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Introduction: Numerous factors influence hair health, including genetic predisposition, hormonal changes, stress, nutritional deficiencies, medical conditions, or medications. With the rising interest in maintaining hair health, alternative approaches such as functional cosmetics and food products are gaining attention. Probiotics, health-beneficial live microorganisms, are emerging as potential candidates for improving hair health. Therefore, this study aimed to evaluate the effects and safety of oral intake of Latilactobacillus curvatus LB-P9 on hair health.

Methods: The study was a randomized, double-blind, placebo-controlled clinical trial involving participants (aged 18–60 years old) with mild to moderate hair damage. Participants were randomly assigned to the test (receiving LB-P9 supplements) or control (receiving a placebo) groups, respectively. Efficacy was assessed using measures such as hair luster, elasticity, and participant satisfaction. Safety evaluations comprised physical examinations, vital sign measurements, laboratory tests, and observation of adverse reactions.

Results: Overall, 80 participants were enrolled in the trial. Significant improvements were observed in hair luster, elasticity, and participant satisfaction in the test group compared to the control group. In the test group, the hair luster parameter increased by 1.65 ± 2.30 (LBNT) at 24 weeks (p < 0.001), indicating a 19% improvement over the control group. Subgroup analysis revealed significant improvement in hair luster among females with short hair. Additionally, hair tensile strength, reflecting hair elasticity and participant satisfaction are increased by 10.27 ± 16.40 (gf/mm2) at 24 weeks (p = 0.001) in the test group. The subjective indicator of participant satisfaction, which improves as survey scores decrease, significantly decreased in the test group by −17.81 ± 14.35 points (p < 0.001) after 24 weeks of consuming the test food than before consuming it. No significant adverse reactions were reported, and safety evaluations indicated no adverse effects linked to LB-P9 consumption.

Conclusion: Probiotics, including LB-P9, may serve as an alternative in the management of hair health. The findings of this study support the possible benefits of LB-P9 supplementation in enhancing hair luster and elasticity.
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Introduction

Hair health is a multifaceted concept that encompasses various physical and biochemical properties of the hair shaft and scalp. Healthy hair is not only a key indicator of overall well-being but also a critical factor in an individual’s self-esteem and social interactions. The concept of hair health extends beyond esthetic appeal, as it reflects the condition of the scalp, the integrity of the hair fibers, and the balance of moisture, proteins, and lipids within the hair (1–3).

Several indicators are commonly used to assess hair health, each reflecting different aspects of hair quality (4–8). Hair luster is one of the most visually apparent indicators of hair health. It refers to the light-reflecting properties of the hair surface, which are influenced by the smoothness of the cuticle layer and the alignment of hair fibers. High luster is associated with well-conditioned hair that has a smooth cuticle, which allows light to reflect evenly. On the contrary, dull hair often indicates damage, dryness, or poor cuticle condition (4, 5). Other factors include hair elasticity, porosity and scalp condition. Hair elasticity is the ability of hair to stretch and return to its original shape without breaking. It is largely dependent on the protein structure of the hair shaft, particularly keratin. Hair porosity refers to the ability to absorb and retain moisture of hair. This characteristic is determined by the condition of the hair cuticle (9, 10). Healthy hair exhibits high luster, good elasticity and porosity reflecting a scalp that is free from dandruff, inflammation, and excessive sebum production. Each of these indicators provides insights into the structural and biochemical integrity of the hair. Understanding these parameters is essential for developing targeted treatments and maintenance routines aimed at preserving or restoring hair health (6–8).

In recent years, interest in functional cosmetics and food products for hair loss has increased, reflecting a growing need for basic hair health improvement. These approaches offer benefits in terms of affordability and safety, leading to an increase in demand. Consequently, various natural and herbal products are increasingly utilized for hair loss and health in local and international markets. Researchers are exploring alternative treatments, particularly the potential therapeutic efficacy of natural products, focusing on their underlying mechanisms of action and identifying their actual side effects. Continuous studies are necessary to determine the effectiveness of these treatments as viable therapeutic options (11–13).

Probiotics are being proposed as alternative treatment strategies for promoting healthy hair (14, 15). These live microorganisms are known to provide health benefits to the host, and their use for maintaining overall health and well-being is increasing globally. Despite conflicting clinical outcomes for various probiotic strains and formulations, their popularity continues to grow (16, 17). Many studies are currently exploring whether specific probiotics can induce changes in human physiological parameters, with a specific focus on tissues or organs (18–21). This association is often linked to the gut-specific organ axis. Recent research on the gut-brain-skin axis suggests that probiotics may influence skin inflammation, hair cycling, and growth (18–21). Therefore, this study aims to evaluate the effects and safety of orally consumed Latilactobacillus curvatus LB-P9—a functional ingredient developed for use in healthy functional foods—regarding its impact on hair health. The strain used in this clinical study was selected through a screening process in our preclinical research, which identified strains that increase the expression of hair growth-inducing genes such as vascular endothelial growth factor (VEGF), fibroblast growth factor 7 (FGF-7), and insulin-like growth factor-1 (IGF-1).



