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Abstract. Skin homeostasis processes can be negatively 
affected by protein deficiency, which can cause the thinning of 
the epidermis and decrease collagen production in the dermis. 
It has been proven that exercise has benefits for skin health; 
however, the mechanisms of exercise as regards skin homeo‑
stasis and regeneration caused by protein deficiency are not yet 
fully understood. The present narrative review focuses on the 
potential mechanisms of exercise in maintaining skin homeo‑
stasis disrupted by protein deficiency, predominantly with the 
processes that take place in the epidermis and dermis. Normal 
homeostasis can be disrupted by protein deficiency, which 
is associated with histological, physiological and metabolic 
changes that may lead to organ impairment. Protein malnutri‑
tion may decrease the number of epidermal stem cells, which 
leads to epidermal thinning. Nevertheless, protein deprivation 
decreases the mRNA and protein levels of collagenase. This 
process decreases dermal collagen levels. Exercise promotes the 
excretion of certain cytokines and the expression of certain genes 
that function in skin tissue regeneration, which include peroxi‑
some proliferator‑activated receptor (PPAR)‑γ coactivator‑1α, 
transforming growth factor‑β1, matrix metalloproteinase‑9, 
interleukin (IL)‑5, IL‑15 and sirtuin‑6, and inhibits C‑X‑C motif 
chemokine ligand 10. These genes affect skin tissue homeo‑
stasis and regeneration. Exercise can also enhance blood flow by 
increasing angiogenesis, and stimulating vasodilation to supply 
oxygen and nutrients. This is a vital factor in the synthesis of 
collagen. Moreover, exercise can modulate some pathways and 

stimulate anti‑inflammatory and antioxidant effects, contrib‑
uting to skin regeneration and the healing process.
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1. Introduction

The skin, being the largest organ of the human body, has critical 
functions, which include the synthesis of vitamin D, control‑
ling temperature, regulating water homeostasis, and protecting 
from hazardous chemicals and pathogens (1,2). As a part of 
homeostasis, the skin undergoes the complete substitution of 
damaged tissues with new ones through a continuous processes 
of regeneration. A high turnover of cell differentiation deter‑
mines the mechanisms of regeneration in normal processes. 
Skin tissue is regenerated through the extensive proliferation 
and migration of a massive number of new cells (3).

The skin has three layers. The epidermis is the first layer 
and has no vascularization. This stratum is intricately stratified, 
which constitutes an external barrier. Consisting of lipid‑rich 
structures and non‑viable cells, this layer serves as a protective 
boundary. The epidermis is generated from the basal stratum 
germinativum via keratinocyte proliferation and the differenti‑
ation process. The dermis, which is the second layer, comprises 
connective tissue, primarily of fibroblasts. These cells are 
mesenchymal, which function as a skin scaffold. These cells 
secrete the extracellular matrix (ECM), which is characterized 
as a fibrous and elastic component. The main components of 
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the ECM are collagen types I and III, which confer elasticity 
and strength. From the total amount of collagen, 80‑90% is 
represented by type 1 collagen and 8‑12% by collagen type III. 
The hypodermis, which is the third layer, is a subcutaneous 
tissue, composed of blood vessels, lymph, and adipose tissue. 
This layer secretes various cytokines and chemokines. These 
layers play roles in certain important homeostasis processes, 
which include thermoregulation, metabolism and immune 
functions (4).

