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Abstract

Introduction

The skin is the largest organ of the human body, covering almost the entire surface. It performs
numerous functions essential for life and normal functioning. The condition of the skin is
influenced by various factors, including race, gender, age, and general health. Over time, the
skin becomes thinner and weaker, necessitating proper care. Skin aging is a complex process
involving both intrinsic and extrinsic changes. It can be classified into intrinsic and extrinsic
aging, both of which are influenced by environmental factors. Among these, sun exposure is
undoubtedly the most significant and primary exogenous factor, with its effects depending on
intensity and duration. Additionally, glycation has emerged as one of the most studied
mechanisms underlying skin aging. The accumulation of advanced glycation end products
(AGEs) significantly affects skin aging, as these compounds primarily accumulate in the skin,
especially in areas exposed to sunlight.

Aim of the study: This review aims to present and summarize the roles of key factors
influencing skin aging, emphasizing the importance of healthy nutrition as a method to slow

down the aging process.
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Materials and Methods: A literature review was conducted using the PubMed database to
identify relevant studies from the past twenty years. The most significant findings were

nn

compiled in this review. The literature was selected using keywords such as "skin aging," "skin
and effects of sugar," and "skin and glycation."

Results

The skin, as the body’s largest organ, covers almost its entire surface and fulfills numerous
essential functions. Skin aging is a complex process involving intrinsic and extrinsic changes,
which are most visibly noticeable on exposed areas such as the face, neck, and hands. Among
extrinsic factors, sun exposure is the most significant. Clinical signs of photoaging include
dryness, wrinkles, uneven pigmentation, loss of elasticity, telangiectasia, and areas with
purpura. Other external factors include air pollution, cigarette smoke, dietary habits,
temperature, stress, lack of sleep, physical activity, and lifestyle choices.

Recently, the importance of water in preventing nutrition-related non-communicable diseases
has gained attention, as sugary and caloric beverages increasingly replace pure water in the diet.
Water is essential for the proper and healthy functioning of the skin, especially its outermost
layer, the stratum corneum. Proteins are vital components of all tissues and organs, playing
roles in tissue formation and repair, mediating physiological functions, and providing energy.
Vitamins, particularly those with antioxidant properties, are mainly obtained through diet, and
their content is closely linked to the skin's physiological functions. Active metabolites of
vitamin D3 and lumisterol (L3) have diverse anti-aging and photoprotective effects on the skin.
Other micronutrients closely associated with skin physiology and biochemistry include iron,
iodine, zinc, and copper. Diets high in fats delay skin healing, promote oxidative stress, and
induce inflammatory reactions in the skin. Excess dietary fats can also lead to morphological
changes and impaired matrix remodeling in the skin.

Among the mechanisms underpinning skin aging, glycation is one of the most extensively
studied. Glycation is a non-enzymatic process where proteins (including collagen and elastin),
lipids, and nucleic acids covalently bind with sugar molecules, typically glucose or fructose.
An intriguing discovery is that AGE accumulation is not only linked to dietary sugar content
but also depends on cooking methods.

Conclusion: Various exogenous factors influence the skin’s condition, accelerating aging,
contributing to skin diseases, and increasing carcinogenesis risk. Evidence supports the
effectiveness of sunscreen use and limiting sun exposure to prevent skin aging. Furthermore, a
balanced diet rich in antioxidants, with reduced free sugars and carbohydrates, can lower AGE

production in the skin.
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Introduction

The Skin: Structure and functions

The skin is the largest organ of the human body, covering almost the entire surface. It
performs numerous functions essential for life and normal functioning. These
include:protection against microorganisms (its primary role), participation in
thermoregulation, production of vitamin D3 and melanin, maintenance of overall body
homeostasis.

Embryologically, the epidermis and its appendages develop from the superficial
ectoderm, while the dermis and subcutaneous tissue originate from the mesoderm. The skin
consists of three layers: the dermis, subcutaneous tissue, and epidermis. It also houses sweat
and sebaceous glands, a rich network of blood and lymphatic vessels, and nerve endings.
The skin on the scalp and torso differs from the epidermis on the hands and feet, as the latter

lacks subcutaneous tissue, hair, and glands, making it thicker.

