sever-
ity [164]. In the general population, decreased
AGE levels tend to occur with avoidance of sug-
ary foods, adequate sleep duration, and low psy-
chological stress [165]. Conversely, diets with
low glycemic loads and high protein improve
biochemical measures of acne [166, 167].

Nordic and Mediterranean diets that instead
feature plant-based foods, whole grains, and
seafood appear to improve skin health. Short-
and long-term diet interventions improve cuta-
neous blood flow, oxygen tension, and lipid
profiles, and are associated with less
sebum [168-170]. These eating patterns are
also linked to a lower risk of malignant skin
tumors and cancer [171, 172]. In particular,
fruit-derived metabolites improve skin func-
tion and attenuate skin disease [173, 174],
while polyphenols found in coffee and green
tea improve skin smoothness and blood
flow [175, 176]. These compounds also protect
against sun-related pigmentation [172] and
improve rates of skin barrier recovery [177]. In
animals, polyphenols from whole fruits and
vegetables reduce oxidative stress, which aids
in microvascular function, and upregulate cel-
lular antiproliferation, potentially reducing
cancer risk [178]. Furthermore, extracts from
grapes, apples, and tomatoes are chemoprotec-
tive due to their facilitation of appropriate cell
death and DNA repair [179-181].

Personal Care

Personal hygiene and self-care practices are
often negatively affected by psychological
stress. Such behavioral changes can have vary-
ing impacts, as the contemporary use of

various skincare and cosmetic products can be
beneficial or detrimental to the skin. Some of
these consequences are mediated by the cuta-
neous microbiome, which can be dis-
turbed [182, 183] by a wide range of products
including antibiotics, hand sanitizers [184],
toothpaste [112, 185, 186], hygiene items like
antiperspirants, deodorants, and foot pow-
ders [187, 188], skincare items [189, 190], cos-
metics [191], specific laundering methods and
clothing types [192-194], and even fitness rou-
tines [195, 196]. The use of these products
involves physical interaction with the upper
layers of the epidermis, where most microbial
species are found [197]. In particular, cosmet-
ics that alter the diversity of microflora are
associated with reduced differences between
well- and poorly hydrated facial skin [198].
Liquid carriers and detergents in facial cleans-
ers induce changes in cellular components,
disturbing the acidic environment necessary
for sustaining native microbes [183, 199].
Surfactants in bar soaps, some deodorants,
face and body washes, and micelle waters strip
the skin of moisturizing factors and can lead to
dry, scaly, and/or red skin [189, 200]. On the
other hand, “anti-aging” products like skin
creams and skin massagers can increase the
expression of dermal proteins important to
maintaining skin elasticity [201]. Moisturizers
can be beneficial for skin barrier function and
are useful in the prevention and management
of skin disease [202, 203].

Sleep

Psychosocial stress is a risk factor for impaired
sleep [204], which mediates direct effects on
the HPA axes and therefore immune and
microbial dysfunction. Experiencing insuffi-
cient or lower-quality sleep blunts the cortisol
response in settings of acute stress, potentiat-
ing hyperreactivity of the stress axis and
increasing sensitivity to future stress [205-
207]. Chronically poor sleep is associated with
higher TEWL, lower levels of immune cells,
and slower skin barrier recovery [208, 209],
while sufficient sleep is associated with faster
wound healing [210]. Poor sleep due to shift



work and sleep disorders is also linked to
increased inflammation [211] and a higher
incidence of inflammatory skin conditions and
skin cancer [212, 213]. A number of microbial
compounds, including polyphenols and vita-
mins, help regulate circadian rhythms and
mood [214, 215]. By disrupting these rhythms,
poor sleep can directly alter the microbial envi-
ronment and predispose individuals to meta-
bolic and mood disorders [216, 217].
Disruptions to circadian rhythms also acceler-
ate the aging processes and can predispose age-
related pathologies [218].

Conclusions

Psychosocial stress affects skin health through
complex interactions with neuroendocrine,
immune, and microbial networks. Our under-
standing of the classic HPA stress axis has
expanded to include its cutaneous analog, con-
sidering a likely bidirectional relationship
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