Proteins play a crucial role in maintaining skin homeo‑
stasis, which serve as essential substrates for key biological 
components, including enzymes, hormones, cytokines and 
growth factors. Protein deficiency can result in a decrease in 
the expression of certain genes and the production of certain 
cytokines and growth factors. Cytokines and growth factors 
are essential substances in skin homeostasis. Therefore, 
protein malnutrition can occur, which causes skin malfunc‑
tion, leading to the thinning of the epidermis and decreasing 
collagen production in the dermis. Moreover, it can affect the 
healing process of wounds, as it impairs angiogenesis and 
fibroblast proliferation. Tissue regeneration begins with a 
proliferation of fibroblasts and then continues with a synthesis 
of collagen from fibroblasts. These two processes use proteins 
as substrates; hence, protein deficiency causes impairment of 
these stages. Some research has examined the effects of protein 
deficiency on skin homeostasis and wound healing. The study 
by Sugiyama et al (5) revealed that protein deficiency impaired 
the structure and functions of the skin epidermis. Their study 
found a decrease in the thickness of the epidermis and in the 
proliferative activity of epidermal cells. Another conclusion is 
that protein deficiency affects both the synthesis and degrada‑
tion of skin collagen.

The status of dermal collagen is also affected by protein 
deficiency. Protein deprivation significantly reduces skin 
collagen (6). A previous study demonstrated that insufficient 
protein intake causes a decrease in collagen and elastin 
synthesis; the efficiency of enzymes, such as matrix metal‑
loproteinases (MMPs) that degrade old proteins is also 
affected (7). The study by Alves et al (8) examined open acute 
wound healing and demonstrated that malnutrition impaired 
regeneration by decreasing the mRNA levels of transforming 
growth factor‑β1 (TGF‑β1).

As a complementary medicine, exercise is an activity that 
has benefits on health. This function takes place in all body 
systems, which include the skin. Additionally, exercise has been 
employed as a complementary therapy to accelerate skin wound 
healing. Although exercise has been proven to be beneficial for 
skin health, the mechanisms of exercise in skin homeostasis 
and regeneration caused by protein deficiency remain poorly 
understood. The present review highlights the potential mecha‑
nisms of exercise in maintaining skin homeostasis disrupted by 
protein deficiency, placing particular emphasis on the processes 
that occur in the epidermis and dermis.

2. Epidermal and dermal homeostasis and healing

The main cellular component of the epidermis includes kera‑
tinocytes, which comprise almost 95% of the epidermal cell 
population. Epidermal homeostasis is associated with kerati‑
nocyte regulation. Moreover, epidermal homeostasis is tightly 

regulated. Through a regulated proliferation and differentia‑
tion program, the epidermis maintains tissue homeostasis. In 
this program, stem cell self‑renewal and the differentiation 
process take place and interact. During this process, the undif‑
ferentiated keratinocytes from the basal layer are regenerated 
to form the stratum spinosum, stratum granulosum, and 
stratum corneum. Those cells move suprabasally to perma‑
nently withdraw from the cell cycle, and alter their biological 
activity and morphology. The outermost epidermal layer is 
comprised fo corneocytes. The corneocytes consist of dead, 
flattened, non‑nucleated keratinocytes (9).

Mitotic cell types of keratinocytes and epidermal stem 
cells (EpiSCs) are in the basal layer. Keratinocyte function is 
regulated by growth factors that trigger intracellular signaling 
pathways. Several types of growth factors have been explored, 
which include the epidermal growth factor family and the 
TGF‑β family, which are considered to be key regulators (10). 
Keratinocyte stem cells are characterized by their normally 
slow‑cycle mitotic cells in vivo; they can self‑renew and are 
involved in maintaining tissue (11). EpiSCs located in the basal 
layer of the epidermis have been shown to be key sources of 
cells for regeneration, metabolism and wound healing of the 
skin. The sources of EpiSCs may be derived from the regenera‑
tion of mesenchymal cells and the migration of other stem cells 
to the skin tissue. When the skin is damaged, the niches affect 
the regulation of the migration, proliferation and differentiation 
of stem cells, by activating multiple signaling pathways. EpiSC 
differentiation processes occur, which include changes in the 
number of repair cells, the concentration of cytokines and 
components of the ECM (12).

Several studies on the factors that influence the epidermis 
have been carried out. Aging and nutritional status are regarded 
as two factors that can influence epidermal homeostasis. The 
study by Lintzeri et al (13) concluded that the epidermis was 
thinner in aged skin. The epidermis tends to become thinner 
with aging and does not appear to be influenced by sex (13). The 
study by Leite et al (14) concluded that a significant difference 
existed in mean dermal thickness values in the malnourished 
group in comparison to the well‑nourished group. Nonetheless, 
no difference was found in mean epidermal thickness between 
these groups (14).

