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The relevance of the gut microbiota in some skin
inflammatory diseases, including acne vulgaris, has
been emphasized. Probiotics could play a role in the
modulation of the microbiota, improving the clini-
cal course of this disease. A 12-week randomized,
double-blind, placebo-controlled, clinical trial with
patients aged 12 to 30 years with acne vulgaris was
conducted. The study product was a capsule composed
of the probiotic Lacticaseibacillus rhamnosus (CECT
30031) and the cyanobacterium Arthrospira platen-
sis (BEA_IDA_0074B). Patients with improvement in
the Acne Global Severity Scale were 10/34 (29.41%)
in the placebo group compared with 20/40 (50%) in
the probiotic group (p=0.03). A significant reduction
(p=0.03) in the number of non-inflammatory acne
lesions was observed in the probiotic group (-18.60
[-24.38 to -12.82]) vs the placebo group (-10.54
[-17.43 to -3.66]). Regarding the number of total
lesions, a reduction almost reaching statistical signi-
ficance (p=0.06) was observed in the probiotic group
(-27.94 [-36.35 to —-19.53]) compared with the pla-
cebo group (-18.31 [-28.21 to -8.41]). In addition,
patients with improvement attending the Global Acne
Grading System were 7/34 (20.58%) in the place-
bo group vs 17/40 (42.50%) in the probiotic group
(p=0.02). The number of adverse events was similar
in both groups. The probiotic used in this study was
effective and well tolerated, and it should be conside-
red for acne vulgaris patients.
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Acne vulgaris (AV) is one of the most common skin
pathologies, with an estimated global prevalence at
any age of 8.96% in men and 9.81% in women, according
to the Global Burden of Disease Study 2010 (1). AV
begins and progresses during adolescence, where the peak
prevalence is reached, with variation in rates depending

SIGNIFICANCE

Acne vulgaris is a common skin disease that significantly
impairs the patient’s quality of life and affects their mental
health. The gut-skin axis implies a bidirectional commu-
nication between skin and intestinal functions. Probiotics,
“live microorganisms which when administered in adequate
amounts confer a health benefit on the host”, have effects
in the gut microbial function benefiting this key com-
munication. The results of this clinical trial suggest that
the probiotic mixture included in this study improves the
clinical course in patients with acne vulgaris, supporting
the use of this type of treatment and expanding the thera-
peutic arsenal.

on the country and epidemiological study designs (2).
Nevertheless, about 40% of adults who experience AV
during adolescence may still present it in their 30s and
40s (3).

AV is an inflammatory skin disease affecting the pilo-
sebaceous unit. Immunological, genetic, and hormonal
factors are involved in its pathogenesis (4). Hyperpro-
liferation and abnormal differentiation of keratinocytes
(hyperkeratinization) (4), excess of sebum production (5),
androgenic receptor activation in sebocytes and follicular
keratinocytes (6, 7), infiltration of inflammatory cells
(7), and skin colonization by some specific strains with
pathogenic properties of Cutibacterium acnes (8—13) are
key processes in the triggering and progression of AV.

Mild to moderate forms of AV are usually treated with
topical drugs with antibiotic and anti-inflammatory acti-
vity such as topical retinoids, hormonal antiandrogens,
benzoyl peroxide, and topical clindamycin, among oth-
ers. For more severe cases, retinoids and oral antibiotics
are indicated (14). Long-term administration of these
medications implies the potential risk of increasing
microbial resistance to antibiotics becoming ineffective
(15), and safety risks associated with their potential
adverse effects (16). Thus, development of safer alter-
native treatments with more durable efficacy should be
a priority as it could significantly improve the quality of
life of millions of people around the world.

In recent years, the importance of the gut microbiota
in the shaping of the immune response and its key role
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in the gut—skin axis has been emphasized (17), because
of the development of next generation sequencing (NGS)
technology, including 16S rRNA gene sequencing (18).
This has enabled the taxonomical characterization of a
greater range of bacteria than microbiological cultures
(19). Several studies have reported that AV patients
present gut dysbiosis with reductions in diversity,
richness, and short chain fatty acids (SCFAs)-producing
bacteria (20, 21). However, mechanisms by which the
gut microbiota influence AV progression have not been
fully elucidated. In this regard, SCFAs are an influential
class of bacterial metabolites derived from the anaerobic
fermentation of dietary complex polysaccharides, which
can directly activate G-coupled receptors, inhibit histone
deacetylases, serve as energy substrates, and thus affect
various physiological processes (22). Many studies
have supported the influence of SCFAs on the balance
between Treg and Th17 lymphocytes (23). Activation of
Th17 cells by different mechanisms is a key process in
AV pathogenesis, by establishing an inflammatory pro-
cess in acne lesions with release of cytokines that cause
neutrophilic infiltration in the pilosebaceous follicle (7).
In addition, SCFAs protect against increased intestinal
permeability (24), which is associated with bacterial
translocation, low-grade inflammation, accumulation of
metabolites in the skin, and disruption of skin homeosta-
sis, which could disrupt the cutaneous microbiota (17).