Methods


Study design

This study was designed as a randomized, double-blind, placebo-controlled clinical trial. Participants were aged 18–60 years old with mild to moderate hair damage and no underlying scalp conditions or hair loss disease. The inclusion criteria for hair luster were specifically clarified as follows: participants had hair luster scores of 1, 2, or 3 points, based on a five-grade visual assessment classification method (1 point for lusterless, 2 points for somewhat lusterless, 3 points for intermediate, 4 points for somewhat lustrous, and 5 points for lustrous) (7). The degree of hair damage was assessed through a separate total hair damage scare based on exposure to risk factors. After checking the frequency of hair damage behaviors and summing up the corresponding scores, the degree of hair damage was assessed as mild (less than 7 points), moderate (7 or more, but less than 18 points), and severe (18 points or more) (Supplementary Table 1) (8).

The inclusion criteria were individuals who did not use any special hair products or treatments during the study period, agreed to maintain the same hairstyle and length, and had hair length of at least 8 cm long measured from the top of the scalp. The exclusion criteria included underlying scalp conditions or hair loss disease, acute renal or cardiovascular disease within the past 6 months, uncontrolled hypertension, diabetes, hyperthyroidism or hypothyroidism, chronic kidney failure, and severe gastrointestinal symptoms, including lactose intolerance. Individuals were excluded if their serum creatinine, AST, or ALT levels exceeded twice the upper limit of normal for the research institution at screening. The exclusion criteria also included individuals who were administered oral dutasteride or finasteride in the past 6 months, applied topical hair loss treatments or growth stimulants within the past month, or consumed functional health supplements related to hair health improvement within the past 3 months.

Those who agreed to participate in the study by providing written informed consent, meeting the inclusion criteria, and did not meet the exclusion criteria were randomly assigned to the test or control group in a 1:1 ratio. Randomly assigned participants received test or control supplements, and their daily consumption was recorded according to the specified method. Concurrent use of health supplements or medications that were deemed not to affect the study was permitted during the study period. During the study period, participants were instructed to refrain from using hair products recognized by the Ministry of Food and Drug Safety for alleviating hair loss symptoms such as shampoo, conditioner, and scalp essence. Participants were instructed to only use shampoo and conditioner, limiting hair washing to no more than twice a day. Additionally, participants were advised not to undergo any hair treatments that provide nourishment to the hair, such as hair dyeing, bleaching, perming, or hairstyling using a flat iron during the study period.

The study protocol was approved by the Institutional Review Board of P&K Skin Research Center under reception number P2211-3738, and written informed consent was obtained from all participants after a full explanation of the risks and benefits of the procedure. This trial was registered in the International Clinical Trials Registry Platform of the WHO with the following identification number: KCT0009499.



Supplements

The probiotics used in this study were L. curvatus LB-P9, originally isolated from Kimchi. The investigational product contained LB-P9 (60 mg) as the main ingredient and microcrystalline cellulose, lactose, magnesium stearate and silicon dioxide at 400 mg/capsule as excipients. The placebo drug contained microcrystalline cellulose, lactose, magnesium stearate and silicon dioxide as excipients at 400 mg/capsule. The daily intake of LB-P9 in the test group was 5 billion CFU/capsule/day as target dose. The clinical study was conducted with instructions to store the product in a refrigerator. The test and placebo capsules were manufactured to be similar in shape, size, and color. Identical labels were attached to the control and test supplements to ensure double blinding for the participants and the investigators.

All participants were instructed to take the test or control supplement once daily, in the evening after a meal, with water, for 24 weeks. It was designed to enhance participant compliance during the human application trial by scheduling the intake during the evening. The compliance rate was calculated as the percentage of the number of times the participants actually consumed divided by the number of times they were supposed to consume during the study period. Investigators determined the compliance rate by referencing the remaining supplements after consumption and reviewing the consumption diary recorded by the participants. Participants were considered compliant if they consumed ≥80% of the total prescribed dosage of the test product. Those who consumed the supplements inconsistently (with a compliance rate of <80%) or missed consumption for >5 consecutive days were excluded from the study.



Target number of participants

The study hypothesizes that the use of LB-P9 will improve hair health. Therefore, a primary comparison will be conducted between the control group and the test group (LB-P9). Since there are no existing human trials for the test substance, we used data from studies on shampoo and hair tonic, which primarily contain natural extracts, to estimate the number of subjects (22). In the study using natural extracts shampoo and hair tonic over 6 weeks, hair luster increased from 4.04 to 5.24 in the test group, with no control group established. It is expected that the intake of the test supplements, LB-P9 will show similar results, estimating an improvement of 1.20 compared to the control group. The standard deviation of 1.67 after product use, as reported in the reference literature, was adopted as the common standard deviation. The significance level was set at 0.05 (two-sided) and the power at 80%. As a result of calculating the number of participants using G*Power (ver. 3.1.9.4), it was calculated to be 32 per group and a total of 64. After considering the dropout rate of 20%, the number of participants was calculated to be 40 per group and a total of 80.