Skin injury stimulates re‑epithelialization, which involves 
the migration and proliferation of keratinocytes. It begins with 
the migration of keratinocytes and continues with prolifera‑
tion. Several growth factors stimulate this process; two such 
growth factors are TGF‑β and fibroblast growth factor (FGF). 
To enhance proliferation, growth factors are produced to 
stimulate keratinocyte proliferation. Proliferation is required 
in order to supply keratinocytes, which may be sufficient to 
cover the wound surface. The proliferation of keratinocytes 
takes place in basal EpiSCs. This process continues even 
following epithelial wound closure (15).

Dermal homeostasis is related to collagen production and 
degradation process. The amount of gross protein content in 
the skin is ~22%. To maintain the collagen framework that has 
been established, as well as the synthesis of the new collagen, 
the amino acid intake must be sufficient (7). Collagen has a 
triple‑helix structure. This substance can initiate and be respon‑
sible for the interaction between cells and the matrix. To date, 
almost 30 different types of collagen have been identified. One 
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of the most common types of protein is collagen type I (Col‑I), 
which is commonly found in the skin. Col‑I is comprised of the 
genes COL1A1 and COL1A2, known as α1 and α2, respec‑
tively (16).

A decrease or loss in the amount of collagen in the skin can 
have an unfavorable effect. Collagen is the main type of fibrous 
connective tissue of the dermis. Types I and III collagen are 
primarily responsible for the tensile strength of the skin. Types I 
and III collagen are degraded by the collagenases, from the MMP 
family, which are produced by skin fibroblasts. Collagenases 
are the main enzymes in the breakdown process of collagen (6). 
Collagenases degrade collagen I, II and III at distinct sites. MMPs 
are produced by several cell types, and their production is regu‑
lated by cytokines. They participate in cell migration, growth 
and differentiation, tissue remodeling and angiogenesis (17). The 
inhibitors that control the activity of these enzymes are tissue 
inhibitors of metalloproteinases (TIMPs), which comprise of four 
members (TIMP‑1, TIMP‑2, TIMP‑3 and TIMP‑4) (6).

Growth factor production is involved in skin homeostasis 
and wound healing. Naturally, cells secrete growth factor 
proteins, and the protein then interacts with cell surface recep‑
tors. The binding triggers various processes, which stimulate 
cell signal transduction pathways. Skin healing involves these 
growth factor‑stimulated cellular responses (18).

TGF‑β1 is considered to play an essential role in wound 
healing. TGF‑β1 mediates fibroblast proliferation, collagen 
production, ECM deposition and myofibroblast differentia‑
tion in wound healing (19‑21). During this process, TGF‑β is 
secreted by fibroblasts and is released from storage sites in the 
disrupted ECM. TGF‑β1 signaling has some effects, including 
promoting the proliferation of fibroblasts, the synthesis of 
ECM components such as Col‑I and fibronectin by fibroblasts, 
and the transition of fibroblasts to a myofibroblast wound 
phenotype. TGF‑β signaling also involves crosstalk between 
the dermis and epidermis (22‑25).

Several studies have concluded that other than TGF‑β, 
under physiological conditions, fibrosis keratinocytes stimulate 
fibroblasts through the production of interleukin (IL)‑1, inducing 
keratinocyte growth factor and metalloproteinases. Fibroblasts 
have been shown to modulate keratinocyte proliferation and 
differentiation (26). As high metabolic rates affect tissues, mesen‑
chymal stem cells (MSCs) are the first to be affected by protein 
deficiency (1). MSCs can differentiate into keratinocytes in the 
human epidermis (27). Protein deprivation increases collagenase 
activity by suppressing the gene expression of two of the TIMPs. 
Protein deprivation decreases the active form of collagenase. This 
process also decreases the levels of dermal collagen (6).