The Dermis

The dermis is the middle layer, with a thickness ranging from 1 to 3 mm. It is durable
and elastic, containing sweat glands, blood vessels, receptors, hair roots, and nerve endings
that enable the perception of external stimuli like temperature, pain, and pressure. Its structure
is dominated by fibrous connective tissue and includes mast cells and various types of fibers.
Subcutaneous tissue (hypodermis)

The hypodermis plays a critical role in thermoregulation and serves as a reserve energy
source. It consists of adipose tissue, which contains fat cells, receptors, glands, and the lower
portions of hair roots, along with connective tissue. It also includes blood vessels, nerves, and
fibers. Although not part of the skin, it is closely associated with it. The thickness of the
hypodermis is influenced by anatomical and individual characteristics, reflecting a person’s

nutritional status.



The Epidermis
The epidermis, the outermost skin layer, serves a protective function. It provides the
skin and hair with individual color due to the presence of melanin pigment.
Anatomically, the epidermis includes five layers of epidermal cells: basal, spinous, granular,
lucid, and stratum corneum.
The skin is considered one of the most important organs due to its numerous vital functions:
1. Protection: Acts as a barrier between the body and external factors, including
chemicals, microorganisms, burns, and injuries.
Melanin production: Responsible for skin and hair pigmentation.
Vitamin D3 synthesis.
Allergen recognition and classification.
Defense against pathogenic microorganisms.
Thermoregulation.
Perception of external stimuli.

Increased absorption of certain substances.
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Regulation of water-electrolyte, fat, and vitamin metabolism.

The skin’s condition is determined by various factors, including race, gender, age, and overall

health. Over time, the skin becomes thinner and weaker, requiring proper care [1].

Skin Aging

Skin aging is a complex process involving intrinsic and extrinsic changes, often most
visible in exposed areas such as the face, neck, and hands. It manifests as skin laxity, deeper
wrinkles, uneven pigmentation, age spots, and noticeable vascular changes that impair
thermoregulation and nutrient delivery.

Chronological (intrinsic) aging is an inevitable process influenced by factors such as
time, genetics, and hormones. Oxidative processes also play a significant role, linked to
reduced antioxidant capacity and increased production of reactive oxygen species. These can
damage lipids, proteins, nucleic acids, and organelles, leading to cellular aging—a key

mechanism of skin aging [2].



Mechanisms of skin aging

Sun exposure is the most significant exogenous factor in skin aging. Clinical signs of
photoaging include dryness, wrinkles, uneven pigmentation, loss of elasticity, telangiectasia,
and areas of purpura. UV radiation stimulates fibroblasts to release melanogenic growth
factors such as hepatocyte growth factor (HGF), keratinocyte growth factor (KGF), and stem
cell factor (SCF). These factors directly and indirectly act on melanocytes through
keratinocytes, contributing to hyperpigmentation seen in solar lentigines [3].

The impact of photoaging depends on UV wavelength, categorized as UVA, UVB, and
UVC. UVA: accelerates collagen hydrolysis, promotes the production of matrix
metalloproteinases (MMPs), which leads to tissue destruction and degeneration of the thermal
extracellular matrix [6, 7]. UVA inhibits the synthesis of hyaluronic acid and therefore
changes the composition of skin proteoglycans [4]. UVB: affects mainly keratinocytes in the
epithelial layer of the skin, inducing DNA damage and mutations in keratinocytes, release of
cytokines from keratinocytes, and leads cells to aging, inflammation, apoptosis and
carcinogenesis [7, 8].