Efficacy evaluation

Efficacy assessment was conducted at 12 and 24 weeks after oral supplement intake. All efficacy evaluations were conducted by blinded investigators or blinded participants. The primary efficacy endpoint was the change in hair luster parameter (LBNT) measured at week 24 using a luster measurement device called SAMBA (Bossa Nova Technologies, USA). SAMBA utilizes a dual-polarized imaging system to quantify parameters such as luster, color, and hair image. Its components include a polarization color camera, polarized illumination, and a cylindrical mount. It applies the principle of measuring the physical characteristics of hair samples by simultaneously measuring the angle of light reflected by each hair fiber when light is projected onto the hair. When sampling hair for luster measurement using the SAMBA device, we maintained the indoor temperature at 22 ± 2°C and humidity at 50 ± 5%. After approximately 2 h of acclimation under these conditions, a hair bundle was selected, and imaging was conducted from three randomly selected areas, obtaining the average value.

The secondary efficacy evaluation variables included changes in hair elasticity (gf/mm2) and subjective satisfaction scores of participants for hair health, assessed using a questionnaire after 24 weeks. For the evaluation of changes in hair elasticity, tensile strength was measured. This involved pulling both ends of the hair at a constant pressure and a speed of 2 cm/min until the hair broke. Three randomly selected areas of the scalp were evaluated for tensile strength using a Universal Testing Machine (Model 4,301, Instron, USA). The average value from at least 10 measurements per area was used. To ensure accurate comparisons of hair breakage, hair samples were consistently taken from the same location in each measurement area for assessment. The questionnaire utilized for subjective satisfaction scores in this study is provided in Supplementary Table 2. Subjective satisfaction scores ranged from 8 points (minimum) to 80 points (maximum), with lower scores indicating a higher level of subjective satisfaction with hair health.



Safety evaluation

At every visit (baseline and after 12 and 24 weeks of oral supplements), safety evaluations were performed. Participants underwent physical examinations and vital sign measurements. Blood tests, including complete blood count, liver, and kidney function tests, serum glucose levels, and serum inflammatory markers, were also conducted.

Investigators observed the hair and scalp of participants for objective signs of irritation, including erythema, edema, and papules or pustules. Subjective sensations reported by participants, including itching, stinging, burning, tingling, and roughness, were evaluated through interviews. Any adverse reactions that occurred during the study period were recorded.



Statistical analysis

Statistical analyses were conducted using SPSS, Version 26.0 (IBM Corporation, Armonk, NY, USA). All statistical significance tests were performed at a significance level of 5%. The normality of continuous variables was assessed using the Shapiro–Wilk test. We analyzed between-group comparisons using the Student’s t-test and Wilcoxon’s rank sum test. We analyzed changes over time using mixed models. We conducted within-group comparisons using paired t-tests and Wilcoxon’s signed rank test. We conducted between-group comparisons using Wilcoxon’s rank sum test for ordinal variables and within-group comparisons using Wilcoxon’s signed rank test. If between-group differences in baseline hair damage scores could affect the evaluation of efficacy endpoints, additional analysis using covariance analysis was performed, considering these differences as a covariate. Subgroup analyses related to sex, hair length, and degree of hair damage were performed separately.




Results


Demographics

Eighty participants were initially enrolled in the clinical trial. After excluding seven dropouts, 36 and 37 participants in the test and control groups completed the trial, respectively. Among the seven dropouts, three withdrew their consent, two did not meet compliance criteria for product consumption, and two violated the selection/exclusion criteria. No statistically significant differences were observed between the baseline characteristics of participants in the test and control groups, indicating homogeneity between the two groups before supplement consumption (Table 1).



TABLE 1 Baseline characteristics of participants.
[image: Table1]



Efficacy evaluation

The primary efficacy parameter, the change in hair luster parameter (LBNT) at 24 weeks compared to baseline, was 0.54 ± 1.87 and 1.65 ± 2.30 in the control and test groups, respectively. The results showed a statistically significant increase (p < 0.001) in hair luster within the test group when comparing pre-consumption and post-consumption of the test supplements. Additionally, a statistically significant increase (p = 0.027) was observed between the test and control group. Hair luster parameter at 24 weeks improved by approximately 19% in the test group compared to the control group. Figure 1 shows the representative images of participants from the test group showing improvement in hair luster.

[image: Figure 1]

FIGURE 1
 The images of hairs of representative participants (A,C,E: Treated of LB-P9 0-week; B,D,F: Treated of LB-P9 24-week).