The modulation of the gut microbiota through the
administration of probiotics, as adjuvant or alternative
therapy, could improve the clinical course of AV and
reduce the adverse effects of a conventional therapy.
This approach has achieved positive results with other
inflammatory skin diseases such as atopic dermatitis or
psoriasis (25). Nevertheless, clinical trials with probiotic,
symbiotic, or postbiotic interventions in AV patients are
scarce (4), although the results are generally encouraging
(26-30). The aim of the present study was to determine
the efficacy and safety of a probiotic preparation on the
clinical course of AV patients when administered as
adjuvant treatment.

MATERIALS AND METHODS
Study design

This clinical trial had a randomized, double-blind, placebo-
controlled design with a 12-week treatment. The study protocol
was evaluated and approved by the ethics committees from the
University Hospital Sagrat Cor (Barcelona, Spain) and UCAM
(Murcia, Spain) and registered in the American Registry of Clinical
Trials (Clinicaltrials.gov identifier: NCT04570319). The study was
structured in 4 face-to-face visits when the different procedures
for outcomes measures were performed; a baseline visit and at 4,
8, and 12 weeks after starting treatment.

Participant selection criteria

Subjects with AV between 12 and 30 years old with a minimum
severity category of “mild” according to Acne Global Severity
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Scale (AGSS) were included. An obligatory requirement was the
signature of the informed consent form (in the case of minors,
the signature was also provided by a legal guardian). In addition,
the patients received a list of dietary recommendations that they
had to follow during the study. Subjects with a contraindication
to any of the components of the study product, and those who had
consumed probiotics in the previous 2 months or had been treated
with systemic retinoids in the previous 6 months, were excluded.

Recruitment and randomization

AV patients evaluated from October 2020 to April 2022 in several
Spanish dermatological clinics were offered participation in the
study. Those who accepted, signed the informed consent, and
met the total inclusion criteria and none of the exclusion criteria
were randomly assigned to each of the 2 intervention groups in
a 1:1 ratio, following a randomized list previously prepared by
blinded personnel.

Treatments

The study product is a lyophilized preparation composed of the
probiotic Lacticaseibacillus rhamnosus (formerly Lactobacillus
rhamnosus) (CECT 30031) and the cyanobacterium Arthrospira
platensis (BEA_IDA _0074B) with a concentration of 1x10°
colony-forming units (cfu) per daily dose. This blend is formulated
with maltodextrin as a carrier in a hydroxypropyl methylcellulose
capsule, being prescribed once daily. The safety of both bacteria
was considered to be guaranteed due to their inclusion in the
Qualified Presumption of Safety (QPS) list of the European Food
Safety Authority (EFSA). A placebo with the same appearance
as the active product, containing only maltodextrin, was used as
comparator product.

Briefly, the selection of this specific strain of Lacticaseibacil-
lus rhamnosus was made based on unpublished in vitro studies
together with reported beneficial effects of other Lacticaseibacil-
lus rhamnosus strains improving intestinal permeability (31),
gut dysbiosis (32), appropriate balance between Th17 and Treg
lymphocytes (33), and decreased proinflammatory cytokines (34).
Arthrospira platensis BEA_IDA_0074B was selected because of
its unique ability to produce large amounts of cyano-phycocyanin
compared with other strains (unpublished data). Some reported
skin beneficial properties of cyano-phycocyanin are antimicrobial
activity against Cutibacterium acnes (35) and anti-inflammatory
effects (36).

The investigators were instructed to follow consistently the re-
commendations of the clinical guideline for management of mild
and moderate AV cases of the European Academy of Dermatology
and Venerology (14). All researchers were requested that treat-
ments remain unchanged during the 12-week intervention period.

