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A B S T R A C T

Acne is a common dermatological condition in adolescents, primarily influenced by hormonal changes, increased sebum production, and bacterial colonization,
particularly Cutibacterium acnes (C. acnes). Recent research suggests that probiotics may offer a promising therapeutic approach by modulating skin microbiota,
reducing inflammation, and enhancing the skin barrier. Probiotics such as Streptococcus salivarius, Lactococcus sp. HY449, and Streptococcus thermophiles have
demonstrated antimicrobial activity against C. acnes through the production of bacteriocins and the promotion of ceramide synthesis, which strengthens the skin
barrier and reduces irritation. Additionally, probiotics may regulate insulin-like growth factor-1 (IGF-1), a hormone implicated in acne development, particularly
in individuals consuming high-glycemic diets. Clinical and in vitro studies indicate that topical and oral probiotics can help restore microbial balance, mitigate
inflammation, and improve acne severity. This review explores the mechanisms by which probiotics influence acne pathophysiology and their potential role as a
complementary or alternative therapy for adolescent acne management. Further research is needed to establish standardized probiotic strains, dosages, and
treatment protocols for optimal therapeutic outcomes.
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1. INTRODUCTION

More than 80% of teens and young adults suffer from acne (Mosaico et al., 2022) Based on epidemiological studies, acne is most commonly
experienced by adolescents after puberty, with boys more often affected, especially in more severe forms (Tan & Bhate, 2015; Zaenglein et al., 2016)
The impact of acne vulgaris on psychology is very significant, characterized by an increased risk of experiencing insomnia, depression, anxiety, as well
as impaired concentration and hyperactivity (Trivedi et al., 2018).

Acne vulgaris is a chronic inflammatory disease that is common in the pylobasea unit. This condition is usually characterized by the appearance of
papules, pustules, or nodules, especially in the facial area, but can also be present on the upper arms, body, and back. Generally, this disorder is
triggered during adolescence by Cutibacterium acnes, a species of bacteria that influences dehydroepiandrosterone levels(Sutaria AH, 2025).

Acne vulgaris is a chronic disease that requires long-term treatment to achieve optimal results. One of the main challenges in treatment is patient
adherence, especially to topical therapies, due to side effects as well as long treatment durations. Non-compliance in undergoing therapy can lead to
acne recurrence, patient dissatisfaction, and increased medical care costs (Sevimli Dikicier, 2019)

Many new therapies are proposed for acne pathogenesis including sebum-suppressing and anti-inflammatory phytochemicals and also laser therapy.
However, research interest in probiotics has increased in the medical field in the last 20 years (Trivedi et al., 2018) Several studies have proven the role
of the microbiome in human health with a focus on oral and topical probiotics can be used in the prevention and treatment of skin diseases (Yu et al.,
2020), so in the near future, it is possible that therapy for P. acnes and acne vulgaris may include probiotics as the gold standard (Mosaico et al., 2022).

2. LITERATURE REVIEW

2.1 Prevalence studies

Acne vulgaris has a prevalence of 9.4% and is included in the eight most common diseases in the world. About 85% of adolescents aged 12–15 years
experience this condition and every year, the number of people with acne vulgaris continues to grow. According to a survey on the epidemiological
characteristics of adolescent acne in Northeast China, the total prevalence of adolescent acne is 51.30% (52.74% in men, 49.65% in women) (Wang et
al., 2022)
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2.2 Factors that affect the onset of acne

The main factors that play a role in the development of acne include hyperkeratinization of follicles, colonization of microbes by Propionibacterium
acnes, increased sebum production, and complex inflammatory mechanisms involving innate and acquired immunity. In 2014, Kistowska et al.
reported that P. acnes triggers inflammation through IL-1β and NLRP3 inflammasome-driven pathways of myeloid cells. In addition, research shows
that neuroendocrine regulation, diet, and genetic and non-genetic factors also contribute to the multifactorial process of acne pathogenesis (Zaenglein et
al., 2016) . Androgens play an important role in the production and excretion of sebum. This further contributes to the formation of acne lesions.
Moisturizers and cosmetics can also cause or worsen acne vulgaris cases (Gollnick et al., 2016). Acne vulgaris is closely related to diet. The three main
food groups that can trigger acne include: 1) carbohydrates with a high glycemic index, 2) milk and its processed products, and 3) saturated fats,
including trans fats and an unbalanced intake of omega-3 polyunsaturated fatty acids (PUFAs). Insulin signaling and insulin-like growth factor (IGF-1)
triggered by diet are further amplified by increased IGF-1 levels during puberty, which then leads to nutrigenomic disturbances in the balance of the
sebaceous glands (Melnik, 2015).