Subgroup analysis based on sex and hair length was conducted to measure hair luster. The long hair is defined as being 8.0 cm or longer. In the subgroup analysis of females with long hair, the changes in hair luster was not significantly increased after 24 weeks compared to the baseline in the test group (n = 13 0.75 ± 1.56 LBNT, p = 0.106), and there was no significant difference change in hair luster compared to the control group (n = 16, 0.50 ± 2.02 LBNT, p = 0.483). Increasing changes in hair luster were observed after 24 weeks compared to the baseline in the test group, while no significant difference was found in the control group. Among females with short hair, a statistically significant increase in hair luster was observed after 24 weeks compared to baseline in the test group (n = 16, 2.07 ± 2.62 LBNT, p = 0.006), while no significant difference was observed in the control group (n = 14, 0.20 ± 1.72 LBNT, p = 0.673). Furthermore, compared to the control group, the increase in hair luster in the test group at 24 weeks remained statistically significant (p = 0.031). Conversely, in males, the change in hair luster after 24 weeks compared to baseline was statistically significantly increased in the test group (n = 7, 2.34 ± 2.50 LBNT, p = 0.048). However, when compared to the control group (n = 7, 1.31 ± 1.84 LBNT, p = 0.110), this increase was not statistically significant (p = 0.398). Figure 2 shows the details of the subgroup analysis.

[image: Figure 2]

FIGURE 2
 Evaluation of hair health effectiveness after 24 weeks (A ~ C) and subgroup analysis (D ~ F). (A) Change from baseline in hair luster, (B) Change from baseline in hair elasticity, (C) Change from baseline in satisfaction score for hair health. (D) Female with long hair of change from baseline in hair luster (n = 29), (E) Female with short hair of change from baseline in hair luster (n = 30), (F) Male with long and short hair of change from baseline in hair luster (n = 14). The results are presented as means ± SD, *p < 0.05.


Hair tensile strength—an indicator of hair elasticity—increased significantly in the test group by 10.27 ± 16.40 gf/mm2 (p = 0.001) after 24 weeks of consumption than before consumption, while the control group increased by 1.95 ± 15.45 gf/mm2 (p = 0.448). A statistically significant increase was observed in the test group than in the control group (Figure 2B). When comparing the changes in hair tensile strength between groups, the test group showed a statistically significant increase compared to the control group (p = 0.029).

The subjective indicator of participant satisfaction, which improves as survey scores decrease, significantly decreased in the test group by −17.81 ± 14.35 points (p < 0.001) after 24 weeks of consuming the test food than before consuming it. Compared within the groups, the control group experienced a reduction of −10.45 ± 10.49 points (p < 0.001), indicating a statistically significant reduction in both groups (Figure 2C). When comparing the change in satisfaction scores between the groups, the test group showed a statistically significant reduction compared to the control group (p = 0.015). Table 2 details measurements of the efficacy evaluation parameters. In the subgroup analysis, specifically in the group classified with hair damage scores from between 7 and 18 (inclusive), the change in participant satisfaction in the test group was −18.91 ± 14.38 points (p < 0.001), and the change in hair elasticity in the test group was 10.55 ± 16.94 gf/mm2 (p = 0.041). These results were found to be significant when compared between the groups Therefore, the subgroup analysis of change in participant satisfaction according to hair damage scores after 24 weeks indicates that differences between groups with p values less than 0.05 are statistically significant (Supplementary Figure 1).



TABLE 2 Efficacy assessment for hair health (Per Protocol, PP).
[image: Table2]



Safety evaluation

No significant adverse reactions were reported in this clinical trial. Laboratory test results were compared between groups based on changes from baseline, and no significant differences were observed in the changes of evaluation variables between groups. Furthermore, no abnormal findings were observed in the individual results of participants. During the medical history and physical examination of participants, no specific adverse reactions or abnormal cases were observed. No dropouts owing to adverse reactions were reported throughout the study (Figure 3).

[image: Figure 3]

FIGURE 3
 Clinical trial flowchart.


Regarding objective signs observed by the investigator, only one participant in the control group exhibited papules at 12 weeks after taking supplements. This was attributed to symptoms of scalp inflammation; however, its relevance to the control supplement was deemed irrelevant. Conversely, some participants reported subjective skin symptoms, including itching, stinging, burning sensation, and roughness at 12 and 24 weeks (Table 3). These subjective symptoms were reported by a few participants and were mild, but they spontaneously improved over time without treatment or intervention.



TABLE 3 Safety assessment of objective signs and subjective symptoms.
[image: Table3]




Discussion

Interest in hair loss prevention is growing alongside the desire to maintain healthy hair. Hair is crucial in body image and is affected by numerous physiological and medical factors, scalp care habits, hair product usage, techniques, environmental conditions, and nutritional factors, contributing to hair health. Healthy hair is typically characterized by a shiny and smooth texture, usually with clean-cut ends or tapered tips. Key elements of hair health include texture, structure, and viability, which are associated with hair surface and cortex properties. In a broader sense, the scalp and hair follicle health are crucial to hair health. Hair health is influenced by factors such as aging-related graying and hair loss, which reflect hair density and thickness (1, 2).

