
 

Exploring the Nexus of Microbiota, Aging, and Skin Health: A 

Comprehensive Review on Probiotic and Its Topical 

Applications 

 
Faris Dary Utamaa, Damayantib*, Atikac, Afif Nurul Hidayatib 

aMedical Study Program, Faculty of Medicine Universitas Airlangga, Dr. Soetomo General 
Academic Hospital, Surabaya, Indonesia.  

b Department of Dermatology and Venereology, Faculty of Medicine Universitas Airlangga, Dr. 
Soetomo General Academic Hospital, Surabaya, Indonesia. 

 c Department of Public Health Sciences - Preventive Medicine, Faculty of Medicine Universitas 
Airlangga, Surabaya, Indonesia. 

* Corresponding author: damayanti@fk.unair.ac.id 

 

Abstract 

The human microbiome, a unique entity in mammals, hosts a diverse ecosystem on the skin, playing a pivotal role in 

maintaining homeostasis. Key bacterial phylum, including Firmicutes, Actinobacteria, Bacteroides, and Proteobacteria, 

are prevalent on the skin, with dynamic variations observed across different life stages. Notably, dysbiosis in the skin 

microbiome has been associated with chronic skin disorders such as dermatitis atopic and psoriasis. This literature review 

delves into the intricate interplay between microbiota, aging, and skin health, with a particular focus on the role of 

probiotics and their topical applications. In the aging process, significant shifts in the skin microbiome occur, with 

changes in bacterial density and diversity. Metagenomic studies reveal distinctions between young and old skin, 

suggesting implications for overall skin health. Furthermore, the review explores the unique crosstalk between the gut and 

skin microbiomes, emphasizing the gut-skin axis. This two-way communication pathway underscores the vulnerability of 

the balance system as age progresses, contributing to skin dysfunction. The literature extensively covers various probiotic 

strains, predominantly Bifidobacterium and Lactobacillus, commonly found in probiotic products. Topical probiotics have 

proven effective in addressing skin issues like acne, atopic dermatitis, and rosacea. The historical use of topical 

bacteriotherapy, dating back to 1912, is highlighted, showcasing its potential in treating skin diseases. The review 

concludes by emphasizing the therapeutic potential of probiotics topical in skincare, presenting a comprehensive overview 

of their impact on aging and skin health. 
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1. Introduction 

The relationship between microbiota, aging, and skin health has become a focal point in scientific inquiry, 

with probiotics emerging as key players in this dynamic interplay. The human microbiome, an ecosystem of 

microorganisms residing on and within the body, is particularly unique in its manifestation on the skin. 

Comprising an array of bacteria, viruses, and fungi, the skin microbiome plays a crucial role in maintaining a 

delicate balance that is integral to overall health. Among the prominent bacterial phylum found on the skin are 

Firmicutes, Actinobacteria, Bacteroides, and Proteobacteria, each contributing to the complex and dynamic 

nature of the skin's microbial inhabitants (Boyajian et al., 2021). 
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Throughout the life course, the skin undergoes significant changes in its microbiome, a phenomenon that is 

closely tied to the aging process. In the womb, the skin is a sterile environment, but during and immediately 

after birth, it becomes colonized, setting the stage for a dynamic and evolving microbiota. Metagenomic 

studies utilizing RNA 16S sequencing have enabled a deeper understanding of the bacterial populations 

present on the skin. Dysbiosis, characterized by alterations in the skin microbiota, has been implicated in 

various chronic skin conditions, including dermatitis atopic and psoriasis. As individuals age, distinct shifts 

occur in the composition and diversity of the skin microbiome. Notably, during puberty, there is an increase in 

the density of lipophilic bacteria on the skin, corresponding to heightened sebum levels. Conversely, older 

individuals exhibit lower bacterial density, reflecting a more nuanced relationship between the aging process 

and the skin microbiota. Metagenomic analyses have revealed differences in the overall structure of the 

microbiota between young and old skin, with a decrease in Actinobacteria observed in older skin. Despite 

these variations, there is a notable increase in species diversity on older skin, highlighting the complexity of 

the aging-microbiome relationship (Olejniczak-Staruch et al., 2021). 

 

Beyond the skin's surface, an intriguing connection exists between the microbiomes of the gut and the skin, 

known as the gut-skin axis (Olejniczak-Staruch et al., 2021). This two-way communication pathway 

underscores the vulnerability of the balance system, particularly susceptible to disruption as age progresses. 