2.3 Probiotics

Probiotics are live microorganisms that provide benefits to their hosts when consumed in adequate amounts, with a high level of safety. Although
initially widely researched for their impact on the digestive system, probiotics have a wider range of applications, as explained in the gut-skin-brain
axis theory that has been put forward since 80 years ago. The most common types of bacteria used as probiotics are Lactobacilli (L.) and Bifidobacteria,
but combinations with other microorganisms, such as Gram-positive cocci, bacilli, yeast, and Escherichia coli, have also been applied. Probiotic
products are available in a variety of forms, including powders, tablets, beverages, and fermented dairy products (Fuchs-Tarlovsky et al., 2016;
Gasbarrini et al., 2016) . Topical probiotics have also been used to maintain healthy skin since the early 20th century, and in the last decade there has
been a dramatic increase in commercially available topical probiotics (Gao et al., 2023).

3. RESULT

Effects of Probiotics on Acne Vulgaris

Skin barrier dysfunction is a common side effect of various acne medications, including topical retinoids and benzoyl peroxide. The use of these
medications can cause irritation, burning sensation, and dryness, potentially reducing the patient's adherence to the acne treatment regimen (Kober &
Bowe, 2015). Topical and oral antibiotics have long been the main treatment for acne. However, Cutibacterium acnes resistance to antibiotics continues
to increase over time and is a global problem for patients with acne. Higher levels of resistance were reported in clindamycin (lincosamide) of 36–90%
and erythromycin (macrolides) of 21–98%, compared to tetracyclines, which had lower resistance levels, at about 4–16% (Sardana et al., 2016)

Research shows a link between diet and skin condition. Consumption of foods high in fat and sugar can disrupt the balance between pathogenic and
commensal microorganisms, which then triggers inflammation, including inflammation of the skin. In addition, stress also has an impact on the balance
of the skin's microbiota, characterized by changes in the population of microorganisms such as Lactobacillus and Bifidobacterium, which are very
sensitive to physiological changes in the body. Under stressful conditions, these microorganisms produce compounds that can trigger inflammatory
signals in the body (Vaughn et al., 2017)

In the 1960s, Dr. Robert H. Siver conducted the first clinical trial to assess the effects of probiotics on acne. He examined the effects of commercial oral
probiotics (Lactinex, which contains Lactobacillus acidophilus and Lactobacillus bulgaricus) on 300 patients. Although the method used was
unconventional—i.e. eight days of probiotic consumption, followed by a two-week pause before repeating—the results showed that 80% of patients
experienced improvement, especially in inflammatory lesions (Bowe et al., 2014)

A study by Deng et al. (2018) showed that patients with acne had lower gut microbiota diversity as well as a higher ratio of Bacteroidetes to
Firmicutes, a characteristic often associated with Western-style diets. In addition, research conducted by Yan et al. (2018) found that acne patients had
reduced amounts of Lactobacillus, Bifidobacterium, Butyricicoccus, Coprobacillus, and Allobaculum compared to the control group. These findings
provide new insights into the relationship between acne and changes in the composition of the intestinal flora. Manzhalii et al. (2016) A study of 57
patients with papulopustular acne vulgaris who underwent an intervention in the form of taking a probiotic supplement containing Escherichia coli
Nissle every day for one month. The results showed that 89% of patients experienced significant improvement to total recovery of skin lesions. Two
clinical trials have evaluated the effects of topical probiotics on acne. Two clinical trials have also been conducted, in the first clinical trial, a lotion
containing Enterococcus faecalis was applied to the face for eight weeks, showing a 50% reduction in inflammatory lesions compared to the placebo
group (Kang et al., 2009)

4. DISCUSSION

Acne usually appears along with the development of puberty and increased sebum production. Therefore, this condition is more common in adolescents
and is rarely found in prepubescent children. After passing adolescence, the prevalence of acne tends to decrease, although some adults still experience
this problem. In fact, up to 43% of individuals who experience acne as a teenager continue to experience it until the age of 30–40 years (Sánchez-
Pellicer et al., 2022).
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The balance of the skin microbiome is an important element in maintaining the skin's immune system. Imbalances in species composition, interactions
between microorganisms, as well as their relationship with other parts of the body can trigger pathological changes that not only impact the skin. The
dominant bacteria in the skin are commensal and, along with immune cells and keratinized skin cells that change every four weeks, play a role in
maintaining the skin's immune barrier function. Dysbiosis, which is a disturbance of the balance of the normal microbiome, can be triggered by various
internal and external stress factors. Efforts to overcome dysbiosis and restore the balance of the skin's microbiota include the use of probiotics and
prebiotics. Some of the conditions related to skin microbiome disorders include acne, atopic dermatitis, and dandruff (Skowron et al., 2021). One of the
most recognizable bacteria is Cutibacterium acnes (C. acnes), which begins to dominate from puberty and tends to develop in areas of the skin with
high sebum production. Currently, C. acnes is considered to play an important role in maintaining the balance and function of the epidermis. Despite
being an essential commensal bacteria, C. acnes can act as an opportunistic pathogen during puberty due to microbiota imbalances, contributing to the
pathogenesis of inflammatory skin diseases such as acne vulgaris (Bolla et al., 2020)