Probiotics—beneficial live microorganism strains mainly used to bolster digestive health and overall well-being— may, among others, exert their effect by inhibiting the proliferation of harmful bacteria. Recent reports suggest that certain probiotics can also improve skin health and alleviate inflammatory skin conditions (23–26). Furthermore, recent studies have evaluated the potential of probiotics on hair health, aiming to expand their role as functional food sources. Hair growth is intricately linked to the cycling of anagen, catagen, and telogen phases, and maintaining optimal hair health requires a delicate balance of various factors. This balance involves genetic influences, micro-inflammatory environments affecting the immune system, and oxidative stress systems. Recent findings suggest that probiotics may promote hair growth by modulating the microenvironment of hair follicles (11, 27, 28).

The latest systematic review and meta-analysis examining the efficacy of probiotics for hair health reported improvements in dandruff, scalp serum secretion, and enhancements in hair count, thickness, and density (15). This comprehensive review included four in vivo studies and four randomized controlled trials, providing robust evidence of the positive effects of probiotics on hair, particularly regarding hair growth and dandruff alleviation. Probiotic strains examined in these studies include Lacticaseibacillus paracasei, Leuconostoc holzapfelii, Leuconostoc mesenteroides, Latilactobacillus sakei, Bifidobacterium lactis,Lactobacillus acidophilus, Lacticaseibacillus rhamnosus and Lactiplantibacillus plantarum. These strains were examined in recent studies assessing the efficacy of probiotics in improving hair growth and alleviating dandruff (14, 20, 29–34).

In this randomized, double-blind, placebo-controlled clinical trial, the probiotics used were L. curvatus LB-P9 5 billion CFU/day. No previous clinical trials have specifically addressed hair growth using this strain. The authors have reported findings from in vitro tests conducted prior to clinical trials, indicating that LB-P9 increases hair cell proliferation and enhances the expression of VEGF and FGF-7 by hair cells. Furthermore, findings from mouse experiments confirmed that oral administration of L. curvatus LB-P9 led to increased hair growth rate, hair follicle count, and dermal layer thickness of the skin while ensuring safety. Molecular mechanisms observed in mouse skin tissue indicated that systemic consumption of LB-P9 stimulates the production of hair growth factors. This includes VEGF, IGF-1, and the antioxidant enzyme superoxide dismutase through activation of the Wnt/β-catenin pathway (35). A similar report from in vitro experiments with a different strain, L. paracasei, indicates increased human follicle dermal papilla cell proliferation and secretion of VEGF and IGF-1 (21).

Over the 24-week period, participants consuming LB-P9 at appropriate doses demonstrated statistically significant improvements in hair luster, hair elasticity, and participant satisfaction within the test group compared to the control group. In the subgroup analysis, while the male group and female with long hair groups did not achieve the primary outcome, the female with short hair group showed a significant improvement in luster after 24 weeks. Typically, men tend to have coarser and thicker hair strands, and women have fine hair, which generally means a thinner cuticle layer. Considering that women with fine hair and shorter length might have smaller total amount of cuticle than other groups, it was suggested that the same target dose of probiotics may have led to more significant improvement in this group. It is clear that the small number of participants in each subgroup was a major limitation. Safety evaluations, including adverse event monitoring, clinical laboratory tests, and participant questionnaires, revealed no adverse effects associated with medium-term consumption during the 24-week study period. However, further clinical studies on long-term consumption are deemed necessary. Randomized, placebo-controlled, large-scale trials evaluating efficacy through parameters such as hair count, density, and thickness, alongside hair health, are warranted to determine whether oral supplementation of L. curvatus LB-P9 directly affects hair growth.

In conclusion, regular consumption of L. curvatus LB-P9 may offer evidence of improving hair health by enhancing hair luster and elasticity, suggesting its potential benefits for overall hair health.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary material, further inquiries can be directed to the corresponding author.



Ethics statement

The studies involving humans were approved by the Institutional Review Board of P&K Skin Research Center. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.



Author contributions

SC: Conceptualization, Validation, Formal analysis, Methodology, Data curation, Writing – original draft, Writing – review & editing. EK: Writing – original draft, Writing – review & editing. JS: Methodology, Software, Writing – review & editing. HH: Software, Data curation, Formal analysis, Writing – review & editing. KY: Software, Data curation, Writing – original draft, Writing – review & editing. MS: Validation, Visualization, Writing – original draft, Writing – review & editing. KS: Validation, Writing – original draft, Writing – review & editing. BK: Conceptualization, Writing – original draft, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research, authorship, and/or publication of this article. This work was funded by LISCure Biosciences Inc.



Conflict of interest

MS, KS were employed by R&D Center, LISCure Biosciences Inc.