3. Importance of exercise in skin alteration following 
several diseases

Exercise is considered to play a crucial role in skin health. 
Some reviews and research have suggested that several 
skin disorders are related to exercise. Exercise plays crucial 
roles in certain skin disorders, which include aging‑related 
skin disorders (cancer), inflammatory disorders (psoriasis 
and dermatitis) and nutritional disorders, such as protein 
deficiency (delayed wound healing) (28). Exercise habits 
have been shown to have several beneficial effects on skin 
health. Exercise can enhance the structure, moisturizing and 

hydration function of the skin (29). Briefly, the known skin 
benefits of exercise include improving blood flow to nourish 
cells and remove toxins from the skin; preventing the signs of 
aging by boosting collagen, elasticity, tone/turgor and the skin 
barrier; inhibiting the anti‑inflammatory actions of oxidative 
stress; decreasing stress by increasing dermal resilience; and 
maintaining improved overall skin well‑being (30).

Exercise may be an effective preventive strategy against 
psoriasis. A joint guideline review between the Journal of the 
Academy of Dermatology and the National Psoriasis Foundation 
published in 2019 recommended that dermatologists should 
give regular exercise advice to patients with psoriasis to reduce 
the risk of associated comorbidities, including metabolic 
syndrome (31). The study by Lai et al (32) demonstrated that 
moderate and vigorous levels of physical activity appeared to 
be beneficial for dermatitis. Hence, patients with active hand 
dermatitis must be advised to remain physically active (32).

The study by Nishikori et al (29) demonstrated that 
resistance exercise exerted effects on skin aging and skin reju‑
venation. Some studies have reported that exercise accelerates 
wound healing (29,33‑35). The review by Yeh et al (36) exam‑
ined the preventive and therapeutic roles of exercise in various 
skin diseases. Their review demonstrated that exercise was 
recommended for the attenuation of skin aging, the prevention 
of psoriasis and the improvement of venous leg ulcers (36).

The aforementioned findings indicate that exercise has 
several benefits on skin health. Nevertheless, the mechanisms 
through which exercise exerts its effects are not completely 
understood. The present review discusses how exercise 
contributes to the maintenance of skin homeostasis, particu‑
larly under conditions of protein deficiency.

4. Mechanisms of exercise in maintaining skin homeostasis 
disrupted by protein deficiency

In the present review, as demonstrated in Table I, 12 articles on 
the mechanisms of exercise in maintaining skin homeostasis 
were identified. Exercise has been explored in various research 
to prove its effects on skin health, which include effects on 
wound healing and the aging process. Below, various studies on 
the effects of exercise on skin health are presented and the find‑
ings from these are discussed. Exercise is classified as acute or 
chronic; aerobic or anaerobic; endurance or resistance type; and 
mild, moderate and high intensity. The mechanisms include the 
role of cytokines, growth factors, oxygenation and angiogenesis.

The study by Riyahi et al (2) on the elderly concluded that 
exercise has some positive effects on skin regeneration in wound 
healing. These effects are mediated by circulating IL‑15. IL‑15 
is an essential mitochondrial signal, that increases the growth 
of keratinocytes and fibroblasts (2). These results are supported 
by the study by Nishikori et al (29), which demonstrated that 
aerobic exercise stimulated the release of IL‑15, which reduced 
skin aging by supporting mitochondrial biogenesis in the skin. 
Regular training can inhibit skin aging, such as deteriorations 
in skin elasticity, upper dermal structure and dermal thickness. 
Nevertheless, acute training enhances skin elasticity and upper 
dermal structure, but not dermal thickness (29).