The following is a classification of photodamage developed by Dr Richard Glogau.
This scale is used by dermatologists and plastic surgeons to determine skin type and choose
therapy (Table 1). [9]

https://stderm.com/glogau-wrinkle-scale/
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Table. 1 - Glogau’s photoaging classification

Type 1 - No wrinkles Early photo-aging
Patient age: 20s to 30s Mild pigment changes
Minimal wrinkles

No “‘age spots”

Type 2 - Wrinkles in motion | Early to moderate photo-aging

Patient age: 30s to 40s Appearance of lines only when face moves
Early brown “age spots”

Skin pores more prominent

Early changes in skin texture

Type 3 — Wrinkles in rest Advanced photo-aging

Patient age: 50s and older Prominent brown pigmentation
Visible brown “age spots”
Prominent, small blood vessels

Wrinkles now present with face at rest

Type 4 — Only wrinkles Severe photo-aging
Patient age: 60s or 70s Wrinkles everywhere, at rest or moving
Yellow-gray skin color

Prior skin cancers

Precancerous skin changes (actinic keratosis)

Other external factors contributing to skin aging include polluted air, cigarette smoke,
dietary habits, temperature, stress, lack of sleep, physical activity, and overall lifestyle.
External aging depends on the intensity and duration of environmental exposure as well as the
type of skin.

The epidermis, dermo-epidermal junction, and dermis become thinner over time. The
dermis becomes atrophic, with a reduction in the number of fibroblasts [10]. A decrease in the
surface area of the dermo-epidermal junction leads to increased skin fragility, fewer cells, and
reduced nutrient exchange between the dermis and epidermis, ultimately causing wrinkles.
Slower cellular turnover in the epidermis contributes to delayed wound healing, inefficient
desquamation, and reduced barrier function.

Photoaging is histologically characterized by elastosis, the accumulation of elastin
material below the dermo-epidermal junction. Epidermal atrophy and fragmentation of

collagen and elastic fibers are also consequences of photoaging [11]. Aging affects collagen



by reducing the quantity and diameter of collagen fiber bundles, impairing type I collagen
synthesis, and increasing the proportion of type III collagen [12]. Chronic sun exposure and
aging also decrease the number of Langerhans cells, which have antigen-presenting properties.
This may facilitate the development of skin carcinoma in elderly individuals with sun-
damaged skin [13].

Telomeres, located at the ends of chromosomes, are essential for maintaining
chromosome integrity and controlling the cell cycle. Epithelial stem cells exhibit low
proliferative capacity [14]. UV radiation damages cellular DNA in the skin, accelerating
telomere shortening and contributing to intrinsic cellular aging [15].

With age, melanocyte density decreases by approximately 6—8% per decade in sun-exposed
skin compared to non-exposed skin. This explains the general increase in pigmentation
observed during aging [16].

The accumulation of AGEs, which result from excess sugar binding to proteins,
significantly impacts skin aging. AGEs are products that are formed after the combination of
excess sugar and protein formed as a result of synthesis in the body and food consumption.
AGEs accumulate in the skin, particularly in sun-exposed areas, affecting protein function in
the dermis and accelerating skin aging [17, 18].

Chronic UV radiation causes oxidative stress in cells, leading to damage, lipid
oxidation, and ultimately inflammation. When the extent of inflammation surpasses
macrophages' clearing capacity, they begin secreting pro-inflammatory factors and reactive
oxygen species (ROS), exacerbating cellular damage [19, 20].

The only proven ways to prevent photoaging are avoiding sun exposure and using
sunscreens. Retinoids are effective in suppressing collagenase synthesis and promoting
collagen production. Antioxidants, such as vitamins E and C, coenzyme Q10, glutathione,
alpha-lipoic acid, and others, help neutralize free radicals, reducing signs of aging. Other
methods, including stem cell transplantation, hormone therapy, and telomerase modification,
have been explored in medical research. However, some of these approaches come with
significant drawbacks. For instance, hormone therapy increases the risk of breast cancer.
Therefore, the most acceptable strategy for improving skin health is adhering to a balanced

diet and engaging in moderate physical activity [20].



The impact of nutrition on skin health

Nutrition forms the foundation of human vitality, providing essential nutrients for
growth, proper functioning, and energy. In developed Western countries, vitamin,
microelement, and protein deficiencies are rare. However, unbalanced or inadequate nutrition
can lead to diseases, aging, and adverse effects on skin health [21].

Role of specific nutritional elements

Water is essential for maintaining tissue function and balance. It acts as a nutrient,
solvent, transporter, body volume maintainer, and regulator of body temperature. Its role in
preventing diet-related non-communicable diseases has gained attention, as populations
increasingly replace water with sugary, calorie-rich beverages. Adults can regulate their water
balance more effectively than young children and the elderly, who are at higher risk of
dehydration [22, 23].