The hygiene hypothesis posits that excessive cleanliness and antimicrobial practices during childhood may 

interfere with the development of the immune system, including the skin, potentially increasing the risk of 

allergies. Furthermore, skin dysbiosis has been associated with various skin disorders, prompting exploration 

into topical bacteriotherapy as a therapeutic avenue. Historical records dating back to 1912 showcase the 

utilization of topical probiotics, such as Lactobacillus bulgaricus, in addressing conditions like acne vulgaris 

and dermatitis seborrheic (Olejniczak-Staruch et al., 2021). 

 

This literature review aims to comprehensively explore the roles of microbiota, aging, and probiotics in skin 

health. With a particular emphasis on the evolving landscape of the skin microbiome throughout the life 

course and the therapeutic potential of probiotics in addressing age-related skin conditions, this review 

provides a foundation for understanding the complex interplay that governs skin health in the context of 

microbiota and aging. 

2. Review Content 

2.1 Skin Aging 

The process of skin aging is a physiological process that cannot be avoided and is a concern for society due to 

the fact that the skin is the part of the body most frequently exposed to external factors. Skin aging is the first 

thing that is visible when an individual interacts with others, and it greatly affects their quality of life. Skin 

aging in an individual is a combination of intrinsic and extrinsic aging processes (Zahruddin & Damayanti., 

2018). Both intrinsic and extrinsic aging processes result in the same outcome, which is a decrease in the 

skin's physiological function, manifested clinically as skin aging. Extrinsic aging accelerates the appearance 

of these manifestations, while intrinsic aging progresses at a normal, slower pace as a person ages. According 

to the definition, aging is the accumulation of molecular changes that manifest as macroscopic clinical 

alterations. The morphological and biophysical characteristics of the skin are known to change due to 

significant environmental variables. The term "aging variables" refers to various factors that accelerate the 

accumulation of molecular changes, including ultraviolet (UV) radiation, air pollution, injuries, infections, 

trauma, anoxia, cigarette smoke, and hormonal conditions (Cinque et al., 2017). Skin aging is a physiological 

process that primarily affects the elderly. It is characterized by a decrease in skin protection, reduced sebum 

production, and a slow rate of epidermal cell regeneration. Symptoms of skin aging include dry skin, 

hyperpigmentation, loss of firmness, elasticity, and smoothness due to these issues (Nabila et al., 2021). Skin 
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aging is a complex biological issue influenced by a combination of extrinsic and intrinsic factors. The fact that 

healthy and beautiful skin reflects "well-being" and mirrors human "health" has led to the development of 

various anti-aging therapies. The three main structural components of the skin, namely dermis, collagen, 

elastin, and Glycosaminoglycan (GAGs), are the subjects of the majority of anti-aging therapies. Anti-aging 

therapy aims to achieve healthy, smooth, blemish-free, and resilient skin (Ganceviciene et al., 2012). 

 

It is a common knowledge that skin aging is accompanied by increased wrinkles and sagging. However, when 

examining the causes of these changes, it is important to distinguish between the effects of genuine biological 

aging (intrinsic aging) and environmental influences, such as sun exposure (extrinsic aging). Molecular 

changes brought about by photoaging are usually seen as an augmentation and amplification of molecular 

changes caused by skin aging over time (Fisher et al., 2002). Skin aging is a complex process involving 

multiple changes and many molecules in terms of its biochemical and molecular processes (Cinque et al., 

2017). 

 

2.1.1 Factors Influencing Skin Aging 

Skin aging is influenced by two main factors: external factors and internal factors, and these factors interact 

with each other. Internal factors include ethnic influences, hormonal effects, variations in skin anatomy, and 

the suspected role of gene expression affecting the skin's deoxyribonucleic acid (DNA) involved in skin aging 

(Farage et al., 2008; Russell-Goldman and Murphy, 2020). External factors consist of 1) sunlight radiation: 

ultraviolet radiation, visible light, and infrared radiation, 2) air pollution, 3) cigarette smoke, 4) nutrition, and 

5) other miscellaneous factors. These factors collectively affect the structural and physiological changes in 

each layer of the skin, especially in areas exposed to sunlight. Sunlight consists of an electromagnetic 

spectrum with different wavelengths, ranging from short, high-energy ultraviolet (UV) radiation to visible 

light (VL) and long, low-energy infrared radiation. Most of the sunlight spectrum reaches the skin. Ultraviolet 

radiation accounts for 5% of the total sunlight spectrum and is divided into three groups in order of decreasing 

wavelength; ultraviolet C (UVC) (100–280 nm), which does not reach the skin due to ozone filtering, 

ultraviolet B (UVB) (280–315 nm), and ultraviolet A (UVA) (315–400 nm). The UVA group comprises the 

majority of UV radiation that penetrates the skin (Krutmann et al., 2017). 