Exercise affects inflammation in the skin. Length and 
intensity are two factors that determine the effects of exercise 
on inflammation. Aerobic exercise with moderate intensity can 
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reduce oxidative stress by increasing antioxidant enzyme activ‑
ities. Regular exercise potentiates the systemic antioxidative 
defense of the body to prevent oxidative stress and accelerate 
healing. Exercise supports vascular growth and increases tissue 
vascularization by regulating reactive oxygen species (ROS). 
Regular exercise improves angiogenesis and increases local 
blood flow, providing oxygen and nutrients to wound tissue. 
Sufficient oxygen and nutrients support the synthesis of skin 
connective tissue (2).

The study by Ishikawa et al (37) reported that continuous 
hot yoga exercise protected against ROS‑induced senescence 
by modulating sirtuin (SIRT) 6 expression. Several studies 
have provided evidence that the SIRT family is involved in 
the regulation of longevity (38‑43). Hot yoga may enhance the 
activation of SIRT6 via a mechanism mediated by shear stress. 
The study by Ishikawa et al (37) also reported that continuous 
hot yoga exercise can suppress catecholamines and thus 
promote blood flow. Exercise under appropriate heat stress and 
high humid conditions is expected to increase cutaneous blood 
flow with skin temperature (37).

Moderate‑intensity exercise has been proven to improve 
tissue oxygen to accelerate the wound healing process. Tissue 
oxygenation is an essential factor in the healing process; angio‑
genesis, collagen formation and cell survival can be stimulated 
by mild hypoxia. Oxygen is critical for the synthesis of 
connective tissue. Exercise provides adequate oxygen supply 
to wound tissue and helps in healing (3). Hypoxia can occur 
physiologically by exercise. This condition stimulates cellular 
adaptation, which is mediated by key oxygen sensors, namely, 
hypoxia‑inducible factors (HIFs). HIFs respond acutely and 
induce the production of endogenous metabolites and proteins 
to promptly regulate metabolic pathways that maintain oxygen 
supply (44). Keratinocyte proliferation and epidermal cell 
regeneration may be effective for the regeneration of the 
epidermis. Keratinocyte proliferation and epidermal cell 
regeneration are activated by exposure to mild hyperbaric 
oxygen (45). Hyperbaric oxygen has the same mechanism as 
exercise in enhancing oxidative metabolism.

Previous studies have revealed that the moderate‑intensity 
training effect is superior to that of high intensity and 

strenuous intensity in the skin healing process. The study 
by Heinen et al (46) on patients with diabetes reported that 
moderate‑intensity exercise was the best option for wound 
healing. The study by Amatriain‑Fernández et al (47) indicated 
that regular moderate‑intensity exercise exerts anti‑inflamma‑
tory and antioxidant effects, and can stimulate several signaling 
pathways (47). Aerobic exercise is more effective than anaerobic 
exercise in the skin healing process, although both exercises are 
effective. Nonetheless, anaerobic exercises may increase ROS 
production in wound tissue and delay regeneration (2).

Another potential mechanism of exercise in the skin regen‑
eration process is by inducing MMPs. MMPs are involved in 
biological processes, which include angiogenesis. A previous 
study demonstrated that acute intense exercise caused an 
increase in circulating MMP‑9 levels. MMP‑9 is involved in the 
processes of angiogenesis, including proteolysis of the capillary 
basement membrane; ECM degradation induces the release of 
proangiogenic and antiangiogenic factors. Angiogenesis is a key 
factor in regeneration, including in skin tissue (17).

In their study, Oizumi et al (48) examined the association 
between the activity level and skin‑moisturizing function. The 
skin‑moisturizing function is a key physiological parameter of 
the skin. Their study used an exercise habits questionnaire and 
examined the types of skin moisturizing. The results revealed 
that activity levels were associated with skin moisture levels. 
The moderate‑ and high‑activity‑level habit groups had higher 
skin moisture levels than the low‑activity‑level habit group. 
Moreover, the results suggested that higher‑intensity exercise 
had a beneficial effect on increasing skin‑moisturizing function. 
Endurance exercise enhanced skin health by inducing IL‑5, 
which promoted the biosynthesis of the mitochondria (48).