The remaining authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fnut.2024.1447863/full#supplementary-material



References

 1. Sinclair, RD. Healthy hair: what is it? J Investig Dermatol Symp Proc. (2007) 12:2–5. doi: 10.1038/sj.jidsymp.5650046

 2. O'Connor, K, and Goldberg, LJ. Nutrition and hair. Clin Dermatol. (2021) 39:809–18. doi: 10.1016/j.clindermatol.2021.05.008

 3. Csuka, DA, Csuka, EA, Juhász, MLW, Sharma, AN, and Mesinkovska, NA. A systematic review on the lipid composition of human hair. Int J Dermatol. (2023) 62:404–15. doi: 10.1111/ijd.16109 

 4. Chung, KB, Lee, YI, Kim, YJ, do, HA, Suk, J, Jung, I , et al. Quantitative analysis of hair luster in a novel ultraviolet-irradiated mouse model. Int J Mol Sci. (2024) 25:1885. doi: 10.3390/ijms25031885 

 5. Popescu, C, and Höcker, H. Hair--the most sophisticated biological composite material. Chem Soc Rev. (2007) 36:1282–91. doi: 10.1039/b604537p

 6. Daniels, G, Fraser, A, and Westgate, GE. How different is human hair? A critical appraisal of the reported differences in global hair fibre characteristics and properties towards defining a more relevant framework for hair type classification. Int J Cosmet Sci. (2023) 45:50–61. doi: 10.1111/ics.12819

 7. Nagase, S. Hair Structures Affecting Hair Appearance. Cosmetics. (2019) 6:1–16. doi: 10.3390/cosmetics6030043

 8. Marsh, JM, Gray, J, and Tosti, A. Healthy hair. Springer (2018); 75–77.

 9. Hessefort, Y, Holland, BT, and Cloud, RW. True porosity measurement of hair: a new way to study hair damage mechanisms. J Cosmet Sci. (2008) 59:303–15. doi: 10.1111/j.1468-2494.2009.00510_4.x

 10. Kaushik, V, Kumar, A, Gosvami, NN, Gode, V, Mhaskar, S, and Kamath, Y. Benefit of coconut-based hair oil via hair porosity quantification. Int J Cosmet Sci. (2022) 44:289–98. doi: 10.1111/ics.12774 

 11. Youssef, A, al-Mahdy, DA, Sayed, RH, Choucry, MA, and el-Askary, H. A comprehensive review of natural alternatives for treatment of alopecia with an overview of market products. J Med Food. (2022) 25:869–81. doi: 10.1089/jmf.2021.0156 

 12. Dhariwala, MY, and Ravikumar, P. An overview of herbal alternatives in androgenetic alopecia. J Cosmet Dermatol. (2019) 18:966–75. doi: 10.1111/jocd.12930

 13. Choi, JY, Boo, MY, and Boo, YC. Can plant extracts help prevent hair loss or promote hair growth? A review comparing their therapeutic efficacies, phytochemical components, and modulatory targets. Molecules. (2024) 29:2288. doi: 10.3390/molecules29102288

 14. Tsai, WH, Fang, YT, Huang, TY, Chiang, YJ, Lin, CG, and Chang, WW. Heat-killed Lacticaseibacillus paracasei GMNL-653 ameliorates human scalp health by regulating scalp microbiome. BMC Microbiol. (2023) 23:121. doi: 10.1186/s12866-023-02870-5 

 15. Yin, CS, Minh Nguyen, TT, Yi, EJ, Zheng, S, Bellere, AD, Zheng, Q , et al. Efficacy of probiotics in hair growth and dandruff control: a systematic review and meta-analysis. Heliyon. (2024) 10:e29539. doi: 10.1016/j.heliyon.2024.e29539 

 16. Sanders, ME, Akkermans, LM, Haller, D, Hammerman, C, Heimbach, J, Hörmannsperger, G , et al. Safety assessment of probiotics for human use. Gut Microbes. (2010) 1:164–85. doi: 10.4161/gmic.1.3.12127 

 17. Suez, J, Zmora, N, Segal, E, and Elinav, E. The pros, cons, and many unknowns of probiotics. Nat Med. (2019) 25:716–29. doi: 10.1038/s41591-019-0439-x 

 18. Arck, P, Handjiski, B, Hagen, E, Pincus, M, Bruenahl, C, Bienenstock, J , et al. Is there a 'gut–brain–skin axis'? Exp Dermatol. (2010) 19:401–5. doi: 10.1111/j.1600-0625.2009.01060.x 

 19. Lee, J, Yang, W, Hostetler, A, Schultz, N, Suckow, MA, Stewart, KL , et al. Characterization of the anti-inflammatory Lactobacillus reuteri BM36301 and its probiotic benefits on aged mice. BMC Microbiol. (2016) 16:69. doi: 10.1186/s12866-016-0686-7 

 20. Park, DW, Lee, HS, Shim, MS, Yum, KJ, and Seo, JT. Do kimchi and Cheonggukjang probiotics as a functional food improve androgenetic alopecia? A clinical pilot study. World J Mens Health. (2020) 38:95–102. doi: 10.5534/wjmh.180119 

 21. Nam, W, Kim, H, Bae, C, Kim, J, Nam, B, Kim, J , et al. Lactobacillus paracasei HY7015 promotes hair growth in a telogenic mouse model. J Med Food. (2021) 24:741–8. doi: 10.1089/jmf.2020.4860