 

2.2 Clinical Manifestations of Skin Aging 

The intrinsic and extrinsic processes of skin aging together play a role in the occurrence of skin aging in an 

individual. Both intrinsic and extrinsic aging processes have the same ultimate consequence, which is the 

decline in the physiological function of the skin, clinically manifesting as skin aging. While the intrinsic aging 

process occurs more slowly with age, extrinsic aging will contribute to accelerating these manifestations 

(Hwang et al., 2011). Mechanisms involved in intrinsic skin aging include increased free radicals, decreased 

formation of the skin's extracellular matrix, and a reduction in the capacity of skin cells to proliferate (Jenkins, 

2002). Extrinsic skin aging is also referred to as photoaging, primarily caused by UV radiation, and has main 

effects such as DNA damage, inflammatory processes, immunosuppression, and intrinsic aging, leading to 

increased free radicals that reduce synthesis and accelerate damage to the extracellular matrix in the skin 

(Helfrich et al., 2008; Sjerobabski-Masnec and Situm, 2010). 

 

2.3 Antiaging Therapy 

The aging process is an unavoidable biological process. In clinical practice, "looking better" does not 

necessarily mean "looking younger." It is important to educate patients about their expectations regarding 

antiaging therapy, considering various available therapy options. Age, previous procedures or surgeries, 

overall health condition, skin type, lifestyle, and many other factors must be taken into account before 

determining the choice of antiaging therapy. The desired therapeutic effects of antiaging should be 

continuous, gradual, combining various methods of skin bio revitalization and rejuvenation, augmentation, 
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and the restoration of each layer of the skin individually, taking into account other factors such as lifestyle, 

immune system, genetics, emotions, and overall health conditions (Ganceviciene et al., 2012). 

 

2.4 Definition of Probiotics 

Probiotics are microorganisms that provide health benefits to both humans and animals. These 

microorganisms play a crucial role in maintaining the balance of the gut flora and promoting health. The term 

"probiotic" has been in use since 1965, coined by Lilley and Stilwell, who first utilized it. Probiotic 

microorganisms are most commonly found in the genera Lactobacillus and Bifidobacterium, although they 

can also be found in the genera Bacillus, Pediococcus, and yeast (Vandenberghe et al., 2010). Probiotics have 

long been known to have health benefits, initially in the digestive system, but with advancing knowledge, 

their use has expanded to other areas of the body, including the skin. The role of probiotics in modulating the 

immune system involves their participation in the release of regulatory cytokines, which is believed to 

influence skin homeostasis. The potential use of probiotics in dermatology has been extensively studied, such 

as in cases of atopic dermatitis (Wu et al., 2017), psoriasis (Olejniczak-Staruch et al., 2021), and acne (Lee et 

al., 2019). Probiotics are living organisms that can provide beneficial health effects to consumers when 

consumed in sufficient quantities by improving the balance of intestinal microflora upon entering the 

digestive tract (Hill et al., 2014; Nagpal et al., 2018). 

 

2.5 Types of Probiotics 

Most probiotic products consist of one or more strains of Bifidobacterium (adolescentis, animalis, bifidum, 

breve, and longum) and Lactobacillus (acidophilus, casei, fermentum, gasseri, johnsonii, paracasei, 

plantarum, rhamnosus, and salivarius) (Hill et al., 2014). The skin microbiota is a diverse population of 

microorganisms that play a crucial role in innate and adaptive immune responses, as well as serving as a skin 

barrier. The hygiene hypothesis suggests that a lack of pathogen exposure during childhood due to excessive 

cleanliness and antimicrobial use can disrupt the development of the immune system, including the skin, and 

increase the risk of allergies. Skin dysbiosis, changes in skin microbiota, is also associated with several skin 

conditions such as atopic dermatitis, psoriasis, acne vulgaris, and seborrheic dermatitis. Topical 

bacteriotherapy, such as the application of one individual's skin microbiota to another, has been used as a 

treatment for skin diseases since 1912. In this study, the topical application of Lactobacillus bulgaricus 

improved conditions such as acne vulgaris and seborrheic dermatitis on the skin (Lee et al., 2019). Topical 

probiotics have proven to be effective in addressing skin issues such as acne, atopic dermatitis, and rosacea. 