Exercise induces the production of certain myokines from 
muscle contraction (49). The C‑X‑C motif chemokine ligand 
10 (CXCL10) secretion from skeletal muscles can control 
collagen production in mouse dermal fibroblasts. CXCL10 is a 
myokine whose expression is reduced due to muscle contrac‑
tion. CXCL10 promotes the apoptosis of endothelial cells. The 
reduction in CXCL10 expression in skeletal muscle through 
exercise can be considered to have a wide range of effects on 
the whole body, including the skin (50).

Figure 1. Potential mechanisms of exercise in maintaining skin homeostasis disrupted by protein deficiency. PGC‑1α, peroxisome proliferator‑activated 
receptor (PPAR)‑γ coactivator‑1α; TGF‑β1, transforming growth factor β1; IL‑5, interleukin 5; IL‑15, interleukin 15; MMP‑9, matrix metalloproteinase 9; 
CXCL‑10, C‑X‑C motif chemokine ligand 10.
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In another study, light physical activity was shown to be 
associated with a significant increase in free and total TGF‑β1 
and TGF‑β2 plasma concentrations. TGF‑β was involved in 
several skin processes, such as angiogenesis, fibroblast prolif‑
eration and collagen synthesis (22). Following acute exercise 
or training, an increase in the mRNA levels of TGF‑b1 and 
TGF‑b receptor 2 was observed. The release of TGF‑β at the 
early stages of the healing process recruits inflammatory cells 
from the circulation into the wounded area. This process then 
continues with angiogenesis and collagen synthesis. TGF‑β 
stimulates the cells to increase the synthesis of ECM proteins 
and simultaneously decreases the levels of collagen prote‑
ases (49).

The effects of exercise on skin regeneration also may 
be mediated by the production of growth factors. Previous 
research has compared the effects of exercise on the expres‑
sion of TGF and FGF in liver tissue, demonstrating that 
moderate‑intensity training (MIT), high‑intensity training 
(HIT) and high‑intensity interval training (HIIT) increases 
the expression of TGF and FGF. However, it appears that the 
expression of these genes increases to a greater extent with 
MIT than with HIT and HIIT. The duration of MIT can be 
concluded to have been an effective factor in the expression of 
both genes; among the most critical factors in the expression 
of TGF and FGF are the intensity of training and its duration. 
This effect is very likely to occur in any organ in the body, 
including the skin, as the effects of growth factors are not 
limited to a specific organ (51,52).

In the body, particularly in muscle tissue, exercise strongly 
induces the overexpression of peroxisome proliferator‑acti‑
vated receptor (PPAR)‑γ coactivator‑1α (PGC‑1α). PGC‑1α 
is a transcription coactivator, which in muscle, can alter the 
ECM composition and subsequently results in remodeling of 
the satellite cell niche; PGC‑1α promotes exercise‑induced 
tissue regeneration and is involved in mitochondrial signaling. 
Thus, PGC‑1α functions as the key regulator of the crosstalk 
between mitochondrial biogenesis and exercise‑induced 
regeneration. This mechanism potentially occurs in the skin 
regeneration process (53). The various mechanisms in the 
epidermis and dermis that could potentially explain the effects 
of exercise on skin homeostasis disrupted by protein deficiency 
are illustrated in Fig. 1.

A limitation of the present review is that references were 
not distinguished in terms of the type of exercise, research 
methods and subjects. In addition, the present review did not 
separate the mechanisms that occur physiologically (homeo‑
stasis) and pathologically (wound healing).

5. Conclusion and future perspectives

Exercise is beneficial for skin health, both under normal and 
wound conditions, by affecting the processes that take place 
in the epidermis and dermis. The mechanisms involved are 
complex and comprise process that include various cytokines 
and growth factors. Further research is warranted in order to 
determine the effects and mechanisms of exercise on the skin 
with more specific parameters, including distinguishing the 
types of exercise and various skin conditions, and examining 
any mechanisms, cytokines and growth factors involved in 
skin tissue hemostasis and regeneration.
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