 22. Lee, KY, Hong, CH, Lee, SJ, Sun, SH, and Lee, CM. The efficacy and safety human study of Narasoo healing shampoo and hair tonic for Scalp's Lipids & Moisture and hair growth -one center, one group pre-post comparison pilot human study. J Korean Med Ophthalmol Otolaryngol Dermatol. (2014) 27:56–71. doi: 10.6114/jkood.2014.27.3.056

 23. Gao, T, Wang, X, Li, Y, and Ren, F. The role of probiotics in skin health and related gut-skin Axis: a review. Nutrients. (2023) 15:3123. doi: 10.3390/nu15143123 

 24. Sánchez-Pellicer, P, Navarro-Moratalla, L, Núñez-Delegido, E, Ruzafa-Costas, B, Agüera-Santos, J, and Navarro-López, V. Acne, microbiome, and probiotics: the gut-skin Axis. Microorganisms. (2022) 10:1303. doi: 10.3390/microorganisms10071303 

 25. Sánchez-Pellicer, P, Eguren-Michelena, C, García-Gavín, J, Llamas-Velasco, M, Navarro-Moratalla, L, Núñez-Delegido, E , et al. Rosacea, microbiome and probiotics: the gut-skin axis. Front Microbiol. (2024) 14:1323644. doi: 10.3389/fmicb.2023.1323644 

 26. Buhaș, MC, Gavrilaș, LI, Candrea, R, Cătinean, A, Mocan, A, Miere, D , et al. Gut Microbiota in Psoriasis. Nutrients. (2022) 14:2970. doi: 10.3390/nu14142970

 27. Dumas, A, Bernard, L, Poquet, Y, Lugo-Villarino, G, and Neyrolles, O. The role of the lung microbiota and the gut–lung axis in respiratory infectious diseases. Cell Microbiol. (2018) 20:e12966. doi: 10.1111/cmi.12966

 28. Powell, N, Walker, MM, and Talley, NJ. The mucosal immune system: master regulator of bidirectional gut–brain communications. Nat Rev Gastroenterol Hepatol. (2017) 14:143–59. doi: 10.1038/nrgastro.2016.191

 29. Reygagne, P, Bastien, P, Couavoux, MP, Philippe, D, Renouf, M, Castiel-Higounenc, I , et al. The positive benefit of Lactobacillus paracasei NCC2461 ST11 in healthy volunteers with moderate to severe dandruff. Benef Microbes. (2017) 8:671–80. doi: 10.3920/BM2016.0144 

 30. Peng, Y, Teng, X, Liu, T, Li, Y, Ni, J, Xue, S , et al. Effect of an oral probiotic formula on scalp and facial skin condition, glucose, and lipid metabolism. J FFHD. (2022) 12:394–409. doi: 10.31989/ffhd.v12i7.944

 31. Yoon, YC, Ahn, BH, Min, JW, Lee, KR, Park, SH, and Kang, HC. Stimulatory effects of extracellular vesicles derived from Leuconostoc holzapfelii that exists in human scalp on hair growth in human follicle dermal papilla cells. Curr Issues Mol Biol. (2022) 44:845–66. doi: 10.3390/cimb44020058 

 32. Liang, CH, Lin, YH, and Chan, ST. Lactiplantibacillus plantarum TCI999 probiotic promoted hair growth and regulated gut microbiome: double-blind, placebocontrolled trial. J Probio Health. (2022):1–6. doi: 10.35248/2329-8901.22.10.285

 33. Woo, YM, Seo, JY, Kim, SY, Cha, JH, Cho, HD, Cha, YK , et al. Hair growth effect of TS-SCLF fromSchisandra chinensisExtract fermented withLactobacillus plantarum. Biotechnol Lett. (2022) 50:533–47. doi: 10.48022/mbl.2206.06011

 34. de Jesus, GFA, Rossetto, MP, Voytena, A, Feder, B, Borges, H, da Costa Borges, G , et al. Clinical evaluation of paraprobiotic-associated Bifidobacterium lactis CCT 7858 anti-dandruff shampoo efficacy: a randomized placebo-controlled clinical trial. Int J Cosmet Sci. (2023) 45:572–80. doi: 10.1111/ics.12850 

 35. Song, M, Shim, J, and Song, K. Oral Administration of Lactilactobacillus curvatus LB-P9 promotes hair regeneration in mice. Food Sci Anim Resour. (2024) 44:204–15. doi: 10.5851/kosfa.2023.e74


Copyright
 © 2024 Choi, Ko, Seok, Han, Yoo, Song, Song and Kim. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fnut-11-1447863-t002.jpg
Variable Observed values Change from baseline

Control Testgroup  p value Control p value’ Testgroup  p value p value*
group (n=36) group
(n=37)
Hair luster (Loyr)
Atweek 0 12042316 1167328 061!
Atweek 24 12574244 13324279 0.228' 054+187 0.089* 165230 <0.001° 0.027'

Hair elasticity (gf/mm?)