Outcomes and procedures

The primary outcome was the difference between the 2 study
groups in the number and percentage of patients who improve
regarding AGSS category. This improvement was defined as the
change in at least 1 category of less severity (e.g. upgrade from
“moderate” to “mild”, “mild” to “almost clean”, or from “almost
clean” to “clean”) when comparing values between baseline and
after 12 weeks’ follow-up. As a secondary outcome the difference
between study groups in the number and percentage of patients
with clinically significant improvement of at least 30% in Global
Acne Grading System (GAGS) score was established, when com-
paring values between baseline and after 12 weeks’ follow-up.
Another secondary outcome was also the change between probiotic
and placebo groups in the count of total, non-inflammatory, and
inflammatory AV lesions, between baseline and after 12 weeks’


http://medicaljournalssweden.se/actadv
http://Clinicaltrials.gov

ActaDV

ActaDV

3/6 C. Eguren et al. “Efficacy of an oral probiotic in acne vulgaris”

follow-up. In addition, the count, type, severity,

Table I. Patients’ baseline data

and causality in relation to the study product of all
adverse effects (AEs) that resulted in the 12-weeks

PLACEBO group
N = 39

PROBIOTIC group
N =42

intervention period were collected.

Statistical analysis

A sample size of 40 patients per group was esti-
mated to recognize as statistically significant a
difference greater than 27% of patients with clinical
improvement of at least 1 category of less severity
of AGSS (primary outcome), accepting an alpha
risk of 0.05 and a beta risk of 0.2 in a one-sided test.
Moreover, a dropout rate of 10% was anticipated.

AGSS:
Mild; N (%)

Sex (woman); N (%)
Age (years); mean [CI]
Weight (kg); mean [CI]
Height (cm); mean [CI]
Smoker; N (%)
Allergy; N (%)

Moderate-severe; N (%)
Total lesions; mean [CI]
Non-inflammatory lesions; mean [CI] 62.18 [49.33 to 75.03]
Inflammatory lesions; mean [CI]
GAGS; mean [CI]

24 (61.54 %) 32 (76.19 %)
18.03 [16.32 to 19.74] 20.13 [18.56 to 21.70]
59.55 [56.27 to 62.82] 63.66 [58.72 to 68.61]
165.12 [162.14 to 168.10] 167.54 [164.64 to 170.43]
2 (5.13 %) 7 (16.67 %)

2 (5.13 %) 1 (2.38 %)

18 (46.15 %)
21 (53.85 %)
90.72 [74.08 to 107.35]

24 (57.14 %)

18 (42.86 %)

90.57 [73.73 to 107.41]
69.21 [54.80 to 83.63]
21.36 [16.83 to 25.88]
19.02 [17.57 to 20.48]

28.54 [21.02 to 36.05]
19.54 [17.70 to 21.37]

Data were analysed as intention-to-treat. Des-
criptive statistics for quantitative variables were
presented as mean and 95% confidence interval,
and categorical variables as total and proportion
of cases. Logistic regression was used for analysis of categorical
variables. These regression models were adjusted by the baseline
category (i.e. “AGSS category” at baseline) and sex of the patients,
because some studies have reported that women with AV are more
sensitive than men regarding their skin condition (37). In addition,
a linear mixed-effects model was used for analysis of continuous
variables. Each of these models was adjusted by the baseline value
of the variable (i.e. “number of total lesions” at baseline), sex, and
AGSS baseline category of the patients. A random effect term by
patient was included by account for repeated measures. Statistical
significance was defined as p<0.05.

RESULTS

The information on the subjects evaluated for eligibi-
lity, those randomized, and finally the cases analyzed is
included in the CONSORT diagram (Fig. 1). The baseline
characteristics of the patients included in the study in
each intervention group are described in Table 1.

N: number; CI: confidence interval; AGSS: Acne Global Severity Scale; GAGS: Global Acne
Grading System.

Acne Global Severity Scale (AGSS)

A higher number of patients with improvement of at least
1 category of less severity at the end of the study regarding
AGSS occured in the probiotic group compared with the
placebo group: 20 0f 40 (50.00 %) vs 10 of 34 (29.41 %)).
The applied logistic regression model established this
difference between groups at the end of the intervention
period as statistically significant (p=0.03). Fig. 2 illus-
trates the progression of the response according to AGSS
at4, 8, and 12 weeks of intervention in the probiotic and
placebo groups. Interestingly, a post-hoc analysis of these
data revealed that 9 of 40 (22.50%) subjects in the pro-
biotic group finished (after 12 weeks) in the less severe
categories (“clean” and “almost clean’), while this occur-
red in only 2 of 34 (5.88%) patients in the placebo group.
Separate analysis of the patients classified at baseline in
the “mild” category shows a higher response rate in the

Enroliment

Assessed for eligibility (N = 152)

Excluded (N =71)
» Not meeting inclusion criteria (N = 59)
» Declined to participate (N = 12)

Randomized (N = 81)

)