Proper hydration is crucial for healthy skin function, particularly the outermost layer,
the stratum corneum. Water influences its maturation and desquamation. Increased
transepidermal water loss disrupts enzymatic functions necessary for normal skin shedding,
leading to dry, flaky skin [24]. Restoring water balance is a key step toward maintaining
healthy skin.

Proteins are vital components of all tissues and organs. They build and repair tissues,
mediate physiological functions, and supply energy. Adequate protein intake supports tissue
renewal, including the skin. Protein deficiency or excess can result in metabolic disorders and
impact physical health [25]. Studies show that sufficient protein intake aids in healing pressure
ulcers in rats, whereas protein deficiency or excess hinders wound healing. Dietary protein
supplements enhance cellular protein synthesis and metabolism [26].

Hypovitaminosis. Skin-related antioxidant vitamins primarily come from food,
making dietary vitamin content closely linked to skin's physiological functions.

Active metabolites of vitamin D3 (D3) and lumisterol (L3) exhibit anti-aging and
photoprotective effects. These include anti-inflammatory properties, keratinocyte
proliferation regulation, differentiation programs for forming the epidermal barrier, and
antioxidant responses. They suppress DNA damage, induce repair mechanisms, and mitigate
premature aging and carcinogenesis [27]. Vitamin D deficiency negates these protective
effects. Vitamin C deficiency manifests as scurvy, tender skin, and impaired wound healing

[28].



Other micronutrients that are closely related to the skin and its physiological and
biochemical processes are: iron, iodine, zinc, copper [29]. They are associated with skin
immunity, inflammatory processes, and the homeostasis of some of these trace elements can
play an important role in the treatment of skin diseases, such as psoriasis [30].

Copper supports extracellular matrix formation, protein stabilization, and angiogenesis.
Studies show copper improves skin elasticity, reduces fine lines and wrinkles, and enhances
wound healing [31].

Iron acts as a biooxidation catalyst. Studies have shown that the skin is a cellular store
of iron; under the influence of UV radiation, the iron content in the skin cells of
postmenopausal women increases rapidly, reducing the antioxidant capacity and leading to
accelerated skin aging [32, 33].

Selenium deficiency in the diet reduces the antioxidant function of the skin of mice
exposed to UV radiation, and this leads to skin sensitivity, greater vulnerability to oxidative
stress [34]. Selenoproteins, proteins containing selenium in the form of the aminoacid
selenocysteine, have also been found to be important antioxidants in the skin and play a role
in the growth and viability of keratinocytes [35].

Diets high in fat slow skin healing, exacerbate oxidative stress, and trigger
inflammatory reactions. Excessive dietary fats can also cause skin morphology changes and
disrupt matrix remodeling [36].

So, first of all, a balanced diet, correction of deficiencies, and maintenance of the

body's water balance are the first steps towards healthy skin and slowing down its aging.

Sugar, glycation and their effects on skin condition

Due to a lack of a balanced diet, poor eating habits, lack of sleep, stress and other
individual factors, people feel a constant urge to eat something sweet. There are two reasons
why this happens. The first one is psychological: sweets reward us and give us a quick brain
satisfaction, which is what we really want during times of stress. The second is that the
sensation of sweetness changes with its consumption: if you consume more, you will feel less
of a taste and then you will want more stimulus. [37].

Among the many mechanisms believed to underlie the aging process, glycation has
become one of the most studied processes. Glycation is a non-enzymatic reaction of proteins,
including collagen and elastin, lipids and nucleic acids, which covalently bind to sugar

molecules, usually glucose or fructose. Thus, after binding, proteins and lipids lose their

10



functionality, and this process is called ‘sweet old age’. The lack of enzymatic mediation is
the key difference between glycation and glycosylation. Glycation occurs at random
molecular sites and usually results in the inhibition of the target molecule's ability to function.
The products that result from glycation are called advanced glycation end products (AGEs)
[38].