At week 0 116.19+26.10 111.33427.85 0.444'

At week 24 118.14£21.21 121.60+28.92 0.560" 19541545 0.448" 10.27+16.40 0.001* 0.029"
Subjective satisfaction (score)

At week 0 50.62+13.74 51.34+14.23 0.827'

At week 24 40.16+13.39 33531312 0.036' ~10.45£10.49 <0.001* —17.81£14.35 <0.001* 0.015

Data were expressed mean & standard devation or frequency (proportion).
Shapiro-Wilk test was employed for test of normality assumption.

“p values were compared within each group.

#p values were compared betueen groups.

‘independent -tst.

‘Mann-Whitney U test.

‘paired f-test.





OPS/images/fnut-11-1447863-t003.jpg
Variable FAS observed value

Control group Test group p-value’
(n=40) (n =40)
Atweek 12 0(0%) 0(0%) -
Erythema

Atweek 24 0(0%) 0(0%) -

At week 12 0(0%) 0(0%) -
Edema

Atweek 24 0(0%) 0(0%) -

Objective signs

Atweek 12 127%) 0(0%) 1.000"
Papule

At week 24 0(0%) 0(0%) =

Atweek 12 0(0%) 0(0%) -
Pustule

Atweek 24 0(0%) 0(0%) -

Atweek 12 3(7.7%) 2(5.3%) 100"
Itching

Atweek 24 127%) 126%) 1.000"

Atweek 12 0(0%) 0(0%) -
Stinging

Atweek 24 0(0%) 1(26%) 100"

Subjective symptoms

Atweek 12 0(0%) 0(0%) -
Burning

Atweek 24 127%) 0(0%) 0.493'

Atweek 12 0(0%) 1(26%) 0.494'

Roughness
Atweek 24 0(0%) 1(26%) 1.000"

Data were expressed mean & standard deviation or frequency (proportion).
Shapiro-Wilk' test was employed for test of normality assumption.

##p values were compared betuween groups.

isher's exact test.






OPS/images/fnut-11-1447863-g003.jpg
Assessment for eligibility (n=84)

Refusal (n=4)

Randomized and received LB-P9 or placebo (n=80)

Placebo (n=40)

LB-P9 (n=40)

24-week dosing (n=37)
Non-compliance (n=3)

24-week dosing (n=36)
Non-compliance (n=4)

Placebo completers
(n=37)

LB-P9 completers
(n=36)

Per protocol analysis set (






OPS/images/fnut-11-1447863-t001.jpg
Variable PP population

Control  Testgroup p value

group (n=36)
(n=37)
Age (year) 413581035 | 400351197 0615'
Height (cm) 16153730 16141682 0728
Weight (kg) 6135£1272 | 6177+12.08 0703
Male 7(18.9%) 7(19.4%)
Sex () 0955
Female 30 (81.1%) 29(80.6%)
None 36 (97.3%) 32(88.9%)
Smoking | Past 00.0%) 12.8%) 0231
Present 127%) 3(83%)
None 20 (54.1%) 21(58.3%)
Drinking | Moderate 17 (45.9%) 15 (41.7%) 073
Heavy 0(0.0%) 0(0.0%)

Data were expressed mean & standard deviation or frequency (proportion).
Shapiro-Wilk' test was employed for test of normality assumption.
‘independent rtest

‘Mann-Whitney U test.

‘Chi-square test.

isher’s exact test.






OPS/xhtml/Nav.xhtml




Contents





		Cover



		Efficacy and safety of Latilactobacillus curvatus LB-P9 on hair health: a randomized, double-blind, placebo-controlled clinical trial



		Introduction



		Methods



		Study design



		Supplements



		Target number of participants



		Efficacy evaluation



		Safety evaluation



		Statistical analysis









		Results



		Demographics



		Efficacy evaluation



		Safety evaluation









		Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		Supplementary material



		References



















OPS/images/fnut-11-1447863-g001.jpg
week 0






OPS/images/fnut-11-1447863-g002.jpg
Tost

Control

Test

Control

Tost

Control

K E
&
# 2
s
&
H k
H
3
r t T 1 r r 1
] e S 2 © © o @
(@ssueon) (NeYgsTURN)
s ey 10} 1005 oRmeySyES Uy soisni ey ur
‘ouroseq woy oBued o oueseq woy obueuo
&
*
3
£ L
FE
5
3
2 Py S r T T
2 2 ° 3 & E) E) L}
(b ‘agvuean) ey asTUEaN)
fyonsero ey u - soisni ey ur
aujeseq woi abuBLD ujeseq woy 9Bueud
re
3
* ]
g L
FE
5
3
& T & & < & 3 &
(eyasTuEan) (neygsTURaN)
Joysn ey i soisn ey ut
aujoseq woy sBuEyD O ougeseq woy sbueyd.

Subgroup 3

Subgroup 2

Subgroup 1





OPS/images/cover.jpg
& frontiers | Frontiers in Psychiatry

Efficacy and safety of
Latilactobacillus curvatus LB-P9
on hair health: a randomized,
double-blind, placebo-controlled
clinical trial












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
¥ frontiers Frontiers in Nutrition