 

2.6 Relationship between Probiotics and Aging 

The human microbiome is a unique entity in mammals. The skin serves as a host to a diverse ecosystem, 

including up to one million bacteria per square centimeter of skin surface, in addition to viruses and fungi. In 

the womb, the skin is sterile and becomes colonized during and immediately after birth. After this initial 

colonization, the microbiome remains dynamic and varies at different stages of life. Metagenomics, 

specifically RNA 16S sequencing, has allowed the characterization of the skin bacterial population. There are 

four main bacterial phylum on the skin: Firmicutes (including Staphylococci), Actinobacteria, Bacteroides, 

and Proteobacteria, with prevalence varying depending on the location on the body. The microbiome flora 

largely functions well and can even play a role in preventing infections through the production of antibacterial 

compounds. Components derived from the microbiome also influence the host's immune system. Research 

indicates that surface components of Staphylococcal cell walls can directly inhibit the host's immune response 

by modulating cytokine release from keratinocytes. Skin microbiome disruptions have also been implicated in 

chronic skin disorders such as atopic dermatitis and psoriasis (Russell-Goldman and Murphy, 2020). 

 

There are significant differences in the skin microbiome between young and old populations. For example, 

during puberty, the density of lipophilic bacteria on the skin increases, corresponding to an increase in sebum 
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levels, and is lower on the skin of older individuals. Metagenomic studies comparing the skin microbiome of 

young and old individuals found that the overall structure of the microbiota differs between the two groups, 

with a decrease in Actinobacteria on older skin. Overall, however, there is an increase in species diversity on 

older skin. Research has found that the increased diversity of the microbiome on older skin is associated with 

oral flora, a pattern also observed in the microbiome of younger patients with atopic dermatitis. The 

interaction between the microbiome, skin, and the immune system represents a more vulnerable balance 

system as age advances (Jugé et al., 2018; Russell-Goldman and Murphy, 2020). 

 

The skin and gut microbiomes have the same purpose and function, acting as the body's main barriers to the 

external environment, and must be maintained in homeostasis. The skin is highly vulnerable to damage due to 

frequent exposure to environmental factors such as air pollution, tobacco smoke, nutrition, and skincare 

products. As a result, premature aging can occur in the skin, accompanied by impaired skin function. 

Disorders in skin health can lead to systemic damage. Disruptions in the permeability of the skin epidermis 

will increase the levels of pro-inflammatory cytokines in serum, such as IL-1 and IL-6. Bacterial microbes 

and their metabolites entering the body's circulation will affect distant organs and tissues, including the skin. 

There is a two-way communication pathway between the gut microbiome and the integumentary system, 

known as the gut-skin axis. Increased gut permeability due to dysbiosis leads to the accumulation of bacterial 

metabolites (such as phenol from aromatic amino acids) on the skin and disturbances in epidermal 

differentiation and skin integrity. Some aged cells typically accumulate on the skin, triggering inflammation 

through Senescence-Associated Secretory Phenotypes (SASP) and contributing to various types of skin 

dysfunction. The unique crosstalk between the gut and skin provides an opportunity to target old skin cells 

with the hope of resolving skin disorders (Boyajian et al., 2021). 

3. Conclusion 

In conclusion, this literature review highlights the association between microbiota, aging, and skin health, 
emphasizing the dynamic nature of the skin microbiome. The shifts observed in microbial composition during 
aging, coupled with the unique interplay between the gut and skin microbiomes, underscore the vulnerability 
of the skin's balance system. Probiotics, particularly in topical applications, emerge as promising therapeutic 
agents in addressing age-related skin conditions, as evidenced by historical practices and contemporary 
research. Understanding these complexities offers valuable insights for future skincare interventions, with the 
potential to enhance skin health and mitigate the impact of aging on the skin microbiome. 
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