It has been found that dermal glycation usually occurs after the age of 35 and then
rapidly increases with intrinsic aging. An increase in glycation has been observed under the
influence of solar radiation [39]. If you abuse the amount of simple sugars and carbohydrates,
consuming them in large quantities or too often, or the body cannot cope with too high
glycaemic peaks, protein glycation begins.

AGE:s are pro-inflammatory molecules and are involved in the development of many
pathologies, including diabetic complications, atherosclerosis, end-stage renal disease, and
chronic obstructive pulmonary disease [40]. Glycation is more common in old skin and leads

to structural, morphological and functional changes in the skin (Fig. 1). [41]

O Reducing sugar

| °
S

»

Glycation reaction
=S

Dermis proteins collagen and elastin Cross-linked collagen bundles,
AGE (advanced glycation end products)

Fig 1. Glycation process https://mibellebiochemistry.com/not-so-sweet-process-glycation

AGESs comprise a heterogeneous group of molecules, the first and most famous AGE
described was glycated haemoglobin (haemoglobin A1C), which is now widely used in the
diagnosis of diabetes and glycaemic control. However, the most common AGE in the human
body is carboxymethyllysine (CML). In the skin, CML is found in normal epidermis, old and
diabetic dermis, and it has been shown that diabetes is characterised by accelerated chemical
aging of long-lived tissue proteins and photoaging with actinic elastosis [42, 43, 44].

Glycation affects the extracellular matrix proteins elastin and fibronectin, which further
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exacerbates dermal dysfunction, as cross-linked collagen, elastin, and fibronectin cannot be
restored like their primary analogues [45,46].

Other AGEs that have been found in the skin include pentosidine, glyoxal,
methylglyoxal, glucosepane, fructoselysine, carboxyethyl-lysine, glyoxal-lysine dimer, and
methylglyoxal-lysine dimer. [47].

More than half a century ago, it was discovered that blood and skin sugar levels
decrease with a low-sugar diet. It is now clear that food, as a source of monosaccharides,
which in large quantities affect increased production of AGEs (Advanced Glycation End
Products) in the body [48, 49].

An interesting discovery was that AGE consumption is not only linked to the sugar
content in food but also to cooking methods. Grilling, frying, and deep-frying significantly
increase the AGE levels in food. Such cooking methods often enhance flavor and impart an
appealing brown color to the food. Effective strategies to limit AGE formation include
avoiding foods like donuts, fried meats, and dark-colored soft drinks. Cooking methods
involving water, such as boiling and steaming, result in lower AGE production [50]. A low-
AGE diet correlates with reduced biomarkers of inflammation (TNF-a, IL-6, CRP) in diabetic
patients, improved wound healing, and other benefits observed in diabetic mice [51].
Interestingly, the relatively youthful appearance of elderly Asian populations has been linked
to their characteristic water-based cooking methods, which are common in Asian cuisine.

Another noteworthy finding is that certain culinary herbs and spices can suppress
endogenous AGE production. These include cinnamon, cloves, oregano, and allspice. Other
dietary compounds shown to inhibit AGE formation in in vitro studies and animal models
include ginger, garlic, a-lipoic acid, carnitine, taurine, carnosine, flavonoids, benfotiamine, a-
tocopherol, niacinamide, pyridoxal, sodium selenite, selenium-enriched yeast, riboflavin, zinc,
and manganese [50-52].

Since active oxygen species contribute to glycation, antioxidants are thought to be
effective in limiting new AGE production. In one human study, AGE-targeted therapy using
L-carnitine over six months successfully reduced skin AGE levels in patients undergoing

hemodialysis [53].

Conclusions

Many exogenous factors affect skin health, accelerating aging, causing skin diseases,

and even contributing to carcinogenesis. Among these, solar radiation and diet are the most
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significant, as reviewed in this article. The effectiveness of sun protection using sunscreen and
limiting sun exposure is well-established as a foundation for daily routines, particularly during
summer. This not only prevents skin aging but also reduces the risk of skin cancer.
Maintaining a balanced diet with sufficient antioxidants and minimizing free sugars and
carbohydrates is crucial to reducing AGE production in the skin.

In summary, the most effective strategy to slow the overall aging process of the skin
is a balanced diet and limiting UV exposure to counteract AGEs accumulation in the human

body.
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