Y Allocation —

Allocated to Probiotic (N = 42) Allocated to Placebo (N = 39)

v Follow-Up v

Lost to follow-up (declined further contact) (N = 2)
Atweek4 N=1
Atweek8 N=1

Lost to follow-up (declined further contact) (N = 5)
Atweek4 N=4
Atweek8 N=1

l Analysis l

L

Y

Intention-to-treat analysis
At week 4 N=41
At week 8 N =40
Atweek 12 N =40

Fig. 1. CONSORT diagram.
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Intention-to-treat analysis
At week 4 N =35
At week 8 N=34
Atweek 12 N=34
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Week 4 Week 8
. 16 of 40
11 of 41
PROBIOTIC (26.83 %) (40 %)
p=0.10 p=0.10
’ 5 of 35 . 9 of 34
PLACEBO (14.29 %) (26.47 %)

probiotic when compared with the placebo group (20%
vs 5%), while in patients classified in the “moderate/
severe” categories, the response rate was also higher in
the probiotic group (70% compared with 43%).

Total, non-inflammatory, and inflammatory acne vulgaris
lesions

A decrease in the number of AV lesions, whether total,
inflammatory, or non-inflammatory, was always observed
in the probiotic group compared with the placebo group
after 12 weeks of intervention. In the case of non-inflam-
matory AV lesions this difference (—8.06) was statistically
significant at the end of the study (p=0.03). However,
although inflammatory AV lesions count presents a higher
reduction in the probiotic group (-2.54), this difference
compared with the placebo group was not statistically
significant at the end of the study. Finally, regarding total
AV lesions count, a clinically relevant reduction is shown
in the probiotic group compared with the placebo group
(-9.63), which almost reaches statistical significance at
the end of the study (p =0.06). Table Il summarizes data
analysis of the total, non-inflammatory, and inflammatory
AV lesions.

Global Acne Grading System (GAGS)

A superior clinical response based on GAGS was observ-
ed in patients enrolled in the probiotic group, similar
to what was reported with AGSS. Therefore, a higher
number of patients with improvement of at least 30%

TableIl. Difference between baseline and end of study after 12 weeks
of intervention in the number of non-inflammatory, inflammatory,
and total acne vulgaris lesions

Difference p-
Lesions type Placebo group Probiotic group  between groups value
Total -18.31 -27.94 -9.63 0.06
[-28.21 to -8.41] [-36.35 to -19.53] [-19.71 to 0.45]
Non- -10.54 -18.60 -8.06 0.03*
inflammatory [_17.43 to -3.66] [-24.38 to -12.82] [-15.37 to -0.74]
Inflammatory -13.87 -16.41 -2.54 0.40

[-20.26 to -7.48] [-22.47 to -10.35] [-8.47 to 3.40]

Data are shown as mean and 95% confidence intervals estimated with a mixed-
effects model with a random term per patient and adjusting for sex and AGSS
baseline category.
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Week 12
20 of 40
(50 %)

Fig. 2. Evolution of the Acne Global
Severity Scale (AGSS). Patients with
improvement in at least 1 category of less
p=0.03 * severity during the study in both intervention
groups. Since as early as week 4 of treatment
the proportion of patients with clinical response
according to AGSS was higher in the probiotic
22090:1321'/) group compared with the placebo group. This

. (1]

difference was statistically significant when
treatment was completed after 12 weeks of
intervention.

in GAGS score at the end of the study occurred in the
probiotic group compared with the placebo group: 17 of
40 (42.50%) vs 7 of 34 (20.58%). The applied logistic
regression model established this difference between
groups at the end of the intervention period as statisti-
cally significant (p=0.02). Table III summarizes data
of patients with clinical response based on GAGS score.

Safety

All AEs occurred during the study were registered and
classified according to the affected system (Table IV).
There were no differences in the number of AEs per study
group in any follow-up period (weeks 4, 8, and 12). All
reported cases of AEs were categorized as mild severity.
Seven AEs were attributed only to the study product,
being 3 in the probiotic group and 4 in the placebo group;
all affected the digestive system.

DISCUSSION

Some in vitro studies have shown several interesting
properties of probiotic strains regarding their ability to
produce antimicrobial substances that inhibit the growth
of Cutibacterium acnes, suggesting its potential effect
in the treatment of AV patients (4). However, to date,
human clinical trials that used oral probiotics have been
scarce, and there is no strong experimental evidence
supporting strain-specific effectiveness and safety in
clinical practice.