A growing body of evidence suggests that probiotics can affect pathophysiological factors that play a role in the development of acne, potentially
increasing patient adherence to treatment (Kober & Bowe, 2015). Probiotics directly inhibit the growth of C. acnes through the production of
antimicrobial proteins. In vitro studies show that Streptococcus salivarius can suppress C. acnes by releasing inhibitory substances such as bacteriocin.
Similarly, the strain of Lactococcus sp. HY449 inhibits C. acnes through the secretion of bacteriocin. In addition, the topical use of probiotics can
improve the skin's barrier function while increasing the production of antimicrobial peptides. For example, Streptococcus thermophiles have been
shown to be able to increase ceramide synthesis, both in vitro and in vivo studies, when applied in cream form for one week. Ceramide not only plays a
role in keeping the skin moisturized, but it also has antimicrobial properties against C. acnes, especially in certain forms of sphingolipids such as
phytosphingosine, which help improve acne conditions. By increasing the production of ceramides, probiotics contribute to strengthening the skin's
protective layer, which can help reduce irritation resulting from the use of topical agents. (Lee et al., 2019) In addition, insulin-like growth factor 1
(IGF-1) is thought to play a role in the development of acne. Consumption of foods high in milk and carbohydrates is associated with an increased risk
of acne, possibly because it increases IGF-1 levels, in adolescents who are experiencing an increase in IGF-1, they will experience an even higher
increase in IGF-1 levels (Melnik, 2015). However, the addition of Lactobacillus to fermented milk has been shown to lower IGF-1 levels by up to four
times compared to unfermented skimmed milk. Therefore, probiotics have the potential to help treat acne by regulating IGF-1 levels (Lee et al., 2019).

5. CONCLUSIONS

Acne usually appears along with the development of puberty and increased sebum production. Therefore, this condition is more common in adolescents
and is rarely found in prepubescent children. After passing adolescence, the prevalence of acne tends to decrease, although some adults still experience
this problem. In fact, up to 43% of individuals who experience acne as a teenager continue to experience it until the age of 30–40 years (Sánchez-
Pellicer et al., 2022).

The balance of the skin microbiome is an important element in maintaining the skin's immune system. Imbalances in species composition, interactions
between microorganisms, as well as their relationship with other parts of the body can trigger pathological changes that not only impact the skin. The
dominant bacteria in the skin are commensal and, along with immune cells and keratinized skin cells that change every four weeks, play a role in
maintaining the skin's immune barrier function. Dysbiosis, which is a disturbance of the balance of the normal microbiome, can be triggered by various
internal and external stress factors. Efforts to overcome dysbiosis and restore the balance of the skin's microbiota include the use of probiotics and
prebiotics. Some of the conditions related to skin microbiome disorders include acne, atopic dermatitis, and dandruff (Skowron et al., 2021). One of the
most recognizable bacteria is Cutibacterium acnes (C. acnes), which begins to dominate from puberty and tends to develop in areas of the skin with
high sebum production. Currently, C. acnes is considered to play an important role in maintaining the balance and function of the epidermis. Despite
being an essential commensal bacteria, C. acnes can act as an opportunistic pathogen during puberty due to microbiota imbalances, contributing to the
pathogenesis of inflammatory skin diseases such as acne vulgaris (Bolla et al., 2020)

A growing body of evidence suggests that probiotics can affect pathophysiological factors that play a role in the development of acne, potentially
increasing patient adherence to treatment (Kober & Bowe, 2015). Probiotics directly inhibit the growth of C. acnes through the production of
antimicrobial proteins. In vitro studies show that Streptococcus salivarius can suppress C. acnes by releasing inhibitory substances such as bacteriocin.
Similarly, the strain of Lactococcus sp. HY449 inhibits C. acnes through the secretion of bacteriocin. In addition, the topical use of probiotics can
improve the skin's barrier function while increasing the production of antimicrobial peptides. For example, Streptococcus thermophiles have been
shown to be able to increase ceramide synthesis, both in vitro and in vivo studies, when applied in cream form for one week. Ceramide not only plays a
role in keeping the skin moisturized, but it also has antimicrobial properties against C. acnes, especially in certain forms of sphingolipids such as
phytosphingosine, which help improve acne conditions. By increasing the production of ceramides, probiotics contribute to strengthening the skin's
protective layer, which cahelp reduce irritation resulting from the use of topical agents.(Lee et al., 2019) In addition, insulin-like growth factor 1 (IGF-1)
is thought to play a role in the development of acne. Consumption of foods high in milk and carbohydrates is associated with an increased risk of acne,
possibly because it increases IGF-1 levels, in adolescents who are experiencing an increase in IGF-1, they will experience an even higher increase in
IGF-1 levels (Melnik, 2015) . However, the addition of Lactobacillus to fermented milk has been shown to lower IGF-1 levels by up to four times
compared to unfermented skimmed milk. Therefore, probiotics have the potential to help treat acne by regulating IGF-1 levels (Lee et al., 2019).
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