Overall, the present clinical trial suggests that adjuvant
probiotic treatment improves the clinical management
of patients with mild and moderate forms of AV in a
general clinical practice setting. A higher percentage of
patients receiving the probiotic treatment improved in at

Table III. Number and proportion of patients with improvement
of at least 30% of Global Ache Grading System score during the
study in both groups

Follow-up time Placebo group Probiotic group

Week 4 6 of 35 (17.14 %) 8 of 41 (19.51 %)
Week 8 5 of 34 (14.70 %) 14 of 40 (35.00 %)
Week 12 7 of 34 (20.58 %) 17 of 40 (42.50 %)
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Table IV. Number of reported adverse effects during the study, according to the affected system

Placebo group

Probiotic group

Symptom Week4 Week 8 Week 12 Total Week 4 Week 8 Week 12 Total
Neurological (headache, migraine, dizziness, anxiety) 5 1 3 9 4 2 0 6
Respiratory (upper tract infection) 1 0 1 2 0 0 0 0
Digestive (bowel rhythm change, abdominal pain, diarrhoea, 3 3 2 8 4 0 2 6
gastroesophageal reflux, nausea, vomiting)

Musculoskeletal (back pain, neck pain, contracture) 1 1 2 4 1 0 0 1
Dermatological (urticarial allergic reaction, irritative eczema) 0 1 0 1 2 1 0 3
COVID-19 2 0 0 2 0 0 1 1
Other (Dysmenorrhea, menstrual pain, insomnia, odynophagia, flu 3 2 1 6 4 3 3 10
syndrome, oral herpes, fever...)

Total 15 8 9 32 15 6 6 27

least 1 AGSS category of less severity, with a statistically
significant difference when comparing with the placebo
group after 12 weeks of intervention. A similar result was
obtained in favour of the probiotic preparation when the
clinical response is analysed according to GAGS score
outcome. Likewise, the number of total lesions presents
a higher reduction in patients treated with the probiotic
mixture, where differences reach quasi-statistical signi-
ficance, mainly through the significant reduction of non-
inflammatory lesions. Regarding inflammatory lesions,
although the reduction is more pronounced in the probiotic
group and the difference between both treatment groups
increases at each monitoring point during the study, there
is no statistically significant difference between groups
at the end of the study. In this last variable, the increase
in difference between groups is greater the longer the
intervention time, suggesting that probiotic treatment for
longer than 12 weeks would be necessary to observe a
statistically significant difference in acne inflammatory
lesions, and there might have been a greater difference
between the groups in the other efficacy variables if the
treatment had been maintained for longer than 12 weeks.

Other clinical trials using probiotics in cases of AV,
although of different design or procedures, have reported
positive results in the clinical course of AV patients. Jung
et al. reported a preliminary study of 45 mild to moderate
AV patients treated with a probiotic mixture, a probiotic
mixture plus minocycline, or with minocycline, all of
them in combination with standard topical medication.
After 12 weeks of treatment, the highest reduction in the
number of acne lesions count was achieved in patients
treated with the probiotic plus minocycline, but statistical
analysis and how the results are evaluated are not clear
in the article (26). In another study, 20 patients with
active inflammatory AV on the back were randomized
to receive only treatment with the probiotic strain Lac-
tobacillus rhamnosus SP1 or placebo. Patients in the
probiotic group were much more likely to be classified
by a specialist physician with the rating “improved” or
“markedly improved” in respect of their AV lesions (27).

The intervention probiotic selected in our study is
composed of Lacticaseibacillus rhamnosus CECT
30031 strain and cyanobacterium Arthrospira platensis
BEA IDA 0074B strain. Fabbrocini et al. (27), using a
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different strain of Lactobacillus rhamnosus, observed a
reduction in /GF-1 gene expression and an increase in
FoxO1I gene expression in skin AV areas. These findings
could imply reduced activation of androgen receptors in
the skin, which is an important pathogenic mechanism
in AV (38, 39).

Some limitations of the study should be considered.
Diet was not analysed as a variable, although it is an
acknowledged factor that participates in the pathogenesis
of AV (7,40). However, patients were provided with a list
of hyperglycaemic, dairy, and fatty foods to be avoided.
Another limitation is the applicability of the results to the
probiotic product used in this study to a young adolescent
population under 12 years and an adult population older
than 30 years not included in the present study. In this
respect, persistent or late-onset AV is more frequent in
women than in men (41). Presumably, in these women
the most influential pathogenic mechanism is increased
production of androgens in the skin or even increased
receptor androgen sensitivity (4). Adjuvant treatment
with probiotics in these cases has not been studied.
Therefore, it is not demonstrable that the probiotic is
effective above this age range.

In conclusion, the probiotic formula investigated as an
adjuvant treatment in a routine clinical practice scenario
improves the clinical course of patients with AV. The pro-
biotic treatment was safe and effective with clinical and
statistically significant reduction in the severity of AV.
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